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Abstract

Global climate change has caused general and serious damage to cultural heritage sites, and earthen settlements
and buildings are particularly vulnerable to water-affected disasters. Thus, this paper uses Liang Village in Pingyao
County, China, as a case study, linking the human-land study in the Liang Village Sino-French workshop of 2009/2010
to a disaster assessment completed after the devastating rainstorm in October 2021. We found that the village’'s rain
disaster resulted from the vulnerability of earthen material to rainstorms and from the earthen settlement’s evolution
from a culture emphasising the coexistence of ‘water and earth’to a technic fostering the disintegration of ‘water and
earth! The latter is the main cause of the village's decrease in its capacity for disaster prevention and damage reduc-
tion. Therefore, in the context of global climate change, we find that the reestablishment of the harmonious relation-
ship of water and earth is critical to both rural heritage conservation and village sustainable development. In addition
to repairing their relation from the technical perspective of ‘planning and design’by planners and architects, it is more
crucial for local people to understand and enhance their contemporary appreciation for the traditional ‘coexistence of

water and earth’concept.
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1 Threats from global climate change to earthen
heritage
1.1 Influence of and reactions to current global climate
change
In the last several decades, climate change has caused
many severe disasters. According to the Centre for
Research on the Epidemiology of Disasters (CRED), the
world encountered 389 cases of natural disasters in 2020,
mainly climate-related. This included 9 cases of drought,
5 cases of extreme temperature, 201 cases of flooding,
19 cases of landslides, 127 cases of storms and 8 cases of
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wildfire. The number of people affected by natural dis-
asters in 2020 was 98.4 million. The CRED also provides
data on disasters from the past decade, which show even
higher annual averages in almost all areas, except for flood
and storm cases (CRED, UNDRR, and USAID 2021).

To mitigate climate change, several measures have
been taken worldwide. The United Nations Framework
Convention on Climate Change (UNFCCC) was estab-
lished in 1992 as an international organisation to support
the global response to the threat of climate change. The
Paris Climate Agreement is the most recent attempt to
establish international cooperation over climate change
and was instituted in 2016. It was designed to bring
nations together voluntarily to take ambitious action on
mitigating climate change while developing adaptation
options and strategies and guaranteeing the means of
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implementation (e.g., climate finance). The Agreement is
aimed at ‘holding the increase in the global average tem-
perature to well below 2°C above pre-industrial levels
and pursuing efforts to limit the temperature increase to
1.5°C above pre-industrial levels’ (United Nations 2015).
The built environment is often the major part of the
physical infrastructure affected by disasters. Extreme
events, such as cyclones and floods, inflict a heavy toll,
particularly on structures built with informal build-
ing materials and outside safety standards (Scott and
Tarazona 2011). Increased climate variability, warmer
temperatures, precipitation shifts, and increased humid-
ity will accelerate the deterioration and weathering of
stone and metal structures in many cities (Grossi, Brim-
blecombe, and Harris 2007; Smith, Gomez-Heras, and
McCabe 2008; Stewart, Wang, and Nguyen 2011). The
increased risks that climate change brings to the built
environment also apply to built heritage. In 2017, the
19th Triennial ICOMOS General Assembly meeting in
New Delhi adopted Resolution 19GA 2017/30 entitled
‘Mobilizing ICOMOS and the cultural heritage commu-
nity to help meet the challenge of climate change’ and
established the ICOMOS Climate Change and Heritage
Working Group (CCHWG) to support and prioritise
the development of ICOMOS’s climate-change policies
and engagement. In 2019, the CCHWG published “The
Future of Our Pasts: Engaging Cultural Heritage in Cli-
mate Action’ (ICOMOS 2019) to catalogue the ways that
climate-change drivers impact cultural heritage.

1.2 Vulnerability of earthen heritage to climate change
Shanxi is located in central China and has a Loess Plateau
landscape and an arid climate with approximately 400 mm
of annual rainfall (Wang, Zhu, and Tong 2016). As one
of the main regions of ancient Chinese civilisation, many
ancient buildings still exist, including the world heritage
site of Pingyao Ancient City. However, since 2010, due to
the Northwards movement of warm and humid airflows
caused by climate change, continuous rainstorms have
become common in traditional drought areas, further
causing great destruction to earthen heritage sites (Fig. 1).

