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Abstract

:

Based on the landscape architecture of traditional settlements in southern China, this study takes water as a vital element through field investigation and model analysis to explore the water management strategies of two traditional villages in Xiangjiang River Basin, Hunan Province. We have found that traditional settlements are located between rivers and mountains. The community of the settlement has a strong interaction with the water environment. The water management system consists of two parts: the rainwater collection and storage system of a single building and the settlement’ s water collection and drainage system. Through calculation, we found that the amounts of water collected (per year) between the two villages are different: ZhangGuYing (Z village) = 5.73 million L, ShangGanTang (S village) = 1.784 million L, in spite of the fact that water management strategies of the two settlements are similar. Further analysis shows that the difference is related to the adaption of the precipitation and topography of the surrounding areas. The above-mentioned systematic management strategy of water resources has been used until currently, with adaptability, low cost, and sustainability. It has outstanding significance for the current demand for sustainable development from both resource management and cultural aspects.
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1. Introduction


Traditional settlements, as part of the landscape, where people have lived in compact communities throughout history [1], are similar to modern settlements. Our lifestyles are based on the development and distribution of resources [2,3]. However, because of the lack of advanced production tools and productivity, traditional settlements are more dependent on a stable and suitable ecological environment [4], including climate, topography, soil, water resources, and other basic natural conditions [5]. Therefore, the traditional ecological knowledge of how to achieve and maintain sustainable development of a settlement has gradually accumulated in different places all over the world [6]. Due to the importance of water for human beings, ancient civilizations around the world have accumulated their own water management technologies and strategies [7] —for instance, the canals in ancient Rome, which realized the spatial distribution of water resources. Ancient Greece also realized the reuse of water resources in the Mediterranean region through the design of urban water pipes and public facilities and solved the problem of uneven time distribution of water resources [8]. Ancient Egypt took advantage of the seasonal changes of the Nile to achieve agricultural prosperity [9]. Although the traditional ecological knowledge is effective, some of it no longer matches the current situation [8]. Therefore, it is particularly important to study the traditional strategies and internal mechanisms of the ecologically sustainable settlements which have survived to this day. Unlike other ancient civilizations, some of the ancient Chinese settlement/facilities are still functioning well until today [10]. The traditional Chinese agricultural landscape is highly dependent on the stable natural environment [11], so the location of settlements [12] and the management and distribution of local resources -especially the water—are prerequisite conditions for the local sustainable development [13].



Based on experience (or observation), traditional knowledge is tentative and probabilistic and will be constantly revised and falsified [14]. Thus, as the ecology of small-scale (settlements) can be continuously adapted iteratively to finally realize a sustainable system of self-sufficiency [15], and at the same time, a highly stable local economy with families as its basic units can be realized [16], which is characterized by high-level social coordination, organized division of labor, and effective autonomy [17]. On the basis of a farming economy that relied on natural resources, ancient Chinese ancestors summed up and developed a set of systematic management theories based on nature for the selection and planning of ecological settlements and management of natural resources [18].



The goal of this study is to reinterpret the accumulated experiences and theories in history from a sustainable perspective for the urban landscape, with a special emphasis on today’ s increasingly obvious water resources problems [19]. From the experiences and strategies, we can learn how human–environmental interactions changed through time and space and further discuss how to extend its value [20].



The current research on traditional water resources is mainly qualitative research, which explains the experiences, methods, and technologies of traditional water management in some developing regions [21,22,23] and tries to apply the simple logic and low-cost strategies to other regions [24]. In addition, there are also studies on the application of rain harvest to agricultural production [25]. The roof rain harvest function in a settlement has potential value [26] but is limited by the data validity [27]; the quantitative analysis based on specific studies cannot be carried out to provide more convincing conclusions for the implementation plans [28]. Some quantitative analysis of rainwater collection has implications for this study [29], especially the analysis and comparison of the changes in precipitation amount and distribution on water resources [30].



