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Abstract: The Minjiang river basin covers an area of 60992 km2, accounting for half of the land 
area of Fujian province. It retains a large number of traditional villages and towns with different 
form characteristics. Based on both topographic map CAD and TM as the major data sources, 
analyzes its basin-wide spatial pattern characteristics with the help of ArcGIS spatial analysis 
technology. And analyze the factors such as topography and river system, traffic and social econ-
omy’s impact on the spatial distribution. With the analysis method of urban morphology and 
system cluster method, the morphotype characteristics of typical traditional villages and towns 
in the basin is divided into four types, such as mountain valley basin type, river valley basin 
type, canyon riverbank type, alluvial flat plain type. And then, to subtype by analyzing the shape 
index, patch density. The traditional settlements have regional effect in river basin. Under the 
background of rapid urbanization, considering the influence of economy, trafic, construction 
and other factors on the change of regional settlements pattern, the typological protection, uti-
lization, optimization and reconstruction of traditional settlements in the Minjiang river basin 
are of positive significance to improve the regional ecological environment and the coordinated 
development of region.

1. Spatial pattern distribution characteristics of traditional villages and towns in 
the Minjiang river basin

1.1. Overview of villages and towns in the Minjiang river basin

The Minjiang river is the largest river in Fujian province China. Originating from Junkou town-
ship of Jianning county at the border of Fujian and Jiangxi, three major tributaries of Jianxi, 
Futunxi and Shaxi converge near Nanping city and are called Minjiang river. Through the coastal 
mountains to Fuzhou city NanTai island divided by the north and south, to the compound of 
the Luoxing tower for one, fold to the northeast out of Langqi island into the east China sea. 
Taking Shaxi as the main source, the total length is 533 km, the density of river network within 
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the basin is 0.0907 km/km2, and the basin area is 60824 km2, accounting for about half of the 
land area of Fujian province. The research scope mainly involves 31 counties in Fuzhou, Nanping, 
Sanming and other cities, and the population of cities and districts accounts for about 35% of 
the population of the whole province. Minjiang river has reserved a lot of traditional villages and 
towns. Until 2019, the list of Chinese traditional villages published by the Ministry of housing 
and urban-rural development and cultural towns and villagers list published by the China’s state 
administration of cultural heritage, is a total of 6. The famous town of 6, combined traditional 
villages and towns of Minjiang river basin was 354 released by the Fujian provincial department 
of housing and urban-rural development until 2019.

1.2. Spatial distribution characteristics of traditional villages and towns in the Minjiang 
river basin

According to the coordinate range of minjiang river basin, which is approximately between 
longitude 116°-120° and latitude 25°-29°, srtm_60_07 elevation data are downloaded from the 
international scientific data platform, and 354 traditional villages and towns are located in the 
actual geographical position according to the longitude and latitude coordinates of the center 
of mass of villages and towns. Through geographic information system (GIS), the spatial pattern 
of 354 traditional villages and towns spatial points in Minjiang river basin is analyzed. Firstly, 
the z-score value is -15.815193 and the p-value is 0 through the average nearest analysis, indicat-
ing that traditional villages and towns have obvious clustering status within the Minjiang river 
basin (Figure 1-a). Secondly, multi-distance spatial clustering analysis was carried out on the 
distribution of traditional towns and villages, and it was found that the clustering features were 
most obvious within the range of about 44136m observed values (Figure 1-b). Thirdly, analyse the 
nuclear density of the traditional villages and towns by sampling in 44136 m within the search 
radius. Obviously, the scope of Fuzhou area mainly concentrated in Yongtai county, followed 
by Minqing, Nanping area mainly concentrated in Zhenghe county and followed by the county 
range in Wuyishan city area. Sanming area is evenly distributed, mainly concentrated in Youxi 
county (Figure 1 – c); Finally, the spatial distribution characteristics of traditional towns and 
villages in each county and city are analyzed through the nearest neighbor index (NNI) meas-
urement method. To calculate any point to the neighbor point distance dmin, points number n 
average distance  . The theory of the near distance is relevant to the area of the study 
area A and event number n, namely     , the nearest neighbor index 
If R=1, it belongs to spatial random distribution; if R<1, it belongs to spatial clustered mode; 
if R>1, it belongs to spatial dispersed distribution. Through analysis, it can be concluded that 
most of the shape Spaces of villages and towns within the scope of each county are dispersed 
distributed (Table 1).

