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Background

MIT Climate Grand Challenges have five flagship projects:

• Bringing computation to the climate change

• Center for electrification  and decarbonization of industry

• Preparing for a new world of weather and climate extremes

• Reinventing climate change adaptation with the Climate Resilience 
Early Warning System

• Revolutionizing agriculture with low-emissions, resilient crops
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Problem Statement
➢Increased frequency of hurricanes 

and flooding in U.S. in recent years

➢44 flooding events occurred between 
1980 to October 2024

➢ Annual flood damage cost between 
$179.8 billion to $496 billion. (Source: 
Center for Disaster Philanthropy)

➢Coastal cities are prone to the “triple 
threat” of flooding

➢Flood models are important to 
capture the adverse consequences of 
flooding under climate extremes

➢Flood modeling is important to:
• Identify vulnerable areas

• Emergency preparedness

• Urban planning
Flooding in Siesta Key, Florida after hurricane Milton 
(Source: CNN, Image: Chandan Khanna)
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Source: Boukin (2024)

Catchment vs. Rain-On-Mesh
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Rain-On-Mesh Models Comparison
Key Attributes InfoWorks ICM Itzi LISFLOOD-FP

License type Commercial ($$$$$/yr, free 
for research purposes)

Open-source Open-source

Flow routing theory Shallow water equation Shallow water equation Shallow water equation

Operating system Windows only Linux only Windows and Linux

Runoff generation 
approach

Unstructured flexible grid Structured grid Structured/Unstructured 
grid

Numerical solver Finite volume Roe’s solver Partial inertial solver 6 different solvers 

GPU-accelerated Yes No Yes

1D pipe flow Yes Yes No

GIS integration ArcGIS GRASS GIS None

Boundary conditions Wide range Limited Wide range (rectangular 
channel only)

7



Objectives

• Comparing the three rain-on-mesh models in predicting flooding 
based on computation time and spatially varying resolutions

• To statistically evaluate the level of agreement in flood depth 
predictions among these models using:
✓Cohen’s Kappa statistic (pixel by pixel comparison)

✓Zonal Histogram (for road inundation)
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Methods: Study Area

❑ Area = 304.5 ha (752.4 acre)
❑ Heavily urbanized
❑ Separated from Boston by Charles River
❑ Somerville to the northeast
❑ MIT campus is prone to pluvial flooding more so than fluvial flooding 

from Charles River

Boston

Somerville

Boston
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Model Workflow

 Obtain DEM
(Terrain Representation)

 Add City Texture
(Building Footprints, 

roads, etc.)

 Apply Boundary Conditions
(Open Boundary)

 Apply Design Storms
(10-yr, 100-yr, and 500-yr return 

period)

 Run Simulation
 (Itzi, LISFLOOD, and ICM 

Simulations)

 Compare Results
(Cohen's Kappa Statistic

 & Zonal Histogram Analysis)

Meshing
ICM: Flexible triangular mesh 

Itzi/LISFLOOD: Square mesh 



Methods: Statistical Analysis

Cohen’s Kappa Interpretation

Cohen’s Kappa:
A statistical measure to quantify level of 
agreement between two raters

Flood depth categories:
1. 0.003 – 0.15m
2. 0.151 – 0.3m
3. 0.31 – 0.6m
4. 0.61m – 1.0m
5. 1.0 – 5.0m
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Coefficients

<0.00 Poor

0.00 – 0.20 Slight

0.21 – 0.40 Fair

0.41 – 0.60 Moderate

0.61 – 0.80 Substantial

0.81 – 1.00 Perfect
Source: Landis and Koch (1977)



Results: Computation Time
• ICM runs faster even at very fine 

resolution

• Itzi did a decent job but for larger 
watersheds might take a while

• LISFLOOD was the slowest but 
extended computation time could 
be overcome with GPU-accelerated 
solvers
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Results: 2D Flood Depth (10-yr storm)
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Results: 2D Flood Depth (100-yr storm)
Runoff Only

ICM_1m

Runoff + Drains

ICM_1m

Itzi_3m LISFLOOD_3m

Itzi_3m
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Results: 2D Flood Depth (500-yr storm)
Runoff Only

ICM_1m

Runoff + Drains

ICM_1m

Itzi_3m LISFLOOD_3m

Itzi_3m



Results: Cohen’s Kappa Statistic
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Results: Road Inundation

• Zonal Histogram was used to count the pixels of at least 3-inch water depth on the roads
• Itzi overpredicted road inundation for the no drains scenario
• LISFLOOD predicted a higher percentage of road inundation
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East Boston

Boston Logan 
International Airport

Boston Harbor Boston Harbor

Discussion: Boundary Conditions

• Urban-Coastal Interaction

• Boundary conditions with 
different models
➢ICM: Well-represented coastal 

boundary

➢Itzi: No dynamic tide level

➢LISFLOOD: Only for rectangular-
shaped catchments
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Discussion: Which Model Should We Use?

Key criterion InfoWorks ICM Itzi LISFLOOD-FP

Fast simulation runs ✘ ✘/

Open-source ✘

Pipe-flow simulation capability ✘

Technical support ✘

Surface runoff with robust solvers

Dynamic coastal boundary 
condition

✘ ✘
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Take-Home Messages

• Itzi and LISFLOOD did a decent job in predicting flood depth 
compared to ICM but takes longer to simulate finer-resolution models

• Complex urban-coastal boundary conditions are not accurately 
represented by Itzi and LISFLOOD

• Modeling drains may not be necessary for extreme precipitation 
events
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Thank You

Contact:
Sami Shokrana

Postdoctoral Research Associate

Center for Sustainability Science and Strategy (CS3)

Massachusetts Institute of Technology (MIT)

Email: shokrana@mit.edu
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