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Abstract: This editorial is an overview of a Special Issue of Land entitled “Selected Papers from the
6th Fábos Conference on Landscape and Greenway Planning: Adapting and Expanding Contracting Cities.”
This Special Issue of land contains six papers—most of which were presented at the 6th Fábos
Conference on Landscape and Greenway Planning (Fábos et al. 2019) held at the University of
Massachusetts Amherst 28–30 March 2019.The Fábos conference theme was to explore the social and
economic potential of linear green spaces in urban areas that are declining or expanding.

Keywords: greenway; planning; urban landscape

1. Introduction

Being a former graduate student (MLA 1973) mentored by Emeritus Professor Julius Gy Fábos, I am
very pleased to guest edit this Special Issue of land entitled “Selected Papers from the 6th Fábos Conference
on Landscape and Greenway Planning: Adapting and Expanding Contracting Cities.” This Special Issue of
land contains six papers—most of which were presented at the 6th Fábos Conference on Landscape
and Greenway Planning [1] held at the University of Massachusetts Amherst 28–30 March 2019.

The Fábos Conference on Landscape and Greenway Planning is held every three years to bring
together scholars who are influencing landscape planning, policy making and greenway development
from local to international levels. The aim is to explore how landscape architects and planners from
different countries have approached greenway planning and to understand how greenways can
be tailored to each country or region’s geographic, cultural and political contexts. The 2019 Fábos
conference theme was to explore the social and economic potential of linear green spaces in urban
areas that are declining or expanding.

2. Results and Discussion

There are five research papers and one review paper that address this theme. Olivia Horte
and Theodore Eisenman’ s review paper [2] is a systematic literature review and typology of urban
greenway scholarly papers. They reviewed some 52 referred articles to identify gaps in greenway
scholarship as well as develop a typology for urban greenway research. The remaining papers
address physical, cultural and historical greenway research occurring in Zhengzhou City China, Lisbon
Portugal, Amman Jordan, Hungary and Guangzhou China.

Huawei Li et al. [3] map and analyze the role of parks effect on the urban heat island in Zhengzhou
City China, which is an expanding urban area. The authors use remote sensing imagery to analyze
123 parks looking at the cooling effect on the dense expanding urban area of Zhengzhou City. In another
paper in the Special Issue, Wenxiu Chi and Guangsi Lin conducted a case study [4] on a highly dense
area in Guangzhou China to see if the greenway areas match the needs of resident’s physical and
social activities.

Land 2020, 9, 436; doi:10.3390/land9110436 www.mdpi.com/journal/land1
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There are two papers in the Special Issue that analyze aspects of urban morphology, which is
important for urban neighborhood development and structure. Rui Justo and Maria Matis Silva [5]
analyze the role of vegetation in decoding urban morphology within three neighborhoods in Lisbon
Portugal. Anne Gharaibeh et al. [6] also look at urban morphology of Amman Jordan with specific
reference to the role of urban streams. They utilized historic areal photos and maps as well as interviews
to better understand the perception of urban morphology change over time.

Finally Albert Fekete and Lazio Kollányi [7] utilize research based design techniques applied
to historic castle gardens in the Caspian Basin Hungary. Such knowledge will be useful for historic
interpretation as well as garden restoration.

3. Conclusions

These six Special Issue papers explore the physical, historic and cultural aspects of urban
greenspace from multidisciplinary perspectives. More conference papers can be found in the online
conference proceedings [1].

Funding: This research received no external funding.
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Abstract: Greenways are multifunctional linear landscapes that provide a range of socio-ecological
benefits. As a domain of landscape planning research, greenways gained traction in the late 20th
century and today, there is substantial interest in greenway planning and design. This is especially
true in urban areas, as noted at the sixth Fábos Conference on Landscape and Greenway Planning. Yet,
cities encompass biophysical flows, sociopolitical relationships, and formal structures that are distinct
from non-urban areas and urban greenways may reflect an evolving type of landscape planning
and design that is related to but distinct from greenways writ large. To the best of our knowledge,
there has been no previous review of scholarship on greenways in an urban context. We address the
aforementioned gaps by reporting on a systematic assessment of peer-reviewed literature. The review
encompasses 52 refereed articles using the term “urban greenway” or “urban greenways” in the
title, abstract, or keywords drawn from three prominent academic databases. Our analysis covers
seven research categories, and this undergirds a typology and definition of urban greenways. In so
doing, we seek to illuminate typical traits of urban greenways to inform future landscape planning
scholarship and practice.

Keywords: urban greenways; urban parks; urban greening; green infrastructure; systematic review;
landscape typology

1. Introduction

In scholarly literature, greenways have been defined as “networks of land containing linear
elements that are planned, designed and managed for multiple purposes including ecological,
recreational, cultural, aesthetic, or other purposes compatible with the concept of sustainable land
use” [1]. Early use of the “greenway” term can be traced to Elenor Smith Morris’ publication of “New
urban design concepts: greenways and movement structure: the Philadelphia plan” in Architect’s
Yearbook [2], and William H. Whyte’s The Last Landscape [3], which describes greenways as critical
linkages and connectors in a hierarchy of urban green spaces. The idea gained further scholarly
traction with Greenways for America [4] and Greenways: A Guide to Planning, Design, and Development [5],
followed by two Special Issues of a peer-reviewed journal, Landscape and Urban Planning, dedicated to
this topic [6–8].

In practice, however, greenway precedents include tree planting along roads and canals, dating
back 2000 years in China [9]; landscape corridors dating to ancient Rome; planted boulevards in
18th century European cities; and the 19th century parkways and park systems of U.S. cities [10,11].
And today, there is substantial interest in greenway planning and design. This is especially true
in urban areas due to the growing concentration of people in cities [12], and the limited amount of
available space in increasingly built up settlements. Greenways may also be of contemporary interest
in so-called “legacy” or “shrinking” cities that are characterized by a diminishing population and

Land 2020, 9, 40; doi:10.3390/land9020040 www.mdpi.com/journal/land3
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increasing swaths of vacant land [13,14]. As such, urban greenways may be a form of 21st century
landscape planning and design that has the potential to address the challenges and opportunities
of both expanding and contracting cities, as noted at the 6th Fábos Conference on Landscape and
Greenway Planning at which a preliminary version of this study was presented [15].

In this paper, we treat urban greenways as a related but distinct subset of greenways writ
large. We believe this is justified for reasons pertaining to pre-existing condition, location, and
extent. Regarding pre-existing condition, greenways are often characterized as undeveloped and
environmentally sensitive corridors to be conserved in advance of urbanization [1,5]. This highlights
the importance of greenways as a sustainable planning strategy to contain or shape urban expansion,
reduce land fragmentation, and maintain “landscape integrity” [16], drawing upon scholarship in
landscape ecology [17] and subsequent literature on green infrastructure [18], where greenways are
critical links/corridors that connect hubs/patches of natural lands to support biotic and abiotic ecological
processes. Stated another way: greenways are critical elements of “nature’s...pre-existent...super
infrastructure” [19].

Pre-existing condition also relates to location. The Oxford English Dictionary, for example, defines
a greenway as “a grassy path or way; a piece of undeveloped land near an urban area, set aside for
recreational use or environmental conservation” [20]. Regarding extent, greenways are often conceived
as a regional, state, national, international or even continental network that can include but generally
transcends urban areas [1,11,21–23]. One of the most prominent greenways in the United States, for
example, is the Appalachian Trail, which extends some 2190 miles along the eastern mountain chain
from which it takes its name; and the experience it is intended to provide is essentially an escape from
the urban condition [24].

This is not to suggest that urban areas are not conducive to greenways. Indeed, noteworthy sites in
landscape planning history include urban greenways [11]; greenways can constitute a “living network”
that provides “people with access to open spaces close to where they live...and link together rural
and urban spaces” [25]. Yet, urban areas differ from non-urban areas in important ways, including
biophysical flows, sociopolitical dynamics, and formal structure [26–30]. Moreover, in much the
same way that urban parks can differ from non-urban parks [31,32], greenways located in highly
urbanized areas contend with conditions that can be quite different from non-urban areas [33,34]. Thus,
it behooves landscape planners and designers—and associated scholarship—to understand the unique
traits of urban greenways to meet the needs of current and future cities.

Towards that goal, this paper addresses the following question: What are the traits that distinguish
urban greenway scholarship and practice as an evolving form of landscape planning and design?
With this in mind, we address three objectives: (1) illuminate the ways that urban greenways may
be a distinct subset of greenways writ large; (2) systematically review scholarly literature on urban
greenways; (3) develop a typology and definition of urban greenways. To the best of our knowledge,
there has been no previous literature review on greenways in an urban context. Literature reviews are
foundational for advancing state-of-the-art understanding of a topic [35,36], and for doing substantive
and thorough research [37]. We address this gap and the aforementioned topics by reporting on a
systematic literature review of urban greenways and development of an associated typology. Although
urban greenways tend to be designed by landscape architects and urban planners, they are also
domains of research for a range of fields, including ecology, geography, sociology, wildlife conservation,
economics, human health, and others. A systematic review, typology, and definition may, thus, facilitate
scholarship on urban greenways across a range of disciplines.

2. Methods: A Systematic Review

There are many kinds of literature review and the type of review should be appropriate for the
subject and goal at hand [36]. In this case, we conducted a systematic review as there has, to the best of
our knowledge been no review on urban greenways, yet greenways are common in urban areas and
there is a sizable scholarly literature on this topic. As such, a systematic review is appropriate because
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it helps to clarify the state of existing research and associated implications for future research [38]. In
structuring the methodology of this review, we drew upon systematic review precedents in urban
greening and landscape planning [35,39].

We searched for the terms “urban greenway” and “urban greenways” through 2018 within the title,
keywords, or abstract of three databases: Web of Science, ScienceDirect, and Avery Index to Architectural
Periodicals. We then eliminated overlapping results across these database searches. From this pool, we
focused on peer-reviewed journal articles and eliminated sources including presentations, posters,
book reviews, edited book volumes, magazine articles, encyclopedias, and conference proceedings.
This yielded 52 total sources.

We then systematically reviewed these articles across seven categories (see Table 1 and Addendum
1 for the full data set). Most of these (categories 1–5) are based upon precedents in related reviews. But
to discern some of the qualities that distinguish urban greenways as a distinct type of landscape form
and planning practice, we added two categories: “extent” and “landscape setting.” Extent refers to the
area covered by the greenway under study, and we use the following classification: urban center (within
a municipal boundary); metropolitan (suburban area surrounding an urban center); rural (beyond an
urban or suburban area); multi-scalar (a corridor or network that crosses some combination of urban,
metropolitan, or rural areas); and multiple sites (studies that examined more than one greenway in
different locations).

Table 1. Coding sheet.

# Review Category Description Coding

1 Journal Journal of publication Text: e.g., Urban Studies

2 Publication Year Year of publication Numerical: e.g., 2006

3 Study Location City where study was conducted Text: e.g., Sapporo

4 Research Theme
Main research topic of the paper based on
article keywords classified into a modified

scheme by James et al. (2009)

Text: experience, management,
physicality, valuation

5 Disciplinary
Orientation Disciplinary orientation of the study Text: humanities, natural science, social

science, interdisciplinary/planning

6 Extent Area covered by the greenway under study Text: urban center, metropolitan, rural,
multi-scalar network, multiple sites

7 Landscape Setting Predominant landscape setting in which the
greenway is located

Text: adaptive reuse, waterfront,
active/complete street, new build,

multiple settings

Landscape setting refers to the type of landscape in which the greenway is situated and includes
the following classification codes: adaptive reuse (greenways developed along spaces that served a
previous use such as highways and railways); waterfront (greenways that run adjacent to water bodies);
complete street (greenways that are part of multimodal transit corridors); new-build (greenways that are
conserved or designed as part of new development); and multiple settings (greenways located in two or
more of the above). A description of each category and associated classification codes is provided in
Table 1.

Categories 1–5 were classified based on deductive (a priori) terms drawn from precedent [35].
However, greenway extent and landscape setting were classified inductively based on terms that
emerged in the papers under review. In this case, 20 articles were reviewed and classification terms were
established based on this sample. Our original review included both study city and the institutional
location of the first author origin; however, there was much overlap between the two and we only
report on study location.

In two categories—research theme and disciplinary orientation—we diverted slightly from
precedent. Drawing upon Bentsen, Lindholst, and Konijnendijk (2008), we use the term “disciplinary
orientation” instead of “type of science,” as the former is, in our opinion, a clearer description of the intent
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and associated coding terms (humanities, natural science, social science, and interdisciplinary/planning)
for this review category. In this category, we also use the term “interdisciplinary” instead of “multiple;”
and we added “planning” to this classification scheme, as many of the papers qualify as planning
studies and many planning studies address both social and ecological concerns.

Based upon the same review precedent, we also adopted the classification scheme of
James et al. [40] to depict the main research theme of the paper. Their original scheme included
five classification codes: “physicality, experience, valuation, management, and governance.” However,
we combined “management” and “governance” into a single classification code (“management”)
because these terms encompass many overlapping ideas, and it was difficult to disambiguate the
two. Physicality encompasses outcomes related to microclimate, soil, air, and water quality functions
and is essentially synonymous with “environmental.” Experience encompasses people’s interaction
or contact with green spaces and includes aesthetic, health, and sociocultural dimensions. Valuation
encompasses links between green space and economic outcomes, and includes topics such as property
value and business development. James et al. (2009) also include ecosystem services—human health
and well-being benefits of ecosystem functions that are quantified and monetized—in this category; so
we classified ecosystem services in both physicality and valuation. Management encompasses planning,
design, and governance of urban greenways. In keeping with precedent, we also included Other for
terms that did not directly classify into a priori categories; however, we removed this classification
code from the total count as these terms did not address a research theme. To further minimize risk of
misclassification in this category, we systematized the process by using the articles’ keywords as the
underlying source of data. This had the added benefit of providing quantitative data on the scope of
terms associated with each research theme.

For categories requiring little subjective determination (categories 1 to 4), one co-author coded all
papers. For categories requiring some subjective determination (categories 5 to 7), both co-authors
reviewed all papers and arrived at a shared classification based on definitions and classification codes
described above and listed in Table 1.

In addition to these review categories, we also reviewed articles for definitions of urban greenways
and applied keywords from these definitions to a word cloud generator. This systematic review
provides a foundation for developing a definition and a typology of urban greenways as a subset of
greenways writ large. We drew upon Little (1990) [4], Ahern (1995) [1], Hellmund and Smith (2006) [16],
and Rupprecht and Byrne (2014) [41] as precedents for the typology which includes descriptions, goals,
and examples of five types of urban greenway. Descriptions and goals were based upon review of
scholarship and practice. To acknowledge that greenways within each type can be naturalistic or highly
constructed, two photographs are included exemplifying each greenway type across this continuum
(see Table 7).

3. Results

The results of this systematic review are presented below in the same order as the review categories
in Table 1.

3.1. Journal

As noted in Table 2, Landscape and Urban Planning has published the most scholarly articles in the
urban greenway literature we reviewed, encompassing 21 out of 52 (40.3%) studies. Urban Forestry &
Urban Greening has published three articles (5.8%) and six journals—International Journal of Sustainable
Development and World Ecology, Journal of Environmental Planning and Management, Journal of Leisure
Research, Journal of Physical Activity & Health, Journal of the American Planning Association, and Urban
Studies—have each published two articles (3.8% each). The 16 remaining journals have respectively
published one article on urban greenways.
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Table 2. Number of articles per journal.

Journal Title #of Articles Journal Title #of Articles

American Journal of Preventive
Medicine 1 Journal of Outdoor Recreation and Tourism

- Research and Planning Management 1

Ecological Engineering 1 Journal of Physical Activity & Health 2

Ecosystem Services 1 Journal of the American Planning
Association 2

Environment and Behavior 1 Journal of Urban Planning and
Development - ASCE 1

European Journal of Public Health 1 Landscape and Urban Planning 21

Frontiers of Architectural Research 1 Landscape Architecture 1

International Journal of Behavioral
Nutrition and Physical Activity 1 Landscape Research 1

International Journal of Environmental
Research and Public Health 1 Professional Geographer 1

International Journal of Sustainable
Development and World Ecology 2 Science of The Total Environment 1

ISPRS International Journal of
Geo-Information 1 Transportation Research Part D: Transport

and Environment 1

Journal of Environmental Planning and
Management 2 Urban Forestry & Urban Greening 3

Journal of Leisure Research 2 Urban Studies 2

3.2. Publication Year

As seen in Figure 1, the first mention of urban greenways in the literature captured in this review
was in 1995, coinciding with the first of two Special Issues of Landscape and Urban Planning dedicated to
this topic [6]. The large spike in 2006 coincides with the second Special Issue of Landscape and Urban
Planning [8], accounting for six of the 52 total articles. Of note, there has been a relative surge of urban
greenway scholarship over the past four years, with four articles published in 2015, five in 2016, five in
2017, and four in 2018.

 
Figure 1. Number of publications by year.

3.3. Study Location

As noted in Figure 2, most research on urban greenways has been conducted in the United
States—especially the eastern region of the country—and parts of Canada, eastern China, and to a
lesser extent, Europe. The cities with greenways that have been studied the most are all in the United
States, including Indianapolis, IN (5), Atlanta, GA (4), Knoxville, TN (4), Houston, TX (3), Austin, TX

7



Land 2020, 9, 40

(2), and Chicago, IL (2). Greenways in a few non-U.S. cities have also been studied more than once,
including Seoul, South Korea (3), Wuhan, China (3), Shenzhen, China (2), Toronto, Canada (2), and
Vancouver, Canada (2). Four articles reference multiple cities in their research: one paper focusing
on multiple international greenways [8], one review including ten studies from the U.S. and two
from Australia [42], one paper referencing multiple cities across the U.S. [10], and one review paper
addressing trails and physical activity that included 49 studies from the U.S., two from Australia, and
one from New Zealand [43].

 

Figure 2. Location of greenway study sites by city.

3.4. Research Theme

As noted in Table 3, of the 52 articles included in this review, 297 keywords were used to describe
the main themes of the research. Of these keywords, 104 did not directly address a research theme (e.g.,
names of study locations, methods that could be applied to a range of themes). Thus, we removed these
terms from the total count, leaving 193 keywords addressing a research theme. In total, 91 keywords
(47.2%) focused on human experience, 57 (29.5%) on management, 37 (19.2%) on physicality, and eight
(4.1%) on valuation. Two articles did not use keywords: an introduction to a special journal issue [8];
and a longitudinal study on the effects of new urban greenways on transportation energy use and
greenhouse gas emissions [44]. For the latter, we added one term to the physicality classification code,
making a total of 194 total terms reviewed.

Table 3. Research themes by keyword distribution and examples of topic studied.

Research Theme Examples of Topics Studied #of Keywords Percent

Experience of greenways
human health, recreation, emotions,

perceptions, access, aesthetics,
crime, vandalism,

91 46.9%

Management of greenways planning, design, governance,
transportation 57 29.4%

Physicality of greenways habitat corridors, biodiversity,
landscape ecology 38 19.6%

Valuation of greenways property values, employment
density, hedonic analysis 8 4.1%

Total 194 100%

8



Land 2020, 9, 40

3.5. Disciplinary Orientation

As illustrated in Table 4, of the 52 articles reviewed, 23 (44.2%) are based in the social sciences,
23 (44.2%) reflect an interdisciplinary/planning orientation, and six (11.5%) are based in the natural
sciences. None of the articles are based in the humanities.

Table 4. Distribution of disciplinary orientation.

Disciplinary
Orientation

Examples of Topics Studied #of Studies Percent

Social Science human health, access, aesthetics,
perception, race 23 44.2%

Interdisciplinary/Planning socio-ecological relations,
alternative futures 23 44.2%

Natural Science biodiversity, stormwater mgmt.,
climate change 6 11.5%

Humanities political ecology, discourse,
historiography 0 0%

3.6. Extent

As illustrated in Figure 3, of the 52 studies reviewed, 18 (34.6%) studied greenways in urban
centers, 11 (21.2%) in the metropolitan region surrounding the urban center, and one in a rural area that
modeled the stormwater management capability of greenways in the developing urban-rural fringe [45].
Thirteen (25.0%) of the studies examined multi-scalar greenways that span some combination of urban,
metropolitan, and rural. Nine (17.3%) articles discuss multiple greenway case studies occurring at
different sites, and thus, spanning different extents.

Figure 3. Distribution of urban greenway studies by extent.

9



Land 2020, 9, 40

3.7. Landscape Setting

As noted in Figure 4, the majority of articles (60.0%) discuss greenways traversing through more
than one landscape setting or multiple greenways in different settings. The next most common setting
is adjacent to a water body (22.0%). Adaptive reuse greenways are the focus of 12.0% of studies. Finally,
4.0% of these case studies focus on new on lands that had not previously been developed and one
example (2.0%) is part of a complete streets network initiative. Of the 52 articles, two did not clarify
setting of the greenway(s) in the study and thus, were omitted from the figure and percentages [46,47].

Figure 4. Distribution of urban greenway studies by landscape setting.

3.8. Definitions

Of the articles reviewed in our sample, seven provided explicit definitions of urban greenways (see
Table 5). To distill the most common themes in these definitions, we removed prepositions, conjunctions,
particles, irrelevant verbs (e.g., “defined,” “be”), adjectives (e.g., “best,” “other”), and adverbs
(e.g., “often,” “generally”), cited sources, and the terms “urban greenway” and “urban greenways.”
For consistency, we then edited similar words such as “recreation/recreational,” “nature/natural,”
and “public/public realm” to use the same term. In this vein, we also converted “active travel” to
“transportation,” as the latter is referring to walking and biking in the context at hand, and active
travel (or “active transportation”) is synonymous with transportation physical activity in public health
literature [43,48,49]. The remaining terms were subsequently fed into a word cloud generator, where
the frequency of terms is reflected in font size and configuration (see Figure 5).
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Table 5. Definitions of urban greenways.

Urban Greenway Definitions Source

“Urban greenways which are often designed with multi-use trails that
provide opportunities for physical activity, recreation and transportation
are defined as places for nature in the city where people can fulfill
recreational needs and achieve solitude and retreat without leaving the
public realm.”

Akpinar 2016

“An urban greenway is generally defined as a linear park and
pedestrian-friendly corridor including constructed and natural space.” Jang and Kang 2016

“Almost by definition, urban greenways are places for nature in the city,
places where it is sometimes possible to achieve solitude and retreat,
without leaving the public realm.”

Luymes and Tamminga 1995

“Urban greenways are landscaped and traffic-calmed pathways with a
mix of bicycle facilities and other streetscape improvements that link
open spaces, parks, public facilities, and neighborhood centers together.
Greenways support a variety of active travel uses, including walking,
running, bicycling, and skating.”

Ngo et al. 2018

The Indianapolis Department of Parks and Recreation defines
greenways as: “Multi-use trails intended to connect various
neighbourhoods of the city and offer increased alternative pedestrian
transportation choices.”

Payton and Ottensmann 2015

“For purposes of this paper, we are talking about greenways in urban
and urbanizing areas primarily in the USA. Perhaps the best way to find
a definition is to look at the two root words, ‘green’ and ‘way’. ‘Green’
suggests areas that are left vegetated and in most cases appear- or at
least strive-to be natural. The word ‘way’ implies movement, getting
from here to there, from point to point. This is the important
distinguishing feature of greenways—they are routes of movement-for
people, for animals, for seeds, and, often, for water.”

Searns 1995

“Urban greenway trails might best be thought of quasi-natural park and
open space environments that provide places for daily recreation and
alternative transportation options while encouraging positive face to
face interaction with other people.”

Shafer et al. 2000

Figure 5. Word cloud of common terms in urban greenway(s) definitions. Developed at https:
//www.wordclouds.com/.
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4. Urban Greenway Typology

The assessment of literature described above was complemented with the authors’ observation of
practice to develop a typology of urban greenways. Table 6 includes descriptions, goals, and examples
of five types of urban greenway. Table 7 includes photographs exemplifying each greenway type.
We offer two photos for each type to illustrate that urban greenways exist along a naturalistic to
constructed continuum. For example, rail-to-trails such as the Promenade Plantée (aka Coulée Verte)
in Paris include sections both at street level and up to 30-feet high; while the adjacent landscape on
many rail-to-trails can be mostly vegetated.

Table 6. Urban greenway typology.

Type Description Goals Examples

freeway-to-greenway

Adapted from a former
highway, elevated or at

grade; can include paths,
gathering spaces, and

programming.

public amenity; cultural
resources; community

engagement; recreation;
nature contact; biodiversity

Cheonggyecheon (Seoul,
South Korea); Rose Kennedy

Greenway (Boston, USA);
Tom McCall Waterfront Park

(Portland, Oregon)

rail-to-trail

Adapted from a former rail
corridor, elevated or at

grade; can include small
gathering spaces.

active travel; recreation;
human health;

cultural/historical resources;
nature contact

The 606 (Chicago, USA);
Promenade Plantée (Paris,

France);
Capital Crescent Trail

(Washington, D.C., USA)

waterfront

Adjacent to a water body;
hardened, restored, or
natural shorelines; can

including water access and
programmed events.

recreation; waterfront access;
riparian protection,

stormwater management;
cultural resources;

environmental stewardship

Guangdong Greenway
(China); Schuylkill River
Greenway (Philadelphia,

USA); Hudson River
Greenway (New York, USA)

active travel corridor
Pedestrian/cycling

transportation corridor
adjacent to or in roadway.

active travel; recreation;
connectivity; physical
activity; human health;

reduced greenhouse gas
emissions

Comox-Helmcken Greenway
(Vancouver, Canada);

Emerald Network (Boston,
USA)

nature trail

Trail through an
undeveloped, conserved

landscape; generally
characterized by a paved or
gravel path for pedestrians,
hikers, and/or cyclists; can

include constructed
elements.

recreation; urban
containment; wildlife habitat

and ecosystem processes;
climate change mitigation

Greenville Health System
Swamp Rabbit Trail

(Greenville County, South
Carolina, US); London Green

Belt (London, England);
Green Wedge Plan

(Stockholm, Sweden)

Note: these urban greenways types are often combined into a network.
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Table 7. Urban greenway typology: photographic examples.

Freeway-to-Greenway

   

(a). Tom McCall Waterfront Park (Portland, OR, USA)
Reproduced with permission from Go4TravelBlog

(b). Cheonggyecheon Greenway (Seoul, South Korea)
Reproduced with permission from Jaclynn Seah

Rail-to-Trail

   

(a). Capital Crescent Trail (Washington, D.C., USA)
Reproduced with permission from Rails-to-Trails
Conservancy and TrailLink.com

(b). Promenade Plantée (Paris, France) Reproduced
with permission from Alamy

Waterfront

   

(a). Brooklyn Waterfront Greenway (New York City,
USA) Reproduced with permission from Brooklyn
Bridge Park Conservancy, photo: ©Etienne Frossard

(b). The Bund along the Huangpu River Walk
(Shanghai, China) Reproduced with permission from
©Richard C. Edwards, 2019
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Table 7. Cont.

Active Travel Corridor

    
(a). Minuteman Trail, section of the Emerald Network
(Boston, USA) Reproduced with permission from
Friends of Lexington Bikeways

(b). Comox-Helmcken Greenway (Vancouver,
Canada) Reproduced with permission from Ken Ohrn

Nature Trail

   

(a). Connswater Community Greenway (Belfast,
Ireland) Reproduced with permission from the
Institution of Civil Engineers

(b). Swamp Rabbit Trail (Greenville, SC, USA)
Reproduced with permission from All Trails

Note: The selected images are intended to illustrate that urban greenways exist along a naturalistic (left image) to
constructed (right image) continuum. Additionally, a greenway can include several types and the various types can
be combined into a network.

5. Discussion

In the ensuing section we discuss the aforementioned results, interpreting patterns in the data
with an eye towards implications for scholarship and practice. In addition to addressing each discrete
category, this discussion acknowledges synergies between categories.

5.1. Journal

As noted in the results, Landscape & Urban Planning published over half of urban greenway studies
covered in this review. This can be partially explained by the journal having sponsored Special Issues
on greenways in 1995 and 2006. Indeed, seven of the 21 studies published by Landscape and Urban
Planning that were covered in this review, were published in these Special Issues. Considering the
multifunctional nature of greenways, and that greenways are a prominent expression of landscape
planning practice, this journal is well-suited to the topic at hand. This is reflected in the journal’s aims
and scope, guided by an underlying premise that “landscape science linked to planning and design can
provide mutually supportive outcomes for people and nature” [50]. The prominence of this journal on
urban greenways scholarship is also a testament to the legacy of Julius Gy Fábos, Emeritus Professor of
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Landscape Architecture at the University of Massachusetts, who co-edited the two aforementioned
Special Issues.

5.2. Publication Year

As noted, the biggest spikes in urban greenway research coincided with two Special Issues of
Landscape & Urban Planning dedicated to this topic [6,8]. Special Issues are generally developed when
subject experts identify a demand for scholarship in a particular area. High quality Special Issues can,
in turn, increase interest in a journal and attract new authors and readers. It should be noted that the
recent rise in urban greenway scholarship suggests a broadening disciplinary reach. Of the 18 articles
published 2015 to 2018, 14 (77.8%) were published in journals other than Landscape and Urban Planning.
This temporal assessment also reveals a steady increase in scholarly production. There were eight
urban greenway articles published from 1995 to 2000, 12 articles from 2001 to 2006, 13 articles from 2007
to 2012, and 19 articles from 2013 to 2018. It is especially noteworthy that growth in urban greenway
scholarship over the past decade has occurred independent of special journal issues dedicated to the
topic. This illustrates the degree to which urban greenways have gained traction as an important type
of landscape planning scholarship and practice.

