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Abstract: Against the backdrop of accelerated globalization and urbanization, traditional
settlements in the Jiangnan waterside areas of China face challenges such as morphologi-
cal distortion and a simplified spatial structure. The ecological adaptability and cultural
value of settlements urgently need scientific protection. There has not been enough re-
search on how to better classify settlements, how to conduct systematic morphological
analysis, or how to use dynamic protection methods. This makes it hard to fully show the
variety of settlement types and how they differ in different areas. To this end, this study
uses a combination of GIS spatial analysis, type classification, and case study methods to
classify and morphologically analyze 159 traditional settlement patches in the Nanxi River
Basin. We construct a settlement type map from quantitative research on topographical,
water system, and spatial morphological characteristics, and extract a spatial organization
model of mountains and water. The results show the following: (1) The main morpholog-
ical types, such as the plain—-waterfront-strip-shaped and cluster-shaped/finger-shaped
types, are typical patterns of traditional settlements in the basin. This indicates how well
settlements can adapt to their natural surroundings. (2) This study summarizes six typical
settlement sample spaces. (3) The settlement digital protection strategy suggested in this
paper uses GIS and 3D modeling technology to make it easier to record, show, and man-
age information about settlement spaces. This offers a new way to protect traditional set-
tlements scientifically. The study not only enriches the theoretical understanding of the
settlement morphology of Jiangnan landscape pastoral areas but also provides an im-
portant reference for the protection and sustainable development of settlements in similar
basins around the world.

Keywords: Jiangnan landscape and countryside (Shan-Shui) pattern; traditional settle-
ments; settlement classification; spatial form; Nanxi River Basin

Buildings 2025, 15, 413

https://doi.org/10.3390/buildings15030413



Buildings 2025, 15, 413

2 of 59

1. Introduction
1.1. Research Background

Rural settlement morphology, as an important manifestation of rural spatial structure
and cultural landscape, reflects the interactive process between specific geographical en-
vironments and human social activities [1] (Ji et al., 2022). With the acceleration of global-
ization and urbanization, the modernization of rural areas has attracted increasing atten-
tion, especially in China, where the implementation of the rural revitalization strategy has
provided new opportunities and challenges for the protection and development of tradi-
tional villages [2,3]. As a region rich in Chinese culture and natural resources, the Jiangnan
region has attracted more and more attention for its unique landscape and traditional set-
tlements in the wave of modernization [4]. At present, traditional settlements in the
Jiangnan water town area are facing two big problems. The first is how to keep their
unique spatial morphology and cultural traits while modernizing [5]. The second is how
to work out the best way to protect and develop settlements through scientific classifica-
tion and morphological analysis [6,7]. Many current rural planning practices focus on
keeping rural areas safe, but there are still problems with how settlements are scientifically
categorized and how they are developed. These issues mean that they do not fully show
the variety and complexity of settlements [8-10]. Therefore, studying the classification and
spatial morphology of settlements in the Nanxi River Basin not only reveals the morpho-
logical evolution of traditional settlements in the Jiangnan water town area but also fills a
gap in the study of the morphological classification and spatial characteristics of tradi-
tional settlements in the Nanxi River Basin. Furthermore, it provides theoretical support
for rural protection and land use development in similar environments.

1.2. Problem Statement and Objectives

This study analyzed the information provided by GIS geographic data on traditional
settlements in the Nanxi River Basin, clustered settlement morphological types, and iden-
tified specific settlement structures. The following scientific questions were investigated:
(1) Can we classify the traditional villages in the Nanxi River Basin into different types of
settlements? (2) What are the representative settlement morphological structures of differ-
ent types? (3) In the context of modern society, how can we effectively protect and main-
tain the traditional villages in the Nanxi River Basin while also preserving their spatial
characteristics? This study theoretically expands the depth of the study of Jiangnan water
village settlements, innovates the technical path of settlement morphology classification
and analysis in terms of methods, and provides direct application value for regional rural
protection and development.

This study introduces several innovations. First, through quantitative analysis, the
researchers constructed a traditional settlement classification system that adapts to the
actual situation in the Nanxi River Basin, filling the gaps in previous studies where the
classification standards were vague and the classification methods were insufficient. Sec-
ond, the classification of settlement types reveals the adaptive relationship between the
spatial form of settlements and the natural environment. Third, the study enriches the
theoretical basis for the protection of traditional settlements. From the perspective of spa-
tial form (morphology) and classification (typology), the study proposes a theoretical ba-
sis for the protection of traditional settlements in the Nanxi River Basin. At the same time,
this study innovatively introduces quantitative methods such as multivariate statistical
analysis, GIS spatial analysis, and space syntax, advancing the spatial form research of
traditional settlements from qualitative description to quantitative analysis. Finally, it pro-
vides empirical support for regional planning under the Jiangnan landscape and country-
side (Shan-Shui) pattern.
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2. Literature Review
2.1. Research Progress in Rural Geography

Rural geography is a branch of geography that studies rural spatial patterns, ecolog-
ical environments, and socioeconomic interactions. It aims to reveal land use, human-
land relations, and sustainable development models in rural areas [11]. The core goal of
this theory is to support the sustainable development of rural regional systems, optimal
resource allocation, spatial science control, and social comprehensive governance [12].
The early 20th century French human geographer Paul Vidal de la Blache and his students
Albert Demangeon and Jean Brunhes used historical methods to study the origin, type,
distribution, and evolution of rural settlements, giving rise to the study of rural settlement
geography [13]. In the 1950s and 1960s, post-World War II urban reconstruction and eco-
nomic growth drove the global wave of urbanization and modernization. Regional geog-
raphy, especially urban geography, developed rapidly. As one of the research objects of
regional geography, rural areas have also attracted the attention of scholars [14]. German
scholar Walter Christaller further explained the spatial organization and hierarchical sys-
tem of rural settlements through the central place theory, which became an important the-
oretical basis for settlement research [15,16]. In the 1970s and 1980s, with the introduction
of the concept of sustainable development, rural environment and development issues
increasingly attracted the attention of geographers from all over the world. While retain-
ing traditional agricultural geography and rural settlement research, rural geography has
greatly expanded as a research field and entered a remarkable “regeneration” develop-
ment stage [17]. John Fraser Hart and other scholars have revealed the impact of agricul-
tural decline and industrialization on settlement structure in their empirical research in
rural areas of the United States, which promoted the research and policy formulation of
rural revitalization [18]. The “cultural turn” in the 1990s further promoted the develop-
ment of rural geography theory, introduced poststructuralist theory, and triggered re-
search on the diversity of rural life among different social groups in rural areas [19]. In the
21st century, scholars have integrated the concepts of sustainable development and eco-
logical protection into rural geography and widely used geographic information systems
(GISs) and remote sensing technology for digital analysis, revealing the impact of global-
ization and urbanization on rural ecology and social structure.

Digital technology has vigorously developed rural geography in recent years, but
this research also faces some controversy. Some scholars argue that the current research
overly relies on technical tools such as remote sensing and GISs, neglecting the intricate
social relationships and spatial morphological variations among village settlements, lead-
ing to a uniform approach in policy formulation and landscape heritage conservation [20].
In the future, while continuing to deepen the application of technology, the study of rural
geography should pay more attention to the global ecological turn (rural geography fo-
cuses on the theoretical construction of human—nature interaction) [21] and the differen-
tiation and reconstruction of the regional system of the rural human-land relationship
[22]. Specifically, we should enhance the inheritance of and differences in settlement mor-
phology and culture in the context of globalization to improve our ability to comprehen-
sively interpret rural geographical issues, thereby addressing the multiple challenges of
global rural development.

2.2. Focus on Rural Settlement Forms

Rural settlement morphology classification is an important research area in rural ge-
ography. Long, Liu, Wu, and Dong (2009) revealed the organizational law of rural space
by analyzing the spatial pattern, morphological characteristics, and relationship between
rural settlements and the natural environment and social economy [23]. There are three
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different focuses in the development of rural settlement morphology classification re-
search. First, the study of rural settlement morphology classification originated from a
discussion of the relationship between human living space and the natural environment
[24]. In the early 20th century, geographical determinism emphasized the decisive role of
natural conditions (such as topography, climate, and water sources) in settlement layout
[25,26]. This theory provided the basis for the early classification of rural settlement mor-
phology [27,28]. Second, as the social sciences have grown, research has gradually turned
to the relevant theories of cultural ecology. These theories focus on how the interaction
between human culture, social organization, and the natural environment shapes the form
of settlements [29,30]. The spatial structure theory also looks at settlement morphology
from the point of view of function and structure. It says that settlement morphology is the
result of how social functional needs, the economic model, and the cultural background inter-
act with each other [31,32]. As a result, the study of settlement morphology types overlaps
and intersects with “physical geography, ecological culture, and spatial structure” and gener-
ates new theoretical research, which means that the micro-classification of settlement mor-
phology and the research on the underlying structural causal relationship are becoming more
and more complex.

2.3. Analysis Techniques for Rural Settlement Classification

Since the 20th century, many scholars around the world have studied settlement clas-
sification and proposed various classification methods. This study roughly divides settle-
ment classification methods into two categories: traditional empirical classification mod-
els and modern technical classification models. Traditional rural settlement classification
methods include empirical induction, geographical classification, and functional classifi-
cation (Table 1). First, the early classification of rural settlement morphology was based
on empirical induction, which looks at the terrain, architecture, and settlement morphol-
ogy of a settlement to divide it into a few standard types [33]. Although this method relies
on the regional environment and emphasizes intuitive spatial morphological characteris-
tics, it is susceptible to subjective judgment and the classification criteria remain ambigu-
ous. Second, scholars classify settlements according to their relationship with the natural
environment. For instance, scholars divide settlements into mountain type, plain type, and
river valley type based on the terrain characteristics, river distribution, and climatic con-
ditions of the settlement. This classification method exhibits strong environmental adapt-
ability and effectively reveals the constraints of the natural environment on the settlement
morphology. However, its limitation lies in its failure to fully consider social, cultural, and
other human factors. Third, classification according to the functional characteristics of ru-
ral settlements is a classic method. Although this type of method can more intuitively
reflect the socioeconomic functions of settlements, it ignores their spatial form and histor-
ical and cultural background.
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Table 1. Methods of classifying traditional rural settlements.

