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Abstract: Ignoring the function of natural landscapes in the rapid development of urbanization, and
especially in the conservation of historic urban landscapes, is still obvious today, and this has caused
a large decrease in natural space, loss of habitats, and an increase in disasters. The resilience of a
whole city and parts of it, such as historic urban areas where the historical process of man and nature
have been recorded, as well as the interaction between nature, economy, and culture, is not strong
enough to maintain the stability of urban ecosystems. It is misleading to think that the resilience can
be built in a historic urban area without a natural landscape. We question whether this is true. Using
a semantic differential analysis method from a historical perspective, this paper aims to answer this
question through research on the correlation between resilience and man and nature through a case
study of Yudai Trench historic urban landscape in Guangzhou, a historic urban area with 1000 years
of history. A total of 212 pieces of evidence were extracted from 59 historical sources. The results
showed that the cultural and economic conditions were in the same step and cycles as nature, which
were influenced strongly by climate change, and that the natural landscape has a correlation on and
is a dominant force in the resilience of historic urban landscapes.

Keywords: urban resilience; historic urban landscape; climate change; semantic differential analysis;
Yudai Trench historic urban landscape

1. Introduction

Nowadays, in the face of natural, economic, and cultural urban development problems
such as biodiversity loss, heat island effect, cultural fragmentation, and frequent occurrence
of diseases [1–7], the 2030 Agenda for Sustainable Development of the United Nations
has proposed that urban sustainable development should be “inclusive, safe, resilient and
sustainable” [8]. How to improve the ecological resilience of cities, enhance the ability to
cope with various external and internal impacts of cities, and promote sustainable urban
development are major challenges facing cities around the world [9–11].

Urban landscapes are designed to stabilize urban resilience by addressing a wide
range of environmental problems in cities and preventing sudden impacts [12–14]. In
the context of climate change, if the complexity of urban landscapes is not accurately
understood, irreversible damage to urban resilience will occur [15,16].

Historic urban landscapes are the product of historical overlapping interactions among
natural systems, economic systems, and cultural systems and are an important carrier of
urban resilience [17]. Throughout history, there have been many famous historic urban
landscape cases that have provided important support for the urban resilience of cities,
such as Central Park in New York City, the irrigation system of Dujiang Weir in Sichuan,
and the Tuancheng drainage system in Beijing [18–21]. At present, the related research
on historic urban landscapes can be divided into two categories: research on historical
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value and research on conservation and renewal [22]. Firstly, the research carried out from
the perspective of historical value focuses on textual research and sorting out the cultural
value and change process of historic urban landscapes and summarizes the spatial pattern
characteristics of these landscapes [23,24]. Secondly, the study on the conservation and
renewal of historic urban landscapes focuses on discussing the optimal conservation and
renewal strategies of the existing historical landscape for the future [25,26].

In the research on historic urban landscapes created by human activities, the content
is often based on the study of architecture and archaeology in spatial forms [22,27,28].
The literature also focuses on the evaluation, conservation, and renewal of the cultural
value of existing historic urban landscapes and pays less attention to the role of natural
landscapes [22]. From a historic urban landscape perspective, the research on the correlation
of human ecosystems and the change mechanism of urban resilience from the perspective
of coping with the impact of climate change needs to be enriched to provide convincing
case [22,29–31].

In this paper, the Yudai Trench historic urban landscape in Guangzhou was selected as
the research object, with the aim of exploring the key forces of resilience of a historic urban
landscape and an analysis of the change mechanism of resilience. This paper proposes
four hypotheses that need to be tested: (1) the Yudai Trench historic urban landscape
has resilience to climate change; (2) the natural, economic, and cultural systems have
correlations; (3) the natural system has dominance and priority in the resilience change;
(4) there is a limit to the resilience of natural landscapes.

Through semantic differential analysis, semantic intensities of 212 historical records
related to natural, economic, and cultural systems of the Yudai Trench historic urban
landscape from 1011 to 2000 were extracted, and the change curves of three systems and
climate change were constructed based on the width of Yudai Trench. The correlations
between natural, economic, and cultural systems under the impact of climate change
were contrastively analyzed, and the key force of resilience and the change mechanism of
resilience of the Yudai Trench historic urban landscape was explored in depth.

2. Materials and Methods
2.1. Study Area

Yudai Trench is a haven dug during the Northern Song Dynasty (1011) in order to
protect Guangzhou from typhoon disasters caused by unstable air flow in the tropical
monsoon area [32]. It is located under the southern city wall of Guangzhou and historically
had the functions of both city defense and urban water transport. In addition, Wenxi River,
West Lake, and Nan Trench were its water sources in the north.

Since the Song Dynasty, commercial and cultural centers such as Gaodi Street, Haopan
Street, and Nanyuan Garden emerged because of the convenient east–west water trans-
portation and the functions of windproofing and disaster prevention. Among them, Gaodi
Street and Haopan Street were well-known commercial streets for salt transportation,
Canton-style furniture, and musical instrument manufacture and sale, and Nanyuan Gar-
den was the origin of Lingnan poetics. Nowadays, Yudai Trench has turned into an ordinary
street in the old city of Guangzhou, and the prosperity of the Yudai Trench historic urban
landscape is no longer visible [32,33].

The selection of the Yudai Trench coastal historic urban landscape (Figure 1) as the
research subject is based on its thousand-year history (1011–2000) and its cardinal position
in urban resilience. It provides a record of the city’s urban development over the last
1000 years. Therefore, it also provides a constant and complete sample for the study of
the relationships between the natural, economic, and cultural systems of a historic urban
landscape in a first-grade city’s development.
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First, semantic differential analysis was used to analyze the hypothesis. Based on the
historical records of the Yudai Trench historic urban landscape, semantic intensity analysis,
data integration, and semantic intensity change curve construction were carried out. The
periodicity, interaction, and correlations between natural, economic, and cultural systems
were analyzed in the macroscopic context of climate change, and the natural landscape is
the key force of the dominant system and the resilience of historic urban landscapes.

Secondly, correlation analysis was used to further analyze the resilience change pro-
cess of the Yudai Trench historic urban landscape and to uncover the reasons for its
disappearance. Then, the mechanism of natural landscapes as a key force of resilience was
explored, and the contemporary value of historic urban landscapes for urban resilience
and sustainable development is summarized.

2.2.2. Characteristic Index of the Yudai Trench Historic Urban Landscape

The historical records of the Yudai Trench coastal historic urban landscape are not
constant over time, but rather have a scattered distribution. Therefore, there are numerous
record gaps when we plot the semantic intensity change curves of various historical records
with the time axis as the abscissa. However, taking the width of the Yudai Trench as the
abscissa of the change curve of the historical records, the scattered historical records can
be summarized into eight time periods, including the periods of the Song Dynasty to
the Yuan Dynasty (1011–1271), the Yuan Dynasty to the Ming Dynasty (1271–1380), the
Ming Dynasty (1380–1564), the Ming Dynasty (1564–1644), the Ming Dynasty to the Qing
Dynasty (1644–1738), the Qing Dynasty to the Republic of China (1738–1918), the Republic
of China (1918–1949), and the People’s Republic of China (1949–the present day). In this
way, the scattered records can be effectively integrated to form complete records with a
time span of nearly 1000 years.

In this paper, we further categorize the integrated records according to natural, eco-
nomic, and cultural indexes on the basis of the records’ integration (Table 1). The ability
of the natural system to withstand the impact of climatic disasters mainly depends on
the water-holding capacity of the internal water landscape [34]. Water landscapes are the
catchment area of the city. The greater the water-holding capacity, the stronger the ability
to resist typhoons and floods [35,36]. Therefore, the data related to water-holding capacity
of Yudai Trench, West Lake, and Nanhao Trench were found from historical records, and
the width, area, and volume of these were determined as indexes.

The state of the economic system can be reflected in the scale of commerce and import
and export trade within the historic urban landscape [37]. The commercial scale selects the
core industry and the number of commercial shops in the historic urban landscape as the
indexes [22,37]. In terms of import and export trade, the import of musical instruments
and furniture materials and the export of finished products occupy the vast majority of the
imports and exports of the Yudai Trench historic urban landscape, and its production and
sales are of representative significance [32,37].

The state of cultural systems depends on the active degree of literati activities and
the level of cultural technology innovation [37]. As traditional Chinese art creations,
poetry, painting and landscape construction possess the same origin, the literati activities
of Lingnan poetry are combined with the construction of the South Garden [38]. The
construction scale of the South Garden is an important index reflecting the activity of
the literati. In addition, the Yudai Trench historic urban landscape is a core area of the
integration and collision of Chinese and Western cultures [39]. The integration of musical
instruments and Cantonese-style furniture reflects the inclusive and innovative ability of
culture [37,40].
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Table 1. Index of the characteristics of the Yudai Trench historic urban landscape.

Index Attribute Index Index Description

Natural System Index

The width of the Yudai Trench The width reflects the city’s ability to cope with
typhoons and floods.

The area of the West Lake
The area is a measure index of the water used for
citizens’ living and working requirements and disaster
prevention in Guangzhou.

The volume of the Nanhao Trench
The volume is an index of Guangzhou’s ability to store
water, replenish water, and deal with disasters such as
floods and droughts.

Economic System Index

The scale of Yudai Trench commerce The index reflects the commercial scale of the core
business district of Guangzhou.

The number of shops in Gaodi Street It reflects the economic prosperity of the Yudai Trench
historic urban landscape.

Salt storage It reflects the economic prosperity of the Yudai Trench
historic urban landscape.

Quantity of musical instruments produced and sold It is the index of export trade of the Yudai Trench
historic urban landscape

Quantity of Cantonese-style furniture produced and sold It is the index of wood imports and furniture exports of
the Yudai Trench historic urban landscape.

Cultural System Index

The construction scale of Nanyuan Garden
It is the index that can reflect the active degree of
literati activities around the Yudai Trench historic
urban landscape.

The innovation level of musical instruments It reflects the index of the craft level and the aesthetic
level of citizens.

The innovation level of Cantonese-style furniture
It is the index of the culture’s ability to absorb and
innovate foreign aesthetic culture and advanced
technology.