5.3. Study Location

The geographic distribution of urban greenway scholarship reflects a broader pattern in scholarly
production, which tends to be dominated by the U.S. and secondarily, China [51]. Related scholarship in
ecological planning and design is also dominated by U.S.-based authors [52]. The lack of many studies
in Europe is a bit odd, as greenways have a strong tradition there [10,23,53,54]. Allied scholarship in
urban greening and urban forestry also has strong representation in Europe [35]. The lack of urban
greenway scholarship in the global south also reflects patterns in scholarly production writ large,
and this is a topic of concern. As noted by Ernstson and Sörlin [55], urban environmental research
gestures toward frameworks and models that are valid everywhere, and this risks discounting local
knowledge and meaning-making. One study in China, for example, showed that in contrast to studies
conducted in Western countries, less-educated and low-income respondents visited an urban greenway
more frequently than others [56]. As most 21st century urban growth is expected to occur in Africa
and Asia [12], greenway scholarship and planning practice will be especially important in these
underrepresented areas. Here, research might address the role and potential of greenways in already
built-up urban centers, as well as the potential of greenways to shape future urban development.

5.4. Research Theme

The literature reviewed in this study found a strong emphasis on research addressing human needs
and values as well as those addressing the planning, design, and management of urban greenways.
Constituting roughly three quarters of all studies reviewed, this is not surprising: urban areas are, by
definition, dense agglomerations of people and cities are inherently complex and contested settings that
require nuanced planning and management. What is perhaps a bit surprising, is the relatively limited
body of scholarship explicitly addressing environmental issues (classified here as physicality). This is
especially noteworthy considering the strong ecological foundation that undergirds conceptualization
of greenways writ large, as noted in the introduction to this paper [1,5,17,19].

It should be noted, however, that many studies did address environmental concerns but they also
included social dimensions, whereby they were classified as interdisciplinary. For example, Larson
et al. [57] examined how the public perceives ecosystem services of urban greenways and found
that people value cultural benefits, such as social gathering and recreation more than environmental
functions. This reinforces the need for thoughtful planning and design and striking a balance between
programmed/unprogrammed and naturalistic/hard-scaped spaces.

Other studies embrace a socio-ecological approach that addresses both people and the environment,
such as benefits that urban greenways provide for mental health and biodiversity [58], and greenways
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as strategies for urban sustainability [59–61]. For example, one study found that for residents living
near a newly installed greenway, greenhouse gas emissions decreased by 20.9% after the greenway’s
construction and the change in emissions was attributed to a reduction in vehicle kilometers traveled
enabled through provision of high-quality active transportation infrastructure through cycling facilities
and other streetscape improvements [44].

It is a bit surprising that there are not more studies addressing the economic dimensions (classified
here as valuation) of urban greenways. As noted by some studies in the literature reviewed, urban
greenways can increase adjacent property values [62,63] and employment density [33]. This can, in
turn, be harnessed to finance greenway management through the creation of business improvement
districts, exemplified at the Rose Kennedy Greenway in Boston [64]. On the other hand, new green
spaces can lead to gentrification and displacement of local residents [65,66]. This tension is ripe terrain
for expanded research on urban greenways.

5.5. Disciplinary Orientation

The findings of this review category—showing that the vast majority of urban greenway research
falls into the domain of social science and interdisciplinary research or planning—dovetail largely
with the former review category on research themes. Studies addressing social outcomes, for example,
include links between urban greenways and user perceptions [67,68], aesthetic response [69], public
access [70,71], physical activity levels [46,72], crime [73], and racial commingling [74].

As noted above, the strong social science orientation of urban greenway scholarship is noteworthy
in its differentiation from greenways writ large, which has a strong foundation in environmental science
and landscape ecology. Yet, the relatively minor emphasis on natural science should not be interpreted
as a lack of attention to environmental concerns. Over 40% of studies in the literature under review
adopted an interdisciplinary and/or planning orientation, and this is, in many cases, synonymous with
a socio-ecological approach. In urban settings that are built by and for people [28], this is appropriate.
Indeed, cities are, in many ways, a classic socio-ecological system where bio-geo-physical elements and
processes interact with people and institutions [75,76]. Thus, the results of this review can be seen as
heartening evidence that scholarship is responding to the practical realities in which urban greenways
are embedded.

The lack of humanities-based scholarship on urban greenways is a noteworthy gap. Humanities
scholarship draws upon environmental history and political ecology and often adopts a reflexive
position that shines a critical light on the topic at hand. Reflecting upon related research in urban
forestry and urban greening, Bentsen et al. [35] suggest that a lack of humanities scholarship can
reproduce a meta-narrative that only emphasizes benefits and goods. The same may be true for urban
greenways research. For relevant examples of humanities scholarship pertaining to urban greenways
that were not captured in this review, see Chung et al. [77] and Safransky et al. [78].

5.6. Extent

Reflecting the heterogeneous character of urbanized landscapes, studies in this review category
were broadly distributed across urban centers (34.6%), multi-scalar networks (25.0%), and metropolitan
areas (21.2%). This suggests that urban greenways scholarship is addressing a range of scales across
urbanized areas and it is encouraging to see many studies addressing multiscalar networks that cut
across urban and metropolitan extents. For example, Angold et al. [79] found that small mammals
may depend on urban greenways extending from the urban center in Birmingham, UK to adjacent
boroughs for dispersal. Cook [80] found that an ecological network plan provides modest but important
improvement in ecological systems in the Phoenix urban area. Other multi-scalar studies found that
trail use can differ by trail segment [81] and by surrounding land use [82]. Of particular relevance to
the topic at hand, the latter study found that greenways surrounded by dense residential and mixed
land uses, advanced street networks, and large parks were especially important for increasing physical
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activity. Reflecting Ahern [1], these examples suggest that networks of greenways cutting across scales
and land uses are important for generating a range of socio-ecological benefits.

5.7. Landscape Setting

Many urban greenways are embedded in a range of landscape settings, as revealed through
our assessment, which found that well over half (60%) of reviewed studies crossed multiple settings.
Another way of interpreting this finding is that urban greenways are doing exactly what they are
conceived to do, namely, provide ribbons of green space in landscapes that might otherwise lack green
space at all. This is especially true in the complex, heterogeneous fabric of urban areas, where land
contestation can make green space provision all the more difficult.

The next most common setting is waterfronts. This is not surprising, as riparian corridors are
routinely identified as one of—if not the—most common settings for greenways [1,4,19]. Studies on
waterfront greenways address a range of topics, including but not limited to, stream rehabilitation and
public access [83], dispersal corridors for invasive trees [84], and links between human perception,
safety, and use [85]. One study found that waterfront greenways close to residential zones, employment
centers, and key public services such as hospitals and schools increase use [71]. Focusing on the
urban-rural fringe, McGuckin and Brown [46] found that stormwater management facilities can be
integrated into existing greenways, and if protected during development, can generate a range of
socio-ecological benefits.

Reflecting an ongoing movement to reconceive outdated urban landscapes, a handful of studies
address one of the boldest and most dramatic “freeways-to-greenways” to date. In Seoul, Korea,
the Cheonggyecheon freeway was torn down and replaced by an urban stream and linear park in
2003–2004, making this project both a good example of adaptive reuse and waterfront greenway.
Research shows that land value premiums for parcels within the 500 m walkshed of urban greenway
entrance points were notably higher than former freeway on-ramps [62]. Related studies also found
that employment density increased within a 1.2 km zone surrounding the new urban greenway [33],
and that land conversion from single-family residential to commercial was more likely to occur within
1.5 km of greenway pedestrian entrances.

It is worth noting that freeway-to-greenway projects—including early precedents in Portland,
Oregon and San Francisco, California—are harbingers of similar projects being explored in other
cities [62]. These are complex feats of civil engineering layered with substantial political and economic
mobilization. The transformative effect of such projects may foretell increased scholarship on the
complex planning, design, and management of such multi-layered landscapes, as well as interconnected
effects related to land use change, property value, public access, and equity.

5.8. Definitions

As noted in Table 5 and Figure 5, urban greenway definitions highlight certain recurring themes
including “transportation,” “natural,” “public,” people,” and “places.” If we aggregate terms such
as “walking,” “pedestrian,” “bicycling,” “skating,” “pathways,” “routes,” “trails,” “movement,”
“traffic-calmed,” and “streetscape,” it is clear that non-motorized transportation in the form of walking
and biking is a dominant idea running across urban greenway definitions. Likewise, terms such as
“landscaped,” “vegetated,” and “natural” connote flora and greenery. In sum, the definitions offered
here are largely synonymous with one of four greenway definitions offered by Little [4], p. 1): “any
natural or landscaped course for pedestrian or bicycle passage.”

One aspect that is, however, missing from this definition is that urban greenways are also “public
places,” as noted in our review. The notion of “place” is an important, albeit nuanced, idea. The term
is often conflated with “space.” But space is an abstract term that has no correlation with human
experience. In other words, space has no inherent meaning. A place, on the other hand, signifies a
space that has social meaning, and this meaning is mediated by human experience [86]. Thus, urban
greenways are not merely vegetated corridors for non-vehicular transportation, they are linear public
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parks that can provide amenities we normally associate with urban parks writ large: places for public
gathering; places for nature contact and recreation; and places of civic pride. The Rose Kennedy
Greenway, for example, has transformed downtown Boston. Running along the roof of a submerged
highway, the greenway includes a series of contemporary parks designed by landscape architects that
include public art, food trucks, farmers’ markets, fountains, a carousel, and a visitor center for the
Harbor Islands, all of which is bound together by vegetated areas. With this in mind, we offer the
following definition: “Urban greenways are linear public parks and places that facilitate active travel
and recreation in urban areas.”

The anthropocentric focus of urban greenway definitions is noteworthy. Indeed, none of the seven
definitions that emerged in this review explicitly references non-human environmental processes,
organisms, or values. This is quite different from scholarly characterizations and definitions of
greenways writ large, where wildlife and ecosystem processes and patterns rooted in landscape ecology
figure prominently.

5.9. Urban Greenways Typology

The typology of urban greenways described in Section 4 above illuminates some noteworthy
traits of urban greenways. In urban centers, greenways are often implemented in highly constructed
landscapes that formerly served another purpose. This is exemplified in the Cheonggyecheon
freeway-to-greenway, as well as the Rose Kennedy Greenway. Colloquially known as the “Big Dig,”
this project depressed the Central Artery of Interstate 93—an elevated six-lane highway completed in
1959—and in its place created a 1.5-mile greenway through the heart of the city (see Figure 6). This
reflects a late 20th and early 21st century urban parks movement to repurpose and adaptively reuse
outdated landscapes such as landfills, elevated rails and highways, and parking lots [32]. It also reflects
efforts to redesign the auto-centric landscape that dominated mid-20th century urban planning.

 
Figure 6. (A) The Central Artery highway running through the city in 1962. (B) Rose Kennedy
Greenway in 2017 following depression of the Central Artery. Photo A: Reproduced with permission
from the Massachusetts State Archives. Photo B: Reproduced with permission from the Rose Kennedy
Greenway Conservancy, photo: ©Kyle Klein

Another contemporary expression of this aspiration is the active travel corridor exemplified in
Boston’s Emerald Network initiative and the Comox-Helmcken Greenway in Vancouver, Canada (see
Figure 7). A unifying theme in these greenways is the redesign of existing streets to accommodate
cyclists, including infrastructural interventions, such as: (1) new and upgraded traffic signals; (2) new
street paving, concrete medians and curb bulges, catch basins, paint, and signage; (3) new sidewalks,
curb ramps, and raised crosswalks; (4) new and upgraded street, sidewalk, and park lighting; and
(5) new public realm amenities, such as seating, planting, trees, drinking fountains, and wayfinding
features [49].

Similar to the freeway-to-greenway and rail-to-trail examples, these contemporary expressions
of urban greenways adaptively reuse existing urban landscapes for new purposes. From a planning
perspective, these adaptive reuse types of greenways can be considered an “offensive strategy,” in that
they introduce new elements in previously disturbed or fragmented landscapes [1]. This resonates with
depictions of urban greening as a social practice of organized or semi-organized efforts to introduce,
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conserve, or maintain outdoor vegetation in urban areas [87,88]. In many cases, adaptive reuse
greenways include new plantings and a net increase in flora and biomass. This may not, however,
always be the case with active travel corridors, where new plantings are just one of many structural
design elements and many stretches may have little if any vegetation.

 
Figure 7. The Comox-Helmcken streetscape before (A) and after (B) greenway construction. Photo A:
Google Street View; Photo B: Reproduced with permission from Paul Krueger, City of Vancouver

This represents a departure from the original conception of greenways, where “green” is
synonymous with “nature” or “flora” [4,5,19]. In urban areas, by contrast, “green” coupled with
“ways” can signify a broader sustainability and livability agenda. This reflects popular and scholarly
discourse on “green cities,” which addresses topics including transportation, energy, food systems, and
social equity, and climate change in particular [89–92]. The lack of much vegetation in contemporary
expressions of greenways as active travel corridors might be perceived as corrupting the greenway
construct. It is worth noting, however, that related terms have undergone similar changes. For example,
early conceptualization of “green infrastructure” had a strong wildlife conservation orientation that
drew upon landscape ecology as a strategy to protect and restore regional hubs and corridors of
natural lands/habitat from development [18,93]. The term, however, also became synonymous with
low-impact development and stormwater management, where the primary goal is to hold or infiltrate
stormwater directly in the ground—often but not always through vegetated systems—instead of
channeling runoff into traditional grey infrastructure culverts and pipes that discharge into nearby
surface waters [94–96]. Some have even extended the green infrastructure construct to include solar
panels, wind turbines, public art installations, and outdoor theaters [97].

Another noteworthy theme of urban greenways is that they exist along a naturalistic to highly
constructed continuum. This is clearly the case for freeways-to-greenways, rail-to-trails, and active
travel corridors, all of which are new constructions layered upon previous constructions. It is also the
case for nature trails, which can include compacted gravel and paved paths as well as constructed
bridges. This also applies to waterfront greenways in urban centers, which tend to have hardened
shorelines and are often built on fill. But as riverfront greenways extend from urban centers to less
densely developed landscapes, the waterfront can assume an increasingly naturalistic condition, as
exemplified in the Schuylkill River Greenway in Philadelphia, USA. In some cases, urban greenway
planning can include regrading and planting of vegetation to actively restore waterfronts to a naturalistic
condition, as exemplified in the Chicago River corridor [98].

5.10. Qualifiers

We recognize that there are likely peer reviewed articles addressing urban greenways that this
review did not capture. For example, some greenway studies may have been conducted in an urban
context but they did not use the term “urban greenway” or “urban greenways” in the title, abstract,
or keywords; and there may be studies that were not included in the databases we searched. Thus,
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this paper should not be read as a comprehensive assessment of any and all peer reviewed studies
on greenways in an urban context. On the other hand, urban ecology has shown that the urban
context can have different meanings, especially in an urbanizing world where the ecological footprint
of cities can extend to global scales [99–101]. Thus, a constructive attribute of this study is that
it focuses explicitly on studies addressing landscapes described as urban greenway(s) in the title,
abstract, or keywords, and in so doing, provides a focused snapshot of this literature. An additional
caveat is that distilling research into discrete categories and sub-coding these categories into discrete
classes, can be a subjective and reductionistic act, both of which have inherent problems. Subjective
classification is based on the assessors’ interpretation, which can introduce unconscious bias and
error [102]. Reductionism can, in turn, oversimplify complex relationships [103,104]. With these caveats
in mind, categorization and classification can be helpful when seeking to advance understanding of a
complex topic or phenomenon.

6. Conclusions

This study reports on a systematic assessment of 52 peer-reviewed articles using the term “urban
greenway” or “urban greenways” in the title, abstract, or keywords, and covering seven research
categories plus definitions. The review finds that there has been an uptick in urban greenway
scholarship over the past decade; that urban greenway scholarship and definitions reflect a strong
orientation towards human needs and concerns; that many urban greenways adaptively reuse already
developed lands; and that the materiality of urban greenways ranges from naturalistic to highly
constructed. In urban areas, “green” coupled with “ways” may signify a sustainability and livability
agenda that goes beyond vegetation per se. The paper offers a definition of urban greenways and
outlines an urban greenways typology that includes: freeway-to-greenway, rail-to-trail, waterfront,
active travel corridor, and nature trail. As a subset of greenways writ large, urban greenways reflect
an evolving form of landscape planning and design, and an opportunity for associated scholarship
and practice.
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Abstract: The character of Amman, Jordan, as the "City of Waters"—referring to the abundance
of water flowing in its known stream—has faded away because of the municipal policy to cover
the stream in the 1960s which gradually changed the ecological character. This paper traces and
explores the impacts of stream-coverage policy on the city character, morphology and land use
changes. The purpose is to understand how an engineered problem-solving policy changed physical
and perceptive factors and affected the character of the city. It also explores future attitudes towards
reversing the non-nature-friendly conditions. The methods depend upon monitoring morphological
changes in aerial photographs and in land use maps from municipality archives, conducting interviews
with the elderly who witnessed change, one-to-one questionnaires with stakeholders and online
questionnaires with residents and visitors. The results show that covering the stream is depriving the
city of its historical/ecological character. The policy failed to promote affluent business, to mitigate
flood impacts, or to decrease traffic congestion in the Central Business District (CBD). Most age
groups believe the stream can improve the image and economy, despite the fact of their unawareness
of its historical presence. In conclusion, engineered problem-solving should not stay in the hands of
decision makers (technocrats) alone, but rather be considered with the public, sustainable character
experts, and ecologists.

Keywords: stream coverage; greenway; city character change; land use change; development policy;
green corridor; green infrastructure

1. Introduction

Throughout history, humans have altered streams, corridors, rivers and other hydro-systems
to serve urban areas. Waterways as the kernel for urban settlements and development also affect
the artistic quality of urban forms, as well as the functionality and size of cities. In many cases,
rapid urbanization and growing cities increased demands on services and pressure on the growth of
infrastructure, jeopardizing waterways and ecological characteristics in general [1–3]. While serving
the growing demand for transportation systems, many ecosystems are slowly vanishing from urban
areas, and at the end are affecting the city character and sustainability [2,3]. Changes in land cover and
land use, biodiversity, ecosystems and hydro-systems are also affecting the climate, both locally and
regionally [4,5]. Impervious surfaces of asphalt and concrete will reduce areas covered by water and
vegetation, decrease evapotranspiration, increase both runoff and the surfaces absorbing solar energy,
and increase temperature of the city especially in semiarid environments [3].

In order to gain more urban surfaces, some policies adopt the coverage of natural waterways
impacting ecology, health, and socioeconomic factors, causing serious flood risk due to the increased
likelihood of blockages, changing the city character and reducing recreational value [6].
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This study is a longitudinal temporal study of the Amman Stream corridor, focusing on the
life-course developments, the land use and city character changes. It concentrates on exploring the
impact of stream coverage and its conversion to a culvert in the downtown. Implementing this policy
took the municipality a number of years (1960s–1990s). As a result, the city lost its ecological green
corridor, with the flowing stream diminishing any connotations to its ancient character as the “City of
Waters” [7,8]. This study will clarify the vision of the city, the nature of its morphology, the changes
in land use and the perception of the city. In addition, it will explore opinions towards the stream
revival issue. It may encourage public commitment to a city character reversal. The following sections
will cover the history of the stream, policies associated with developing Amman and the impact of
covering the stream on the city.

1.1. History of the City of Waters

Amman is known among historians for its many sources of water from streams, springs, artesian
wells and reservoirs along its valleys. It is also described by the Torah as “The royal city” i.e. the capital,
or that “The city of waters” [7]. The name Amman came from the time when it was the capital for the
Ammonite kingdom (1200 BC). Later, the Greco-Romans made Amman one of the Decapolis league
and named it Philadelphia. Lower Amman was located on the banks of the stream where people
built their houses from stones and mud, and where they practiced their daily lives, relying on trade,
agriculture and grazing. Upper Amman was atop the citadel mountain, which rose about 130 meters
from the stream of Amman. Ponds and wells collected water and stored it for use during the siege and
in the summer season.

Overall, the basic promoter for urban agglomerations was the stream running in its corridor.
A collection of natural springs from Ras Al-Ein (formerly known as Wadi Abdoun); and the rainwater
runoff from the western mountains maintained the stream flow. The fresh waters supported agricultural
lands and provided the basic everyday needs of the settlers. Amman was famous in the Umayyad
era (636–750 AD) for the cultivation of grain and animal husbandry [9–11]. The manifestations of
prosperity and advancement of the city at the Umayyad era are clear when we know that the money
mintage was on its land. It also sustained itself will into 1347 AD. The importance of Amman as a
trading center and an exchange market has been further enhanced by the presence of several flourmills
(run mills), turned by the flowing stream waters.

The historical continuity and population sequence in Amman witnessed a long recession caused by
earthquakes and epidemics, which lasted several centuries (1347 AD to 1878 AD). In the late nineteenth
century, Circassians fleeing Russian genocide came and settled in Amman, where it began to grow and
flourish again. Therefore, the history of modern Amman dates back just to the late nineteenth century.

Circassians started coming to Amman as early as 1878, and landed in the Ras Al-Ein stream
corridor, around the ancient Omari Mosque (Umayyad Mosque, later known as the Husseini Mosque).
By 1895, Amman became full of life, traffic and urbanization (along with agricultural activities and
handicrafts) [12,13].

The population of the city of Amman in the 1920s was estimated between 3000 and 5000,
indicating the small size of the city (See Figure 1 for the chronological photo order). In 1921 occurred
the establishment of Amman as the capital of Transjordan [9–11]. In 1930, its population increased to
10,000, due to the attraction of many people seeking work in the capital, in addition to the internal
and external migrations [11]. The population growth in Amman has been neither gradual nor natural;
the city has witnessed population mutations in 1948, 1967, 1976 and 1990 as a result of the political
conditions in neighboring countries. Amman transformed from a small village with a population
less than 100,000 into a city with three million inhabitants by the end of 1987 (and over four million
now) [14].
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Figure 1. Timeline photographs of Amman downtown 1900–1985 AD [15].

The huge demographic mutations and migration caused an increased demand for infrastructure,
transportation and urban expansion. Decision makers considered that pressures posed negative impacts
that needed quick mitigation measures. Focusing on the problem caused misfortunate decisions that
jeopardized the natural resources of the city in order to absorb the increasing population densities.

1.2. Developing Amman; Plans and Policies

Amman has witnessed different development plans over the years 1955, 1968 and 1970 by
many authorities and organizations. These plans were a reflection of the frequent demographic
and infrastructure changes in Amman. The plans focused on the city kernel by the stream, and its
surrounding urban areas, and proposed changes to the stream based on the plan objectives.
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In 1955, the United Nations (UN) field planners and consultants, King and Lock, prepared the
first comprehensive development plan for the city of Amman (Amman Municipality archives, 2019)
(Figure 2). This plan aimed at achieving objectives for housing and employment sectors according to
the big flow of refugees after the Palestinian–Israeli first war in 1948. The plan aimed to preserve and
enhance the nature through the establishment of self-contained mountain neighborhoods. It embraced
the concept of “green fingers”, which fringed from the stream corridors and into the heart of the city,
creating public open spaces. The plan proposed a “central park” in the city center, which included the
municipal building, library, theater and arts gallery [9]. Clearly, this plan followed Ebenezer Howard’s
Garden City ideas, and the British town planning innovations of the 1640s [9]. Based on later plans
by the municipality, this idea was not implemented or developed any further in terms of land use
management or spatial planning processes. The green fingers and the ecological city core did not see
the light. Piecemeal additions that responded to the boom cycles of building activity replaced the 1955
visionary plan.

Figure 2. Development plan, 1955 source: [9]. For clarity purposes, the authors colored the green
fingers and future mountaintops that are planned to become future urban areas.

In the 1960s, the Planning Department was established in the Jordan Development Board (JDB),
where they affirmed the need to improve the agricultural and tourism sectors, and to achieve evolution
and development in both sectors through a Seven Year Program for the Economic Development of
Jordan (1964–1970). However, according to the decline of the Jordanian economic situation during the
Israeli occupation of the West Bank in 1967, the Civic Center Development Plan (CCDP) in 1968 has
been prepared to focus mainly on tourism 148 redevelopment of the CBD of Amman. The proposed
plan consisted of a linear park along with other administrative, commercial, recreational and service
land uses [9].
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The growth witnessed unplanned population mutations (1967–1970) because of neighboring
political factors, which resulted in urban expansion and urban mutations in the city. These urban
mutations increased the need for infrastructure, the need for new land uses and the need for urban
expansion at the expense of agricultural lands and natural resources. This urban expansion led to
jeopardizing the stream and the natural resources associated with it which mediated the city, giving it
a unique character throughout history. Because of this transformation, the uses that existed on both
sides of the stream had changed, causing a character transformation.

1.3. The Coverage of the Stream

The radical changes began when implementing the 1967 initiative plan, in which the government
worked on a project for land acquisition adjacent to the stream. The project converted the stream into a
culvert whose top became Quraysh Street. In addition, the initiative converted the residential land use
to commercial and central business uses, aiming to improve the situation of the downtown and make
it the commercial center of the capital. After the implementation of the plan (early 1970s), the radical
changes began to take place (see Figure 3).

 
Figure 3. Blueprint of the planning modifications of 1967, excerpted from Greater Amman Municipality
archives, recolored by the authors.

The municipality’s policy of covering the stream continued even after the 1970s. The target area
was from the Roman amphitheater towards Ein Ghazal, as demonstrated through the 1971 modification
plan prepared by the municipality to redistribute land and to change the uses to commercial land use
(Supplementary Materials).

In a report conducted by the Al-Rai newspaper about the coverage of the stream of Amman,
Al-Azra’e [11] summarized the several threats which The Greater Amman Municipality hoped to
overcome by covering the stream:

1. The poor health conditions caused by the proliferation of insects such as mosquitoes and flies,
despite repeated sterilization campaigns.

2. The poor social and economic conditions of the residents on both sides of the stream, who are
more than 50 thousand citizens.
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3. The winter flooding that periodically turns the stream into an energetic river that sweeps away
all around it, including meager fences and old houses on both sides of the stream.

4. The traffic problems by creating parallel streets and one-way traffic. They realized that if the
covered stream was turned into a street it would relieve the pressure from main streets like King
Talal Street.

Accordingly, the coverage of the stream stretched in phases to 10km; extended between Ras
Al-Ein and Ein Ghazal (Supplementary Materials). The plan included organizing the area on the
stream between the former Amman Municipality building and Raghadan Bridge, which will turn into
a square where the public library, exhibitions, theaters and other cultural facilities will be built. The
plan also included the rehabilitation of the area through the establishment of commercial buildings.
The Municipality proposed future land use plans that included central business and central commercial
uses to enhance the commercial character of the downtown (Municipality archives). The seventies’
policy aimed to solve the problems of traffic, winter flash floods and pollution, as well as to develop
the downtown to become the commercial center of Amman by covering the stream and converting it
to a culvert under Quraysh Street.

1.4. The Current Situation in the Downtown

The stream before the coverage used to flow in a valley surrounded by mountains, where the
rainwater assembled and discharged in the stream corridor. At some times it flowed with ease, at other
times it flooded the banks and some of the surrounding functions. One of the objectives of the covered
culvert was to reduce the problem of recurrent flooding of the stream in the winter season, creating a
more secure downtown [16]. Since the establishment of the culvert in the 1960s, the rainwater was
flowing into the stream culvert and sometimes raising its level, threatening residents living near the
stream (Figure 4A). In the winter of 2015, the downtown received high levels of rainfall, causing the
loss of four souls in the flash floods [16].

In February 2019, the downtown witnessed heavy rainfall again, which led to flash floods [17].
These floods led to landslides in the area of Jabal Al Jofah. The collapse damaged a number of vehicles
in the near area. In addition, the floods caused the closure of the entire Quraysh Street, risking the
safety of citizens, causing car drowning and shop flooding on both sides of the street (Figure 4B).

The Greater Amman Municipality (GAM) has declared that the reason for the floods on Quraysh
Street at the downtown was due to the blockage in the manholes because of soil erosion in Jabal Al
Jofah, bringing amounts of rainwater mixed with soils and debris. The president of the Association of
Food Merchants estimated the losses in the downtown in millions of Jordanian dinars, caused by floods
that entered the shops and spoiled their goods [17]. The Amman Chamber of Commerce estimated the
losses suffered by 60 shops to be more than 2.8 million USD. They explained that the reason for these
losses was the poor infrastructure in the downtown, which could not absorb the amounts of rainwater,
which in turn destroyed the existing infrastructure [18]. The flooding could have happened even if
the stream was uncovered, but the type of damage would be different. It will affect agricultural and
recreational lands by its banks. In either way, due to climate change matters, Amman is receiving more
rain in the future.

The 1960s policy of covering the stream was focused on creating more streets for traffic. Despite
the invention of Quraysh Street atop the stream along with King Talal Street in the CBD, these streets
are not coping with the traffic demand. The downtown still suffers from traffic congestion for many
hours throughout a normal working day. The capacity of the infrastructure can no longer meet the
growing population with the high density of private vehicles [15–19].
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Figure 4. Flash floods in the downtown, row A: flash floods in the last century, row B: flash floods on
the 28th of February 2019 (Source of row A: [20], Source of row B: [17].

2. Literature Review

This section will discuss the importance of green infrastructures in attracting other uses. It will
present four case studies of policies that turned watercourses into green infrastructures. It discusses
land use change, the use of urban greenways and green corridors, threats to character change and the
public perception of city character.

Some studies have shown the positive impact of existing natural and environmental facilities in
achieving economic land use development [13,21–23]. Green amenities and urban greenways played
a critical role in attracting communities and land use development. In the United States, residents
prefer to live near parks and greenways, thus land use development has resulted from people’s
mobility to green amenities, such as urban greenways [24–26]. In Egypt, the local residents benefited
from the existence of the urban greenway in linking their neighborhoods, promoting education
and recreation, as well as preserving the natural environment and raising the awareness about its
importance. In addition, greenways attract business, commercial and cultural uses when they intersect
with residential areas [26].

