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ABSTRACT: Traditional settlements represent typical rural landscapes that have emerged from specific historical and cultural backgrounds. They
are also important spatial carriers for the transmission of regional cultural heritage. As the historical source of traditional Chinese culture, traditional
settlements exhibit stable and harmonious development, with unique features. The Loess Plateau in China nurtures the unique cave dwelling culture
of northern Shaanxi. It is characterised by distinct architectural features such as traditional cave dwellings. However, the cave settlements in northern
Shaanxi, which exhibit Chinese culture, face a habitat crisis due to rapid urbanisation. Based on the kernel density distribution of traditional settle-
ments in Shaanxi Province, one of the core distribution zones centred at Suide County and Mizhi County appear in the Southeast region of Yulin
City and the eastern region of Yan’an City. It is a major distribution zone involving cave settlements and their characteristic landscapes. Settlements
mainly extend along river valleys and gullies, accompanied by water and soil loss as well as harsh ecological environment. However, it is marked by
a severe shortage of construction land and narrow space for development. Over the years, the hills and gullies of the Loess Plateau in northern
Shaanxi constrained the development of settlements in the region. Therefore, the traditional settlements in the Loess hills and gullies of northern
Shaanxi were selected for further investigation. Landscape genetics and construction mapping were studied by combining with local settlement sta-
tus. Appropriate protection and inheritance mechanisms of traditional settlements in Shaanxi Province were analysed.

Based on the theory of landscape genetics, 46 national traditional settlements in northern Shaanxi were selected. First, the typology of tradi-
tional settlement was used to establish landscape gene information codes in northern Shaanxi. The numerical codes of "Shaanxi E-M1/2- XXXX"
were acquired using the combination of "area code + gene category code + Class-1 element + Class-2 element + Class-3 element + landscape
gene element". Second, further analysis revealed that the traditional settlements in northern Shaanxi were mainly based on family inheritance and
small-scale peasant economy, and depicted in terms of location layout, clansman and residential buildings. Hence, the genetic pedigree of traditional
settlements in the region can be built by combining internal and external environmental elements, information associated with traditional residential
and subjective public buildings as well as landscape genes with similar cultural significance, that is, the "A+ B+ C+ D" mode. Third, this study
presents the material landscape map of cave settlements in northern Shaanxi symbolically and provides a two- and three-dimensional graphical ex-
pression of landscape elements including site selection pattern, spatial layout, street layout and architectural form of cave settlements in northern
Shaanxi. The abstract symbols have been extracted based on morphological features and cultural connotation of elements, and abstract internal con-
notations based on graphical expression. Finally, a landscape gene map of 15 typical settlements in northern Shaanxi was built by combining with
landscape gene code structure and extraction of landscape gene prototype.

Based on the results of landscape genetic analysis of traditional settlements in northern Shaanxi, this study explored the landscape gene code

and established a landscape gene map. Results have practical implications for sustainable development of different types of traditional settlement and
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ecological restoration of traditional dwellings. Although the landscape genetic map of traditional settlements provides a practical basis for their his-
torical and cultural transmission, genetic "mutations" and functional transformations within the settlements as well as new demands of local residents
for modern living space after development over a long period have been identified. The hierarchy of regional characteristics and the delineation of
settlement zones in the landscapes provides further direction for subsequent research. The findings provide a comprehensive insight into the natural
and human characteristics of traditional settlements in a particular landscape and the construction of a regional landscape map eventually. This sys-
tem provides a layer-by-layer analysis of specific areas using a set of maps. The hierarchical regional map corresponds to large areas, sub-areas, sub-
sub-areas and even individual settlements in the traditional landscape systems. It not only facilitates a comprehensive, scientific and accurate under-
standing and representation of the unique characteristics of traditional settlement landscapes from a macroscopic to a microscopic perspective, but
also enhances the analysis of traditional settlement landscapes in China.
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for approximately 39% of the total area of Shaanxi Province.
Except for Jingbian County, Dingbian County, Hengshan Dis-
trict of Yulin City on the southern edge of the Mu Us Desert,
and Luochuan County on the border of the Loess Plateau, the
remaining 17 counties are all located in theloess gully landform
area. The total area is 43,578 km’, accounting for 22.2% of the
province’s total area, and comprises 230 townships and 5,570
administrative villages.