2.2.3. Semantic Differential Analysis and Semantic Intensity Rating

The semantic differential analysis method (referred as SD hereafter) was first proposed
by Osgood to examine the emotional meaning of words [41]. Since it can quantize emotional
vocabulary, it is widely applied in linguistics and psychology [42,43]. SD works according to
the evaluation score of the emotional vocabulary scale, and both extremities of the scale use
comparative adjectives (such as good and bad, big and small) [41]. In recent years, SD has
been increasingly applied in the study of landscape evaluation, such as in rural landscape
evaluation based on ancient Chinese poems [44], landscape aesthetic value evaluation
combined with photographic images [45–47], and in the optimization of soundscape design
practices [48]. Li et al. converted qualitative descriptions from literature sources into
quantitative data to propose optimization recommendations for rural landscapes [44]. In
this study, we drew on these previous achievements to convert the emotional vocabulary
records that express the natural, economic, and cultural systems of the Yudai Trench into
quantifiable indexes.

However, there are many corrupted records in the historical records. The lowest
level and the highest level of emotional words of each index should be prioritized, and the
middle level of emotional words can be inferred through the two superlatives. By screening
the treatment of the collected emotional words, such as through the optimal selection of
similar words, the elimination of ineffective words, and other treatments, the lowest level
and the highest level of emotional words for each index were finally determined (more
details can be found in Appendix B).

In order to better explain the process of SD of the various indexes, we took “the area of
the West Lake” as an example for explanation (Table 2). West Lake was a freshwater wetland
in the ancient city of Guangzhou. It provided a range of critically important ecosystem
services including fresh water for citizen, production and irrigation water, biological
habitat, flood mitigation and water storage [49]. The expansion of urban commercial land
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led to the decline of water-holding capacity of West Lake, resulting in the degradation of
the ecosystem services it provided [50,51].

First of all, the emotional words with clear time records and descriptions of the area
of the West Lake were evaluated to determine the two poles of the emotional vocabulary.
During the Southern Han Dynasty, the West Lake was the largest in area and could provide
sufficient freshwater resources for industrial production and agricultural irrigation for
the city [32,50]. Besides, its water-holding capacity was sufficient to resolve the huge
precipitation caused by typhoon and rainstorm. So West Lake in the Southern Han Dynasty
was rated as Level 5 (Records 1–2).

By the time the Republic of China and the People’s Republic of China were founded,
the West Lake was no more than a spring and a ruined stone, and its ecological services
lost, so it was rated as Level 1 (Records 7–8).

Integrity descriptive records are used to extend inferences about intermediate levels
after determining the poles. By comparing the descriptions of the West Lake in the Qing
Dynasty and the Republic of China, it can be seen that the West Lake in the Qing Dynasty,
which was only about the size of a pond (about 10 m long), only could regulate the climate
of a garden sized area. It was one level higher than the spring (only a weak source of
water, almost dried up) [32,52], so West Lake in the Qing Dynasty was classified as Level 2
(Records 6–8).

From the historical records of the Qing Dynasty, the West Lake in the early Ming
Dynasty was a famous scenic spot (about 200 m long) in Guangzhou [32,52]. During this
period, it was a scenic spot that attracted a large number of citizens to visit because of
its rich ecological diversity and cool regional climate, but he West Lake was silted up,
and there were records of floods around it [32,50]. Its ability to hold water in response to
flooding was reduced. So West Lake in Ming Dynasty was classified as Level 3 (Record 5).

In addition, according to the broader description of the West Lake in the Song and
Yuan Dynasties (more than 200 m long, but less than 450 m long) and there were no records
of silting and flooding [32,53], the West Lake in the Song and Yuan Dynasties can be
classified as Level 4 (Records 3–4).

Table 2. Emotional vocabulary of the area of the West Lake.

Type of Emotional
Vocabulary Emotional Vocabulary Level of Semantic

Differential

Direct description

450 m (150 Zhang) long 1; more than
1550 m (500 Zhang) in width 2 5

The west side silted up, leaving only the
east side 3; the West Lake shrank in area

in the Southern Song Dynasty 4
4

The lake is silting in the throat 5 3

It is just a big pond in the school 6 2

Only a few springs remain 7; only ruined
stones remain 8 1

Contextual description
The scenic spots in Guangzhou 9; not as
broad as in the Song and Yuan Dynasties

10; take a boat on the lake 11
—

Note: The complete version of each index is available in Appendix B—Table A2.

2.2.4. Correlation Analysis of Climate Change and Natural, Economic, and
Cultural Systems

Based on the SD, the semantic intensity correlation analysis matrix of climate change
and natural, economic, and cultural systems was constructed. Through the analysis of the
long-term correlation analysis among the four groups of data and the comparison of the
correlation coefficient changes in multiple cycles [54], the resilience change process of the
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Yudai Trench historic urban landscape was further analyzed in a quantitative manner, and
the correlation between the different systems was explored (more data can be found in
Appendix C).

2.3. Materials and Sources

(1) Climate change data

There are abundant records of meteorology and phenology from ancient times to the
present in Chinese historical documents. Many scholars have carefully sorted out climate
change based on historical documents and further explored the relationship between
climate change and urban construction, cultural and economic development, resource
utilization, and other different contents. Zhu sorted the climate change data in China
over the past five thousand years into the archaeological period, the phenological period,
the chronicle period, and the instrumental observation period, which provides a solid
theoretical basis for academic research on climate change [55]. Ge et al. reconstructed the
sequence of temperature changes in China in the past 2000 years by using natural evidence
such as tree rings and ice cores [56,57]. Wei et al. [58–60] summarized the impact of climate
change on fiscal balance. These scholars’ detailed analyses of climate change include the
data of national temperature changes and the data of climate differences between the south
and the north, which provides a rich database for the analysis of national climate change.
In this paper, the temperature departure data are used to represent the climate change
between the years 1000 and 2000, and the data are summarized from the research paper of
Ge [57] (temperature departure data can be found in Appendix C).

(2) Historical Records of Yudai Trench historic urban landscape

In this study, a total of 212 historical records related to the Yudai Trench historic urban
landscape were collected. These records come from 29 historical documents about the
historical development of Guangzhou and 30 periodical papers on the historical research
of Guangzhou. All of these sources are written by well-known scholars of Guangzhou’s
history. Many of the books are housed in the government’s Local Records Office, where
they are preserved as official documents and are often cited in important academic studies.
In addition, different local records show a strong convergence in the description of the
Yudai Trench’s conditions at the same period, which can reflect the truthfulness of the
historic information to a great extent; records or conclusions with many references allow
more authority to be attributed to similar descriptions from other points of view [58]. All
of the above conforms with the textual research published by historians over different
eras regarding the Yudai Trench historic urban landscape, and thus the historical records
extracted from those papers can meet the SD requirements.

3. Results
3.1. Yudai Trench Historic Urban Landscape Resisting Climate Change with Resilience

There are two kinds of changes in the three systems of the Yudai Trench historic urban
landscape according to the changes in temperature (Figure 3). First, natural, economic,
and cultural systems show signs of decline as temperatures drop. Second, economic and
cultural systems gradually improve as temperatures rise, while the natural curve does not
rebound.

In period (a), the initial levels of the natural system, the economic system, and the
cultural system were 4.67, 3.60, and 2.33, respectively. After entering the period of tempera-
ture drop, the natural and economic system levels fell to 4.33 and 3.00, respectively, due
to water body siltation and market shrinkage caused by the war [32,61]. The rise in the
cultural system is because the war promoted the initial establishment of Lingnan literature,
which played a role in improving the level of the cultural system [53].

In period (c), the initial levels of the natural, economic, and cultural systems were
3.00, 4.40, and 4.33, respectively. After entering the period of temperature drop, the
natural and economic systems were silted up, resulting in the loss of commercial location
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advantages [32,61]. Natural and economic declined to 2.67 and 3.60, respectively. The
cultural system was affected by the economy, and the cultural industry did not develop
well. Meanwhile, the South Park was gradually abandoned, and the level dropped to
3.00 [33,40].

In period (e), the initial levels of the natural, economic, and cultural systems were
2.67, 4.60, and 4.00, respectively. After entering the period of temperature drop, the river
landscape showed further atrophy. The commercial context around the water system
gradually declined and moved inland [32,53]. This resulted in the natural and economic
system levels falling to 2.33 and 3.20, respectively. The steady development of (e) is
attributed to the activity of the Lingnan literati, who created many poems around the
Nanyuan Garden in the context of climate change and economic recession [33].
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In period (f), the initial levels of the natural, economic, and cultural systems were
2.33, 3.20, and 4.33, respectively. After entering the period of temperature drop, the water
landscape disappeared completely, and the level dropped to 1.00 [32]. Businesses that rely
on the water system were on the verge of bankruptcy, falling to 1.60 [32,33]. Due to cultural
and economic similarities, the war caused great damage to the South Garden and literary
creation, dropping to 2.00 [33].

By comparing the four time periods (a), (c), (e), and (f), it was found that the decline
time of all three systems occurred within 50 years after the temperature change reached
the inflection point. When the temperature dropped to nearly the lowest point, the devel-
opment of each system tended to be stable, and the level of each system in this stationary
stage was not lower than 2.00.

In period (b), the initial levels of the natural system, the economic system, and the cul-
tural system were 4.33, 3.60, and 2.67, respectively. After entering the period of temperature
rise, the economic and cultural system developed rapidly in a stable social atmosphere and
reached higher levels of 4.40 and 4.00, respectively [32,33]. However, the rapid expansion
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of commerce in this period occupied the water landscape, resulting in the natural system’s
level falling to 3.33 [32].

In period (d), the initial levels of the natural system, the economic system, and
the cultural system were 2.67, 3.60, and 3.67, respectively. After entering the period of
temperature rise, the salt transportation industry developed further and promoted the
development of surrounding businesses [32,53]. A large number of wealthy merchants
gathered and introduced Western art and creative techniques, helping to improve the
cultural system. The economic and cultural levels were 5.00 and 4.00, respectively. However,
rich merchants filled in water to make land, which deteriorated the natural system and
reduced its level to 2.33 [32].

