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Motivation

 Existing UrbanKGs

• Task-specific and publicly unavailable

• Limits the flourishing of knowledge-enhanced urban spatiotemporal 

prediction
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[1] Liu, et al. Knowledge-driven site selection via urban knowledge graph. arXiv preprint arXiv:2111.00787 (2021). [2] https://www.iconexperience.com/
[3] Zhou, et al. Hierarchical knowledge graph learning enabled socioeconomic indicator prediction in location-based social network. Proceedings of the ACM Web Conference. 2023.



Challenge

 How to Construct A Unified Urban Knowledge Graph

• The urban data describe the urban system from different aspects and 

granularities and they are usually disjoint

• It is appealing to extract and align heterogeneous urban knowledge in a 

unified graph organization 

 How to Preserve Complicated Structural Urban Knowledge

• Urban knowledge graph includes diverse structures such as hierarchy and 

cycle

• Capture such high-order semantic knowledge to empower downstream 

spatiotemporal prediction tasks
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Unified Urban Knowledge Graph Dataset

 Workflow

• Construct an urban knowledge graph from multi-sourced urban data

• Organize entities into a multi-relational heterogeneous graph

• Encode various high-order structural patterns in a unified configuration 

• Facilitate joint processing for various downstream urban spatiotemporal 

prediction task
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Urban Knowledge Graph (UrbanKG) Construction

 UrbanKG Definition

• The UrbanKG is defined as a multi-relational graph 𝐺 = 𝐸, 𝑅, 𝐹 , where 𝐸, 

𝑅, and 𝐹 is the set of urban entities, relations and facts, respectively. In 

particular, facts are defined as set ℎ, 𝑟, 𝑡 |ℎ, 𝑡 ∈ 𝐸, 𝑟 ∈ 𝑅 , where each 

triplet ℎ, 𝑟, 𝑡 describes that head entity ℎ is connected with tail entity 𝑡 via 

relation 𝑟

𝑸𝒖𝒆𝒆𝒏,𝑵𝒆𝒂𝒓𝒃𝒚, 𝑩𝒓𝒐𝒐𝒌𝒍𝒚𝒏

𝑩𝒓𝒐𝒐𝒌𝒍𝒚𝒏

𝑸𝒖𝒆𝒆𝒏
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[1] https://www.google.com/maps [2] https://zola.planning.nyc.gov/



Urban Knowledge Graph (UrbanKG) Construction

 Data Collection and Preprocessing

• Data sources: Open Street Map, NYC Gov and CHI Gov

• Data types: 

✓ Administrative division data: borough and area

✓ Road Network data: segment and junction

✓ Point-of-Interest (POI) data
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[1] https://www.openstreetmap.org/ [2] https://www.chicago.gov/ [3] https://www.nyc.gov/



Urban Knowledge Graph (UrbanKG) Construction

 Entity Extraction

• Eight types of entities: borough, area, POI, road, junction, POI category, 

road category, junction category

Borough Area Road POI
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Urban Knowledge Graph (UrbanKG) Construction

 Relation Construction

• Three types of relations:

✓ Geographic inclusion

✓ Geographic adjacency

✓ Category

• Four layers of UrbanKG:

✓ Borough layer

✓ Area layer

✓ Road network and POI layer

✓ Category layer
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Urban Knowledge Graph (UrbanKG) Construction

 Statistics of NYC and CHI UrbanKGs

• Two multi-level large-scale UrbanKGs

• Millions of triplets are preserved
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[1] https://www.cntraveler.com/ [2] https://www.telegraph.co.uk/
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Structure-aware Urban Knowledge Graph Embedding

 Qualitative and Quantitative Structural Analysis

• High-order hierarchy:  modeling such hierarchy empowers to uncover 

deeper semantics

• High-order cycle: geographic semantics could be induced by the topological 

cycles

Entity:

Borough Area

POI PC

Relation:

ALB PLA

PHPC

BNB ANA

Multi-level urban knowledge graph Hierarchy

Homogeneous cycle Heterogeneous cycle
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Structure-aware Urban Knowledge Graph Embedding

 Derive Non-Euclidean Methods on UrbanKG Embedding

• Hierarchical structures are suitable to be represented in hyperbolic space

• Cyclic structures are suitable to be modeled in spherical space

• Model cycles and hierarchies in product space (i.e., the combination of 

hyperbolic and spherical space) simultaneously

10
spherical space hyperbolic space product space

[1] Giovanni, et al. Heterogeneous manifolds for curvature-aware graph embedding. ICLR 2022 Workshop on Geometric and Topological Representation Learning. 2022.