In the beginning of October 2021, Shanxi Province
suffered from continuous heavy rainfall, causing floods,
landslides and other geological disasters. According to
the National Meteorological Centre (NMC), from 2 to 7
October, 13 cities and counties in Shanxi received over
200mm of precipitation (1 week reaching a half-year),
and the rainfall of Pingyao Ancient City was 20—24 times
more than the same period in previous years (Fig. 2).

Our team went to Pingyao on 8th October. After
investigating and assessing the disaster of the earthen
buildings in Pingyao Ancient City and the surrounding
villages, including Liang Village, we found that ‘earth’ was
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very vulnerable when meeting ‘water’. Many earthen built
heritage sites in this region were severely affected, seri-
ously damaged, and even partially collapsed. In Liang Vil-
lage, village walls and door roofs had collapsed; although
some materials were not earth, they were also damaged
by the loss of earth as filling material (Fig. 3).

In the Loess Plateau region, earth is the main building
material of buildings, widely used in roofs, walls and other
places, even in buildings with wood structures. Due to the
arid climate, the earth can remain dry and firm, and a large
number of old buildings have been preserved. However,
due to the long-term arid environment, people have for-
gotten another element, water, and they have also forgot-
ten the traditional ‘water and earth’ concept, which was so
important for ancient Chinese people. Although the 2021
flood in Shanxi was ‘unconventional, but it does not mean
it is a new problem that Chinese people have no experi-
ence with. Thus, we have observed the traditional wisdom
in dealing with ‘earth’ and ‘water’” within a workshop from
10 years ago, and we believe that people’s abandonment of
this wisdom partially caused the severe damages. This is
the key issue that we discuss in this article.

2 Analysis of the‘water and earth’ concept
in traditional Chinese culture

“Water and earth’ can be two elements on the surface of
land and can also be the general natural conditions and
climate. For example, there is a traditional Chinese saying
‘shuitu bu fu’ (7K - Jf)—people are not accustomed to
the local water and earth, which means that if the body is
not harmonious with the local climate environment, it is
easily affected by illness (Deng 2019). In traditional Chi-
nese culture, ‘water’ and ‘earth’ have a contradictory and
complementary relationship.

2.1 Earth: a stable element and the symbol of spatial order
Earth is the most important carrier of human activities.
There was a strong worship of earth in ancient China.
For example, in the theory of ‘wuxing’ (FL1T, means five
elements'), earth represents the orientation of the cen-
tre, which is the most important of the five elements. In
the ancient Yueji ( {5RI2% ), there is a statement that
‘earth is the most significant of the five elements’ (Pang
1984). There are two main reasons to emphasise the
importance of earth: first, China has a long-term agri-
cultural civilisation, and agricultural thoughts are deeply
rooted in peoples’ minds, so earth (or soil) symbolises
agricultural production, which can bring stability to peo-
ple. Second, earth has a similar meaning as land, which

! Wuxing contains five elements: metal, wood, water, fire and earth. The
ancient Chinese people believed that the universe was composed of these five
elements.
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Fig. 1 Trend of Climate Change in China (Source: the author. Background map approved by Map Vetting Center, Ministry of Natural Resources, PRC.

Map approval code: GS[2019]1651)

refers to the boundaries of imperial power. Therefore,
there is a saying in China ‘putianzhixia mo fei wangtu’
(K2 FEFET 1, means all the earth/land belongs to
the emperor). Thus, earth is given special values.

In this article, we define ‘earth’ as a natural substance
element that can be used as a kind of material and dis-
cuss its symbolic meaning in China.

2.2 Water: a fluid element and the symbol of spatial
vitality

Similarly, there are also two meanings of water in Chi-

nese people’s minds. The first one is water in nature.

‘Living close to water’ is not only a Chinese tradition but

also an important feature of human civilisation because

water is used for drinking, irrigation, and a better living

environment by people who regulate their microclimate.
In addition, the second definition is water in mind. Due
to the significance of water, a strong worship of water has
been produced. People worship water with the first pur-
pose of begging for appropriate rainwater and with the
second purpose of begging for the reproduction of peo-
ple themselves (Xiang 1993).