In addition to the research on low-cost rainwater harvesting in traditional settlements, the research on traditional settlements’ response to floods also has implications for urban stormwater management under today’ s climate change situation. [31,32]



Some other studies take the perspective of the functionality of the architecture itself, the water resources management as the main research topic [33], and combine the quantitative analysis and qualitative analysis to research the sustainability and cross-regional application potential of traditional water management [34,35], which can explain the mechanism of traditional ecological knowledge [36], but it does not directly prove the effectiveness of its mechanism and the details of its dynamic changes [37,38,39].



This study will explore water-related data from the perspective of water management to prove how traditional settlements can achieve adaptability across time and space scales. The research focuses on analyzing the background, logic, and action mechanism of the traditional water management strategies, and finally provides solutions for urban landscape planning and water resources management in the new period.




2. Materials and Methods


Through field investigation, on-site interview, and photogrammetry, this study collected, analyzed, and compared the basic data related to water management in two traditional settlements so as to obtain the operation mechanism of a traditional settlement water management system and further discuss the possibility of its wider application.



2.1. Study Area


The two villages involved in the research are located in Southeast China, Xiangjiang River Basin (Figure 1a).



The ZhangGuYing village of YueYang City (29°00′36″ N; 113°128′30″ E) has a population of 2169 inhabitants (data from year 2000, newer official data are not available). The ShangGanTang village of YongZhou City (25°09′09″ N; 111°10′57″ E) has a population of 1865 inhabitants (data from year 2000, newer official data are not available) are located in Hunan Province in terms of administrative division. In terms of geographical location, the two settlements are located in the upper and lower half of the Xiangjiang River Basin. They belong to the subtropical monsoon climate area, but according to the data of the local weather station, the precipitation, humidity, and annual average temperature of the two settlements are different, as shown in Table 1.



The rainwater collection and storage system mainly have three parts:




	
The rain harvesting roof



	
The patio and underground pipe connection (the patio has an average water capacity of 2.4 m3)



	
The water storage pool (The pool capacity for Z village is unavailable yet; for S village, the water storage capacity is 73.43 [10])








As we can see from Figure 1b, the rainwater was collected by the roof from 4 directions, falling down to the patio, each patio being connected by the underground pipe system, and a bigger amount of water drained into the river; less water was stored in the pool. Some part of the water after infiltration goes down (underground), and the water which was left on the patio can be used for daily purposes (for washing, for microclimate amelioration of the courtyards, etc.). Less is used for drinking, as far as the drinking water obtained from the well. Due to the traditionally used wooden construction materials of the villages, the water from the pool is also used in case of accidental fire.



The villages are located in rural landscapes, representing the organic part of the landscape, which has as its main use paddy rice production. The rice field has a totally independent water supply system called the rice canal, which is connected to the river. For the whole research area, this study will explain the function of the different parts of the water management system used in the village. The data analysis will only focus on the rain harvest part to calculate the amount of water collection and compare the two villages for the similarities and differences in water management strategies.




2.2. Tools and Models


The settlement image data was collected by DJI phantom3, and the 3D model was rendered by the Contextcapter software. Surface measurements and linear regression analysis were performed by Acute3D viewer. Topographic data were collected through Google Earth, and topographic maps and cross-sections of settlements were processed by Surfer software (Figure 2).




2.3. Data Collection and Calculation


Drone photogrammetry was performed on the two urban landscapes in the Xiangjiang River Basin, and the drone routine collection data was entered into the Contextcapture software for processing in order to obtain 3D models of the two settlements. The 3D model was then measured to obtain the catchment area of the patio and roof (Table 2). The regression analysis of the patio and roof area of the buildings showed that there was a linear correlation between the patio and roof area of the two settlements.



Combining precipitation data, the catchment area of the roof, patio, and the measured area were calculated. With data and interviews, the similarities and differences in water management mechanisms of the two settlements were further compared.



