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Abstract: The changes of administrative divisions is a critical foundation for studying national 
governance, regional development, and changes in spatial patterns. However, traditional datasets 
related to administrative divisions, such as government gazettes, local chronicles, statistical 
yearbooks, and geographical spatial data, which record administrative regions and their 
spatiotemporal evolution, are usually stored in fragmented forms. They lack dynamic association 
and semantic integration capabilities, making it difficult to support complex queries and change 
analysis. Given the characteristics of administrative division datasets, such as diverse sources, 
complex change types, and close spatiotemporal feature coupling, this paper proposes a method 
for constructing a knowledge graph of China’s administrative divisions evolution. At the knowledge 
modeling level, by constructing an ontology of administrative divisions evolution, the semantic 
expression of entities, attributes, and their evolutionary relationships in administrative divisions 
and their spatiotemporal changes is standardized. At the knowledge extraction level, a multi-path 
extraction framework is designed for multi-source heterogeneous data: for structured data, rule 
mapping and GIS spatial topological relationship calculation methods are used to extract spatial 
and evolutionary information of administrative divisions. For unstructured announcement text, a 
joint extraction is carried out by combining domain ontology and large language models to realize 
the structured expression of administrative division nodes, attributes, and evolutionary 
relationships. At the knowledge fusion level, entity alignment and fusion are carried out by 
comprehensively utilizing the overlapping characteristics and semantic similarity of entities in the 
spatial dimension. At the application level, the fused data is archived in the Neo4j graph database 
to construct a knowledge graph of China’s administrative division evolution. 
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1 Introduction 

Administrative division, regional politics and their evolution refer to the long-term and 
sequential dynamic adjustment process of regional division carried out by the country or 
regions in different historical periods according to changes in factors such as political, 
economic, ethnic conditions, and historical and geographical conditions[1,2]. Through the 
adjustment of administrative levels, regional reorganization, relocation of administrative 
seats, etc., the spatial structure of regions is optimized[3,4], the level of national governance 
is improved[5,6], social and economic development is promoted[7], and thus the high-quality 
and sustainable development of regions and the country is promoted[8,9]. The evolution 
data of administrative divisions and the laws contained therein are of important reference 
value for coordinating and formulating regional development strategies and national 
modern governance. 

Data of China’s administrative divisions evolution are mainly recorded and used in 4 
forms: First, official gazettes and decrees, which record the evolution of administrative 
divisions and related information in the form of public documents and reports, such as the 
annual adjustment announcements issued by the Ministry of Civil Affairs (MCA)[10], local 
yearbooks, and chronicles[11], etc.; Second, map images, which use maps or images as 
carriers and adopt the form of annual compilation to record administrative division 
boundaries and related information, such as Collection of Administrative Division Maps of 
China[12,13], Handbook of Administrative Divisions of China[14], Collection of Evolution of 
Administrative Division Maps of China[15], and Collection of Changes in Administrative 
Division Maps of China (1980–2017)[16]. Third, geospatial data, which record administrative 
boundaries and associated attributes with high precision on a yearly basis using structured 
vector and raster data, such as the Global Administrative Areas (GADM) dataset[17], 
OpenStreetMap (OSM) data[18], and the Tianditu administrative division basemap service[19], 
etc.; Fourth, research papers, under the drive of different research objectives, the changes of 
administrative division systems, data or systems, such as the evolution of Yangzhou 
administrative divisions from the perspective of events[20], the analysis of the evolution of 
China’s administrative division pattern[21], the knowledge graph of administrative divisions 
and their evolution[22], etc. 

However, existing knowledge graph construction methods for administrative division 
evolution still face limitations when processing massive, multi-source, and heterogeneous 
data. At present, the ability of the model to express the process of change is limited, and the 
spatiotemporal relationship between administrative divisions and the spatial attributes of 
administrative divisions cannot be deeply described in terms of attributes and characteristics, 
and it is difficult to fully present the nature and dynamics of the complex structure between 
changes. In addition, for the above-mentioned multi-source heterogeneous data extraction, 
alignment and integration, there is still a lack of integrated administrative division 
information methods, and it is difficult to accurately mine and integrate. 

In view of this, this paper proposes a systematic construction method for the knowledge 
graph of China’s administrative division evolution, aiming to address the issue that existing 
data cannot support in-depth, long-term spatiotemporal evolution analysis. The study first 
constructs an administrative division ontology to establish a standardized expression 
framework for administrative division evolution. Subsequently, considering the characteri-
stics of multi-source heterogeneous data, it proposes a set of differentiated knowledge 
extraction methods, including Large Language Model (LLM), rule mapping, and GIS 
topology computation, to achieve knowledge transformation from datasets such as official 
gazettes and decrees and geospatial data to dynamic evolution logic. On this basis, through 
spatiotemporal topology constraints and semantic alignment techniques, it completes the 
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fusion of multi-source entities and, relying on the Neo4j graph database, constructs a 
knowledge graph of China’s administrative division evolution with precise boundaries, 
semantic associations, and continuous evolution. 