Based onthe kernel density distribution of traditional set-
tlements in Shaanxi Province (Figure 1), a core distribution
zone centred at Suide County and Mizhi County appear in the
Southeast region of Yulin City and the eastern region of Yan’
an City. It is a major distribution zone of cave settlements and a
typical region of cave settlement landscapes. The development
of these settlements primarily extends along river valleys and
gullies, areas that are simultaneously characterized by severe
water and soil loss. The ecological environment is harsh,
marked by a severe shortage of construction land and narrow
space for development [ 117]. Over the years, the unique loess
hilly and gully landform in northern Shaanxi has become the
most significant impediment to settlement development in the
region. Therefore, this paper selects traditional settlements in
the loess hilly and gully area of northern Shaanxi as the re-
search objects, conducts relevant research on landscape genetic
information coding and mapping based on the current status of
local settlements, and explores the direction of protecting and

inheriting traditional settlements in this area.
1.2 Data source

The research samples in this paper mainly come from
the 46 existing national traditional settlements in northern
Shaanxi (Figure 2). These settlements have well-preserved
historical features, which more completely reflect the pro-
duction and living styles of the settlement residents and
the regional spatial features; or they have unique spatial
layouts and rich traditional residential buildings, which-
possess high protection and research value. This is of uni-
versal significance for the study of traditional settlements
in northern Shaanxi [ 127]. These settlements have been
successively included in the list of traditional villages, and
their research value has been recognized. The historical
and cultural customs of the villages are relatively com-

plete, making it easier to conduct research.

http: / www.viserdata.com/journal/jsa

The primary data sources of this study include litera-
ture materials and field surveys. The literature materials
include Shaanxi Provincial Chronicles, traditional village
atlases, traditional village planning texts, traditional vil-
lage-related survey registration forms, and other research
results related to Shaanxi’s traditional settlements. In ad-
dition, the basic data for the northern Shaanxi region are
sourced from the National Geomatics Center and the Geo-
spatial Data Cloud. Remote sensing image data and con-
tour terrain data are collected using software such as
Google Earth, 91 satellite images, and Global Mapper.
Thegraphs are drawn collaboratively using software such

as AutoCAD, Photoshop, and Arc GIS.

2 Basis and process of constructing traditional settle-

ment landscape gene maps

2.1 Traditional settlement landscape gene identification in-

dicator system

Identifying the landscape genes of traditional settlements
involves examining their essential features at the micro level.
The article adopts the feature deconstruction extraction method
proposed by Hu Zui [ 13], which divides the landscape of tra-
ditional settlements into two categories: material landscape
genes (including environmental and architectural features) and
non-material landscape genes (including custom, clan, dialect,
and belief features), which are then further divided into six cat-
egories including 17 indicators (Figure 3).

2.2 Genetic information encoding of traditional settlement

landscapes

To obtain a map of the traditional settlement land-
scape genes in a specific area, it is necessary to sort and
encode the identified landscape genes, which involves ar-
ranging them in a logical order and constructing a land-
scape gene information coding structure. In the process of
encoding landscape genes, the article applied typological
principles and adopted coding techniques based on
theChinese Library Classification and the Classification
and Codes for Fundamental Geographic Information Fea-
ture, and used the N-level coding theory to encode the
landscape genetic information of traditional settlements in

northern Shaanxi [ 14].
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Figure 2 Spatial distribution of national-level traditional villages in northern Shaanxi

Taking northern Shaanxi as an example, the coding struc- and according to the landscape gene identification index sys-
ture of landscape genes is divided into "area code + category tem, it is divided into M1 (material landscape genes) and

code + feature code":(D Area code: Northern Shaanxi is set to M2 (non-material landscape genes); @ Feature code: The

Shaanxi-E, where Shaanxi represents the Shaanxi region and E subordinate relationship of the landscape genes of cave
represents North; @ Category code: According to the "Meme" settlements in northern Shaanxi is divided into four levels:
proposed by Dawkins, M is used to describe landscape genes, "class-1 element, class-2 element, class-3 element, and
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landscape gene element". Each level is represented by a
single digit and encoded using Arabic numerals (Figure 4).

Through landscape coding, not only can the encoded tradi-

tional settlement landscape genes be identified, but also
the classification and affinity between numerous landscape

genes can be accurately determined.
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Figure 4 Genetic information encoding of traditional settlement landscapes

2.3  Construction of traditional settlement landscape gene

maps

The construction of landscape gene maps involves u-
sing graphic language to comprehensively express and an-
alyze the research object across temporal and spatial di-
mensions, thereby interpreting, classifying, and identifying
it by disassembling and refining graphics or patterns [ 15].
The application paths of the mapping construction method
mainly include landscape gene feature identification, land-
scape gene coding structure, and landscape map screening
and reconstruction. The construction of traditional settle-
ment landscape gene maps employs methods of abstrac-
tion, conceptualization, and typification. This method em-
ploys graphic language to explore, organize, classify, se-
lect, extract, and reorganize the fundamental features of
traditional settlement landscapes, and then to interpret and

express these features.