People have strong feelings towards their natural environments. This social need is subject to
change based on municipal decisions. Some policies have succeeded in guiding the compass towards
environmentally and urbanely neglected areas, through making these areas safe and attractive urban
areas that entice investments and population alike. The next sections will introduce four case studies;
Cheonggyecheon, Seoul, South Korea; Los Angeles River, LA, USA; San Antonio Riverwalk, TX, USA;
and Bartin River, Turkey.

In South Korea, the restoration of Cheonggyecheon stream came after more than 30 years of
covering up the watercourse with concrete and an expressway. The stream was first converted into an
elevated freeway project, which caused years of degraded, poor environmental conditions. Lastly, the
Seoul mayor initiated a project to remove the elevated freeway and to restore the stream, providing an
urban greenway [27,28]. This restoration gained the city economic and development revenues and
created land use change. The restoration led to conversion of the residential land use into commercial
and mixed land uses surrounding the greenway, while the residential uses shifted to farther distance
with higher densities.

The Los Angeles River has witnessed another successful example in reviving the city character.
This Los Angeles River was originally an alluvial river, crossing floodplain areas on which Los Angeles
and other surrounding towns were built [29–31]. Until 1825, the river discharged into the sea. Later,
the river way to the sea became muddy and blocked the river flow.
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The waters flooded and spread all over the land adjacent to the river and filled the lowlands,
creating lakes, swamps and ponds [32]. In 1913, the Los Angeles Aqueduct was opened. The river
was the main source of water at that time, despite the fact that the water was shallow for most of
the time except winter [29]. In the 1930s, frequent floods devastated the river, therefore, the mayor
of Los Angeles, Frank L. Shaw (1877–1958), worked in cooperation with the US Army Corps of
Engineers (USACE) on several measures to control and reduce floods. They worked on a project to
cover the riverbed and its banks with concrete, and turned it into a canal intermediated with a small
flow of water [31]. Channelizing the river led to the drying up of the river for nine months of the
year. The conditions repeated until the 1950s, when the water was re-pumped into the canal with
the industrial and residential discharge of gray water. In 1986, the Friends of the Los Angeles River
(FoLAR) organization was established to revive the river and to restore habitat and public access to
the river [30–33]. Later, the nonprofit group River LA (formerly, Los Angeles River Revitalization
Corporation) announced in 2013 the goal of completing about 82km of greenway and bike path along
the river by the end of 2023. This route is expected to be the main hub of a Linear park, in addition
to providing an alternative transportation route through the city [33]. The USACE conducted a
feasibility study on the river restoration project. They recommended a plan worth $453 million for
flood protection and ecosystem restoration for 600 acres [34].

The San Antonio Riverwalk presents one of the most successful walkway networks. The Riverwalk,
located along the San Antonio River in Texas, is considered an important part of the urban fabric of the
city. It is an attractive destination to local residents and tourists due to the lining of shops, restaurants
and historical missions integrated with nature on both riverbanks [35,36].

A catastrophic flooding of the San Antonio River killed 50 people in 1921. To reduce the risk
of flooding, a flood control plan was initiated including the construction of a dam at the source of
San Antonio River, and the creation of a storm sewer by paving the bend of the river [37,38]. In 1926,
the San Antonio Conservation Society protested against the plan of paving the sewer and prevented
the implementation of the plan. In 1929, architect Robert Hugman (1902–1980), presented a plan to
turn it into a Riverwalk surrounded by commercial development. Despite the much interest in the
development and construction of the site, the architect and later mayor Mr. Jack White played a key
role in enabling the San Antonio River Beautification Project through the idea of issuing bonds to raise
funds to support the project in 1938 [37–39]. Congressman Maury Maverick, Mayor C. K. Quin (in
office 1933-1942) and a group of citizens, headed by White began the site development [37–39].

During the successive decades, there have been improvements and expansions along the Riverwalk.
The development incorporated several stages of expansions and improvements: 1968, 1981, 1988, 2009
and 2011. Now improvements and ecological controls include the long-distance walkways, cycling
trails and rowing trails, which allowed accessible touristic experiences [37–39].

In Turkey, a similar case found that the Bartın River pertained a significant potential for creating
a preserved land use balance to promote future urban development. It was foreseen to support the
environmental health and aesthetic character in the city. The preservation will mitigate food and flood
risks on the river corridor [40].

Policies turned Cheonggyecheon in Seoul, the San Antonio River and the Los Angeles River into
effective greenways and green corridors that improved the green infrastructure of their cities. Restoring
the Seoul stream into a greenway was considered as an important policy to reintroduce nature to the
city which led to a reduction of the urban heat island effect by as much as eight degrees centigrade,
in comparison to nearby paved roadway conditions according to summertime measurements [41].
To promote a more ecofriendly urban design, it brought improvements in water quality as well as
the creation of a natural habitat [42]. In addition, it restored the history and culture of the region
and revitalized Seoul’s economy. As traffic decreased, air quality improved in the created linear park
along the stream (greenway) with landscaping, good walking facilities and plenty of street furniture.
It slowly became an attractive destination for both residents and businesses, which led to land use
change and economic development [27,28].
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One of the most important ecological issues highlighted over the last decades is turning green
corridors into culverts. Policies now focus on preventing the coverage of natural waterways by
promoting the transformation of these structures, and restoring urban waterways back into more
natural courses [6,43]. Many countries of the world have taken the approach of restoration of urban
waterways as an opportunity to reduce the shortage of natural open spaces and enhance the wellbeing
of the local communities through affording linear recreational areas within the cities [44].

Urban greenways have played an important role in the promotion and the development of urban
and suburban environments. They provided the most needed natural corridors inside the urban
areas, mitigated the loss of natural spaces which are affected by the urban expansion and constituted
the primary resistant form to the built environment [26,45,46]. Greenways approach aims to protect
nature which balances between the conservation and the growth through creating livable environments
and maintaining open spaces. They help maintain biological diversity, protect water resources,
conserve soils, improve air quality, reduce pollution, support recreation, enhance community and
cultural cohesion, provide species migration routes during climate or seasonal change, manage water
runoff, contribute to aesthetic qualities, enhance economic values, diversify recreational opportunities
through activities and protect natural character [47–51]. Greenways could thus be considered lines of
opportunity; they contribute to many ecological and societal values, reviving cities and preserving
character [45].

The ‘town character’ or ‘city character’ terms often referred to the sum of the distinctive features
and elements that make the town unique. The character is associated with environmental features,
and with the response to the environmental and social aspects of the town, by which people judge
the suitability of changes in their surrounding environment [52]. The concept of city character is
substantially associated with deep emotional attachment between individuals and the city, especially
peacefulness and enjoyment [53].

Sometimes, local residents feel the loss of their authentic and significant environment’s character
due to the changes and developments in their cities [54]. Therefore, it is necessary to preserve the
valued familiar environmental features because of their importance in preserving the psychological
and personal aspects as they contribute to the community perception of the authentic, significant, local
and general city character [52,55].

The elements of the natural environment participate in shaping place character. The hydrological,
ecological, geological, vegetation and landform features are significant features in creating the distinctive
visual atributes of the place [54]. Places that have successfully integrated the natural features of water
bodies, vegetation and topography maintain the natural character of the place and gain distinctive
visual links [54,56].

Altman and Zube [57] show that the transformation of the undefined space to what we call a
“place” comes from the transformation of the mere geographical environment by people who use
it, adjust it, or give it a symbolic value, while the word ’character’ indicates the set of qualities and
features that identify one thing or person from others. Place character can be illustrated by aggregation
of the special place features, which give their place the unique identity [54]. It is the combination of the
distinctive elements of the place that give it a unique value and a special identity. These elements and
features make the sense and the ambience of the place [58,59]. All the places have distinct characters,
such as people who have their unique personalities that vary from one person to another [60]. However,
the place character can be expressed through the unique aggregation of the socio-physical features that
distinguish the environments from one to another [34,60–62]. Place character can be simply depicted
as the ’sense’ and the ‘atmosphere’ of a place [54].

The perception of town character by the public was examined by Green who focused on community
perception to explore the notion of town character based on the community perspective of the small
coastal town of Byron Bay, New South Wales, Australia [52–54]. Green found that there is a relationship
between environmental features, their associated meanings and the perception of the character of
the town. The positive meanings were distinctiveness, pleasantness, charm, familiarity, friendliness,
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openness, liveliness and safety. The negative meanings were boredom, ugliness, lack of charm, lack of
stimulation, monotony, unpleasantness and being ordinary [52].

In his book, The Image of the City, Kevin Lynch (1960) reached a conclusion that places are
experienced in relation to their surroundings, the events that lead to them and past experienced
memories. Citizens experience the city through the experience of the small parts, niches and events
that together feed the citizen with the memories and meanings [63].

Literature summary. Despite the fact that municipalities believe that good planning will lead to
better economic returns, this is not always reached by the turning of land uses to successful economic
and commercial uses. Land use development policies have to improve, manage and increase the
effectiveness of human activities associated with land uses, with direct awareness of the importance of
green open spaces and natural environmental assets [9,12,13]. Problems may be exacerbated by the
lack of awareness of the social needs and problems faced by communities and affected by decisions
on the community environment [64]. Some policies focused on a scope targeting environmentally
and urbanely neglected areas through making these areas safe and attractive urban areas that attract
investments and population alike, such as the case of Seoul, Cheonggyecheon; Riverwalk, San Antonio
and the LA River project. In most of these cases the goal was not only to enhance land use, but also
to sustain a town/city character by preserving a natural asset and implementing through it some
purposeful planning strategies.

The tangible and physical features in the city contribute significantly to the formation of the mental
images, deepen emotional attachments between individuals and the city and facilitate the process of
cognition and sensory connection [53,54]. Some studies examined the city character at the scale of
cities or small towns through studying the community perception [52–65]. Other studies examined
the city character at the microscale, through studying the transformation of the urban identity, where
the physical characteristics of the built environment are assessed [31]. But no studies assessed the
impact of land use change on the city character or the impact of demolishing natural features and
green corridors on converting the city character. Previous studies analyzed changes in urban identity
through monitoring urban transformations [55]. They monitored morphological changes through
analyzing street patterns, urban blocks and land uses [66]. Some focused on lot-based changes and
redevelopment impacts by acquiring data on building permits and land use changes [67]. Some studies
focused on the public perception of change independently to show the importance of integrating the
stream corridor into the urban greenway plan [68].

Land use development, together with morphological foot prints, are a dynamic form of shaping
and reshaping of the city. The growth of populations is physically marked by the traces of both
morphological form and shape development in relation to scale and the land use proportions and
land use changes. The impact of watercourses dynamics on urban morphology and land use change
are major components in shaping the image of the city. Other intangible factors are sensual in the
perception of people. Both the sensual and the tangible components are continually shaped and
constantly affect the character.

3. Methodology

This research reviewed the process of land use and city character changes induced by the policy
implementation of covering the watercourse and converting it to Quraysh Street. The process of
evaluation went through two main stages: before and after the coverage of the stream and the
assessment of the current conditions. In each stage the land use change, urban morphology change
and public perception were explored.

Land use was acquired from the municipality archives, which has a collection of old maps. This
research is using Bartholomew land use classification (first level) which identifies eight different land
uses; residential, commercial, industrial, public and semipublic, public parks, railroads, streets and
vacant land [69]. The comparison is based on land use area changes and percentage change using cad
drawing area calculations on parcels. The areas are compared excluding street areas.
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The morphology was registered using aerial photos by digitizing the built areas in the different
years. The comparison assessed the footprint changes in terms of proportional areas of infill and fill.
The research used CAD drawings to calculate the areas of the footprints.

The public perception was induced from interviews, one-to-one on-street questionnaires and online
questionnaires. The three methods provided a good base for assessing changes on the city character:
(1) The demonstration of opinions regarding the interviewed elderly who witnessed watercourse
character changes provided the old city character; (2) the one-to-one on-street questionnaires explored
stakeholders (who spent the most time at the study area) and visitors at the location; (3) the online
questionnaire focused on the city character and perception of the study area by local residents and city
visitors. Overall, the three methods provided a wholesome assessment of the public perception of the
study area.

The first part of the first stage, the study reviewed the land use and urban morphology of the aerial
photographs for the years 1918 and 1953 (Figures 5 and 6). The land use information was obtained from
Amman Municipality archives. The morphology was digitized from the aerial photographs obtained
from the Royal Geographic Center for these years. In order to pursue a comprehensive understanding
of the situation before the coverage of the corridor, the researchers conducted interviews (N = 30)
following snowball sampling with elder people (≥65 years) who lived in the period before and after the
coverage of the stream (those who witnessed changes in the 1960s to the present). The sample, which
was primarily from men, is especially comprised of elderly residents and workers in the downtown,
especially those located in King Talal Street and Quraysh Street, who mainly manufactured small crafts
or mended furniture. The first interviewee linked the researchers to another, and the second forwarded
them to the third, and so on. They were tested on their perception of six characteristics: demography;
history and city character; social and cultural characteristics; environment, landscape and green spaces;
land use planning; and satisfaction with transportation and pedestrian networks.

In the second part of the first stage, the study reviewed the land use and urban morphology
of the aerial photographs for the years 1978 and 1992 (Figure 5C,D). The Land use information was
obtained from Amman Municipality archives. The morphology was digitized from photographs
acquired from the Royal Geographic Center for these years. In addition, this stage succeeded in
assessing public perception of the formulated character changes based on questionnaires concerning:
population growth and land use change, character change, potential rehabilitation ideas and prospect
solutions for the current conditions. The study conducted one-to-one, randomly distributed on-street
questionnaires (N = 200) with diverse age groups (20–75) including everyday users, workers and
residents of downtown. The poll took place during the month of November 2018. In the end, 65% of
the sample was collected from shop visitors on both sides of Quraysh Street and King Talal Street. The
shoppers’ testimony concerning infrastructure, land use change and character changes were valued in
this research.

In this stage, the study analyzed land use and urban morphology based on the information
and illustrative plans of these periods. Maps and plans were obtained from the Greater Amman
Municipality archives and publications sometimes, and then analyzed by the authors.

The second stage reviewed the current situation. This included a comparison between the existing
and planned uses, to determine the extent to which municipality policies improved land use. In order
to assess land use change, researchers conducted a manual land use classification of current conditions
based on field observations (2018). They compared the current land uses to the previously specified
land uses by the municipality policy (1960s). There were limitations in this issue due to the inaccessible
municipal data concerning building permits.

In addition, the researchers prepared an online questionnaire (N = 681, ages 18–65) to explore the
current perception of city character changes among people who did not witness the location prior to
the corridor coverage. Due to the previously faced difficulties with volunteers to answer the on-street
questionnaire, the online was foreseen to access more people willing to take the time to answer a short
survey. This was done online through posting it on Facebook. It included residents of Amman and
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outsiders. Residents comprised 45% of the subjects. The collected responses were in the months of
February and March, 2019.

Figure 5. Land use, A: 1918, B: 1953, C: 1978, D: 1992 (Greater Amman Municipality archives, analyzed
by researchers).

36



Land 2019, 8, 195

Figure 6. Urban morphology stages, A: urban morphology of 1918, B: urban morphology of 1953, C:
urban morphology of 1978, D: urban morphology of 1992 (Aerial photographs purchased from the
Royal Jordanian Geographic Center and modified by the authors).
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4. Results

This research divided the results into two main stages: the comparison between the periods
of before and after the coverage of the stream and the current conditions. In each stage, the results
were divided into three topics: the land use change, urban morphology change and the public
perception change.

4.1. Stage 1: Comparison Between the Periods of Before and After Coverage the Stream

4.1.1. Land Use Changes

The results showed that there were gradual changes in land use between the years 1918 and 1953.
The majority of the parcel uses in 1918 were agricultural and recreational uses (75%) and residential
uses (24.3%) that was concentrated around the stream corridor (Table 1). During that period, the stream
had one crossing bridge at the amphitheater site (Figure 6A).

Table 1. Land use change before and after the coverage of the stream.

Before the Coverage After the Coverage

1918 1953 1978 1992

Land Use Percentage

Agriculture/Recreational 75.0 47.4 30.0 23.4
Residential 24.3 39.7 15.3 9.3
Mixed Use 0.0 8.1 34.8 35.2

Public Services 0.0 3.6 18.6 0.0
Religious 0.7 1.2 1.3 1.3

Archeological sites 0.0 0.0 0.0 1.2
Acquisition 0.0 0.0 0.0 29.6

Total 100 100 100 100

In 1953, the city developed and expanded after it became a trade destination for the population
from inside and outside Jordan, especially after the Palestinian war in 1948. The map shows a slight
reduction of agricultural and recreational lands to about 47.4%, and increase in the residential lands
(39.7%), which resulted in creating new land uses such as mixed use (8.1%) and public services
(3.6%), in addition to a slight increase in the religious buildings (Table 1). Two additional bridges
occurred in that year; one within the Al-Muhajereen neighborhood and another one midway between
Al-Muhajereen and the amphitheater (Figure 5B).

The urbanization overtook agricultural lands where the proportion of the agricultural and
recreational lands decreased. Residential and mixed land uses spread on the edges of the main streets
along the corridor side (Figure 5B).

Upon the stream coverage, a street (Quraysh Street) was erected on top of its course. Most uses
on both sides of Quraysh Street converted from residential, recreational and agricultural uses to
commercial and mixed land uses to inflate from 8.1% in 1953 into 34.8% by 1978. The proportion of
agricultural and recreational uses decreased to 30%, and the proportion of residential use to about 15.3%.
Mixed uses increased to about 34.8% (Table 1). Accordingly, the municipality added governmental
services upstream consisting of 18.6% of parcel areas (Figure 6C). The view was to turn these into
central business districts to support the economic development in the CBD. The watercourse is covered
between the Al-Muhajereen and the amphitheater. This stretch of the stream is about 1.4 km long.

In 1967-1992 governmental acquisition started to take place upstream; houses were demolished
and a part of the stream was covered and converted to a culvert. The area (land acquisition) was
later transformed to the Greater Amman Municipality headquarters (Figure 6D). The agricultural and
recreational uses decreased from 75% in 1918 to 23.4% in 1992. The mixed land use stayed almost the
same, but the land acquisition consisted of about 29.6% (Table 1).
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Table 1 shows the summary of the comparison in land use change before and after the coverage of
the stream.

4.1.2. Urban Morphology

The results of the urban morphology analysis showed the following:
In 1918, the corridor dominated the configuration of the urban fabric. The urban blocks (fill)

consisted of about 3.4% of the study area; the urban blocks and street pattern were shaped organically
and intertwined with the stream corridor. There was only one main street parallel to the stream now
called (King Talal Street). In addition, there was a bridge which connected the Roman Amphitheater
and the agricultural fields on that side with the residential areas and mosque (Figure 6A).

In 1953, the corridor was still the most dominating element on the urban morphology, despite
that the urban blocks increased (15.3%) and the number of streets and bridges increased over the
corridor. The number of buildings significantly increased (about fivefold since 1918) on both sides of
the corridor with the presence of urban spaces between buildings, which promoted the social activities
of the residents (Figure 6B). The stream at this stage is still taking its course despite the fact that the
green body of trees and agricultural fields have decreased to half. No stream sit backs were maintained
to protect the course of its running stream.

In 1978, a large part of the stream (almost half) disappeared, and was replaced by a wide main
street (Quraysh Street). The urban blocks consisted of about 21.3% of the study area, and these urban
blocks and the streets were shaped in a loose grid pattern. The numbers of streets increased while
the bridges over the stream disappeared, since the stream no longer existed for the most part. The
transportation networks gave the priority in shaping the urban fabric to the vehicles. The stream
coverage policy enforced land acquisition and building demolition processes, changing land use along
the stream bank (Figure 6C).

The morphology of 1978 is much denser now, leaving fewer spaces between buildings (Figure 6C).
The places that look vacant are those that will be obtained by land acquisition acts in the future. More
very dense areas surround the watercourse at this time. This is due to the large number of immigrants
coming from Palestine at this time fleeing the wars.

In 1992, Quraysh Street was the most dominant element in the urban morphology of the study area.
At Ras Al-Ein, part of the remaining stream was transferred to a culvert which led to a discontinuity
of the corridor (Figure 6D). In that year, the urban blocks consisted of about 25.7% of the study area,
although there were demolitions of existing buildings for the purpose of governmental acquisition.
Table 2 showed the summary of the comparison in urban morphology change before and after the
coverage of the stream

Table 2. Urban morphology changes before and after the coverage of the stream.

Before the Coverage After the Coverage

1918 1953 1978 1992

Fill/Infill Percentage (%)

Fill 3.4 15.3 21.3 25.7
Infill 96.6 84.7 78.7 74.3

4.1.3. Public Perception

To understand the public perception’s comparison between ‘before the coverage’ and ‘after the
coverage’, the researchers interviewed two groups: group A and group B. Group A resulted from
a target group of interviewees of 30 persons of elder people (above 65 years old), who used to live
or work in the downtown of Amman before the coverage of the stream. Group B resulted from 200
persons of visitors and residents in Amman aging 20–75 years old who witnessed Amman after the
coverage of the stream. Group A, who were mainly men, used to live in the downtown, except 5% of
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them who used to live somewhere else, but they were working in the downtown since the 1950s. They
used to work in handicrafts, agriculture, ranching, carpentry and leather tanning, and some people
worked in the railway station. Although the education at that time did not exceed the middle or high
school, they were learning their crafts by practice.

In describing the history and the city character features, group A described the old city of Amman
as a small village, intermediated with a small river, i.e., the stream of Amman. They also described the
stream banks containing orchards and some houses with a low number of population. In their opinion,
the most important features of the city were the Roma Theatre, The Nymphaeum, and the Roman
Arches over the stream that were removed upon covering the stream. Although they remembered the
life around the stream, but they did not consider it as a main feature of the city.

On the contrary, the majority of group B considered the stream a historical value that played a
significant role in the emergence of the city, and considered that the character of Amman had changed
after covering the stream. They acknowledged the change of the land use and they considered it as a
negative impact of covering the stream. They complain about the possibility of mixing the wastewater
with rainwater. Only 41% of group B saw that covering the stream solved the transportation problem.

Concerning the social and cultural characteristics, group A expressed that social life was more
intimate, simple and enjoyable then. The community consisted of groups of extended and nuclear
families with strong social ties, and Amman was described “as a center of social mix and cultural
gathering,” where the community was a mix of Jordanians, Palestinians, Circassians, Syrians and
Yemenis. In addition, they pointed out that the existence of the railroad (with traders and pilgrims)
had an impact on the generated milting pot.

On the other hand, the majority of group B considered the downtown of Amman a cultural and
touristic destination, and they believe that the present social life of the people in Amman is different
from the past social life. Yet, they believed that there were insufficient places downtown for cultural
activities, and they deemed that the stream provided an opportunity for people to meet and socialize.

When group A was asked to describe the city of Amman in the spring, they were evoked to
describe the stream’s nature and significance for the city; they described it then as “a green paradise”
referring to the local trees surrounding the stream. The only negative image they recalled was the
winter floods of the stream, and the pollution caused by discharging wastewater into the stream
by residents.

Group B could not see any paradise, and most of them suffered from the lack of green spaces in
the downtown. They deemed that there were no suitable places for relaxing and recreation downtown.
However, they saw in the restoration of the stream a potential for a linear park that could reintroduce
the nature into the downtown of Amman, and they believed that restoring it may improve the water
management, reduce the runoff in the winter, reduce the air pollution and reduce the urban heat
island effect.

The awareness of the land use change was recognizable in both groups A and B; group A indicated
that until the seventies of the last century, Amman was an agriculture-dependent city with land
orchards and fields. The shops scattered only along King Talal Street, and the residential land uses
concentrated around the stream.

Group B touched the land use change and considered the rapid processes of urbanization,
transportation and migration hindering land use and environmental planning processes. Most of them
supported the idea of restoring the covered stream; they believed that it would provide a recreational
development instead of the limited small and light industries in the area.

Both Group A and Group B agree that crossing the stream or the street is an issue; although the
number of cars and streets were few before the coverage of the stream. They recognized the difficulty
in accessing the other side of the stream bank; residents used to cross on wooden and metallic bridges
to reach the stream banks, and to carry out their daily activities. Group B believed that covering the
stream did not solve the problem, because crossing Quraysh street is still difficult.
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4.2. Stage 2: Assessment of the Current Situation

4.2.1. Land Use Changes

To find out the improvement in the downtown environment, it was necessary to compare the
planned uses with the existing uses, to know the orientation of the development plan. The Amman
Municipality land use plan of the downtown was approved based on the 1967 initiative, which
consisted of about 67% central business land use, 25% commercial use, 5% recreational use and about
4% of residential use (Figure 7). This plan was a wishful plan to create central business and central
commercial uses in the downtown area. Its form predicated on replacing the stream corridor with a
culvert topped by a traffic pine thinking this will eventually endorse the proposed uses. This plan
did not leave enough room for recreation in the place most suited for recreation in the downtown
area. It was also depending on the hope that once this traffic spine was created, affluent business
will flourish.

Figure 7. Land use plans, A: municipal land use plan as intended in the 1960s policy, (Source: Greater
Amman Municipality; recolored by author). B: existing land uses (documented by the researchers).

However, to give a more detailed understanding of the current land use distribution, the
classification went to a more detailed land use surveillance based on an onsite observations study. The
current uses consist of about 46% mixed uses divided between light industries, markets and wholesale
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shops; 39% services; 5% archeological sites; 4.4% open spaces; 2.4% parking lots; 1.4% religious
buildings; 1% hotels; 0.3% banks; 0.5% residential use; and 0.1% fish market (Figure 7). The services are
the areas that are owned by Greater Amman Municipality (GAM). This area includes the municipality
building and its plaza, Jordan Museum, Hawa Amman Radio Station and the Cultural Center. Mixed
uses currently include crafts, such as furniture design and renovation; shops for mending shoes; shops
for selling used clothes and shoes; workshops for making wool carpets; and some meat and candy
wholesale shops. Service cars (taxis) queue along the main street to seek passengers from or to this area
coming from various parts of the city. The street becomes congested and the land uses are contradicting
with one another.

The aim of the improvement initiatives was to attract central commercial uses such as offices,
commercial companies and institutions to make the downtown the commercial center of the capital,
but the existing uses showed the polarization of mixed uses of light industrial and some of unsuitable
crafts in the downtown (Figure 7).

4.2.2. Urban Morphology

Currently, Quraysh Street is the dominant axis on the urban morphology of the study area, where
the urban blocks and streets are shaped in a loose grid pattern. The urban blocks are relatively
overcrowded with an absence of recreational areas and open spaces. The urban spaces between blocks
are very few, which spaces consist of streets only (Figure 8). The percentage of fill and infill now is
about 37–63%, respectively.

Figure 8. Urban morphology showing fill and infill building footprints, 2018 (Aerial photo excerpted
from Google Earth 2018).

Urban areas surrounding the stream watercourse continued to become denser with fine grain
agglomerations in all directions (Figure 8). The culvert is now almost finished, and very little natural
green character can be noticed at the west end of the corridor. This end remained unbuilt until this day
due to the lack of funding for the future King Abdullah II House of Culture and Art (Opera House),
which was designed by Zaha Hadid back in 2010.
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4.2.3. Public Perception

The detailed online questionnaire was filled by 681 participants, where 33% of the participants
were males, and 67% of the participants were females. 85% of the participants were under the age of
45 years, and 15% of the participants were over the age of 45 years.

Regarding the public perception of the current character of Amman, the perception of the
participants of the online questionnaire varied between “Amman is a city of traffic congestion” and
“The city of Amman is rich in natural resources”. The highest agreement for the current character
of the city of Amman was 97.3%, where they agreed with the perception of “Amman is a city of
traffic congestion”. The participants agreed with at least one of the following “Amman is a city of all
nationalities”, “Amman is the city of the Seven Mountains”, “Amman is a city of cement and stone
blocks” and “Amman is a city rich in culture” by more than 80%. The current political, economic and
social circumstances affected the public perception. As for the perception related to “Amman is the
water city”, 81.7% of participants considered that this perception is not related to the current character
of the city of Amman, as the city suffers from the lack of water resources at present. The lowest
percentages were for “Amman is the city for tourism”, “The city of Amman is rich in recreational
areas”, “Amman is a city of brotherly love” and “The city of Amman is rich in natural resources”.

In the open-ended online question concerning Amman’s old, current and future character, the
study focused upon repeated answers that received more than 30 repeats (Table 3). It shows that they
acknowledged its old beauty, importance and historical character. They agreed that it does not have
a current specific character, and that it is a symbol for traffic congestion. They developed concerns
regarding its future character.

Table 3. Online, open-ended question results regarding the character of Amman; old, current and future.

The Perception of Amman’s
Character

Description Number of Repeats

Old
Beautiful historical character 60

City of civilizations 60
Multicultural character 32

Current
Lost its character 52

Without any specific character 72
City of traffic congestion 34

Future
Will lose its character completely 38

Will develop an unknown character 42

The perceived results confirm the physical studies and show the importance of bringing back the
ecological character Amman once had.

5. Discussion

This study provided a review of city character change focusing on land use change, urban
morphology and a public perception of Amman’s covered stream. The study found the changes in land
use, urban morphology and city character were induced due to policy implementation, in addition to
the population escalation followed by contiguous urban growth in the downtown area.

Before covering the stream, the land uses were confined to agricultural, residential and recreational
uses, with a few commercial uses and services spread along the stream banks. After the implementation
of the 1960s policy, land uses had evolved on both sides of the corridor (the covered stream), increasing
the size of commercial, services and mixed land use type of buildings.