2 Construction Method of Knowledge Graph for the Evolution of China’s 
Administrative Divisions 

2.1 Overall Framework  

To address the issues of multi-source heterogeneity and complex spatiotemporal evolution 
in China’s administrative division historical data, this paper proposes an overall 
framework for constructing a knowledge graph of administrative division historical 
evolution (Figure 1). This framework takes the ontology model of administrative division 
historical evolution as the semantic constraint core, integrating knowledge extraction and 
entity alignment methods based on multi-source data to achieve the unification of 
administrative division historical knowledge. 

 

 
 

Figure 1  Overall method framework for constructing the knowledge graph of administrative 
division evolution 

 
In the design stage of ontology model, the existing ontology, government announcement, 

scientific and technological literature, and other relevant data are comprehensively analyzed. 
The concepts, attributes and relationships involved in the process of administrative division 
evolution are systematically sorted out. Then the ontology model covering the administrative 
division level, attribute system, and evolution relationship is constructed. 

In the knowledge extraction phase, different methods are employed to extract admi-
nistrative division entities based on the structure of data sources. For unstructured texts such 
as official announcements, semantic extraction is performed using ontology constraints and 
LLMs, supplemented by manual verification to enhance data accuracy. For geographic 
spatial data, GIS topological calculations and attribute tables are utilized to extract spatial 
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relationships and attribute information. Structured data is processed through rule mapping to 
derive structured knowledge within the framework of ontology constraints. 

During entity alignment, discrepancies in attribute descriptions may arise due to varying 
data sources. For instance, both Beijing City and Changchun City in Jilin Province have 
administrative divisions named “Chaoyang District” (same name but different geographical 
locations). This necessitates aligning entities extracted from different data sources. Our 
study employs a method that combines the consistency of administrative division identifiers 
with the similarity of attribute information to achieve entity alignment. 

Finally, Python code and the APOC (Awesome Procedures on Cypher) library are used to 
extract and align knowledge, then store it in the Neo4j graph database according to the ontology 
model’s conceptual, attribute, and relational storage structure to achieve visualization. 

2.2 Method of Modeling the Evolution of Administrative Division 

The construction adopts a top-down ontology modeling method, starting from the top-level 
concepts of the domain, and defines the core and most general classifications and logical 
frameworks within the domain. Specifically, first, based on existing ontologies in the 
domain, government gazettes, scientific and technical documents, and other materials, the 
“skeleton” of the ontology is determined. The administrative division entity is established as 
the core of the ontology; Second, on the basis of the top-level administrative division 
concept, subclasses and subordinate levels are gradually subdivided downward, and the 
entity is further subdivided into “provincial-level”, “prefectural-level”, and “county- level” 
units for construction; Finally, after the top-level framework is built, specific attributes and 
mutual relationships are defined for each level. 

2.3 Knowledge Extraction Method 

During the knowledge extraction instance stage, to address potential inconsistencies in data 
source formats—for example, geospatial data are often stored in vector formats, while public 
notices exist as unstructured text—different knowledge extraction methods are adopted, 
including: ontology-semantic-driven LLM knowledge extraction method, attribute extraction 
method based on rule mapping and field analysis, administrative division relationship 
identification method based on spatial topological operators, and administrative division 
evolution relationship change determination method based on attribute field changes. 

For structured knowledge, for unstructured text data such as public notices, a knowledge 
extraction method based on ontology semantics and driven by large language models (LLMs) 
is adopted. This approach transforms the “entity-attribute-relationship” structure of the 
ontology model into LLM recognition logic, enabling the large language model to perform 
targeted parsing and matching based on the ontology content. In the specific extraction 
process, prompt engineering is employed to construct a structured extraction template 
(Prompt) through multi-round dialogue and instructions, requiring the LLM to identify the 
elements of “subject (S), predicate (P), object (O), and time (T)”, and output them as a 
standardized quadruples. The extraction results are then manually verified in combination 
with the constraints of the ontology to eliminate content that does not conform to the 
ontology semantic specifications. 