Comparing (b) and (d), universality occurred when the temperature changed after a
minimum of inflection point, and the economic and cultural systems showed rapid recovery
in 50 years, and the economic and cultural levels rose back to 4.00 or above. Therefore,
it can be seen that the Yudai Trench historic urban landscape has certain resilience in the
face of the impact of temperature drops. It maintained a relatively low level of stable
development under this impact, which persisted until the arrival of the recovery period
when it began to regain its vitality.

3.2. Correlations between Natural, Economic, and Cultural Systems

The natural, economic, and cultural systems of the Yudai Trench historic urban land-
scape show correlations. The following will illustrate the correlation between the three
systems in terms of periodicity and interaction.

3.2.1. Periodic Changes with Temperature Changes among Natural, Economic, and
Cultural Systems

Due to the impact of temperature changes outside the system of the Yudai Trench
historic urban landscape (Figure 3), the changes of the three systems are closely related and
periodic. Comparing time periods (a) and (b) and (c) and (d) as groups, it was found that
every time the temperature passed the inflection point, the levels of the natural, economic,
and cultural systems decreased accordingly. This decline lasted for about 50 years, and over
the following 50 years all three systems leveled off. Until the temperature again reached
the inflection point of warming, the level of the economic and cultural systems began to
rise, and the rise continued for about 50 years.

Therefore, it can be seen that the Yudai Trench historic urban landscape had a change
period of about 150 years under the impact of temperature change, from descending to
stable, and then rising, which took about 50 years for the different stages. Period (f) is
distinct, because it falls within a cycle of rising temperatures without an upturn in the
economic and cultural systems. Compared with the previous period, the Yudai Trench
historic urban landscape gradually recovered in the face of climate change. However, after
(f), each system began to decline rapidly, and the historic urban landscape also disappeared
rapidly [32,53]. This means that there is a certain limit to the resilience of the Yudai Trench
historic urban landscape. When it exceeded the limit, its resilience was destroyed and led
to its own disappearance.

3.2.2. Interaction between the Natural, Economic, and Cultural Systems

There is an interaction between the natural, economic, and cultural systems. From the
above analysis of the periodicity of the natural, economic, and cultural systems, it can be
seen that there was a mutual effect among the three systems, which jointly withstood the
impact caused by temperature changes outside the system and stabilized the development
of the Yudai Trench historic urban landscape. Within the system, the interaction is reflected
in the influence of the indexes on the system. Taking the influence of the width of the
Yudai Trench on the systems as an example, the interaction of specific index is expounded
(Figure 4).

In the time period (g), the mouth of the Yudai Trench began to silt up, and the natural
curve declined to 4.33. Due to the war, the number of shops in the main commercial
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street decreased significantly, and import and export trade shrank, but business did not
completely disappear, so the economic level declined to 2.00 [32,33]. However, at the
same time, the war promoted a rise in patriotic cultural activities; passionate patriotic
poetry creation around the Nanyuan Garden was high, and the cultural curve rose to
4.00 [32,33].In the period of (h), the Yudai Trench was further narrowed to only 15 m
(5 Zhang) wide, and the natural, economic, and cultural systems all fell to 2.67, 3.60, and
3.00, respectively [32]. During the period (i), the Yudai Trench eventually disappeared into
water without a source, and the three systems were greatly reduced to the level of 1.00 due
to the impact of pollution and war [32,62].
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Figure 4. The curves of the width of Yudai Trench and the semantic intensity of the natural, economic, and cultural systems.

Throughout the 1000 years, the curves of the three systems decreased as the width
of the Yudai Trench narrowed. When the Yudai Trench disappeared, the three systems
reached the lowest level in the process of development. By analyzing the process of the three
systems affected by the change of Yudai Trench width, it can be seen that the curve changes
of three systems have a certain effective time and mutual influence. When the width of the
Yudai Trench becomes narrow, the West Lake and Nanhao Trench connected with Yudai
Trench are silted up, the natural system gradually weakens over 100 years. Affected by
the siltation and increasingly serious pollution of water landscape, the economic system
developed by water transportation declines rapidly over 75–100 years. The cultural system
is limited by the natural landscape and economic development, and gradually weakens
over 75 years.
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3.3. The Dominance and Priority of Natural Systems in Resilience Change

The natural system has dominance and priority in the three systems, and it is the
key force of resilience of Yudai Trench historic urban landscape. In comparison with the
cultural and economic curves, the natural curve continues to decline. However, the cultural
and economic curves have multiple rebound stages, and the change times of the curve do
not coincide, indicating that the change in the cultural curve and economic curve is not
the main reason for the change in the natural curve [63,64] (Figure 3). The natural curve
can be compared with the curve changes of the width of Yudai Trench, the area of the West
Lake, and the volume of the Nanhao Trench, indicating a significant synchronous change
relationship (Figure 5). By comparing the time periods (n), (o), (p), (q), and (r), it can be
concluded that when the temperature drops, the three indexes of the Yudai Trench, West
Lake, and Nanhao Trench will decrease to different degrees. Thus, the natural system is
the first system to respond to climate change.
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In order to further analyze the dominance of the three systems, sections of the curve
level’s decline in the three systems were intercepted for comparative analysis. By compar-
ing the periods of (s), (t), (u), and (v), it was found that in the section where the natural
curve declines, the corresponding sections of various indicators of the economic system
all decline to different degrees (Figure 6). However, the timing of the changes is nearly
synchronous, making it difficult to tell which system is dominant.

Therefore, the reasons for this change were explored. The five indexes of the economic
system depend on the development of the Yudai Trench to different degrees. The prosperity
of these five indexes depends on the development of two functions: water transportation
and trade. The water transportation and trade functions of Guangzhou City used the
natural systems of the Yudai Trench, West Lake, and Nanhao Trench. For example, from
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1900 to 1950, the Yudai Trench was silted away, the West Lake was only a spring, and the
Nanhao Trench became a dark canal. All three could no longer provide shipping; water
transportation and trade functions were lost, and the economy along its coast declined
significantly. In summary, when the natural system declines, it affects the water transporta-
tion and trade functions, and then causes the economic system to decline. Therefore, the
natural system has dominance.
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By comparing the time periods (w), (x), and (y), it was found that the commonality is
that the natural curve declines over a certain time period, and the indicators of the cultural
system all decline to different degrees in the corresponding time period (Figure 7). Among
them, the changes in musical instruments and Cantonese-style furniture are consistent with
the economic system, so it is difficult to distinguish. However, the decline of the Nanyuan
Garden occurred in the sequence after the decline of the natural system. It can be seen that
the change of the natural system preceded that of the cultural system, which has priority.

Sustainability 2021, 13, x FOR PEER REVIEW 13 of 31 
 

By comparing the time periods (w), (x), and (y), it was found that the commonality 
is that the natural curve declines over a certain time period, and the indicators of the cul-
tural system all decline to different degrees in the corresponding time period (Figure 7). 
Among them, the changes in musical instruments and Cantonese-style furniture are con-
sistent with the economic system, so it is difficult to distinguish. However, the decline of 
the Nanyuan Garden occurred in the sequence after the decline of the natural system. It 
can be seen that the change of the natural system preceded that of the cultural system, 
which has priority. 

 
Figure 7. Curves of the natural and cultural systems’ semantic strength curve contrast. 

Therefore, the above result regarding the resilience of the historic urban landscape 
can be further explored. When the damage to the natural system reaches the maximum, 
the resilience of Yudai Trench historic urban landscape is destroyed, leading to its disap-
pearance. The natural system was the source of the cultural and economic system changes, 

Figure 7. Curves of the natural and cultural systems’ semantic strength curve contrast.

Therefore, the above result regarding the resilience of the historic urban landscape can
be further explored. When the damage to the natural system reaches the maximum, the re-
silience of Yudai Trench historic urban landscape is destroyed, leading to its disappearance.
The natural system was the source of the cultural and economic system changes, with the
two characteristics of dominance and priority, and it was the key force in the resilience of
the Yudai Trench historic urban landscape.
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3.4. Resilience Change Characteristics of the Yudai Trench Historic Urban Landscape
3.4.1. The Long-Term and Short-Term Changes of the Resilience of the Yudai Trench
Historic Urban Landscape

The results of the correlation analysis provide richer quantitative support for ex-
ploring the resilience change of the Yudai Trench historic urban landscape. Firstly, the
correlation analysis was carried out to explore the long-term development characteristics of
resilience affected by temperature change. Then, we analyzed the 150-year periods which
are composed of the time periods (a)–(f), such as the late Yuan and early Ming Dynasty
(1250–1400 years), the late Ming and early Qing Dynasty (1550–1700 years), and the Qing
Dynasty to the early founding of the People’s Republic of China (1800–1950 years), and we
summarized the short-term change characteristics of resilience affected by temperature.

In the long-term development of the Yudai Trench historic urban landscape, there is
a negative correlation between temperature changes and the natural system, a negative
correlation between temperature changes and the cultural system, positively correlation
between natural systems and economic systems, and a positive correlation between the
economic and cultural system (Table 3).

Table 3. Long-term correlation analysis of temperature change and natural, economic, and cultural systems.

Temperature Change Natural System Economic System Cultural System

Temperature Change 1.000 — — —
Natural System −0.211 *** 1.000 — —

Economic System −0.483 0.197 *** 1.000 —
Cultural System −0.427 *** −0.192 0.752 *** 1.000

Note: *** p < 0.01; more data can be found in Appendix C—Table A8.

The negative correlation between temperature changes and the cultural system reflects
that a temperature decrease stimulates the development of human culture in response to
climate disasters [65]. In response to the temperature decrease, modified crops planting
way and the invention of living tool can help people get more materials to survive [65].
This provided the industrial basis for the manufacture of Cantonese furniture and Musical
Instruments [40]. In addition, the serious social problems brought by the temperature
decrease, such as the price rise, the outbreak of wars and so on, have worsened people’s
living condition [66]. Literary creation provides spiritual support for Guangzhou citizens
living in difficult conditions [33].