On this basis, ‘water’ is a symbol of wealth because
people find that places with rich water resources are
always wealthy. According to the theory of ‘fengshui,
water includes rivers, lakes, creeks, etc. and is indis-
pensable for an ideal settlement (Wang and Zhang
2010). To create a comfortable and auspicious environ-
ment, it is also necessary to adjust the form or direc-
tion of water, which is called ‘lishui’ (means adjust
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Fig. 2 National Precipitation Anomaly Percentage from 1 October to 11 October 2021 (Source: NMC: https://cmdp.ncc-cma.net/cn/index.htm. Map
approval code: GS[2019]1786)

Fig. 3 Collapse of village wall and door roof of Liang Village (Source: Pingyao County government)
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Fig. 4 Traditional Chinese site selection concept, based on fengshui theory (Source: Wang and Zhang 2010)

water) in ‘fengshui theory’ (Fig. 4) (Wang 2015; Wang
and Zhang 2010).

2.3 The balance of ‘water and earth’ constitutes an ideal
settlement environment

Given the above two aspects, ‘earth’ and ‘water’ are both
important natural elements on the surface of the planet.
At the same time, they both represent concepts in the
ancient Chinese ideological system; the former repre-
sents stability and order, while the latter represents flu-
idity and vitality, and they are equally important and
indispensable.

Scholars have been more concerned with the tra-
ditional settlements in southern China because the
landscapes there are rather variable, and the balanced
nature of ‘water and earth’ is more apparent (Chen and
Cao 2015; Luo 2015; Xiao and Cao 2014; Xu, Peng, and
Wu 2012). In contrast, for settlements on the Loess Pla-
teau, scholars have always given more attention to the
strong earthen characteristics while ignoring the fac-
tor of water (Wang and Zhou 2011; Huo and Liu 2005;
Wang and Hou 2006). Indeed, neither of these two ele-
ments is capable of individually maintaining a good
environment. Especially after the 2021 flood in Shanxi,
it is thus necessary to reassess and better deal with the
relationship between water and earth to increase the
capability of earthen settlements to prevent damage
during disasters.

3 Liang Village: from ‘coexistence of water
and earth’ to ‘disintegration of water and earth’

Liang Village is a typical earthen settlement on the
Loess Plateau of China. It is located in the middle of
Pingyao County, Shanxi Province, 6km southeast of
Pingyao Ancient City (Fig. 5). There is a common pop-
ular saying: ‘Liang Village initially, then follows Ping-
yao Ancient City, which shows that Liang Village has a
longer history than Pingyao Ancient City. In June 2007,
Liang Village was listed as a National Historical and

Cultural Village.” In 2012, it was listed as a Chinese Tra-
ditional Village.?

As mentioned above, the main empirical evidence for this
study was obtained from a Sino-French workshop® in Liang
Village from 2009 to 2010. In this workshop, which 4 teach-
ers and 21 students participated in, the characteristics of the
relationship between earth and water were deeply studied,
and we obtained two important findings. First, the settle-
ment had a strong characteristic of the combination of rich
water and earth, which was very significant. Second, there
was an evolution from the ‘coexistence of water and earth’ to
the ‘disintegration of water and earth; which corresponds to
the village’s devolution from prosperity to decline.

2R84 A in Chinese, it has been established by Ministry of Housing
and Urban-Rural Development and National Cultural Heritage Administra-
tion since 2003, referring to the villages preserving particularly rich cultural
relics, and has a major historic value or commemorative significance, which
can reflect traditional features and local national characteristics. It has
announced seven batches, which are usually announced as a ‘National Histori-
cal and Cultural Town!

3 h[EMESA in Chinese, it has been established by the Ministry of
Housing and Urban-Rural Development, Ministry of Culture and Tourism,
National Cultural Heritage Administration, Ministry of Finance, Ministry
of Land and Resources, and Ministry of Agriculture and Rural Affairs since
2012, which refers to the villages with tangible and intangible cultural herit-
age, with high value in history, culture, science, art, society, and economy. It
has announced five batches.