2. Methodology

Urban morphology was born in Europe at the end of the 19th century. It is based on the research 
of traditional urban base archaeology and historical map data in Europe for several centuries, 
mainly focusing on the correlation between urban form and urban design in traditional towns 
and buildings[1]. Based on the study of the traditional urban spatial form and its spatial struc-
ture in European cities, this paper tries to explore the typology principles of urban and archi-
tectural construction[2,3]. The study of urban morphology reveals the complexity of the inner 
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ID Cities Counties A (km2) n Ratio D (Unit/km2) dmin E(dmin) R Distribution
1

Fuzhou

Changle 665.8 2 0.56% 0.0030 10.99 9.13 1.20 uniform
2 Mawei 281 1 0.28% 0.0036 0.00 8.33 0.00 clustered
3 Cangshan 763 1 0.28% 0.0013 0.00 13.87 0.00 clustered
4 Minqing 1466 16 4.52% 0.0109 24.20 4.79 5.05 uniform
5 Minhou 2136 3 0.85% 0.0014 34.01 13.37 2.54 uniform
6 Fuqing 1518 4 1.13% 0.0026 19.36 9.81 1.97 uniform
7 Yongtai 2241 58 16.38% 0.0259 27.23 3.11 8.76 uniform
8

Sanming

Datian 2294 18 5.08% 0.0078 26.56 5.66 4.69 uniform
9 Yongan 2942 22 6.21% 0.0075 35.67 5.77 6.18 uniform
10 Qingliu 1825 5 1.41% 0.0027 16.55 9.62 1.72 uniform
11 Ninghua 2407 8 2.26% 0.0033 34.49 8.70 3.96 uniform
12 Mingxi 1708 8 2.26% 0.0047 21.01 7.29 2.88 uniform
13 Shaxian 1815 5 1.41% 0.0028 11.73 9.45 1.24 uniform
14 Sanyuan 807 4 1.13% 0.0050 14.82 7.07 2.10 uniform
15 Youxi 3463 25 7.06% 0.0072 31.83 5.89 5.40 uniform
16 Jiangle 2246 5 1.41% 0.0022 17.78 10.66 1.67 uniform
17 Jianning 1791 5 1.41% 0.0028 29.45 9.45 3.12 uniform
18 Taining 1540 6 1.69% 0.0039 24.44 8.01 3.05 uniform
19

Nanping

Yanping 2660 20 5.65% 0.0075 35.01 5.77 6.07 uniform
20 Shunchang 1985 16 4.52% 0.0081 27.26 5.56 4.90 uniform
21 Jianou 4200 18 5.08% 0.0043 38.95 7.62 5.11 uniform
22 Zhenghe 1749 36 10.17% 0.0206 25.11 3.48 7.22 uniform
23 Shaowu 2851 9 2.54% 0.0032 15.20 8.84 1.72 uniform
24 Jianyang 3387 4 1.13% 0.0012 12.77 14.43 0.88 clustered
25 Songxi 4043 11 3.11% 0.0027 15.39 9.62 1.60 uniform
26 Guangze 2240 7 1.98% 0.0031 36.75 8.98 4.09 uniform
27 Wuyishan 2814 20 5.65% 0.0071 24.22 5.93 4.08 uniform
28 Pucheng 3383 17 4.80% 0.0050 31.88 7.07 4.51 uniform

1-a Mean nearest neighbor analysis 1-b Multi-distance spatial clustering 
analysis

1-c Nuclear density analysis of tradi-
tional villages and towns

Figure 1. Cluster analysis of spatial distribution of traditional villages and towns in Minjiang river basin.