In addition, the results also reflect the difference between the impact of temperature
on natural systems and the impact of temperature on economic and cultural systems.
The negative correlation coefficient between natural system and temperature change is
significant [67]. This suggests that natural systems can provide more effective defenses
against the negative effects of temperature change.

A horizontal comparative analysis with a 150-year change period showed that there
was a transition process from a negative correlation to a positive correlation between the
natural system and the economic system, which further confirms the results that the natural
system plays a key role in the resilience of the historic urban landscape (Table 4).

In the period from 1250 to 1400, there was a negative correlation between the natural
system and the economic and cultural system. During this period, the ecosystem services
provided by the natural systems were sufficient to withstand the impact of temperature
change and to support the rapid development of economic and cultural systems. In the
period from 1550 to 1700, the natural system declined, the ecosystem services weakened,
and the ability to support the economy and culture greatly weakened. At the same time,
there was a positive correlation between the natural and cultural systems, which indicates
that the natural system’s ability to resist temperature changes was weakened, and the
decline of the cultural systems was reflected first. In the period from 1800 to 1950, there was
a positive correlation between the natural system and the economic and cultural systems.
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The natural system collapsed, and the ability to resist was lost, leading to a collapse of the
economic and cultural systems.

Table 4. Short-term correlation analysis of temperature changes and natural, economic, and cultural systems.

Period of
Time

1250—1400 1550–1700 1800–1950

Temperature
Change

Natural
System

Economic
System

Cultural
System

Temperature
Change

Natural
System

Economic
System

Cultural
System

Temperature
Change

Natural
System

Economic
System

Cultural
System

Temperature
Change 1.000 - - - 1.000 - - - 1.000 - - -

Natural
System

−0.662
*** 1.000 - - 0.658

*** 1.000 - - −0.494
*** 1.000 - -

Economic
System

0.496
***

−0.343
*** 1.000 - −0.149

***
−0.691

*** 1.000 - −0.350
***

0.910
*** 1.000 -

Cultural
System

0.695
***

−0.933
***

0.603
** 1.000 0.624

***
0.041
***

0.619
*** 1.000 −0.504

***
0.944

***
0.805

** 1.000

Note: ** p < 0.05; *** p < 0.01; more data can be found in Appendix C—Table A9.

In conclusion, the natural system is the key force in historic urban landscape resilience.
Temperature is one of the influencing factors, and human activities may also have an
influence on historic urban landscape resilience. In addition, the collapse of the natural
system will lead to the disappearance of the resilience of historic urban landscapes. The
following will further explore the resilience limit of the natural system.

3.4.2. Natural Landscape Resilience Limit of the Yudai Trench Historic Urban Landscape

The natural landscape is the main component of the natural system of the Yudai Trench
historic landscape, and it is the key force of resilience. There is a limit to its resilience,
and when the natural landscape is destroyed up to a certain limit, the resilience will no
longer exist. Temperature change has a significant impact on the growth, development,
and diversity of plants in natural landscapes, as well as on water quality and quantity
in water system landscapes [68]; at the same time, natural disasters such as drought and
flood may occur [55]. The following will trace how natural landscapes resist the impact of
temperature change and the process of resilience collapse of natural landscapes.

(1) Late Yuan Dynasty and Early Ming Dynasty (1250–1400)

In this period, the year 1250 was one of the warm peaks in China within a period of
nearly 2000 years. After passing the inflection point of the warm front, the temperature be-
gan to drop rapidly and entered a period of extreme drought [57]. Falling temperatures and
an arid climate simultaneously reduce urban precipitation and available water resources,
thus affecting urban residents’ water supply required for living and production. During
this period, the culture and economy were severely impacted by temperature changes and
wars. However, in the early Ming dynasty, the water sources and water-holding capacity
of the water system landscapes such as those of the Yudai Trench, West Lake, and Nanhao
Trench were still good, assuming the function of water storage and water supply and
alleviating the decrease in available water resources at this time. From 1350 to 1400, the
temperature rose and precipitation increased, which alleviated the drought. The abundant
water sources and a wide enough water body provided the foundation for the recovery
of commerce along the Yudai Trench historic urban landscape, and then the cultural and
economy recovered rapidly in the following 50 years. In addition, due to the rapid cultural
and economic recovery, the city’s demand for resources and environment greatly increased,
which led to the reclamation of the Yudai Trench, West Lake, and the Nanhao Trench in the
early Ming Dynasty [57,58].

(2) Late Ming Dynasty and Early Qing Dynasty (1550–1700)

The period from 1600 to 1650 was a period of frequent occurrence of extreme drought [57].
Subsequently, 1650–1700 was considered to be the coldest period in China, in which severe
cold waves in 1654 and 1676 even caused ice and snow disasters in tropical and subtropical
areas of China [55,57]. During these 150 years, the temperature decline did not increase
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much, and the temperature remained low for a long time. The cold climate led to frequent
droughts in Guangzhou, less available water resources, and crop failure, which led to a
series of impacts on cultural and economic stability. The Ming Dynasty witnessed the
cutting off of the water sources of the Yudai Trench, West Lake, and Nanhao Trench. The
Nanhao Trench almost ceased to exist, and the area of the West Lake was greatly reduced.
The Yudai Trench was trapped by the expansion of the city and was narrow enough to
use a bridge to cross the water. The resilience of these three water system landscapes had
to cope with the impact of temperature change, and the cultural economy experienced a
hierarchical decline. Then, after passing the turning point of the cold front in 1654, due
to the slow rise in temperature and damage to the natural landscape of the Yudai Trench
historic urban landscape, the cultural and economic recovery range was far less than that
of the late Yuan Dynasty and early Ming Dynasty.

(3) Qing Dynasty to the beginning of the founding of China (1800–1950)

In contrast to the above two groups of time periods, this group reveals the reasons for
the collapse of the historic urban landscape. During 1801–1850 and 1901–1950, extreme
flood disasters occurred frequently. Meanwhile, the 19th century (1800–1900) was the
coldest period second only to the 17th century (1600–1700) [55]. However, after the cold
front, China immediately entered a rapid warming period in the 20th century [57,58].
Flood disasters and temperature drops from 1800 to 1900 had a certain impact on the
cultural and economic systems. To make matters worse, from 1900 to 1950, floods occurred
frequently and the temperature rose rapidly. As a result, the atmospheric water cycle
accelerated and precipitation increased, which greatly increased the demand for urban
flood discharge and drainage capacity. In contrast to the past recovery periods, the Nanhao
Trench and West Lake almost disappeared at this time, and their functions of water storage
and flood discharge ceased to exist, while the Yuzai Trench was only 6 m (2 Zhang) wide
with multiple silting. The decrease in water source and capacity made it difficult to supply
water for daily life and production. Meanwhile, the narrow water landscape worsened the
commercial environment along the coast, leading to cultural and economic decline. The
clogged water system landscape, under the rapidly rising temperature, became a fertile
soil for the growth of bacteria, insects, and rats, further aggravating the collapse of the
resilience of the Yudai Trench historic urban landscape.

In summary, a good natural landscape provided solid resilience for the Yudai Trench
historic urban landscape (Table 5). In the period from the end of Yuan Dynasty to the
beginning of the Ming Dynasty and from the end of Ming Dynasty to the beginning of
the Qing Dynasty, facing the impact of climate change on all systems, it was able to resist
well and cooperate with the rapid recovery of all systems. Even when the level of Nanhao
Trench dropped below 3.00, it was still able recover gradually through the ecosystem
services provided by the Yudai Trench and West Lake. However, when the level of the
natural landscape dropped below 3.00, the resilience of the historic urban landscape was
irreversibly damaged, and the resilience that supported its stable development collapsed,
leading to the disappearance of the Yudai Trench historic urban landscape in the city.
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Table 5. Semantic intensity change of the natural landscape and economic and cultural systems.

Period of
Time

Yuan Dynasty and Early Ming Dynasty Late Ming and Early Qing Qing Dynasty until the Founding of China

Decline
Period

(1250–1300)

Stable
Period

(1300–1350)

Recovery
Period

(1350–1400)

Decline
Period

(1550–1600)

Stable
Period

(1600–1650)

Recovery
Period

(1650–1700)

Decline
Period

(1800–1850)

Stable
Period

(1850–1900)

Collapse
Period

(1900–1950)

Width of
Yudai Trench 5→ 4 4 4 4→ 3 3 3 3 3→ 2 2→ 1

Area of West
Lake 4 4 4 3 3 3→ 2 2 2 2→ 1

Volume of
Nanhao
Trench

5 5 4→ 2 2 2 2 3→ 2 2 2→ 1

Economic
System 3.6→ 3 3 3→ 4.4 4.4→ 3.6 3.6 3.6→ 5 4.6→ 3.2 3.2 3.2→ 1.6

Cultural
System 2.3→ 2.67 2.67 2.67→ 4 4.33→ 3 3 3→ 4 4 4→ 4.33 4.33→ 2

Note: The value of each system was obtained by calculating the mean value of semantic intensity value of each index of the system.

4. Discussion
4.1. Resilience to the Breakdown of the Yudai Trench Historic Urban Landscape as Result of the
Collapse of the Natural Landscape

Guangzhou has concentrated rainfall in partial depression areas, and it suffers from
frequent floods and typhoons. The natural landscape of the water systems, such as the
Yudai Trench, Nanhao Trench, and West Lake, provides ecosystem services for the city,
such as living water, safe harbors, disaster prevention, flood discharge, and so on. The
more areas covered, the greater the amount of water storage capacity that can be obtained,
and hence the greater the significance of the ecosystem services [57,58].

Due to the expansion of Guangzhou City in the Ming Dynasty [32,62], the water
source of Wenxi was relocated, which cut off the main water source for the natural water
landscape in the city. The Yudai Trench, West Lake, and Nanhao Trench were gradually
silted up, and the water quality and capacity were no longer able to support the needs of
the citizens for disaster prevention. In the 20th century, the Yudai Trench deteriorated into
a gutter. During the rainy season, the stench is bad, and it turns into a pollution source.
The Nanhao Trench was especially prone to flooding because of its low-lying terrain. All
three have lost the ecosystem services they provided.