# The Sino-French workshop was organised by Tongji University, China and
Chaillot School, France in 2007. The aim of the workshop was to highlight
the advantages of educational resources and practical experience of the two
schools, to establish a way for professionals with different values to understand
and communicate with each other, and to set a successful example for interna-
tional cooperation in the protection of cultural heritage. The methodology of
the workshop can be reduced to 3 scales (territory, village and building) and 4
phases (investigation, interpretation, evaluation and project) (Tongji University
and Cité de l'architecture and du patrimoine 2013). In 14.days of on-site inves-
tigation, students obtained a close awareness of the village. Then, they spent
about 1 year organising materials, analysing the value of the settlement, and
diagnosing the problems and pathology of the site to form a deep understand-
ing of the village. Based on the above thinking and results, a design project to
protect the value of the village and solve the existing problems would be finally
executed. In addition, in the second year, teachers and students would bring
the results to the site for exhibition and exchange with the villagers, and strive
to incorporate them into the government’s implementation plan.
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Fig. 6 Spatial pattern of living on the terrace and farming in the valley’ (Source: Tongji University and Ecole de Chaillot 2010)

3.1 ‘Coexistence of water and earth’
3.1.1 Settlement site selection: close to water on the Loess
Plateau

Liang Village is located in the core area of the largest
Loess Plateau in the world. The natural Huiji River and its
tributaries pass through the village on the east and west
sides, forming a regional landscape with interlaced sandy
terraces and valleys. The ancestors of Liang Village made
clever use of the relationship between water and earth
and formed a spatial pattern of ‘living on the terrace and
farming in the valley’ through generations of transforma-
tion. A higher terrace for living could not only provide
a good place to defend but also prevent damage from
floods. Moreover, it was convenient for villagers in the
valley, which had a good irrigation system for agriculture
(Figs. 6 and 7). Therefore, even in its period of increasing
population, Liang Village did not sprawl continuously but
selected another neighbouring terrace to build a new set-
tlement on while leaving the valley as a natural space for
water conservation and agriculture.

According to a historical study, the ancestors of Liang
Village preferred to build houses by the cliffs on the east
side of the tributary of the Huiji River, forming the ini-
tial Yaodongs Then, three settlement units, Donghe
Bu (£%),° Xining Bu and Nangian Bu, were built on the
terrace. Next, it continued to expand on the flat area
with the completion of Changtai Bu and Tianshun Bu.
Finally, three settlement clusters were completed, and
between them were the valleys with water and farmland
(Fig. 8).

Clearly, the site selection of Liang Village took great
advantage of water, especially the terrace that was close
to the mainstream of the Huiji River. Subsequently, an
abundant underground water source was found in the
south of the village, which brought great benefits to agri-
culture, ultimately making Liang Village into a rich lotus

% Yaodong is an ancient arch structure architecture style in the Loess Plateau
area in China. It is mostly built with earth and has the characteristics of being
warm in winter and cool in summer.

© Buis a closed residential unit with insurmountable walls and gates.

s

4/ Yuan AN SY

Fig. 7 Natural environment vvlth the coexistence of water and earth
(Source: Tongji University and Ecole de Chaillot 2010)

root town.” Thus, a local folk song, Praise Local Products
( & 17F=) ) sings, ‘good rice in Yuanshen Temple and
fine lotus roots in Liang Village’ (JRAAIEIAKZEATBIFE).
With the advantage of water, Liang Village became rich
because of the cultivation of ‘lotus roots; and it formed a
beautiful landscape and liveable space on the arid Loess
Plateau.

Because of the lack of water in this arid region, the
ancestors of Liang Village cherished the high-quality
spring water source and were grateful for the liveable
environment provided by nature. Thus, this spring water
source was regarded as a god by villagers. To thank

7 In general, rice and lotus root, etc., are crops mainly in southern China,
where there is a developed water system, while they are quite rare in the arid
Loess Plateau area. It has fully illustrated that the protection for water sources
has also brought wealth for Liang Village in return.
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Around 700 CE, Tang Dynasty: Troglodytes

First settlement: natural defensive system

Houses around cliffs.
Excavated directly on earth: The original
Yaodong

Around 1200 CE, Yuan Dynasty: Fortress
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Fig. 8 From the Tang Dynasty to the Ming Dynasty: From the Loess Plateau to rich lotus roots (Source: Tongji University and Ecole de Chaillot 2010)
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it, they named it ‘Shen Quan’ (#&, means ‘sacred
spring’), built a fence to protect the outlets of the spring,
and even established a temple, ‘Yuanshen Temple’ (J&
#1447, means temple for the god of water), on the east
side to sacrifice to the god of water. The Yuanshen Tem-
ple was located between the fields amid the stage and the
wells, taking the natural mountains and water systems as
its background, underscoring the history of the endless
awe and prayers for water sources among the villagers
(Figs. 7 and 9).