3  Genetic information coding structure of traditional

settlement landscapes in northern Shaanxi

3.1 Genetic information coding of traditional settlement

landscapes in northern Shaanxi

Through literature and field investigations, the tradi-
tional settlement typology is used to construct the genetic
information coding of traditional settlement landscapes in
northern Shaanxi. The specific structure of the digital code
is "Shaanxi E-M1/2-XXXX" (Figure 5), which follows the
format of "area code + gene category code + class-1 ele-
ment + class-2 element + class-3 element + landscape
gene element." According to the landscape genetic infor-
mation coding structure diagram of traditional settlements
in northern Shaanxi, its landscape genes are divided into

two major categories: material landscape genes (M1) and

non-material landscape genes (M2).
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Figure 5 Genetic information coding of traditional settlement landscapes in northern Shaanxi

Among these, material landscape genes are divided
into two categories: environmental and architectural fea-
tures. (1) In terms of environmental features, cave settle-
ments in northern Shaanxi are mainly located in the hilly
and gully areas of the Loess Plateau and the rocky moun-
tainous areas along the Yellow River. The plane forms of
the settlements are mainly strip-shaped, tree-branch-
shaped, scattered-point-shaped, fan-shaped, and quasi-
square-shaped. The street patterns are mainly tree-shaped,
strip-shaped, andgrid-shaped. (2) In terms of architectural
features, O traditional dwellings are mainly divided into
seven categories based on their plane structures, building
forms, roof and gable shapes, facade design, local decora-
tion, and building materials. 2 Main public buildings are
primarily divided into five types: clan and religious build-
ings, representative dwellings, military sites, pavilions,
towers, and other ancillary buildings.

The non-material traditional settlement landscape
genes in northern Shaanxi are categorized into four dis-
tinct features: custom, clan, dialect, and belief features. (1)

In terms of custom features, D entertainment customs in-

http: / www.viserdata.com/journal/jsa

clude suona (traditional Chinese trumpet), yangge dance,
stone carving, paper-cutting, storytelling, Xintianyou folk
songs, waist drum performances, Northern Shannxi dao-
ging(a local ballad form), and cloth-collage painting. @
Market trade customs are mainly temple fairs, including
the Sanguan Temple Fair, the Fotang Temple Fair, the
Dragon King Temple Fair, and the Yuhe City God Temple
Fair. (2) Dialect features include the Jin dialect and Central
Plains Mandarin. (3) Clan features are divided into land-
lord-style blood inheritance, "hall" culture, and surname
culture. (4) Belief features are divided into nature god
worship, religious belief, historical figure worship, and red

revolutionary belief according to different belief objects.

3.2 Generation of the genetic pedigree of traditional settle-

ment landscapes in northern Shaanxi

Through the previous analysis of the landscape genes of
traditional settlements in northern Shaanxi and the construction
of the landscape genetic information coding structure, it can be
concluded that most of the traditional settlements in northern
Shaanxi are based on family inheritance and small-scale peas-

ant economy, which is reflected in the location layout, clan, and
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residential architecture. Therefore, by combining the internal
and external environmental genes of the settlement, the genes

of traditional dwellings and main public buildings, and the

A1 Site Selection
and Layout

A2 Plane shape

A Environmental

genes |

A3 Space layout

A4 Street pattern

landscape genes with the same cultural significance, we can
construct the traditional settlement landscape genetic pedigree

in the region, namely the "A+ B+ C+ D" mode (Figure 6).
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Figure 6 Genetic pedigree of traditional settlement landscapes in northern Shaanxi

4 Genetic prototype extraction and mapping of tradi-

tional settlement landscapes in northern Shaanxi

4.1 Genetic prototype extraction of traditional settlement

landscapes in northern Shaanxi

The extraction of landscape gene prototype is the
process of abstractly extracting and restoring the layout
and architectural forms of traditional settlements, inclu-
ding their internal structure and formation principles,
mainly achieved through methods such as graphic extrac-
tion, element extraction, and meaning extraction [ 13]. Be-
cause the existence and development of material land-
scapes have their own laws and clear representational
forms, and non-material cultural landscapes are "living"
landscapes that are transferred and flow based on human
consciousness, and have collided and integrated with the
cultures of various regions many times in the course of
historical development, expressing human activity forms
and spiritual and cultural emotions, this article mainly at-
tempts to symbolically express the material landscape gene

map of cave settlements in northern Shaanxi. The land-

scape elements of the cave settlements in northern
Shaanxi, including site selection patterns, spatial layouts,
street patterns, and architectural forms, are visually repre-
sented through two-dimensional and three-dimensional
graphics. Abstract symbols are extracted based on the
morphological features and cultural connotations of each
element, and their inherent meanings are abstracted

through graphical expression [ 16].