In addition, the degradation of the natural water landscape has had a negative im-
pact on the economic and cultural development of the city from the aspects of water
transportation and trade.

In terms of water transportation, Guangzhou was an important port city in ancient
China, and the water system landscape constituted the transportation network between
the interior and exterior of Guangzhou, forming the economic “artery” of Guangzhou [36].
Commercial transportation such as salt transportation and transportation for the wood
processing industry have basic requirements for the water-holding capacity of the water
landscape [32,40]. In the period of the Republic of China, the natural landscape shrank
seriously, the water-holding capacity decreased, the salt merchants withdrew, the timber
transportation disappeared, and the development of various industries fell rapidly over
50 years.

In terms of trade, the landscape of the water system provided a haven for ships and
a place for trade [62]. The geographical advantage of proximity to the Pearl River bank
facilitated the transportation of wood and other processed materials as well as the export of
various products [33], thus promoting the riverside of Yudai Trench to become a gathering
place of commercial premises. However, by the end of the Ming Dynasty, merchants
on both sides were competing for land to fill trench. The body of the trench occupied
only 15 m (5 Zhang); the function of the haven was lost, the location advantage was lost,
and trade was reduced. In the Qing Dynasty, there were only 6 m (2 Zhang) left of the
Yudai Trench; ships had difficulty passing through, and the trade center was transferred
to the Pearl River, so the Yudai Trench lost its shipping and trade value [32]. As a result,
the salt transportation industry, musical instrument workshops, and Cantonese furniture
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workshops that developed by relying on the advantages of Yudai Trench declined rapidly
in 50–100 years.

The natural landscape is a key force in the resilience of the Yudai Trench historic urban
landscape. In the process of the disappearance of the Yudai Trench historic urban landscape,
urban expansion blocked the river from providing water for the urban water landscape,
leading to the gradual shrinkage and disappearance of the water system landscape. The
shrinkage of the water landscape and the depletion of natural water resources weakened
the ecological services provided by natural system and its supporting role in the sustainable
development of economy and culture. In addition, pollution from domestic sewage to
the surrounding environment of the water landscape further threatened people’s life
and health and property safety, reduced the quality of life, caused frequent occurrences of
environment-induced diseases, and even affected cultural stability. The massive destruction
of water quality and water-holding capacity of the natural landscape led to the collapse of
resilience. Therefore, the Yudai Trench historic urban landscape encountered difficulty in
coping with the impact from within and outside of the system, and finally ceased to exist.

4.2. The Scenario of Guangzhou as Result of Resilience Development of the Yudai Trench Historic
Urban Landscape

By reviewing the disappearance of Yudai Trench historic urban landscape, it was
found that the natural landscape, such as trenches, lakes, and rivers, has been seriously
affected by human activities. In today’s Guangzhou City, the prosperous water landscape
is no longer visible. If the resilience of the Yudai Trench historic urban landscape had been
valued by the citizens, what impact would it have had on urban development today?

First of all, if the Ming Dynasty had not cut off the Wenxi River water source, the
West Lake and Nanhao Trench, which were narrow due to the war, would have been
cleaned up in time to maintain good water quality. The quality and quantity of water
used for production and living by the businesses and households along the coast would
be sufficient to cope with the drought caused by temperature drops and would be able
provide abundant resources for the rapid development of culture and economy.

During the period from the Ming Dynasty to the middle period of the Qing Dynasty,
with the expansion of cities, the encroachment on the urban water system would be strictly
restricted to ensure the quality of water sources and water-holding capacity. This measure
would provide a solid foundation for waterborne transportation and waterborne trade,
and also guarantee the functions of disaster prevention, drainage, and water storage
provided by the water landscape. At the same time, the environment of public activities
provided by the beautiful natural landscape would promote the occurrence of public
activities and further promote the output of literary creation centered on the characteristics
of water towns.

During the period from the late Qing Dynasty to the Republic of China, if the urban
waterway network had been retained, the mode of freight trade would not have changed to
land routes, thus forming a unique waterway transportation route and trade environment,
which would add to the characteristics of the water town and the urban development of
Guangzhou. The economic center would not migrate, but gradually expand, and form a
commercial belt connected by the Yudai Trench, West Lake, and Nanhao Trench through
waterways. The respective clear division of labor and diversified business forms would
continue to inject impetus to economic development.

Since the founding of the People’s Republic of China, urban temperatures have been
rising rapidly. Through the conservation and renewal of the natural landscape along the
Yudai Trench, a “cold bridge” in the city would be formed, which could alleviate the
temperature rise and the urban heat island effect, providing habitats for the creatures in the
city and enhancing biodiversity [4,7]. In addition, the unique water texture would provide
a huge opportunity for the expansion of the city’s tertiary industries, such as cultural
tourism, wood cultivation experiences, and musical instrument workshop experiences.

Reviving the urban development process of Guangzhou in the past 20 years, the
texture of the new commercial centers in Guangzhou, such as Pearl River New Town (Built
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in 2010) and Guangzhou International Financial City (under construction), and Fish Pearl
Harbor (under construction), all imitate the texture of the Yudai Trench historic urban
landscape. With transportation networks over land and water, the commercial layout is
carried out along the coast with the natural landscape of the water system in a development
context. In the scenario, the Yudai Trench historic urban landscape would continue to serve
as the economic and cultural center of Guangzhou, providing excellent ecosystem services
and a foundation for business development.

4.3. Study Limitations

In the context of high-density urban development, people tend to focus on the history,
architecture, and culture of historic urban landscape and do not regard natural landscapes
as a key force of resilience. Fully understanding and guaranteeing the dominance of
natural landscape is conducive to the integration of natural ecological assets, artificial
ecological assets, and intangible ecological assets [31], as well as to the enhancement of
water conservation, stabilizing hydrology, constructing ecological networks, and regulating
climate and other ecosystem services [31].

At the same time, the conservation and renewal planning of historic urban landscapes
usually takes 20–25 years to formulate countermeasures. In the face of the internal and
external impacts of rapid urbanization and climate change on the system, the maximum
planning period of 25 years is not enough to cover a single period in the cycle. Therefore, it
is still necessary to carry out a 50–150 years conservation and renewal strategy study on
the historic urban landscape from the perspective of resilience.

This paper mainly analyzed the resilience of a disappeared historic urban landscape
and explored the interaction mechanisms among various systems. This is the experience
extraction of failed cases that have disappeared over the long course of history, and we
focused on the static evaluation of resilience. The change process of resilience affected by
temperature change presents a static causal change of “driver–response”. In reality, the
resilience of historic urban landscapes changes dynamically and is influenced by human
and natural systems at different scales and in different times and spaces. Therefore, to
further reveal the dynamic leading role of natural landscapes in different spatial and
temporal scales of historic urban landscapes, it is beneficial to avoid damage to historic
urban landscapes caused by high-density urban development.

5. Conclusions

In this study, a semantic differential analysis was used to analyze the historical records
related to the Yudai Trench historic urban landscape and to explain the key force and
mechanisms behind its resilience.

Firstly, the natural, economic, and cultural systems of the Yudai Trench historic urban
landscape show a correlation. Among them, due to the impact of climate change, the
three systems have a 150-year change cycle, which is divided into three stages of decline,
stability, and recovery, with each stage lasting for 50 years. There is an interaction between
the natural, economic, and cultural systems, which, together, can help resist the impact of
climate change from outside the system and are restricted by the same factors.

Second, the natural system has dominance and priority. It is mainly affected by the
temperature change, responds to temperature change first, and dominates over the cultural
and economic changes.

Third, the natural landscape is a key force in the resilience of the Yudai Trench historic
urban landscape. When the natural landscape is damaged, resilience collapses, leading to
the decline and disappearance of historic urban landscapes.

Guangzhou has been a commercial and cultural center of South China since ancient
times. The disappearance of its core historic urban landscape is of certain representative
significance for the exploration of the role of historic urban landscapes in the sustainable
development of the city. On the one hand, we can achieve an in-depth understanding of the
changing rules of historic urban landscape resilience in China’s first-tier cities. On the other
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hand, taking this counter example as a reference, people can draw historical experience
from it to lead the sustainable development of the current urban historical landscape and
provide reference suggestions for the urban construction of similar water towns.
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Appendix A

Table A1. Table of place names.

Serial Number Place Name Description

1 Yudai Trench Yudai Trench is a moat excavated from the east to the west during the
Song Dynasty, with the functions of shipping and disaster prevention.

2 Qing Dynasty City Wall
During the Qing Dynasty, the city wall of Guangzhou was divided

the city into inner and outer cities, and the outer city wall contained
the Yudai Trench.

3 Gaodi Street
Gaodi street has been prosperous since the Song Dynasty because of
the convenient shipping of the Yudai Trench. It is the freight trading

center of Guangzhou city.

4 Haopan Street Haopan Street is a commercial street close to Yudai Trench, with
prosperous trade.

5 Nanhao Trench
Nanhao Trench was an important traffic waterway excavated during
the Song Dynasty. It was connected with the Yudai Trench and was

one of the most prosperous areas in Guangzhou City in the past.

6 West Lake

The West Lake, which was excavated from a tributary of the Wenxi
River at the end of the Tang Dynasty, carries the functions of a water

source, flood resistance and storage, fire and disaster prevention,
irrigation and shipping.

7 Wenxi River

The source of the Wenxi River was the Baiyun Mountain. Its east
tributary flowed from south to north through the small north gate,

and its west tributary was used as the water source of the West Lake.
In the Ming Dynasty, the water of Wenxi no longer entered the city,

but flowed away from the eastern wall.

8 Nanyuan Garden Many poets gathered to set up the Nanyuan Garden because of the
prosperity of the Yudai Trench and created Lingnan poetry.

9 The Pearl River The urban water system of the ancient city of Guangzhou eventually
converges into the Pearl River.
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Appendix B

Table A2. Semantic differential analysis for the historical records of natural systems.