3.1.2 Water circulation system inside the earthen settlement:
water storage and drainage
As a single-family group settlement, Liang Village
formed a typical Confucian space, with the features
of clan hierarchy, large family tradition and defence
demand. These social features were all reflected in the
spaces. The settlement used the ‘Bu’ walls (the village
walls) as its strict development boundaries, with two
gates on the north and south to safeguard the large
family. The spatial layout was distinct, which distin-
guished the public, semipublic and private spaces,

while the spaces at all levels were connected by the
fishbone street network with primary and secondary
relationships.

For a settlement on the terrace, water circulation was
an important and challenging part of the liveable space
in this region. By manipulating the microterrain, the
problems of water provision and flood prevention were
impressively resolved for such a closed earthen settle-
ment in the arid Loess Plateau region.

First, the ancestors carefully built a rainwater storage
system in the village. The rainwater collection port and
passages were well preserved on the top of the ‘Bu’ walls.
Fishbone streets and lanes with a certain slope also had
water passages. Rainwater went through the streets, col-
lected in the tanks under the central street, the lowest
place in the village, and was stored for daily use. It was
very important in dry seasons or in defensive situations.
Even today, while the original wells and underground
aquifers have dried up, this water collection system can
still be used. This was the elastic mechanism that Liang
villagers created in response to their arid climate (Fig. 10).

Meanwhile, due to the occasionally large amounts of
rainwater, the above system was also very efficient for
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Fig. 10 Rainwater collection and storage system in Nangian Bu
(Source: Tongji University and Ecole de Chaillot 2010)

drainage. Liang Village Stage Square was not only very
secluded in terms of the treatment of the microterrain
in accordance with the relationship between the opera
stage, stand and the square but also excellent at collecting
rainwater and then draining it out of the square quickly
via its natural slope (Fig. 11).

=] Water hole on the roof
&3 Drainage direction
& Rain
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3.1.3 Architecture treatment: local earthen material
and protection against rain

Limited by local conditions, traditional buildings were
made of local materials, such as earth and bricks, which
had the unique effect of warming in winter and cooling in
summer and reflected the unique local characteristics and
a typical vernacular architecture. There were three main
types of local buildings, almost all of which used earth as
the main building material. The first was Yaodong, which
leaned against mountains and made use of earth directly.
The second was the independent Yaodong, which could
be built widely on flat ground, the upper layer of which
was covered with earth. The third type was a brick house,
the walls of which were mostly adobe with a roof with
a thick earthen layer. To protect this earthen layer from
rainwater, tiles were used to drain water quickly (Fig. 12).
Except for the residential buildings, other architectural
elements in the settlement, such as the gate and the ‘Bu’
walls, were mainly built of earth and were also treated in
detail to make rainwater flow quickly and prevent erosion.

Accordingly, historic Liang Village obviously reached a
‘dynamic balance’ by addressing the relationship between
‘earth’ and ‘water’ On the one hand, ‘earth’ was widely used
as the main material in construction; on the other hand,
‘water’ was smartly treated as a fluid element to bring vitality
to this relatively stable and conservative earthen settlement.

3.2 ‘Disintegration of water and earth’
3.2.1 Rural environment: water source exhaustion
and farmland degradation
The increases in population caused greater demands on
agricultural production, especially during the Great Leap

Fig. 11 Topographic microprocessing in the stage square and underground rainwater collection and drain systems (Source: Tongji University and

Ecole de Chaillot 2010)
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Forward (1957-1960).% Villages drilled wells in a radical
way to obtain water for irrigation, which not only caused
the rapid decline in the groundwater level but also caused
irreversible destruction to the groundwater layer and
eventually caused the drying up of water sources. Mean-
while, the construction of the reservoir to the north of
the village accelerated the drying of the river. This further
caused the valley north of the village, which attached the
rivers, to gradually shrink, and the fertile cultivated land
was also gradually degraded. Finally, the landscape of the
rivers and valleys surrounding the village was weakened
(Fig. 13).

Due to the exhaustion of the water sources, peo-
ple’s worship of nature also disappeared; therefore, the
Yuanshen Temple, which was divine in history, became
unimportant. In the 1970s, the spring water source was
renamed the Hongqi Well (red flag well), and a mechani-
cal pump was built next to it. In the 1980s, a motorway
passed through the Yuanshen Temple and separated the
temple into two parts: the opera stage on the north of the
road and the other part on the opposite side. The spirit
and space of this sacred historic site were completely
destroyed. The internal space of the temple was used as
a primary school for a period and was later abandoned.
Unfortunately, the temple was also heavily damaged in
the 2021 flood in Shanxi (Fig. 14).