4.1.1 Prototype extraction of environmental genesfrom

traditional settlements in northern Shaanxi

Combined with landscape gene identification results,
the graph extraction method was used to derive prototypes
for site selection, pattern, plane form, spatial pattern, and
street pattern in traditional settlements of northern Shaanxi
(Figure 7).

(1) The location and pattern of traditional settlements
in northern Shaanxi can be divided into five types: minor
gully type, ridge-and-knoll slope type, slope terrace type,
river valley plain type, and the type of rocky mountainous
area along the Yellow River. @ Among them, influenced

by the topography, the minor gully type settlements are the
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Figure 7 Environmental gene prototype of the traditional settlements in northern Shaanxi

most numerous. They develop along the mountain lines on
both sides. The external boundaries of the settlements are
irregular, the scale is small, there is little cultivated land,
and transportation is inconvenient, as seen in Aijiagou Vil-
lage and Changjiagou Village. @ Ridge-and-knoll slope

type settlements are distributed in higher areas. The settle-
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ments are distributed in linear clusters along the contours
of the mountain. The external boundaries are vague, the
scale is small, and the cultivated land is located near set-
tlements, such as Liangjiajia Village and Huling Village.
(®Slope terrace type settlements are distributed in areas

with large elevation differences and suitable slopes. The
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settlements extend vertically along the mountain, forming
a scattered layout, as seen in Yuanzeping Village and Gao-
jie Village. @River valley plain type settlements are most-
ly distributed in the middle reaches of rivers. They are
large in scale, with clear external boundaries, and are dis-
tributed in clusters along the river, such as Zhangzhai Vil-
lage and Nihegou Village. & The rocky mountainous set-
tlements along the Yellow River have relatively flat ter-
rain, small settlement scale, clear external boundaries, and
a high concentration, distributed along the river, such as
Liujiaping Village and Mutouyu Village.

(2) The plane forms of traditional settlements in
northern Shaanxi are strip-shaped, tree-branch-shaped,
scattered-point-shaped, fan-shaped, and quasi-square-
shaped. Strip-shaped settlements are primarily based on
the surrounding water systems and transportation, with
streets and alleys used as extension units of traditional
dwellings, thus presenting a linear extension trend. Influ-
enced by the mountains on both sides, settlements extend
horizontally along the contour lines, built against the
mountains, with buildings facing the gullies, such as
Zhongjiao Village and Zhangfeng Village. @ Tree-branch-
shaped settlements are located in a terrain where multiple
gullies intersect, with the main gully as the development
center and multiple development directions extending a-
round it. In the time of primitive society, the settlements
were located in deep gullies. Due to the obstruction of
roads and transportation, they could avoid war and repro-
duce in a relatively comfortable environment. For exam-
ple: Heyi Village, Taozhen Village. @ Scattered-point-
shaped settlements are usually located at the top of ridge-
and-knoll slopes. The settlement morphology consists of
several clusters connected by a network of streets and al-
leys. There is no obvious center for the development of
residential architecture. Terraces are typically cultivated on
the surrounding ridges and knolls to increase the area of
arable land, reflecting the ecological thinking of the primi-
tive residents. Each cluster is composed of multiple small
building groups, connected by streets and alleys, forming a
point-linked spatial relationship, as in Heiyita Village and
Liujiashan Village. @ Fan-shaped settlements are usually

located in winding gully channels. The settlement layout is

circular along the contour lines, with the spatial axis a-
ligned with the direction of the mountain or river, as seen
in Jiadamao Village and Zhenjiawan Village. ®The quasi-
square-shaped settlements have a relatively regular exter-
nal shape, a compact layout, a clear internal structure, and
a spatial axis that is consistent with the direction of the
mountains on both sides, such as Anding Village and
Luoyan Village.