Emotional Intensity 1 2 3 4 5

Overviews Extreme Poor Poor Medium Good Extreme Good

Contextual
Description of

Natural System

Natural
Resources Natural resources are abundant 1; Rich in natural water resources 2; There are many sources of food 3

Climate Disasters Disastrous weather was less before the Ming Dynasty, but increased after the Ming Dynasty; Vulnerable
to floods and droughts 4; Suffers from typhoon damage 5

Direct
Description

Width of Yudai
Trench

Culvert;
Disappearance

6 m (2 Zhang)
wide; Sewage
surges to the

ground 7;
Deposition; Water
without a source

8; The trenches
had no one to

manage and clean
up the dredging 9

Merchants filled
in the water to
make land 10;

Cross the river
with a bridge 11;
Less than 15 m (5

Zhang); Silt

Trench outlet
blockage; It can

only
accommodate
two boats 13

Trench can
withstand

typhoon; The
trench is 4800 m

(160 Zhang) long,
63 m (20 Zhang)
wide, and 9 m (3

Zhang) deep;
Large ships can

pass through

Area of West Lake
Broken stones

and the remains
of the lake 6

Pond

Not as broad as in
the Song and

Yuan Dynasties 12;
Lake silting in the
throat; Artificially

filled lake

White water
rafting 14; West
Lake shrank in
area; The west
side silted up,

leaving only the
east side

450 m (150
Zhang) long;

More than 1550 m
(500 Zhang) in
width; White
water rafting

Volume of
Nanhao Trench

Big flood;
Culvert

Easy to strand; 2
m wide; Loss of

shipping benefits;
Silt; Only 300 m

Dredge; Trench
reopened to ships

Shipping is busy;
Trench is large

enough for ships
to sail in

The river is 30 m
(10 Zhang) wide
and is called the

little sea; No
storm fear, and

prepare for fire 15;
Socioeconomic

center

Chinese translations: 1 多犀、象、玳瑁、珠玑、银、铜、果、布之凑/膏腆之地; 2 有水沉陵/天然水道/井泉众多; 3 水使民得甘食; 4 易遇水
害和干旱; 5 常苦飓风/濒海巨浸; 6 败石残湖; 7 潦水反喷，秽水上侵; 8 无源之水; 9 无人管理与清污疏浚; 10 豪绅争地，使濠身日狭; 11 飞桥
跨水; 12 不如宋元之广; 13 拓城填壕，止容二艇; 14 泛舟/竞渡其间; 15 无风涛恐，且备火灾.

Table A3. Semantic difference analysis for the historical records of economic systems.

Emotional Intensity 1 2 3 4 5

Overviews Extreme Poor Poor Medium Good Extreme Good

Contextual
Description of

Economic System

Commercial scale
Destruction in the

Yuan Dynasty led to
a decline in trade

Disappearance of
commercial value

Not as prosperous
as in the Song and

Yuan
— — — — — — —

The people, the
ships, the rich
merchants, the
precious goods

were all gathered
here 1; It was

several times more
prosperous than
Qinhuai River

commercial center 2;
Commercial shops
and art studios are

everywhere 3

Import and export Guangzhou’s total import and export volume increased by 80%; The trade’s revenue is as high as 2 million, which
accounts for 20% of the national revenue; There are many times more precious goods than before 4
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Table A3. Cont.

Emotional Intensity 1 2 3 4 5

Overviews Extreme Poor Poor Medium Good Extreme Good

Direct Description

Number of Shops in
Gaodi Street

Commercial shops
have been largely

demolished

The number of
shops has decreased

The decline in
Gaodi Street
commerce;

changing from
flourishing to

decadence

Gaodi Street
gradually
developed

Business core area

Salt Storage — — — — — — — Got into trouble and
went bankrupt — — — — — — — A place that

produces salt

The salt industry is
large and profitable;

Treasured place 5

Quantity Produced
and Sold of

Cantonese Style
Furniture

The furniture
industry went

bankrupt
— — — — — — — Court techniques

laid the foundation — — — — — — —

There are rows and
rows of workshops,

and the market
stretches for ten

miles 6; The sources
of wood raw
materials are

extensive; One of
the three most

famous furniture of
the Qing Dynasty;

Unique status

Quantity Produced
and Sold of Musical

Instruments

Went bankrupt and
disappeared

On the wane;
Musical

instruments are one
of the commodities

exported

— — — — — — — — — — — — — —

Sells in distant
markets overseas;

The largest
professional

musical instrument
production and
sales street; The

peak of the musical
instrument industry

Chinese translations: 1 民众稠聚，海舶鳞奏，富商异货，咸萃于斯/天下商贾聚焉; 2 过于秦淮数倍/十倍苏杭; 3 朱楼画榭，连属不断; 4 珍
货之盛亦倍于前; 5 宝地/枢纽/中心/集散地; 6 作坊鳞次栉比，行市绵延十里.

Table A4. Semantic difference analysis for the historical records of cultural systems.

Emotional Intensity 1 2 3 4 5

Overviews Extreme Poor Poor Medium Good Extreme Good

Contextual
Description of

Cultural System

The Construction
Scale of the

Nanyuan Garden

Suffered
destruction;

Nanyuan Garden is
destroyed and no

longer exists

The literati were
mentally wounded;
Rebuild; Lingnan
literature was not

valued

Rebuild the
Nanyuan Garden 1;
old site; Become an

office

Creation of poetry
club; Ancestral hall

was built in the
Nanyuan Garden;
Establish Guangya

Book Concern

Literature seminars
are held frequently

in Nanyuan
Garden 2

Direct Description

The Innovation
Level of

Cantonese-Style
Furniture

The furniture
industry went

bankrupt
— — — — — — — Court techniques

laid the foundation — — — — — — —

Wood furniture is
divided into

different workshops
according to

different processes;
Furniture combines
ancient and modern

essence, fusion of
Chinese and foreign

characteristics to
form a unique

style 3

The Innovation
Level of Musical

Instrument

Went bankrupt and
disappeared

On the wane;
Musical

instruments are one
of the commodities

exported

— — — — — — — — — — — — — —

On the moon night,
the music of

musical instruments
could be heard by
the trench bank 4;

Musical
instruments have

unique artistic
characteristics

Chinese translations: 1 重整废园/复修南园/修复抗风轩; 2 举办诗钟之会; 3 融古今、纳中外，形成独特风格/中西融合，崇尚自然情态，以
曲为美; 4 月夜满江闻管弦.
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Appendix C

(I) Simulated temperature changes over eastern China over the past 1000 years, with a
temporal resolution of 10 years; (II) Temperature curves of eastern and central China over
the past 2000 years derived from historical documents, with a 30 year temporal resolution;
(III) Tree-ring-derived temperature variations in the central Qilian Mountains over the past
1000 years, with a temporal resolution of 3 years; (IV) Integrated temperature series over
the past 2000 years from the Dunde, Gurria, Dassoppe and Progonge ice cores with a time
resolution of 10 years; (V) Temperature series over the past millennium reconstructed from
ice cores, stalagmites, tree rings, peat, lake sediments, palynology and historical data, with
a time resolution of 10 years; (VI) China’s temperature curves over the past 2000 years
reconstructed by integrating ice cores, tree rings, lake deposits and historical data, with
a temporal resolution of 10 years; (VII) Temperature changes over the past 2000 years as
indicated by the development of paleosol (black spot) and glacier (black triangle), with no
fixed temporal resolution; The smooth solid line represents the centennial scale temperature
change, and the dashed line represents the average of each series.
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In this paper, the temperature departure data provided by (V) were selected as repre-
sentative of climate change [57].
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Table A5. Correlation analysis of temperature change and natural system change.

Year Temperature
(x/◦C)

Width of Yudai
Trench Area of West Lake Volume of Nanhao

Trench
Natural System Mean

(y1)

1000 0.40 5.00 4.00 4.00 4.33
1010 0.35 5.00 4.00 4.00 4.33
1020 0.25 5.00 4.00 4.00 4.33
1030 0.20 5.00 4.00 4.00 4.33
1040 0.10 5.00 4.00 4.00 4.33
1050 0.08 5.00 4.00 4.00 4.33
1060 0.05 5.00 4.00 4.00 4.33
1070 0.02 5.00 4.00 4.00 4.33
1080 0.00 5.00 4.00 4.00 4.33
1090 −0.05 5.00 4.00 4.00 4.33
1100 −0.15 5.00 4.00 4.00 4.33
1110 −1.45 5.00 4.00 4.00 4.33
1120 −1.60 5.00 4.00 4.00 4.33
1130 −1.75 5.00 4.00 4.00 4.33
1140 −1.80 5.00 4.00 4.00 4.33
1150 −1.85 5.00 4.00 4.00 4.33
1160 −1.80 5.00 4.00 4.00 4.33
1170 −1.75 5.00 4.00 4.00 4.33
1180 −1.70 5.00 4.00 4.00 4.33
1190 −1.50 5.00 4.00 4.00 4.33
1200 −0.40 5.00 4.00 4.00 4.33
1210 −0.30 5.00 4.00 5.00 4.67
1220 −0.25 5.00 4.00 5.00 4.67
1230 −0.30 5.00 4.00 5.00 4.67
1240 −0.75 5.00 4.00 5.00 4.67
1250 −1.25 5.00 4.00 5.00 4.67
1260 −1.75 5.00 4.00 5.00 4.67
1270 −1.85 4.00 4.00 5.00 4.33
1280 −1.80 4.00 4.00 5.00 4.33
1290 −1.50 4.00 4.00 5.00 4.33
1300 −1.00 4.00 4.00 5.00 4.33
1310 −1.10 4.00 4.00 5.00 4.33
1320 −1.80 4.00 4.00 5.00 4.33
1330 −1.75 4.00 4.00 5.00 4.33
1340 −1.60 4.00 4.00 5.00 4.33
1350 −1.50 4.00 4.00 5.00 4.33
1360 −1.25 4.00 4.00 2.00 3.33
1370 −1.15 4.00 4.00 2.00 3.33
1380 −1.00 4.00 4.00 2.00 3.33
1390 −0.80 4.00 4.00 2.00 3.33
1400 −0.90 4.00 4.00 2.00 3.33
1410 −1.00 4.00 4.00 2.00 3.33
1420 −1.10 4.00 4.00 2.00 3.33
1430 −1.20 4.00 3.00 2.00 3.00
1440 −1.25 4.00 3.00 2.00 3.00
1450 −1.30 4.00 3.00 2.00 3.00
1460 −1.35 4.00 3.00 2.00 3.00
1470 −1.40 4.00 3.00 2.00 3.00
1480 −1.45 4.00 3.00 2.00 3.00
1490 −1.50 4.00 3.00 2.00 3.00
1500 −1.45 4.00 3.00 2.00 3.00
1510 −1.40 4.00 3.00 2.00 3.00
1520 −1.30 4.00 3.00 2.00 3.00
1530 −1.25 4.00 3.00 2.00 3.00
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Table A5. Cont.

