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Which variables can feed System Dynamics (SD) and Digital Twins (DT) models for urban green transitions –
and how ready is the data to support them?

MET HO DOL OGY
1

Select indicators
Indicators to assess, monitor and improve the resilience of 
urban green transitions, from literature and the GRIDS plan.

Mobility Energy Quality of life Environment

2

Map variables & sources
Each indicator broken into measurable variables; public portals, 

open and operator APIs and repositories screened.

INE · PMMUS Carris · TomTom Open-Meteo · OCM OSM · Copernicus

3

Classify readiness
Every variable rated by availability, source and refresh 

rate – from 15-second feeds to yearly reports.

Dynamic Delayed Static Not available

Terminus · Conclusions

Stop out of service
variable with no accessible 
data source

Vehicle position
Dynamic· Carris API

15 s

Vehicle route
Static · Carris API

Bus stop
locations

Static · Carris API

Passengers
per line

Time lagging · 
Carris API

10 days

% planned trips
executed
Time lagging · 
Carris API
10 days

Modal
distribution

Static · PMMUS Sintra

Passengers
currently in 
route
OUT OF SERVICE
no data

Monthly-pass
users

OUT OF SERVICE · no 
data

Free-flow speed
Dynamic · TomTom API 

30 s

Current speed
Dynamic · TomTom API

30 s

Free-flow
travel time

Dynamic · TomTom
30 s

Road closures
& accidents

Dynamic · TomTom
30 s

Current
travel time

Dynamic · TomTom 
API 
30 s

Street geometry
Static · TomTom · OSM

Traffic counts
per interval

OUT OF SERVICE
no data

Geographic data
Static · Copernicus 

DEM 30 m

Trees
Static · Meta + WRI

Buildings
Static · OSM Overpass

Population
distribution

Static · Institutional 
report

Bike lanes
Static

Municipal 
repository Population

distribution
Static · Institutional 

report

Socio-
economic
data
Static
Institutional report

Temperature
Live · Open-Meteo

1 h

Humidity
Live · Open-Meteo

1 h

Precipitation
Dynamic · Open-
Meteo API
1 h

UV index
Dynamic · Open-
Meteo API
1 h

3-day forecast
Dynamic · Open-
Meteo API
1 h

Air pollutants
Dynamic · Open 

Metro API 
1 h

Charger locations
Static · TomTom API

Charger type
and number

Static · TomTom API

Transport
energy use

Static · Institutional 
report

Solar panel
potential

Under assessment

Charger
availability (live)
OUT OF SERVICE
no data

Energy use
of the area

OUT OF SERVICE · no 
data

Passengers
per vehicle

OUT OF SERVICE 
no data

VARIABLE MAP 35 variables · 5 data groups · Sintra (Lisbon Metropolitan Area)

S E R V I C E  S T A T U S

Public transport

Part suspended
6 of 9 available · 1 dynamic · 2 delayed · 3 
static

Congestion

Minor disruption
6 of 7 available · 5 dynamic · 1 static

Socioeconomic & 
demographic
Good service
7 of 7 available · all static

Weather & environment

Good service
6 of 6 available · all dynamic

Energy
Part suspended
3 of 6 available · all static · 1 under 
assessment

12
of 35 variables 

are dynamic data

14
of 35 variables 
are static data

62
of 35 variables 

are with time lag
of 35 variables 
are unavailable

Readiness is uneven: weather, air quality and traffic run on time; 
demand-side data (passenger loads, charger use, energy demand) is 
where service stops.

A Digital Shadow already runs on open and operator data.

Reaching a Digital Twin needs data-sharing agreements with operators 
and utilities.

N E X T  D E P A R T U R E S

R O U T E D E S T I N AT I O N

SD SD model calibration 2011–2021 window Next

ML Indicator forecasting adaptive ML models Scheduled

DT SD + DT pairing towards a Digital Twin Scheduled

ST Stakeholder validation city technicians Scheduled

Variable
Readiness · Data source

Refresh rate

Active Stop
variable with data source

Route question: 