Research

Year Research Obiject Classification Method or Basis Limitation
Methods
— The use of vernacular building materials
Sernikaki, a vernacular set- . . )
2009 . and construction techniques, and climate
tlement in Greece .
impacts on settlement space.
Manla, Manbie, and Man- .
. K L. Natural environment settlement form-
2019 ting villages in Xishuang- buildine structure
banna, Yunnan, China & )
Methods to enrich the protection of ver-
Vernacular architecture in o pr O OTVET s highly regional and
2021 nacular housing and settlement form in ’ .
Cyprus o lacks universal theoretical
terms of sustainability. o
- - - - apphcatlon. It focuses on
s Genetic analysis methods to identify the .~ " . . ,
Empirical in- . . 7 intuitive spatial morpho-
. . . impact of the environment on traditional | . -
duction Ancient settlements in . o logical characteristics, but
2023 . o Chinese natural living patterns and de- . . .
method Xiangxi, China . . o is easily affected by subjec-
code their environmental significance o
: tive judgment and has
and cultural connotations. e
- vague classification stand-
Informal settlements in Evaluation indices of building densit ards
valuation indi uildi nsity, .
2022 Manshiet Nasser, Cairo, . . . g Y
diversity, and accessibility.
Egypt
Regional case studies over a long period
of time, in-depth analysis of the complex
The development of Hui- fraepth anatyst p
2022 causal relationship between settlement
Chou Prefecture 800 to 1800 . . .
development and historical social cul-
ture.
Differences in the morphology of streets,
ban blocks, plots, and buildi in th
The forms of different con- u.r an O‘? S p o aD.L o 1ng.s mhe
2016 different historical periods of ancient set-
temporary urban spaces
tlements, modern settlements, and con-
temporary settlements.
Six terrain factors, namely elevation,
Geograph- . . .
. - . slope, slope aspect, landform amplitude, Failure to fully consider
ical classifi- Rural settlements in Yunnan . © . .
. 2023 . incision depth, and surface roughness social, cultural, and other
cation Province . . e . ..
combined with distribution index humanistic factors.
method
method.
2022 Tianshui City, Longzhong A new method for terrain gradient anal-
Loess Hilly Region, China ysis of micro-geomorphic units.
Traditional rural settlement Analysis of the overall pattern of the vil-
2022 landscape in Xinjiang, lage, street network, central landmarks,
China and special public spaces.
The structure and spatial differentiation
804 typical villages in Shan- of multifunctional settlements reveal
2017 typ . & ) . . .. It can reflect the social and
dong Province, China their formation mechanism in rural ar- . .
economic functions of the
) eas. . .
Functional — 5 settlements, but it often ig-
e Based on the recognized “ecological pro- .
classification ] e o . nores the spatial form and
. duction life” function in sustainable de- . .
method Fengzhou Town, a typical ) ¢ fiod land lassifi historical and cultural
velopment, a unified land use classifica-
2020 coastal rural area in south- p background of the settle-

. tion and value evaluation system for ru-
eastern China B
ral land use planning and management

in China was established.

ments.
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A land use type and rural regional sub-
function mapping system was estab-

lish i ltifunctional
3042 administrative villages ished and its multifunctional type was

2022 in Tai’an City, Shandong identified through cluster analysis. Its in-

fluencing factors were quantitatively an-

Province o -
alyzed by multivariate logistic regres-
sion and its spatial structural characteris-
tics were summarized.
The settlement development index of
. . opulation, land, economy, agricultural
289 villages in Datong poP oy a8
. . development, and living environment
2022  County, Shanxi Province, L.
China was used to divide the settlement natu-
ral living space into five settlement
types.
Taizhou City has three

An analytical framework was proposed

county-level cities, namel ]
Y Y to understand the impact of rural pro-

Jingjiang, Taixing, and
2020 Xinghua, and three districts,
namely Hailing, Gaogang,

duction function on the spatial distribu-
tion of rural settlements, and the binary
Moran’s I method was used for quantita-

and Jiangyan, with a total of tive analysis at the township level.

75 towns and 17 streets

Source: statistics and compilation by the authors.

With the development of geographic information science and technology, and the im-
provement in satellite remote sensing recognition accuracy, settlement classification under
the influence of modern technology has further technical means, including geographic in-
formation systems (GISs) and spatial analysis methods, remote sensing image classification,
principal component analysis, and structural equation modeling (SEM) (Table 2).

Table 2. Rural settlement classification methods using emerging analytical techniques.

Research

Year Research Object Classification Method or Basis Limitation
Methods

Average population, population den-
Urban expansion in Pa- sity, land density, fragmentation, pol-

Geographic in- 2023 phos, Cyprus, between ycentric distance, dispersed popula- Depends on the accuracy of data

and the rationality of the analysis

formation sys- 1993 and 2021 tion ratio, change in population den- model
tem (GIS) and sity. o

. i — - May lack the authenticity and
spatial analysis 177 traditional villages

i i ildi iability of field d
methods in Linxia Hui Autono- Ratio, boundary, saturation, building variability of field surveys an

2023 density, and dispersion coefficient of mapping in detail identification.
mous Prefecture,
. settlement space form.

Gansu Province

Identify and classify poor settlements The method is relatively com-

Remot - 8 vill i
emoTe sens 338 villages in using high-resolution imagery (HRI), plex, the source and descriptive

ing image clas- Yunyang County, Hu-

e 2022 . . points of interest (POI), Open- analysis of indicators are rela-
sification bei Province, Central g . . .
. StreetMap (OSM), and digital surface tively strict, and high data qual-
method China o _
model (DSM) data. ity is required.
Principal com- Multivariate indicators reflect the
P . . . Depends on the selected feature
ponent analy- main demographic, economic, and . .
. . . . . . .. variables and the settings of the
sis and struc- 2021 Rural areas in Serbia  physical geographical characteristics . .
. ) .. . clustering algorithm, and has
tural equation of rural areas in Serbia, identify the

weak explanatory power.
model main factors for the demarcation and p yP
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classification of rural and urban areas,
and identify six regional types.

28 settlements in the
agricultural and pasto-
ral areas of eastern In-

ner Mongolia, China

Quantitative indicators of settlement Depends on the accuracy of data
2023 boundary form, spatial structure, and and the rationality of the analysis

architectural order. model.

Source: statistics and compilation by the authors.

First, the application of GIS technology has greatly promoted the scientific and re-
fined classification of rural settlement morphology. Through the collection and analysis
of spatial data, researchers can quantify the spatial characteristics of settlements, such as
the area, road network, building density, and land use, and then classify settlements.
Scholars Ioannis Vardopoulos et al. studied the expansion of urban settlements in Paphos,
Cyprus, from 1993 to 2021, and quantified the impact of urban expansion changes through
indicators such as the average population, population density, land density, fragmenta-
tion, multi-center distance, dispersed population ratio, and population density change
[34]. Chinese scholars Yuyuan An et al. used the “SPSS + GIS” comprehensive analysis
technology to describe the spatial morphology of 177 traditional villages in Linxia Hui
Autonomous Prefecture, Gansu Province. They used a combination of five quantitative
measurement indices (ratio, boundary, saturation, building density, and dispersion coef-
ficient) to describe these characteristics [35]. This method has high accuracy and can pro-
cess large data samples in batches, but its classification results depend on the accuracy of
the data and the rationality of the analysis model.

Second, remote sensing images provide a new source of data for the classification of
rural settlement morphology. Through processing satellite images or images taken by
drones, researchers can quickly obtain the spatial morphological information of settle-
ments and then classify them according to land use, building layout, natural environment,
and other characteristics. Using high-resolution images (HRI), points of interest (POI),
OpenStreetMap (OSM), and digital surface model (DSM) data, Chinese researchers Shan
Hu et al. created a way to find out which 338 villages in Yunyang County, Hubei Province,
central China, are poor using satellite images and geospatial data [36]. Remote sensing
technology has the advantage of processing data in large-scale areas with high timeliness,
but it may lack the authenticity and variability of field surveys and detailed mapping.

Third, principal component analysis simplifies the multidimensional data structure
and reduces the original spatial feature data to a few principal components, thereby clas-
sifying settlements. Aleksandra Gaji¢ et al. chose multivariate indicators to show the main
demographic, economic, and natural geographical features of rural areas in Serbia. They
also found the main factors used to separate and classify rural and urban areas, and came
up with six regional types [37]. This type of method can reveal the complex mechanisms
that affect settlement morphology and decompose them into several dominant dimen-
sions, thereby providing a more accurate basis for classification. Chinese researchers Hui
Xu et al. used fractal geometry and computer programming to write down quantitative
information about 28 settlements in the agricultural and pastoral areas of eastern Inner
Mongolia, China. They also found quantitative indicators that can sum up the settlement
morphology in these areas, such as the relationship between boundary morphology, spa-
tial structure, and architectural order. Xu, Guo, Siqin, Li, and Gao (2023) statistically ana-
lyzed the characteristic types of clustered settlements using SPSS software [38]. However,
these methods are usually more complex, have strict requirements on the source and de-
scriptive analysis of indicators, and require higher data quality.

In general, the research methods used for rural settlement morphology classification
are evolving from traditional empirical classification to multidimensional data-driven fine
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classification. The introduction of modern technologies such as GISs, remote sensing, and
machine learning has greatly improved the scientificity and accuracy of traditional settle-
ment classification, but has also raised the challenge of interdisciplinary integration. Alt-
hough modern technologies and methods have made significant progress in the classifica-
tion of rural settlement morphology, each method still has its limitations. Existing research
primarily overlooks the diversification and flexibility of classification methods, which are
crucial for adapting to the complex morphology of rural settlements and their diverse social
and cultural backgrounds. Macro-surveying and remote sensing data retrieval provide a
significant amount of data, but they do not fully understand the morphological structure of
micro-settlements and the construction of differences in geographical environments.

2.4. Research Gaps

Despite numerous preliminary studies on settlement classification, previous research
has revealed issues such as inconsistent settlement classification standards, inadequate
consideration of terrain issues, and a lack of a scientific quantitative system. These issues
have led to a research gap in the overall local morphological classification of settlements,
particularly in distinguishing between individual settlements and representative morpho-
logical structures. Particularly in the Jiangnan region of China, as the need for urban and
rural development and ecological protection intensifies, the focus of current academic at-
tention has shifted to the scientific classification and protection of these unique landscapes
and pastoral settlement forms. At present, the classification of villages primarily uses ad-
ministrative villages or higher as evaluation units. Compared with the overall description
and macrodata of administrative villages, natural villages, as the smallest unit of residen-
tial settlements, can truly and intuitively reflect the current situation of the settlement.
Therefore, we need to look into the division method at the natural settlement scale as a
way to classify settlements, such that the supply policy for rural revitalization can be made
more scientific and correct.

