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Abstract

The Taihu Lake Basin is rich in historical and cultural resources, its water network pattern and
settlement texture showing the historical and cultural changes of urban and rural units. This
paper takes the Taihu Lake Basin as the research object, excavates historical and cultural re-
sources, and classifies their value elements and carriers. With GIS, we identify the main natural
ecological patches, cultural value points and cultural routes to form a historical and cultural
spatial system based on nature and humanities, then establish a systematic global historical and
cultural spatial database. Firstly, we translate the geographic data of Taihu Lake Basin through
ancient texts and ancient maps, locate the elements and carriers of cultural value on the histori-
cal and cultural spatial base map, and present the formation mechanism and value connotation
in the form of spatial information, so as to facilitate more intuitive knowledge and understand-
ing of the cultural distribution and evolution law in different periods, and provide historical
thinking and future development suggestions for the historical and cultural spatial construction
of Taihu Lake Basin.
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INTRODUCTION

With the co-development of human society and the nature, the contradiction between con-
servation and development has become more prominent, just as the field of cultural heri-
tage, where conservation and development are relative but seek to be coupled. As a space
composed of material and non-material elements, the value elements of cultural heritage can
express the cultural identity, social witness and regional spirit, fully reflecting the interactive
coupling relationship between human society and the nature.

Since UNESCO implemented Historic Urban Landscape in 2011, the internationally agreed
concept of heritage conservation and historical research methodology have been in the same
direction as Chinese historic towns conservation practice. In 2021, The General Office of the
State Council of China issued the Opinions on Strengthening Historical and Cultural Conser-
vation and Inheritance in Urban and Rural Construction, which requires that put conserva-
tion first and being value-driven, build Urban and Rural Historical and Cultural Conservation
and Inheritance System, focus on the conservation of various heritage of cultural value from
different historical periods and protect regional resources such as historical and cultural
routes, corridors and networks’. It also expressed that start from the regional level, combine
historical continuity, cultural overlay, ecological sustainability and urban synergy, and then
sort out historical and cultural resources, link linear spatial elements and construct historical
and cultural spaces, which provides ideas for the future region based on the sustainable con-
servation and development of these resources.

Taihu Lake, anciently known as Zhenze, is a large plains throughput lake. It took shape in
the middle of the Holocene, then gradually expanded to its present size in the Song and Yuan
Dynasty. Located in the southern Yangtze River Delta, it is connected to the Grand Canal and
extends from the Yangtze River in the north to the Qiantang River in the south. The Taihu
Lake basin has a long history, the natural substrate of dense water networks facilitated the
development of an early settlement and town systems with prosperous economic, advanced
society and integrated culture. The Taihu Lake Basin has a traceable history dating back to the
7th century, roughly divided in the Paleolithic and Neolithic. Later in the late Yin and Shang
Dynasty, Tai Bo migrated to the southern Yangtze River and excavated Taibe Ditch, and this
started the Jiangnan farming civilization. Between the 6th and 4th century, the state of Wu
excavated Xuxi, Xupu and Lidu, forming a water transport system of three rivers and five
lakes. At the beginning of the Han Dynasty, the shallow marshy depressions of the Taihu Lake
Plain began to be diked and surrounded by fields and ponds. During the Sui and Tang Dynasty,
the Jiangnan River, which ran from Jingkou (present-day Zhenjiang) to Yuhang (present-day
Hangzhou), ran north and south across the Taihu Plain, and it would form a significant section
of the Grand Canal. From the Tang Dynasty to the end of the Qing, water conservancy were
constructed. The river network organization provides a good basis for regional agricultural
development, water system connectivity and economic trade.
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THEORETICAL STRUCTURE