The presence of the stream played a vital role in distinguishing a socioeconomic lifestyle along
the stream banks where the city had a small, simple and multicultural society. Residents were working
in agriculture, handicrafts, trading and fishing. Residents’ houses were scattered alongside the stream,
where bridges over the stream helped them to access their daily destinations. The stream of Amman
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was the dominant element of the urban fabric before the 1960s, showing a primarily green corridor
with urban spaces surrounding the stream. The stream enhanced the recreational and social life of the
residents in addition to some historical and religious buildings.

The urban morphology of the study area converted from an organic and a spontaneous scatter into
a loose-grid pattern dominated along the main street corridors. The dominant element in Old Amman
has been changed from a green corridor into a traffic corridor that attracted emerging land uses. The
land use change also affected the urban morphology, making the urban blocks more intensive, while
allowing for small crafts shops and low budget uses to coexist. The urban spaces between urban blocks
decreased slowly until the stream disappeared completely. No signs of a green corridor remained to
remind people of the old city life.

The culvert created a more urbanized downtown with mixed industrial land uses concentrated
on both sides of the covered corridor. Some important land uses disappeared, such as agricultural and
recreational uses. Unlike the 1955 master plan which proposed green fingers for the green infrastructure
of the city, the 1960s policy robbed the city its green corridors. This is an important indicator of the
need to make changes for the CBD in order to revise and reverse this policy.

The proposal of the 1960s policy of creating central business in the downtown was not met in
the actual current land use. The impact of change in the land use inspired more traffic congestion.
Consequently, the initial problems of traffic within the area were not solved. Floods remained as a
problem well into the present time. While the policy of the 1960s intended to solve traffic congestions
and winter floods for a more prosperous downtown, the results have developed otherwise.

The land use change affected the social and perceptual aspects of the city character. The study
found a dramatic change of community perception between the coverage stages. The Elderly who
lived in the city before the coverage of the stream and witnessed all stages of change presented the
perception of the city before the coverage of the stream. Their perception of the city reflected a small
city flourished with history, diversity and civilization. The city was rich in natural resources, such
as the stream and abundant springs. In addition, the city was rich in biodiversity, including trees,
wildlife, fish and livestock. The downtown or the city center was the political, economic, social and
cultural center, which was frequented by people from all regions.

The perception of the city after covering the stream was presented by the point of view of those
who answered the on-street, one-to-one questionnaire and the online questionnaire. Although the
participants considered the downtown as a tourist and cultural destination, most of them had no
favorite destinations in the downtown. The participants of the survey focused more on the negative
effects in the downtown area, such as the absence of green areas, the increased visual pollution and
runoff rates.

The online questionnaire revealed the perception of the present city character as “the city of traffic
congestion” (97.3%). This is a relatively large percentage, and is an alarming negative indicator of
the overall perception of the city character. The perception of “Amman is the city for all nationalities”
reached 87%, which is an added value. Another negative perception with high percentage was
“Amman is the city of concrete and stone blocks”, which was 85%. However, 82% of the participants
considered that Amman was NOT “the city of waters”, which is a negative, alarming indicator, as a
result of the policy implementation and the lack of knowledge concerning the history of the city. These
findings regarding the general perception of the city character raised concerns about the future of
city character. The present conditions, they believed, showed character loss or absence. Some of the
participants indicated that the future city character will be lost or will develop an unknown character.

Community’s perception of the city character varies depending on the age group. The perception
of the generations who lived through the changes differs from the generations who lived after those
changes. The generations who had experienced the change since its earliest stages conceived the
place in relation to their personal experience, the physical elements (natural and environmental ones),
the social and economic aspects. Generations who did not live through the change have viewed the
character based on an economic, urban and architectural perspective not in relation to the natural
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environment and the context of the city kernel and surrounding region. They acknowledged its
historical and multicultural character, and however thought that its character is now lost and replaced
by a harsh traffic and building-dependent city.

All the results related to the land use change and to the perception change of city character
indicated that we need to reconsider the adopted policies. In addition, we need to know how to
implement them, taking into consideration all environmental, physical, social and economic factors to
restore and preserve the city character. Additionally, the future development of the city should be
commensurate with the needs of the current and future generations in a sustainable manner. This
is especially important since many people had concerns for losing the chance to save the significant
character of Amman. Interfering with ecological or environmental urban issues may create bigger
problems that are hard to control, given the circumstances.

In the case studies of Seoul and Los Angeles, the solutions for the mistaken policies treated the
conditions as an opportunity to create positive changes. Similarly, the conditions in Amman can benefit
from such opportunities for creating positive changes.

Although the study focused on physical and perceptual factors as affected by a certain engineered
policy to mitigate flood and traffic problems, its results can go beyond these boundaries to understand
the way a policy is formulated and implemented. It can also help in understanding that municipal
power, environmental assets, sociocultural needs and city character are interrelated components of
change. There are many lessons that can be learned from this exploration of policy implementation
and change. The results show many hidden values that can be deduced from this case study:

Land use development towards central business and vital commerce cannot be motivated by
policies that eradicate an environmental asset that once contributed to the urban character. Sometimes,
as in this case, an engineered problem solving is not always the solution for a more prosperous city
center. This was also true in the case of the LA River.

Urban morphology can eradicate urban spaces once policies neglect the proper setback and
allocation of open spaces and lose respect for environmental assets. With the absence of strict policies,
densification can get out of hand.

Change happens incrementally over so many years, that the perception of change can sometimes
pass unnoticeable. The new generations sometimes fail to see the actual original sense of a place and
what it once presented due to urban policies that hassle to create physical changes without taking into
account the public needs or the historical and heritage value of a place.

Young and old generations are accepting of the importance of the natural environment in this
context for the lack of open spaces and recreational environments. They like to see changes that
bring back more of nature and less of traffic congestion. They are enthusiastic about environmental
transformations. This is true despite the fact that the new generation was not aware of the stream
corridor and did not know that it had a substantial influence on the historical city character as the
“City of Waters”.

Flood management and traffic control policies ought to consider the public perception of the
place and ecological factors as other determinants of change. Sometimes with some creativity,
problem-solving can create a new welcoming nature that has the potential to transform—in a parallel
way—the economy and nature such as the examples of San Antonio Texas and Cheonggyecheon in
Seoul. In these two examples, the problem-solving brought a new character to the city that can grow,
change, and elevate its economic and infrastructure planning.

The power to create improved city centers is mostly in the hands of municipal management and
action plans. Therefore, the awareness of what physical changes can do to the city character should be
enhanced for decision-makers at the municipality level.

The proposal of bringing back the stream into an urban greenway was accepted by the local
community positively. The study revealed the desire of the local community to restore the stream of
Amman in an urban greenway. They justified the several factors, including the need to create new
development prospects in the downtown, the need to restore the unique historical character of the city,
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the need for recreational areas and green spaces suitable for all groups of community, the need for
suitable places for cultural activities and the need to conserve environmental resources. They defended
the need to mitigate the environmental impacts of the urbanization process such as reducing the runoff,
helping in storm water management, reducing the impact of urban heat island and reducing the air
pollution. Bringing back the stream into an urban greenway is an opportunity which will provide a
linear green heart that will restore the character of the stream. It will also provide an attractive and
safe environment for pedestrian movement. It has the potential for changing the lifestyle in the city
from car-dependent to walkable streets and green networks. This, in turn, will encourage investments
in the downtown, which will subsequently provide new land uses and new job opportunities more
fitting with the capital city CBD of Amman.

6. Conclusions

The purpose of this research was to understand changes in the city character as imposed by the
policy implementation, in addition to exploring public opinions regarding that change. Accordingly,
the research performed a longitudinal study that focused on the history of the city and its flowing
stream as a kernel for urban settlement and the procession of urban planning policies and master
plans focused on the stream and the downtown of the capital city of Amman. Then it analyzed layers
of change to the land use, the urban morphology and the public perception before and after the
stream coverage.

What distinguishes this research is that it has combined between Green’s methodology (1999,
2000, and 2010) in exploring the city character based on community perception, and the methodology
of Beyhan and Çelebi [70] who analyzed the relationship between the change of urban identity and the
urban transformation through analyzing the morphological characteristics in urban built environments.
In addition, it studied the city character change induced by the implementation of land use development
policies, through physical, perceptual and functional assessment of the city character transformations.

This research could be considered as foundation research to assess the relationship between policy
implementation and city character. This assessment methodology can be applied to the micro- and
macroscales of the city to provide an understanding of the change and the factors driving it.

For the case of the Amman stream in particular, this research opens the gate to stimulate different
assessment and evaluation methods to explore urban planners’ points of view to fix the situation of
the covered stream (Quraysh Street), or even to persuade the decision-makers to reevaluate opening
up the stream. This research may open up an opportunity for further research to explore and trace
the societal changes demonstrated in the small details of the lifestyle in downtown and community
behavior towards the city center.

Future applicable policies need to be reevaluated to determine their success and social acceptance,
and to avoid irreparable losses to the environment and the culture of the place. Physical and
environmental elements of cities are important in shaping the public perception of the city character.
Therefore, it is important to preserve these distinctive elements, to maintain their meanings and the
memory of the place for future generations.

Both the perceptual views and the physical changes induced by the coverage support retaining
city character by creating a framework for a stream corridor. Many other green corridors in the city
can become part of this greenway or green corridor network in the future plans to improve urban
ventilation. This research recommends a future study that can focus on the cost–benefit values for
implementing green fingers strategy, as once proposed by the 1955 plan, in the city of Amman. This is
important because it may have a major impact on climate change and the economic factors, which are
not detailed in this study.
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Abstract: In the academic context, especially in the fields of architecture, landscape architecture,
and urbanism, urban form studies are assumed to be a vehicle for reflection on the built and unbuilt
city. This essay aims to challenge the most common and stabilized morphological approaches
in the city reading process, invoking vegetation and its role as an element of urban composition
that is recurrently left out of it. Methodologically, this work uses the city of Lisbon to carry out a
morphological characterization of different homogeneous areas based on a decomposition process of
urban systems and elements. The article focuses on the reading of the public component of three
homogeneous areas in Lisbon—Alfama, Avenidas and Alvalade—and specifically on the role of
urban greenery as a systemic element of the formal or informal composition of the city. Through an
initial systematization process reflects upon the formal attributes of vegetation and trees in particular,
this research may contribute not only to the development of the discipline of urban morphology
applied to the city of Lisbon but also to the acknowledgment of urban greenery as a contributor to the
creation of specific, unique, and unrepeatable spaces within urban landscapes.

Keywords: urban morphology; vegetation; Lisbon

1. Introduction

This article aims to question the role of vegetation in the understanding and design process
of the city through the morphological characterization of different homogeneous areas extracted
from the urban fabric of the city of Lisbon. The approach to each urban segment is based on a
morphological decomposition process of urban systems and elements. This enables the understanding
of the complexity of each urban unit from the reading of its public and private components. The reading
of the private city is made from the interpretation of the built fabric and the elements that structure
it, such as urban blocks, plots, buildings and courtyards. The public city, as addressed in this article,
is understood from the reading of the urban layout as a bi-dimensional representation of the city’s
public spaces and elements, such as streets, squares and vegetation as a variant and leading element of
this exercise.

By taking vegetation as an element of urban morphology, this work challenges the most common
morphological approaches to the city that invariably relies on stabilized and tested methodologies
based on different schools of urban morphology such as the Italian, Anglo-Saxon, and French ones.

2. Urban Morphology: From City to Urban Greenery

Since the mid-twentieth century, city forms have taken a central role in the understanding of the
dynamics and complexity of urban fabric.
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Camillo Sitte [1] and Joseph Stübben [2] were the first urbanists to contribute towards the
systematic study of the city form, later known as the discipline of urban morphology. Between the
Great Wars, geographers from the German and French schools, and the Italian architecture school, also
began to work on this discipline, with a particular following in France [3].

These practitioners (namely, Muratori, Caniggia, and Maffei) call themselves typologists as they
reveal the urban physical and spatial structure based on a detailed classification by the types of
elements that compose it: “they study the pieces or cells—buildings and open spaces contained within
the framework of a discrete piece of land in single ownership or use—that generate and change the
cityscape” [4].

The typo-morphological analysis aims to individualize each element, recognizing and
systematizing its characteristics, its differences, and its relationship with the urban context, historical
period, and the society that originated it [5]. Yet, as argued by Aymonimo [6], the identification
of the type and its corresponding typology should not be solely understood as a methodical act of
classification, but also as an important design tool. Not only does it decode the city’s physical and
spatial structure, but it also systematizes the inherent processes of consolidation and design [7]. It is,
therefore, an important tool to consolidate ideas and concepts.

Lynch [8] and Cullen [9] also read and perceived the city and its built environment from the
decomposition of its morphological elements, such as streets, squares, buildings and topography,
amongst others [8,9]. They compared, connected, and related each morphological element of urban
fabric in each context, and with each other, to contribute to the explanation of the city. Through this
method of urban fabric decomposition, the relationship between the different elements that form the
city through history is more easily interpreted [10].

The morphological analysis is a classic reading tool of the city that simplifies what is naturally
complex. These procedures, in their different approaches, allow the understanding of the whole
through the reading of each element, their structural relations and interaction over time.

When considering the specific identification and characterization of the different types of vegetation
forms within the city, two references must be highlighted: “L’arboriculture urbaine” [11], a work
by Laurent Mailliet and Corinne Bourgery, and “L’urbanisme vegetal” [12], authored by Caroline
Stefulesco. Both references contribute to initial identification of the most important principles of the
composition of urban greenery. In fact, the former highlights “the many ways to compose vegetation
and combine its effects” [11] (p. 67):

(1) Regular or Random: Regular plantations usually emphasize rectilinear tracings and other
geometric figures inspired by classical architectonic compositions. Random plantations introduce an
irregularity into the city that is intended to be natural, yet they require significant know-how.

(2) Volume: Vegetation, even leafless, constitutes volumes comparable to architectural structures.
Vegetation monuments allow tree compositions of exceptional dimensions.

(3) Dome: Foliage may constitute domes that define interior spaces, sometimes with strong
architectonical features. They form a converting that tempers the excesses of heat or luminosity.

(4) Border: When vegetation borders set the boundaries of space. They consolidate and explicit
urban textures. In the proximity scale, they create privileged places.

(5) Staging: When vegetation arrangements emphasize and value sights and landscapes as well as
buildings and monuments, framing them on a regular or irregular basis.

(6) Apparatus: When vegetation amplifies the staging by overflowing the composition beyond
the venue, building, or monument;

(7) Accompaniment: When vegetation planted in the domains contiguous to the public space
participates in an important way in the collective landscape. Often, vegetation overflow completely
covers the walkways.

(8) Landmark: When a tree or vegetation complex is notable for its size, architecture, flowering or
foliage, and contributes to orientation and location.
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(9) Covering: When climbing or suspended vegetation covers buildings, especially when the
necessary conditions for its growth have been integrated into the architectural proposal [11].

This systematization is relevant as a principle for the understanding of the multiple roles and
forms that vegetation can have in the construction of urban space. While this previous reference
combines the formal vegetation aspects of element appearance with other aspects of specific positioning
and urban space definition, the work developed by Sérgio Proença [13] on the streets of the city of
Lisbon offers a more simplified view, solely focused on trees. By separately addressing the different
aspects that determine the relationship between tree planting and street space—the conformation of its
layout, cross-section, and partition—and the associated typological synthesis, Proença identified four
types of aggregation and distribution of urban greenery:

(1) Unique elements: Trees that are placed sporadically and in an isolated way in the city,
reinforcing the uniqueness of a given context.

(2) Simple alignments: The most common form of street layout partitioning, by distributing trees
of the same type in single or multiplied lines and a lateral or central position to the street space.

(3) Complex alignments: Alignments defined by different tree species.
(4) Sets of assemblages: The spaces of a more informal nature, composed by the aggregation of

trees that are arranged organically, forming a green mass.
The analysis of both references serves the work that is presented here, not only in the understanding

of the formal potentialities of vegetation forms within the city but also in the specificity of trees as
an element of street spatial composition and in its systematization in particular types that explain
the phenomenon.

Bearing in mind that Lisbon (Portugal) is the chosen case study, two additional references are
explored: “The Tree in Portugal” [14] and “Trees in the City” [15]. These works offer better knowledge
about the types of vegetation formations in the Portuguese context and their circumstances in Lisbon’s
urban system.

3. Lisbon’s Urban Form: Alfama, Avenidas, and Alvalade

In Lisbon (Figure 1), the heterogeneous nature of urban space is the result of formal characteristics
that are representative of the intersection of different eras and peoples, contextualized by its privileged
situation in the territory. Lisbon has always profited from its strategic positioning, essentially given
by the navigability and natural harbour conditions of the Tagus Estuary, which promoted human
presence and the establishment of open ports for all. The Atlantic history of the city and the landscape
from which it emerged, combining the Tagus Estuary with an irregular topography dominated by a
set of hills and valleys, determined the medieval occupation of Lisbon. This occupation developed
from a dual need to accommodate the urban fabric to the topography whilst benefiting from a safe
and flourishing port. Its history is marked by a succession of earthquakes such as the one in 1755
that forever transformed its image, creating a new identity, defining new boundaries, and further
propelling the emergence of new neighbourhoods. Like other nineteenth-century European cities,
avenues ripped open, expanding the city northward and along the valleys. The city’s growth would
later cover all directions, driven by the twentieth-century demographic boom, which justified the
emergence of new developments.

In Lisbon, the tension between diversity and unity is evident due the existence of urban fabrics that
has undergone long processes of sedimentation (Alfama), urban fabrics that result mainly from an idea
of urban production based on the conception of public space (Avenidas), others designed as an integral
unit (Alvalade), operations which reject the classic elements of urban composition such as the street
and block (Olivais), or more recent urban fabrics representing the recovery of these elements in city
urban composition (Parque das Nações). All of these emerged between different development phases
of the city and among different natural land morphologies such as hills, valleys and the riverfront
(Figure 2). The combination of urban fabrics in the city not only translates into its formal complexity,
but also into the dialogue between its public form and the presence of trees (Figure 3).
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Figure 1. Lisbon’s urban morphology. Identification of the three homogeneous areas analyzed:
(1) Alfama, (2) Avenidas and (3) Alvalade.
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Figure 2. Morphological table of the three homogeneous areas analyzed: Alfama, Avenidas and
Alvalade. Photographic source: Filipe Jorge [16].
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Figure 3. The diversity of formal relations between trees and street spaces in Lisbon.
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In Lisbon, the presence of trees is significant and varied but was largely confined to the private
courtyards within the urban blocks until the nineteenth century. At this time, the presence of arboreal
elements in the public structure was meticulous, punctuating spaces of a more singular nature, as can
still be observed in Alfama.

It was not until the mid-nineteenth century that trees began to play a truly essential role in the
qualification and beautification of the city, especially in exceptional public spaces such as belvederes,
squares or gardens, but also in streets of larger sections. This idea was supported by hygienist principles
that favoured the healthiness of urban space, envisioned as broad, airy and with the presence of
vegetation. This tendency quickly became a rule for both new and pre-existing spaces, in a logic that
also became a hierarchy of the urban structure of the city [13].

The present form of the city clearly expresses this evolutionary process that we will here aim
to synthesize by focusing on the analysis of different areas of Lisbon. The three chosen areas to
be explored—Alfama, Avenidas and Alvalade—are sufficiently distinct in their form and context,
allowing a comparative interpretation of the differences between their main morphological elements.
Because of their historical and/or landscape context, each homogeneous area now presents a distinct
physical structure with diverse urban functions and human activities. Furthermore, it is possible to
recognize how different vegetation is composed and how the presence of vegetation influences the
acknowledgement of the particular urban morphology of each area and of the city as a whole.

3.1. Alfama—the Tree as a Point

The urban fabric of Alfama corresponds to what remains of the old medieval nucleus of the
city of Lisbon. This nucleus, also formed by the Baixa and Mouraria neighbourhoods, was until the
1755 earthquake circumscribed to the area within the Fernandina Wall. Alfama thus presents itself as a
singular segment of this urban reality, representative of a way of producing the city that results from a
gradual and organic process of urban fabric formation and transformation. In other words, it is the
physical inheritance of the tension between different individual actions, desires and needs over time.

Developed in a clear adaptation to the topography, the urban fabric results in a composition where
private and public spaces are easily recognizable and well defined. This means that urban blocks
are defined by the urban layout and, at the same time, they define the boundary and alignment of
streets, being densely occupied by housing buildings and occasionally containing gardens and open
spaces inside.

The type of urban organization is the result of a way of developing the city that starts from the
design of the street, where the urban block is the remaining element in the composition. The urban
layout of Alfama is composed of a set of formal and toponymical diverse spaces: streets, alleys,
stairways and arches. The structure that integrates them (Figure 4, above) develops mainly from two
design logics, one that presupposes a desire to connect the river to the highest point of the slope in the
most efficient way, and another, which perceives the singular elements, spaces and buildings, as fabric
generators influencing the definition of their form and hierarchy.

Existing planted vegetation is scarce and encompasses mostly trees, such as Phoenix canariensis,
Tipuana tipo or Celtis australis, taking form in sporadic positionings and mainly with a single tree
element (Figure 5). Bearing in mind the topography of the place and the stature and volume that these
trees may reach, they often constitute landmarks, contributing to orientation and location through their
singularity. That is namely the case of the Phoenix canariensis that used to be at Largo de São Miguel
(Figure 4, below), which died from a palm tree scarab (Rhynchophorus ferrugineus) but has been recently
replaced with a younger specimen. This sporadic presence of isolated trees in the Alfama structure is
also associated with secondary spaces such as bystreets, stairs or even in alleys.

There is also a great density of greenery in pots of various configurations and vegetation of
different species that residents place at their front doors or windows, stairs or courtyards, appropriating
public space. In some situations, it is possible to find climbing or suspended vegetation that partially
covers handrails, arcades or buildings.
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Figure 4. The sporadic and elemental incidences of the tree in the urban structure of Alfama (above).
The case of Largo de São Miguel (below).
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Figure 5. The diversity of singular trees in Alfama. Photographic source: Sérgio Proença (above) and
Formaurbis LAB (below).

3.2. Avenidas—the Trees as a Line

The Avenidas is one of the richest urban and architectural environments of Lisbon, not so much
by the representativeness of its buildings, but mainly due to an eclectic assortment of types and styles
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formed since the late nineteenth century by the Avenidas plan. Designed by Ressano Garcia, the plan
led the development of the city to the north, using an elementary urban system composed of an
orthogonal design matrix similar to what happened in other European cities of the nineteenth century.
It clearly appears in response to the emergence of a new bourgeois class claiming a habitable, spacious
and airy city with green spaces.

The plan is based on a juxtaposed structure of three different urban layouts organized around three
central axis sequentially articulated along the valleys by squares. In addition, the proposal structure
includes the integration of a set of pre-existing elements: some rural plots, buildings and, above all,
a primary structure of roads connecting the city with the small rural nucleus beyond Lisbon [17].

The plan composition encompassed two opposite approaches when considering, on the one hand,
the detail given to the design of public space and, on the other hand, significant uncertainty about
private space by the absence of architectural regulations for buildings. These guiding principles, or the
lack of them, have remained until the present day, forming an urban unit where public space remains
practically untouched and the built fabric lives in constant transformation. In a built fabric formed
mainly by housing typologies of different configurations, a new trend appeared from the 1970s onward
to integrate services and commercial buildings into the main axes of the Avenidas. This process
reinforces a tendency to concentrate human activities in the squares that articulate them.

In the genesis of the plan for Avenidas, Ressano Garcia and António Maria Avellar had the
intention of planting different tree species in each avenue—Platanus x hybrida for Avenida da República,
Jacaranda mimosifolia for Avenida 5 de Outubro, Celtis australis for Avenida Duque d’Ávila, Tipuana tipu
for Avenida Conde Valbom, Populus tremula for Avenida Fontes Pereira de Melo, amongst others
(Figure 6, right; Figure 7). This characteristic, that is still evident today, gives a singular character to
each street, “the trees created the initial identity of the street” [13].

Plantations in this urban structure are mostly linear, emphasizing the rectilinear tracings of
the different avenues (Figure 6, left). These linear structures, formed by the orderly distribution of
trees along an axis, constitute alignments that develop parallel to the building that forms the street.
Alignments allow the delimitation, separation and framing of elements and spaces that form the street
cross-section, depending on their position. Usually, the alignments we find in the city of Lisbon are
formed by two parallel lines of trees that are positioned on the sides of the street, separating the road
from the pedestrian. This principle is mainly verified in the streets created between the late nineteenth
and early twentieth centuries, yet we often find variations of streets with central alignments.

The case of Avenidas is a good example where the presence of these two types of alignments—lateral
and central—is recurrent and balanced, such as the Alexandre Herculano and Filipe Folque streets
(Figure 8). These two examples also allow the demonstration of different ways of forming these
alignments, evidencing the existence of single lines and lines that can be multiplied within the same
street space (Figure 9), usually composed of trees of the same species. Exceptionally, these alignments
derive from tree line aggregations of different species, such as the case of Avenida da Liberdade
(Figure 8), highlighting the structuring role of this street space in the context in which it is inserted.
This example highlights the importance that alignments can have in the definition of a hierarchical
urban structure, such as the case of Avenidas.
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Figure 6. The regularity of tree alignments in the urban structure of Avenidas (left). The different tree
species on each avenue (right).
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Figure 7. The diversity of formal relations between different tree species and the street space in Avenidas.
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Figure 8. Three types of tree alignments in Avenidas (left to right): complex alignment—Avenida
da Liberdade; simple and lateral alignment—Rua Alexandre Herculano; multiplied and central
alignment—Rua Filipe Folque.
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Figure 9. Two types of tree alignment in Avenidas: multiplied alignment—Avenida da Liberdade
(above); simple alignment—Avenida Duque de Loulé (below). Photographic source: Formaurbis LAB.

3.3. Alvalade—the Trees as a Line vs. the Trees as a Volume

At a time when the housing issue was sensitive, given the social changes caused by World War II
that changed the urban reality of the city, the Alvalade neighbourhood, designed by Faria da Costa
in 1944, proved to be experimental and innovative in the way it was conceived and then executed.
The urban plan was promoted by the municipality, integrated in one of the biggest transformation
areas north of Lisbon already planned in the Master Plan of Étienne de Groer (1938–1948).
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The implementation of the urbanization plan for the area south of Avenida Alferes Malheiro
was managed and partially assured by the State, thus defining specific areas for private construction.
This situation favoured not only the introduction of the neighbourhood unity principle, but also the
coexistence of different typologies of social housing with significant variations in building and public
space design, as the current urban fabric still reproduces [18]. Therefore, the design of the Alvalade
neighbourhood results from an articulated and rich set of ideas of urban fabric production where
the urban layout, plot structure and building are an integral part of the design. If we consider the
principles governing the execution plan, we can easily observe that they remain in the current structure
of the neighbourhood: the nature, form and hierarchy of the urban layout; the eight housing cells
and the road organization of each one of them; the exceptional elements that serve as articulation and
focus of the urban layout; central public spaces in each housing cell, associated with school equipment
and green spaces; the preponderance and diversity of the housing typology; and the coexistence of
different urban models and experiences [18] (Figure 8).

The Alvalade neighbourhood is today a qualified space and a reference of diverse urban
environments in the context of the city of Lisbon. We can, therefore, find spaces of great intensity of
flows and activities, located along the main axes, as well as spaces whose vocation is almost exclusive
of access to the dwellings and, therefore, of smaller flow.

In accordance with the ideals planned for this area, vegetation is highly present and takes form
in various ways (Figures 10 and 11). Indeed, several effects are combined through tree and shrub
alignments as well as occasional volumes of dense irregular vegetation to provide not only a distinctive
place with its own identity but also a place of proximity.

Figure 10. The complex incidence of trees in the urban structure of Alvalade.

65



Land 2020, 9, 18

Figure 11. The diversity of formal relations between the tree and the street space in Alvalade.

One may note tree alignments, generally arranged for staging, emphasizing and framing a
monument. That is namely the case of the alignments in Avenida da Igreja, developed in two parallel
lines of trees (Figure 12, left). This alignment is reinforced by the presence of four Cupressus semprevirens
in front of the church of São João de Brito. In other situations, namely in the “cul-de-sac” areas
structured in “U’s”, vegetation is prominent (Figure 12, right). In these areas, tree alignments are
combined with flower beds with all kinds of vegetation from shrubs to herbaceous and climbing
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plants. In this former situation, vegetation sets the boundaries of space, consolidating an urban identity
through its textures. This example emphasizes that tree alignments are not always associated with
streets of higher hierarchy. Indeed, in the case of Alvalade, tree alignments are identified in both
structuring streets and housing impasses.

Figure 12. The tree alignments in Alvalade.
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On the other hand, in the same neighbourhood, it is possible to identify aggregations of trees
that adopt different languages, due to their more informal emplacements. In these cases, the trees
are combined and arranged more organically and are often of distinct species, forming a dense green
volume. In Alvalade, Bairro das Estacas and Avenida EUA (Figure 13), they assume a pioneering role
in the city of Lisbon, as, amongst others, they are the first spaces that encompassed plantations of these
characteristics, designed during the 1950s [19]. Today, it is possible to find other spaces in Alvalade of
a more exceptional nature that adopt this system of trees aggregation in relatively dense volumes.

Figure 13. The trees as a volume in Alvalade.

Diversity may be the best word to describe Alvalade, not only in the multiple experiences of
aggregation of built typologies but also of tree aggregation, of which the different tree alignments
and the large green volumes of trees that fill the space between the buildings stand out unequivocally
(Figure 14).
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Figure 14. The trees as a line in Avenida da Igreja (above) vs the trees as a volume in Avenida EUA (below).