Table 1. Spatial distribution statistics and types of traditional villages and towns in Minjiang river basin.
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order by rationally and intuitively understanding the morphological characteristics of cities and 
towns[4,5]. At present, researches on regional towns and villages focus more on studies on region-
al urbanization level, urban landscape characteristics and spatial distribution characteristics[6]. 
The traditional regional villages and towns are the diachronic accumulation of the materialized 
forms of human phenomena within a certain geographical space. Their origin, formation and 
development are closely related to the regional geographical environment and specific historical 
environment, and their forms show different regional characteristics[7]. The spatial distribution 
and morphological characteristics of traditional villages and towns in the Minjiang river basin 
of Fujian province were studied from the perspective of urban typology and morphology, pro-
viding theoretical basis and technical methods for traditional villages and towns to move from 
individual protection to regional overall protection and utilization.

Referring to the calculation method of patch shape index widely used in landscape ecology, 
the traditional village and town shape index is defined as the perimeter of patch divided by the 
circumference of the same area.

(S is shape index, A is patch area, A0 is circle area, C is patch circumference, and C0 is circle 
circumference)

The index reflects the “shape deviation degree” of the circle with equal area in shape, circle 
S=1, the larger the shape value is, the more irregular the shape is, and it has nothing to do with 
the actual measurement unit. Considering the fact that the traditional village and town forms 
can be quickly differentiated into clusters and bands by the ratio of major and minor axes, the 
influence of the ratio on the shape index can be reduced by replacing the circle with the equal 
ratio of major and minor axes and the oval with equal area. At this point, the shape value is a 
function of the ratio of the major and minor axes, area and circumference of the traditional 
village form. The correction of the elliptic shape index can be more consistent with the actual 
situation in form[8].
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Analysis/Results 
2. Influencing factors of spatial characteristics of traditional villages and towns in the Minjiang river 
basin[99] 
2.1 Topographic and river system factors 

The Mnjiang river basin is dominated by mountainous terrain. The Mnjiang river system collects in 
basins, valleys and canyons between mountains, and finally flows into the east China sea through floodplain. 
As in the 1000-1500 meters above sea level in the northeast Donggong mountains and the average of more 
than 500 meters above sea level JiuFeng mountains north and south, a series of northwest to an altitude of 
1000 meters of Wuyi mountains, south of the main peak 1800 meters above sea level Dai Yun mountains and 
Daimao mountains towering average altitude of 1000 meters, known traditional villages and towns of Minjiang 
river basin was significantly affected by topography and river system. Through the statistical analysis of the 
elevation slope of existing traditional villages and towns, it is found that it is mainly distributed between 150m 
and 950 m above sea level, and the slope is concentrated in the relatively gentle terrain within 25°. Based on 
the statistics of the elevation and slope value of the terrain of each village and the nearest distance to the main 
water system of Minjiang river, Hot spot Analysis (getis-ord Gi) of ArcGIS was adopted to conduct spatial 
autocorrelation analysis of Minjiang river basin. The analysis shows that the low-altitude villages and towns 
are mainly concentrated in the main stream of Minjiang river and tributaries of Panpuxi and Songxi, while the 
higher-altitude villages and towns are concentrated in Zhenghe county, Datian county and Emei peak area. 
The villages with slow slope are mainly concentrated in Fuzhou area of the lower Minjiang river, while the 
villages with steeper slope are mainly concentrated in mountainous areas such as Yongtai county, Zhenghe 
county and Youxi county. The traditional villages and towns in the basin are generally close to the water 
system, especially the tributaries of the main stream of Minjiang river, Shaxi and Dazhangxi, while the border 
areas of Zhenghe county, Datian county and Shaowu city and the three counties in the north of Sanming are 
far from the main water system. "Accordingly, it is more easy to form large towns at lower altitude terrain 
slower valley plain or flood land area. It is easy to retain large numbers of traditional villages in 
remotemountainous area, while retain less in eastern Minjiang downstream flat open areas. The tradition of 
choosing water to live in and production relying on water system transport have a direct impact on the 
traditional settlement distribution. 

