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Introduction 
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Modeling frame 

Hurricane data Water depth Damage model Damage and Risk 

Climate change 

(sea-level rise) 

Urban developments 

Population growth 

Projected Flood Risk 

Storm surge barriers Building codes 
Reduced Flood Risk 

= Benefit 

$/yr 

$ $ Costs of measures 
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Modeling frame 

Aerts et al., 2013 – Risk Analysis 

Hurricanes / inundation 
• 549 storms 
• Derived from a much larger set, but only most extreme ones  
         (at Battery, Manhattan) 

• Inundation by simple extrapolation of water levels 
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Damage model 
• Based on HAZUS-MH4 
• Damage to buildings (residential, 
commercial, etc.) and vehicles 
• At census block level 

Modeling frame 

Aerts et al., 2014 
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71 M$/year 
• 6% vehicles 
• 12% V-zone 
• 82% A-zone 
• Queens and Brooklyn 
most damage (65%) 
• Residential: 43% 

Risk estimates 

Aerts et al., 2014  
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Validation Sandy 

Aerts et al., 2014 

http://project.wnyc.org/flooding-sandy-new 

MODELLED 

Damage Sandy 
• NYC roughly $21 billion 
• 1/500 - 1/1000 per year 
 
Modelled return period 
• 1/660 – 1/1250 per year 

OBSERVED 
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Future Risk estimates 

Population growth (2050) 
• Projection of city 

 
Climate change (2050+2080) 

• Four GCMs 
• SLR 
• Frequency 

 
 
 
 
 
 
SLR 2050 is 30cm 
SLR 2080 is 60cm 

Lin et al., 2012 – NCC 
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Future Risk estimates 

Population growth: 
• +15% 

 
Climate change: 

• Low (only SLR) 
• Middle (SLR+freq) 

 
 

Aerts et al., 2014  
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Scenarios of measures 

Aerts et al., 2014  

S2c: NY-NJ connect S3: hybrid 

S1: Building-scale measures 
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Costs 

Aerts et al., 2013. ANYAS 1294, 1-104. doi:10.1111/nyas.12200 

New/existing 
• Elevation 
• Wet proofing 
• Dry proofing 
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CBA of Scenarios 

Recommendations: 
• Elevate new buildings 4-6ft (NPV>0 in all scenarios) 

 

• Consider flood proofing existing buildings (NPV>0 under moderate cc) 
 

• Delay investment in surge barrier (depending on how cc unfolds) 
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Building-scale measures 

S1 often not cost-efficient as a whole under current climate, but: 
• Maybe in specific places it is 
• Maybe measure efficient in area A, but other measure in area B 

 
 Spatial cost-benefit analysis at the cencusblock level 

Measures: 
• Elevation 2ft/4ft/6ft 
• Wet proofing 2ft/4ft/6ft 
• Dry proofing 2ft/4ft/6ft 

 
Scenarios: 
• Current 
• ECHAM 60cm (only SLR) 
• GFDL 60cm (SLR + increase freq.) 
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Spatial CBA 
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Spatial CBA 
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Spatial CBA 

EXISTING Current ECHAM60 GFDL60 

Risk No Measure 71.0 M$/yr 164.2 M$/yr 787.7 M$/yr 

Benefit Best Measure 28.5 M$/yr 79.6 M$/yr 440.0 M$/yr 

% Benefit 40% 48% 56% 

# Census blocks (5094) 891 1585 2700 

NEW 

Risk No Measure 15.2 M$/yr 34.8 M$/yr 176.0 M$/yr 

Benefit Best Measure 8.7 M$/yr 22.1 M$/yr 121.5 M$/yr 

% Benefit 58% 63% 69% 

# Census blocks (4908) 759 1076 1690 
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Spatial CBA 

Existing Buildings – Current Climate 
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Spatial CBA 

Existing Buildings – 60cm SLR 
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Spatial CBA 

Existing Buildings – 60cm SLR + increased storm frequency 
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Spatial CBA 

New Buildings – Current Climate 
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Spatial CBA 

New Buildings – 60cm SLR 
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Spatial CBA 

New Buildings – 60cm SLR + increased storm frequency 
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Spatial CBA 

EXISTING Current SLR (60cm) SLR + Freq. 

Risk No Measure 71.0 M$/yr 164.2 M$/yr 787.7 M$/yr 

Benefit Best Measure 28.5 M$/yr 79.6 M$/yr 440.0 M$/yr 

% Benefit 40% 48% 56% 

# Census blocks (5094) 891 1585 2700 

NEW 

Risk No Measure 15.2 M$/yr 34.8 M$/yr 176.0 M$/yr 

Benefit Best Measure 8.7 M$/yr 22.1 M$/yr 121.5 M$/yr 

% Benefit 58% 63% 69% 

# Census blocks (4908) 759 1076 1690 
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Spatial CBA 
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1. Even when applying a measure throughout the city is not 
cost-efficient; it can be efficient in specific areas (16%-17%) 

• Area increases considerably with climate change (up to 53%) 

2. Substantial amount of risk can be reduced through an 
optimal mix of damage-reducing measure at building level.  

• Risk reduction of 40-56% for existing buildings 
• Risk reduction of 58-69% for new buildings 

3. Type of measure to apply differs spatially  
• Most effective measure existing seems dryproofing 6ft 
• Most effective measure new seems elevating 2-6ft 
• But not most cost-efficient, doesn’t mean not cost-efficient at all 

Concluding remarks 
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Thank you for your attention! 

hans.de.moel@vu.nl 
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