(3) The spatial pattern of traditional settlements in
northern Shaanxi presents five types of forms: centripetal
style, strip-branch style, mountain-circling style, symmet-
rical style, and scattered-point style. The spatial pattern of
settlements shows a clear correspondence with their plane
forms. Settlements with strip-shaped plane forms usually
present a strip-branch style pattern, while settlements with
tree-branch-shaped plane forms mostly have a centripetal
style spatial pattern.(D Settlements with a centripetal style
pattern are often distributed centripetally along intersec-
ting gullies, with the intersection often being the center of
the layout, such as Liujiamao Village and Yuejiacha Vil-
lage. @ Settlements with a strip-branch style pattern are
mostly distributed in gully channels between loess ridges
and ridges, and between ridges and gullies, and mainly de-
velop in an east-west or north-south belt, such as Nianpan
Village and Zhaojiahe Village. (3 Mountain-circling style
settlements are usually clustered on a hilltop and are usu-
ally fan-shaped, such as Liangshui’ an Village and Jiad-
amao Village.D Settlements with symmetrical style layout
are mostly distributed in river valley plains. They are less
common in loess gully areas due to the complex terrain,
such as Mutouyu Village. @ Settlements with a scattered-
point style layout are usually unrelated to each other and
present a free scattered layout, such as Huling Village and
Heiyita Village.

(4) The street patterns of traditional settlements in
northern Shaanxi present three forms: branch-like, strip-
like, and grid-like.(D The branch-like pattern usually ap-
pears in landforms with many gullies intersecting. This
pattern is most common in traditional settlements in north-
ern Shaanxi. It develops from the main gully as the center
and extends in multiple directions on both sides, such as

Mianhugou Village and Baixingzhuang Village. @ The
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strip-like pattern often appears in settlements located in
tributary gullies or slope terraces. When the mountains on
both sides are steep and the slope is limited, making it dif-
ficult to build residential houses vertically, the settlement
will expand parallel to the contour lines. In this case, the
streets and alleys connecting the settlements will develop
in a strip-like form, extending horizontally along a main
gully or main road. This has a clear directionality and em-
phasizes a horizontal structure, as seen in Yuejiacha Vil-
lage and Shapingshang Village. @ The grid-like pattern is
typically situated in flat and open terrain, primarily dis-
tributed within river valley plains and settlements with
minimal elevation difference and relatively level ground.
The pattern within such settlements is usually regular and
orthogonal. However, in areas with slight topographic var-
iations, the village street network adopts a more freely in-
tersecting form. A hierarchical order is maintained be-
tween the grid and ring road systems, with the grid pattern
dominant and the ring roads secondary. Surrounding trans-
portation is convenient and close to county towns or cities,

such as Zhenziwan Village and Zhenjing Village.

4.1.2 Prototype extraction of architectural genesfrom tra-

ditional settlements in northern Shaanxi

Combined with the identification results of landscape
genes, the element extraction method was used to extract proto-
types of traditional dwellings and main public buildings in tra-
ditional settlements in northern Shaanxi (Figure 8).

(1) The plane structures of traditional residential
buildings in northern Shaanxi are of three different forms:
multi-opening terraced cave courtyards, cave courtyards
with side caves, and cave courtyards with side rooms.(D
Multi-opening terraced cave courtyards are the most com-
mon in cave settlements of northern Shaanxi, and there are
also a small number of landlords’ manors, such as the
Dang family manor in Heyi Village, which use this court-
yard model. @ The cave courtyard with side caves is the
most typical model of cave dwellings in northern Shaanxi.
The courtyard is oriented south-to-north, with a cave
dwelling serving as the main room, often featuring five o-
penings. Four hidden caves are symmetrically distributed
on either side of the main cave, and six side caves are dis-

tributed on the east and west sides. The courtyard’s interi-
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or follows the ethical and functional layout of "main cave
as the most important, side rooms as the second, and mis-
cellaneous rooms as the auxiliary", which provides good
privacy and functionality. Examples include Ma’s Manor
in Yangjiagou Village, Jiang’ s Manor in Liujiamao Vil-
lage, and Chang’s Manor in Gaomiaoshan Village. 3 Cave
courtyards with side rooms are mainly distributed in the
northern part of the Weibei area. They are only found in
Zhangfeng Village in northern Shaanxi. The settlement
features a coexistence of both the cave courtyards with
side rooms and the narrow courtyards typical in the
Guanzhong area, demonstrating distinct transitional and
divergent characteristics.