 

Table 2 Statistical analysis of elevation of traditional villages and towns in Minjiang river basin 
ID Elevation（（m）） Count Area（（km2）） Area Ratio V&T Amount V&T Ratio 

1 -26-50 150829 1153.12 1.90% 5 1.41% 

2 50-150 259683 1985.33 3.26% 24 6.78% 

3 150-250 802047 6131.81 10.08% 60 16.95% 

4 250-350 1098214 8396.06 13.80% 75 21.19% 

5 350-450 1218009 9311.92 15.31% 51 14.41% 

6 450-550 1127994 8623.74 14.18% 31 8.76% 
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(a is ellipse major semi-axis, b is ellipse minor semi-axis, λ is the ratio of major to minor axes, 
S is the shape index, A is patch area, A` is the elliptic area, C’ is the patch circumference, and 
C’ is the elliptic circumference.)

3. Analysis/Results. Influencing factors of spatial characteristics of traditional vil-
lages and towns in the Minjiang river basin[9]

3.1. Topographic and river system factors

The Mnjiang river basin is dominated by mountainous terrain. The Mnjiang river system collects in 
basins, valleys and canyons between mountains, and finally flows into the east China sea through 
floodplain. As in the 1000-1500 meters above sea level in the northeast Donggong mountains and 
the average of more than 500 meters above sea level JiuFeng mountains north and south, a series 
of northwest to an altitude of 1000 meters of Wuyi mountains, south of the main peak 1800 me-
ters above sea level Dai Yun mountains and Daimao mountains towering average altitude of 1000 
meters, known traditional villages and towns of Minjiang river basin was significantly affected 
by topography and river system. Through the statistical analysis of the elevation slope of existing 
traditional villages and towns, it is found that it is mainly distributed between 150m and 950 m 
above sea level, and the slope is concentrated in the relatively gentle terrain within 25°. Based on 
the statistics of the elevation and slope value of the terrain of each village and the nearest distance 
to the main water system of Minjiang river, Hot spot Analysis (getis-ord Gi) of ArcGIS was adopt-
ed to conduct spatial autocorrelation analysis of Minjiang river basin. The analysis shows that the 
low-altitude villages and towns are mainly concentrated in the main stream of Minjiang river and 
tributaries of Panpuxi and Songxi, while the higher-altitude villages and towns are concentrated 
in Zhenghe county, Datian county and Emei peak area. The villages with slow slope are mainly 
concentrated in Fuzhou area of the lower Minjiang river, while the villages with steeper slope are 
mainly concentrated in mountainous areas such as Yongtai county, Zhenghe county and Youxi 
county. The traditional villages and towns in the basin are generally close to the water system, espe-
cially the tributaries of the main stream of Minjiang river, Shaxi and Dazhangxi, while the border 
areas of Zhenghe county, Datian county and Shaowu city and the three counties in the north of 
Sanming are far from the main water system. “Accordingly, it is more easy to form large towns at 
lower altitude terrain slower valley plain or flood land area. It is easy to retain large numbers of 
traditional villages in remotemountainous area, while retain less in eastern Minjiang downstream 
flat open areas. The tradition of choosing water to live in and production relying on water system 
transport have a direct impact on the traditional settlement distribution.

3.2. Traffic factors

According to the statistics of China city statistical yearbook 2015, the highway mileage data of 
various regions in the Minjiang river basin in 2014 were sorted out, and the corresponding high-
way density was calculated (see table 4). In terms of the highway density of the three cities, Nan-
ping city’s 55.24 km /100km2 and Sanming city’s 64.56 km /100 km2 are significantly lower than 
Fuzhou city’s 95.20 km /100 km2, while the preserved quantity of traditional villages and towns is 
Nanping > Sanming > Fuzhou. From the perspective of a single county, the highway mileage den-
sity in areas where the number of traditional villages and towns is relatively large is at a medium 
and low level, and the external traffic is relatively closed, which is conducive to the preservation 
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Table 2. Statistical analysis of elevation of traditional villages and towns in Minjiang river basin.

