& 2 Pol itecnico
Center for 4 S \' dl TOI'I I'IO

Automotive Research

and Sustainable Mobility §||“| ;’ Department of Environment,

Land and Infrastructure
Engineering

Integrating Macroscopic and Microscopic Road Traffic
Simulations for Impact Assessment of Flood-Related Disruptions

Amirehsan Charlang Bakhtyari'", Francesco Deflorio!, Matteo Ferraro'!, Michele Amaddii?,

Fabio Castelli?, Chiara Arrighi?
1 DIATI, CARS@Polito, Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Torino, Italy

2 Department of Civil and Environmental Engineering, Universita degli Studi di Firenze, Via di S. Marta 3, Florence, 50139, Italy
*corresponding author: amirehsan.charlang@polito.it

Introduction and Background: [1] [2]
Flooding events pose a significant threat to road transportation infrastructure, particularly bridges, which function as connectors between E]E] [8) 5 o (@)
regional and local road networks. Previous work applied a GIS-based screening methodology at a large catchment scale to detect bridges ‘it Hy A B B
prone to overtopping [1] and combined it with macroscopic traffic simulations to assess the regional mobility impacts of bridge closures. By .; ,;

integrating large-scale bridge overtopping potential screening, iterative macroscopic traffic assighnment performed using the marouter tool in T P B
SUMO, and vulnerability indicators, critical bridges were identified within the flood-prone Magra River basin in northwestern Tuscany, Italy [2]. [®)#: basimsy (@) iy

Methodology (Zoom-In Approach): ;
 Based on the regional vulnerability assessment, a dual-scale modeling framework i
is implemented to capture localized traffic impacts and user effects. |
* A subset of the regional network is extracted as the local study area, including
critical sub-basins, key municipalities, and motorway segments. The
corresponding microscopic road network is derived from OpenStreetMap and
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* Traffic demand is generated by extracting trips from macroscopic assighment
results (SUMO-marouter). A custom Python script filters routes crossing the local
study area and converts them into vehicle route definitions at edge level, suitable

Custom Python script: EDGES IDS
Derive all the edges IDs IN LOCAL STUDY AREA

LOCAL ROAD NETWORK IN

fO r m I C rOSCO p I C SI m U I at I O n . Overlaykolf disJuP?fc;?]lgégrghrjosdand”:r)oad rerozltesr; (cIog;ngRerodutj),::(:foos:urc(!eio(v(\;?tSer gespth 182 n;l)q) ing local study 'l Repair
. . . ° ° network for identifying edge IDs variableSpeedSign: reduced speed (0. -0.3m, m crossing local study area
* Flood disruption scenarios use HEC-RAS 2D Rain-on-Grid (RoG) outputs, based on (losures and speed reductons) open: water depth < 0.075 m

design storms with varying return periods (RP) and durations (h), identifying: R —
. l (HEC-RAS 2D, RoG FRAMEWORK): ¥
4 B”d ge and road Ed ge CIOSU res | / 1‘;‘faé‘:i:j‘;zp;';:::;;:;a‘;‘:;’;'s:°" / /Vty e /
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v’ Speed reductions based on water depth thresholds (mean water depth, D) o ) .
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Custom Python script: | | .

: ‘b‘ Extract trgfﬁc demanei I > SLMO (duarouter). |
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ROUTE FILE (.rou.xml)
LOCAL BASELINE SCENARIO
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These scenarios are implemented in SUMO using rerouter and variable speed | l
° | > =z | . SQMO (microscopic traffic; simulatlion): . |‘ :
Slgn EIementS. |'9 o} Simulation of all szenarlos (baselln_e and disruptions) |~ | / /
. . . . . ] ] . E E : and output generation I FLOOD
* Finally, microscopic simulations are performed for baseline and disruption iggl .|
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Case Study and Results (User Impacts and Emissions):

scenario baseline| D_RP30 _3h | D_RP500 _3h
loaded 10963 10963 10963
inserted 10963 10937 10868
inserted (%) 100 99.8 99.1
not inserted 0 26 95
not inserted (%) 0 0.2 0.9
teleported 1 789 826
teleported (%) 0 7.2 7.5
Forced detours 0 300 610
Forced detours (%) 0 2.7 5.6
Congestion 0 1464 787 . Conclusion:
Congestion (%) 0 13.4 7.2 Regional & Local e Th -
Study Areas e proposed zoom-in dual-scale
Longer but faster 0 29 19 framework links regional vulnerability
Longer but faster (%) 0 0.3 0.2 assessment with detailed local traffic
Shorter but slower 0 4 3 analysis by integrating macroscopic and
Shorter but slower (%) 0 0.0 0.0 microscopic traffic simulations.
No change 0 6857 6913 * Results show that edge closures and speed
No change (%) 0 62.5 631 rfedL.u:.tions du.e t? floodir\g generate
Network benefit 0 1493 1709 significant I.oc.a.llzed impacts, mcludlng loss
, of accessibility (teleported vehicles),
Network benefit (%) 0 13.6 15.6 . : :
congestion, rerouting, and increased travel
scenario baseline| D_RP30_3h | D_RP500 3h times, which are not fully captured at the
completed trips | 10963 | 10937 10868 macroscopic level. |
total distance (km) |268640.7] 251908.6 | 255372.7 * The integration of macroscopic demand
Co, (kg) 621015 | 739615 74276.9 W|th mlcroscoplc S|m.ulat|on enables a mc?re
realistic representation of user behavior
CO, (g/km) 231.2 293.6 230.7 = under disruption scenarios. In addition, the
CO, (kg/trip) 5.7 6.8 6.8 e o iy analysis highlights increased emissions and
NO, (kg) 24.2 29.9 29.9 O oy e localized environmental impacts associated
PM, (kg) 1.4 1.7 1.7 ey with congestion and detours.
CO (kg) 081.8 1921.1 1926.2 ;&“‘:Zm%ws e Overall, the methodology provides a
HC (kg) 6.0 10.5 10.6 S Bt practical and scalable approach to support
fuel (L/100km) 7 4 9.4 93 [ Regiona study Area (agra) targeted mitigation and adaptation
fuel (L) 19807.4 | 235906 236753 strategies for resilient transport networks.

FLOOD@ROAD

Finanziato
Flash-FLOOD risk at crossings between ROAD dall'Unione europea
and river networks :

NextGenerationEU

o  HERR / . Ministero : ’
¢~ p dell'Universita Italiadomani
TOR VERGATA <" edella Ricerca .



https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://doi.org/10.1007/s11069-025-07907-8
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202
https://hdl.handle.net/11583/3004202

	Slide 1