(2) Traditional dwellings in northern Shaanxi are
mainly cave dwellings. From the perspective of architec-
tural form, they are divided into mountain-backed cave
dwellings and independent cave dwellings. Among them,
mountain-backed cave dwellings are further divided into
mountain-backed and gully-sided cave dwellings based on
their architectural form. @ The mountain-backed cave
dwelling is against the cliff, with an open plain in front.
The layout is significantly influenced by the terrain and is
often parallel to the contour lines, featuring a curved or
broken line layout. @ The gully-sided cave dwellings are
cave dwellings dug inward on the cliffs on either side of
the gully. This type of cave dwelling typically features a
complex and varied layout. Because it is located near the
gully, it can effectively shield against wind and sand,
thereby regulating the regional microclimate. Its ecological
environment is good, making it an ideal place to live. ®
Independent cave dwellings are divided into brick and
stone cave dwellings and earth-based cave dwellings.
Since the Wuding River Basin is rich in stone and quarr-
ying is convenient, residents use local materials—soil,
stone, and wood—to construct cave buildings that are

closely integrated with nature.

4.2 Genetic mapping of typical settlement landscapes in

northern Shaanxi

The landscape gene map of traditional settlements is
a comprehensive expression of their landscape genes, in-
cluding architecture, layout, and culture. It can clearly pre-

sent the landscape genes of the settlements, including lay-
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Figure 8 Architectural gene prototype of the traditional settlements in northern Shaanxi

out, architecture, beliefs, and folk customs, and explain the

inherent laws of the traditional settlement landscape genes.

It also reflects the logic and orderliness of the settlement

landscape genes. Combining the traditional settlement

landscape gene coding structure in northern Shaanxi and
the landscape gene prototype extraction results, this article
constructed a landscape gene map of 15 typical settlement

cases in northern Shaanxi (Table 1).
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Table 1 Construction of the landscape gene map of typical settlements in northern Shaanxi
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5 Conclusion and discussion
5.1 Conclusion

(1) The genetic information coding structure of tradi-
tional settlement landscapes in northern Shaanxi has been
initially formed. By adopting the structural mode of "area
code+ gene category code+class-1 element—+ class-2 ele-
ment—+class-3 element+ landscape gene element", and an-
alyzing the settlement landscape genes, the main charac-
teristics and internal composition laws of the settlement
can be clarified, thereby realizing the recognition of the o-
verall and regional landscape features.

(2) Extract and analyze thegenetic prototypes of tradition-
al settlement landscapes in northern Shaanxi. The prototypes of
the material landscape environmental genes, and architectural
genes in northern Shaanxi were extracted using graphic extrac-
tion and element extraction methods, respectively, and it was
concluded that the minor gully type settlements and multi-o-
pening terraced cave settlements are the main cave types and
courtyard patterns in northern Shaanxi.

(3) Construct a landscape gene map of typical cave
settlements in northern Shaanxi. Fifteen typical settlements
were selected, and a landscape map was constructed using
graphical expression. The obtained landscape gene map
can serve as an important data and information source for
traditional settlement protection planning, providing theo-
retical support for the restoration of the historical memory
of traditional settlement landscapes in northern Shaanxi,
the establishment of regional identity, and landscape pro-

tection planning.
5.2 Discussion

(1) Based on the results of landscape genetic analysis

of traditional settlements in northern Shaanxi, this study
explored the landscape gene code and established a land-
scape gene map. Results have practical implications for the
sustainable development of different types of traditional
settlements and the ecological restoration of traditional
dwellings. Although the landscape genetic map of tradi-
tional settlements provides a practical basis for their his-
torical and cultural transmission, genetic "mutations" and
functional transformations within the settlements, as well
as new demands from local residents for modern living
space after long-term development, have been identified.
(2) The hierarchy of regional characteristics and the
delineation of settlement zones in the landscapes provide
further direction for subsequent research. The findings of-
fer comprehensive insight into the natural and human
characteristics of traditional settlements in a particular
landscape and, eventually, into the construction of a re-
gional landscape map. This system provides a layer-by-
layer analysis of specific areas using a set of maps. The
hierarchical regional map corresponds to large areas, sub-
areas, sub-sub-areas and even individual settlements in the
traditional landscape systems. It not only facilitates a com-
prehensive, scientific, and accurate understanding and rep-
resentation of the unique characteristics of traditional set-
tlement landscapes from a macroscopic to a microscopic
perspective, but also enhances the analysis of traditional

settlement landscapes in China.

Sources of Figures and Tables
All figures and tables in this article are drawn by the au-

thor.
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