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1. Introduction 

Hybrid storm Sandy illustrated all too clearly the vulnerability of New York City (NYC) to the damaging 

effects of large storms. Storm water levels reached elevations far exceeding anything measured before 

(11.74ft above mean sea level), resulting in tens of billions of dollars damage1 (NYS, 2012a). In order to 

reduce the flood risk in NYC, measures can be taken to reduce the probability of flood water entering the 

city, or measures that minimize damage if a flood does strike (De Moel et al. 2013). Flood risk is, 

however, not a static indicator (Merz et al. 2010), but varies through time as exposure grows because of 

increased population, and climatic conditions alter the probabilities of extreme storms occurring (Nichols 

et al. 2008; De Moel et al. 2011; Lin et al. 2012). To estimate how much risk could increase in the future, 

and how certain measures could reduce flood risk, methodologies are necessary that can evaluate such 

effects (Te Linde et al. 2010; Poussin et al. 2012; De Moel et al. 2013). Various studies have addressed 

flood risk in the NYC region. Some studies have investigating the storm hazard, both current and future 

(Colle et al. 2010; Lin et al. 2010; Lin et al. 2012). Others focused more on the vulnerability of NYC to 

flooding and/or climate change (Jakob et al. 2008; Horton et al. 2010; PlaNYC, 2011; Rosenzweig et al. 

2011; Aerts and Botzen 2011). To make quantitative estimates of flood risk, information on the hazard 

probability and its consequences have to be combined to calculate expected annual damage (Ward et al. 

2011). Previous studies have estimated the current flood risk to buildings in New York between 60 and 

130 million $/year (Aerts et al. 2013). Quantitative estimates of future flood risk for New York City, as 

well as quantitative evaluations of adaptation measures lack at the moment, however. In this paper, we 

present a flood risk methodology, based on 549 synthetic storms with varying probabilities (Lin et al., 

2012) and the HAZUS damage estimation methodology (FEMA, 2009; Scawthorne et al. 2006). Using this 

modeling framework, we assess current and future flood risk to buildings and vehicles in NYC. Two future 

scenarios are explored: 2050s and 2080s, using projections for future population growth and climate 

change. Moreover, we illustrate the effect of building-level damage-reducing measures (elevating 

bulidings, dryproofing buildings, wetproofing buildings and a combination between elevation and 

wetproofing for new buildings).  
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2. Methodology 

A large set (549) of synthetic hurricanes (Lin et al. 2012) is used to derive flood inundation maps with 

different return periods. The inundation depth corresponding to each storm is calculated using nearest 

neighbour interpolation of the water levels (see Figure 1), and subsequently used to calculate flood 

damage employing a flood damage model based on the HAZUS MH4 methodology (FEMA et al. 2009), 

using NYC specific building type information (ARA, 2007). Using 549 damage calculations with different 

probabilities, risk in terms of expected annual damage is calculated by plotting them on an exceedence-

probability loss curve and integrating this curve (Grossi et al 2005, Ward et al. 2011). Inundation depths, 

flood damage and flood risk is calculated for individual censusblocks, the scale used by the HAZUS MH 

model, but also aggregated to various other spatial units (boroughs, FEMA zones) for analysis and 

presentation. Damage and risk calculations are repeated for different types of measures (elevating, 

dryproofin, wetproofing, elevating plus wetproofing), a population growth projection, four climate 

change models (CNRM-CM3, ECHAM5, GFDL-CM2.0, MIROC3.2) and three levels of sea-level rise (30cm, 

60cm and 100cm), resulting in several hundred simulations. 

 

Hurricane flood hazard 

We used synthetic low-probability hurricanes simulated by Lin et al. (2012). They used ADCIRC to 

simulate thousands of storms under present and future climate conditions, generating water levels at 

numerous nodes in the NYC region (Figure 1). Flood inundation depths resulting from the hurricanes are 

estimated similar to Aerts et al. (2013), by extrapolating storm water levels at the coast using nearest 

neighbour, and subtracting a high-resolution elevation model (2010 NYC LiDAR data). Using this 

methodology, we implicitly assume that the first floor of buildings is situated at the ground level as 

denoted by the elevation model. Inundation depths per censusblock, the level at which the analysis is 

performed, are determined by taking the median water level in the censusblock. There are two notable 

differences with Aerts et al. (2013) though. Firstly, in this study 549 synthetic storms are used instead of 

214, with return periods ranging from 1/10 per year to 1/15,000 per year (with respect to the water level 

at the Battery). Secondly, we’ve adjusted inundation levels around Jamaica Bay. The simulations by Lin et 

al. (2012) do not provide water levels inside the Bay, only outside the Rockaways and at the entrance to 

the bay, where levels are known to be lower during storms. This adjustment is based on stillwater levels 

reported by Moore et al. (1981). Extra nodes were created in Jamaica Bay and adjusted water levels 

were assigned to these nodes based on regression analysis with the closest nodes at the entrance of the 

bay, depending on the return period of the water level.  