Year Temperature
(x/◦C)

Width of Yudai
Trench Area of West Lake Volume of Nanhao

Trench
Natural System Mean

(y1)

1540 −1.20 4.00 3.00 2.00 3.00
1550 −1.15 4.00 3.00 2.00 3.00
1560 −1.10 3.00 3.00 2.00 2.67
1570 −1.15 3.00 3.00 2.00 2.67
1580 −1.20 3.00 3.00 2.00 2.67
1590 −1.25 3.00 3.00 2.00 2.67
1600 −1.35 3.00 3.00 2.00 2.67
1610 −1.50 3.00 3.00 2.00 2.67
1620 −1.60 3.00 3.00 2.00 2.67
1630 −1.70 3.00 3.00 2.00 2.67
1640 −1.75 3.00 3.00 2.00 2.67
1650 −1.85 3.00 2.00 2.00 2.33
1660 −1.75 3.00 2.00 2.00 2.33
1670 −1.70 3.00 2.00 2.00 2.33
1680 −1.65 3.00 2.00 2.00 2.33
1690 −1.60 3.00 2.00 2.00 2.33
1700 −1.55 3.00 2.00 2.00 2.33
1710 −1.50 3.00 2.00 3.00 2.67
1720 −1.40 3.00 2.00 3.00 2.67
1730 −1.30 3.00 2.00 3.00 2.67
1740 −1.20 3.00 2.00 3.00 2.67
1750 −1.10 3.00 2.00 3.00 2.67
1760 −0.95 3.00 2.00 3.00 2.67
1770 −0.80 3.00 2.00 3.00 2.67
1780 −0.65 3.00 2.00 3.00 2.67
1790 −0.60 3.00 2.00 3.00 2.67
1800 −0.50 3.00 2.00 3.00 2.67
1810 −0.45 3.00 2.00 3.00 2.67
1820 −0.50 3.00 2.00 3.00 2.67
1830 −0.75 3.00 2.00 2.00 2.33
1840 −1.00 3.00 2.00 2.00 2.33
1850 −1.30 3.00 2.00 2.00 2.33
1860 −1.40 3.00 2.00 2.00 2.33
1870 −1.35 3.00 2.00 2.00 2.33
1880 −1.25 3.00 2.00 2.00 2.33
1890 −0.75 3.00 2.00 2.00 2.33
1900 0.00 3.00 2.00 2.00 2.33
1910 0.05 3.00 2.00 2.00 2.33
1920 0.00 2.00 1.00 1.00 1.33
1930 −0.10 2.00 1.00 1.00 1.33
1940 −0.20 1.00 1.00 1.00 1.00
1950 0.00 1.00 1.00 1.00 1.00
1960 0.25 1.00 1.00 1.00 1.00
1970 0.40 1.00 1.00 1.00 1.00
1980 0.55 1.00 1.00 1.00 1.00
1990 0.70 1.00 1.00 1.00 1.00
2000 0.85 1.00 1.00 1.00 1.00
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Table A6. Correlation analysis of temperature change and economic system change.

Year Temperature
(x/◦C)

Scale of Yudai
Trench

Commerce

Number of
Shops in

Gaodi Street
Salt Storage

Quantity
Produced and

Sold of
Cantonese Style

Furniture

Quantity
Produced and

Sold of Musical
Instruments

Economic
System Mean

(y2)

1000 0.40 2.00 4.00 4.00 3.00 2.00 3.00
1010 0.35 5.00 4.00 4.00 3.00 2.00 3.60
1020 0.25 5.00 4.00 4.00 3.00 2.00 3.60
1030 0.20 5.00 4.00 4.00 3.00 2.00 3.60
1040 0.10 5.00 4.00 4.00 3.00 2.00 3.60
1050 0.08 5.00 4.00 4.00 3.00 2.00 3.60
1060 0.05 5.00 4.00 4.00 3.00 2.00 3.60
1070 0.02 5.00 4.00 4.00 3.00 2.00 3.60
1080 0.00 5.00 4.00 4.00 3.00 2.00 3.60
1090 −0.05 5.00 4.00 4.00 3.00 2.00 3.60
1100 −0.15 5.00 4.00 4.00 3.00 2.00 3.60
1110 −1.45 5.00 4.00 4.00 3.00 2.00 3.60
1120 −1.60 5.00 4.00 4.00 3.00 2.00 3.60
1130 −1.75 5.00 4.00 4.00 3.00 2.00 3.60
1140 −1.80 5.00 4.00 4.00 3.00 2.00 3.60
1150 −1.85 5.00 4.00 4.00 3.00 2.00 3.60
1160 −1.80 5.00 4.00 4.00 3.00 2.00 3.60
1170 −1.75 5.00 4.00 4.00 3.00 2.00 3.60
1180 −1.70 5.00 4.00 4.00 3.00 2.00 3.60
1190 −1.50 5.00 4.00 4.00 3.00 2.00 3.60
1200 −0.40 5.00 4.00 4.00 3.00 2.00 3.60
1210 −0.30 5.00 4.00 4.00 3.00 2.00 3.60
1220 −0.25 5.00 4.00 4.00 3.00 2.00 3.60
1230 −0.30 5.00 4.00 4.00 3.00 2.00 3.60
1240 −0.75 5.00 4.00 4.00 3.00 2.00 3.60
1250 −1.25 5.00 4.00 4.00 3.00 2.00 3.60
1260 −1.75 5.00 4.00 4.00 3.00 2.00 3.60
1270 −1.85 2.00 3.00 4.00 3.00 3.00 3.00
1280 −1.80 2.00 3.00 4.00 3.00 3.00 3.00
1290 −1.50 2.00 3.00 4.00 3.00 3.00 3.00
1300 −1.00 2.00 3.00 4.00 3.00 3.00 3.00
1310 −1.10 2.00 3.00 4.00 3.00 3.00 3.00
1320 −1.80 2.00 3.00 4.00 3.00 3.00 3.00
1330 −1.75 2.00 3.00 4.00 3.00 3.00 3.00
1340 −1.60 2.00 3.00 4.00 3.00 3.00 3.00
1350 −1.50 2.00 3.00 4.00 3.00 3.00 3.00
1360 −1.25 2.00 3.00 4.00 3.00 3.00 3.00
1370 −1.15 2.00 3.00 4.00 3.00 3.00 3.00
1380 −1.00 2.00 3.00 4.00 3.00 3.00 3.00
1390 −0.80 5.00 3.00 4.00 5.00 5.00 4.40
1400 −0.90 5.00 3.00 4.00 5.00 5.00 4.40
1410 −1.00 5.00 3.00 4.00 5.00 5.00 4.40
1420 −1.10 5.00 3.00 4.00 5.00 5.00 4.40
1430 −1.20 5.00 3.00 4.00 5.00 5.00 4.40
1440 −1.25 5.00 3.00 4.00 5.00 5.00 4.40
1450 −1.30 5.00 3.00 4.00 5.00 5.00 4.40
1460 −1.35 5.00 3.00 4.00 5.00 5.00 4.40
1470 −1.40 5.00 3.00 4.00 5.00 5.00 4.40
1480 −1.45 5.00 3.00 4.00 5.00 5.00 4.40
1490 −1.50 5.00 3.00 4.00 5.00 5.00 4.40
1500 −1.45 5.00 3.00 4.00 5.00 5.00 4.40
1510 −1.40 5.00 3.00 4.00 5.00 5.00 4.40
1520 −1.30 5.00 3.00 4.00 5.00 5.00 4.40
1530 −1.25 5.00 3.00 4.00 5.00 5.00 4.40
1540 −1.20 5.00 3.00 4.00 5.00 5.00 4.40
1550 −1.15 5.00 3.00 4.00 5.00 5.00 4.40
1560 −1.10 5.00 3.00 4.00 5.00 5.00 4.40
1570 −1.15 5.00 3.00 4.00 5.00 5.00 4.40
1580 −1.20 5.00 3.00 4.00 5.00 5.00 4.40
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Table A6. Cont.