ID Elevation (m) Count Area (km2) Area Ratio V&T Amount V&T Ratio

1 -26-50 150829 1153.12 1.90% 5 1.41%

2 50-150 259683 1985.33 3.26% 24 6.78%

3 150-250 802047 6131.81 10.08% 60 16.95%

4 250-350 1098214 8396.06 13.80% 75 21.19%

5 350-450 1218009 9311.92 15.31% 51 14.41%

6 450-550 1127994 8623.74 14.18% 31 8.76%

7 550-650 944592 7221.59 11.87% 20 5.65%

8 650-750 755985 5779.65 9.50% 26 7.34%

9 750-850 557471 4261.98 7.01% 21 5.93%

10 850-950 395635 3024.71 4.97% 20 5.65%

11 950-1050 269041 2056.87 3.38% 13 3.67%

12 >1050 376344 2877.22 4.73% 8 2.26%

Total 7955844 60824.00 100.00% 354 100.00%

Table 3. Statistical analysis of slope of traditional villages and towns in minjiang river basin.

ID Slope (°) Area (km2) Area Ratio V&T Amount V&T Ratio

1 0-5 8070.01 13.27% 83 23.45%

2 5-10 12943.62 21.28% 83 23.45%

3 10-15 14821.15 24.37% 84 23.73%

4 15-20 12532.77 20.61% 61 17.23%

5 20-25 7891.70 12.97% 27 7.63%

6 25-30 3894.03 6.40% 8 2.26%

7 30-35 152.89 0.25% 6 1.69%

8 35-40 417.34 0.69% 2 0.56%

9 >40 100.42 0.17% 0 0.00%

Total 60823.93 100.00% 354 100.00%

of the traditional style and pattern of villages and towns. In addition, from the perspective of 
the convenience of connecting villages with external traffic, traditional villages are mainly con-
nected with external traffic arteries through township roads, while traditional towns are directly 
connected with main roads. Based on the statistics of the nearest distance between each village 
and the main external traffic arteries (national, provincial and county roads), hot spot analysis 
(Getis-Ord Gi) of ArcGIS was used to conduct spatial autocorrelation analysis in Minjiang river 
basin. The analysis shows that the nearest distance between villages in Yongtai county and Min-
qing county and the main road is low, which means the traffic is convenient, while the nearest 
distance between villages in Wuyishan city and Jianyang city is high, which means the traffic is 
inconvenient. Another angle from the current situation of protection and development, the con-
venience of transportation also determines the resistance of cluster protection and development 
of traditional villages and towns to some extent.
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Table 4. Statistics of highway mileage index in each region of Minjiang river basin (2014).

District A (km2) Road Mileage (km) Road Density (km/100km2) V&T Amount

Fuzhou 11968 11393 95.20 85

Changle 665.8 1010 151.70 2

Mawei 281 - - 1

Cangshan 763 - - 1

Minqing 1466 1436 97.95 16

Minhou 2136 1624 76.03 3

Fuqing 1518 2098 138.21 4

Yongtai 2241 1789 79.83 58

Sanming 22928.87 14804 64.56 111

Datian 2294 1632 71.14 18

Yongan 2942 1583 53.81 22

Qingliu 1825 864 47.34 5

Ninghua 2407 1454 60.41 8

Mingxi 1708 1037 60.71 8

Shaxian 1815 1227 67.60 5

Sanyuan 807 - - 4

Youxi 3463 2464 71.15 25

Jiangle 2246 1153 51.34 5

Jianning 1791 1041 58.12 5

Taining 1540 892 57.92 6

Nanping 26300 14529 55.24 158

Yanping 2660 - - 20

Shunchang 1985 1126 56.73 16

Jianou 4200 2441 58.12 18

Zhenghe 1749 1408 80.50 36

Shaowu 2851 1569 55.03 9

Jianyang 3387 1448 42.75 4

Songxi 4043 813 20.11 11

Guangze 2240 977 43.62 7

Wuyishan 2814 1299 46.16 20

Pucheng 3383 1828 54.03 17

Data source: China urban statistical yearbook 2015, relevant data collation (among which the highway mileage of 
prefecture-level urban roads is not counted).
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Table 5. Analysis of influencing factors of traditional villages and towns in Minjiang river basin.