 



Figure 1. The amount of storms that flood each of the censusblocks in NYC (as a). The dots indicate the 

nodes for which the hurricane model provides water levels. The background colours denote the elevation.  

 

Damage and risk calculations 

For each storm, damage is calculated per censusblock. We use a typical approach using depth-damage 

curves which represent the fraction of damage to a building and its content based on the water level 

present in the censusblock. The damage calculation is based on the HAZUS-MH methodology (FEMA, 

2009; Scawthorne et al. 2006), which is the standard for flood risk assessments in the USA. However, the 

standard software was not used because: i) automation of the procedure was required given the high 

amount of calculations necessary for this study; ii) the need to adjust the building database to represent 

population growth; and iii) the need to adjust depth-damage curves to evaluate the effect of measures. 

The HAZUS damage calculations, as well as other parts of the analyses, were therefore coded into a set 

of Matlab® functions. HAZUS  calculates damage to 33 different buildings types, including 11 types of 

residential buildings, based on different stage-damage curves and maximum values at risk (Table 1). 

HAZUS distinguishes damage to buildings with and without basements. As such information was less 

readily available, we used stage-damage curves that were weighted averaged using the fraction of 

houses with and without basements (25% and 75% respectively). For new buildings, it was assumed that 

they will not have basements, in line with the current planning policies of the city. Furthermore, the 

building table of HAZUS, defining how many of each building type is present in each censusblock in NYC, 

was not used. Rather, a NYC update of the building stock made for the Office of Emergency Management 

of NYC (ARA, 2007) was used.  



 

For each storm, three damage calculations are performed: for damage in the V-zone (with high flow 

velocities), damage in the A-zone (outside the V-zone), and damage to vehicles. FEMA maps were used 

to identify censusblocks in the A-V zones, as well as to label censusblocks located in the 1/100 and 1/500 

flood zone (used to present the results). After damages are calculated for all 549 storms, the damage 

results are combined in to estimate risk. Firstly, probabilities are attached to each storm based on the 

water level it generates at the Battery. Then the storms are re-ordered in order of descending damage 

estimates, after which the cumulative probabilities are recalculated resulting in exceedance probabilities. 

The resulting EPL curves are subsequently used to calculate the expected annual damage (EAD) as the 

area (integral) under the EPL curve (Ward et al. 2011).  

 

Table 1. Buildings types considered in this study, including their value at risk and types of measures 

considered for each building type. 
Code Description Value at risk ($/building) Measure implemented 

     
Existing 
Buildings New Buildings** 
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RES1 Single Family Dwelling 182492 91246 0 Y Y Y Y Y Y Y 