NATIONAL HISTORIC CULTURAL SPACE IN THE PERSPECTIVE OF HISTORIC URBAN
LANDSCAPE

To respond to heritage conservation issues in different phases, since 1933, Athens Charter for
the Restoration of Historic Monuments, the first program document of major international
significance, placed historic sites preservation at the core, and thought about the relationship
between modern cities and historic monuments. The Venice Charter for the Conservation and
Restoration of Monuments and Sites in 1964, which is a comprehensive summary of the basic
concepts, theories and methods of heritage in the 20th century, clearly made that the essen-
tials of historic monuments include not only individual buildings, but also urban and rural
spaces in which a distinctive civilization, a meaningful development or a historical event can
be identified?. In the 21st century, there has been an expansion of the objects, methods and
scope of heritage conservation in towns and cities, the definition and methodology of Historic
Urban Landscape (hereinafter referred as HUL) was clarified in the Vienna Memorandum on
Historical Urban Landscapes issued in 2005. It consisted of dynamic evolution, historic layer-
ing and a landscape approach to re-conceptualize and re-evaluate urban heritage, and looked
at the historic city as a whole, making the landscape approach a new way of thinking about the
value of historic cities®. In addition, the characteristics of cultural heritage, such as territorial,
temporal and holistic, need to be presented in the context of a multi-scale and multi-tempo-
ral historical and cultural space. The explicit features of HUL such as cascading, dynamics
and relevance make it both a theoretical concept and a research methodology*“. Based on the
in-depth reflection of the HUL, which helps the typological classification and value determi-
nation of heritage elements within regional historical and cultural spaces. It can also easily
delineate the research scope, control the research objects, and analyse the interaction and the
change law between different elements and carriers in concrete practice.

Urbanization in China started late but is progressing rapidly, for a few short decades, urban
settlements showed a trend of decreasing natural space, expanding human social space and
iterative cascading. In the context of rapid urbanization and the territorial spatial planning
system, deconstruction of historic areas, extinction of cultural heritage, fragmentation of
historical lineage, disorderliness of heritage elements and other problems all highlight the
urgency for historical and cultural conservation and inheritance. Combined with the Chinese
context, Dong Wei puts forward a new idea of regional coordination, urban-rural integration
and overall protection of nature- culture resources to build a national historic and culture
spatial system®. Aiming at fragmentation and isolation in heritage conservation, Shao Yong
et al. focus on the characteristics of regional wholeness, cultural interaction and elemental
correlation to carry out the systematic identification and holistic conservation about regional
cultural heritage and historical space to explore the overall value of historical and cultural
space®. Wang Yan et al. clarified the carriers of historical and cultural value elements, integrat-
ing natural-cultural ecological patches, cultural routes, historical and cultural value points,
and cultural markers, which together constitute the historical and cultural spatial system of
the Taihu Lake Basin’.
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HISTORICAL AND CULTURAL VALUE SYSTEM

Outstanding Universal Value, introduced by UNESCO in 1972 in Convention Concerning the
Protection of the World Cultural and Natural Heritage. ICOMOS World Heritage Centre in-
troduced Conservation based on Heritage Values in the annual report in 2008. Value-based
heritage conservation is an international concern, and the value- based historical and cultural
conservation system in China has been limited to the regulation of historical and cultural
cities, towns and villages and material entities for a long time.

Chen Wei et al. suggested that the current reality of historical and cultural heritage conserva-
tion in China stems from the confusion of value understanding®. Taking Hunan Province as
an example, Liu Jia et al. refined the core values of political, economic, social, cultural and
geography to construct a pattern of revitalization and utilization of historical and cultural
resources by combining resource remains and history and culture®. In addition, as described
by Chen Shuangchen et al, the present historical and cultural value system needs to focus on
different periods and multiple attributes to interpret the systematicity and relevance of histo-
ry and culture through carrier examples™.

This paper takes Dong Wei and Wang Yan’s research in Jiangsu Province on the value conno-
tation and element carriers of historical and cultural space in the overall pattern of urban
and rural historical and cultural resources combination and conservation inheritance as the
main reference, completes the classification of the values elements and resource carriers, and
makes it a basis for identifying and judging the elements in the historical and cultural spatial
database™. (Figure 1.)

ELEMENTS COMBABILITY AND SPATIAL CONSTRUCTION
OF HISTORICAL AND CULTURAL VALUE SYSTEM OF TAIHU LAKE BASIN

Historical culture, including language, architecture and institutions, refers to the material
heritage, traditional customs and values that have been created and preserved in the long-
term development. Historical culture reflects the long-term development of a region or na-
tion, and is an integral part of the process of human civilization. From the perspective of
national historical and cultural space, through the integration of cross-regional historical and
cultural elements and resource carriers, can better understand the evolution of individual
urban elements, then study the changing characteristics and development rules of historical
forms, urban patterns and regional structures, and provides reference and lessons for dynam-
ic optimization of the overall urban development methods in the future.

The research scope is based on the announcement by the Taihu Lake Basin Management Bu-
reau of the Ministry of Water Resources. The basin covers 36,895 km?, under the jurisdiction
of Jiangsu, Zhejiang, Shanghai and Anhui. This paper explores the heritage resources such as
historical events, monuments and sites and architectural landscapes in the region and system-
atically sorts them out. Furthermore, based on GIS, the value elements and carriers of the basin
are digitally expressed and form a long-term spatial database. Finally, an integration of the his-
torical and cultural value system of the basin, can not only analyze the layout of natural ecolog-
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ical patches, cultural value points and routes at a large scale, but also support the construction
of historical and cultural space in the Taihu Lake basin. At the same time, it can also enrich the
theoretical basis for the construction of national historical and cultural space and provide sup-
plementary cases for China to build a national historical and cultural space system.