Year Temperature
(x/◦C)

Scale of Yudai
Trench

Commerce

Number of
Shops in

Gaodi Street
Salt Storage

Quantity
Produced and

Sold of
Cantonese Style

Furniture

Quantity
Produced and

Sold of Musical
Instruments

Economic
System Mean

(y2)

1590 −1.25 5.00 3.00 4.00 5.00 5.00 4.40
1600 −1.35 5.00 3.00 4.00 3.00 3.00 3.60
1610 −1.50 5.00 3.00 4.00 3.00 3.00 3.60
1620 −1.60 5.00 3.00 4.00 3.00 3.00 3.60
1630 −1.70 5.00 3.00 4.00 3.00 3.00 3.60
1640 −1.75 5.00 3.00 4.00 3.00 3.00 3.60
1650 −1.85 5.00 5.00 5.00 5.00 5.00 5.00
1660 −1.75 5.00 5.00 5.00 5.00 5.00 5.00
1670 −1.70 5.00 5.00 5.00 5.00 5.00 5.00
1680 −1.65 5.00 5.00 5.00 5.00 5.00 5.00
1690 −1.60 5.00 5.00 5.00 5.00 5.00 5.00
1700 −1.55 5.00 5.00 5.00 5.00 5.00 5.00
1710 −1.50 5.00 5.00 5.00 5.00 5.00 5.00
1720 −1.40 5.00 5.00 5.00 5.00 5.00 5.00
1730 −1.30 5.00 5.00 5.00 5.00 5.00 5.00
1740 −1.20 5.00 3.00 5.00 5.00 5.00 4.60
1750 −1.10 5.00 3.00 5.00 5.00 5.00 4.60
1760 −0.95 5.00 3.00 5.00 5.00 5.00 4.60
1770 −0.80 5.00 3.00 5.00 5.00 5.00 4.60
1780 −0.65 5.00 3.00 5.00 5.00 5.00 4.60
1790 −0.60 5.00 3.00 5.00 5.00 5.00 4.60
1800 −0.50 5.00 3.00 5.00 5.00 5.00 4.60
1810 −0.45 5.00 3.00 5.00 5.00 5.00 4.60
1820 −0.50 5.00 3.00 5.00 5.00 5.00 4.60
1830 −0.75 5.00 3.00 5.00 5.00 5.00 4.60
1840 −1.00 2.00 3.00 2.00 4.00 5.00 3.20
1850 −1.30 2.00 3.00 2.00 4.00 5.00 3.20
1860 −1.40 2.00 3.00 2.00 4.00 5.00 3.20
1870 −1.35 2.00 3.00 2.00 4.00 5.00 3.20
1880 −1.25 2.00 3.00 2.00 4.00 5.00 3.20
1890 −0.75 2.00 3.00 2.00 4.00 5.00 3.20
1900 0.00 2.00 3.00 2.00 4.00 5.00 3.20
1910 0.05 2.00 3.00 2.00 4.00 5.00 3.20
1920 0.00 1.00 2.00 1.00 2.00 2.00 1.60
1930 −0.10 1.00 2.00 1.00 2.00 2.00 1.60
1940 −0.20 1.00 2.00 1.00 2.00 2.00 1.60
1950 0.00 1.00 2.00 1.00 2.00 2.00 1.60
1960 0.25 1.00 1.00 1.00 1.00 1.00 1.00
1970 0.40 1.00 1.00 1.00 1.00 1.00 1.00
1980 0.55 1.00 3.00 1.00 1.00 1.00 1.40
1990 0.70 1.00 3.00 1.00 1.00 1.00 1.40
2000 0.85 1.00 3.00 1.00 1.00 1.00 1.40

Table A7. Correlation analysis of temperature change and cultural system change.

Year Temperature
(x/◦C)

Construction Scale of
the Nanyuan Garden

Innovation Level of
Cantonese Style

Furniture

Innovation Level
of Musical
Instrument

Cultural System
Mean (y3)

1000 0.40 2.00 3.00 2.00 2.33
1010 0.35 2.00 3.00 2.00 2.33
1020 0.25 2.00 3.00 2.00 2.33
1030 0.20 2.00 3.00 2.00 2.33
1040 0.10 2.00 3.00 2.00 2.33
1050 0.08 2.00 3.00 2.00 2.33
1060 0.05 2.00 3.00 2.00 2.33
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Table A7. Cont.

Year Temperature
(x/◦C)

Construction Scale of
the Nanyuan Garden

Innovation Level of
Cantonese Style

Furniture

Innovation Level
of Musical
Instrument

Cultural System
Mean (y3)

1070 0.02 2.00 3.00 2.00 2.33
1080 0.00 2.00 3.00 2.00 2.33
1090 −0.05 2.00 3.00 2.00 2.33
1100 −0.15 2.00 3.00 2.00 2.33
1110 −1.45 2.00 3.00 2.00 2.33
1120 −1.60 2.00 3.00 2.00 2.33
1130 −1.75 2.00 3.00 2.00 2.33
1140 −1.80 2.00 3.00 2.00 2.33
1150 −1.85 2.00 3.00 2.00 2.33
1160 −1.80 2.00 3.00 2.00 2.33
1170 −1.75 2.00 3.00 2.00 2.33
1180 −1.70 2.00 3.00 2.00 2.33
1190 −1.50 2.00 3.00 2.00 2.33
1200 −0.40 2.00 3.00 2.00 2.33
1210 −0.30 2.00 3.00 2.00 2.33
1220 −0.25 2.00 3.00 2.00 2.33
1230 −0.30 2.00 3.00 2.00 2.33
1240 −0.75 2.00 3.00 2.00 2.33
1250 −1.25 2.00 3.00 2.00 2.33
1260 −1.75 2.00 3.00 2.00 2.33
1270 −1.85 2.00 3.00 3.00 2.67
1280 −1.80 2.00 3.00 3.00 2.67
1290 −1.50 2.00 3.00 3.00 2.67
1300 −1.00 2.00 3.00 3.00 2.67
1310 −1.10 2.00 3.00 3.00 2.67
1320 −1.80 2.00 3.00 3.00 2.67
1330 −1.75 2.00 3.00 3.00 2.67
1340 −1.60 2.00 3.00 3.00 2.67
1350 −1.50 2.00 3.00 3.00 2.67
1360 −1.25 4.00 3.00 3.00 3.33
1370 −1.15 4.00 3.00 3.00 3.33
1380 −1.00 4.00 3.00 3.00 3.33
1390 −0.80 2.00 5.00 5.00 4.00
1400 −0.90 2.00 5.00 5.00 4.00
1410 −1.00 2.00 5.00 5.00 4.00
1420 −1.10 2.00 5.00 5.00 4.00
1430 −1.20 2.00 5.00 5.00 4.00
1440 −1.25 2.00 5.00 5.00 4.00
1450 −1.30 2.00 5.00 5.00 4.00
1460 −1.35 2.00 5.00 5.00 4.00
1470 −1.40 2.00 5.00 5.00 4.00
1480 −1.45 2.00 5.00 5.00 4.00
1490 −1.50 2.00 5.00 5.00 4.00
1500 −1.45 2.00 5.00 5.00 4.00
1510 −1.40 2.00 5.00 5.00 4.00
1520 −1.30 2.00 5.00 5.00 4.00
1530 −1.25 2.00 5.00 5.00 4.00
1540 −1.20 3.00 5.00 5.00 4.33
1550 −1.15 3.00 5.00 5.00 4.33
1560 −1.10 3.00 5.00 5.00 4.33
1570 −1.15 3.00 5.00 5.00 4.33
1580 −1.20 3.00 5.00 5.00 4.33
1590 −1.25 3.00 5.00 5.00 4.33
1600 −1.35 3.00 3.00 3.00 3.00
1610 −1.50 3.00 3.00 3.00 3.00
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Table A7. Cont.

Year Temperature
(x/◦C)

Construction Scale of
the Nanyuan Garden

Innovation Level of
Cantonese Style

Furniture

Innovation Level
of Musical
Instrument

Cultural System
Mean (y3)

1620 −1.60 3.00 3.00 3.00 3.00
1630 −1.70 3.00 3.00 3.00 3.00
1640 −1.75 3.00 3.00 3.00 3.00
1650 −1.85 1.00 5.00 5.00 3.67
1660 −1.75 1.00 5.00 5.00 3.67
1670 −1.70 1.00 5.00 5.00 3.67
1680 −1.65 1.00 5.00 5.00 3.67
1690 −1.60 2.00 5.00 5.00 4.00
1700 −1.55 2.00 5.00 5.00 4.00
1710 −1.50 2.00 5.00 5.00 4.00
1720 −1.40 2.00 5.00 5.00 4.00
1730 −1.30 2.00 5.00 5.00 4.00
1740 −1.20 2.00 5.00 5.00 4.00
1750 −1.10 2.00 5.00 5.00 4.00
1760 −0.95 2.00 5.00 5.00 4.00
1770 −0.80 2.00 5.00 5.00 4.00
1780 −0.65 2.00 5.00 5.00 4.00
1790 −0.60 2.00 5.00 5.00 4.00
1800 −0.50 2.00 5.00 5.00 4.00
1810 −0.45 2.00 5.00 5.00 4.00
1820 −0.50 2.00 5.00 5.00 4.00
1830 −0.75 2.00 5.00 5.00 4.00
1840 −1.00 3.00 4.00 5.00 4.00
1850 −1.30 3.00 4.00 5.00 4.00
1860 −1.40 3.00 4.00 5.00 4.00
1870 −1.35 3.00 4.00 5.00 4.00
1880 −1.25 3.00 4.00 5.00 4.00
1890 −0.75 4.00 4.00 5.00 4.33
1900 0.00 4.00 4.00 5.00 4.33
1910 0.05 5.00 4.00 4.00 4.33
1920 0.00 2.00 2.00 2.00 2.00
1930 −0.10 2.00 2.00 2.00 2.00
1940 −0.20 2.00 2.00 2.00 2.00
1950 0.00 2.00 2.00 2.00 2.00
1960 0.25 1.00 1.00 1.00 1.00
1970 0.40 1.00 1.00 1.00 1.00
1980 0.55 1.00 1.00 1.00 1.00
1990 0.70 1.00 1.00 1.00 1.00
2000 0.85 1.00 1.00 1.00 1.00

Table A8. p value of long-term correlation analysis.

Temperature Change Natural System Economic System Cultural System

Temperature Change — — — —
Natural System 2.74 × 10−82 — — —

Economic System 0.90348 0.00040 — —
Cultural System 1.92 × 10−87 0.86886 0.00009 —
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Table A9. p value of short-term correlation analysis.

Period of
Time

1250—1400 1550–1700 1800–1950

Temperature
Change

Natural
System

Economic
System

Cultural
System

Temperature
Change

Natural
System

Economic
System

Cultural
System

Temperature
Change

Natural
System

Economic
System

Cultural
System

Temperature
Change - - - - - - - - - - - -

Natural
System

1.15 ×
10−25 - - - 1.52 ×

10−30 - - - 1.94 ×
10−14 - - -

Economic
System

4.60 ×
10−24

8.52 ×
10−5 - - 2.28 ×

10−26
1.58 ×
10−12 - - 3.14 ×

10−13 0.0021 - -

Cultural
System

1.30 ×
10−22

7.67 ×
10−7 0.0367 - 1.53 ×

10−25
1.19 ×
10−8 0.0027 - 9.10 ×

10−16
1.06 ×
10−5 0.0263 -
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