4. Conclusions: Vegetation as an Element of Urban Morphology

In the medieval morphology of Alfama, trees are scarce and appear in sporadic positionings.
Most of these trees, individually, constitute landmarks. In some situations, groups of trees form
protecting domes constituting semi-enclosed spaces and generally, throughout the homogeneous
area, gatherings of vegetation in different types of pots adjoining the public space form part of the
collective landscape. In the post-industrial Avenidas designed by Ressano Garcia, tree alignments
are the dominant vegetation form, emphasizing the proposed rectilinear tracings. In some situations,
the volume resulting from these alignments competes with the height of adjacent buildings. Finally,
in the modern Alvalade neighbourhood, vegetation is highly present. It encompasses the combination
of vegetation alignments with occasional volumes of dense and irregular vegetation. In some situations,
regular tree and shrub alignments serve staging purposes. In other situations, trees and shrubs rather
serve as borders that confine and consolidate privileged spaces.

In this study, the main characteristics of the urban structure are revealed, together with the
importance of vegetation as an element of urban morphology (Figure 15), which significantly contributes
to the understanding and interpretation of the city. If other homogeneous areas were analysed, new
urban morphological components would very likely be identified.
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Figure 15. Systematization of the tree aggregation forms in accordance with the analyzed urban structures.

Most importantly, this initial systematization process serves to improve knowledge on the reading
of urban greenery, also offering another set of values for contemporary design processes. Indeed, the use
of morphological analysis as an analytical methodology is both an exploratory tool to understand
existing urban, architectural and vegetation forms, and a tool for the creation of new forms. In this
sense, the urban morphology exercise gains relevance in architectural and landscape architectural
education, providing tools to improve the process of creative research and design. Overall, these
outputs, methodology and theoretical framework aim to contribute support to a design process that
can respond to the challenges of the contemporary city and improve human well-being through the
acknowledgement of vegetation as a contributor to the creation of specific, unique and unrepeatable
spaces within urban landscapes.
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Abstract: The Urban Heat Island (UHI) effect has been extensively studied as a global issue. The
urbanization process has been proved to be the main reason for this phenomenon. Over the past 20
years, the built-up area of Zhengzhou city has grown five times larger, and the UHI effect has become
increasingly pressing for the city’s inhabitants. Therefore, mitigating the UHI effect is an important
research focus of the expanding capital city of the Henan province. In this study, the Landsat 8 image
of July 2019 was selected from Landsat collection to obtain Land Surface Temperature (LST) by using
Radiative Transfer Equation (RTE) method, and present land cover information by using spectral
indices. Additionally, high-resolution Google Earth images were used to select 123 parks, grouped
in five categories, to explore the impact factors on park cooling effect. Park Cooling Intensity (PCI)
has been chosen as an indicator of the park cooling effect which will quantify its relation to park
patch metrics. The results show that: (1) Among the five studied park types, the theme park category
has the largest cooling effect while the linear park category has the lowest cooling effect; (2) The
mean park LST and PCI of the samples are positively correlated with the Fractional Vegetation Cover
(FVC) and with Normalized Difference Water Index (NDWI), but these are negatively correlated with
the Normalized Difference Impervious Surface Index (NDISI). We can suppose that the increase of
vegetation cover rate within water areas as well as the decrease of impervious surface in landscape
planning and design will make future parks colder. (3) There is a correlation between the PCI and the
park characteristics. The UHI effect could be mitigated by increasing of park size and reducing park
fractal dimension (Frac_Dim) and perimeter-area ratio (Patario). (4) The PCI is influenced by the park
itself and its surrounding area. These results will provide an important reference for future urban
planning and urban park design to mitigate the urban heat island effect.

Keywords: park cooling effect; park characteristic; urban heat island; land surface temperature;
Zhengzhou; expanding city

1. Introduction

The Urban Heat Island (UHI) problem has been studied for more than 200 years since it was
discovered in 1818 [1]. It refers to the phenomenon that the temperature of urban areas is higher than
the temperature of its surrounding area [2–4]. The main reason for this phenomenon is the process of
urbanization, as the vegetation is replaced with the built-up area during urban development [5]. This
process leads to changes in the physical properties of the surface structure which modifies the thermal
environment of urban areas. At present, urbanization is a major driving force within developing
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countries and their rapid urban growth towards becoming a developed nation. Taking China as an
example, according to the National Bureau of Statistics of China, the urbanization rate in China was
59.58% in 2018. This number is 12.58% higher than in 2008. This high-speed urbanization had led to
widespread UHI problems in China [6]. With this rapid increase in urbanization has come an increase
in energy consumption, with individuals attempting to reduce these adverse temperature effects (e.g.,
air conditioning, private vehicle usage). As a consequence, higher energy consumption based on
coal power plants may result in air pollution, water pollution, and additional climate changes. More
specifically, UHI compromised the health and life quality of citizens [7].

Generally speaking, UHI can be measured by two methods: one of them is Surface UHI (SUHI);
the other one is atmospheric UHI. Atmospheric UHI is defined into two different types: canopy
layer UHI and boundary layer UHI [8,9]. From studies on the UHI effect, SUHI is widely used to
characterize the UHI effect in the case of regional or urban studies. Due to the development of remote
sensing technology, a high number of studies used satellite imagery to derive land surface temperature
(LST) [6,10–12]. Concerning the investigation of UHI characteristics and changes in large-scale, these
studies mainly focus on: (1) The spatial distribution of UHI; (2) the methods of satellite image inversion;
(3) the relationship between land use land cover (LULC) and LST [13]. Furthermore, landscape pattern
analysis in a regional scale was also proved to be a proper method in UHI research [14].

However, in small-scale UHI studies, the UHI is mainly characterized by the actual measured air
temperature [15–17]. These kinds of studies mainly focused on the temperature difference between the
green space and other land types, and the method of characterizing UHI intensity. In addition, some
studies add microclimate factors and use the Local Climate Zone (LCZ) factors [3,18] to investigate
UHI. These microclimate conditions such as wind speed, wind direction, humidity, solar light intensity,
surface reflectance and other localized effects on temperature [19–21]. Those studies showed that
the green space cools the air due to the transpiration of the plants, which contributes to low UHI. In
addition, local wind speed and wind direction also modify air temperature. The higher the surface
albedo, the lower the temperature is found to be [22]. Besides the complexity of local climate and related
environmental conditions the measurement of air temperature is limited by the monitoring system,
including pieces of equipment, experts, method and such factors. The accuracy of data collection
is always a key factor and it is almost impossible to conduct ideal UHI research on a wide range
of space-time scales. These data sources are however very useful in understanding the generalized
sources of data studied.

In the studies of Urban Cold Island (UCI) effects and UHI mitigation [23,24], two methods were
used to quantify the cooling effect of green space and park areas. These are called Green space Cooling
Intensity (GCI) and Park Cooling Intensity (PCI) [25,26]. GCI is defined as the temperature difference
between green space and the average temperature of the whole study area. While the PCI usually
determined as the temperature difference between the inside park area and its outside within a 500 m
buffer area [27,28]. These two methods are used to describe the cooling effect of green spaces and parks.
Studies also show that vegetation coverage has a significant effect on the reduction of UHI [10,29,30].
On top of this, the impervious surface area is positively correlated with LST and contributes the most
to UHI [10,31,32]. Some studies use landscape factors to analyze the UCI and GCI on mitigating the
UHI effect [33–35]. The parameters include shape index (Shape_ldx), fractal dimension (Frac_Dim)
and landscape connectivity. One research study focused on the role of green space in reducing the UHI
effect. This study looked at the distance changes of the green space cooling effect in relation to the
characteristics of green space bodies with regards to size, perimeter, shape index, fractal demission,
and UHI. The results of these studies showed that the cooling effect of green space is complex [25–27].
PCI related studies mostly used remote sensing imagery as base data. According to a study based
partly on surrounding vegetation, water body and impervious surface [26], the cooling effect of parks
is also depending on types of outside the park spaces. The air temperature is also employed to examine
the cooling effect of parks on UHI [36,37]. It is also noted that the patch and pattern of a park has a
relationship to the cooling effects that it has on the UHI it forms part of. Some researches employ the
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thermal conduct theory, a physical science methodology, to investigate the heat balance (between park
and its surrounding area) when studying the urban thermal environment [38–40], this method of study
can assist in providing a methodical approach to understanding the cooling effect of park.

At present, cities have grown exponentially. The actual scale and speed of China’s overall
urbanization process has never seen before in modern urban development. Super-large cities and
megacities have become commonplace in China’s inland areas. These big cities result in urban
environment problems like UHI, For example, In Zhengzhou city, Studies showed that from 1996 to
2014, the average LST increased by 2.94 ◦C in Zhengzhou city [41], and the UHI change was positively
correlated with land cover changes over this period. It has also been proven that the increase of the
built-up urban areas [42] showed a negative correlation with the vegetation cover rate in Zhengzhou.
UHI studies in the city of Zhengzhou analyzed many factors, but these neglected to focus on green
space categories types while also not using large enough sample sizes.

In this paper, we selected the latest cloud-free satellite image acquired on 07 July 2019 as base
data to focus on the UHI effect characteristics in the megacity of Zhengzhou. Choosing 123 parks as
samples identified though high-resolution Google Earth images, we investigated the cooling effect
characteristics of the chosen parks. The cooling intensity and park buffer sizes were studied, and
the correlation between the park patch metrics and the cooling intensity was explored. We aimed to:
(1) Analyze the PCI differences among five park types; (2) analyze the park LST and its relation to
vegetation, water surface area and impervious surface factors; (3) analyze park LST and its relation
to park patch indices; (4) analyze PCI and its relation to park patch indices and impact factors of
park surrounding areas. As a whole, this research was conducted to analyze the relationship between
park cooling effect and its related impact factors, to understand UHI characteristics in Zhengzhou.
The intention of this analyses understanding is to give guidance for stakeholders, as well as to the
developers of urban planning strategies to address UHI.

2. Study Area

Zhengzhou (34◦16′–34◦58′N, 112◦42′–114◦14′E) is the capital city of Henan Province in Central
China. It is south of the North China Plain and the Yellow River (Figure 1). It is one of the largest
transportation hubs in China. The population of the city was approximately 9.56 million, according
to the 2017 census [43]. The population density is the second highest in China. Zhengzhou lies in
the north warm-temperate zone, characterized by a warm climate, because of this it has four distinct
seasons, characterized by a dry spring (March–May), and a hot and rainy summer (June–September).

Urbanization was taken place at a rapid rate in the past few decades in Zhengzhou city. This
makes it an ideal sample city to understand the problems which are seen across urbanized cities across
the world. Population growth and government level development policy is the main driver for the
dramatic urban expansion. For example, the population of Zhengzhou increased from 4.2 Million in
1978 to 9.9 million in 2017, which means more than 100% growth in 40 years [44]. At the same time,
Zhengzhou was designated as the core city of “Central Plain Economic Zone” and “Central Plains
Urban Agglomeration.” In 2016, Zhengzhou was officially named as the eighth “National Central City”
in 2017 by the central government in China. This state-level policy provides a significant number of
opportunities for the development of Zhengzhou.
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Figure 1. Location of the study area Zhengzhou, Henan province in China and 123 park samples
in Zhengzhou.

3. Data Sources and Methods

3.1. Data Used

In this work, one satellite image from USGS (earthexplorer.usgs.gov; Table 1) was used to extract
Land Surface Temperature (LST) in Zhengzhou city. The Landsat 8 image was selected from a collection
of summer images obtained between May and September in an attempt best considering the LCZ of
the study area. It is cloud-free and has high quality with a resolution up to 30 meters. In conjunction
with the satellite image, we also employed additional base maps obtained from high-resolution Google
Earth images, low altitude UAV images, and the official urban land use map of Zhengzhou city.

Table 1. Characteristics of the Landsat-8 OLI image used in this study.

Date Path/Row Band Wavelength (μm) Resolution (m)

07 July 2019 124/36 Band 1—Ultra Blue 0.435–0.451 30
Band 2—Blue (B) 0.452–0.512 30

Band 3—Green (G) 0.533–0.590 30
Band 4—Red (R) 0.636–0.673 30

Band 5—Near Infrared (NIR) 0.851–0.879 30
Band 6—Shortwave Infrared (SWIR) 1 1.566–1.651 30
Band 7—Shortwave Infrared (SWIR) 2 2.107–2.294 30

Band 10 *—Thermal Infrared (TIR) 10.60–11.19 100 * (30)

* Native resolution was 100 m, TIRS thermal constant of band 10: K1 = 774.89; K2 = 1321.08.

3.2. Retrieval of LST and the Average LST Calculation

The radiative transfer equation (RTE) method of land surface temperature (LST) has been widely
recognized and generally divided into five steps [45–48]:

(1) Conversion to Spectral Radiance [49];
(2) Conversion to top of Atmosphere Radiance [49];
(3) Conversion to Top of Atmosphere Brightness Temperature [49];
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(4) Calculation of Proportion of Vegetation [50];
(5) Estimation of estimate land surface emissivity (LSE) [48];
(6) Retrieval of land surface temperature (LST).

3.3. Sample Selection

Based on the classification applied in Chinese urban planning regulations and the distribution
of parks in Zhengzhou city, this paper selected five functional types of parks, 123 (one hundred
and twenty three) parks in total as study sites (Table 2). The parks boundaries were determined
based on high-resolution Google Earth images and low-altitude UAV (drone) images. As the original
spatial resolution of the Landsat thermal infrared band is 100 m, we selected sample parks larger than
2 hectares.

Table 2. Statistics and details of 123 sample parks by types.

Types Number Percentage
Maximal Area

(ha)
Minimal Area

(ha)
Main Example

Urban Park 59 48% 87.16 3.12 City park, District park
Theme Park 10 8% 108.53 10.61 Botanical garden, Zoo
Street Park 28 23% 25.26 1.23 Pocket park, community park.
Linear Park 19 15% 62.02 2.13 Riverside park, roadside park

Urban Square 7 6% 6.64 2.15 Square

3.4. Determination of the Park Cooling Intensity (PCI)

Park Cooling Intensity (PCI) usually calculates the temperature difference between the inside and
outside of the park [28,51,52]. It can be air temperature or land surface temperature. In this study, the
PCI (units in ◦C) was defined as the mean LST difference. Equation (1):

PCI = ΔT = Tu − Tp (1)

where Tu is the mean LST of an urban area of the 500m buffer zone outside of the park, and Tp is the
mean LST inside the park. The buffer zone includes the area around the park, which contains different
land cover types: Buildings, roads, impervious surfaces, trees, and green spaces.

3.5. Patch Descriptors of the Park

In this paper, several indicators were applied to characterize the impact factors on PCI (Table 3).
By using the ArcGIS 10.2 tools, we calculated fractal dimension (Frac_Dim), perimeter-area ratio
(Patario) and shape index (Shape_ldx) in patch level. From the previous studies, those three indicators
were used as the main patch metrics, and had been widely employed to analyze landscape patterns,
both in class level and patch level [33–35]. These initial base studies were successful in demonstrating
the characteristics of landscape patterns both in regional and local scale [53]. Here we investigated
the relation of these indicators to park cooling effect in sample areas of Zhengzhou city. Low fractal
dimension is described as simple, non-waving, straight boundaries, high fractal dimension means
waving edges of park and surroundings.
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Table 3. Park metrics used in this study.

Name Equation Description

Perimeter-Area Ratio * Paratio = Pi
Ai

Pi = perimeter (m) of patch i. Ai = area (m2)
of patch i.

Paratio equals the ratio of the patch
perimeter (m) to area (m2) [54].

Landscape Shape Index * Shape_Idx = 0.25Pi√
Ai

Landscape shape index provides a
standardized measure of total edge or edge

density that adjusts for the size of the
landscape [54].

Fractal Dimension Index * Frac_Dim =
2 ln(0.25Pi)

lnAi

Fractal Dimension Index reflects the extent
of shape complexity across a range of

spatial scales [54].

Notes: * Source: FRAGSTATS: https://www.umass.edu/landeco/research/fragstats/documents/fragstats_documents.html.

In addition to the three indicators, we also used three indices to classify the satellite image of the
study area (Table 4), which have been successfully proven by other researchers. The three indicators
are Normalized Difference Water Index (NDWI) [55], Fractional Vegetation Cover (FVC) [56] and
Normalized Difference Impervious Surface Index (NDISI) [57]. These indices can represent the surface
coverage condition inside of the park.

Table 4. Spectral indexes of Landsat image used in this study.

Name Equation Description

NDWI NDWI = NIR−SWIR
NIR+SWIR

Normalize Difference Water Index
(NDWI) is a remote sensing based indicator

sensitive to the open water surface and
water content of leaves [55].

NDVI NDVI = NIR−R
NIR+R

Normalize Difference Vegetation Index
(NDVI) is used o determine the density of

green on a patch of land [10].

FVC * FVC = NDVIi−NDVImin
NDVImax−NDVImin

The Fractional Vegetation Cover (FVC) is
mainly depicts the vegetation abundance of

ground surface [58].

MNDWI MNDWI = G−SWIR
G+SWIR

Modified Normalize Difference Water
Index (MNDWI) is an indicator used to

determine the open water area [59].

NDISI NDISI = TIR−[(MNDWI+NIR+SWIR)/3]
TIR+[(MNDWI+NIR+SWIR)/3]

Normalize Difference Impervious Surface
Index (NDISI) indicator is used to estimate

impervious surface [57].

Notes: * Where NDVIi is NDVI value of a pixel i; NDVImin is minimum value; NDVImax is maximum value. R, G,
NIR, SWIR, TIR, (Table 1).

3.6. Analysis Methods

Statistical analysis was performed by SPSS 25.0 and Microsoft Excel. After retrieval of the LST,
FVC, NDWI, NDISI values from the satellite image, QGIS was used to obtain summarized values of
each sample area. Then SPSS was applied to conduct the linear regression analysis to quantify the
relationship among LST, FVC, NDWI, NDISI, and PCI. For the park patch metrics calculation, we used
the ArcGIS spatial analysis method to obtain the following parameters of each sample park: area,
paratio, shape index and fractal dimension. The same linear regression analysis was made to PCI and
LST. Additionally, the related coefficient was also utilized to detect and verify the result.

For the regression analyses, first, we use Pearson correlation analysis to obtain the main significant
impact factors, and then analyze the regression relationship between the two factors in a targeted
manner to find the optimal curve fitting model. The final presented fitting model (Figures 3–6) is the
best explanation of the relationship between specific factors within the selected sample park.
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4. Results

4.1. Relation between Park Types, LST and PCI

Following the method in Section 3.2, the LST map based on the 07 July 2019 satellite image was
derived (Figure 2a). Generally, the mean LST of the parks was lower than the mean LST of Zhengzhou
city. We analyzed the PCI of all the selected samples by comparing the five park types (Table 2), and
results show that the PCI of five park types were different (Table 5): The average temperature of
the theme park category is 30.01 ◦C; noticeably it is 2.14 ◦C lower than the average temperature of
Zhengzhou city. Its cooling effect is the strongest, where the average PCI reached 2.76 ◦C. The urban
squares had the highest temperature, with an average LST of 32.13 ◦C, which is still 0.02 ◦C lower than
the average LST in Zhengzhou.

 

Figure 2. (a) LST map of Zhengzhou city in 07 July 2019; (b) Distribution of 123 parks samples; (c) Five
park type examples: 1-urban park; 2-theme park; 3-street park; 4-linear park; 5-urban square.

Table 5. Statistics of LST and average PCI in different park types.

Code Type Number
Mean LST

(◦C)
Max (◦C) Min (◦C)

Average PCI
(◦C)

1 Urban park 59 30.43 33.63 27.63 1.71
2 Theme park 10 30.01 34.62 25.97 2.76
3 Street park 28 31.32 37.80 25.34 0.8
4 Linear park 19 31.47 35.42 28.56 0.64
5 Urban square 7 32.13 33.90 31.10 1.44
6 Zhengzhou city - 32.15 46.09 20.11 -

The result (Table 5) showed that PCI of the theme park category was the largest, this is related
to the content of the theme park. Linear parks had the lowest cooling effect; the PCI value was only
0.64 ◦C. Meanwhile, the cooling effect of the street park category is also at a comparatively low level,
with its PCI only 0.16 ◦C higher than the PCI of the street park group. The PCI of the urban square
category was in the middle, it reached 1.44 ◦C, but its average LST was the hottest among the five
types. So based on the results, we can conclude that theme parks have the most substantial cooling
effect in Zhengzhou city, while the linear park category contributes with a less cooling effect.

4.2. Relation between Park LST and Its Impact Factor

First, we analyzed the relation between park LST and the spectral indices inside the park. The
results showed that the mean park LST was significantly related to the FVC, the NDISI, and the
NDWI (Figure 3). The cooling effect of the park is directly proportional to the park’s vegetation
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percentage (R2 = 0.489), indicating that more vegetation cover makes parks cooler (Figure 3c). For
example, Xiongerhe park’s FVC has one of the highest values (0.408), while the mean temperature is
the lowest (28.06 ◦C). Moreover, the average PCI of Xiongerhe shows it is much colder (2.18 ◦C) than
its surrounding area. The results showed that the NDWI plays a negative role in park LST (Figure 3b),
indicating that the NDWI value strengthens the cooling effect of the park. On the contrary, the NDISI
has a relatively positive effect on park LST. From the regression model between LST and NDISI, the
coefficient of determination (R2) reached 0.926 (Figure 3c), revealing that the impervious surfaces have
a significant impact on park temperature. The impervious surface is the main contributor to warm
conditions of parks. We can conclude that water and vegetation have a positive impact on park cooling
roles in Zhengzhou while the impervious surface increases the park warmth.

 

Figure 3. Regression analysis among mean park LST and, (a) FVC, (b) NDWI, (c) NDISI.

Secondly, we analyzed the relation between park LST and park characteristics (patch metrics).
The result of the analysis shows that patch metrics have relations to park LST. From Figure 4, park size
is negatively correlated with the mean park LST (Figure 4a, R2 = 0.308), which means the park size is
one of the main factors of LST. We can see from the Figure 4a, if the park size was larger than 40 ha, the
average LST was below 31 °C, and the average LST appeared in a wide temperature range among
the parks with size below 20 ha. Fractal dimension (Frac_Dim) and perimeter area ratio (Paratio)
show a positive correlation with the park LST, and the coefficient of determination R2 is 0.191, 0.280.
This indicates that these two factors also have an impact on LST. The shape index has no significant
correlation with park LST (Figure 4d). For example, the park with a maximum shape index (2.13) has
the same LST (28.80 ◦C) as parks with the lowest shape index (1.21) (Figure 4e). From the results, we
can conclude that the park size and perimeter-area ratio play a more critical role than other patch
metrics in the sample parks of Zhengzhou city.
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Figure 4. Regression analysis among mean park LST and park characteristics: (a) Size; (b) Frac_Dim;
(c) Paratio; (d) Shape_Idx; (e) Three selected park examples.

4.3. Relation between PCI and Its Impact Factor

First, we analyzed the relation between PCI and the spectral indices inside the park. The results
of correlation with PCI are shown in Figure 5. We found that FVC has a positive effect on PCI: the
more FVC we have, the higher PCI appears. However, the coefficient of determination R2 is only 0.237.
This means that PCI only partly depends on vegetation cover. Figure 5b indicates that higher NDWI
contributes to higher PCI, this quadratic regression analysis coefficient of determination (R2) is 0.433.
Among the three factors, the NDISI has the strongest relationship with PCI (Figure 5c), the coefficient
(R2) is 0.618, which means the impervious surface has a significant influence on PCI. So, from the park
spectral indices results, we can recognize the park vegetation and water percentage play a decisive role
in PCI, while the high impervious surface reduces the cooling effect of parks.

 

Figure 5. Regression analysis of park PCI and (a) mean FVC; (b) mean NDWI; (c) mean NDISI.

Secondly, we analyzed the relation between PCI and park characteristics (patch metrics). PCI has
a complex correlation with park patch metrics (Figure 6). Among the four analysis results, the size,
fractal dimension (Frac_Dim), and perimeter area ratio (Paratio) regression coefficient of determination
R2 is 0.321, 0.355, 0.439, respectively (Figure 6a–c) which means those three factors contribute to the
PCI in general. While the shape index showed no significant correlation, as its linear model R2 is
0.089 (Figure 6d). Park shape index does not contribute to PCI among the selected sample parks
of Zhengzhou.
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Figure 6. Regression analysis among PCI and mean park characteristics: (a) Size; (b) Frac_Dim;
(c) Paratio; (d) Shape_Indix.

Thirdly, we investigated the relationship between PCI and the impact factor of the park surrounding
area. In order to analyze the impact of PCI and the type of land cover around the parks, we selected 43
parks with similar mean LST (within the range of 29.0 ◦C–30.0 ◦C) from 123 samples (Figure 7). For
external land cover types, we use spectral indicators: NDVI, NDWI, NDISI to measure vegetation,
water coverage and impervious surfaces of the surroundings.

Figure 7. Regression analysis between the PCI and the impact factor of park surrounding area (500 m
buffer). (a) surrounding FVC; (b) surrounding NDWI; (c) surrounding NDISI, park type: LST range
(29–30 ◦C) based selection of 43 parks: 1-urban park; 2-theme park; 3-street park; 4-linear park.

The linear regression analysis was used to analyze the PCI relationship with the three factors
outside the parks. The results show (Figure 7) that in the case of parks within the LST range of 29–30 ◦C
the type of land cover around the park has a significant impact on PCI. PCI has a negative correlation
with surrounding vegetation and water bodies, and a positive correlation with impervious surfaces in
cases we analyzed from elements within the same LST range (29–30 ◦C). This shows that PCI is not
only affected by the internal factors of the park but also related to the surrounding environment.
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In addition, we analyzed the location factor on PCI based on the city rings. Zhengzhou city has
three rings defined by the urban ring road (Figure 2b), the first ring is the urban center area, which
is denser than the other two. The parks in the first ring have the highest average PCI (Figure 8a),
as the land cover types in the urban center are mostly commercial areas and built-up areas with tall
buildings and impervious surfaces, which are warmer than other areas of the city. The third ring is the
low-density urban area and is covered with more green spaces and mostly low-rise buildings. We
recognized that PCI is also influenced by the location factor, which is partly in relation to the different
land cover types of park surroundings.

Figure 8. Analysis between PCI and location factor and park types (all 123 samples). (a) PCI and park
location in three city rings; (b) PCI and five park types: 1-urban park; 2-theme park; 3-street park;
4-linear park; 5-urban square.

The park type can be defined based on different surrounding types, for example, linear park is
mostly located, and surrounded by road or river, the urban square is usually located in the high-density
area. Due to this reason, the linear park and urban square show low PCI (Figure 8b). These results are
mainly attributed to the different surrounding environments and land cover of different park types. So,
we can conclude that PCI is also related to the surrounding land cover types.

5. Discussion

5.1. Impact Factors of PCI

The results of Section 4.1 show that park types can have a different impact on PCI. Among the
five park types, the theme park category has the highest PCI, which reaches 2.76 ◦C. The reason is
that the theme park has higher vegetation cover and higher water surface coverage than other types.
For instance, Zhengzhou Botanical Garden, where the mean FVC, NDWI, NDISI is 0.40, 0.16, 0.19,
respectively. More specifically, the vegetation coverage is higher than 50%, and the diversity of species
is high as well, as its primary function is science education for citizens. The linear park category has the
weakest PCI. This may be because the linear parks (Figure 2c, 4-linear park) are mostly riverside green
spaces, or very close to the water surface (e.g., Riverside Park). In case of linear parks in Zhengzhou,
there is small LST difference between the park and its neighboring water surfaces. Therefore, the linear
park type’s average PCI of is the lowest.

For the results of PCI and its impact factors, we have similar conclusions. The FVC, NDWI, NDISI
regression coefficient of determination (R2) are 0.237, 0.433, 0.618, respectively. This means the complex
correlation between PCI and park characteristics cannot be represented only by those three factors.
The park patch metrics (size, fractal dimension, perimeter-area ratio, and shape index) also could not
determine alone the PCI variance. As we can recognize from Section 4.3 PCI is also related to the types
of the surrounding areas (Figures 6–8). High FVC and NDWI in surrounding areas make the buffer
LST closer to the park internal LST, which results in low PCI. There is a positive effect between PCI
and surrounding NDISI, related to the surrounding land cover types. As the result shown in Figure 8,
the location factor and park type factor also effect PCI.
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The cooling effect of the park can be explained from the perspective of thermal balance [39]. We
can use the heat transfer theory (Bowen ratio) as an analogy to explain some of the results of this article.
The Bowen ratio is the ratio of sensible heat flux to latent heat flux [60]. The surrounding areas are heat
sources because the heat capacity of these is significantly smaller than the heat capacity of the parks. In
heat conduction, the thermal power (sensible heat flux) absorbed by the parks from the surroundings
should be equal to the excess energy resistance by photosynthesis and transpiration (latent heat flux),
thus the heat conduction reaches balance. A larger green space means more energy is dissipated which
results in more conducted thermal energy. Therefore, parks with large sizes, high vegetation coverage,
and high water surface rate have greater energy resistance, which reduces Bowen ratio, and finally,
result in higher PCI.

Furthermore, the heat conduction can also explain why parks with high Paratio and fractal
dimension have lower PCI. High Paratio and fractal dimension mean that the park boundary is in a
large contact surface (complex edges) with the surrounding heat sources, which is conducive to heat
conduction and heat exchange. This causes temperature difference decreases, resulting in lower PCI.
At the same time, this can also explain the relationship between PCI and surrounding land cover. The
ambient temperature also affects the heat transfer. As a whole, to increase the cooling effect of the
park, it is recommended to consider the factors of the park itself, improve the resistance to the thermal
environment, and increase latent heating, so as to reduce the heat island.