Topographic elevation analysis Elevation space “hot spot” detection

Topographic slope analysis Slope space “hot spot” detection

Analysis of Minjiang river system The nearest spatial “hot spot” detection of water system

5-1

5-3

5-5 5-6

5-4

5-2
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3.3. Socio-economic factors

By collating the Fujian statistical yearbook 2018 related index of social economic development 
level, such as the population density, urbanization level, per capita disposable income, per cap-
ita GDP, gross industrial output value and GDP data. The indexes of the statistical data can be 
found the quantity of reserved traditional villages and towns and regional social economic devel-
opment level exists significant correlation (Table 5). From the population density and urbaniza-
tion level, Fuzhou > Sanming > Nanping. From the perspective of various economic development 
indicators, Fuzhou is significantly higher than the average level of the whole province, while 
Sanming and Nanping are far lower than the average level of the whole province, while the num-
ber of villages and towns within the city limits, Nanping > Sanming > Fuzhou, on the contrary. 
Taking a single county as an example, counties such as Tongtai, Zhenghe and Youxi, where the 
number of traditional villages and towns is relatively large, have significantly lower urbanization 
level and lower economic development level, while the number of traditional villages and towns 
in Fuzhou, where the urbanization level and economic development level are relatively high in 
the lower reaches of the Minjiang river, is significantly lower. Therefore, the above analysis shows 
that the number of traditional villages and towns is negatively correlated with the level of social 
and economic development in the region. From another perspective, it also shows that the low 
level of urbanization and underdeveloped areas are conducive to maintaining the stability of 
traditional towns and villages and natural humanistic ecology, so that more traditional towns 
and villages are reserved.

4. Morphological and type characteristics analysis of traditional villages and 
towns in the Minjiang river basin

4.1. The shape index and density of traditional villages and towns[10]

Through the analysis of the shape and shape index of typical traditional villages and towns in 
the minjiang river basin, it can be seen that, as the shape index grows from small to large, the 
settlement shape becomes more complex, and the contour shape changes from regular to fuzzy, 

Road traffic analysis The nearest space “hot spot” detection of the main road

5-7 5-8
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Table 6. Statistics on economic development indicators of various regions in the Minjiang river basin (2017).

District Population  
density (p/km2)

Urbanization 
level (%)

Urban per  
capita  
disposable  
income

(yuan)

Village per  
capita  
disposable 
income (yuan)

Region-
al GDP 
(109yuan)

Industry 
(109yuan)

GDP per 
capita 
(yuan)