For long-sequence, multi-source GIS-based administrative division information spatial 
vector data, it is necessary to standardize the extraction of entity attributes and the 
construction of geometric information. Specifically, an attribute extraction method based on 
rule mapping and field parsing is adopted: First, establish a mapping rule library between 
ontological attributes and GIS fields, and perform standard conversion on the fields of the 
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attribute table; then use the open-source geographic information processing tool GeoPandas1 
to read the spatial vector data of administrative divisions, jointly process the attribute fields 
and geometric objects, calculate and extract the spatiotemporal extents; At the same time, 
obtain the corresponding year through file names parsing, uniformly assign it to the entity 
attributes, and finally form the entity attribute dataset of administrative divisions. 

To identify the spatial relationships and evolutionary relationships of administrative 
divisions, a method for identifying spatial administrative division relationships based on 
spatial topological operators is adopted. The core principle of this method is to abstract 
vector boundaries into geometric objects. Through topological judgment and spatial overlay 
calculation, static relationships such as adjacency and inclusion of spatial administrative 
divisions, as well as dynamic evolutionary relationships such as merger, split, establishment, 
and revocation, are identified. In the same year, the DE-9IM matrix[23] is used to describe the 
topological relationship between two administrative division geometric objects A and B, 
which can be expressed as 9 intersections between their interiors, boundaries, and exteriors, 
as shown in Equation 1: 

  
              
              
              

dim I A I B dim I A B B dim I A E B

M A,B dim B A I B dim B A B B dim B A E B

dim E A I B dim E A B B dim E A E B

 
 
 
 
 
 

  
  
  

 (1) 

By judging the combination of the value patterns of each element in the matrix, the type 
of topological relationship between two spatial objects can be accurately characterized. For 

example, when     dim I A I B  and there is at least one boundary intersection in the 

matrix that is not  , the two administrative divisions are determined to be adjacent. When 
A B A and    I A E B  , the two administrative divisions are determined to be in 

an inclusion relationship. 
In the process of evolution relationship extraction, the GIS overlay analysis method[24]is 

employed to calculate the spatial intersection between the administrative division geometric 

sets  tiG and  1tjG at adjacent time nodes t and t+1, thereby determining whether 

administrative divisions have persisted or disappeared over time[25]. For cases where spatial 
intersections exist, the area coverage model[26] is introduced to further classify the evolution 
type. The spatial coverage of administrative divisions is calculated using the following 
Equation 2: 

     
 

1
1, 100%


  t t

i jt t
i j t

i

Area G G
C G G

Area G
  (2) 

First, set a coverage threshold. When the coverage is close to 100%, it indicates that the 
main body of the administrative division remains basically unchanged. When multiple 

t
iG have a coverage of the same 1t

jG exceeding the set threshold, it is determined that a 

merger has occurred; when a single t
iG has a coverage of multiple 1t

jG exceeding the set 

threshold, it is determined that the administrative division has been split. 
The evolution of administrative divisions encompasses not only spatial boundary changes 

through mergers and splits, but also relationships involving name changes, administrative 
level adjustments, and administrative affiliation modifications. To identify these 
relationships, an attribute-based evolution analysis method is employed. The process begins 

                    
1 https://gitcode.com/gh_mirrors/ge/geopandas/. 
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by screening adjacent years’ administrative division pairs that show high spatial overlap and 
coverage consistency through overlay analysis, forming a candidate set for attribute 
comparison. Subsequently, key attributes including Chinese names, division codes, 
administrative levels, affiliated regions, and government locations are systematically 
compared. For instance, when spatial boundaries remain unchanged but Chinese names vary, 
it is classified as a “name change” relationship. Similarly, when division codes stay 
consistent but affiliations change, it is categorized as an “affiliation adjustment” relationship. 

2.4 Entity Alignment Method 

Entity alignment refers to the process of identifying and resolving instances from multiple 
data sources that point to the same real-world entity, while performing heterogeneous 
disambiguation to achieve unified representation. In this study, data sources included official 
announcements, GIS vector data, and other structured or semi-structured data. Due to 
variations in naming conventions and attribute completeness across different sources, the 
same administrative division may be inconsistently described. To address this, we developed 
2 alignment methods: entity identifier consistency alignment and attribute similarity 
alignment, which are tailored to varying levels of entity identification completeness. 