5.2. Impact Factors of Park LST

The results of Section 4.2 reveal that high FVC, high NDWI will contribute to low park LST.
Those findings are consistent with the results of the previous studies at the city level [57,59,61]. This
is because the high rate of vegetation cover stores less solar energy and thus solar heat gain. The
plants photosynthesis and transpiration absorb the heat during those processes [5]. Those altogether
lead to lowering the park LST. In remote sensing technology, NDWI mostly represents the water
body and the vegetation surface. This result also coincides with the findings in another study [62]. A
recommendation for planning purposes would be to increase the vegetation and water body ratio to
decrease the park LST. As NDISI had been used successfully in previous studies [57,63], we have used
it to analyze the relationship of impervious surface to mean park LST. The results show that NDISI has
a strong correlation with mean park LST. The reason is that the impervious surfaces have high thermal
conductivity and low heat capacity [6], which lead to high LST. However, the impervious surface is an
important part of park design, but we should optimize the surface rate within the design.

In terms of the results of park characteristics like the size, fractal dimension (Frac_Dim),
perimeter-area ratio (Paratio), and shape index (Shape_ldx) in patch level have an impact on park LST,
and those independent factors reflect the park morphology. From the results, we can recognize that
large size, low Perimeter-Area ratio, and low fractal dimension decreases park LST.

Despite the practical findings in this article, we have some limitations to some extent. First,
the data of satellite images have its limitation to interpret the surface thermal environment; because
the temperature also relates to the microclimate factors such as wind speed and direction, humidity.
The results in this paper can also be explained that park LST impact factors are the main reasons.
Nevertheless, from the impact factors of park LST and PCI, the coefficient of determination (R2) are
not high. For instance, the FVC and NDWI regression value to mean park LST are 0.489 and 0.446,
and it can only reveal that vegetation cover and water surface can explain only less 50% of the mean
park LST variance. But the NDISI indicators have a significant relation to park LST, as its regression
coefficient is 0.926, which means the impervious surface is the most crucial factor that brings higher LST
in Zhengzhou. The analysis results of park patch metrics (size, fractal dimension, perimeter-area ratio,
and shape index) and their relationship to park LST is even more complicated. Moreover, previous
studies showed that even the meteorological factors (wind speed, wind direction, humidity) could
influence the PCI value when we use air temperature to evaluate park cooling effect [19,64,65]. In
terms of future study on the park cooling effect, we should put those aspects into consideration.
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In conclusion, in terms of the UHI effect mitigation, the results on park LST are more important
for planners than the results of PCI. PCI is related to the factors both inside and outside the park, but
the surrounding areas are far more difficult to modify or redesign. It is clear that for planners the better
option is to reduce the park LST to increase the cooling effect and mitigate the UHI effect. A future
research path can focus on the analysis of parameters (e.g., vegetation types, tree coverage, height of
vegetation) within the park. In landscape design, it is necessary to investigate the cooling effects of
various green space design examples. Further research can deal with the vegetation cover rate analysis
within a green space to optimize design from UHI point of view at local scale.

5.3. Implications for Urban Planning and Landscape Design

According to the results we can give a reference to urban planning and landscape design in the
future. The planner and designer can follow the recommendation:

(1) In urban planning and design: increase the number of theme park types in the city, increase the
park size and number in a new town/district planning;

(2) In landscape design and renewal: increase the park size, plan more vegetation and water area in
parks, as well as reduce the impervious surface. At the same time, in case we follow PCI aspect
of decreasing UHI we could make the park shape less complex in site design with less curving
boundaries and less waving edges (based on Frac_Dim), we can consider the options of lowering
the perimeter area ratio of the park by designing compact layout (Figure 9). Of course, in urban
planning and design there are many other aspects to be considered, such as existing ecological
corridors, road network, residential areas, wind corridors, visual preferences;

(3) Add more parks (green spaces) in the area within high impervious surface ratio, in central urban area,
represented by tall buildings and impervious surfaces of commercial and built-up areas. In addition,
increase the park type of high cooling effect such as theme parks and urban parks in Zhengzhou.

 

Figure 9. Comparison of PCI with different fractal dimensions (Frac_Dim) and perimeter area ratios
(Paratio). Typical park shapes with higher Frac_Dim and Paratio values (a,b,e,f,) and typical shapes
with lower Frac_Dim and Paratio values (c,d,g,h).
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6. Conclusions

This study used a comprehensive method to investigate the urban heat island phenomenon of
Zhengzhou city in China. Using the radiative transfer equation (RTE) method to retrieve the LST and
we analyzed the relation of particular factors to park LST and park cooling effect. The results of this
paper give a reference to characterize the complex correlation between UHI and other factors in the
expanding capital city of Henan province in China. The practical results can imply urban planners
and stakeholders by providing scientific guidance for future urbanization and urban management.
First, the results showed that parks have a cooling effect in the city, the mean LST of the park is 0.79 ◦C
lower than in the city. Different park types have different cooling intensity. The theme park category in
Zhengzhou has the highest cooling intensity with the PCI reaching 2.76 ◦C. The cooling intensity of the
street park and linear parks is lower; with the PCI only reaching 0. 8 ◦C and 0.64 ◦C, respectively. From
the results of the park cooling effect analysis and its internal characteristics, we can recognize that the
park LST depends mainly on the vegetation cover, waterbody and impervious surfaces in the park.
Vegetation and water surface are the main factors of the park’s cooling effect in Zhengzhou, but the
impervious surface increases park LST. The study also shows a different linear correlation between the
park LST and park patch metrics of Zhengzhou city. Park size and fractal dimension, perimeter area
ratio affect park LST, while other geometric indicators such as shape index have no significant relation
to the LST. Thus, we recommend for planners to maximize the park size and minimize perimeter area
ratio to reduce the UHI effect.

The PCI is influenced by the park itself and its surrounding area:

(1) The characteristics of the park defined by its size, perimeter area ratio and fractal dimensions all
affect the PCI directly. Because of these defining factors, there seems to be a positive correlation
with FVC and NDWI, while NDISI has a negative impact on the PCI;

(2) The PCI is influenced by the surrounding land cover types coupled with the type of vegetation
cover and water coverage. Because of these surrounding influences, the PCI has a directly
proportional relationship to the surrounding impervious surface cover. A park’s PCI has many
factors to consider when understanding its mitigating effects on the UHI of its surrounding
context. By first considering the factors that influence a park’s temperature, we can start to change
the cooling properties which help mitigate the UHI effects seen throughout cities.

We recommend additional planning consideration and construction of more parks in built-up
urban areas among tall buildings and within large areas of impervious surfaces. Park types, such
as theme parks and larger urban parks, should be considered with higher priority than above other
park types.

Urban parks play an important role in the urban ecological environment. Targeted research on
the cooling effect of parks has practical significance in urban planning and design. Parks with stronger
cooling effects can help to reduce the adverse impacts of UHI problems. This study can provide a
reference for urban planners and landscape architects as well as stakeholders and decision-makers.
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Abstract: The community greenway is a kind of greenway that goes through high-density residential
areas in the city and is closely related to residents’ life. However, few scholars focus on how this type
of greenways serves the everyday life of the community as an integrated resource. This aspect is
important because the everyday life in the public space involves multiple activities. How to coordinate
and satisfy these activities relates to the benefits of community greenways. Therefore, this paper takes
a representative community greenway in Haizhu District of Guangzhou as an example, to study
whether community greenways match the needs of necessary activities, optional activities and social
activities. The usage patterns, the evaluation of the current status, the impact on everyday activities,
and the importance of different construction factors were surveyed. The applied methods include
site observation, questionnaires and interviews. The results show that more than 90% of users are
from communities within 1 mile from the community greenway. More than half of the users (55%)
are satisfied with the community greenways. Furthermore, the community greenways benefit the
everyday activities of residents, such as transportation, recreation, social interaction and also other
minor but important everyday activities. However, from the perspective of residents’ requirements for
construction factors, the status of service facilities needs to be improved. The characteristics, overall
benefits, and construction implications of community greenways are therefore discussed. Community
greenways can be important open space for residents and this paper is significant on community
greenways meeting the needs of residents’ everyday activities, thus, to provide a better community
living environment and to build a better urban open space system.

Keywords: greenway; community greenway; everyday activities; use patterns; resident evaluation;
high density residential areas; everyday public space; living environment

1. Introduction

The greenway movement has been recognized worldwide since its inception in the 1990s.
The Greenway, which can be considered as “a linear open space established along either a natural
corridor, such as a riverfront, stream valley, or ridgeline, or overland along railroad right-of-way
converted to recreational use, a canal, a scenic road, or other route” [1], has unique advantages as open
space when the land becomes less and less in city areas. It is a part of urban infrastructure and forms
connected networks that support both ecological and social activities and process [2]. Although the
urban greenways have developed into various forms according to different physical environments, its
essence is to connect the residential area and neighborhoods with open space through a network-like
linear landscape corridor [3–5], so that the leisure space is expanded in urban areas. In summary, urban
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greenways can not only adapt to the situation to the shortage of urban construction land, but also meet
the increasing demand of outdoor leisure, adapting to the expansion of urbanization [6]. However, as
the city areas become more and more densified, there has been a lack of space for new urban green
space [7,8], including greenways. Issues have arisen, for example, many greenways cannot match the
needs of the users [9]. On one hand, some greenways in built areas are based on the sidewalks and are
too narrow to support the outdoor exercises [10]. On the other hand, to improve the ecological value of
greenways, many of them are built outside the city [11], increasing the distance between city users and
green spaces. The development of the society has led to even higher demands for open spaces [12].
Thus for urban greenways, a big challenge is that how to better serve residents instead of being a waste
public sources.

Urban greenways usually have multi-functions [13], such as ecological services, recreation,
commuting, and economic development [5]. To meet the challenge, the first step is to get a deep
understanding of the greenway functions. One of the most important functions of urban greenways is
to improve biodiversity [5]. More native species would inhabit greenways especially the urban stream
corridors when the environment is renovated [14]. For recreational use, urban greenways are built to
serve the urban residents by improving the natural and physical environment [15], helping people to
get more outdoor activities such as physical exercise, recreation and enjoying the scenery [16–19], thus
improving their physical and mental health [17]. A study indicates that people who use the greenways
to exercise are more likely to meet national health standards [20]. The health benefits of greenways are
impacted by the distance between greenways and residential areas, which especially increase first and
then decrease in a certain distance [21]. The social benefit is also one of the important influences of
greenways. On one hand, residents seek to improve community relationships in greenways [22] as the
greenways near residential areas attract people to go outdoors, which can increase the frequency of
neighbors’ meeting [22,23]. Meanwhile, the greenways can be used as a place for community residents
and their families to have fun and communicate. Through participating in these collective activities, the
neighborhood interaction and community cohesion would be enhanced [15,23,24]. On the other hand,
greenways help to improve social equity by serving users of a diverse sociodemographic background,
especially in developing countries [9]. Urban greenways also bear important traffic functions. Many
urban greenways are the essential roads for people to go to work and do shopping, which also
connect communities, parks and important urban service facilities. In this way, people can reach
their destinations such as shops, restaurants and transportation stations through greenways in a short
time, which will improve people’s travel efficiency [25–27]. In addition to the above functions, other
functions of urban greenways have been further expanded recently. Some urban greenways can be
used as places for urban commercial activities, allowing small vendors to enter the greenway space
through time-sharing. This phenomenon is especially concentrated in the greenways close to residents
or within the residential areas [28]. What’s more, urban greenways also have certain impacts on the
economy of residential areas. For example, urban greenways can improve the property value of nearby
owners [23]. Of all the above functions, recreation is the one that the users care about the most, and
satisfaction for greenways would decline if the economy function is too strong [22].

In previous studies, scholars often regarded urban greenways as a whole, while the functions of a
certain greenway may be affected by its location. Greenways can show different characteristics according
to different environments [5]. For example, the waterfront greenway owns better natural environment,
while the greenway next to the city road has more convenient transportation. The biodiversity and
recreation functions of different urban greenways will affect people’s usage modes [14], which in turn
affect the main functions of greenways. Among all the influencing factors, accessibility and the distance
between greenways and residential areas are the most important ones [29,30]. This is because whether
the greenway is easy to reach or leave directly affects the frequency of people visiting the greenway [5,31].
Greenways close to residential areas are accessed more frequently by nearby residents [15,29], and can
perform various functions [23]. Through literature research, the characteristics of such greenways can
be summarized: they are next to urban communities or go through residential areas, and mainly serve
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nearby communities [13,15,29,32], so they can be defined as “community greenways”. There have been
plenty cases of community greenways, such as Hudson River waterfront Greenway in New York and
Kameido Ryokudo Park in Japan (Figure 1). In Nanshan District of Shenzhen, China, the community
greenway density reaches 1.08 km/km2 [33] because there is requirement for constructing greenways
near residential area in Pearl River Delta. Though community greenways have been common in many
places, there is not yet an academic consensus on community greenways.

  
(a) (b) 

Figure 1. Mappings of the cases of community greenways ((a) Hudson River waterfront Greenway
in New York; (b) Kameido Ryokudo Park in Japan) (Source: the authors redrawing of the base map
in mapbox).

In the authors’ opinion, the community greenway can be regarded as branch “urban greenways”
or “local trails” by the classification of greenways in the previous literature. Urban greenways include
higher levels of development and have high levels of access to densely populated areas [5] and local
trails were trails where more than 50% of the respondents are from a distance of 5 miles or less [29].
Community greenways can be subdivided from the above two categories because community greenways
are even closer to residential areas and serve a smaller area. This could lead to different characteristics
in the daily interactions between residents and community greenways. Some studies have focused
on community greenways. For example, Akpinar studied the use patterns and factors influencing
the use of Kosuyolu Urban Greenway (KUG) in Turkey, which is located within 1000 m for 30,000
inhabitants [13] and Wang did research on the construction of Furong greenway in Shenzhen, which is
beside seven communities [34]. Community greenways have the main functions of urban greenways:
providing leisure space and alternative transportation paths and connecting communities with nearby
parks and service facilities. The main characteristics of community greenways is the location, which is
close to or deep inside communities and extends to people’s everyday living space. The interaction
between residents and community greenways may not only affect aspects of recreation and exercise,
but also in daily transportation, communication and even in the everyday activities in front of the
house. A previous study has shown that greenways can improve the quality of lives [15]. Nevertheless,
there is still a lack of research that focus on the activities happening in community greenways and the
integrated benefits of such space. So, the question is: how do community greenways serve for the
everyday activities of residents as an overall resource instead of just a recreational resource? Scholars
have regarded greenways in communities as leisure space, while overlooked the multi-functions of
greenways as an integrated resource to the community [5]. This leads to the isolation of greenways
from the everyday lives of the residents, thus ignoring the potential benefits of the greenways.

This study takes community greenways as a specific type of urban greenways and analyzes how
community greenways serve the residents from the perspective of everyday life in public space. This
life is continuous in time and also public in space [35]. Applying ideas in “life between buildings”,
the activities in communities can be divided into necessary activities, optional activities and social
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activities [36], including all public activities in open space. Recreation is only a part of the optional
activities. As the public space “beside the house”, community greenways shorten the distance between
public space and residents’ life. From the perspective of everyday life, a vibrant public space can
performs the pre-designed function, but also allows residents to creatively expand the functions of the
space [37]. The public space should be related to the lives of the residents. Therefore, this study focuses
on the relationship of community greenways and residents’ daily life. The three specific questions
include: (1) How do residents use community greenways in their daily life? (2) How do residents
evaluate community greenways in everyday activities? (3) What are the key elements that residents
consider in the construction of community greenways? From the above three aspects, the authors
study on the questions how community greenways serve for residents’ daily life and seek to build a
better community environment.

2. Materials and Methods

2.1. Site Selection

The following principles were referenced when selecting the study site: (1) The community
greenways should be part of the urban greenway networks instead of isolated trails; (2) the community
greenways should be constructed in recent years to ensure that the greenways are in normal use; (3)
the surrounding communities and residential groups should be diverse, ensuring that users cover a
wide range of people.

Based on the above three principles, the authors conducted a pre-study on a number of community
greenways in Guangzhou, China. In the end, a community greenway along Ma River, Haizhu District,
Guangzhou was selected as the research site. Haizhu District is the downtown of Guangzhou, located
in the south of the Pearl River. Since 2010, Haizhu District has built a relatively complete greenway
network with 170 km long [38] and is a representative area of Guangzhou Greenway. From the overlay
of the Greenway Network and the residential area map, the community greenway in Haizhu district is
about 34.5 km long. The density of community greenway is 0.38 km/km2. As most of the community
greenways are located in the west of Haizhu District, the density in the west is 0.82 km/km2.

The community greenway was selected due to its connection with the Guangzhou Urban Greenway
Network, its relatively recent construction (the last construction was in 2017), and its location in dense
communities (Figure 2). As Figure 3 illustrates, the selected area is between two urban avenue, about
1.5 miles with a width of 1.5–5 m. Located along Ma River, the Pearl River tributary, the original
vegetation is preserved well and the natural environment is in good condition. On the south bank,
the residential areas are mainly crowded communities which were built on the basis of old villages,
namely ‘urban village’ in China. There are five entrances for the communities. On the north bank, the
communities are mainly newly built ones. The greenway is separated from the communities by walls
and there are six entrances along the greenway. A parking lot was built on the north bank, serving
the nearby community and with a free classical garden, the functions of the community greenway is
enriched. Besides there is diverse land use around the community greenway. The greenway connects
city parks, shopping malls, transportation sites and other service facilities. The community greenway
was selected mainly for the reason that the nearby areas are densely populated, about 19,300 people
per square mile, which makes the greenway one of the liveliest linear open space areas in the high
density urban center.
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Figure 2. The greenway network of Haizhu District, Guanghzou (Source: the author’s self-drawing).

 
Figure 3. Maps of the Changgang Community Greenway, part of the Greenway in Haizhu District,
Guangzhou (Source: the author’s self-drawing).

2.2. Data Collection

The study started with site observation, guided by POE (Post Occupancy Evaluation) method [39].
The authors aimed to record the diverse activities on site and the relationship between activities
and spaces. After that, questionnaires and structured interviews were conducted several times in
January, September and October 2019, covering the daytime of both workdays and weekends by using
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intercept surveys. The intercept survey has been proved to be practical in previous studies on greenway
research [32,40]. Two questionnaires were used during the survey. The first one was to study site
demographics and usage patterns as adapted from Gehl’s theory [36]. According to the analysis and
summary of the results of this questionnaire, the second questionnaire was designed for the evaluation
of the community greenway. We collected data along the community greenway on October 2 and 4,
2019 respectively for the two questionnaires. The users were randomly instructed to cover diverse
groups of people.

For the study instrument, the two questionnaires were used to study the demographic information,
use patterns, evaluation and opinions on different construction elements. For use patterns, residents were
asked how they came to the community greenway, how long it took by walking, how often they used it,
how long they usually stayed and what kind of activities they did (commuting/recreation/exercising/
shopping/interacting with neighbors and family members). The evaluation included the conditions
of construction elements (accessibility, traffic environment, facilities, activity space, connectivity with
other urban living facilities, and overall satisfaction with the community greenway) and the impact of
community greenway on the daily life (transportation, leisure activity, neighborhood activity, family
activity and shopping). The options provided are ‘very satisfied’, ‘satisfied’, ‘general’, ‘dissatisfied’, ‘very
dissatisfied’. The items are based on previous research on greenways [13,15,24,32,41,42] and the results
of observations. To learn residents’ evaluation on the importance of different construction elements,
participants were asked to score the importance of factors in construction (very important/important/
general/unimportant/very unimportant). Besides, the results were combined with structural interviews,
recording other concerning factors.

2.3. Data Analysis

All data was analyzed with SPSS 23.0. Multivariate regression analysis was used to investigate
the relationship between demographic information, time to reach the greenway, transportation and
frequency of community greenway use, and also the relationship between the evaluation of status
of the greenway construction and overall satisfaction, and the impact of greenways on different
activities of residents’ respectively. Cross-analysis was used to study the preferences of everyday
activities of different groups of community residents. In terms of residents’ evaluation of the greenway
and the opinions of construction factors, first, the residents’ evaluation of the current status of the
community greenway and the impact level of the greenway on everyday activities were analyzed
through descriptive analysis. In addition, the descriptive analysis was used to study on how residents
are concerned with construction elements, through the mean and the proportion of “very important”
and “important”. The results were presented through unstandardized coefficients, SE and 95%
confidence intervals (CI). P-values of 0.05, 0.01 and 0.001 were used to indicate statistical significance.
Descriptive analysis was performed with reliability analysis to ensure the credibility of the results of
the questionnaire.

3. Result

3.1. Site Observation

The ped and bike system is a path shared by non-motor vehicles and pedestrian, about 1.5–7 m
wide (Figure 4a). There were about 20 cyclists passing in 10 min during the peak time in the afternoon,
including 8 deliverymen passing with fast speed. No extra space for recreation is left for pedestrians in
the narrow section where there was only 2 m width. There is no clear bicycle parking area along the
greenway. Two roads cross the survey section. There are a few stone seats along the river. These seats
are lack maintenance (Figure 4b). During the peak period, the seats can be used by a percentage of
100%. The greening system can be divided into two parts. The most important vegetation is the original
trees kept on the banks of the river, which are lush (Figure 4c). In addition, some of the surrounding
community walls are separated from the greenway by 1–2 m wide vegetation. There are very few
streetlights. Neither physical exercise facility nor public toilet was found.
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(a) (b) (c) 

Figure 4. The depiction of the community greenway ((a) the bike and ped path; (b) a stone seat; (c)
lush vegetation) (Source: Author’s own photographs).

Through observation, it was found that the common activities carried out by residents were
in accordance with ‘life between buildings’, which can be summarized as (1) necessary activities:
commuting, walking dogs; (2) optional activities: Relaxing, reading, enjoying scenery, fishing, physical
exercise and shopping at the vendors along the greenway; (3) Social activities: interacting with
neighbors and family members (Figure 5).

 

Figure 5. The activities in the community greenway (Source: The author’s own drawing).

Although the space of the community greenway is limited, it can be summarized into several
different types (Figure 6). The first type is the greenway space adjacent to the outer wall of the community.
The greenway is 2 m wide. There is no extra space. Most people just passed by or took a walk. A few
people would do physical exercise or fishing along the river. Some people chatted with neighbors
by the river. The second type is the greenway crossing a small square, with a width of 7 m. People
tended to do social activities here, such as being with children and chatting with neighbors. It is also a
good place to sit alone, read books, or enjoy the scenery. The third type is the green space close to the
open residential buildings, that is, the entrance and exit of the residential building directly facing the
greenway. The greenway is 5 m wide. Most people would not stay here and they just passed by, and
some sat on the bench by the river to chat with the neighbors. The fourth type is the greenway with a
small garden. The vegetation in the greenway and in the garden is relatively closed, so the space is
quiet. Residents liked to sit with family members or let the children play here. The fifth type is the
greenway combined with the parking lot. The greenway is 1.5 m wide. However, some parking space
is used as recreational space. Most people took physical exercise and walked the dog here.

In addition to the above activities, there were also some self-organized activities along the
community greenway (Figure 7), such as small vendors in the corner, clothes drying on the fence,
old furniture shared by neighbors, etc. These self-organized activities showed that the community
greenway, in addition to being a public space, is also a space that residents like to share private life. It is

97



Land 2019, 8, 188

because of these creative activities that blur the boundaries between space and private life and make the
space more livable.

 
Figure 6. Mapping of the greenway space and public activities (Source: The author’s own drawing
and photographs).

  
(a) (b) 

Figure 7. The self-organized activities in the community greenways ((a) Haircut in the corner; (b)
furniture shared by the neighbors) (Source: The author’s own photograph).

3.2. The Daily Use of the Community Greenway

A total of 103 questionnaires were distributed in this round, resulting a 96% valid response rate
(depending on the completion of all the questions and whether the respondents were nearby residents).
We try to avoid the non-response bias through random sampling during the survey.

3.2.1. Demographics

From Table 1, the male to female residents participating in the survey was close to 1:1, which
reflected to some extent that there was no significant difference in gender among the community
greenway users. We observed that users of the greenway were diverse in age distribution. It should
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be noted that the proportion of people aged 56 and over was relatively large, accounting for 45.4%.
In China, the legal retirement age for most people is between 50 and 60 years old [43,44], therefore, it
can be initially determined that such people represented the retirement group. For the job status, the
proportion of students was smallest (4%), and there were no significant differences of other groups.
In the education level, the number of users with junior high school, high school, secondary technical
school and vocational education level was 48.5%, and that of junior college and undergraduate students
was 31.1%. The income level of most greenway users was 2001~10000 RMB (70.7%). According to the
National Bureau of Statistics’ interpretation of 2018, this interval can be understood as a medium level.
From the statistics of residential streets, the vast majority of participants (91.8%) come from areas that
are no more than 0.5 mile away from the community greenway, further indicating that the users of the
community greenways are mainly surrounding residents.

Table 1. Characteristics of the study population (N = 99).

Sociodemographic and
Socioeconomic Variables

Items No. % of the Users

Gender
Male 50 50.5

Female 49 49.5

Age

18~28 years 16 16.2

29~40 years 21 21.2

41~55 years 17 17.2

56~65 years 20 20.2

66+ years 25 25.2

Job status

Employed 45 45.4

Students 4 4.0

Retired 35 35.4

Unemployed 15 15.2

Education
(highest level)

Elementary school or less 19 19.2

Secondary school, High school, Secondary
technical school/vocational high school 48 48.5

college/Bachelor’s or more 32 32.3

Income

RMB: <2000 monthly 20 20.2

RMB:2001~5000 monthly 43 43.4

RMB:5001~10000 monthly 27 27.3

RMB:>10001 monthly 9 9.1

Area of residence

Changgang Street 29 53.7

Geshan Street 9 16.7

Jiangnan Street 11 20.4

Other places 5 9.2

Totals 99 100

3.2.2. Use Patterns

From Table 2, walking was the most common way to come to the community greenway for
everyday activities (84.9%). It was observed that quite a few people ride bicycles, but these people
usually would not stay. Overall, 74.7% of the users lived within a 10-min walk, and 11.2% of the users
lived in communities more than 20 min’ walk from the greenway. 59.6% of users reported that they
came to the community greenway at least once a day for leisure or other activities. About one-fifth of
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the users would not stay in the community greenway, and 78.8% of the users stayed in the community
greenway for a period of time. In terms of user activities, 40.4% of users used community greenways
for necessary activities, mainly as a traffic road. At the same time, most users (91%) used community
greenways for optional activities such as leisure activities (36.4%) and physical exercise (54.6%), and
some residents (8.1%) chose to shop at small vendors in the community greenway. In addition, in
social activities, users interacted with family and neighborhoods.

Table 2. Use patterns of the community greenway.

Categories Items No. % of the Users

Transportation
Walking 84 84.9

Bicycling 10 10.1

Public transportation 5 5.0

Time to reach

<5 min 44 44.4

5–10 min 30 30.3

10–20 min 14 14.1

>20 min 11 11.2

Frequency of use

>= 7 times per week 59 59.6

3–6 times per week 22 22.2

1–2 times per week 12 12.1

Seldom 6 6.1

Duration of use

Would not stay 21 21.2

<30 min 31 31.3

0.5–1 h 30 30.3

1–2 h 11 11.1

>2 h 6 6.1

Activities

Daily traffic, go to destinations such as shopping
malls, parks, etc. 40 40.4

Leisure activities such as rest, reading, enjoying
the scenery, etc. 36 36.4

Physical exercise such as walking, running,
dance, cycling, etc. 54 54.6

Consumption, such as haircuts, purchase of fruits
and vegetables 8 8.1

Be with family, neighbors, friends, such as
watching children, playing chess, gatherings, etc. 9 9.1

Others 4 4.04

Total 103 100

Multivariate regression analysis was used to study the relationship between gender, age, job
status, education level, monthly income, transportation, time to reach the greenway, duration of use
and the frequency of use (Table 3). According to the judgment basis of p < 0.05, the findings indicate a
significant relationship between the frequency of use and age (β = −0.383, 95% CI is −0.399–0.092, p =
0.002), transportation (β= −0.207, 95% CI is −0.675–0.005, p = 0.047) and the time to reach the greenway
(β = 0.411, 95% CI 0.205–0.538, p = 0.000). The regression results showed a negative correlation between
age and frequency of use, that the older the person, the less frequently they used the community
greenway. There was a negative correlation between transportation and frequency of use. Somehow
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there was a positive correlation between time to reach and the frequency of use. No significant
correlation was found between the above factors and the duration of use (p = 0.68 > 0.05).

Table 3. Multivariate regression analysis on the relationship between demographics, transportation,
time to arrive and use frequency.

Use Frequency (R2 = 0.272)

β SE 95% C.I. p

Gender 0.106 0.169 −0.143–0.530 0.256
Age −0.383 0.077 −0.399–0.092 0.002 **

Job status 0.116 0.084 −0.082–0.251 0.314
Education 0.068 0.147 −0.206–0.377 0.563

Income(monthly) −0.119 0.122 −0.365–0.119 0.315
transportation −0.207 0.169 −0.675–0.005 0.047 *
Time to reach 0.411 0.084 0.205–0.538 0.000 ***

* p < 0.05, ** p < 0.01, *** p < 0.001.

3.2.3. Activity Preferences of Different Groups of People

From the results of the cross-analysis (Table 4), we can see the diversity of activities of different
groups of people in the community greenway. In terms of gender, the proportion of males who exercised
in community greenways (60%) was relatively high, while the proportion of women interacting with
family, neighbors and friends (14.29%) was significantly higher than that of males (4%). From the
perspective of age, young people tended to use the greenway for daily traffic (62.5%) while seldom for
other activities (25%). A larger proportion of middle-aged and elderly people used the community
greenway for optional and social activities. The elderly who were over 66 years old in the community
greenway tended to do more optional (52% leisure activities, 68% physical exercise) and social activities
(12% interaction with family and neighbors). While only 24% of elderly people took the greenway as
traffic paths. The activities taken by residents in different job status verified the analysis of the age
groups. The students mainly used the community greenway as daily passages, and the employers
used it mainly for both necessary and optional activities. Retired people mainly carried out optional
activities, while those who were unemployed had the highest proportion of social activities (20%).
The housewives in this group accounted for a high proportion, and the main activity was to care for
kids. From the influence of education level on activity, the choice of social activities (20%) mainly came
from the primary school and below, mainly unemployed female and elderly people, corresponding to
the above analysis of job status. For the influence of income, the users of the community greenway
are mainly medium-level (2000~10000 RMB), among which the higher proportion of people in the
income level of 5001~10000 RMB (59.26%) chose sports activities, and also this group had the highest
proportion to shop at the vendors along the greenway (18.52%).