Through Surfer software and Google Earth data, the topography of the two settlements was modeled and profiled to obtain the direction of surface runoff, the topographic relief, and a spatial overview of the site.



Finally, the analysis of precipitation and water retention was combined with the logic of village planning and its related adaptive mechanisms (Figure 2).





3. Results


3.1. Regression Result


As we can see from Figure 3, the regression formula is:


Y1 = 6.3367X1 + 86.638 (ZhangGuYingP/R2)

Y2 = 3.4467X2 + 21.23 (ShangGanTangP/R1)



(1)







Y1: ZhangGuYing village rainwater harvesting roof area



Y2: ShangGanTang villages rainwater harvesting roof area



X1: ZhangGuYing village patio area



X2: ShangGanTang village patio area



The median of the patio area from 68 dwellings is 3.9 m2



Bring the median of the patio area into Equation (1):


Y1 = 111.35 m2 and Y2 = 34.67 m2











As the equations show, the two ratios of the roof catchment area to the patio area are close: in the case of ZhangGuYing (Z) 6.3367 and in the case of ShangGanTang (S) 3.4667. Both the R2 values are greater than 0, and the area of the roof and patio are positively correlated; that is, the area of the roof (rainwater harvesting) and the area of the two settlements are related to the patio (water storage) area. There is a linear correlation between the roof and the patio (Figure 3).



This is in line with the design language patterns of traditional Chinese architecture; that is, each component of the building is designed according to strict, designated proportions [41]. This design logic has two reasons: one is the standardization of traditional architectural theory, and the other is that it can be combined or adapted to local conditions. It involved adaptive adjustment of the scale and function of the landscape to different situations [42]. From the regression analysis results, we can indirectly conclude that the water management logics of the two traditional settlements are very similar. Meanwhile, the difference is obvious from Table 2: the total roof area of 34 buildings in Z village is 4242.25 m2, and in S village is 1251.05 m2. As we can see from Figure 2, the architectural design and structure of the two villages is different: the Z village design is called “DaWu” which means the members of the whole village live as a clan family in one big house. The S village is in the same clan clustering situation, but DaWu is a special form to emphasize the unity between the family members; it is reflected in the design by connecting the roof of each dwelling together. Both villages belong to the logic of clan settlement, but the architectural expression is different. This is the explanation from a cultural perspective.



More importantly, for water management purposes, here we assume that the differences are caused by the adaptation to the environment and topographical conditions of the two settlements. The hypothesis was interpreted in combination with the local interview, topography analysis, and meteorological data.




3.2. Meteorological Analysis


Rainwater amount collection



S village yearly average precipitation (roof) 1426 mm/m2 * 1251 m2 =1.784 million L



August (max): 255 mm/m2 = 0.319million L



Z village yearly average precipitation (roof) 1353 mm/m2 * 4242 m2 = 5.739 million L



August (max): 172.9 mm/m2 = 0.733 million L



Based on the average annual precipitation and the surface area of the settlements, the annual water quantity collected by the roofs of S Village is 1.784 million L, while in the Z village it is 5.73 million L. In Table 3, using the Acute3D measurement tool, we selected the study area including 34 dwellings and a part of the river that flows through the settlement as the total area, and compared the river area with the selection area of the study area.



ShangGanTang has 367 traditional dwellings in total; we selected 34 buildings, where the rain harvest function is still working, and this traditional way reusing the rainwater is still used and maintained by the villagers.