For entities with standardized identifiers or standardized names, this study employs the 
identifier consistency alignment method[27]. By utilizing the standardized Chinese full names 
and unique administrative division codes of administrative entities, precise entity anchoring 
is performed under a unified time benchmark T. First, the entities in two data sources are 
determined to be on the same time slice. If an entity possesses identical six-digit 
administrative division codes, it is identified as the same entity. If the division code is 
missing, the standardized Chinese full name and its affiliated administrative division are 
compared. The Equation is expressed as follows: 

  
   
       
1 2 1 2

1 2 1 2 1 2 1 2

1, if Code Code

, 1, if Name Name Parent Parent

0, otherwise

   


        



id

e e T T

S e e e e e e T T  (3) 

where, (e1,e2) denotes entities from distinct data sources S1 and S2.  Code e represents the 

administrative division code, while Name(e) indicates the full Chinese name of the 
administrative division. Parent(e) denotes the full Chinese name of the parent administrative 
division, and T represents the year of the data section. The consistency score idS  is 

assigned when idS =1, indicating the entity’s identity. 
For cases where administrative division codes are incomplete or Chinese names are 

non-standardized, this study employs an attribute similarity alignment method. By 
calculating the similarity between multiple attributes of entities, it determines whether they 
belong to the same entity[27]. Let the attribute sets of administrative division entities 

  ie and   je be denoted as  1 2 3P , , ... ,p p p , and the comprehensive attribute similarity 

calculation method is as follows:  

    
1

, ( , ( ))
n

i j k k k i k j
k

S e e w sim p e p e


   (4) 

where, kw  denotes the weight of attribute kp , with ∑ kw =1. ksim () represents the 

similarity function for the corresponding attribute. When aligning administrative division 
entities, we first set the decision threshold θ, using Chinese names and administrative 
affiliation attributes as core evaluation metrics. Chinese names are assigned higher weight, 
while administrative affiliation serves as auxiliary judgment. The comprehensive similarity 
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score is calculated through weighted summation of these formulas, then compared with the 

preset threshold θ. If  , i jSim e e  ,the two entities are determined to represent the same 

administrative division. 

3 Knowledge Graph Construction and Validation of Administrative Division 
Evolution from 1949 to 2023 

3.1 Data Sources 

The data for constructing the knowledge graph of administrative division evolution mainly 
come from China’s administrative division vector data of different years, China’s provincial 
statistical yearbooks, and announcements of administrative division changes at or above the 
county level. For specific sources and explanations, please refer to the Table 1. 
 

Table 1  Data sources  

Entry China’s administrative division vector data 

China’s 
provincial 
statistical 
yearbook 

Administrative 
division changes at or 
above the county level 

Data year 1949–2014 2014–2023 1981–2024 1978–2023 

Temporal 
resolution 

Yearly Yearly Yearly Yearly 

Spatial 
resolution 

Provincial, 
prefectural, and  
county levels 

Provincial, prefectural, and county  
levels 

Provincial level Provincial, 
prefectural,  
and county levels 

Recorded 
information 

Basic information 
of administrative 
divisions 

Basic information of administrative 
divisions 

Economic data, 
Social data,  
Resource data, 
etc. 

Approval document  
name, change date,  
and administrative 
division changes at or 
above the county level 

Data format Shapefile Shapefile .pdf .txt 

Data size 1.08 GB 0.87 GB 584 MB 610 KB 

Data source Geographic 
Information  
Database of  
University of 
California, 
Berkeley  
library2 

Based on the county-level administrative 
division data from National Geomatics 
Center of China 3 ， supplemented by 
AMAP (Gaode) Administrative Division 
Data 4 , and MAP WORLD (Tianditu) 
Administrative Division Data 5 ; Draw 
based on the administrative divisions 6

published by the Ministry of Civil Affairs 
over the years as the attribute basis[28] 

National Bureau 
of Statistics7 

Ministry of Civil 
Affairs of China 8 , 
Administrative 
Division Network9 

Note: The scope of China’s administrative division vector data and China’s provincial statistical yearbook data covers the 
three levels of administrative divisions (provinces, cities, and counties) in China’s mainland and Hong Kong, Macao, 
excluding Taiwan. 

 

The administrative division vector data of China used in this paper consists of 2 parts. The 
vector data from 1949 to 2014 is sourced from the Geographic Information Database of the 
University of California, Berkeley, while the vector data from 2014 to 2023 is cited from the 

                    
2 https://geodata.lib.berkeley.edu/. 
3 https://www.webmap.cn/commres.do?method=dataDownload. 
4 https://datav.aliyun.com/portal/school/atlas/area_selector. 
5 https://www.mca.gov.cn/n156/n186/index.html. 
6 https://cloudcenter.tianditu.gov.cn/administrativeDivision. 
7 https://www.stats.gov.cn/sj/ndsj/. 
8 http://xzqh.mca.gov.cn/description?dcpid=1. 
9 https://www.xzqh.org/show/china/. 
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China Temporal Sequence Administrative Map (CTAmap) multi-temporal administrative 
division database published by Cheng Rui, et al. (2025)[28]. CTAmap uses the 2020 
administrative division pattern of China as the benchmark, integrating authoritative data such 
as the basic geographic information data from the National Geospatial Information Data 
Center (NGCC) and the administrative division codes from the Ministry of Civil Affairs. By 
combining forward temporal inference with backward retrospective methods, it reconstructs 
the spatial boundaries, administrative codes, and hierarchical affiliations of provincial, 
municipal, and county-level administrative divisions from 2009 to 2023. Prior to the study, the 
spatial boundaries of the database data were cross-checked against standard administrative 
division maps, and key attribute information was verified against the official administrative 
division data published by the Ministry of Civil Affairs over the years. The results showed that 
the data is highly consistent with authoritative sources in terms of spatial morphology and 
attribute information, making it suitable as the data foundation for constructing the knowledge 
graph dataset of the evolution of China’s administrative divisions. 