3.3. The Evaluation of the Community Greenway

The residents’ evaluation of the community greenway included three parts, which were the residents’
evaluation of the current status of different factors of the community greenway, the impact level of the
community greenway on the residents’ daily life and the importance level of the community greenway
construction factors. The total reliability of the questionnaire was 0.797, which was relatively high.
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The Evaluation of the Current Community Greenway and Its Impact on the Residents’ Everyday Life

From Table 5, we can see accessibility scored the highest (4.19) in the status quo evaluation, and
most people expressed satisfaction with the accessibility of the greenway (88%). The most dissatisfying
factors was service facilities (2.97), and 76% of residents chose ‘generally’ or ‘dissatisfied’. “There
are no benches to sit and no shelter for rain. You know, the elderly need benches” “I think there
is a need for public toilets here, otherwise it is very inconvenient to come here for exercise.” “The
lights are too dark at night, I can’t see the rubbish on the road, and I would not take my kids here.”
Residents were relatively satisfied with other aspects. The results were 3.83 for the connection with the
urban living facilities, 3.58 for the traffic environment, 3.33 for the type and amounts of the activity
space. The overall satisfaction was 3.65, and 55% of residents expressed ‘satisfied’ with the community
greenway. From the evaluation of various factors and the overall satisfaction of community greenways
(Table 6), there is a positive correlation between the type and quantity of activity space and overall
satisfaction (β = 0.443, 95% C.I. = −0.222–0.631, p = 0.000).

Table 5. The current status of the community greenway and its impact on the residents’ daily life by
mean and the proportion of “very satisfied” and “satisfied”.

Mean SD. Proportion (%) (N = 109)

Very Satisfied Satisfied

The residents’ evaluation of the
current status of different factors
of the community greenway

Accessibility 4.19 0.659 32.11 55.96

Transportation environment 3.58 0.785 10.09 45.87

Service facilities like benches and
physical facilities 2.97 0.918 5.5 22.02

The types and amounts of activity space 3.33 0.817 7.34 32.11

The connectivity with other urban
living facilities 3.83 0.788 19.27 45.54

The overall evaluation of the
community greenway 3.65 0.786 14.68 40.37

The impact of the community
greenway on the daily life

It’s more convenient for transportation 3.78 0.994 24.77 42.20

I take more outdoor activities alone 3.66 0.993 20.18 40.28

I interact with neighbors more 3.26 1.004 8.26 36.7

I take more outdoor activities with my
family members 3.31 1.111 14.68 32.11

The small vendors make life easier 2.92 1.211 11.93 20.18

Table 6. Multivariate regression analysis on the relationship between the evaluation of current status
of the construction factors and the overall satisfaction of the community greenway.

The Overall Evaluation of the Community Greenway (R2 = 0.388)

β SE 95% C.I. p

Accessibility 0.128 0.103 −0.051–0.357 0.140
Transportation environment 0.039 0.090 −0.138–0.217 0.661
Service facilities like benches and physical facilities 0.151 0.089 −0.046–0.305 0.146
The types and amounts of activity space 0.443 0.103 0.222–0.631 0.000 ***
The connectivity with other urban living facilities 0.056 0.085 –0.112–0.224 0.510

*** p < 0.001.

The results of Table 5 indicate that the community greenway has significantly improved
transportation (3.78) and leisure activities (3.66), and the results show that the community greenway
increases the chance of interacting with neighbors (3.26) and family (3.31). The business activities in
the greenway were a minority, but they also improved the lives of community residents to a certain
extent (2.92). Through multiple regression analysis (Table 7), the construction status of some aspects of
the greenway were related to the improvement of the daily life. When the greenway was connected to
the surrounding market, shopping malls or parks, the greenway had more obvious improvement for
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daily transportation (β = 0.504, 95% C.I. = 0.411–0.862). Service facilities were associated with more
neighborhood interactions (β = 0.332, 95% CI = −0.096–0.631) and family interactions (β = 0.391, 95%
CI = 0.186–0.761), while the community greenway traffic environment had a negative correlation with
family interactions (β = −0.257, 95% CI = −0.654–0.073).

Table 7. Multivariate regression analysis on the relationship between the evaluation of current status
of the construction factors and the impact level of the community greenway on the daily life.

It’s More Convenient
for Transportation

I Interact with
Neighbors More

I Take more Outdoor Activities
with My Family Members

β SE β SE β SE

Transportation environment −0.257 * 0.146

Service facilities like benches
and physical facilities 0.332 ** 0.135 0.391 ** 0.145

The connectivity with other
urban living facilities 0.504 *** 0.114

* p < 0.05, ** p < 0.01, *** p < 0.001.

3.4. The Scoring of Importance Level of the Community Greenway Construction Factors

In the evaluation of the importance of different factors relating to everyday activities in the
construction of the community greenway (Table 8), sufficient service facilities scored the highest (4.11),
and 81.66% of the residents considered this aspect ‘very important’ and ‘important’. Accessibility
(3.58), separation of walking trails and bicycle trails (3.66), diverse activity spaces (3.60), and the
connection of urban living facilities (3.78) were not much different. Residents generally believe that
these construction factors all had an important position in the construction of community greenways.

Table 8. The importance level of the community greenway construction factors by mean and the
proportion of “very important” and “important”.

Items Mean SD. Proportion (N = 109)

Very Important (%) Important (%)

Accessibility 3.58 0.913 12.84 43.12
Separation of Walking trails and bicycle trails 3.66 0.976 20.18 37.61

Enough service facilities 4.11 0.753 30.28 51.38
Various activity space 3.60 0.878 14.68 42.2

Connection with other urban living facilities 3.78 0.862 19.27 43.12

In addition to scoring by scales, residents also expressed some opinions on the community
greenway and the construction suggestions, including the deep discussion of the issues involved in the
questionnaire, as well as the content not covered by the questionnaire.

The natural environment was an issue of concern:
“The river needs to be cleaned up, because sometimes it smells bad, and it attracts a lot of

mosquitoes.”
(A retired old man, 60 years, about 5 min from home to the community greenway)
“The greening is very lush, but it takes up too much space. I think some vegetation can be reduced

so that there would be more space for activities.”
(A staff, 48 years, about 5 min from home to the community greenway)
Although the current space for activities is limited, residents understood this condition. At the

same time, they tried to expand the space through innovative use and time-sharing of the community
greenway:

“I would exercise in the parking lot before 6:00 in the morning. The space is relatively spacious
and there is no vehicle interference at that time”
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(A retired old man, 81 years, only 3 min from home to the community greenway)
For the daily activity environment of the greenway, residents generally believe that the greenway

needs a safe and comfortable environment. Many residents complained about the current situation:
“The flatbed trucks that transport goods back and forth are too noisy and threaten the safety of

passers-by.”
(Housewife, 53 years, 8 min from home to the community greenway)

4. Discussion

4.1. The Service of Community Greenways for Different Activities

Like other urban greenways, the community greenway serves various activities. In this study,
daily traffic (40.4%), leisure activities (36.4%) and physical exercises (54.6%) are the major activities.
From the classification of the activities (Figure 5), it is concluded that necessary activities and optional
activities are more important in the community greenway. To further analyze, different groups of
people showed specific preference for activities. For example, males prefer exercise while females
choose social activities more than males. This result is contrary to the previous study, which concludes
that exercising was a stronger motivation for female [32]. The reason could be that in China, a large part
of females prefer group dancing as a kind of exercise while in community greenways, there is limited
space for this kind of activity. The social activity is an important activity for females because most
retired females in China would take care of their grandsons and granddaughters, and the community
greenway is a convenient open space for childcare. Different from other groups, young people mainly
take the community greenway for commuting (62.5%) rather than leisure activity (18.75%) and physical
exercise (37.5%). It is likely because of the lack of recreation facilities [27]. This could be an issue to be
considered when constructing community greenways.

From Table 5, the most obvious improvement of the community greenway lies in necessary activity
(3.78). Optional activity and social activity rank the second and the third respectively. The ranking
corresponds to the status evaluation of the community greenway (Table 7). As there is positive
relationship between the connectivity with other urban living facilities and transportation convenience
(β = 0.504, 95% C.I. = 0.411–0.862) and between the service facility and neighborhood communication
(β = −0.257, 95% CI = −0.654–0.073). It reflects to some extent that the convenient transportation is
due to the connectivity with other urban living facilities. While the relatively weak improvement
of social interactions is because of the lack of service facilities. Public space is the carrier of social
interaction [45,46], as residents have shown intentions to connect with others in open spaces [47]. From
this result, the improvement of service facility could be a way to increase social connections.

4.2. The Service of Community Greenways: Everydayness and Public Nature

The functions of a greenway have a lot to do with its location [29,32]. As a type of urban greenways
near the residential area and even deep into the community space, community greenways are closely
related to the everyday life of residents. The “everydayness” aspect is reflected in that community
greenways mainly serve nearby neighborhood and residents tend to travel shorter distance, resulting
a high-frequency use of the space. From the result of the study, we can infer that at least 90% of the
users are from the surrounding communities within 1 mile. This result is consistent with a study of
Denmark which showed that 84.7% of the users lived within 1000 m of green spaces [48], and the study
of Turkey showing that 79.8% of the users live within 1000 m of the greenway [13]. Compared with
“local trails”, the data means community greenways have a smaller serving area, which shows that for
nearby residents, community greenways tend to be the best choice for outdoor recreation [29]. For the
frequency of use, more than half of the participants (59.6%) use 7 or more community greenways
a week, consistent to Akpinar’s result include that 55.4% of the users use the greenway daily [13].
Compared to a study of greenways in Shenzhen, which results that 41.5% of the users come from a
distance within 1000 m and only 32.9% of the users use the greenway daily [9], community greenways
promote more frequent use and activate the urban greenway network. “Public nature” is reflected in
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that the community greenway carries public activity, including the necessary activities (commuting,
walking dogs, etc.), optional activities (enjoying the scenery, relaxing, fishing, reading, running, cycling,
walking) etc.) and social activities (be with family members or neighbors, etc.) (Figure 5). In previous
studies, demographic variables like gender, age, income, education level could be constraints of the use
patterns of greenways [13,24]. The results of this study showed that in community greenways, users of
different groups of people did not have much difference in demography information, although specific
groups chose activities with their own preferences. That is to say, in general, community residents can
enjoy the community greenway equally. The reason could be that as community greenways mainly
serve the surrounding residential areas, residents don’t differ much in social class. Another reason
is that, in developing countries, all residents could freely visit and share the public spaces [9]. That
is to say, community greenways promote social equity, especially in developing countries. On the
other hand, community greenways also enrich the meaning of “everydayness” and “public nature” by
holding everyday activities. For example, the residents use the fence in the greenway to dry clothes,
or to take the furniture out to form a space gathering with neighborhood. These private activities
interpret the “everydayness” from the perspective of everyday life, while the business activities in
the corner add functions for leisure space, expanding the meaning of ‘public nature’ of community
greenways. Above are the self-organized tactics of residents, showing the creativity in the community
greenway, making up for the designer’s strategy for the public space [37]. This shows the community
greenways are closely related to the everyday life of the residents. The community greenway should
not be simply regarded as leisure space, or many potential functions would be neglected.

4.3. The Service of Community Greenways: Improving the Quality of Everyday Life

The results show that it is widely believed that the easy accessibility of community greenways
increase use, consistent with the conclusions of previous papers on greenways near the residential
areas [13,15,49]. Better accessibility attracts people to use the greenway with more frequency, thereby
improving people’s quality of life by providing a good natural environment and social environment.
In this study, users take transportation improvement and more outdoor recreation activities as the
two main impacts on life. That is because, community greenways connect neighbors with shopping
malls, workplaces so that the daily traffic becomes more convenient. Health benefit brought by leisure
activities, physical exercise has been proved to be the most significant contribution to the users [15],
and that explains why recreation use is considered one of the important functions by residents [22].
Urban greenways can be seen as the best public spaces for daily leisure, alternative transportation, and
for face-to-face communication between residents [15], and from the above analysis, we can say that
community greenways play a bigger role in the residents’ life.

However, there are some limits of community greenways contributing to the life of residents.
The community greenways are often reconstructed on the basis of the original trails. They have limited
space but have complex functions at the same time. Therefore, conflicts in activities are prone to occur.
For example, the transportation conflicts reflected by residents in the interview. In previous study,
residents also expressed concern about community greenways, such as noise and interference caused
by people walking the dog [23]. On the other hand, the use of parking lots for residents to exercise
also reflects the lack of space for activities. In addition, the lack of facilities has also become a factor
limiting residents to use community greenways [18].

Balancing artificial and natural environments in a high-density built environment is a huge
challenge [18]. Therefore, the construction of community greenways should take into account the
relationship between different activities and meet the needs of residents’ activities through the
transformation of space and new innovations, so as to give full play to the contribution of community
greenways to residents’ lives.

4.4. Limitations of the Study

We acknowledge several limitations for this study. First, the study focused on a representative
community greenway in Haizhu District of Guangzhou. The results should be verified in more case
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studies in other regions. Future research should sample community greenways in other regions and
compare the results to get a better understanding of how community greenways serve residents in
different social contexts. In addition, investigation time was between 9:00 am and 18:00 pm during the
day, not including the morning and evening time. Although the previous research on the greenway
or public space did not indicate the impact of the research time on the research results [15,32,46,50].
In the interviews, the author found that a considerable number of residents like to go to the greenway
in the morning or evening, so the survey may ignore people at these times.

The study classified the service of community greenways into three aspects: respectively for
necessity activities, optional activities and social activities, and studied how community greenways
serve the three types of activities through self-report of residents. Whether there is any correlation
among these aspects still needs more research. The future research can quantify the relationship of
community greenways and residents’ life by constructing the relationship model with the three aspects,
and to study the weight coefficient of each aspect in the overall relationship between community
greenway and the resident life.

5. Conclusions

Community greenways, which is next to or pass through high-density residential areas, is one
kind of greenways that is most closely related to people’s life. This study attempts to identify the use
of community greenways. The activities in community greenways include commuting, walking the
dog, shopping, exercise, fishing, enjoying sceneries, reading, relaxing, interacting with neighbors or
family members, which can be divided into necessary activities, optional activities and social activities.
From the results, necessary activities and optional activities are the main activities, and are also the
most obvious improvements that the community greenway brings to residents’ life. Community
greenways have two main characteristics: everydayness and public nature. The everydayness is due
to its convenience to the nearby communities and high frequency of use. The public nature means
that community greenways are inclusive for different users and activities. The results show that,
demographically, there is not much difference in the proportion of various groups of users. Community
greenways contribute to social equity especially in developing counties as residents can equally enjoy
the open space. The users are relatively satisfied with the community greenway as a space for daily
transportation, recreation, social interaction and so on, while some lacks also arise from the evaluation
from the users. The main lack is service facilities. The results imply that it is a reason that constrains
social connections. Therefore, to give full play to the advantages of the community greenway, urban
planners and landscape designers should give more attention to the above aspects. If these problems can
be effectively communicated and resolved, community greenways will better serve the life of residents.
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Abstract: The renewal of historic gardens, landscapes, and sites has grown to be a current issue
in Central and Eastern Europe. Based on scientific research, the Department of Garden Art of the
Szent István University, Faculty of Landscape Architecture and Urbanism has been dealing with
landscape renewal since 1963 on regional, settlement, and garden scales, too. More than 50 years of
experience has already proved the advantage of such a research-based design approach in garden
and landscape renewal processes, Landscape Architecture has developed from a very practical basis.
The purpose of this paper is to show the most significant conclusions of our historic garden research of
castle gardens from the Carpathian Basin, focusing on the importance of visual connections designed
initially on the sites. Using case studies, the paper intends to explore how proper landscape design in
historic environments is achieved. The historical value cannot be simplified or understood as the
notion of “old”, the heritage being represented by the all-time valuable garden features and elements,
independent from their formation in time. In addition to the historical authenticity of the actual use,
the social needs and sustainability are important aspects, which must be integrated into heritage
protection and reclamation.

Keywords: landscape research; view; visual link; castle garden; garden renewal; Carpathian Basin;
research and design; historic garden and landscape

1. Introduction

Rediscovering the scenic value of the landscape has Renaissance roots, and recognizing the
aesthetic value of the landscape can be traced in the Renaissance landscape and garden descriptions.
The Renaissance image of the world through the conscious observation of nature brings a new chapter
in the relationship between man and his environment: he does not only observe the landscape but also
perceives its atmosphere and puts his experience of the landscape into words and pictures. Being part
of the landscape, the garden belongs to the humanistic approach to life, as a real living space, and
as an embodiment of beauty and harmony. The virtual expansion of the garden limits takes place:
humanists consciously link the prospect of the landscape into the garden sight, and since then, this has
become a consistently applied landscape composition tool—just as in the case of Baroque gardens and
landscaped gardens [1–4].

The deliberate shaping of large-scale (landscape) visual connections started already in the
Baroque but was accomplished in the Carpathian Basin in the landscaped gardens of the 19th century.
The “picturesque” evokes the ideals of the early Enlightenment, a symbolically perceived part of the
world. In this period, conscious artistic space organisation resulted in a number of spatial compositions
using less functional than picturesque artificial elements (sculptures, buildings, decorations, etc.) in
order to create atmosphere or staffage. These prominent design elements used as a compositional
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center, which also served as signals and had a symbolic meaning, marked the focal points of the visual
axes [5–9].

Regardless of the era, however, it can be stated that during modern garden history, the most
important compositional goal of the creators was always the design of a garden image and that of the
sight of the garden in time and space; also, the creation of ideal visual links between the garden and
the landscape, that is, the view meant to fascinate.

The creation and display of landscape elements is the result of a creative and conscious spatial
arrangement. These elements vary depending on whether they are natural or built elements, and from
this difference, a different cultural value ensues. Thus, the visual connections ensuring their display
are, in some cases, difficult to acknowledge; occasionally, they even transmit different messages to
different segments of the society. That is also a reason why cautious and thorough interpretation is
needed when assessing their aesthetic value: alongside the examination of the physical appearance,
the analysis of the emotions and of the atmosphere evoked by the landscape is also essential [10,11].

The castle garden has thousand-fold connections to its surroundings. At the time of its
formation, it was not a simple ornamental garden but featured as an indispensable part of a complex,
cultural-historical, ecological and—last but not least—economic system. That is what made it possible
for the garden to function in the long run and be sustainable at the same time. Thus, the subject matter of
the study is a consciously planned ecological-technical system, both historic and artistic, which can only
be interpreted if we embed it into its wider environment. The potential of views and visual axes were
taken as features that greatly determined the image of the small area forming the wider environment
of the castle park. The statement that “the aristocratic mansion-park ensembles can be considered as
a model situation from which the plant and knowledge elements of the model were democratically
dispersed on the palace-castle-yard-civic house-farmhouse line” also emphasises the landscape and
settlement character of the castle garden, as well as its role in defining the structure [12]. Therefore,
when we renew our long-standing gardens while respecting the circumstances of their formation,
we need to re-interpret not only the garden itself and its internal relations but their relationship and
complex system of connections with the countryside and society as well.

The restoration of the visual axes defining historical compositions is one of the most important tools
for the renewal of the historic garden and landscape structure. The paper illustrates and emphasises
the essence of restoring the view, and shows that the results of several-decades-long research on the
subject can be applied in specific design situations and locations with various features.

2. Materials and Methods

The systematic research on Transylvanian castle gardens started in 2004, in cooperation with
the National Centre for Historic Monument Conservation and Restoration and has been ongoing
research with changing partnerships since then. Until nowadays, the work has comprised the historical
research, site survey, analysis, and assessment of 100 Transylvanian castle gardens (Table 1) with the
participation of more than 120 university students, many teachers, and external experts contributing
significantly to the knowledge base on European garden history [7,13–16].

Table 1. The list of castle-gardens investigated during our research.

Hungarian (Romanian) Name of the
Settlement

Name of the
Owner Family

Hungarian (Romanian) Name of the
Settlement

Name of the
Owner Family

1. Abafája (Apalina, MS) Huszár castle 51. Maroskeresztúr (Cristuru M, MS) Knöpfler castle
2. Alsózsuk (Jucul de Jos, CJ) Kemény castle 52. Maroshévíz (Toplita, HR) Urmánczy castle
3. Alvinc (Vintul de Jos, AB) Martinuzzi c 53. Marosillye (Ilia, HD) Bornemisza c
4. Aranyosgerend (Luncani, CJ) Kemény castle 54. Marosnémeti (Mintia, HD) Gyulay castle
5. Árkos (Arcus, CV) Szentkereszti c 55. Marosugra (Ogra, MS) Haller castle
6. Árokalja (Arcalia, BN) Bethlen castle 56. Marosújvár (Ocna Mures, AB) Teleki castle
7. Bályok (Balc, BH) Károlyi castle 57. Marosvécs (Brancovenesti, MS) Kemény castle

8. Bethlen (Beclean, BN) Bethlen castle 58. Marosszentgyörgy (Sangeorgiu de
Mures, MS) Petki-Máriaffy castle
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Table 1. Cont.

Hungarian (Romanian) Name of the
Settlement

Name of the
Owner Family

Hungarian (Romanian) Name of the
Settlement

Name of the
Owner Family

9. Bethlenszentmiklós (Sanmiclaus, AB) Bethlen castle 59. Marosszentkirály (Sancraiu de
Mures, AB) Bánffy castle

10. Bihardiószeg (Diosig, BH) Zichy castle 60. Mácsa (Macea, AR) Csernovics castle
11. Bonchida (Bontida, CJ) Bánffy castle 61. Mezőzáh (Zau de Campie, MS) Ugron castle
12. Bodola—1 (Budula, CV) Béldy castle 62. Mezőörményes (Urmenis, MS) Rákóczi castle
13. Bodola—2 (Budula, CV) Mikes castle 63. Nagyernye (Ernei, MS) Bálintitt castle
14. Bonyha (Bahnea, MS) Bethlen castle 64. Nagykároly (Carei, SM) Károlyi castle
15. Branyicska (Branisca, HD) Jósika castle 65. Nagykend (Chendu, MS) Schell castle
16. Cege—1 (Taga, CJ) Wass Á castle 66. Nagyteremi (Tirimia, MS) Bethlen castle

17. Cege—2 (Taga, CJ) Wass J castle 67. Nyárádszentbenedek (Murgesti,
MS) Toldalagi castle

18. Csákigorbó (Garbau, SJ) Haller-Jósika c 68. Őraljaboldogfalva (Santamaria
Orlea, HD)

Kendeffy castle

19. Csombord (Ciumbrud, AB) Kemény castle 69. Piski (Simeria, HD) Ocskay-Fáy c
20. Dálnok (Dalnic, CV) Gaál castle 70. Pusztakamarás (Camarasu, CJ) Kemény castle
21. Drág (Dragu, SJ) Wesselényi c 71. Radnót (Iernut, MS) Rákóczi castle
22. Erdőszentgyörgy (Sang de Padure,
MS) Rédey castle 72. Radnótfája (Iernuteni, MS) Matskási castle

23. Fiatfalva (Filias„ HR) Ugron castle 73. Sarmaság (Sarmasag, SJ) Kemény castle
24. Fugad (Ciuguzel, AB) Bánffy castle 74. Sáromberke (Dumbravioara, MS) Teleki castle
25. Gernyeszeg (Gornesti, MS) Teleki castle 75. Sárpatak (Glodeni, MS) Teleki castle
26. Görgényszentimre (Gurghiu, MS) Rákóczi castle 76. Sepsiköröspatak (Valea Cris, CV) Kálnoky castle
27. Gyalu (Gilau, CJ) Barcsay castle 77. Soborsin (Savarsin, AR) Nádasdy-Forray c
28. Gyeke (Geaca, CJ) Béldy castle 78. Szászfenes (Floresti, CJ) Mikes castle
29. Gyergyószárhegy (Lazarea, HR) Lázár castle 79. Székelyhíd (Sacueni, BH) Stubenberg castle
30. Gyulafehérvár (Alba Iulia, AB) Episcopal castle 80. Székelyszenterzsébet (Elisei, HR) Kemény castle
31. Hadad—1 (Hodod, SM) Wesselényi c 81. Szentbenedek (Manastirea, CJ) Kornis castle
32. Hadad—2 (Hodod, SM) Degenfeld c. 82. Szentdemeter—1 (Dumitreni, MS) Balási castle
33. Kelementelke—1 (Calimanesti, MS) Simén castle 83. Szentdemeter—2 (Dumitreni, MS) Schell castle
34. Kelementelke—2 (Calimanesti, MS) Henter castle 84. Szentgothárd (Sucutard, CJ) Wass castle
35. Kendilóna (Luna de Jos, CJ) Teleki castle 85. Szilágybagos (Boghis, SJ) Bánffy castle
36. Kerelőszentpál (Sanpaul, MS) Haller castle 86. Szilágynagyfalu—1 (Nusfalau, SJ) Bánffy castle
37. Keresd (Cris, MS) Bethlen castle 87. Szilágynagyfalu—2 (Nusfalau, SJ) Bánffy castle
38. Kerlés (Chirales, BN) Bethlen castle 88. Szilágysomlyó (Simleu Silvan, SJ) Báthory castle

39. Kisbún (Boiu, MS) Bethlen castle 89. Székelyudvarhely
(Sambatesti—Odorheiu Secuiesc, HR) Ugron castle

40. Koltó (Coltau, MM) Teleki castle 90. Szurdok (Surduc, SJ) Jósika castle
41. Koronka (Corunca, MS) Toldalagi c 91. Tasnád (Tasnad, SJ) Cserei castle
42. Korpád (Corpadea, CJ) Gaál castle 92. Torockószentgyörgy (Trascau, AB) Thoroczkay- castle
43. Kővárhosszúfalu (Satulung, MM) Teleki castle 93. Vajdaszentivány (Voivodeni, MS) Zichy-Horváth c
44. Kraszna (Crasna, SJ) Cserei castle 94. Válaszút (Rascruci, CJ) Bánffy castle
45. Kutyfalva (Cuci, MS) Degenfeld c 95. Váralmás (Almasu, SJ) Csáky castle
46. Magyarbükkös (Bichis, MS) Kemény castle 96. Várfalva (Moldovenesti, CJ) Jósika castle
47. Magyarcsesztve (Cisteiu de Mures,
AB) Mikes castle 97. Zabola (Zabala, CV) Mikes castle

48. Magyarfenes (Vlaha, CJ) Jósika castle 98. Zám (Zam, HD) Nopcsa castle.
49. Magyarózd (Ozd, MS) Radák-Pekry c 99. Zsibó—1 (Jibou, SJ) Wesselényi castle
50. Magyarpécska (Pecica, AR) Klebelsberg c 100. Zsibó—2 (Jibou, SJ) Béldy castle

2.1. Work Methodology

The survey methodology of Transylvanian castle gardens was based on the principle that the sites
concerned must be interpreted in context with the related settlements and landscapes, as the only way
to understand their historical importance and current value.

For a systematic survey of the visual links and eye-catchers of the castle gardens, we established
the following theoretical framework:

• Identification of all potential gardens,
• Definition of the priority list of the gardens,
• Historical research of the gardens,
• General landscape assessment of the present conditions of the gardens and its environment,
• Survey and assessment of the nowadays area, the spatial layout, the composition, the visual links

of the gardens and its surroundings.

The research methodology may be practically divided into two main parts: the garden history
research and the site survey.
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2.1.1. Garden History Research

The goal of the historical research of primary and secondary sources found (archives, library and
museum materials, map and postcard collections, thematic bibliography reviews, internet sources, etc.)
is to provide a clear idea of the establishment and development of the gardens. It comprises the role the
sites play in the landscape and the urban character and layout, and the landscape scale relationships
that served as a basis for the establishment of the castle garden and determined the character of the
surrounding landscapes to a great extent. The garden history research also deals with the architectural
history of the castle and the family history of the owners. Family history data proved to be especially
important, as it was tightly linked to the initial creation or later transformation of parks, certain garden
sections, or specific garden features. The owner families are the bearers of the intellectual and cultural
substance that is essential for the spirit and identity of the place, and for the establishment of the castle
gardens. Many of the gardens were shaped from the ideas of the owners, or the design was directly
influenced by the owners. Owners of the castles and gardens may therefore also be considered as
creators of these historic monuments. The results of the garden history research are the inventory and
the cultural heritage assessment.

2.1.2. Site Survey

The site survey precisely records the actual conditions of each castle garden (sketches, minutes,
GPS coordinates, geodetic surveys, geophysical surveys, aerial remote sensing survey, plant inventory,
digital photographic inventory, etc.) as well as the valuable features, and thus, it serves as a status
report or basis for comparison for conservation strategies and any future restorations. A topographic
map (land registry map, etc.) provides the basis for the survey of the general conditions and valuable
landscape features. Definition and classification of the survey criteria were important steps of
the procedure. As a starting point, we took the criteria of historical heritage surveys in Hungary,
complementing and adapting it to local circumstances as necessary. The survey form records aspects of
heritage conservation, visual landscape protection, and dendrology, focusing primarily on the valuable
botanical, architectural and landscape features, visual links, and spatial composition. The prepared
survey form also integrates the recommendations from the English Heritage and the National Centre
for Historic Monument Conservation in Hungary.

In the case of one of the most famous and influential British gardens, the Rousham House Garden,
we can also bring up the eye-catchers and defined visual axes as the most significant compositional
tools—as proof of their success in garden history to this day: “The many wandering walks through the
gardens are full of delicious surprises, a sudden meeting with a dying gladiator, a glimpse of Apollo,
or a long view of a Gothic mill, an ancient bridge or distant trees, or arrival at an unexpected seat in an
alcove”, says Hal Moggridge, an English landscape architect [17].