ZhanGuYing has 1062 traditional dwellings in total, due to the long-term expansion. The village mainly has three parts: DangDaMen (422,1593DC); WangJiaDuan (468,1802DC), and ShangXinWu (172,1803DC). We only choose 34 buildings, which were built in same period in the WangJIaDuan part of the village, all these buildings having similar rain harvest functions. The total area was selected through surface measurement tools. We used the 367 buildings and the river surface area, which go through the village as the selected area for ShangGanTang village (34,174 m2), and 468 building areas of WangJiaDuan part and river surface area, which go through the village as the selected area for ZhanGuYing village (16,334.39 m2). We found that the river area ratio in Z village is 6%, much smaller than that in S Village at 10%, and the precipitation in Village Z 1353mm is lower than that in S Village 1426mm, so the theoretical water collection in Z village can increase significantly more than in S Village. Combined with local interviews, the number of floods in the village was also higher in S than in Z village. For S villages, the flood control function is more important, so the patio and roof are smaller than in Z villages; thus, the meteorological analysis supported the hypothesis.




3.3. Topography Analysis: The Art of Choosing a Location


According to Figure 4, we can see that both Z and S villages are located on flat ground between hills and rivers.



In the process of the landscape development of the traditional Chinese settlement, the most important step is the positioning of the settlement [43], which can also be understood as the choice of an adequate living environment [44]. Just like in the case of painting [45], the choice of location is equivalent to the painter’s first stroke on the canvas, followed by the construction and management of the surrounding environment of the selected location, that is, landscape transformation [46].



In terms of location selection, Chinese landscape architects need to consider many factors, and they also gradually develop a systematic Feng Shui theory in the process of practice [47]. According to the positioning in Feng Shui, the most beneficial settlement location is the “Livable” position [46]. In the Chinese classical philosophy system, “qi” is divided into two kinds: Yin and Yang, which are reflected in the landscape as a mountain (Yang) and water (Yin) [48,49]. Therefore, in ancient times, Feng Shui chose the positions between mountains and rivers to build settlements [50]. From the artistic perspective, this site selection layout is conducive to borrowing scenery, that is, using mountains and rivers to create visual order and a sense of harmony [51,52]. This type of selection and location is also enlightening from the perspective of contemporary science:



1. The thermal circulation generated between the mountains and rivers meets the needs of heat dissipation and ventilation.



2. The wind direction of the monsoon climate is conducive to cooling in summer and avoiding cold air intrusion in winter.



3. Meets the needs for water use and avoids floods.



4. Uses the change of topography to create the layering of the landscape.



5. Layout of the settlement along the river to alleviate spatial and social conflicts.



6. Uses the change of topography combined with the water collection facilities for the sponge effect [10].



The location of the settlement is part of the adaptive to topography strategies. The surface runoff was considered during the settlement planning. ZhangGuYing Village is relatively flat, while ShangGanTang Village is a typical traditional Feng Shui layout, surrounded by hills on three sides and a river on one side. In this landscape setting, the planners of the traditional settlement fully considered the water management strategies.



For ShangGanTang Village, due to the proximity to the river, the river flow is high, and the surface runoff path of the mountain needs to pass through the settlement. Analyzing Figure 4, it is clearly understandable that the adjustment of the collection capacity of rainwater is low, which is conducive to preventing waterlogging. For Zhanguying Village, the altitude is lower (Table 3). The average annual precipitation is low, the surface runoff is slow, and the settlements are distributed along the two sides of the stream so that the water collection function can be maximized.




3.4. Summary


It can be seen that, according to different environments, the water collection and storage of each building in different settlements has the same logic but with different capacities. The water collection volume is adjusted according to the precipitation, the size of the river, and the topographic characteristics of the landscape. In other words, the strategies are the same but adapted to the specific environment. (Table 4.)



For Z village, the precipitation is 1353mm, lower than S village, and the river size is 1125.23 m2. It is also smaller than S village, as the highest point is around 150 m, lower than S village; thus, the Z village adjusted the roof size, maximizing the rainwater collection function.



In addition to the roof–patio rainwater harvesting system based on residential buildings, the location of the settlement also plays an important role in water management. Taking ShangGanTang as an example, the site selection of the settlement conforms to the principle of the traditional Feng Shui theory: the settlement faces the water/river and has the mountain at its back [53]. Such a site selection can combine the water collection and storage systems of single buildings to participate in the water cycle during the formation of precipitation and runoff and has a similar function of regulating water bodies as sponge cities [54].