8 It refers to the socialist movement from the winter of 1957 to early 1960
that set unrealistic goals for industry and agriculture, with an overemphasis
on speed. It reflected the people’s urgent need for development, but failed to
respect basic economic laws.

3.2.2 Settlement form: urban sprawl and modern
infrastructure intervention
With the increase in population, the five traditional ‘Bu’
walls could no longer accommodate all of the people,
so it was inevitable to create new living space. However,
in the twentieth century, due to improved productivity,
the ability to transform nature also increased. There-
fore, the villagers abandoned the traditional method of
site selection and chose to sprawl adjacent to the old
section, which was obviously more convenient.
Similarly, in the new settlement construction, due to the
collapse of traditional family concepts and the reduction
in defence needs, the traditional urban form, with a strict
boundary and a grading structure, was replaced by a more
open, efficient and homogenous space. However, with the
breaking of the spatial hierarchy, the subtle terrain differ-
ences also disappeared. Thus, the village had to rely on a
sewer system to drain water, not the natural topography.
Meanwhile, people’s worship of water also changed in
a subtle way. There were two causes. First, the ideology
changed; nature worship was thought to be a feudalistic
superstition that should be abandoned amid the New Cul-
ture Movement’ in China in the 1910s and 1920s. Second,
the development of technology, especially the popularity
of tap water, rendered the relationship between people
and nature increasingly indistinct. Thus, the traditional
rainwater collecting system was deemed unimportant.

9 1t criticised classical Chinese ideas and promoted a new Chinese culture
based upon Western ideals like democracy and science.
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Fig. 13 New buildings with urban sprawl and dry valleys (Source: the author)

Fig. 14 Yuanshen Temple after the flood (Source: the author)

3.2.3 Earthen building: loss of function and threat
from water vapour

Whether it was a public building or a residential build-
ing, a lack of functions further fostered the destruction
of earthen building quality. Most buildings have faced
obvious problems such as humidity, weathering, roof
leakage, damage to wood components, settlement and
deformation. Moreover, with the development of build-
ing materials and technology, as well as the improve-
ment of economies and living demands, concrete and
ceramic tiles have replaced bricks and earth and have
become increasingly popular. In contrast, a large num-
ber of traditional architectural spaces have been aban-
doned, and various pathologies have emerged as a
result.

For earthen materials, the greatest threat has come from
water vapour, which has caused cracks, spalling, ravines,

flooding and other common pathologies due to rainfall
and humidity. Regarding the wall on the south side of Xin-
ing Bu in Liang Village, for example, after years of erosion,
the drainage system was especially destroyed, and the wall
was seriously damaged. There were thus many structural
pathologies, such as structural cracks, destructive gullies,
overturning and settlement, and more surface pathologies,
such as microcracks, spalling, scouring gullies, alkalisation
and plaster loss, in the wall (Figs. 15, 16 and 17).

Therefore, various spiritual and physical transi-
tions fundamentally caused Liang Village to shift from
emphasising the ‘coexistence of water and earth’ to
allowing the ‘disintegration of water and earth’ Thus,
the loss of ‘water’ directly caused the deterioration of
the ecological environment and the frangibility of the
ecosystem. Since ‘water’ was incredibly significant as
a kind of conditioner in the ecosystem, thus the loss
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Fig. 15 Status quo of the south and north facades of the wall before restoration (Source: Tongji University, Ecole de Chaillot and China Academy of

Art 2010)
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Fig. 16 Pathological analysis of the south facade of the wall (Source: Tongji University, Ecole de Chaillot and China Academy of Art 2010)

of ‘water’ not only made the environment no longer
flexible but also eroded the vitality of the earthen
settlement.

4 The contemporary value and the relationship
recovery of water and earth

4.1 The contemporary value of water and earth

Under the concept of sustainable development, there are

new meanings for the traditional elements of ‘water’ and

‘earth’

4.1.1 The ecological function of ‘earth’

In recent decades, environmentalists, ecologists and
architects have realised that earthen material is itself a
kind of green material. As a local material, it not only con-
sumes little nonrenewable energy (oil, natural gas, etc.)
during processing, production, transportation or con-
struction but also has a minimal carbon footprint (Can-
cino and Avrami 2015). Furthermore, raw earth has good

heat preservation and insulation performance, which can
control for the loss of heat. It is particularly prominent in
Yaodong buildings. For example, in winter, earth absorbs
heat and stores heat during the day and then releases heat
indoors at night. Warm in winter and cool in summer are
therefore the most praised advantages of Yaodong build-
ings (Shen 2020).