3. Research Methods and Data Sources
3.1. Study Area

This study focuses on the Nanxi River Basin in Yongjia County, Wenzhou City,
Zhejiang Province, on the southeast coast of China (see Figure 1a). It is adjacent to Yueqing
and Huangyan in the east, Qingtian and Jinyun in the west, Xianju in the north, and Wen-
zhou across the river in the south. The geographical coordinates are 120°15' to 121°03’ east
longitude and 28°04’ to 28°33" north latitude (see Figure 1b). The Nanxi River is an im-
portant tributary of the Oujiang River, with a total length of about 141 km and a basin area
of about 2674 km2 The landforms in this area are mainly hilly and mountainous. The terrain
features of high northwest and low southeast and the developed river network system to-
gether shape the typical distribution pattern of Jiangnan water town settlements (see Figure
1c). As the last tributary of the Ou River flowing into the East China Sea, the Nanxi River
Basin has rich natural, economic, and cultural resources. Such a basin spatial pattern has a
profound impact on the site selection, development, and layout of settlements. Please refer
to Appendix A for satellite images and boundaries of some settlements.
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Figure 1. Study area (image source: drawn by the authors).

As a typical representative of the landscape and pastoral pattern in the Jiangnan re-
gion, the Nanxi River Basin has a unique natural environment and historical culture. Nat-
ural elements such as rivers and mountains closely connect its traditional settlements, cre-
ating a rich settlement form and spatial structure. The settlements in the Nanxi River Basin
not only carry the wisdom of ancient ancestors in adapting to nature but also reflect the
long-term social evolution and cultural heritage.

The study of traditional settlements in the Nanxi River Basin typically takes into ac-
count the following four aspects. (1) The Nanxi River Basin is situated in a linguistically
closed area, creating a distinct and autonomous cultural circle. In the conventional sense,
the basin covers the entire county and borders the surrounding counties and cities. The
basin maintains a relatively independent geographical position and features somewhat
closed cultural exchanges. This unique language and cultural environment have facili-
tated the development of settlements in the Nanxi River Basin, preserving their strong
regional identity and uniqueness, and adding significant research value. (2) The Nanxi
River Basin has a typical Jiangnan “waterside mountain dwelling” pattern. The settle-
ments are interdependent with rivers, mountains, and farmlands, reflecting the traditional
natural and cultural relationship in the Jiangnan region. These settlements not only show
a high degree of ecological adaptability in spatial layout but also carry the cultural spirit
of “farming and reading to pass on the family,” reflecting the traditional Jiangnan people’s
pursuit of lifestyle and values. (3) The settlements in the upper and middle reaches of the
Nanxi River Basin are relatively well protected, with 159 traditional settlements and fairly
complete historical features. The World Heritage Preliminary List lists these areas as im-
portant landscape areas, recognizing their high cultural and natural heritage value. This
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provides a powerful inspiration for the protection of related heritage and can help explore
how to achieve the effective protection and sustainable development of traditional settle-
ments in the process of modernization. (4) The settlement classification in the Nanxi River
Basin is typical, especially under the influence of the spatiotemporal environment and
geomorphological characteristics; the settlement morphology and distribution show sig-
nificant regional differences. The settlement morphology of the upper, middle, and lower
reaches has formed a unique spatial pattern under the joint action of the natural environ-
ment, terrain conditions, and human activities, demonstrating the adaptability of the hu-
man settlement environment in the basin under different geographical conditions. There-
fore, studying the settlement classification and spatial morphology of the Nanxi River Ba-
sin can not only reveal the morphological evolution law of traditional settlements in the
Jiangnan water town area but also provide theoretical support for the protection and de-
velopment of villages in similar environments.

3.2. Research Methods

This study used a combination of empirical research and data analysis to systemati-
cally classify and morphologically analyze traditional settlements in the Nanxi River Basin
(Figure 2). First, the researchers collected core data related to the spatial morphology of
settlements, including topography, water system relationships, and spatial morphology,
to construct a classification framework for settlement types. Therefore, the study looked
closely at how different types of settlements choose their sites, how mountain and water
settlements relate to each other in space, how cross-sectional and longitudinal structures
work, and how layout forms and space arrangements are different. Subsequently, we
demonstrated the spatial distribution characteristics and representative morphologies of
various types of settlements by coding and graphically processing them. Ultimately, the
research results provide a scientific basis for the classification, protection, and planning of
traditional settlements and provide a reference and guidance for land use and landscape
protection in planning practice.
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Figure 2. Research path and framework (image source: drawn by the authors).

3.2.1. Quantitative Classification and Characteristic Summary of Settlements

This study uses a systematic quantitative classification method to cluster the spatial
morphology of traditional settlements in the Nanxi River Basin (Table 3). The study pri-
marily divides the settlement classification into major categories and subcategories. First,
the major category classification subdivides the settlements based on the topographic
characteristics of their location, such as mountains, hills, and plains, revealing the influ-
ence of topography on their morphology and spatial layout. Secondly, by analyzing the
distance between the settlements and the river system, the study classifies the settlements
based on their spatial relationship with the river system. Waterfront settlements and in-
land settlements that are at least 1 km away from the water system are identified, thereby
allowing for analysis of the influence of the water system on the spatial structure of the
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settlements. We calculate the aspect ratio and morphological index in the subcategory
classification using the long and short axes, perimeters, and area sizes of the settlement
patches. In the subclassification, the aspect ratio and morphological index are calculated
through the long and short axes, perimeter, and area size of the settlement patches. The
overall shapes of the settlements are categorized into six groups (Table 3) by using statis-
tical analysis to look at the morphological index (S1) and aspect ratio (A). We quantify
their morphological characteristics to further reveal the geometric characteristics of the
settlement morphology and its relationship with the natural environment. This method
organizes traditional settlements in the Nanxi River Basin into groups based on their nat-
ural environment characteristics using multi-level quantitative methods. This gives us a
scientific way to look at how settlements have changed over time and space in the
Jiangnan landscape and countryside (Shan-Shui) pattern.

Table 3. Identification steps and classification standards for traditional settlements in the Nanxi

River Basin.

Natural Environment Characteristics

(Only Considering Space Without Adding Functional Factors)

Identification

Step Content Category Description
(1) Plains: 0-200 m above sea level;
Topography and (1) Plains; (2) Hills: 0-500 m above sea level, with a relative height
Stepl landforms (2) Hills; (undulation) not exceeding 200 m;
(3) Mountains. (3) Mountains: above 500 m above sea level, with a rela-

tive height (undulation) not exceeding 200 m.

Distance between (1) Waterfront settlements;

The relationship between the watershed system and the

Step2 Sj:ii?g;:;:j @) In;ir(;dazzt‘t,lee)ments (1 km daily 1 km travel distance of the settlements.
. _ L (Length) . . .
(1) Finger-shaped settlements (1) Aspect Ratio (A)= L width) (L is the major and minor
with cluster-like tenden- axes of the circumscribed ellipse);
cies; (2) Morphological Index (S) = i S— \/Z (Pis
(2) Finger-shaped settlements . . o (152-VA+15) Ar
with no clear tendency; the perimeter, A is the area, A is the aspect ratio);
(3) Finger-shaped settlements 3) Aspectratiois A, mo.rph.ological index is S1. Boundary
Step3  Overall form with strip-like tendencies; morphology determination: when 5122, A <1.5 de-

(4)
)

(6)

notes a finger-like settlement with clustering tendency,
1.5 <A <2 denotes a finger-like settlement with no clear
tendency, and A >2 denotes a finger-like settlement
with strip-like tendency; when S1 <2, A <1.5 denotes a
cluster-like settlement, 1.5 < A <2 denotes a cluster-like
settlement with strip-like tendency, and A > 2 denotes a
strip-like settlement.

Cluster-shaped settle-
ments;

Cluster-shaped settle-
ments with strip-like
tendencies;

Strip-shaped settlements.

Sourece: statistics calculated by the authors.

3.2.2. Analysis of Representative Types and Forms of Traditional Settlements

This research carefully categorizes the main types and subtypes of traditional settle-
ments in the Nanxi River Basin. It uses a variety of analysis methods, including site selec-
tion characteristics, distribution location, abstract map, profile pattern, plane layout, and
type coding, to have a detailed discussion on the typical types and spatial forms of tradi-
tional settlements (Table 4). Firstly, we classify the major categories and subcategories
based on macro-environmental factors such as the settlements’ topography and land-
forms, their relationship with the water system, and their size. We then analyze the site
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selection characteristics and functions in detail to uncover the interactive relationship be-
tween the settlements and the natural environment. Subsequently, we construct an ab-
stract map of the settlements, simplifying and extracting the core spatial structural char-
acteristics of different types of settlements. Supplemented by the analysis of profile pat-
terns and plane layouts, we present the organizational form of the settlements in vertical
and horizontal space, particularly the relationship of building height, road height differ-
ence, and building layout with the natural landscape. The satellite image analysis exam-
ines the overall spatial relationship between the settlements and the surrounding natural
environment on a macroscale, further confirming the results of the ground survey. Finally,
we select representative settlements for in-depth analysis, highlighting their typical mor-
phological characteristics and ecological adaptability.

Table 4. Explanation of representative analysis contents of settlement types.

No. Content Description
According to the macro-geographical environment where the settlement is located, a
1 Major categories  preliminary classification is carried out to divide the overall types of settlements, laying

the foundation for subsequent sub-class analysis.
Combined with the micro-features of the settlement, a detailed classification is carried
2 Subcategories out to highlight the individual differences and spatial organization characteristics of
each type.
The location characteristics of the settlement in the natural geographical environment
are analyzed, including geographical location methods such as being close to mountains
and rivers, and being close to fields and forests. At the same time, its functional charac-
teristics are examined, such as defense, transportation, production, etc., and the interac-
tive relationship between settlements and the environment is explored.
The relationship between settlement distribution and the spatial pattern of the Nanxi
River Basin.

Site selection character-
istics

4 Distribution location

By refining the core spatial structure and morphological characteristics of the settlement,
5 Abstract map a simplified abstract diagram is constructed to compare the spatial patterns and com-
mon characteristics of different types of settlements.
From the perspective of vertical space, the internal structure and hierarchical relation-
ship of the settlement are analyzed, including the height of buildings, the height differ-

6 Sectional pattern ence of roads, etc., to show the spatial organization of the settlement and its adaptability
to the terrain.
Typical settlements are selected as the analysis object, their representative morphologi-
. cal characteristics are displayed, and the classification results of major categories and
7 Village layout

subcategories are combined to conduct in-depth individual analysis as an example sup-
port for type analysis.
Representative settle- The coding method is X (topography)-X (water system relationship)-X (settlement
ment code form)-Xx (settlement name).

Sourece: statistics calculated by the authors.