3.2 Ontology Model of China’s Administrative Division Evolution 

The administrative division evolution ontology model developed in this study comprises 2 
core categories of concepts, and their attributes, as well as 4 major types of relationships. 
The top-level core concepts include administrative divisions (or administrative units) and 
administrative centers. Administrative divisions refer to the areas that a country divides for 
administrative management, which are the regions governed by local administrative 
authorities. They include four levels: national-level administrative divisions, provincial-level 
administrative divisions, prefecture-level administrative divisions, and county-level 
administrative divisions. Administrative centers denote the locations of a nation’s central or 
local governments, including capital cities and regional administrative seats. The attributes 
of administrative divisions primarily consist of: identification information describing and 
marking administrative divisions; management information standardizing hierarchical 
structures; spatial information defining geographic boundaries; and temporal information 
recording lifecycle changes. Specifically, administrative division entities contain 2 major 
categories of attributes: core attributes and extended attributes. Core attributes exhibit strong 
correlation with administrative division evolution, as any changes in divisions inevitably 
involve alterations in at least 1 core attribute. Extended attributes provide further descriptive 
details about administrative divisions without direct connection to division changes, though 
they often evolve with division transformations—for instance, adjustments to spatial 
boundaries may lead to corresponding GDP changes. Administrative center attributes mainly 
include: identification attributes clarifying the center’s identity; spatial attributes precisely 
defining its location and scope; temporal attributes recording its existence duration; and 
management attributes specifying its authority and organizational structure. For detailed 
conceptual frameworks and attribute classifications, refer to Table 2. 

The ontological model of administrative division evolution developed in this study 
comprises 4 fundamental relationship types: spatial, hierarchical, and evolutionary and 
association relationships. Spatial relationships delineate the geographical positions of 
administrative entities, while hierarchical relationships define their hierarchical 
subordinations. Evolutionary relationships, functioning as temporal attributes, document 
administrative changes across different periods. Association relationships are used to link 
administrative division entities with their economic, natural, and other indicators. Detailed 
relationship types and examples are presented in Table 3. 
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Table 2  Ontology concepts and attribute classification 

No. Top-level concept Attribute level Attribute class group Attribute name 

1 Administrative 
division 
(administrative 
division unit) 

Core attributes Label properties Chinese name 
2 Administrative division code 

3 Management properties Administrative division 

4 Managed administrative division 

5 Spatial attribute Spatial scale 

6 Area 

7 Temporal attribute Establishment time 

8 Change or cancellation time 

9 Date 

10 Extended properties Social and humanistic 
attributes 

Gross Domestic Product (GDP) 

11 GDP of primary industry 

12 GDP of secondary industry 

13 GDP of tertiary industry 

14 Population 

15 Population composition by sex 

16 Per capita disposable income 

17 Statistics time 

18 Natural geography  
attributes 

Terrain type 

19 Average altitude 

20 Name of the river flowing through 

21 Major mineral reserves 

22 Average temperature 

23 Average precipitation 

24 Sown area of food crops 

26 Statistics time 

27 Administration 
center 

Essential attribute Label properties Chinese name 

28 Alias 

29 Center type 

30 Administrative division name 

31 Administrative division code 

32 Spatial attribute Address 

33 Space coordinate 

34 Spacial scale 

35 Geographic reference system 

36 Temporal attribute Establishment date 

37 Terminal time 

38 Management properties Jurisdiction 

39 Include departments 

40 Administrative function 

Note: The core and extended attributes of administrative divisions include the common attributes of national-level, 
provincial-level, prefectural-level, and county-level administrative regions. Administrative centers share attributes with 
both the capital and local government seats. 

