
Every day, thousands of people travel 

from suburban neighbourhoods to 

Lisbon, each depending on a transit 

hub to start their journey. Yet, which 

hubs they turn to and how easily they 

can reach them remain open questions.

• Network centrality and 15-minute accessibility describe different aspects of hub 

performance; structurally important hubs do not always offer fast access for suburban 

riders.

• Several hubs show a mismatch between high centrality and lower accessibility, 

highlighting where targeted improvements — such as better feeder services.

• Node2Vec embeddings reveal distinct hub types, including balanced hubs, structurally 

central hubs needing access improvements, and locally accessible hubs with modest 

network roles.

• This combined framework supports evidence-based planning by identifying where the 

network already performs well and where strategic enhancements can strengthen 

suburban connections to Lisbon’s rapid-transit system.
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Who Reaches the Hubs? A Graph-
Based Analysis of Suburban Access to 
Lisbon’s Transit Network

Bus check-in data

RQ1 – How does network structure 

relate to accessibility?

To what extent do Node2Vec 

embeddings and graph centrality metrics 

explain suburban passengers' ability 

to reach transit hubs within 15 minutes?

RQ2 – Where do structural importance 

and accessibility diverge?

Which hubs are highly central in the 

metropolitan bus network yet offer poor 

short-travel-time access, indicating 

potential first-mile bottlenecks?

RQ3 – Can graph-based 

representations reveal functional hub 

types?

Do embeddings and clustering uncover 

distinct categories of hubs with 

characteristic accessibility and network 

roles?
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2
OD flows 

Learn Network Structure 

Node2Vec + Calculate 

centrality metrics for hub 

stops (PageRank: 

importance in flow 

network, betweenness: 

bottlenecks)

Only 32.8% of 

passengers can access 

their transit hubs within 

15-minutes. 

Origin → ? 

▪ Nodes = Transit 

stops 

▪ Edges = Passenger 

flows between stops 

▪ Weights = Number 

of passengers 

traveling
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3 Compute accessibility 

to the transit hubs.

Network 

importance ≠ 

Good accessibility 

High-centrality hubs 

often have poor 

first-mile access

Using the direction of the 

bus routes, we extracted 

71,785 passenger trips 

spanning 4,892 OD flows.

Most 

passengers 

traveling to the 

Oriente hub 

originate in 

Setúbal and 

require more 

than 30 minutes 

to reach it.
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