RESEARCH METHODS
DATA ACQUISITION AND PREPROCESSING

The paper focuses on the historical layers and cultural heritage generated by the major natural
changes and human activities in the Taihu Lake Basin from B.C. to 2024. Firstly, the geograph-
ic basin data was obtained through ancient map translation, and corrected based on ancient
books, satellite images and survey results. Then, the research screened cultural heritages of
the entire historical period in five dimensions, including politic, economic, society, science
and technology cultural, and geography. Finally, the research classified and summarized in
detail according to the value theme, and the main types includes state power and institutional
civilization, agriculture, commerce and industry, social organizations and settlements, litera-

ture and art, science and technology, and geography.

The historical and cultural spatial base map was selected the 2022 aerial image of the sky map
and imported into ArcGIS Pro platform, a GIS software. Map preparation was based on the
World Geodetic System-1984 Coordinate System, the value data were processed in ArcGIS Pro
3.2 with Toolbox and later organized within Adobe Photoshop CC 2019. After digitizing the
historical and cultural value elements and carrier resources, a database about historical and
cultural information of the Taihu Lake Basin was constructed to facilitate subsequent analysis
of the correlation, interaction and actual connotation of elements and carriers in the region.

MAPPING AND MODEL CONSTRUCTION

Based on the comprehensive consideration of historical periods and spatial evolution, the
Prehistory Period - Qin and Han Dynasty, Three Kingdoms - Tang Dynasty, Song - Qing Dynas-
ty, Late Qing Dynasty - Republic of China and Modern Period were divided into vertical stages
and summarized into a table, (Figure 2.) and formed a distribution map about value elements.

Since the paper aims to form a historical and cultural space system based on nature and hu-
manity, the model scale refers to towns scale in the basin. According to the data in the above
five periods, the study used a square with a- 10km-length (This divisional unit can basically
cover a medium-sized town) to create a fishing net on the historical urban landscape collec-
tion base map, and obtained a sampling module of historical and cultural information from
prehistory to modern in the basin™. (Figure 3.)

The political, economic, social, technological, cultural and geographical value elements in
the module were aggregated and located in the basin, and were visually expressed on the
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region, (Figure 4.) which clearly reflects the correlation between elements, elements and en-
vironment. Overlaying and comparing according to the theme attributes, the model included
two dimensions, five time slices and three layers. In particular, two dimensions are the time
and space scale, five slice nodes are 220, 900, 1850 and 1978, and three layers are natural
geographical environment layer, urban settlement layer and history and culture layer, where
the boundaries of time slices are delineated by synthesizing the dynasties change from the
prehistory to modern in China and the urban settlements development in Jiangsu. (Figure 5.)
Supplemented by post layer processing, unit analysis and watershed comparison were per-
formed on the model and helped to summarize the structure of HUL in the basin, using spatial
information to explore the formation mechanism and value connotation can intuitively recog-
nize and understand the distribution and evolution of culture in different periods.

MAP-OVERLAY ANALYSIS AND HUL

In landscape, the theory of map-overlay method can be interpreted as involving landscape ele-
ments layers and drawings superimposition, with the final drawings being a thematic map that
reflects environmental influence'. The model constructed contained physical geographical en-
vironment layers, urban settlement layers and history and culture layers. And, overlay analysis
was an important technical process for constructing the historical and cultural space of the
Taihu Lake Basin. (Figure 6.) It identified various value elements accumulated over a long- time
period in the basin on a vector map in the form of raster data, and the attributes can be edited
for detailed classification. GIS-based layer overlay is not a simple addition of points, lines and
surfaces, the processing of geospatial and historical information data is a diachronic and syn-
chronic analysis process of spatial element clusters™. It helps to discover and summarize the
distribution characteristics and change patterns of value elements in the basin, as well as the
correlation and coupling of value elements and carriers with the modern urban spatial pattern.

Finally, HUL is introduced, and the results of the horizontal and vertical overlay and compari-
son of value elements in the basin obtained based on GIS can be used to understand the value
attributes and distribution characteristics of heritage from the perspective of spatial diversity,
extensive connotation and dynamic development, which guided the establishment of a system-
atic and overall historical and cultural spatial database and provided historical reflections and
future development suggestions on the construction of historical and cultural space in the basin.