RES2 Manuf.  Housing 356421 178211 0 Y Y Y Y Y Y Y 

RES3A Duplex 186630 93315 0 Y Y Y Y Y Y Y 

RES3B Triplex / Quads 282573 141287 0 Y Y Y Y Y Y Y 

RES3C 
Multi-dwellings (5 to 9 
units) 873207 436604 0 N Y Y Y Y Y Y 

RES3D 
Multi-dwellings (10 to 19 
units) 1546338 773169 0 N Y Y Y Y Y Y 

RES3E 
Multi-dwellings (20 to 49 
units) 3714867 1857433 0 N Y Y Y Y Y Y 

RES3F Multi-dwellings (50+ units) 18707261 9353631 0 N Y Y Y Y Y Y 

RES4 Temporary Lodging 11991508 5995754 0 Y Y Y Y Y Y Y 

RES5 Institutional Dormitory 7019251 3509626 0 Y Y Y Y Y Y Y 

RES6 Nursing Home 8067754 4033877 0 Y Y Y Y Y Y Y 

COM1 Retail Trade 571211 571211 41339 N Y Y N N N N 

COM2 Wholesale Trade 1466010 1466010 127395 N Y Y N N N N 

COM3 
Personal and Repair 
Services 342290 342290 0 N Y Y N N N N 

COM4 
Professional/Technical 
Services 11381918 11381918 0 N Y Y N N N N 

COM5 Banks 2370537 2370537 0 N Y Y N N N N 

COM6 Hospital 81553944 122330915 0 N Y Y N N N N 

COM7 Medical Office/Clinic 4904708 7357062 0 N Y Y N N N N 

COM8 
Entertainment & 
Recreation 2260999 2260999 0 N Y Y N N N N 

COM9 Theaters 6015389 6015389 0 N Y Y N N N N 

COM10 Parking 180913 90457 0 N Y Y N N N N 

IND1 Heavy 1677769 2516654 585357 N N N N N N N 

IND2 Light 4095922 6143882 422805 N N N N N N N 

IND3 Food/Drugs/Chemicals 0 0 0 N N N N N N N 

IND4 
Metals/Minerals 
Processing 0 0 0 N N N N N N N 

IND5 High Technology 0 0 0 N N N N N N N 

IND6 Construction 0 0 0 N N N N N N N 

AGR1 Agriculture 0 0 0 N N N N N N N 

REL1 
Churches and Other Non-
profit 1982996 1982996 0 N N N N N N N 

GOV1 General Services 18290701 18290701 0 N N N N N N N 

GOV2 Emergency Response 2874692 4312038 0 N N N N N N N 

EDU1 Grade Schools 7797433 7797433 0 N N N N N N N 

EDU2 Colleges/Universities 27175914 40763870 0 N N N N N N N 

*Not implemented in V-zone 

**Assumed being built without basement 
 



 

Building codes 

Various types of building-level measures to reduce flood risk were implemented in the model by 

changing the damage curves (Supplementary Table 1). The measures considered are elevation of the 

buildings, dryproofing (sealing the building so no water can come in), wetproofing (adjusting the interior 

and material of the building so damage is limited when flooded), and for new buildings also a 

combination of elevating and wetproofing buildings. Each measure is evaluated for its effect when 

applied to 2ft, 4ft and 6ft above the surface ground level. Moreover, for dryproofing and wetproofing, 

high and low estimates of the effect of these measures are used to illustrate the uncertainty inherent in 

the effect of these measures. The effectiveness of dryproofing and wetproofing is estimated using 

reduction factors found in international literature (e.g. ICPR, 2002; Kreibich, 2005 and DEFRA, 2008). For 

dryproofing reduction factors of 87.5% and 75% were used, and for wetproofing reduction factors of 

50% and 30%. Not every measure can be implemented at every location. In our model, we assumed that 

existing multi-dwelling apartment and commercial buildings cannot be elevated. Dryproofing and 

wetproofing has been evaluated for all residential and commercial buidings, but not for the other types 

of buildings (industry, agriculture, religion, government, education). For new buildings, measures are 

only implemented in the model for residential buildings, as the population growth scenarios mainly 

target residential buildings. For both existing and new buildings, the measures dryproofing, wetproofing 

and the combination of elevation with wetproofing are not implemented in the zone with high flow 

velocities (V-zone). For the combination measure of elevation and wetproofing, an elevation of 2ft 

relates to 2ft of elevation, with on top wetproofing of 2ft of the building.  

 

Future scenarios 

To explore how flood risk in NYC may change in the future, we use projections for climate change and 

population growth. In this study, we look at target years for the 2050s and 2080s, in line with the time 

horizons of NPCC (Horton et al. 2010). For population growth, we make use of projections made for 2040 

by the New York City Department of City Planning (NYC-DCP, 2011). It is assumed that population will be 

relatively stable after 2040, so this projection is used for the 2050s and 2080s. The population 

projections are at the borough level (5 areas), and were made spatially explicit to the level of Traffic 

Analysis Zones (1611 areas) using information on current household distributions, the distance to 

subway stations and existing building and zoning plans (NYMTC and NYCDCP, 2012). Growth in 

households is assumed to follow these population growth rates per TAZ zone, and were in turn 

translated into new buildings using borough differentiated percentages (as some new households will 

settle in existing buildings) provided by NYC-DCP. Lastly, every censusblock was attributed a growth in 

buildings similar to the TAZ zone it was located in, to determine the increase in buildings. Only 

residential buildings are assumed to increase in our projections, which make up 90% of the existing 

building stock in NYC. 

