AX5|A& / PLEASE CITE THIS ARTICLE AS

Wang, G., & Genovese, P. V. (2020). Categorization of the Spatial Elements between Courtyards
in Historical Villages and Interpretation of Their Morphological Characteristics—A Case Study
on Guanlu Village in Huangshan City, Anhui Province. Landscape Architecture Frontiers, 8(4),
60-75. https://doi.org/10.15302/J-LAF-1-020033

HHEBATEND &

R HF SRS
—URHEEHXES A6
CATEGORIZATION OF

THE SPATIAL ELEMENTS
BETWEEN COURTYARDS
IN HISTORICAL VILLAGES
AND INTERPRETATION OF
THEIR MORPHOLOGICAL
CHARACTERISTICS

—A CASE STUDY

ON GUANLU VILLAGE

IN HUANGSHAN CITY,
ANHUI PROVINCE

1 W5t

BE WA, 30 S —JeIH T Wb E £ R AT 2 6]
M2ERE H 259K, IFIR T — RSP IE" ., Mg 3 2
A CCPRRIFET PR SRR P RSB B R T 5
WL REPE R G AR 7 A T J7 3R R R TR R AR, V8 R ) BR5G

060

https://doi.org/10.15302/J-LAF-1-020033  UtiAYia) RECEIVED DATE / 2020-05-10

RESSES/ TU981, TU24  SEMFSRG /A

EEF
RERFEFF B TRIEA

SRR
KEAFEAFZ R, HHESID

WANG Guowei
PhD Candidate of School of Architecture, Tianjin University

Paolo Vincenzo GENOVESE

Professor and Doctoral Supervisor of School of Architecture,
Tianjin University

*38 AR H

Hibb: REFEARLEZHRRE REAFEAFE K
#5 4% . 300072

46 : pavic@163.com

ok

EETERENZEMNEERAMED . £
ZNEMERWAET, WEHHTEIHARIM
BFERFSHEBRBAE, MROXEEES
EEBFERSHZOTE. AXUZHES
WX fl, IR T 28MEiEERITEN
D%, KR THENNTERERL, FAER. BFE
E. BE. RREMERKSNSTEENSHTT
TTERFESE. ARRTREZTHRUETE
FEESHEICHR, EaMT RIS TR
EREENA. X—EFTEs%E. BEXREFE
FES WD HTRY TS IER B A LIE St E R B
AIRIAT T SMFERIHEM T =WIKE, BrfEF
BINESMINEL, BRiRitTEERLT
FH—EFUR.

Kigia
HIPE,; BETER; RitTE, =W, FEIHE;
WINEL, XY

ABSTRACT

Spatial elements between courtyards are an
important component of the landscape of historical
villages. With an increasingly homogenous rural
landscape in China, most existing studies focus

on traditional symbols and architectural details,
while little research is conducted to explore the
core elements that shape the spaces between
village courtyards. Taking Guanlu Village in
Huangshan City, Anhui Province as an example,
the research team identified 28 sorts of spatial
elements, developed the corresponding diagrams,
and quantified their morphological characteristics
in area, circularity, rectangularity, compactness,
and width-length ratio. This research not only
contributes to the theoretical development on the
morphology of ancient villages, but also helps
promote the exploration and application of local
elements. This village landscape design model
constituted with element categorization, diagram
drawing, and morphological quantitative analysis
would provide scientific evidences that help inform
the practices to revitalize village localities, showing
its practical significance of enriching the design
vocabulary of village landscapes and avoiding the
prevailing, generic usage of modular designs with
urban landscape elements.
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1 Background

The urban-rural dualism long-time existing in China’s rapid
urbanization process results in development disparities

and social conflicts between the urban and rural areas'’.
Urbanization in rural China is mostly realized by merging a

number of small villages into a larger one'”!

or adopting
urban / town development patterns”’. In some cases, the
aggressive construction has dramatically changed the local
landscape diversity and the traditional production patterns and
lifestyles™, eliminating or dissimilating the harmony of human
settlements and regional landscape features”'. Particularly, the
prevailing use of urban elements and vocabulary (e.g. squares,
lawns, tree pools) has caused stereotyped rural designs that
neglect the place spirit and country indentities'®"”. Scholars
and experts’ criticisms on the disappearing localities in China’s
urbanization call for a halt to the generic rural development
and an emphasis on protecting and celebrating the uniqueness

of vernacular landscapes™"”’

which ensure people having a sense
of local cultural identity'"”. However, such concepts have still
not been practiced in the current planning and design of rural
construction.