3.2.3. Map Expression and Coding of Settlement Morphology Types

This study applied the principles of typology, drew on the N-level coding theory,
and followed the coding rule of “uppercase letters —numbers —N-level naming” for gen-
erative superposition. We carried out a standardized map expression of the traditional
settlements in the Nanxi River Basin, using a systematic settlement morphology classifi-
cation and coding method (refer to Table 5 for specific coding classification instructions).

Table 5. Settlement morphology classification coding content and specific divisions.

Coding Object Coding Content and Specific Division
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Landforms and topography

(1) Plains;

(2) Hills;

(3) Mountains.

The codes are divided into (M/H/P).

(1) Waterfront settlements;

Relationship with water systems (2) Inland settlements.

The codes are divided into (W/H).

Morphology (P)

(1) Finger-shaped settlements with cluster-like tendencies;
(2) Finger-shaped settlements with no clear tendency;

(3) Finger-shaped settlements with strip-like tendencies;
(4) Cluster-shaped settlements;

(5) Cluster-shaped settlements with strip-like tendencies;
(6) Strip-shaped settlements.

The codes are divided into (1/2/3/4/5/6).

Settlement name

This is composed of the initials of the settlement; for example, Yubei Village is
l/Ybl/ .

Initial coding area I -----

Source: statistics calculated by the authors.

We first classified the settlements based on the natural environmental factors of land-
form (M/H/P) and water system distance (W/H), and then further refined the classification
based on the village’s spatial morphology (Table 5). This basis, along with the abbrevia-
tions of the settlement names (e.g., “Yb” for Yubei Village), led to the formation of a com-
prehensive coding system for settlements. For example, the code for Yubei Village is “H-
W-1-Yb”, where “H” represents mountainous terrain, “W” represents a waterfront settle-
ment, “1” represents a finger-shaped settlement with a clustering tendency, and the ab-
breviation “Yb” identifies the name of the settlement (Figure 3). This coding system
achieves the systematic classification and identification of different settlement types
through multidimensional settlement feature expression. Finally, we constructed a map
expression system of settlement types from the coding results, which intuitively presents
the spatial distribution characteristics of traditional settlements in the Nanxi River Basin
and their interactive relationship with the natural environment. This study provides a sci-
entific tool for the classification and analysis of settlement morphology, and also provides
important theoretical support and data reference for regional planning and heritage pro-
tection practice.

Settlement

classification

H-W-1-YB |

characteristics in the

Nanxi River Basin

Figure 3. Coding method description (image source: drawn by the authors).

3.3. Data Sources and Processing
3.3.1. Data Sources

The data sources for this study are of four types: (1) Distribution and patch data of
traditional rural settlements in the Nanxi River Basin. The Zhejiang Provincial Depart-

ment of Agriculture and Rural Affairs (https://nynct.zj.gov.cn/) and the Yongjia County
Natural Resources and Planning Bureau (www.yj.gov.cn) jointly applied for and
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provided the traditional rural settlement list and distribution coordinate point data. The
settlement patch data were based on the Google 10 m precision satellite base map in Au-
gust 2024 and combined with drone aerial photography data. The settlement patches were
drawn in the GIS software according to the settlement distribution points and settlement
jurisdiction range, and the Wenzhou Natural Resources and Planning Bureau
(https://zrzyj.wenzhou.gov.cn/) was visited and consulted to determine and verify the rel-
evant patch data. (2) Administrative division data. The Yongjia County Natural Resources
and Planning Bureau disclosed the information data on the area of the relevant counties
and villages and confirmed the data with the relevant land department personnel of the
bureau. (3) Natural environment data. The data include information on altitude, topogra-
phy, and the water system, as presented in Table 6. (4) Data on representative settlement
space. The Zhejiang Provincial Department of Agriculture and Rural Affairs published the
“National Traditional Village List”, “ Zhejiang Provincial Traditional Village List”, “Historical and
Cultural Village Protection and Utilization Key and General Protection Village List”, and other
lists for cross-comparison, and selected representative settlements with provincial and
above protection levels for field exploration and drone data mapping. The relevant streets
in the area provided 1:2000 topographic data maps and related settlement space data.

Table 6. Detailed description of data sources in this study.

No. Content Year Data Sources Description
(1) The first to sixth batches of the “National Tradi-
tional Village List” (Ministry of Housing and Ur-
ban-Rural Development of China);
(2)  The first batch of the “Zhejiang Provincial Tradi-
tional Village List” (Zhejiang Provincial Department of ~ Overlay screening, elimi-
1 Rural settlement list 2023 Housing and Urban—Rural Development); nating non-compliant
data (3)  The first to eleventh batches of the “List of Key and  lists through field re-
General Protected Villages for the Protection and Utilization search
of Historical and Cultural Villages” (Zhejiang Provincial
Department of Agriculture and Rural Affairs), settle-
ments that appeared in combination with ancient settle-
ment heritage buildings.
The first to fourth batches of the “Yongjia County Histori-
Rural settlement pre- e 1 . Opverlay of settlement
.. . 2023  cal Building List” (Yongjia County Natural Resources
liminary list data . data
and Planning Bureau).
3 Settlement patch data 2024 2024 Google sate.:lhte data 10 m precision satellite map Boundary m(?rphology
combined with drone aerial photography data. screening
Administrative divi- Administrative division vector data-administrative di- . .
4 . 2020 .. . . . Zoning definition
sion data vision (Baidu electronic map crawling).
5 Altitude data 004 DEM elevation data ASTER GDEM 30M (Geospatial ~ Altitude d.IVI‘SIOI’I and
Data Cloud). statistics
Topography and geo-
6 Topography data 2024 Japan’s ALOS satellite data (12.5 m accuracy). morphology determina-
tion
7 Water system data 2024 Provided by Yongjia COE:Z Water Conservancy Bu- Watershed calculation
8 Area data statistics 2024 Statistics by GIS unit area grid. Area calculation

Representative settle-
ment space data

UAV aerial photography, Yongjia County Natural Re-
2024 sources and Planning Bureau 1:2000 topographic map
data, field surveying, and exploration.

Settlement surveying
and mapping data

Source: statistics calculated by the authors.
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3.3.2. Data Preprocessing

This step used the 10 m precision map of Google satellite data in 2024 as the base
map to draw the data on traditional settlement patches. Firstly, the study screened the
settlements for the presence of ancient settlement heritage buildings. This was performed
by comparing the list of traditional national villages, the list of Zhejiang provincial tradi-
tional villages, the key protection and utilization of historical and cultural villages, and
the list of general protection villages (which the Yongjia County Natural Planning Bureau
applied for public data coordinates). Based on these criteria, the study statistically identi-
fied 204 relevant traditional settlements in the basin. In addition, through two rounds of
field surveys of traditional settlements in the Nanxi River Basin and comparison of drone
aerial photography data, the settlements with well-preserved styles were selected (the se-
lected settlements should be one of the above four categories, with good landscape spatial
pattern, street texture, architectural style, and other preservation status). This study sur-
vey covers the entire basin, and there are rural settlements with few morphological
changes and more than 80% of intact preservation that were selected for research. Accord-
ing to the statistics, there are 159. As some settlements were merged into administrative
villages or their reconstruction styles no longer existed, which made them incompatible
with the purpose of this study, the remaining 45 traditional settlements were not consid-
ered and were eliminated.

4. Results
4.1. Classification of Settlement Distribution Based on Topography

According to further research, plains and hilly terrains primarily host traditional ru-
ral settlements in the Nanxi River Basin (Figure 4a). Among them, plain settlements are
the main ones, accounting for 62.26% (99) of the total number of settlements, followed by
hills 23.27% (37) and mountains 14.47% (23); see Figure 4b. This distribution feature
demonstrates that Jiangnan water towns’ plain terrain, with its flat land, abundant water
resources, and superior agricultural production conditions, is more conducive to the de-
velopment of river basin-type settlements. There are large areas of water and traditional
villages in the plains of the middle reaches of the Nanxi River Basin. Therefore, the an-
cients selected living activities based on the advantages of river valleys and terrains. Fur-
thermore, the distribution of settlements exhibits distinct morphological characteristics
across various terrains, demonstrating the adaptability of rural settlements within their
geographical environment.
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Plain Settlements 99
Hill Settlements 37
0 10
[ B
Legend
Plain @ Plain Settlements Mountain land 23
Hill @ Hill Settlements Settlements
Mountain land @ Mountain land Settlements
|:] Research scope of the Nanxi River Basin

a. Classification and distribution of settlements

across different landforms

b. Proportion of settlement quantities across different landforms

Figure 4. Classification and analysis of settlements in different topographies and landforms (image

source: drawn by the authors).

4.2. Classification of Settlement Distribution Based on Water System Relationships

The relationship with the water system significantly influences the morphology of
traditional rural settlements in the Nanxi River Basin. The Nanxi River Basin contains
most of the settlements within a 1 km radius (Figure 5a). Specifically, waterfront settle-
ments account for 76.11% (121) of the total, and inland settlements account for 23.89% (38).
The two have obvious differences in settlement morphology. Among the waterfront set-
tlements, plain waterfront settlements account for 53.46% (85), hilly waterfront settle-
ments account for 14.47% (23), and mountain waterfront settlements account for 8.18%
(13), as shown in Figure 5b. The number of waterfront settlements decreases as the terrain
rises and falls, and there is no significant difference in the number of waterfront and in-
land settlements in mountainous landforms.

Therefore, the water system plays an important role in shaping the settlement mor-
phology of the Nanxi River Basin. The settlement morphology of the waterfront area is
more concentrated and extensible, adapting to the environmental characteristics of con-
venient water sources and transportation. These settlements tend to be compact in spatial
organization, and their morphology tends to be clustered or strip-shaped, which is con-
venient for obtaining water resources and using water transportation. The settlement mor-
phology of non-waterfront areas is more dispersed and freer, mainly meeting living needs
by adapting to terrain and artificial water sources, and showing greater flexibility and
adaptability in morphology.
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different water system relationships water system relationships

Figure 5. Classification analysis of settlements related to water systems (image source: drawn by the authors).

4.3. Classification of Settlement Morphology

This study divided the traditional rural settlements in the Nanxi River Basin into 36
typological categories according to “three types of terrain, two types of water system re-
lationships, and six types of settlement forms” and obtained the analysis results (Table 7).