The integrity of ZhangGuYing Village is more obvious. The roof and patio are linked to each other, which can maximize the collection and storage of rainwater. In addition, the patio and the stream are also connected, and there is a water outlet to control the flow and thus actively adjust the storage capacity. (Figure 4)





4. Discussion: Systematic Water Management Strategies and Sustainable Trends


From the above analysis, we can find that the water management strategies of the two villages are logically similar.



From the point of view of landscape pattern, the two traditional settlements are represented by three parts: dwellings–settlement–landscape (surrounding environment) in terms of water management. The three parts are independent but interconnected. It can be said that the traditional settlement uses landscaping and architecture to achieve less interference with the natural surface runoff and underground runoff.



These functions can be interpreted from an ecological perspective today, but in traditional Chinese society, they are better interpreted in terms of culture, practice, and meaning [55].



According to traditional Chinese culture, man, as a part of nature [56], also has natural attributes [57], while Feng Shui in the traditional landscape literally means Feng: wind (air flows) and Shui: water flows [58]. Air and water are also common fluids in nature, with the attributes of circulation and movement. On the human side, it is more important to enable people and culture to flow continuously, like wind and water. This makes the Chinese traditional water management strategy more disseminated and sustainable at the cultural level [59,60].



In other words, in traditional society, the sustainability of material resources is also culturally combined with the trend of material sustainability. This sustainable strategy has an important impact on today’s material resources and spiritual culture. What human beings need is not only the sustainable demand for resources and materials but also the support of sustainable ideas and culture rooted in human consciousness beyond resources and materials.




5. Conclusions


This research proved the importance of the Chinese traditional cultural heritage in rainwater management through the design of the settlement and dwelling architecture (structure, form, and size). From a heritage point of view, sustainable water management strategies also have their cultural roots in the local community. Some future studies are still needed, in order to focus on some practical issues, such as the contemporary adaptabilities of traditional rain harvesting methodologies from a global perspective. The new challenges of climate change and urban sustainability raise the importance of such traditional methods in the collection and use of rainwater, especially in the urban environment. In a European context, there are similar urban and landscape structural systems, which can be improved using the oriental traditions. This is expected to mitigate, among other positive effects, the urban flooding from climate change as well.
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Figure 1. (a) Location of the two villages in Xiangjiang River Basin, Southeast China. (b) The water collection system used in the villages. 
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Figure 2. Conceptual framework of the research process. 
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Figure 3. The linear regression of roof and patio surface areas of the two villages. 
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Figure 4. The topography and cross-section of (a) ShangGanTang village; (b) ZhangGuYing village. 
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Table 1. Meteorological data of the two villages.






Table 1. Meteorological data of the two villages.





	Annual Average

(1981–2010)
	Precipitation
	Temperature
	Humidity





	ZhangGuYing
	1353 mm
	−5.9–39.2 °C
	77%



	ShangGanTang
	1426 mm
	−5.2–40.3 °C
	78% 1







1 Meteorological Data website [40].
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Table 2. The table of the 3D model water catchment area measurement.
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Patio1

(m2)

	
Roof1

(m2)

	
P/R1

(ShangGanTang)

	
Patio2

(m2)

	
Roof2

(m2)

	
P/R2

(ZhangGuYing)