 

3.3 Knowledge Extraction and Alignment 

This experiment targets the various data sources mentioned in Section 3.1, completing the 
structured acquisition and organization of administrative division entities, attributes, and 
relationships using the knowledge extraction and alignment methods described in Chapter 2. 
During the knowledge extraction phase, for the vector data of China’s administrative 
divisions, this paper employed rule mapping and field parsing methods to extract static 
attributes such as Chinese names, administrative codes, and affiliations from the vector data  



Liu, J. M., et al.: Methodology of a Knowledge Graph for the Changes of China’s Administrative Divisions 63 

 

 

Table 3  Ontology part relationship type and instance data table   

Relationship 
category 

No. Relationship name Example 

Spatial 
relationship 

1 Adjacent Henan Province is adjacent to Shandong Province 

2 Includes Beijing includes Chaoyang District 

Hierarchical 
relationship 

3 Has prefecture-level city 
jurisdiction 

Henan Province has Luoyang City as its prefecture-level 
city jurisdiction 

4 Has county-level jurisdiction 
Under city 

Luoyang City has Luolong District as its county-level 
jurisdiction 

5 Has directly administered  
county-level jurisdiction 

Xinjiang Uygur Autonomous Region has Tiemenguan 
City as its directly administered county-level jurisdiction 

Evolutionary 
relationship 

6 establish Establish Longhai District in Zhangzhou City 

7 The abolition of administrative 
divisions is 

The county-level Longhai City is abolished 

8 Renamed to Shannan Prefecture was renamed to Shannan City 

9 Merged into region Shannan Prefecture was merged into Shannan City 

10 Split into regions Tacheng Prefecture was split into Tacheng Prefecture and 
Huyanghe City 

11 Government seat relocation to The seat of Tongchuan Government has been moved 
from Hongqi Street in Wangyi District to Zhengyang 
Road in Yaozhou District. 

12 Administrative divisioncode 
changed 

The administrative division code of Shaxian District was 
changed to 350427 

Association 
relationship 

13 GDP In 2022, Beijing’s regional GDP was 4,161.09 billion 
CNY 

 14 GDP of the primary industry is In 2022, Beijing’s GDP of primary industry was 11.15 
billion CNY  

 15 GDP of the secondary industry is In 2022, Beijing’s GDP of secondary industry was 
660.51 billion CNY 

 16 GDP of the tertiary industry is In 2022, Beijing’s per capita GDP was 3,489.43 billion 
CNY 

 17 Population size is In 2022, Beijing’s population was 21.84 million 

 18 Per capita disposable income is In 2022, Beijing’s per capita disposable income was 
77,414.55 CNY 

 19 
The average precipitation is 

In 2022, Beijing’s annual average precipitation was 
585.4 mm 

 20 
The average temperature is 

In 2022, Beijing’s annual average temperature was 
13.4 °C 

 21 
The total sown area of crops is 

In 2022, Beijing’s total sown area of crops was 143.8 
thousand ha 

   … 

 

attribute table. Simultaneously, GeoPandas was utilized to parse spatial geometric objects, 
serializing administrative boundaries as spatial range attributes. Based on this, DE-9IM 
spatial topology operators and overlay analysis methods were introduced to horizontally 
identify adjacent relationships between administrative divisions in the same year, and 
vertically determine the evolution relationships of administrative divisions (establishment, 
abolition, merger, and division) through comparisons of spatial objects in adjacent years. For 
announcements of administrative division changes at or above the county level, an ontology- 
driven large language model extraction method was adopted to identify information such as 
subjects, evolution types, time, and approval documents in administrative division change 
events, corresponding to the evolution relationships designed in the ontology. Finally, for 
statistical indicators in China’s provincial statistical yearbooks, they were extracted as 
extended attribute information and established as attribute associations with corresponding 
administrative division entities. 

During the knowledge alignment phase, the system sequentially applied 2 methods to 
integrate administrative entities extracted from different data sources: identifier consistency 
alignment and attribute similarity alignment. First, precise alignment was performed using 
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administrative codes, Chinese names, and temporal information from GIS vector data, 
statistical yearbooks, and official announcements. For entities with missing codes or name 
discrepancies, the attribute similarity alignment method was employed to comprehensively 
compare key attributes such as Chinese names and administrative affiliations, thereby 
achieving entity merging and disambiguation. At the relational level, the aligned entity 
identifiers were unified to specify spatial relationships and their evolutionary connections. 

3.4 Knowledge Graph Storage 

This study employed the Neo4j graph database for storing and managing the knowledge 
graph of administrative division evolution. As a native graph database, Neo4j stores data 
directly in the form of nodes, attributes, and relationships, allowing entities and their 
semantic connections to be naturally mapped into a graph structure. This facilitates efficient 
semantic reasoning and path analysis. A connection pool between Python and Neo4j was 
established using py2neo, and Neo4j’s APOC batch processing technology was utilized to 
store the nodes, attributes, and relationships obtained from Section 3.3 in batches. Finally, 
the constructed knowledge graph of China’s administrative division evolution includes 
233,243 administrative division nodes and 89,073 attribute nodes, with specific node types 
and corresponding quantities shown in Table 4; The knowledge graph of China’s 
administrative division evolution mainly covers 1,352,945 spatial relationships, 268,689 
hierarchical relationships 35,033 evolutionary relationships, and 344,275 association 
relationships for association expansion. Examples of relationship types and quantities are 
provided in Table 5. 
 