RESULTS AND ANALYSIS
MODEL EXPLANATION

The model constructed and map organized of the historical and cultural values elements in
the Taihu Lake Basin above were explained by two aspects of processing and parsing results.
The paper integrated cultural heritage information with a wide time range, large spatial scale
and multiple value dimensions, took vertical historical succession and horizontal spatial
change as references for digital processing and supported the national historical and cultural

1300 - 4



Liu Zuyue, Wang Yan
GIS-based Historical and Cultural Value Sorting and Spatial Construction

spatial system as the structural expression propose. A dynamic model can not only conform to
the administrative delimitation of territorial spatial planning, but also correspond to cross-re-
gional conservation and inheritance and coordinated development’®.

STUDY AT THE REGIONAL SCALE

The Taihu Lake Basin has a wide scope from prehistoric to modern and changes slightly with
the water system and human activities, but the main scope has been generally recognized
within Jiangsu Province and there is no dispute. From the fishing net sampling and agglom-
eration analysis, it can be learned that the historical and cultural value resources in the basin
are mainly concentrated in three prefecture-level towns of Wuxi, Changzhou and Suzhou, and
the value elements contained therein are rich and varied in three layers of natural geographi-
cal environment, urban settlements and history and culture. On the one hand, this is directly
related to the fact that three towns are close to and jurisdiction over the lake. In the processing
of regional scale accompanied by the dynastic changes, something can be found in the hier-
archical mapping: the natural geographical environment mainly reveals the phenomenon of
the evolution of natural waterways and artificial canals, and Jiangnan towns have numerous
rivers and dense water networks. Especially in the lower reaches of the Yangtze River where
Wuxi, Changzhou and Suzhou are located, there are crisscrossed by the Yangtze, Qiantang
River and Taihu Lake, with numerous small and medium-sized rivers, creating a historically
layered urban landscape. The urban settlement layer reflects that the construction of artificial
canals on the basis of the natural water system is more conducive to agricultural irrigation,
transportation and economic exchanges, thus laying a good foundation for regional economic
development, social harmony, scientific and technological progress, artistic abundance and
ecological superiority in the Taihu Lake Basin on a large scale; at the same time, this layer
also reflects the spatial distribution characteristics and derivation trends of different types
of site remains in each period, such as agricultural heritage, water heritage, and industri-
al heritage of early settlements and civilizations. Compared with the before two layers, the
historical and cultural layer should be a supplement to the historical and cultural space of
the Taihu Lake Basin. The characteristics of rich water systems, dense water networks, water
urban landscapes and ecological regulation make the Taihu Lake Basin have a differentiated
geographic matrix, spatial structure and humanistic pattern in China, which is only one in
many civilizations.

Through the connection and comparison of the three layers, the location information, evo-
lution patterns and period characteristics of the historical and cultural value elements from
prehistoric period to modern China are more intuitively understood. Taking the urban settle-
ment layer as an example, the value elements of the prehistory period - Qin and Han Dynasty
are mainly distributed in Wuxi, Suzhou in Jiangsu and Hangzhou in Zhejiang, with the set-
tlement sites of the Liangzhu Culture in the Paleolithic Age and the Majiabang Culture in the
Neolithic Age as the main value elements; During the Three Kingdoms-Tang Dynasty, people
in the north moved southward due to the impact of war, and in the Jiangnan and Hudong re-
gions , towns were built, canals for tunnels, navigation and transportation were established.
The agricultural economy developed rapidly, and many institutional systems, water conser-
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vancy projects, canals and waterways which had historical value were preserved; During the
Song - Qing Dynasty, the water conservancy infrastructures of the previous dynasties were
consolidated, and the canals were expanded and the hubs were improved. And then from
the late Qing Dynasty to Republican of China and modern China, where the development of
urbans was focused on the economy, meanwhile the industrial economy and industrialization
construction began to be closely related to the international political and social background.
Railway construction, the county economy named as “Southern Jiangsu Model” and high-tech
industrial parks have gradually reduced their strong dependence on the natural geographical
environment. The successive derivation of the historical lineage is no longer characterized by
obvious layers, and the urban construction in the Taihu Lake Basin also needs to be studied in
the context of the Yangtze River Delta urban agglomeration on a larger scale.