	
1

	
2.78

	
36.58

	
0.0759978

	
3.83

	
102.15

	
0.0374939




	
5.96

	
30.73

	
0.1939473

	
2.45

	
112.11

	
0.0218535




	
1.4

	
13.38

	
0.1046338

	
7.5

	
127.19

	
0.0589669




	
4

	
2.83

	
33.44

	
0.0846292

	
1.22

	
74.57

	
0.0163605




	
4.67

	
32.96

	
0.1416869

	
12.72

	
105.62

	
0.1204317




	
6

	
1.4

	
18.9

	
0.0740741

	
2.54

	
90.09

	
0.028194




	
4.11

	
25.97

	
0.1582595

	
5.79

	
107.59

	
0.0538154




	
2.77

	
41.97

	
0.0659995

	
5.51

	
124.05

	
0.0444176




	
3.61

	
23.92

	
0.1509197

	
4.69

	
149.82

	
0.0313042




	
10

	
4.54

	
42.82

	
0.1060252

	
3.24

	
116.58

	
0.0277921




	
4.56

	
38.98

	
0.1169831

	
6.64

	
140.97

	
0.0471022




	
12

	
6.6

	
64.61

	
0.1021514

	
5.75

	
158.77

	
0.0362159




	
13

	
1.65

	
26.11

	
0.0631942

	
6.45

	
182.72

	
0.0352999




	
3.32

	
32.22

	
0.1030416

	
6.22

	
140.33

	
0.0443241




	
7.65

	
67.93

	
0.1126159

	
49.62

	
277.82

	
0.1786049




	
16

	
2.16

	
34.76

	
0.0621404

	
3.83

	
104.36

	
0.0366999




	
2.02

	
28.81

	
0.0701145

	
2.79

	
126.12

	
0.0221218




	
18

	
1.96

	
34.41

	
0.0569602

	
7.75

	
137.15

	
0.0565075




	
2.5

	
27.92

	
0.0895415

	
9.62

	
172.15

	
0.0558815




	
3.18

	
36.98

	
0.0859924

	
8.49

	
148.07

	
0.0573377




	
1.11

	
27.07

	
0.0410048

	
3.99

	
96.76

	
0.041236




	
22

	
3.18

	
24.53

	
0.1296372

	
3.93

	
105.75

	
0.0371631




	
6.71

	
36.03

	
0.1862337

	
5.58

	
122.95

	
0.0453843




	
24

	
2.36

	
44.83

	
0.0526433

	
3.31

	
97.23

	
0.034043




	
25

	
5.97

	
50.87

	
0.117358

	
2.24

	
67.91

	
0.0329848




	
2.49

	
25.91

	
0.0961019

	
2.68

	
80.23

	
0.033404




	
9.12

	
42.62

	
0.213984

	
7

	
138.04

	
0.0507099




	
28

	
2.74

	
27.76

	
0.0987032

	
8.67

	
163.41

	
0.0530567




	
5.09

	
35.4

	
0.1437853

	
8.53

	
149.18

	
0.0571792




	
30

	
2.85

	
30.74

	
0.0927131

	
2.72

	
123.34

	
0.0220529




	
1.8

	
33.37

	
0.0539407

	
0.59

	
89.85

	
0.0065665




	
5.1

	
29.06

	
0.175499

	
5.88

	
106.79

	
0.0550613




	
5.09

	
26.37

	
0.1930224

	
5.85

	
105.39

	
0.0555081




	
34

	
28.22

	
123.09

	
0.2292631

	
6.44

	
97.19

	
0.066262




	
SUM

	
151.5

	
1251.05

	
0.1210983

	
224.06

	
4242.25

	
0.0528163




	
Average

	
4.4558824

	
36.795588

	
0.1130235

	
6.59

	
124.77206

	
0.0470982
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Table 3. The table of 3D model water catchment area measurement.
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	Total Area (Selection)
	River Area
	River Area Ratio
	Max Altitude





	ZhangGuYing
	16,334.39 m2
	1125.23 m2
	6%
	150 m



	ShangGanTang
	34,174 m2
	3745.28 m2
	10%
	280 m
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Table 4. The comparative analysis of two village.






Table 4. The comparative analysis of two village.












	
	Precipitation
	River Size
	Topography

(Height)
	Water Collection Capacity





	ZhangGuYing
	1353 mm
	1125.23 m2
	150 m
	5.739 million L



	ShangGanTang
	1426 mm
	3745.28 m2
	280 m
	1.784 million L
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