Overall, among the 159 traditional settlement forms in the Nanxi River Basin, the
strip settlement (38.36%) is the dominant settlement form type, and the strip-shaped clus-
ter settlement (16.35%) and the cluster-like finger settlement (16.35%) are the secondary
important settlement forms. The strip settlement—the dominant type of settlement form —
primarily occupies plains, river valleys, and locations near the Nanxi River Basin, creating
a favorable terrain feature with its surrounding mountains and water. This distribution
shows that the water system is dominant in the distribution of settlements in the Nanxi
River Basin. Its linear layout enables the settlement to maximize the use of water sources,
with strong adaptability and convenient transportation (Figure 6). The strip-shaped clus-
ter settlement and the cluster-like finger settlement, as important secondary types, provide
a more flexible spatial organization that can achieve a balance between water source ac-
quisition and internal social connections. The secondary importance of these two types
shows that, in areas with rich water resources, settlements often have both agglomeration
and extension characteristics that adapt to diverse terrain and resource needs.
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Table 7. Classification results of settlement types.

Landforms Water System Proportion
and Topogra- Oys € Settlement Form Number P Subtotal Proportion (%)
Relationship (%)
phy
1) Fl‘nger—shape(.i settlemen’Fs 1 754
with cluster-like tendencies;
(2) F@ger-shaped settlements 1 754
with no clear tendency;
Fi -shaped settl t
Waterfront ) Finger-shaped settlements 14 8.80 85 53.46
with strip-like tendencies;
(4) Cluster-shaped settlements; 5 3.14
(5) Cluster-shaped settlements
. o . 13 8.18
with strip-like tendencies;
Plains (6) Sfrlp-shaped settlements. 29 18.24
(1) Finger-shaped settlements
. . . 5 3.14
with cluster-like tendencies;
(2) Finger-shaped settlements
_ 1 0.63
with no clear tendency;
Inland 3) Fl'nger—s‘ha}?ed settleme?nts 0 0 14 8.80
with strip-like tendencies;
(4) Cluster-shaped settlements; 1 0.63
(5) Cluster-shaped settlements
. o . 1 0.63
with strip-like tendencies;
(6) Strip-shaped settlements. 6 3.77
(1) Finger-shaped settlements
. . . 4 2.52
with cluster-like tendencies;
(2) Finger-shaped settlements
) 2 1.26
with no clear tendency;
Fi -sh tl
Waterfront ) Finger-shaped settlements 1 0.63 23 14.47
with strip-like tendencies;
(4) Cluster-shaped settlements; 1 0.63
(5) Cluster-shaped settlements
. o . 2 1.26
with strip-like tendencies;
Hills (6) Strip-shaped settlements. 13 8.18
(1) Finger-shaped settlements
. . . 2 1.26
with cluster-like tendencies;
(2) Finger-shaped settlements
i 1 0.63
with no clear tendency;
Fi -shaped settl t
Inland 3) 1'nger s a}?e se eme:’n S 0 14 3.80
with strip-like tendencies;
(4) Cluster-shaped settlements; 1.26
(5) Cluster-shaped settlements
. o . 3 1.89
with strip-like tendencies;
(6) Strip-shaped settlements. 6 3.77
(1) Finger-shaped settlements
. . . 1 0.63
with cluster-like tendencies;
(2) Finger-shaped settlements 0 0
Mountains Waterfront with no clear tendency; 13 8.18
(3) Finger-shaped settlements
. . . 2 1.26
with strip-like tendencies;
(4) Cluster-shaped settlements; 1 0.63
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(5) Cluster-shaped settlements
with strip-like tendencies;
(6) Strip-shaped settlements. 4 2.52

5 3.14

Inland

(1) Finger-shaped settlements

with cluster-like tendencies; 2 1.26
(2) Finger-shaped settlements
_ 2 1.26
with no clear tendency;
(3) Finger-shaped settlements 0 0 10 6.29

with strip-like tendencies;
(4) Cluster-shaped settlements; 1 0.63
(5) Cluster-shaped settlements
with strip-like tendencies;
(6) Strip-shaped settlements. 3 1.89

2 1.26

Total

159

Sourece: statistics calculated by the authors.

Specifically, this study classified the top six important settlement morphological
types in the Nanxi River Basin according to different topographic and geomorphic attrib-
utes, ensuring that each topographic and geomorphic type has at least one representative
settlement. The results show that (1) plain waterfront strip settlements account for 18.24%,
(2) plain waterfront finger-shaped settlements with a strip tendency 8.80%, (3) plain wa-
terfront cluster settlements with a strip tendency 8.18%, (4) plain inland strip settlements
with a strip tendency 3.77%, (5) hilly waterfront strip settlements with a strip tendency
8.18%, and (6) mountainous waterfront cluster settlements with a strip tendency 3.14%
(Table 7 and Figure 7). The plain waterfront area primarily concentrates the morphologi-
cal types of traditional rural settlements in the Nanxi River Basin. The predominant types
are the strip, strip-like, and cluster-like settlement morphologies, while hilly and moun-
tainous waterfront settlements also form part of the multi-type. From the perspective of
the main types of settlement forms, the main types are strip-shaped, strip-shaped/cluster-
shaped, and finger-shaped settlements. This type of settlement form takes advantage of
the linear distribution characteristics of water sources and enhances the irrigation and
traffic accessibility of settlements by extending along the water. The cluster-shaped form
shows the compactness of the settlement and the need for spatial agglomeration, which is
convenient for strengthening social connections within it. The water system plays a key
role in the layout of settlements, especially in plain areas. The convenience of water
sources has significantly promoted the development of strip-shaped and finger-shaped
layouts, fully reflecting the adaptability and utilization strategies of rural settlements in
the natural environment.
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Figure 6. Classification of settlement forms under different landforms and water systems (image

source: drawn by the authors).
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Figure 7. Quantitative statistics of settlement classifications of different forms (image source: drawn

by the authors).

4.4. Representative Settlement Morphological Types

The first six types of traditional rural settlements in the Nanxi River Basin were looked

at from the point of view of site selection characteristics, distribution areas, abstract maps,

3D spatial composition, plane morphology, and representative settlements (Figure 8).

4.4.1. Plain-Waterfront-Strip Settlement

The plain-waterfront-strip settlements in the Nanxi River Basin show a high degree

of adaptability to the water system and terrain. Typically, this type of settlement is situ-

ated in coastal areas near rivers or streams in plain areas, leveraging the convenience of

water sources to support agricultural irrigation and enhance the quality of life for resi-

dents. The distribution area primarily focuses on the upper reaches of the Nanxi River

and its tributaries, including riverside areas with flat terrain and stable water systems,

which offer favorable natural conditions for agricultural activities.
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Figure 8. Analysis of the representative traditional settlement types and morphology in the Nanxi

River Basin (image source: drawn by the authors).

The abstract atlas shows that the plain-waterfront-belt settlement extends linearly

along the river, close to the water source, forming a belt layout. The settlement buildings
line up along the river bank in a three-dimensional spatial composition, with houses ar-
ranged in turn near the river, surrounded by large tracts of farmland, ensuring a reason-
able separation between the living and production areas. In terms of plan form, the settle-
ment is shaped like a narrow strip that spreads along the river bank, maintaining a close
connection with the water source and enhancing the efficiency of space utilization.
Representative settlements such as Zhangxi Village (P-W-6-Zx) embody the typical
“plain—waterfront—strip” settlement morphological characteristics. The settlement build-
ings in Zhangxi Village, distributed in a belt along the river direction, exhibit a highly
intensive spatial organization feature. This layout form not only meets the residents’ de-
mand for water sources but also optimizes farmland irrigation and space utilization. This
layout form, typical of plain waterfront settlements, fully reflects the adaptability and uti-
lization strategy of settlements in the Jiangnan water town area to natural resources.

4.4.2. Plain-Waterfront-Strip-Oriented Finger-Shaped Settlements

The plain-waterfront-strip-oriented finger-shaped settlements in the Nanxi River
Basin have significant regional characteristics and ecological adaptability. This type of set-
tlement is typically located in the plain’s waterfront area, built on rivers or streams to
ensure access to water resources and facilitate agricultural irrigation. The distribution area
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primarily focuses on the tributaries of the Nanxi River Basin, including the banks of the
Hesheng River, Huatan River, and Xiaonan River. These areas have obvious river sedi-
mentation, forming fertile farmland and providing good environmental conditions for ag-
ricultural production.

The abstract atlas demonstrates a linear distribution of this type of settlement, char-
acterized by finger shapes that naturally extend along the river, and a layout that is highly
consistent with the river’s curved shape. The settlements extend along both sides of the
water system in three-dimensional space, and the distribution of surrounding farmland
between the river and the settlement creates a natural transition between living space and
agricultural space. The planar form takes the shape of a finger, exhibiting a strip-shaped
tendency. The finger-shaped structure not only enables the settlement to extend to the
vicinity of the water source but also facilitates expansion and connection under the con-
straints of the terrain and the river, ensuring the connection between residents and the
water source and farmland.

Representative settlements, such as Langxia Village (P-W-3-Lx), embody the typical
finger-shaped settlement characteristics of the plain—waterfront—strip tendency. The set-
tlement maintains agglomeration in spatial layout and extends in a finger-shaped manner
along the river, showing the high adaptability of the settlements in the Nanxi River Basin
to water resources and terrain conditions. It exemplifies the traditional settlement form of
Jiangnan’s water towns. This structure not only meets the living and production needs of
residents but also provides ecological and spatial support for the sustainable development
of the settlement.

4.4.3. Plain-Waterfront—Cluster-Oriented Finger-Shaped Settlements

The plain—waterfront—cluster-oriented finger-shaped settlements in the Nanxi River Ba-
sin have significant regional adaptability and spatial organization characteristics. This type of
settlement is typically located in the waterfront area of the plain, relying on the gentle river
system to facilitate the acquisition of water resources and agricultural irrigation. The distribu-
tion area primarily concentrates along the mainstream and tributaries of the Nanxi River, in-
cluding the Xiaonan River. The river flow in these areas is slow and the land around it is fertile,
providing favorable natural conditions for the stable development of the settlement.

The abstract atlas demonstrates that this type of settlement is based on clustering at
the core, extending out in a finger-shaped distribution and spreading along the river. This
layout features both the agglomeration of the core area and the finger-shaped extension
towards the water system, providing a convenient direct connection to the water source.
In terms of three-dimensional spatial composition, the settlement is densely distributed in
clusters in the core area, and the buildings are arranged along the river bank, forming a
centralized residential area around the core. The settlement distributes the surrounding
farmland between it and the river, ensuring farming convenience. In terms of plane mor-
phology, the settlement extends in a finger-shaped manner along the river bank, with the
dual characteristics of clustering and finger-shaped dispersion adapting to the layout re-
quirements of the terrain and water system.