V&T 
Amount

Fujian 315 64.8 39001 16335 32292.09 12674.89 82960 354

Fuzhou 640 69.5 40973 17865 7104.02 2270.92 93290 85

Cangshan 1081 100 37797 559.35 266.78 68255 1

Mawei 922 74.8 45152 23153 494.55 277.55 192431 1

Changle 1095 51.6 42304 20304 740.31 420.54 102112 2

Fuqing 860 50.7 41585 21095 996.61 398.08 76721 4

Minhou 335 56 38445 16976 563.98 298.62 79434 3

Minqing 164 40.4 28955 13482 164.73 72.6 69552 16

Yongtai 113 41.3 28562 13205 165.86 15.27 65557 58

Sanming 112 59 32261 15212 2136.06 895.62 83440 111

Sanyuan 253 86.4 35074 17716 151.3 64.79 74716 4

Yongan 121 69.2 33362 16374 384.19 199.84 108498 22

Mingxi 60 52.4 27651 13839 71.43 23.38 69620 8

Qingliu 75 48.1 28266 14403 101.89 34.99 74481 5

Ninghua 119 44.3 25653 13911 134.67 41.22 47253 8

Datian 139 50.5 32532 15413 198.22 88.72 62431 18

Youxi 104 44.8 30846 15849 231.35 76.47 64344 25

Shaxian 128 64.5 33083 17190 233.01 107.74 100718 5

Jiangle 68 54.8 30790 14943 123.63 48.16 81550 5

Taining 74 50.4 29490 14347 100.35 31.44 88375 6

Jianning 69 44.4 26647 14094 99.36 25.49 80945 5

Nanping 102 55.8 30070 14558 1626.1 522.24 60903 158

Yanping 180 68.1 31071 16102 331.65 100.97 69602 20

Jianyang 94 57.3 30587 14645 184.65 75.6 58712 4

Shaowu 97 68.3 31691 16788 231.62 95.02 83920 9

Wuyishan 84 57.3 31043 15848 164.49 40.01 69848 20

Jianou 108 50.5 29998 15951 244.48 71.83 53850 18

Shunchang 96 49.5 27375 13883 111.5 33.91 58528 16

Pucheng 88 47.1 28340 13260 151.31 44.14 50691 17

Guangze 61 46.5 27193 12574 91.1 25.66 67231 7

Songxi 30 46.8 26435 11206 52.13 14.53 42907 11

Zhenghe 96 46.3 26911 11452 63.16 20.57 37709 36

Data source: statistical yearbook of Fujian province -2018.
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gradually changing from regular to square to cluster, branch, diverge, band and then to free type. 
When S<1.6, the village form is a regular square block; When 1.6 < S < 2.5, villages and towns began 
to form clusters along an axis; When 2.5 < S < 3.2, villages and towns form began to develop along 
two directions component branch; When 3.2 < S < 4.5, villages and towns began to spread out in 
multiple directions; When 4.5 < S < 5.8, villages and towns form began to present a axial irregular 
banded form; When 5.8 < S < 7.8, Villages and towns began to show irregular and free patterns. 

The shape index can be used to classify villages and towns into block type, banded type, 
branching type and discrete type in terms of overall morphology. Then, the dispersion degree 
can be judged by building density within the research scope of villages and towns, so as to dis-
tinguish clustered villages and towns from discrete villages. When density (D) >0.2, villages and 
towns show clustered type, while when density (D) <0.2, villages and towns show discrete type.

(D is the density, A^ is the base area of the building, and A* is the research area of the villages 
and towns)

Based on the density and shape index of villages and towns, the traditional villages and 
towns can be divided into six types of villages and towns, namely square aggregation, cluster 
aggregation, branching aggregation, divergent aggregation, banded aggregation and free disper-
sion (Table 7).

4.2. Classification and characteristics of traditional villages and towns in the minjiang 
river basin

The attribute data (shape index, nearest index, elevation value, slope value, average nearest water 
system distance, average nearest road distance, economic development index, etc.) of tradition-

Table 7. Shape index analysis of typical traditional towns and villages.

V&T A (m2) A^(m2) Density(A^/A) λ(a/b) C (m) S Form

Sanfan-
qixiang

385328 192534 50.0% 1.13 3237 1.57 square aggregation

Gong-
chuan

169225 96192 56.8% 1.79 2552 1.64 cluster aggregation

Luozhou 922446 312785 33.9% 3.11 6103 1.65 cluster aggregation

Wufu 552100 170437 30.9% 1.66 8579 3.17 branching aggregation

Chengcun 294083 119618 40.7% 1.49 4447 2.25 cluster aggregation

Xiamei 241321 75067 31.1% 1.15 4302 2.33 cluster aggregation

Chang-
keng

28660 5072 17.7% 1.92 1443 3.15 branching aggregation

Guifeng 105500 33874 32.1% 1.47 4529 4.22 divergent aggregation

Liangdi 68000 13588 20.0% 2.07 3599 5.78 banded aggregation

Shuimei 197875 16827 8.5% 1.64 5156 7.72 banded aggregation

Yuezhou 269800 27816 10.3% 1.24 8713 7.77 free dispersion
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al villages and towns in each region of the minjiang river basin are standardized from 0 to 1 to 
eliminate the dimension of the original indexes. Then, SPSS is imported to conduct clustering 
through systematic clustering method. According to topographic elements, the traditional vil-
lages and towns are divided into four types, which are subtypes based on morphological index 
and density[11].

Table 8. Types and characteristics of traditional villages and towns in Minjiang river basin.