Village landscapes are, and should be regional, cultural,
diverse, compound, sustaining, and persisting''"’, and the
associated spatial elements have particular shapes, functions or
services, and cultural implications, which, however, have not
been studied as key components of the village design vocabulary.
In 2011, the UNESCO approved the Recommendation on the
Historic Urban Landscape, which highlights the importance
of exploring and integrating local spatial elements into the
sustainable development of village landscapes''”. However, most
existing studies on local elements focus on architectural details,
building materials'”, and rural culture such as farming-reading
traditions, religions, and ancient anecdotes'"*. To strengthen
locals’ cultural identity, indigenous elements can be used in
village landscape design to enrich the design vocabulary.

Village landscape is defined by the natural environment and
people’s production patterns and lifestyles, as well as cultural
traditions. Being part of the village landscape, the spatial
elements between the courtyards of a historical village are
shaped by the generations’ interaction between the locals’ daily
activities and the nature!"”. The research on the existing spatial
elements between village courtyards is considered a subfield of
the study on the morphological and typological constitution of
village landscapes. It examines such elements as cultural legacies
of rural settlements of China’s agricultural society, and provides
a source for enhancing the rural sustainability through landscape
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design means. The authors believe that, to preserve localities

of historical villages and to rebuild harmonious human-land
relationships, landscape designers are encouraged to preserve,
adopt, and regenerate such elements in village landscape design
for rural revitalization'®!.

Before extracting the existing spatial elements between
village courtyards as design vocabulary, landscape design needs
to understand that most of these elements in historical villages
are often in irregular shapes. What are the morphological
characteristics of such elements? How can they inform the
design practice? Diagram is a conventional design tool that
expresses and communicates design ideas'”. It can map and
extract the overall typological characteristics of the non-
geometric spatial elements"®!, but fails to accurately describe
detailed morphologies, such as area, circularity, rectangularity,
compactness, and width-length ratio. However, such an accuracy
is necessary, because it determines the application of the research
findings in guiding design practices to honor the localities.
Illustrating with a case study, this paper proposes to combine
diagrams with a quantitative method of graphic characteristics,
in order to describe and interpret the morphology of the spatial
elements between village courtyards.

2 Concept Definitions and Literature Review

2.1 The Spatial Elements between Village Courtyards

The spatial elements between village courtyards refer to the
morphological components defined by the non-architectural
elements within a village settlement, such as the flat ground in
front of gate, sunning ground, alleys, and structures (e.g., canopy

frames, colony houses, and ever-burning lamps).

2.2 Diagrams

Diagrams can be conceptual models or sketches; they are
also a design tool and a graphic symbol"”. The forms of the
spatial elements are defined by proportion, structure, and other
invisible factors, which are of ambiguity, but not randomly.
Compared with texts, diagrams can more accurately describe
and represent such an ambiguity through a direct extraction of
the morphological characteristics.

2.3 Literature Review

Texts and diagrams are mostly employed in morphological
studies. Diagrams’ effectiveness has been proven in categorizing
the public space in historical villages and sorting out their
morphological characteristics®”; in studying the courtyard

maps of the genealogies of Huizhou historical villages”'; and
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in supporting qualitative analysis of the centralized, clustering,
belt-like, radial, symbolic, and flexible morphologies in historical

villages'**!

, etc.