4.1.2 Theresilience of ‘water’

Resilience as an academic term was first put forward
by Canadian ecologist C. S. Holling in 1973. It means
the persistence of relationships within a system and
is a measure of the ability of these systems to absorb
changes in state variables, driving variables, and param-
eters and persist (Holling 1973). Due to the vulnerability
of traditional cities when facing external disturbances,
such as natural disasters, the concept of resilience was
introduced to cities. City managers hope that ‘resil-
ient cities’ are more integrated and forward-looking
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concerning disaster prevention, climate-change adapta-
tion and risk management (Yang and Lin 2015). Hence,
the establishment of an adaptable and resilient urban
water system is an important part of a resilient city
(Rijke et al. 2013).

In response to the serious problem of the urban
water ecological crises, the government of China pub-
lished a series of policies about ‘Sponge City’ in 2013.
The aim of these policies is to make cities like sponges,
with good performance in adapting to environmental
changes and responding to natural disasters. When it
rains, such cities can absorb, store, seep, and purify
water, and after rainfall, these cities can ‘release’ the
stored water and make use of it as needed (MOHURD
2014). Therefore, it has been gradually observed that
the resilience effect of water is both obvious and
significant.

4.2 Exploration of the relationship recovery of water
and earth in Liang Village

Based on this understanding, a decade ago, the work-
shop team made efforts to restore the relationship of
water and earth through urban planning. The working
team put forward a design strategy regarding the envi-
ronment, urban form and building levels after an in-
depth analysis of the characteristics and evolution of the
‘water and earth’ of Liang Village and a comprehensive
consideration of the needs of contemporary production
and life. Its aim was to effectively restore the village’s
relationship between ‘water and earth; to better dem-
onstrate the characteristics of the village, and finally to
form a new harmonious relationship between humans
and nature.

4.2.1 Environment: restoration of the ‘water and earth’
relationship

According to the traditional characteristics of Liang Vil-
lage, such as following fengshui theory and considering
security and defence, as well as its current heritage distri-
bution features, the conservation and development plan
of Liang Village was proposed. There were several strate-
gies in the plan, such as the delimitation of the ecologi-
cal protection areas, the built heritage protection areas
and the areas where construction would be conditionally
permitted. The target of these strategies was to protect
the spatial order and spatial pattern with the characteris-
tics of ‘living on the terrace and farming in the valley’ in
Liang Village (Fig. 18).

To improve the drought environment and thus to
enhance the resilience of the village to cope with nat-
ural disasters that may occur again in the future, the
remaining water conservancy facilities and irrigation
system were rearranged. Initially, rainwater would be
collected and filtered for daily use by the villagers. The
domestic wastewater, once used, would flow to the
fields. Through ingenious terrain treatment and pipe
arrangement, the wastewater should be fully utilised
for plant irrigation. Meanwhile, the excess water will
be refiltered by the ecological purification function of
plants, such as reeds, and finally returned to the village
for daily use by the residents; thus, a water circulation
system could be established. To protect the surface
runoff, we also suggested building a plank road system
in the valley that would be fully integrated with terrain
(Fig. 19).

Because of the important symbolic meaning of the
Yuanshen Temple and the water source, it is neces-
sary to restore the harmonious historical relationship
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between people, god and nature through landscape res-
toration. First, the traffic road that separates the tem-
ple and stage should be diverted from the south of the
stage to recover the original integrated layout of the
temple. Second, more green plants should be added
around the water source to gradually form a good eco-
logical environment. Last, Yuanshen Temple should
fulfil new functions as a public facility for ecological
restoration with planned exhibitions, cultural tourism
and management. Although it does not retain its origi-
nal sacrificial function, the temple can allow people to
gain respect for nature, restoring the power and wis-
dom of the balance between man and nature (Fig. 20).

4.2.2 Settlement: site protection and terrain restoration

In addition to protecting the traditional sites, includ-
ing the ‘Bu’ walls and gates, street system and the tra-
ditional courtyards, it was also necessary to repair and
enhance the damaged elements. The most important one
to repair was the stage square at the centre of the village.

