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Recent trends and climate modeling suggest that the burden 
of extreme weather events will only intensify

The average 
annual cost of 
extreme 
weather 
damage has 
risen by 4-6X 
since the 1980s 
(CPI-adjusted)

403 disasters
from 1980 to 2024

$2.9 trillion
cumulative disaster cost

16,900 lives
cumulative disaster cost
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The Impacts of Disasters Go Beyond Building Repair

Safety & Wellness
• Lives are saved
• Injuries & illness are prevented.

Economic
• Avoided repair costs
• Business and income continue
• Insurance remains affordable

Social
• Families are not displaced
• Social networks remain in place
• Public services remain available

Environmental
• Avoided landfill & emissions

Evan Reis & A Sahabi, “ECONOMIC BENEFITS OF EARTHQUAKE RETROFITS AND RESILIENT DESIGN”, USRC, 
2020.
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Max Drag Coefficient (𝐶)

CSHub Model results show how significant variation in effective drag 
coefficient and effective wind load even in nearby neighborhoods

Example: Disorder Density

*

* Isolated square building
No texture effects
Conventional estimate
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Wind loads were underestimated in >80% of homes in Florida

• In 86% of Florida census 
tracks, current models
– Underestimate wind loads
– Undervalue stronger 

construction
• Model results suggest that 

stronger construction 
could reduce Florida 
expected annual losses 
by $4 billion per year 
(double the estimate of 
current models)

Slide  6

Analysis of the US East Coast suggests that ignoring texture 
underestimates value of stronger construction by > $12B/year

• While Florida’s is 
largest, all coastal 
states are exposed to 
wind hazard risk
>$10 B in expected 
value from mitigation

• In several cases, 
texture reveals risks 
2X of conventional 
models

𝑬𝑨𝑩𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐴𝑛𝑛𝑢𝑎𝑙𝑖𝑧𝑒𝑑 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑚𝑖𝑡𝑖𝑔𝑎𝑡𝑖𝑛𝑔 ℎ𝑜𝑚𝑒𝑠𝑨𝑬𝑨𝑩𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝐸𝐴𝐵  𝑤ℎ𝑒𝑛 𝑤𝑒 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝑡𝑒𝑥𝑡𝑢𝑟𝑒
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BEMP results vary by location and scenario
Online tool enables exploration of results

https://cshub.mit.edu/bemp-dashboard
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Current Methods Rely On Fluvial Flood 
Assumptions And Extrapolate 
Subsurface Damage 
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Considering the urban texture and drainage system showed 8 times more 
surface city flooding than conventional flood modeling methods 

Flood depth greater than 1 ft

Case study of the City of Cambridge MA
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“Cities intensify human-
induced warming locally, and 
further urbanization together 
with more frequent hot extremes 
will increase the severity of 
heatwaves”

Urbanization and Climate Change Suggest Extreme Heat Problems 
are Only Becoming More Grave
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Net GWP savings and temperature reduction due to 0.2 
increase in pavement albedo for 50 years (Boston)

ΔTmax, summer = -0.3 to -1.7 °C

Note: Negative values = GHG burden
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Current codes and models do not sufficiently address the 
resilience of built environment

• Change the code setting 
to account for the impact 
of the local neighborhood

• Updating LCA/LCCA 
practice to account for 
hazard-related burdens

• Engaging stakeholders 
to consider the impact of 
hazards in construction

Conventional flood 
Modeling (MIT Campus)

Urban Physics-aware flood
Modeling (MIT Campus)
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Investment in stronger and cooler infrastructure and buildings 
pays off over the life cycle

43 56

383
380

31 10

Wood Concrete

Product &
Construction

Repairs
& Operational
Energy Usage

Hazard
Repairs

Impact of cool pavement on GHG emissions 
associated with the building air conditioning in Boston

Hurricane impacts on Building Life Cycle Emissions
Miami-Dade, FL, (MMt CO2e, 50 yrs)

Light 
construction

Stronger 
construction
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Key takeaways

Major disasters lead to many impacts –
economic, safety, social, & environmental

Economic & environmental consequences of 
hazards are often underestimated

Investing in hazard mitigation can pay off 

Addressing hazard risks is most critical for the 
most vulnerable
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More information available at:
http://cshub.mit.edu/
cshub@mit.edu
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To evaluate the importance of texture, we incorporated its effects into the 
FEMA HAZUS loss estimation

Hazard

Structures

Losses

Community

Wind speeds
Terrain
Texture

Occupancy types
Building types
Mitigation

Replacement cost

Households
Local economy

Households

Texture

Local economy

GIS data

Necessary information:

Census data

Physical models

Example:
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High-resolution nature of CSHub modeling allows us to 
explore social and environmental implications of hazards

• Because CSHub model examines losses at the building 
level, we can couple this with census information to map 
social and environmental consequences 

Life cycle 
Environmental Impact of HazardsSocial Impacts of Hazards
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CSHub Analysis Adds Hazard Impacts to Lifecycle Assessment

Building Attribute to Impact Algorithm; Hester (2018)

Building LifecycleB1: Operational use

B2: Maintenance

B3: Repair

B4: Refurbishment

B5: Replacement

A1: Raw material supply

A2: Transport

A3: Manufacturing

A4: Transport

A5: Construction/installation

Product Construction Use End of Life

B3: Repair
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Concrete homes benefit from avoided damages, in some areas, this can compensate for 
initial embodied difference— magnitude of effect varies with location

43 56

383
380

31 10

Wood Concrete

Product &
Construction

Repairs
& Operational
Energy Usage

Hazard
Repairs

50 year analysis period; Miami-Dade, FL (median-exposure tract, mean result)

Carbon
Uptake

Building Life Cycle Emissions
(MMt CO2e, 50 yrs)

25
1

Wood Concrete

31 10

Building Hazard Repair Emissions
(MMt CO2e, 50 yrs)

Median
Exposure

Lower
Exposure

(Inland)