Most quantitative research on the morphologies of villages
studies the overall spatial forms, rather than individual spatial
elements. For instance, three mathematical prototypes, i.e. group,
order, topology, were employed to interpret spatial structures
of historical towns in Taihu Lake Basin'’); the space syntax
methodology was applied in quantitative analyses of the spatial
forms of historical villages'*"; computing-mapped architectural
node network was used for accurate quantitative description
of the directional order of settlement morphologies™™’;
mathematical analysis methods were introduced to analyze
the area, spacing distance, centrality, and directionality of
settlements in traditional villages*'; and multi-agent technology
platform was developed to simulate the spontaneous dynamism
of village structures'”.

The existing studies on the overall forms of villages mainly
4, paying
insufficient attention to detailed spatial element categorization.

focus on the morphologies of architectures and alleys

In a linguistic analogy, understanding grammars (the overall
form of villages) necessitates the study on vocabulary (individual
spatial elements). This paper innovatively explores the
components and diagram categories of village morphologies
from the linguistic perspective and quantifies the morphological
characteristics of the spatial elements between village courtyards
with the graphic method adopted from Information Engineering.

3 Research Methods

3.1 Case Selection

The Guanlu Village of Yi County in Huangshan City, Anhui
Province was selected as one of China’s Historic and Cultural
Villages'” and of Traditional Chinese Villages”” (Fig. 1). Now
there are more than 150 villagers who keep the traditional
production patterns and lifestyles. The overall form and
structure of the village is well preserved, including the spatial
elements between village courtyards, making it an ideal place for

case study.

3.2 Categorization of the Spatial Elements between Village
Courtyards

In this research, the spatial elements between village
courtyards were categorized according to the collected data from
interviews, field visits, and literature review with three steps:
1) primarily recording and categorizing the spatial elements by
interviewing the elder (including the former village head, former
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secretary of village committee, and local retired teachers); 2)

conducting field investigations with the interviewed villagers

to map the spatial elements and add the missing ones; and 3)
further supplementing the spatial element categorization based
on literature review, including county annals, village annals, and

related documents and publications.

3.3 Diagram Drawing of the Spatial Elements between Village
Courtyards

Diagram drawing of the spatial elements between village
courtyards was very challenging, because the boundaries of
such elements are difficult to measure or describe precisely. This
research came up with a 6-step mapping method (Fig. 2) as a
solution:

1) Inspired by Wang Yuncai et al.”"’ who conducted diagram
drawing with remote sensing image analysis by Google Earth
and AutoCAD, the research team produced the village plan
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(accuracy of 5 cm) based on the photos taken by a UAV with
Agisoft PhotoScan and AutoCAD. The UAV was set at a constant
flight altitude of about 100 m, for accuracy and post-production
considerations. Then, the flight path and the amount of photos
to be taken were determined, ensuring that the overlapping
area between two continuous photos is not less than 2/3 of the
photograph.

2) All the UAV photos were uploaded into Agisoft PhotoScan
to produce a high-resolution plan of the village.

3) The plan was color printed on 6 pieces of A2 sheets
at the scale of 1:200, ensuring all spatial elements can be
clearly identified. Then the research team marked the element
boundaries on the map in field investigations.

4) All the marked boundary data were used to generate
AutoCAD drawings.

5) The boundary data and other information were completed
by re-mapping if blurred or missing.

6) Diagrams of the spatial elements between village
courtyards were generated by categories.

3.4 Quantitative Analysis of the Morphologies of the Spatial
Elements between Village Courtyards

Diagrams are used to visualize the overall forms and
typologies of the spatial elements, and the graphic method
sourced from Information Engineering can analyze and quantify
the morphological characteristics of each element, including
area, circularity, rectangularity, compactness, and width-length
ratio”?), Particularly, the area indicates the size of the element,
data of which can be obtained from AutoCAD directly.

Circularity measures the roundness of an element. The

commonly used calculation formula is as follows:

P2

C=—
So

where, C is the circularity, P is the square of the element’s
perimeter, and S, is its area. The minimum value of C is 4m; as
the value grows, it indicates an increasingly elongated polygon.