STUDY IN A SMALL SCALE

From the model after fishing net sampling and agglomeration analysis, it can be clearly found
the value resources in the basin are mainly concentrated in the three prefecture-level towns of
Wuxi, Changzhou and Suzhou, expressed more specifically, it is concentrated in areas where
the towns overlap with the Grand Canal and the Yangtze River, and it is particularly concen-
trated in the main city of Wuxi, and its subordination of Jiangyin and Changzhou. The com-
ponents of the historical and cultural values of this core area can be refined into three forms:
points, lines and surfaces. Point value elements are dominated by ancient settlement sites
and gardens. The linear elements are the extensive waterways of the river. The block elements
include large-scale industrial construction in modern industrialization times and some urban
settlements that are partially coupled with the geographical environment.

The natural base of the Taihu Lake Basin is very similar to urban development, therefore,
when the towns in the basin are scaled down to smaller unit scales, there is less differentiation
in environment, settlements and culture. This is because the similar geographical location
and natural environments provided to form the geographic infrastructure conditions. During
the Spring and Autumn Periods, the major towns of the present basin have already

showed signs of human activities and have been important towns since the Qin and Han Dy-
nasty. Towns are built along the water, with crisscrossed rivers, developed agriculture and
fisheries. During the Ming and Qing Dynasty, it was an important distribution centre for grain,
silk and cotton. In modern times, with the reform and opening up, the focus is on modern-
ization development, and the transform was from traditional industries to modern service
industries and high-tech industries, and gradually optimized the regional economic structure.
As a result, the value elements in modern China have undergone tremendous changes.

CONCLUSION

In the preliminary stage of sorting out the values elements, heritage elements with clear re-
source carriers are basically selected but ignored the intangible cultural heritages, which is
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the heritage elements and related places and spaces that contain manifestations such as oral
arts, handicraft skills and rituals and customs, etc. The Taihu Lake Basin has profound and
rich intangible cultural heritage. There are, for example, the Huishan clay figures in Wuxi,
Suzhou Pingtan with vast branches, and the Taihu Boat Fist, a folk martial art of the fisher-
men living with the Lake. Apart from them, as far as the identification of the spatial location
of value elements itself is concerned, in addition to the difficulty of not being verifiable, it is
also difficult to clearly define the morphological traits and value attributes of some among the
value elements and resource carriers, and there are disputes such as overlap and affiliation.

As the large time span and spatial scale make the cultural heritage complex, diverse and frag-
mented. To a certain extent, it is unable to better reflect the rigor and comprehensiveness of
the value themes and detailed subcategories of the historical and cultural system. If we want
to reveal the rich relationships and specific connotations between water and layers clearly,
we need to create fishing nets in smaller modules, draw a collection of town-scale maps, and
study specific urban landscapes, spatial structures and morphological features.

Finally, GIS-based historical and cultural sorting and spatial construction have reference val-
ue for the construction of cross-regional national historical and cultural space: 1) Data Inte-
gration and Visualization: Through the construction of geographical information databases,
multiple types of information are integrated on a standardized platform to form a compre-
hensive and systematic resource base of historical and cultural values; 2) Spatial Analysis of
Urban Landscapes: Using a variety of data processing analyses in geographical information
databases to reveal the spatial distribution patterns of historical and cultural value elements
and resource carriers. For example, studying the evolution of ancient ruins and architectural
heritage is considered to understand the regional characteristics and evolution process of his-
torical culture; 3) Decision-making and Management Support: Digital, visualized and dynamic
system can provide decision-making support for the government and relevant departments. It
can provide accurate spatial data and analysis results in heritage conservation, urban and ru-
ral planning and tourism development, so as to formulate scientific and reasonable planning
programs to avoid the destruction of heritages.
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Fig.3.  Sampling Module of the Distribution Map. Distribute the map of the Taihu Lake Basin values
elements at first, create a fishing network with 10-kilometre-unit on the map, and obtain the sampling
module with historical and cultural information
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Fig. 4. Historical and Cultural Spatial Value Elements Cluster. Based on GIS, after the creation of fish-
ing nets and unit sampling, network analysis of spatial data is carried out to obtain a visual representa-
tion of the agglomeration of value elements and resource carriers

Fig. 5. Basis for Time Slice Delineation: Dynasties Change and Urban Settlement Development in
Jiangsu Province. According to the dynasties change from the prehistory to modern time in China and
the urban settlements development in Jiangsu Province, the historical and cultural value system identi-
fies five points as time segments for the collation of value elements and resource carries
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Fig.6.  Historical and Cultural Value Elements Layer Diagram of the Taihu Lake Basin. These layers
display an aspect of GIS-based historical and cultural value sorting and spatial construction in the
Taihu Lake Basin
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