Representative settlements such as Yubei Village (P-W-1-Yb) typically show the
“plain-waterfront—cluster-oriented finger-shaped” settlement morphological structure. The
spatial layout of Yubei Village emphasizes the core agglomeration of clusters and achieves
a close connection with water sources through finger-shaped extension. This morphological
structure not only meets the needs of residents’ lives and agricultural production but also
shows the ecological adaptability of settlements in waterfront environments.
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4.4 4. Plain-Inland-Strip Settlements

The plain-inland-strip settlements in the Nanxi River Basin show typical regional
adaptability characteristics, especially the linear layout formed under the conditions of
transportation networks and terrain constraints. This type of settlement is usually located
in the plain inland area, close to convenient transportation routes or main channels con-
necting towns to meet the needs of human and logistics flows, while avoiding the direct
dependence of waterfront settlements on water sources. The distribution area is mainly
concentrated along the plain transportation arteries in the Nanxi River Basin, or the tran-
sition zone between hills and plains. The terrain is relatively flat, which is suitable for the
strip-shaped layout extending along the line.

The abstract atlas demonstrates the linear distribution of plain-inland-strip settle-
ments, which extend in a belt along traffic lines or natural terrain, mirroring the direction
of the terrain. The three-dimensional spatial composition of the settlements distributes
them along traffic lines or rivers (such as streams), flanked by residential areas and agri-
cultural land, creating a continuous belt structure that facilitates internal connections and
external passage. In terms of plane morphology, the settlements are narrow and long belts
with a compact and orderly layout. Each building unit is arranged in sequence along the
traffic line to reduce the land occupation and maintain the continuity of the settlement.

Representative settlements such as Li Dawu Village (P-I-3-Ldw) embody the typical
“plain-inland-strip” settlement morphological structure. Li Dawu Village is strategically
located along the main traffic routes, forming a belt along the road, demonstrating high
land use efficiency and spatial extensibility. This structure adapts to the characteristics of
convenient transportation and the flat terrain of the inland plain, provides a reasonable
spatial organization form for the sustainable development of settlements in non-water-
front areas, and is typical of inland settlements in Jiangnan water towns.

4.4.5. Hills-Waterfront-Strip Settlement

The hills-waterfront-strip settlements in the Nanxi River Basin show unique layout
characteristics in terms of adaptability to terrain and water systems. In hilly areas, this
type of settlement is typically located along the banks of rivers or streams, dispersing along
river valleys or streams in a strip-shaped pattern to optimize water resource utilization and
adjust to the undulating terrain. The hilly areas of the Nanxi River Basin, such as valleys
where streams converge or the terminal areas of tributaries, primarily concentrate the dis-
tribution area. The terrain is narrow and long and has natural channels formed by river
erosion, which is conducive to agricultural irrigation and convenient transportation.

The abstract atlas shows that the hills-waterfront-strip settlement extends linearly
along the river direction, and the settlement layout stretches there naturally. The three-
dimensional spatial composition of the settlement distributes the buildings step by step
along the river bank, arranging the houses on gentle slopes or flat land on both sides of
the river according to the height difference of the terrain. This arrangement not only en-
sures the settlement’s flood control safety but also facilitates the convenient acquisition of
water sources. The settlement extends in a strip-shaped manner, with buildings distrib-
uted along the river, creating a narrow and long strip-shaped form. Simultaneously, the
settlement reserves farmland between rivers for agricultural activities.

Representative settlements such as Zhongyuan Village (H-W-6-Zy) typically show
the characteristics of the “hills—waterfront—strip” settlement morphology. Zhongyuan Vil-
lage is distributed in a strip-shaped manner along the river valley to fully adapt to the
hilly terrain and water source conditions, and achieve a high degree of integration be-
tween the settlement layout and the natural environment. This structure not only meets
the needs of residents’ lives and agricultural production but also shows the ecological
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adaptability of the settlement in the hilly waterfront environment, providing an important
reference for the study of the settlement morphology of the Jiangnan hilly water town.

4.4.6. Clustered Settlements with Mountain—-Waterfront-Strip Tendency

The mountain—waterfront—strip-oriented agglomeration settlements in the Nanxi
River Basin show the typical adaptability characteristics of mountains and water systems.
This type of settlement is usually located on gentle slopes or valleys along mountain rivers
or streams. It is typically situated near water sources and built atop mountains, providing
convenient access for water resource acquisition, agricultural irrigation, and the formation
of defensive terrain. The distribution area primarily focuses on the tributary basins of the
Nanxi River Basin, including the mountain valleys of the Jin Stream and Dayuan Stream,
characterized by relatively open riverbanks and slope spaces.

The abstract atlas reveals that the settlements clustered with a mountain-waterfront-
strip tendency form a core and extend in a strip-shaped manner along the water system.
In terms of three-dimensional spatial composition, the settlement buildings follow the
mountain’s terrain, forming a core area of clustered concentration, while also forming a
specific linear extension towards the river bank. To ensure the safety and production func-
tions of the settlement, the building complex arranges itself around farmland and water
sources. In terms of plane morphology, the core of the settlement is clustered, and the
extended part forms a strip-shaped tendency along the water system to adapt to the ter-
rain restrictions and enhance the accessibility of water sources.

Representative settlements such as Ma Village (M-H-5-Ma) typically embody the settle-
ment morphological characteristics of a “mountain-waterfront-strip-tendency cluster”. The
layout of Ma Village not only maintains the tight agglomeration of the cluster but also extends
in a belt-like manner along the river to adapt to the mountainous terrain and water system
environment, showing the efficient spatial organization of the settlement in the mountainous
waterfront environment. This morphological structure provides a typical reference model for
studying the rural settlement morphology in mountainous river valley areas, reflecting the
high adaptability of settlements to mountain water sources and terrain conditions.

5. Discussion
5.1. The Universality of the Research Path of Settlement Morphology

To classify traditional settlements in the Nanxi River Basin scientifically, this study
used the “topography-water system relationship—spatial form” method. It shows how the
traditional settlements are grouped and what the results are. This result is based on the
previous complex settlement classification [39,40] and incorporates the influence of moun-
tain and water environments on basin settlements in settlement geography theory, the
morphological deduction relationship between settlement boundaries and space, and the
verification of results by individual cases, which is more systematic in quantitative logic.
Therefore, the typological research path of settlement morphology provides a methodo-
logical reference for the study of global basin settlement morphology and has broad uni-
versality and promotion significance for exploring the relationship between the human
settlement environment and the basin ecology.

We looked at the layouts of settlements in the watersheds of the Lijiang River Basin
in Guangxi, China, the traditional fishing villages in the Lake Biwa Basin in Shiga Prefec-
ture, Japan, the traditional villages in the Kathmandu Valley in Nepal, and the snow-
capped mountain settlements in the Jinsha River Basin in Yunnan, China (Figure 9). All of
these settlements were very good at adapting to the hydrological ecosystem of the basin,
which shows how settlement forms and the natural environment are connected. The ty-
pological analysis of settlements in the Nanxi River Basin not only reveals the spatial
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structural characteristics under a specific geographical background but also provides a
reference for the classification of settlement forms in similar basins. Furthermore, this
method is applicable to basins with different geographical and cultural backgrounds and
helps summarize the commonalities of and differences in settlements across regions.

Water villages in the Li River Basin, Guangxi, China

The villages in the Li River Basin are built along the water,
with their layouts closely related to the river system. The
architecture naturally merges with the water bodies, making
these villages ideal subjects for studying the interaction
between settlement morphology and the ecological environ
ment in river basins.

7

Traditional villages in the Kathmandu Valley, Nepal

Villages in the Kathmandu Valley are distributed along the
mountains, with complex water systems. The village forms
are closely associated with the surrounding water networks
and mountainous terrain, making them ideal subjects for
studying cultural landscapes and settlement morphology in
mountainous basins.

Harpers Ferry in West Virginia, America

Harpers Ferry, located in the Appalachian Mountains, is a
settlement distributed along river valleys and nestled against
the mountains. It is adapted to the basin's water resources and
valley terrain, making it an example for studying spatial orga-
nization and ecological adaptation of mountainous valley
settlements.

Figure 9. Research objects of similar watershed settlements (image source: drawn by the authors).

> ) it ;
Traditional fishing villages in the Lake Biwa Basin,
Shiga Prefecture, Japan

The settlements around Lake Biwa rely on lake resources,
forming a unique water village morphology. The village
layouts are highly adaptive to the lake's ecological system,
making them suitable for studying the adaptation and
conservation of settlement morphology in lake basins.

) ! #ﬁ
Mountain settlements in the Jinsha River Basin,
Yunnan Province, China
Along the Jinsha River in the Hengduan Mountains region,
situated in high mountain gorge areas, these settlements are
built against the mountains on steep terrain, close to the
tributaries of the Jinsha River. They exhibit characteristics of
distribution along river valleys and layouts that follow the
mountain slopes.

28 5

Villages along the Kumano Kodo til in Wakayama

Prefecture, Japan
The Kumano Kodo trail traverses mountainous valleys, with
villages along the route nestled by mountains and water.
These settlements exhibit a compact and elongated spatial
form, making them a typical case for analyzing cultural land-
ls)capes and settlement spatial distribution in mountainous
asins.
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5.2. Settlement Spatial Morphology Reveals the Characteristics of the Landscape and Countryside
(Shan-Shui) Pattern in the Jiangnan Region

The settlement morphology in the Jiangnan region shows obvious characteristics of
being close to mountains and rivers, and harmoniously integrating natural landscapes
and human activities. This study discovered that the Nanxi River Basin in the Jiangnan
water town region primarily features three types of settlements: strip-shaped, cluster-
shaped with strip-shaped tendencies, and finger-shaped with cluster-like tendencies. The
settlement layout in the Nanxi River Basin is deeply influenced by the water system, to-
pography, and climate, reflecting the spatial organization model with water as the link.
Especially in the transition zone between mountains and waters, the settlement morphol-
ogy presents an organic distribution of “aggregation-dispersion,” which not only meets
the needs of ecological protection but also reflects the production and living functions of
traditional villages. Through the analysis of different types of settlements, we can see the
common characteristics of the Jiangnan landscape and countryside (Shan-Shui) pattern in
spatial morphology. This pattern not only reflects the rational use of natural resources by
humans, but also reveals the deep-seated concept of harmony between man and land in
Jiangnan culture.