Table 4  Examples of node types and node quantities in the knowledge graph of China’s administrative 
division evolution 

No. Node type 
Node 

number
No. Node type 

Node 
number 

1 Provincial-level administrative division 2,550 4 Physical geographic information 36,788 

2 Prefecture-level administrative division 24,754 5 Social and humanistic information 50,447 

3 County-level administrative division 205,939    

 
Table 5  Examples of relationship types and relationship quantities in the knowledge graph of China’s 
administrative division evolution 

No. Relationship name 
Relationship 

number 
No. Relationship name 

Relationship 
number 

1 Adjacent 1,352,945 11 Administrative Division Code 
Changed to 

2,065 

2 Has prefecture-level city 
jurisdiction 

  24,755 12 GDP of the primary industry is 2,065 

3 Has county-level jurisdiction  
under city 

 240,132 13 GDP of the secondary industry is 2,065 

4 Has directly administered 
county-level jurisdiction 

   3,802 14 GDP of the tertiary industry is 2,065 

5 establish    6,918 15 Population size is  682 

6 The abolition of administrative 
divisions is 

   6,186 16 Per capita disposable income is  272 

7 Renamed to    2,528 17 The average precipitation is  442 

8 Merged into region   11,443 18 The average temperature is  442 

9 Split into regions   11,928 19 The total sown area of crops is 2,189 

10 Government relocation to    9,134  …  
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Figure 2 presents an example of knowledge graph nodes and relationships. The knowledge 
graph not only shows the current administrative boundaries but also includes historical 
administrative entities from various periods, each corresponding to a specific timeframe. 
These rich attribute details reveal the evolution of administrative divisions. Taking Chengdu 
as an example (Figure 3), the knowledge graph displays “Chengdu” nodes from different 
periods: Chengdu (2016) and Chengdu (2017) are connected through an evolution 
relationship (regional merger), forming a chronological chain. Similarly, Ziyang City (2016) 
is linked to Chengdu (2017–2023) via an evolution relationship (regional division). Overall, 
this indicates that in 2016, Chengdu underwent an administrative transformation, merging its 
original territory with parts of Ziyang City to form the new Chengdu. 

 

 
 

Figure 2  Example diagram of nodes and relationships in the knowledge graph of  
China’s administrative division change 

 

3.5 Feasibility Test and Quality Change of 
Knowledge Graph Construction Method 

This paper conducts a comparative experiment 
between the evolution data recorded in the knowledge 
graph of administrative division changes and the 
county-level and above administrative division 
changes published by the Ministry of Civil Affairs, to 
verify the feasibility and quality of the systematic 
construction method of the China administrative 
division evolution knowledge graph. Specific steps are: 
First, collect the announcement materials of 

county-level and above administrative division changes released by the Ministry of Civil 
Affairs. Second, randomly select the administrative division change records from different 
years between 2015 and 2023, and extract the change types, administrative divisions before 
and after the changes, as well as the affiliation information before and after the changes as 
the validation set. Finally, the knowledge graph was compared with the announcement of 
administrative division changes at or above the county level issued by the Ministry of Civil 

 

Figure 3  Schematic diagram of 
Chengdu’s administrative division changes
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Affairs, focusing on 4 key aspects of information: 
First, the revocation and establishment of administrative divisions. In the knowledge 

graph, this primarily manifests as whether nodes persist in the subsequent year after 
revocation, and whether nodes are successfully generated after establishment. Second, the 
accuracy of administrative division names. In the knowledge graph, this is reflected in 
whether node attribute information aligns with official records. Third, the accuracy of 
administrative division affiliation information recorded in announcements. In the knowledge 
graph, this is represented by the hierarchical relationships between nodes. Finally, the 
accuracy of change records, which in the knowledge graph indicates whether specific 
evolutionary relationships exist between administrative division nodes before and after 
changes. Example comparative results are shown in Table 6. 