Specifically, the northwest gate, the affiliated build-
ings and the detailed paintings needed to be repaired to
strengthen the central position of the stage and to fos-
ter the cultural functions of watching and performing to
revive the centre of the village. Meanwhile, to recover the
original drain system, it was also necessary to repair the
microterrain of the square because some terrain has been
artificially altered and would easily block water (Fig. 21).

The rainwater collection system inside the village
needed to be repaired and strengthened to improve the
village’s ability to cope with extreme climates. Moreover,
the village’s microclimate needed to be adjusted through
water circulation to create a more liveable environment
for the residents (Fig. 22).

4.2.3 Architecture: restoration with traditional savoir-faire

For earthen material, the core target was to decrease
the threat from water vapour. Taking the wall on the
south side of Xining Bu in Liang Village as an example,
the workshop team made several efforts to realise this
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Fig. 20 Landscape restoration (Source: Tongji University and Ecole de Chaillot 2010)

target. First, they planned to restore the underground
drainage system before repairing the body of the wall.
Then, to increase the strength of the material, they
chose to add lime or rice slurry but not cement, which is
impermeable and may adversely introduce more vapour
into the earth.

4.3 The implementation of the plan and the limitations
of the workshop

After the workshop, the local authority carefully consid-
ered the suggestions from the workshop team and imme-
diately implemented two restoration projects: the wall
on the south side of Xining Bu and the damaged stage
square drainage system. The core of these two restora-
tions was to deal with the relationship between water and
earth. The key to the former project was to dredge the
underground drainage system so that the water vapour
could be discharged without damaging the wall, while the
key to the latter was to adjust the terrain so that the rain-
water could drain quickly without clogging. The effects of
these two projects have been excellent; not only have the
structures remained in good condition for 10 years but
they also avoided any damage from the flood disaster in
2021 (Figs. 23 and 24).

However, except for these two projects, most of the
proposals in the workshop were not adopted. There are
two reasons for this. First, the workshop’s implication is
systematic, comprehensive, and even idealistic; however,
for Liang Village, there are great difficulties in concept
changing, obtaining financial support and village man-
agement, which make it difficult to implement. Second,

the actual problems of the village are more complex, such
as the serious problems of industries and population
decline. Due to their limited time and ability, the work-
shop team did not consider these aspects, thus making
their suggestions incapable of solving the most funda-
mental problems of the village.

5 Discussion and conclusion
Liang Village’s case is a very good example of the
importance of the coexistence of water and earth.
When the ancestors fully respected the natural envi-
ronment, they cleverly used two major elements, water
and earth, to create an ecological, liveable and beauti-
ful settlement, an ancient society with low productiv-
ity. When modern people ignore the laws of nature,
they destroy the harmonious relationship between
water and earth, thereby causing serious environmen-
tal damage. Although the implementation of the work-
shop was very limited, the impacts of the flood disaster
on these two projects further validated our judgement.
Global climate change seems to be a new vast chal-
lenge to earthen heritage conservation work, and it
seems to be inevitable for earthen heritage to suffer
from rain and floods. However, if we change our minds,
if we harness the traditional wisdom contained in the
heritage itself, we may avoid or at least decrease such
losses. The important concept of ‘water and earth’ in
traditional Chinese culture is full of wisdom; something
that seems to be an ‘earth’ problem (such as the crack-
ing of an earthen wall) can be due to ‘water’ (such as
rainwater erosion). In contrast, something that seems
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to be a ‘water’ problem (such as flood disasters) can be  should involve strengthening the coordination of ‘water’
resolved by ‘earth’ (such as terrain treatment). There- and ‘earth! In short, the core of the ‘water and earth’
fore, improving the disaster prevention capabilities of  concept is the harmonious relationship between people
earthen heritage is not simply handling ‘earth’ issues but  and nature.
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Fig. 24 The status of the stage square after the 2021 flood (Source:
the author)

It is also necessary to state that in actual conservation
work, we should more comprehensively consider local
economic, social, cultural and management realities and

Page 19 of 20

adhere to the concept of ‘people-centred’’ to formu-
late and implement conservation plans. This inevitably
entails long-term and comprehensive work that requires
the joint efforts of all salient professionals and parties.
Liang Village’s case therefore demonstrates a method
of treating earthen settlements and provides ideas for
earthen settlement conservation in other regions.
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