Based on the influencing factors of settlement distribution and environmental factors
from the past [41,42], this study further explored the micro-level of settlement geography.
It summarized 159 settlement forms by long and short axis, area, and perimeter, classified
these forms, and considered the relationship between topography, landforms, water sys-
tems, and forms. Furthermore, the researchers discovered that the geographical pattern of
numerous mountains and hills often results in strong environmental adaptability among
the settlements in the waterside basins of the town. The researchers coordinate the rela-
tionship between settlement form, mountains, and rivers through site selection and lay-
out, creating an environmental pattern where people are situated on the mountain and
face the water. The irrigation problems and water source needs solved by the river are
flexibly used and combined with the vegetation of the mountains to achieve the Jiangnan
mountain and water human settlement pattern of sheltering from the wind, growing trees,
raising fields, and farming and reading.

5.3. The Relationship Between the Population Size of River Settlements and the Distance
to Rivers

The relationship between the population size of river settlements and the distance to
rivers is a complex and multidimensional research topic, involving interactions at multi-
ple levels, such as geography, ecology, and socioeconomics. In the past, studies on settle-
ment morphology paid little attention to the relationship between the village population
and the distance to rivers. On the one hand, they only focused on the material mathemat-
ical quantification of settlement space [43], and on the other hand, they paid too much
attention to the dynamic and balanced relationship between population migration and
urbanization [44], while ignoring the understanding of the attributes of settlement mor-
phology itself. This study used 41 typical settlement samples and the statistical population
data of settlements to analyze the relationship between settlement population size and
river distance to river settlements. As shown in Figure 10, the study found that there were
22 settlements with a river distance of 0-500 m, accounting for 53.66% of the total; 7 set-
tlements with a river distance of 500-1000 m, accounting for 17.07%; 8 settlements with a
river distance of 1000-2000 m, accounting for 19.51%; and 4 settlements with a river dis-
tance of more than 2000 m, accounting for 9.76%. In general, settlements closer to rivers
promote agricultural and economic development due to convenient water sources and
transportation, thereby attracting more people. Medium-sized (population base 500 <2000
people) and large-scale (population base > 2000 people) settlements are mainly distributed
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in short-distance river distances, and small-scale settlements (population base < 500 peo-
ple) are mainly distributed in long-distance river distances. As an important water source,
rivers play a vital role in the survival and development of settlements. Settlements closer
to rivers can more conveniently obtain water resources, which is particularly critical in
agricultural societies, as sufficient water sources directly affect the growth and yield of
crops, thereby promoting the settlement of residents and population growth. In addition,
the accessibility of water resources will also affect the quality of life of residents and the
diversity of economic activities, further promoting the expansion of settlements.
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Figure 10. Data analysis of river distance and settlement population (image source: drawn by the
authors).

However, this relationship is nonlinear. When the distance from the river reaches a
certain threshold, the population growth may slow down or even disappear. It is worth
mentioning that this nonlinear relationship also reflects the differences in the develop-
ment stages of the settlements. In the early stages, the settlements are more dependent on
water sources and transportation. After they mature, the improvement in infrastructure
and the diversification of economic activities mean the survival and development of the
settlements no longer rely solely on the river.

5.4. Sustainability and Protection Strategy of Settlement Spatial Form: Settlement Type Atlas
and Digital Protection Development

This study uses satellite images, three-dimensional modeling, and GIS technology to
digitally record the traditional settlements in the Nanxi River Basin, which not only can
fully preserve the spatial characteristics of the settlements but also allow their historical
features and cultural values to be displayed through virtual reality. This digital protection
method offers a novel approach to safeguarding the global settlement heritage, while also
effectively addressing the issue of regional heritage protection. There is a deficiency in
timeliness, rescue, fieldwork, and regional focus.

The traditional rural settlements along the Nanxi River serve as typical examples of
the settlement forms found in Jiangnan’s water towns. The valuable spatial forms, classi-
fication characteristics, and urban and rural spatial planning of these settlements have sig-
nificantly contributed to the preservation of vernacular architectural heritage, as well as the
sustainable development and inheritance of Jiangnan’s traditional settlements. Among
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them, the researchers also used the settlement type atlas data and built a digital settlement
library for 159 traditional settlements in the Nanxi River Basin based on a GIS. We uploaded
and recorded the distribution coordinates, plane topography, abstract atlas, facade compo-
sition, drone images from 2012 to 2024, specific settlement space values, and multi-period
field survey images of the settlements (Figure 11). We also coded and sorted the 159 settle-
ments by type coding to simplify management and retrieval, safeguard the settlement land-
scape genes, and offer sustainable support for settlement renewal and development.
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Figure 11. This study has developed a GIS software platform that classifies settlement morphology.

The non-English words in the picture are mainly the plaques at the entrance, which mean: Nanxi
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villagers celebrate the New Year; Xi men Cang slope (village entrance) (image source: drawn by the
authors).

6. Conclusions

This study systematically studied the classification and spatial morphology of tradi-
tional settlements in the Nanxi River Basin, revealing the adaptability of the settlements’
morphology to the geographical environment and their diversified characteristics. The
study determined that the predominant forms of rural settlements in the Nanxi River Ba-
sin are “belt-shaped, cluster-shaped with a tendency to be belt-shaped, and finger-shaped
with a tendency to be cluster-shaped.” The Jiangnan landscape and countryside (Shan-
Shui pattern), the natural environment, and the pastoral pattern closely influence the form
of settlements in the Nanxi River Basin. Different settlement types have formed diverse
spatial layouts under the influence of natural factors such as terrain and water systems.

This study proposed a settlement type atlas that offers a scientific foundation for safe-
guarding and managing traditional settlements, particularly with regard to digital protec-
tion. We recorded and displayed the settlements in a sophisticated manner using a GIS,
three-dimensional modeling, and other technical means, offering an innovative path for
future sustainable protection and development. However, this study also has limitations,
primarily due to the absence of long-term monitoring of the dynamic changes in settle-
ments. In the future, researchers may be able to use big data and artificial intelligence
together to better manage and keep an eye on the physical features of settlements. This
will help to protect and use traditional settlements in the long-term.
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Appendix A. Boundaries and Satellite Images of Traditional
Settlements in the Nanxi River Basin (154 Partial Excerpts)

The appendix below shows the boundaries and satellite images of traditional settle-
ments in the Nanxi River Basin (154 partial excerpts) in this study.
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Table Al. Boundaries and satellite images of traditional settlements in the Nanxi River Basin (154

partial excerpts).

No. Traditional Settlements
1 Ma’ao Village, Zhutu Township, Yongjia County, Wen-
zhou City, Zhejiang Province
5 Meizhong Village, Yongjia County, Wenzhou City,
Zhejiang Province
3 Shengukeng Village, Zhangxi Township, Yongjia
County, Wenzhou City, Zhejiang Province
4 Zhangxi Linkeng, Yongjia County, Wenzhou City,

Zhejiang Province

Yubei Village, Yongjia County, Wenzhou City, Zhejiang
Province

Satellite Image
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Yutian Village, Yongjia County, Wenzhou City, Zhejiang

6 Province
7 Yingjiekeng Village, Yongjia County, Yongjia County,
Wenzhou City, Zhejiang Province

8 Zhouzhai Village, Yantou Town, Yongjia County, Wen-
zhou City, Zhejiang Province

9 Xing’ao Village, Yantou Town, Yongjia County, Wen-
zhou City, Zhejiang Province

10 Wanli Village, Yantou Town, Yongjia County, Wenzhou

City, Zhejiang Province
1 Nan’an Village, Yantou Town, Yongjia County, Wen-

zhou City, Zhejiang Province
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Fangxiang Village, Yantou Town, Yongjia County, Wen-

12
zhou City, Zhejiang Province
13 Dutou Village, Yantou Town, Yongjia County, Wenzhou
City, Zhejiang Province
14 Shixia Village, Biaoshan Community, Yantou Town,
Yongjia County, Wenzhou City, Zhejiang Province
15 Yantou Village, Yongjia County, Wenzhou City,
Zhejiang Province
16 Xiyi Village, Xikou Community, Yantan Town, Yongjia
County, Wenzhou City, Zhejiang Province
17 Tanyi Village, Yantan Town, Yongjia County, Wenzhou

City, Zhejiang Province
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Pankeng Village, Pankeng Community, Yantan Town,

1
8 Yongjia County, Wenzhou City, Zhejiang Province
19 Daxie Village, Yantan Town, Yongjia County, Wenzhou
City, Zhejiang Province
20 Yanlong Village, Yongjia County, Wenzhou City,
Zhejiang Province
1 Xiaer Village, Xunzhai Town, Yongjia County, Wenzhou
City, Zhejiang Province
Xiaoxi Village, Xunzhai Township, Yongjia County,
22 . . .
Wenzhou City, Zhejiang Province
3 Zhukeng Village, Xu’ao Township, Yongjia County,

Wenzhou City, Zhejiang Province
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Zhang'ao Village, Xu’ao Township, Yongjia County,

24 Wenzhou City, Zhejiang Province

25 Xiaozhou Village, Yongjia County, Wenzhou City,
Zhejiang Province

2% Xiaochangkeng Village, Yongjia County, Wenzhou City,
Zhejiang Province

07 Xiazhai Village, Yongjia County, Wenzhou City,
Zhejiang Province

)8 Xia Richuan, Yongjia County, Wenzhou City, Zhejiang

Province
29 Huangyi Village, Xixia Township, Yongjia County, Wen-

zhou City, Zhejiang Province
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Chenkeng Village, Xixia Township, Yongjia County,

30 Wenzhou City, Zhejiang Province
31 Xinan Village, Yongjia County, Wenzhou City, Zhejiang
Province

3 Panzhai Village, Xixi Township, Yongjia County, Wen-
zhou City, Zhejiang Province

13 Ouqu Village, Xixi Township, Yongjia County, Wenzhou

City, Zhejiang Province

34 Weizhi Village, Xixi Township, Yongjia County, Wen-
zhou City, Zhejiang Province

35 Wuchi Village, Yongjia County, Wenzhou City, Zhejiang

Province
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Shuiyun Village, Yongjia County, Wenzhou City,

36 Zhejiang Province

37 Shenlong Village, Yongjia County, Wenzhou City,
Zhejiang Province

18 Zhikou Village, Shangtang Town, Yongjia County, Wen-

zhou City, Zhejiang Province
Keshiwan Village, Shangtang Town, Yongjia County,
39 . . .
Wenzhou City, Zhejiang Province

40 Shangfan Village, Yongjia County, Wenzhou City,
Zhejiang Province

41 Yuzhang Village, Shatou Town, Yongjia County, Wen-

zhou City, Zhejiang Province
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Yingao Village, Shatou Town, Yongjia County, Wenzhou