 

Table 6  Example of comparison between the knowledge graph of China’s administrative division change 
and the announcement of the Ministry of Civil Affairs 

Year Official announcement Dataset record Explanation of difference 

2016 The Government of Anhui Province 
moved from No. 221 Changjiang Road, 
Luyang District, Hefei, to No. 1 
Zhongshan Road, Baohe District, Hefei

Empty in dataset Government seat attributes are not 
included in the sources (China 
administrative division vector data and 
provincial statistical yearbooks) 

2016 The Government of Hebei Province 
moved from No. 46 Weiming South 
Street, Qiaoxi District, Shijiazhuang, to 
No. 113 Yuhua East Road, Chang’an 
District, Shijiazhuang 

Empty in dataset Government seat attributes are not 
included in the sources 

2016 Handan County was abolished Handan County entry is 
empty in dataset 

Handan County is not included in the 
sources 

2016 Yizhou City was abolished, and Yizhou 
District of Hechi City was established 

Yizhou City entry is empty 
in dataset 

Yizhou City is not included in the 
sources; Yizhou District has been 
recorded since 2015 

2018 The Government of Zezhou County 
relocated to 001 Fucheng Street, Jincun 
Town 

Empty in dataset Government seat attributes are not 
included in the sources 

2018 The Mangya Administrative Committee 
and Lenghu Administrative Committee 
were abolished, and Mangya City at the 
county level was established 

Entries for Mangya and 
Lenghu Administrative 
Committees are empty in 
dataset 

The dataset covers only provincial, 
prefecture-level, and county-level 
divisions; committees are not part of 
these three levels 

2018 The Government of Beijing 
Municipality moved from No. 2 Zhengyi 
Road, Dongcheng District, to No. 57 
Yunhe East Street, Tongzhou District. 

Empty in dataset Government seat attributes are not 
included in the sources 

2020 Xisha District and Nansha District were 
established under Sansha City, Hainan 
Province 

Xisha and Nansha Districts 
have attributes dated 2015–
2023 in dataset 

In the sources, Xisha and Nansha 
Districts have been recorded as 
existing since 2015 

 

The discrepancies primarily stem from 3 factors: Firstly, the knowledge graph only covers 
provincial, prefectural, and county-level administrative divisions, excluding special institutions 
such as administrative committees, resulting in missing records. Secondly, certain details (e.g., 
government locations) lack systematic inclusion in the original data, making them hard to 
visualize in the knowledge graph. Thirdly, some administrative adjustments in the data 
source are recorded with time discrepancies, causing inconsistencies with the official 
announcement dates. 

The validation set was then used to query the knowledge graph of administrative division 
evolution, with recall rate, accuracy rate, and F1-score employed to evaluate its query 
performance. Comparative analysis revealed that the recorded administrative division 
information in the knowledge graph consistently exceeded 95% in average recall rate, 
accuracy rate, and F1-score when compared to the administrative division changes published 
by the Ministry of Civil Affairs, with overall records highly consistent with official data, 
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demonstrating the feasibility of the 
construction method system proposed in this 
paper for the knowledge graph of the evolution 
of China’s administrative divisions. Detailed 
performance comparison results are presented 
in Table 7. 

4 Summary and Future Work 

To address the issues of scattered data storage, difficulties in cross-dataset association, and 
the complexity of evolutionary queries caused by diverse sources and heterogeneous formats 
in traditional administrative division datasets, this paper proposes and implements a 
systematic construction method for the knowledge graph of China’s administrative division 
evolution, covering 4 key steps: ontology modeling, multi-source knowledge extraction, 
entity alignment and fusion, graph database organization. First, an ontological model of 
administrative division evolution is constructed, with administrative division entities as the 
core and spatial relationships, hierarchical relationships, and evolutionary relationships as 
the primary relationship types. Second, differentiated knowledge extraction methods are 
proposed for vector spatial data, statistical yearbooks, and announcement texts. Then, an 
entity alignment method based on identifier consistency and attribute similarity is designed 
to resolve issues such as duplication, homonymy, and ambiguity of administrative division 
entities in multi-source data. Finally, by utilizing the batch processing mechanism of Neo4j 
graph database and APOC library, the storage and visualization of the knowledge graph of 
China’s administrative division evolution were achieved, and the quality of the graph was 
also verified. 

Future research can be expanded in multiple directions. First, extending the current time 
frame to a longer historical period, we can construct a knowledge graph of administrative 
division evolution covering extended cycles to reveal broader evolutionary patterns. Second, 
by integrating finer-grained socio-economic data, policy texts, and historical documents, we 
can enrich the node attributes and relationship types of the knowledge graph, thereby 
exploring the underlying driving mechanisms of administrative division changes. Finally, 
combining with large models, we can leverage their powerful language understanding and 
generation capabilities to achieve more intelligent query and analysis functions for 
administrative division evolution, reducing user barriers and enabling more intuitive and 
convenient exploration and utilization of this knowledge. 
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