Structure-aware Urban Knowledge Graph Embedding

 Experimental Setup

• Problem formulation: Learn low-dimensional embeddings of entities and 

relations. Evaluate UrbanKG embedding using the link prediction task, 

which aims to predict the missing head or tail entity for a triplet ℎ, 𝑟, 𝑡

• Baselines:

✓ Euclidean models: TransE, DisMult, CompIEx, MuRE, TuckER, QuatE

✓ Non-Euclidean models:

• Hyperbolic space: MuRP, RotH, RefH, AttH, ConE

• Spherical space: MuRS

• Product space: M2GNN, GIE

• Evaluation metric:

✓ MRR, the mean of the inverse of correct entity ranking

✓ Hits@K, the percentage of correct entities in top-K ranked entities
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Structure-aware Urban Knowledge Graph Embedding

 Results

• Almost all non-Euclidean (i.e., hyperbolic and spherical space) embedding 

methods outperform Euclidean embedding method

• Product space obtains the dominant performance as it can capture 

hierarchies and cycles simultaneously
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Knowledge-enhance Urban SpatioTemporal Prediction

 Problem Formulation

• Knowledge-enhanced urban spatiotemporal prediction (USTP) task aims to 

learn a multi-step prediction function 𝑓 based on past observations 𝑋𝑆𝑇
(𝑡)

∈

𝑅𝑁×𝐶 and the UrbanKG 𝐺:

𝑋𝑆𝑇
𝑡 , 𝑋𝑆𝑇

𝑡+1 , … , 𝑋𝑆𝑇
𝑡+𝜏 = 𝑓 𝑋𝑆𝑇

𝑡−𝑇 , 𝑋𝑆𝑇
𝑡−𝑇+1 , … , 𝑋𝑆𝑇

𝑡−1 , 𝐺

Temporal 
dimension

t-T …

…

t-1t-T+1 t t+1 t+𝜏

𝑋𝑆𝑇
(𝑡) …

Spatial 
dimension
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Knowledge-enhance Urban SpatioTemporal Prediction

 Incorporating UrbanKG Embedding

• Five USTP tasks:

✓ Taxi service: predict future area-level taxi inflow and outflow

✓ Bike trip: forecast future road-level bike inflow and outflow

✓ Human mobility: forecast future human inflow and outflow

✓ Crime: binary classification 

✓ 311 service: binary classification 

• Incorporate the UrbanKG by concatenating the entities’ embeddings with 

the taxi flow features, e.g., 𝑋𝑆𝑇
(𝑡)

∈ 𝑅
𝑁×𝐶𝑡𝑎𝑥𝑖′ where 𝐶𝑡𝑎𝑥𝑖′ = 𝐶𝑡𝑎𝑥𝑖ฮ𝑒𝑎𝑟𝑒𝑎, 

𝑒𝑎𝑟𝑒𝑎 is the embedding of area entity and ԡ denotes the concatenation 

operation

14



Knowledge-enhance Urban SpatioTemporal Prediction

 Statistics of Five USTP Datasets and Baselines

• Same dataset construction way for NYC and CHI

• Baselines:

✓ Auto-Encoder, LSTM

✓ STGCN, ASTGCN

✓ MTGNN

✓ AGCRN

✓ TGCN, HGCN
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Knowledge-enhance Urban SpatioTemporal Prediction

• UrbanKG embedding could enhance 

USTP tasks regardless of which space 

they come from

• Hyperbolic space and spherical space 

embedding demonstrate greater 

performance improvement

• Embedding derived from the product 

space yields the most substantial 

benefit for both urban flow forecasting 

and urban event prediction

 Comparison of UrbanKG Embedding Space Variants
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Knowledge-enhance Urban SpatioTemporal Prediction

 Results

• UrbanKG embedding consistently improves the accuracy of five USTP task

• UrbanKG embedding consistently improves the accuracy of six existing 

USTP models
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Conclusion and Future Work

 Conclusion

• To the best of our knowledge, UUKG is the first open-source urban 

knowledge graph dataset compatible with various aligned USTP tasks

• Urban high-order structure modeling is important for urban knowledge 

representation and structure-aware KG embedding methods could capture 

them effectively

 Limitation
• All experiments were conducted in two US metropolises and we only 

consider concatenation operation for embedding fusion

 Future Work
• Derive extra multi-modal data (e.g., images, reviews) to enrich the UrbanKG

and introduce more USTP tasks (e.g., trajectory prediction and site selection)
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Contact us if you have further questions. 
yning092@connect.hkust-gz.edu.cn, liuh@ust.hk

Thank You!
Q & A

Our Github repository will be continuously updated!

https://github.com/usail-hkust/UUKG

mailto:yning092@connect.hkust-gz.edu.cn
mailto:liuh@ust.hk
https://github.com/usail-hkust/UUKG
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