Concerning Transylvanian castle gardens and landscapes, we tried to determine those prospects,
eye-catchers, and visual axes in cases of 100 locations, which through their meanings and symbolic
messages play an essential role in the garden composition or landscape they are part of.

Similarly to Hungarian and other examples from the countries in Europe [18], planned visual
links in Transylvania are specific mostly to landscape gardens from the 19th century, a period that was
also the golden age for Transylvanian castle gardens (Figure 1).
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Figure 1. Visual attractions represented by built features in the case of the Teleki estate from Gernyeszeg
(Gornesti, R.O.). Photos and graphical processing by Fekete, A., based on [19].

The deliberate spatial layout resulted in landscape compositions with structures and ornamental
elements that were not really functional in themselves; instead, picturesque elements were applied as
eye-catchers, staffage, and effects to create a specific atmosphere.

As a highlight of the composition, the eye-catchers also played an important role in the case of
the designed landscapes in Transylvania, providing the focus for visual axes, occasionally having an
additional, symbolic meaning.

3. Results

Besides being aware of garden history, the expert needs a thorough knowledge of the current
situation, a regard for the value that still exists, as well as detailed on-site research and survey in order
to deal with garden renewal.

Recognition and interpretation of historical value are also dependent on environmental factors.
Relatively intact gardens that are easy to research and document pose a straightforward resolution
case for the designer. On the other hand, when territorial integrity has been impaired or the historic
value transformed (built-in, overgrown, dilapidated, etc.) and fallen into ruins, the authentic renewal
is a complex and responsible task since the monument conservation must properly be carried out
alongside missing data supplementation or completion. Reconstruction of a garden or garden element
can only occur if no other memory needs to be destroyed for its sake, and there are sufficient genuine
pieces of information available. The Florence Charter mentions this: ‘In principle, no one period
should be given precedence over any other, except in exceptional cases where the degree of damage or
destruction affecting certain parts of a garden may be such that it is decided to reconstruct it on the
basis of the traces that survive or of unimpeachable documentary evidence” [20].

Landscape architecture is an applied science. According to the guidelines on the preparation of
scientific publications in garden history, the results of the research are based on general preliminary
studies of garden and landscape history, the research results and experiences of several decades, the
exploration and analysis of authentic historical sources, and the site surveys and assessments.
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3.1. Thesis No 1: The Castle, the Castle Garden, and the Surrounding Landscape Altogether Represent a Single
Artistic and Compositional Unit

From the 100 investigated locations in 79 cases, during the field survey, we discovered strong
visual connections still existing between the castle, the garden, and the landscape.

Neither the castle or the castle garden should be interpreted independently. They are a single
unit, and all the man-made and natural elements of the castle garden—often specific elements beyond
the garden boundaries—make part of this unit. The castle and the garden altogether represent a
composition that is an integral part of a complex system developed on artistic, cultural, historical,
ecological, and economic bases. When the estate complexes were established, the views and visual
axes made use of the landscape potential, relying on architectural and artistic tools to explore.

3.2. Thesis No 2: Visual Links Applied to Castle Gardens at a Landscape Scale may Be Divided into Two Main
Categories: Eye-Catchers and Prospects

The views were produced by creating effects with the aid of visual tools, and by delivering
symbolic meanings and messages. Regarding the planned visual links between the landscape and the
garden, two types are possible to distinguish: the “eye-catchers” and the “prospects”.

The eye-catchers are structures that draw attraction even from a greater distance and are applied
as focal points of a visual axis or determine a specific visual link. The eye-catchers—as distinctive
elements of the landscape—determine the structural layout of landscape gardens. In the periods of the
19th-century Sentimentalism and Romanticism, characteristic structures and buildings in the garden
were used not only for functional but also for spiritual, political, and aesthetic reasons [21–23].

The definition of a prospect as a picturesque scene resulted from the large scale composition of
designed landscapes comprising the skyline of the natural or built environment, the vegetation, and
the water surfaces [9].

The prospect is the virtual extension of the garden boundaries, the inclusion of the surrounding
landscape into the garden scenery. Very often, the same landscape composition allows for the definition
of several representative visual axes and several connections [10]. This is especially true for larger
garden landscapes—at this point, we can refer to an excellent foreign example, the most extended
European garden landscape, the English garden of Dessau-Wörlitz, where Edith Kresta mentions more
than 300 visual axes applied as parts of the composition [24].

Out of 100 investigated locations in 61 cases, altogether, we found 139 built features (eye-catchers)
on site, which proves the garden and landscape compositional role of eye-catchers and can serve as a
basis for the renewal of the visual communication between garden and landscape. (Figure 2).

 

Figure 2. Eye-catchers location in Transylvanian castle gardens.
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In several cases, we discovered former eye-catchers as well, which unfortunately disappeared in
the course of the last century (Figure 3).

 
Figure 3. The Csicsal Hill in Magyarfenes (Vlaha) nowadays (photo by authors, 2018), without the
Gloriette of the Jósika Castle Garden, a vanished eye-catcher represented by a sketch (bottom left)
based on a photo (bottom right) [25].

3.3. Thesis No 3: Eye-Catchers Are Predominantly Architectural Structures

Eye-catchers applied as terminal points of planned visual axes of castle gardens are architectural
or artistic works that draw attention even from a greater distance. They can be identified and classified
(Figure 4).

 
Figure 4. Graphical representation of the main eye-catcher types defined during the Transylvanian
Castel Garden Research and its numbers.

The eye-catchers applied most frequently in the castle gardens are:

• Sacred features/eye-catchers (church towers, burial monuments, tombs, memorial places, crypts,
gloriettes, tempiettos, obelisks, etc.), altogether 51 (Figure 5);
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• Ruins (of fortresses, castles, manor houses, churches, etc.), altogether 17;
• Garden structures and artworks (gazebos, pavilions, fountains, ornamental pools, cascades,

grottos, garden cottages, flights of stairs, balustrades, sculptures, viaducts or other structures of
staffage, and built garden features), altogether 48;

• Others, altogether 13.

 
(a) 

 
(b) 

 
(c) 

Figure 5. Sacred eye-catchers: Bethlen Family Crypt, Nagyteremi (Tirimia, RO) (a); Memorial urn
of József Teleki, Gernyeszeg (Gornesti, RO) (b); Pyramidal tomb of the Kemény Family, Csombord
(Ciumbrud, RO) (c); Photos by Fekete, A, 2013 (a), 2016 (b), 2017 (c).

3.4. Thesis No 4: Due to the Scarce Sources in Garden History, Garden Reconstruction Is Rarely a Feasible
Option in Carpathian Basin. Other Types of Research-Based Design Approaches Have to Be Defined in Order to
Ensure the Authentic and Value Preservation Oriented Historic Garden Renewals

On the basis of the information available on the garden, the relevant heritage conservation
principles, and the user needs, we have distinguished the following garden reconstruction categories
for historic gardens:

• Garden renovation (revitalisation),
• Garden regeneration,
• Garden restoration.

4. Discussion

Results of the research carried out through several decades on historic gardens and landscapes
can and ought to be applied to specific planning situations. That is why this chapter comprises selected
examples1 of projects where the historic value of the planned visual link between the garden and its
surroundings is possible to identify, the compositional value of the visual axes and prospects is high
and increases the aesthetic quality of the manor garden and the surrounding landscape; also, the visual
features bear some symbolic meanings.

The projects for various sites introduce some specific historic garden reconstructions, which
demonstrate the potential planning approaches required in a given situation for all garden reconstruction
categories established. Through the examples, I intend to systematically summarise and evaluate the

1 The authors plans realised.
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garden reconstruction theories in Hungary at the beginning of the 21st century and to formulate new
findings and proposals on the contemporary principles on historic garden restoration and planning.

The introductions of the renewal projects are not comprehensive: partly due to the limitations on
length, and partly to focus on the topics (the garden scenery and the planned views) of the paper, only
the relevant details of the projects have been included. Thus functional, technical and infrastructural,
(roads, pavements, public utilities, lighting, earthworks), ecological and dendrological (plant geography,
dendrology, plant associations, plant species applied, etc.), pedological, hydrological, hard landscaping,
above ground drainage, and design aspects are introduced only to an extent necessary to have a general
understanding of the specific example.

4.1. Garden Renovation (Revitalisation)

Garden reconstruction is based on the historical sources available, the heritage features of the site
that are possible to identify, and the stylistic elements and analogies of a specific period. The park is
renovated with a distinct application of the stylistic elements of the period most relevant to the site
and with additional functions to meet the actual demands.

A good example of the renovation of the internal and external axial views is the Mikes Castle
Garden in Zabola (Zabala, RO) [26].

The Mikes Castle in Zabola was built by Zsigmond Mikes in the 1620s as a two-storey Renaissance
building with a quadratic layout. In the course of time, the castle underwent several renovations. Its
current appearance dates back to 1867 when Benedek Mikes renovated the old building in Neoclassical
style and extended it into three storeys. Both the castle and the 36 ha dendrological park that surrounds
the building that were established in the 1880s in late landscape garden style are listed heritage assets.
The property was nationalised in 1949, and both the buildings and the park significantly decayed in the
second half of the 20th century. Elements of the listed heritage were irrecoverably damaged. The 2002
restitution returned the residence to the rightful owner, opening the opportunity for the renovation of
the castle and the park.

In the course of the garden history research, it was possible to discover sources that could provide
a basis for the reconstruction of the original spatial structure that had been only partially preserved by
the beginning of the 21st century.

Two plans served as that foundation for the renovation of visual links. The construction of the
park was started by the owner, Count Benedek Mikes in the 19th century, thereafter continued and
completed by his son Ármin Mikes. A garden masterplan scaled 1:1000 and named Blatt zur Konzeption
II. has been preserved from this period (Figure 6a). Although some of the details have never been
realised, other details justify the appropriateness of the design concept, even nowadays. The title of
the plan also hints at there having been a first development concept (presumably named Blatt zur
Konzepzion I.), which has not been found. A key person of the creation of the castle garden was Achille
Duchene2, a renowned French landscape architect [27].

Matched against the historic photographs, the old plans revealed the full layout of the terraces,
which provided ground for the then functional (tennis courts, leisure grounds) and ornamental (rose
garden, carpet beds) units, and also organised the visual links (Figures 6b and 7).

2 Achille Duchene (1866–1947), was a master of French geometric gardens in the first decades of the 20th century. His works
may be found worldwide. He designed formal landscape gardens with distant and framed views. Main sites of his projects
include: The Wigwam Garden, Villa Ephrussi de Rotschild, The Carolands, Courances Garden, Vaux le Vicomte Garden,
Champs sur Marne, Courances and others. Also, he was the one who made the restoration plan for the water parterres of
Blenheim Palace in England.
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(a) 

 
(b) 

Figure 6. Renovation of terraces (b) and visual connections in the case of the Mikes Castle Garden in
Zabola (Zabala, RO), based on analysis of old plans (a) and field survey. Design: Fekete, A.; Magdó, J.;
Jávori, K. 2008–2010. Photo by the Mikes Family, 2014.

 
(a) 

 
(b) 

Figure 7. Terrace renewal in a minimalistic style, Mikes Castle Garden, Zabola (Zabala, R.O.). Source:
Photo Mikes Family Archive, 1911 (a); photo by Fekete, A., 2013 (b).

With reference to the original plans preserved, an authentic renovation plan was prepared,
with emphasis on the reconstruction of internal and external visual links. The geometric system
of the terraces has been completely reconstructed, with the original mass and visual links restored.
Nevertheless, taking into consideration new user demands, the terraces have been renovated without
restoring also the former ornamental elements (rose garden, carpet beds, trimmed evergreen, and
deciduous hedges) of the garden, with only lawn-covered horizontal surfaces and slopes, using and
renovating the old structures of stairs (monolith stairs and columns, balustrades) through a minimalistic
garden regeneration. The heritage assessment has proved that the site fully meets the criteria for
historic gardens; therefore, as necessary in such circumstances, principles of heritage conservation
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must be applied. The decision for garden regeneration as the most appropriate solution is supported
by the following facts:

• Since the 2002 restitution of the manor, the original residential function is only partial (old castle);
• For long term economic sustainability, the estate must maintain an important new function (as

tourist accommodation): several renovated buildings of the estate (former boiler room, stable,
shed, powerhouse, Swiss house) and the new castle all provide touristic services;

• The terms of renovation grants have necessitated the provision of additional new functions (venue,
cultural centre);

• Uses arising from the new functions result in increased seasonal and occasional (events) loads
that the garden should be capable of coping with;

• Residential functions and hospitality services should also be spatially separated in the castle
garden, which requires an appropriate structural and functional layout of the garden.

In addition to serving the new functions, the main objectives of the design programme established
in cooperation with the client were to restore the authentic spatial layout, atmosphere, and visual links
that were specific to late landscape gardens, and also to renovate the related water infrastructure and
the geometric system of terraces from the first years of the 20th century, adjacent to the old castle.

In the first half of the 20th century, the castle garden included a complex of wetland habitats
(several ponds linked by watercourses and various structures used for water management). As a result
of inappropriate management, most of the water surface had disappeared by the second half of the
century, and a shrubby, woody vegetation took over the area of the former ponds. The renovation
of the pond system and the wetland habitats has not only reinstated the ecological equilibrium and
biodiversity but has also regenerated the internal visual links of the manor garden across the waters.
Multiple versions of plans were prepared for the reconstruction of the water infrastructure (Figure 8).

 

Figure 8. The final proposal for the revitalisation of the water infrastructure (detail), with the phases
scheduled, Mikes Castle Garden, Zabola (Zabala, R.O.); Phase 1—blue; Phase 2—grey; design: Fekete,
A.; Magdó, J.; Jávori, K. 2008–2010.

The overgrown shrubby vegetation and the water system has been cleared throughout the
garden to a necessary extent, leading to the renovation of the spatial composition (Figure 9).
The careful management of the woody plants has opened the space occupied by invasive plants for
the dendrologically valuable tree specimens and also started the restoration of the generous views
characteristic for landscape gardens. Long bygone visual axes and views important for spatial layout
and composition have been revived, the connection between the garden and the landscape is seamless,
boundaries dissolve, and views are undisturbed.
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Figure 9. Renewed pondside views and visual axes through the water mirror in the Zabola Castle
Garden. Photos by Fekete, A., 2018.

4.2. Garden Regeneration

The park/garden that has lost its historic features to a great extent is reconstructed on the basis of
historical sources and analogies available. The solutions were applied to integrate the features of the
relevant historical period into contemporary contexts. This approach establishes the opportunity of
creating a contemporary work of art.

A good example of the historic garden regeneration is the case of the Regeneration of the Herb
Garden and Arboretum of the Pannonhalma Archabbey, Hungary [28].

The project aimed at the regeneration of the 10-hectare Lavender Garden, and the related Herb
Garden to the east of the Arboretum was also established around this time.

Similarly to the historical traditions of other orders, the Herb Garden always had an important role
in Pannonhalma. Therefore, the introduction of the long traditions of the Pannonhalma Benedictines
in medication and herb cultivation was a priority of the development, which has been complemented
with the production of lavender oil in the past decades.

Our landscape design around the horticultural buildings of the archabbey recalls the atmosphere of
traditional farmyards. The courtyard was fenced around by low stone walls, with a distinct separation
of the outer versus inner areas, the farm buildings from the cultivated land. The show garden of herbs
also reflects this approach. The strict geometry of the layout, the allocation of the planting beds, and
the static water surface of the garden pool are all applied to strengthen the feeling of functionalism,
while its scales recall the atmosphere of the historic monastery gardens. Nonetheless, with respect
to the use of materials and the design of garden structures (pergola, ornamental pool), we applied
contemporary solutions that are also capable of coping with the tourism load. Authentic depictions of
the herb garden regarding its extent, exact location, and former design, which could have served for a
direct restoration, were not available. That is why the garden was regenerated by analogies.

The layout, structures, and furniture of the garden are all geometric: benches are block-like, while
the hard surfacing applies the same minor cobble stones and gravel that are general throughout the
abbey. Retaining walls are all made with the grey limestone cover.
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In the course of the planning, the reinforcement and highlighting of the relevant internal and
external eye-catchers (the abbey tower, the new building of the distillery) and the views (towards the
Arboretum and the surrounding landscape) had a priority. Faithfully to historical traditions, with the
application of specific landscape design tools and accents in the composition, certain sections of the
garden (e.g., the Herb Garden) were related distinctly to the abbey, while others (lavender fields) to the
surrounding landscape (Figure 10).

 
(a) 

 
(b)

Figure 10. Garden regeneration in the case of the herb garden in Pannonhalma Archabbey (HU).
The view of the Cathedral’s tower in the background suggest the sacred character of the site (a).
The sub-Figure 11b shows the masterplan of the herb garden, marking with red line the renewed view
towards the Cathedral’s tower. Design: Fekete, A.; Vajda, Sz.; Szilágyi, K. 2010–2011. Photo by Fekete,
A., 2014.

 
Figure 11. The restored pond, with the manor house in the background. Design: Fekete, A.; Rudd, M.,
Sárospataki, M., Weiszer, Á.; 2015. Photo by Fekete, A., 2017.
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A second example of garden regeneration is the Kálnoky Castle Garden reconstruction in Miklósvár
(Miclosoara, R.O.) [29]. The castle was built in Renaissance style in the 17th century. Despite several later
Classical renovations, the building has preserved its Late Renaissance character. Owing to its structure
and decoration, it is a noticeable monument in the Háromszék Region, reflecting representative
functions of manor houses of Secler noblemen in the 17th and 18th centuries. The building is listed,
managed by the former owner Kálnoky family.

Based on an analysis from the garden historical assessment criteria introduced in the doctoral
thesis, the 14 ha manor park is a garden of historical value, and, according to descriptions and registers
from the end of the 17th (1698) and beginning of the 18th (1716) centuries, its northern part adjacent to
the manor house was a Renaissance garden with typical garden structures of the age. We have found
clear descriptions or references to the pond, the gazebo on the peninsula, the wooden bridge, and the
parterre flower garden [30].

The renovation of the garden was based on the following facts and findings:

• After the renovation, the use of the manor house and garden will be different from the original
residential function;

• In the future, the function of the manor will be representative: partly as a cultural centre (a museum
of the Transylvanian villages) and partly as a hotel;

• Uses arising from the new functions result in increased seasonal and occasional (events) loads,
which the garden should be capable of coping with; the garden, as the first renewed Late
Renaissance manor garden in Transylvania, should authentically recall the atmosphere of the 17th
century Late Renaissance and serve as a good example for similar subsequent renovations.

In addition to serving the new functions, a main objective of the design programme established
in cooperation with the client was to restore the functional units, layout, and axial views that were
specific to Late Renaissance Transylvanian gardens. In this context, the renewal of the pond and the
related garden structures (gazebo, wooden bridge) and the parterre garden was also proposed.

Based on historic records discovered during the garden history research, original functional
units, layout, and axial views dating back to the 17th century were possible to restore so that the new
functions were also properly supplied.

For the restoration of the pond and the retaining walls, beyond the evidence of written records,
landform analysis has also confirmed the location of the pond during the site survey. Fed by a creek,
the pond was located at the lowest part of the site, close to the creek.

As an open surface with visual links, the pond is an important element of the spatial structure
of the garden, providing emphasis to the built features and supporting planned views. Its reflective
surface also heightens the visual effects and experience (Figure 11). At the same time, the pond also
served for economic purposes and used as a fish pond as it was typical for ponds in manor gardens in
this period.

The castle is located at an elevation of 2.5 m above the pond behind the house. This position is
beneficial not only for flood prevention and static reasons but also for the appearance and garden
views: providing an accent to the castle that is, therefore, visible also from beyond the garden.

The levels of the castle and the pond were connected with a double line of parallel retaining walls.
In the course of time, similarly to the dried bottom of the pond, the retaining walls also became filled
and covered. Their line was, however, possible to be traced by the landform. The original location and
structure of the retaining walls and the pond bottom were identified through archaeological survey,
using an archaeological trench. The reconstruction of the retaining walls was based on the excavation
and study of the structures well preserved underground. (Figure 12).
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(a) (b) 

 
(c) 

 
(d) 

Figure 12. The castle facade towards the pond with the retaining walls in 2014 (a) and after the
reconstruction in 2016 (b). The archaeological excavation of the retaining wall (c) and the renewed
retaining wall (d). Photos by Fekete, A, 2017.

The gazebo is a pavilion-like roofed garden structure, mentioned in the 16th and 17th-century
garden descriptions from Northern Hungary, Southern Hungary, and Transylvania [31].

The gazebo as an eye-catcher was also a basic feature in the late renaissance garden.
The regeneration design of it was based on descriptions of gazebos from other Late Renaissance gardens
in both Transylvania and the historical Upper Hungary, and also on the study of the characteristic
elements of the 17th-century Transylvanian architecture, the wooden belfries that have been preserved
at various places.

Despite the fact that written sources of the octagonal gazebo are scarce, it was possible to
reconstruct it so that the size, shape, structural details, and materials are authentic (Figure 13).
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Figure 13. View and technical details of the gazebo in Miklósvár, constructed according to historical
descriptions and analogical examples and used as an eye-catcher. Photo by Fekete, A., 2017.

4.3. Garden Restoration

Garden reconstruction was based on the exploration of historical sources, the archaeological
surveys, the use of preserved garden features, etc. Based on the preserved historic features and the
available historical sources, it is possible to restore a part or the whole of the garden so that it will be
greatly identical to the original design.

A good example in this category is represented by the restoration of the Upper Garden of the
Royal Palace in Gödöllő, Hungary, which is one of the most valuable gems of Baroque in Hungary [32].
Construction of the Palace at Gödöllő was launched in 1735, under the direction of András Mayerhoffer.
A unique feature of the Palace is the “inside out” nature of the layout, as the cour d’honneur does not
serve as a reception area but looks towards the garden. Embracing the representative courtyard, the
U-shaped building of the Palace provides a concave shape from the direction of the garden, which is
ideal for a Baroque spatial composition.

The restoration strategy—following on from the above, and also with regard to the current and
future functions of the garden—aimed at the restoration of the spatial composition and atmosphere that
served for representation and recreation in the 19th century. Although the landscape garden has been
reconstructed several times during its nearly 200-year history, the spatial layout and composition of the
picturesque garden from the beginning of the 19th century has been preserved to a significant extent.
Just as in the picturesque garden some significant features from the earlier Baroque have been retained,
such as the pavilion on the Royal Mound, the horse chestnut alley, and the Shooting Gallery. In the
last third of the century, promoted to a royal residence, Gödöllő became an exemplar of cultural and
artistic representation of the age throughout the country. In the Romantic landscape garden established
during this time, the naturalistic spatial layout and composition has been kept, while the use of plants
was also moderate compared to the often rampant diversity of collector’s gardens.

Regarding the planning, it was, therefore, necessary to go beyond the usual restoration clichés
and concepts with an overwhelming priority of functional aspects. An artistic renovation based on the
historical plant material and composition principles was the appropriate solution (Figure 14).
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(a) 

 
(b) 

Figure 14. The restoration of visual links is related to a successful reconstruction of the spatial layout
of the garden. The spatial layout is mainly determined by the vegetation, paths, and landforms. The
restored path network (b) entirely corresponds to the one that existed in the Romantic landscape garden
(a) in the 2nd half of the 19th century (layouts from 1867). Design by Fekete, A.; Jámbor, I.; Sárospataki,
M.; Szilágyi, K.; Vajda, Sz. 2009–2010.

The restoration of the Upper Garden in Gödöllő was based on the pictorial and written sources
available. A grass surfaced pleasure ground with an approximately 300-meter long visual axis provides
an appropriate vista for the impressive building of the palace. Part of the garden near the palace is, thus,
visually open since this is essential for the perception of the spatial layout and scales. Regarding other
parts of the garden, the plan proposed the restoration of the historic network of paths. The romantic
spatial composition with groves and confined spaces here and wide open views there, which was one
characterised by the most refined English style, has been created with the use of vegetated boundaries
and ornamental plantings [33,34] (Figure 15b,c).

 
(a) 

 
(b) 

 
(c) 

Figure 15. (a) The restoration of the 400-m long horse chestnut alley, defining the baroque vista from the
beginning of 18th century. 16. b, c. Colourful perennial boundaries, acting as space-defining elements
and as visual focus points, too. Photos by Fekete, A, 2012 (a), 2016 (b,c).
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Regarding internal visual links, determining a transverse visual axis, the Baroque pavilion on the
Royal Mound is of outstanding importance. The full body seated bronze statue of Maria Theresa was
placed on this axis as an eye-catcher.

The completely renovated, almost 400-m long horse chestnut alley of 120 trees is also of Baroque
origin and determines a direction and vista parallel to the main axis, closed by the statue of Hercules
with a cudgel in his hands. The alley starts from a flight of stairs made of monolith granite porphyry,
flanked by short walls (Figure 15a).

5. Conclusions

In Hungary and especially in Transylvania, the current conditions of historic gardens and the
scarce availability of historical sources on garden history in most of the cases do not allow for a full
restoration of the original design. Despite this, the restoration or renovation of our historic castle
gardens is an actual necessity.

Taking into consideration the driving forces (of natural or human origin) behind the change of
landscapes and gardens, the original conditions of planned visual links of a garden may change during
the times. A bi-directional visual link may become unidirectional or completely perish. The main
factors that can have an impact on visual links may be of natural or human origin. Most of all, the loss
of the former eye-catcher, the absence (disappearance, damage, relocation) of the architectural/artistic
work, is the reason behind the change. Sometimes the change or the loss of a visual link may be the
result of natural processes (and the lack of human intervention), for example, with the development of
a forest cover. Occasionally, the modified or lost visual link is possible to restore during the landscape
and garden restorations. Eye-catchers not only provide aesthetic experience but, through their positions
and functions, also deliver messages. They are objects of symbolic occupation of space and represent
national identity.

If scarce authentic information is at hand, contemporary tools are applied in order to evoke the
atmosphere of the former garden, or the possibility of creating a new work arises.

Renovation should increase the value of the garden, ensuring the authenticity of the restoration.
What is decisive during the process of restoration in the case of historic gardens is the application
of the original spatial structure, spatial- and mass proportions, the restoration of the contemporary
uniform composition.

During the restoration of the built elements (roads, pavements, garden structures, fixtures, etc.),
the correct use of materials and traditional technologies is important. The distinction between original
and restored elements, however, is expected to be unaffected even when using the same material, based
on the principle of monumental authenticity. During the restoration of historic gardens, the application
of the original plant species may prove difficult due to newly emerging pathogens or to the often
limited variety of plants readily available. In this case, the use of substitute plant species is permitted.

The picturesqueness and the visually encoded message of the castle gardens, as well as the
visual relationship between the castle estate and the surrounding landscape, are important for the
conservation and restoration of our historic cultural landscapes. Owing to their visual features,
artistic compositions, agelong processes of existence, and messages delivered, historic gardens bear a
significant emotional substance. Their restoration is important also for experiencing natural processes.
Redefinition of the relationships between the society and the heritage, humankind, and the landscape
is a duty of all periods, and it urges us to always find the appropriate tools to do so.

Despite the difficulties in exploring their past, from the surveys of the actual conditions, it is
possible to establish that our historic castle gardens still represent a part of our garden heritage that
is possible to restore in the most authentic way. Regarding garden reconstructions, if we have no
sufficient authentic information available on the original conditions, then there is the opportunity to
recall the atmosphere of the former garden or occasionally to create a contemporary work of art.

The value of the presented renewals lies in the vast experience gained through the preparation of
the inventor, which comprises a garden and landscape history review of nearly 400 years and complex
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documentation of numerous sites. Results highlight that manor estates were complex and functional
units regarding their role in arts, society, and economy. Through their establishment, the maintenance,
and the various agricultural activities contributing to economic sustainability, they had significant
impacts on landscapes. The planners and owners made them an important tool and element of the
transformation of the 18th- and 19th-century landscapes, and they still play a significant role in the
character of the landscape nowadays. Their survey and documentation has an inestimable value for
heritage conservation and is absolutely necessary for any future restorations. The research project won
the Europa Nostra award in the research category in 2014, and the assessment by the jury highlights
that the subject is one of great importance and has revealed something of a gap in our understanding
of European garden history. The outcome provides the means not only to tackle the problems of
decline and dereliction in the castle gardens themselves but also to learn ways in which other neglected
gardens and garden-landscape relations in other regions can be rescued and restored [35].
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Romania, 2007; p. 175.
8. Quest-Ritson, C. 2003: The English Garden. A Social History; Penguin Books: London, UK, 2001; p. 280.
9. Buttlar von, A. Der Landschaftsgarten Gartenkunst des Klassizismus und der Romantik; DuMont Buchverlag

GmbH. und Co.: Köln, Germany, 1989; p. 302.
10. Fekete, A.; van den Toorn, M. The Maros River and its potential for landscape development. In Greenways

and Landscapes in Change, Proceedings of the 5th Fábos Conference on Landscape and Greenway Planning; István, V.,
Sándor, J., Krisztina, F., Julius, G.F., Robert, L.R., Mark, S.L., László, K., Eds.; Szent István Egyetem Tájtervezési
és Területfejlesztési Tanszék: Budapest, Hungary, 2016; pp. 333–341.

11. Calnan, M.; Fretwell, K. Rooted in History. Studies in Garden Conservation; The National Trust Enterprises Ltd.:
London, UK, 2001; p. 216.

12. Szabó, T.A. Erdélyi Történeti Kertek egy Biológus Szemével (Historic Gardens in Transylvania described by a
biologist). In Galavics, Géza: Történeti Kertek (Historic Gardens); MTA Művészettörténeti Kutatóintézet-Mágus
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