42 City, Zhejiang Province

43 Tangwan Village, Shatou Town, Yongjia County, Wen-
zhou City, Zhejiang Province

14 Taishi Village, Shatou Town, Yongjia County, Wenzhou

City, Zhejiang Province

45 Shangfang Village, Shatou Town, Yongjia County, Wen-
zhou City, Zhejiang Province

16 Luochuan Village, Shatou Town, Yongjia County, Wen-
zhou City, Zhejiang Province

47 Longtanxia Village, Shatou Town, Yongjia County, Wen-

zhou City, Zhejiang Province
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Langsan Village, Shatou Town, Yongjia County, Wen-

4
8 zhou City, Zhejiang Province
49 Huatan Village, Shatou Town, Yongjia County, Wen-
zhou City, Zhejiang Province
50 Guer Village, Shatou Town, Yongjia County, Wenzhou
City, Zhejiang Province
Dongchuan Village, Shatou Town, Yongjia County,
51 . . .
Wenzhou City, Zhejiang Province
5 Ruolong Village, Sanjiang Business District (Street),
Yongjia County, Wenzhou City, Zhejiang Province
53 Lutian Village, Sanjiang Street, Yongjia County, Wen-

zhou City, Zhejiang Province




Buildings 2025, 15, 413 41 of 59

Taishi Village, Qukou Township, Yongjia County, Wen-

>4 zhou City, Zhejiang Province

55 Qukou Village, Qukou Township, Yongjia County, Wen-
zhou City, Zhejiang Province

56 Zhukeng Village, Qiaoxia Town, Yongjia County, Wen-
zhou City, Zhejiang Province

57 Xushan Village, Qiaoxia Town, Yongjia County, Wen-
zhou City, Zhejiang Province

58 Xi'an Village, Qiaoxia Town, Yongjia County, Wenzhou

City, Zhejiang Province
59 Kunyang Village, Qiaoxia Town, Yongjia County, Wen-

zhou City, Zhejiang Province
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Zhan’ao Village, Qiaotou Town, Yongjia County, Wen-

60 zhou City, Zhejiang Province
61 Xixin Village, Qiaotou Town, Yongjia County, Wenzhou
City, Zhejiang Province
Pankeng Village, Pankeng Township, Yongjia County,
62 . . .
Wenzhou City, Zhejiang Province
63 Mingao Village, Yongjia County, Wenzhou City,
Zhejiang Province
64 Lilong Village, Yongjia County, Wenzhou City, Zhejiang
Province
65 Liaoyan Village, Yongjia County, Wenzhou City,

Zhejiang Province
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Lizhuang Village, Yongjia County, Wenzhou City,

66 Zhejiang Province
67 Meiao Village, Jiekeng Township, Yongjia County, Wen-
zhou City, Zhejiang Province
68 Kengkou Village, Jiekeng Township, Yongjia County,
Wenzhou City, Zhejiang Province
69 Jiaxi Village, Yongjia County, Wenzhou City, Zhejiang
Province
70 Jijiazhai, Yongjia County, Wenzhou City, Zhejiang Prov-
ince
7 Huangnan Linkeng, Yongjia County, Wenzhou City,

Zhejiang Province
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Zhengyuan Village, Hesheng Town, Yongjia County,

72 Wenzhou City, Zhejiang Province
73 Village, Hesheng Town, Yongjia County, Wenzhou City,
Zhejiang Province

74 Pengxi Village, Hesheng Town, Yongjia County, Wen-
zhou City, Zhejiang Province

75 Meitan Village, Hesheng Town, Yongjia County, Wen-
zhou City, Zhejiang Province

76 Heyang Village, Hesheng Town, Yongjia County, Wen-
zhou City, Zhejiang Province

77 Donggao Village, Hesheng Town, Yongjia County, Wen-

zhou City, Zhejiang Province
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Shangguang Village, Hesheng Town, Yongjia County,

78 Wenzhou City, Zhejiang Province
79 Gangtou Village, Yongjia County, Wenzhou City,
Zhejiang Province
80 Furong Village, Yongjia County, Wenzhou City,
Zhejiang Province
81 Yangshan Village, Fenglin Town, Yongjia County, Wen-
zhou City, Zhejiang Province
g Tangao Village, Fenglin Town, Yongjia County, Wen-
zhou City, Zhejiang Province
33 Huolu Village, Fenglin Town, Yongjia County, Wenzhou
City, Zhejiang Province
84 Gushan Village, Fenglin Town, Yongjia County, Wen-

zhou City, Zhejiang Province
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Fenglin Ancient Town, Yongjia County, Wenzhou City,

85 Zhejiang Province
86 Fenshui Village, Yongjia County, Wenzhou City,
Zhejiang Province
g7 Daitou Village, Yongjia County, Wenzhou City, Zhejiang
Province
88 Zhouao Village, Daluoyan Town, Yongjia County, Wen-
zhou City, Zhejiang Province
Yingkeng Village, Daluoyan Town, Yongjia County,
89 . . .
Wenzhou City, Zhejiang Province
90 Xiaoruokou Village, Daluoyan Town, Yongjia County,

Wenzhou City, Zhejiang Province
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Tongzhou Village, Daluoyan Town, Yongjia County,

o Wenzhou City, Zhejiang Province

9 Tian’an Village, Daluoyan Town, Yongjia County, Wen-
zhou City, Zhejiang Province

93 Sigian Village, Daluoyan Town, Yongjia County, Wen-
zhou City, Zhejiang Province

Shuangao Village, Daluoyan Town, Yongjia County,
94 . . .
Wenzhou City, Zhejiang Province
95 Dankeng Village, Yongjia County, Wenzhou City,
Zhejiang Province
9% Lidayu Village, Daluoyan Town, Yongjia County, Wen-

zhou City, Zhejiang Province
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Cangpo Village, Yongjia County, Wenzhou City,

77 Zhejiang Province

08 Xinzhai Village, Bilian Town, Yongjia County, Wenzhou
City, Zhejiang Province

99 Xiaoju Village, Bilian Town, Yongjia County, Wenzhou
City, Zhejiang Province

South of Chengtian Village, Bilian Town, Yongjia
100 . .. .
County, Wenzhou City, Zhejiang Province

101 Beixi Village, Bilian Town, Yongjia County, Wenzhou
City, Zhejiang Province

102 Keshi Village, Beicheng Street, Yongjia County, Wen-

zhou City, Zhejiang Province
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Dankeng Village, Yongjia County, Wenzhou City,

103 Zhejiang Province

104 Duxi Village, Yongjia County, Wenzhou City, Zhejiang
Province

105 Liuwan Village, Yongjia County, Wenzhou City,

Zhejiang Province

106 Shizhu Village, Yongjia County, Wenzhou City, Zhejiang
Province

107 Daruo Village, Yongjia County, Wenzhou City, Zhejiang
Province

108 Xiaoruokou Village, Yongjia County, Wenzhou City,

Zhejiang Province
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Mazhuang Village, Yongjia County, Wenzhou City,

109 Zhejiang Province

110 Shankeng Village, Yongjia County, Wenzhou City,
Zhejiang Province

111 Xiamei Village, Yongjia County, Wenzhou City, Zhejiang

Province

112 Hesheng Village, Yongjia County, Wenzhou City,
Zhejiang Province

13 Hewan Village, Yongjia County, Wenzhou City,
Zhejiang Province

114 Yongtan Village, Yongjia County, Wenzhou City,

Zhejiang Province
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Dangtou Village, Yongjia County, Wenzhou City,

15 Zhejiang Province
116 Baiyan Village, Yongjia County, Wenzhou City, Zhejiang
Province
117 Nan’an Village, Yongjia County, Wenzhou City,
Zhejiang Province
118 Qianxi Village, Yongjia County, Wenzhou City, Zhejiang
Province
119 Xiakeng Village, Yongjia County, Wenzhou City,
Zhejiang Province
120 Xiyuan Village, Yongjia County, Wenzhou City,

Zhejiang Province
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Shankeng Village, Yongjia County, Wenzhou City,

121 Zhejiang Province
129 Fuyou Village, Yongjia County, Wenzhou City, Zhejiang
Province

123 Dangjing Village, Yongjia County, Wenzhou City,
Zhejiang Province

124 Zhangxi Village, Yongjia County, Wenzhou City,
Zhejiang Province

125 University Village, Yongjia County, Wenzhou City,
Zhejiang Province

126 Sigian Village, Yongjia County, Wenzhou City, Zhejiang

Province
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Xia’an Village, Yongjia County, Wenzhou City, Zhejiang

127 Province
128 Lingli Village, Yongjia County, Wenzhou City, Zhejiang
Province
129 Filling Village, Yongjia County, Wenzhou City, Zhejiang
Province
130 Shen’ao Village, Yongjia County, Wenzhou City,
Zhejiang Province
131 Lingshang Village, Yongjia County, Wenzhou City,
Zhejiang Province
13 Pan Er Village, Yongjia County, Wenzhou City, Zhejiang

Province
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Yanmen Village, Yongjia County, Wenzhou City,

133 Zhejiang Province

134 Yuantou Village, Yongjia County, Wenzhou City,
Zhejiang Province

135 Changyuan Village, Yongjia County, Wenzhou City,
Zhejiang Province

136 Meikeng Village, Yongjia County, Wenzhou City,
Zhejiang Province

137 Shaoyuan Village, Yongjia County, Wenzhou City,
Zhejiang Province

138 Gushan Village, Yongjia County, Wenzhou City,

Zhejiang Province
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Dongao Village, Yongjia County, Wenzhou City,

139 Zhejiang Province
Dong’an Village, Yongjia County, Wenzhou City,
140 . .
Zhejiang Province
141 Wanli Village, Yongjia County, Wenzhou City, Zhejiang
Province
149 Xiazhuang Village, Yongjia County, Wenzhou City,
Zhejiang Province
Jingzhou Village, Yongjia County, Wenzhou City,
143 . ,
Zhejiang Province
144 Yingyi Village, Yongjia County, Wenzhou City, Zhejiang

Province
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Chaipi Village, Yongjia County, Wenzhou City, Zhejiang

145 Province

146 Shengshan Village, Yongjia County, Wenzhou City,
Zhejiang Province

147 Nikeng Village, Yongjia County, Wenzhou City,
Zhejiang Province

148 Mashang Village, Yongjia County, Wenzhou City,
Zhejiang Province

149 Shaokeng Village, Yongjia County, Wenzhou City,
Zhejiang Province

150 Baishini Village, Yongjia County, Wenzhou City,

Zhejiang Province
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Ma Village, Yongjia County, Wenzhou City, Zhejiang

151 Province
152 Fuyuan Village, Yongjia County, Wenzhou City,
Zhejiang Province
153 Biaoshan Village, Yongjia County, Wenzhou City,
Zhejiang Province
154 Xixia Village, Yongjia County, Wenzhou City, Zhejiang
Province
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