Rectangularity measures the proximity of an element to its

enclosing rectangular. The calculation formula is as follows:

S,
R=-2
SMER

where, R is the rectangularity, S, is the area of the element,
and S,z is the area of the minimal enclosing rectangle. The
maximum value of R is 1, and for circles, R is /4. The
more elongated and curved the element is, the smaller the
value will be.
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Table 1: The categories of the spatial elements between courtyards in Guanlu Village
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Compactness measures the smoothness of an element’s

boundary. It is often calculated as follows:

4§,
F = 2

where, F is the compactness, S, is the area of the element, P
is the square of the perimeter. When the element is in a circular
shape, F is 1; when in other shapes, F < 1. The more complicated
or curved boundary of the element is, the smaller the value
will be.

Width-length ratio refers to the ratio of the width and the
length of an element’s minimal enclosing rectangle. It indicates
the elongated degree (or the square or circular degree) of an
element and is calculated as follows:

e Wnmer
LyvEr

where, r is the width-length ratio, Wy, and L, are
the width and length of the minimal enclosing rectangle,
respectively; r reaches its maximal value, i.e.1, when the element
is in a square or circular shape; an increasingly elongated

element will have a smaller r value.

4 Research Findings

4.1 Categorization and Diagrams of the Spatial Elements
between Village Courtyards

This research identified 28 sorts of the spatial elements
between courtyards in Guanlu Village, including 24 existing
indigenous spatial elements, 1 ruined indigenous element, and 3
new elements introduced during the tourism development (Table 1).
These spatial elements were roughly in 3 categories, namely node
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elements, linear elements, and structure elements. The former
two define the boundary of a place, and the latter one covers
the facilities and objects in the place.

As the ruined ever-burning lamps are disappearing in the
village, the research team further studied the other 27 sorts of
elements (Fig. 3) by categories to clearly display the graphic
characteristics of different elements (Fig. 4).

4.2 Values of the Graphic Values of the Spatial Elements
between Village Courtyards

The research calculated the values, extreme values, mean
values, and standard deviations (the discreteness of the values)
of the 27 sorts of elements (500 graphs in total) in the area,
circularity, rectangularity, compactness, and width-length ratio.
Figure 5 shows the extreme values and value range of the 5
graphic characteristics of each element, and Figure 6 indicates
the corresponding mean values and standard deviations.

Stone wall (Element 27) and ditch (Element 16) are
illustrated here for a further explanation. In terms of the area,
ditches have a twice-higher value than stone walls in both the
mean value (8.96:4.30) and standard deviation (7.03:2.84).
The mean value of circularity of stone walls is much higher
than that of ditches (299.96:101.56), suggesting that the
stone walls in the village are more in elongated shapes than
the ditches. The circularity standard deviation of the stone
walls are higher than those of the ditches (190.55:51.52).
The rectangularity of ditches is more than twice that of stone
walls (0.73:0.30), but their standard deviations are very close
(0.30:0.36). In terms of the compactness, the mean value
(0.18:0.06) and standard deviation (0.13:0.03) of ditches are
much higher than those of stone walls. The width-length ratio
of stone walls is slightly higher than that of ditches (0.24:0.16),
with the standard deviations (0.18:0.18) being the same.

5 Discussions

Figure 4 displays the significant differences between the
existing spatial elements between village courtyards and the
newly built elements. The indigenous spatial elements such as
flat grounds in front of gate, side slopes, piers, earth dikes, and
ditches all reflect the regional qualities of Huizhou villages,
but are rarely found in the local landscape design, which are
dominated by the generic use of urban landscape elements,
ignoring the exploration and revitalization of local elements.
For instance, squares, lawns, and tree pools were prevailingly
used in the tourism development (e.g. the Guanlu Village
regeneration project) to reshape the village’s image. For a
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Table 2: The comparison between historical village (Guanlu Village) and a newly built village
in the same city in the spatial elements between village courtyards
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Historical village (Guanlu Village)
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between farmland among courtyards, planting bed, bamboo forest, lawn (newly house, corridor, sculpture, roadway,
village built), square (newly built), ditch, side slope, path, alley, dam, drainage sidewalk, revetment, badminton court,
courtyards channel, creek, twitch-grass wall, stone wall, stone drum, ever-burning parking lot, ramp, courtyard wall,

lamp (ruined), bridge, well, stone step, stone seat, colony house, canopy
frame, and tree pool (newly built)

landscaped wall, bench, greening among
courtyards, and tree pool
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comparative study, this paper randomly selected a newly

built village in the same city with the Guanlu Village, and
examined the spatial elements between courtyards of the both
villages. The analysis demonstrated the significant difference
of such spatial elements (nearly 87%) between the villages in
two contrastive typologies (Table 2). Specifically, the research
team only analyzed the core spatial elements between village
courtyards; architectural decorations such as lamp poles,
sound boxes, and flower pots were excluded to avoid research
bias.