Broad 
class

Subclass Distribu-
tion 

Typical character-
istic

Flat form 3D environment

Moun-
tain ba-
sin type

Low-den-
sity 
branching 
cluster 
type

The 
mountains 
of the up-
per reach-
es of the 
Minjiang 
river or its 
tributaries

Located in high 
altitude mountain 
valley, the terrain 
is relatively steep, 
generally located in 
the upper reaches 
of tributaries far 
from the main 
water system. The 
buildings are dis-
tributed in parallel 
along the contour 
line according to 
the topography of 
the valley, with a 
low and medium 
density, and the 
shape is distributed 
in a branching, di-
vergent and banded 
free form. The 
mountainous set-
tlements are usually 
far from the main 
roads, the traffic 
is inconvenient, 
and the economic 
development level 
is low.

Medium 
density 
divergent 
cluster 
type

Medium 
density 
banding 
cluster 
type

Low 
density 
banding 
discrete 
type
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Valley 
basin 
type

Medium 
density 
branching 
cluster 
type

River 
valley area 
of middle 
and upper 
tributary 
of Min-
jiang river

It is located in a 
mountainous river 
with many high 
mountains and val-
leys on both sides 
and flows through 
the mountain basin 
to form a wide val-
ley, which is spread 
in a beaded pat-
tern. It is easy to 
form small towns 
or central villages. 
The buildings are 
distributed accord-
ing to local condi-
tions by topogra-
phy and water flow, 
and the settlement 
forms are blocky, 
branching or free. 
It is convenient to 
connect with exter-
nal traffic through 
township or county 
roads.

Medium 
density 
cluster 
type

Low den-
sity free 
dispersion 
type

Canyon 
river-
bank 
type

High den-
sity mass 
cluster 
type

Minjiang 
river 
middle 
and lower 
tributary 
valley area

Located in hequ 
deep grand canyon 
river beach, the 
terrain is relatively 
flat, the layout of 
the building street 
is orderly, transit 
through the main 
road, the traffic is 
more convenient.Medium 

density 
cluster 
type
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Alluvi-
al flat 
plain 
type

High den-
sity square 
cluster 
type

Minjiang 
down-
stream 
tributary 
alluvial 
flat plains

It is located in 
meandering river 
plain or jiangzhou 
of floodplain, with 
low elevation and 
flat terrain. The 
riverbed width gen-
erally ranges from 
400 meters to 2000 
meters, and the 
building streets and 
lanes are in regular 
shape, with large 
network density 
and high urbaniza-
tion level

Medium 
density 
cluster 
type

5. Discussion/Conclusion 

The overall spatial distribution of traditional villages and towns in the Minjiang river basin 
shows a clustering feature, while the distribution of villages and towns in each county is rela-
tively uniform. The spatial distribution of existing traditional towns and villages is obviously 
affected by topographic and water system, traffic and social and economic factors. Large towns 
and villages are mainly distributed in the middle and lower reaches of the Minjiang river, in 
the valley basin and floodplain with low elevation and relatively flat terrain. The road traffic is 
relatively convenient and the social and economic level is relatively high. However, in the upper 
and middle reaches of the Minjiang river basin, due to the high altitude and steep terrain, the 
external traffic is relatively inconvenient and the social and economic level is relatively low, 
but a large number of traditional villages are also relatively perfect and retained. At the same 
time, influencing factors also show type characteristics in traditional villages and towns form 
in the Minjiang river basin. The traditional villages and towns form is divided into four types: 
mountain basin type, valley basin type, canyon riverbank type and Alluvial flat type, and sev-
eral subtypes are subdivided based on the planar morphological characteristics and density of 
settlements. The overall spatial pattern of traditional villages and towns in the Minjiang river 
basin has the effect of regionalism, and the dynamic characteristics and causes of formation of 
settlements show regionalism. Under the background of rapid urbanization, considering the 
influence of economy, transportation, urban construction and other factors on the change of 
regional village settlement pattern, it is of positive significance to protect, utilize and optimize 
the classification of traditional village settlement in the Minjiang river basin, as well as improve 
regional ecological environment and coordinate development of settlements.
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