Quantitative analysis of the morphological characteristics
can highlight the differences among similar elements. For
instance, stone wall, ditch, drainage channel, and alley are
all linear elements. The research team visualized the area,
circularity, rectangularity, compactness, and width-length
ratio of the 4 elements in radar maps to clearly illustrate their
morphological differences (Fig. 7).

Besides, current practice of village landscape design is still
guided by individual experience, and the design quality is
largely subject to the designer’s personal ability and capacity,
resulting in disparities in design quality across the vast rural
China. This village landscape design model constituted with
element categorization, diagram drawing, and morphological
quantitative analysis would provide scientific evidences that
help inform the practices to revitalize village localities: 1) the
categorization of the spatial elements between courtyards
offers guidelines for the elements’ regeneration; 2) the
diagrams extract the overall characteristics of the elements;
and 3) the quantitative analysis defines the values of the
morphologies of the elements.

Element categorization and diagrams are used to help
form preliminary design plans, and quantitative analysis
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is used to verify whether the designed element’ fit in its
morphological value ranges in area, circularity, rectangularity,
compactness, and width-length ratio. The computer-aided design
process allows for prompt adjustments and iteration. Take

the stone wall as an example: After the design of a conceptual
or preliminary scheme, the values of the designed elements

will be calculated and compared with those of the authentic
elements; the designer can also compare their radar maps to
identify deviations. The quantitative analysis helps define the
“intervals” for element design and ensures the rationality and
flexibility of the design (Fig. 8)—In this research, the computer-
aided design process still greatly requires human intelligence
and manual labor; In the future, software engineers are expected
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to develop tools that support dynamic numerical verification
on elements’ changing morphological characteristics and offer
design recommendations, which will greatly improve the design
efficiency.

6 Conclusions

First, this paper identifies 28 sorts of the spatial elements
between courtyards in Guanlu Village of Huangshan City and
the corresponding diagrams, and quantifies their morphological
characteristics. Element categorization provides designers
with an enriched vocabulary, thus avoiding the mindless use
of urban landscape elements. Although the morphological
characteristics of different villages might vary, the spatial
elements in a region see a consistent style, which can be used as
references for village landscape design with aids of diagraming
and quantitative analysis. As a methodological exploration,
this paper also underlines the fact that the acquisition of the
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value ranges of local elements requires a large amount of
data collection and statistics work, and the morphological
characteristics of spatial elements cannot be used to deal
with synthetic ecological, social, or cultural issues directly.

Second, in addition to the quantitative analysis of
graphic characteristics, the study of element’s morphology
also includes the quantitative analysis of image
characteristics. This paper focuses on the former, aiming
to distinguish the value ranges of the graphs of different
elements, where different elements may have similar or same
morphological value ranges. Quantitative analysis of image
characteristics includes gradient histogram and Fourier
power spectrum””. In the future, the auto-identification of
village spatial elements can be realized by combining deep
learning technology with quantitative analyses of both
graphic and image characteristics.

Last, the spatial elements between courtyards of
historical villages to the village landscape is what the
vocabulary is to the language—Languages are constituted
not only by vocabulary, but also grammars, rhetoric skills,
and metaphors"”*. The research team believes that the study
on the categorization and the analysis of morphological
characteristics needs more efforts in studying the spatial
relations among the elements to form and complete the
“lingual system” of village landscapes, exploring the
evolution pattern of the morphology of ancient villages,
refining the simulation of villages’ morphological
evolution, and contributing to the scientific and systematic
development of associated research. LAF
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