 

In total three climate change scenarios are used, one for the 2050s, and two for the 2080s. Climate 

change scenarios include both changes in storm climatology and sea-level rise (Lin et al., 2012). For the 

2050s scenario, a SLR of 30cm is used, in line with the high-end SLR scenario of NPCC. For the 2080s 



scenarios, SLR of 60cm and 100cm are implemented, in line with the high-end SLR scenario and the low-

end rapid ice melt scenario of NPCC for the 2080s. The calculations of Lin et al. (2012) included a future 

scenario for 2081-2100 with a SLR of 100cm, providing estimates of only the effect of storm climatology, 

and the combined effect of storm climatology and SLR. In this study we used their adjusted climatology 

for 2081-2100 for our 2080s scenarios, and interpolated this effect to make estimates for the 2050s. 

With respect to SLR, Lin et al. (2012) show that there is little non-linearity between SLR and storm surges, 

meaning SLR can be added linearly on top of a storm surge in this region. We therefore added the 

different SLR estimates on top of the surge tide water levels for the three different scenarios. The effect 

of climate change is included in the model by changing the probabilities associated with each of the 549 

storms based on the flood return levels for the Battery. Based on the calculations of Lin et al. (2012), we 

estimated how probabilities change for each of the four GCMs considered by Lin et al. (2012), and 

applied this to the 549 storms considered in this study.  

 

It has been observed that the ECHAM and MIROC simulations show little change return periods of water 

levels due to changes in storm characteristics. This implies that the changes in risk in the ECHAM and 

MIROC calculations mainly relate to sea-level rise. Overall, the ECHAM calculations proved to increase 

the risk the least, whilst the GFDL calculations increased risk the most. Correspondingly, calculations for 

the effect of measures under future scenarios were performed following the effect of climate change 

from these two models.  

  



3. Results 

Current flood risk and population growth 

Our results estimate current flood risk to buildings and vehicles in NYC at approximately 60 billion 

$/year. Of this risk, about 6% is due to damage to vehicles. The rest of this risk is to buildings, of which 

12% is to buildings in so-called V-zones where flow velocities are expected to be higher. Figure 2 

illustrates how this risk is spatially distributed over the city. Especially the area around Jamaica Bay has 

high risks, with 36% of the total risk (22 million $/yr) in Queens (which includes the Rockaways), and 29% 

(18 million $/yr) in Brooklyn. In terms of flood zones, most of the risk comes from the FEMA 1/100 flood 

zone (88%), but also 4% results from areas outside the FEMA 1/100 and 1/500 flood zones. This risk is 

the integral of many different storms with various probabilities. When considering the damage to 

buildings and vehicles from single storms, our calculations indicate that a damage of 0.9bn dollar has a 

return period of 100 years, and damage corresponding to a return period of 1000 years is about 10bn 

dollar 1/1,000 per year (graph in Figure 1). These damage estimates can be compared to the damage 

Sandy caused to NYC for validation. Estimates of recovery costs made by the state (NYS, 2012a)2 

estimate damage to NYC at roughly 15bn dollar. Of this damage, 4.7bn has been attributed to housing 

(4.5bn to business, 2.8bn to hospitals)(NYS, 2012b). The return period of an unprecedented event like 

Sandy is difficult to pinpoint as it depends on the location and indicator one looks at. The return period 

of the storm track has been estimated at ~700 years (Hall and Sobel, in press), but when looking at the 

water level at the battery a return period of at least 1000 years has been calculated (McCulloch, 2012)3. 

In our damage and risk estimates, around 43% of the damage and risk can be attributed to residential 

housing (33% to commercial, 18% to other buildings and 6% to vehicles). The 1/1000 per year damage of 

10.3bn dollar thus corresponds to 4.4bn dollar damage to housing in NYC, very much in line with the 

damage Sandy caused to housing in NYC. 

 

The New York City Department of City Planning has made spatially explicit projections of future 

population in NYC in 2040 (NYMTC and NYCDCP, 2012). Using these population projections, changes in 

the building stock of NYC have been estimated, and used to assess the resulting change in flood risk. 

Overall, the projections show an increase in residential buildings of about +14% (around 100,000 extra 

residential buildings). Of these new buildings, 13% is projected to be built in the FEMA 1/100 zone, 5% in 

the 1/500 zone, and 82% outside these FEMA flood zones. This increase in residential buildings would 

result in a flood risk of about 71 M$/yr (+17%). Especially in Manhattan and Staten Island a relative large 

increase in risk can be observed as a result from projected population growth (Figure 1, numbers 

between brackets). 
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3
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Figure 2. Map of NYC with its five boroughs and the risk to buildings and vehicles as estimated in this 

study. Additionally, the amount of residential buildings and the total amount of buildings is given per 

borough and the city as a whole. The numbers between brackets denote the change in risk and residential 

buildings resulting from the population growth projections of NYC. 

 

  



Building codes 

One way of dealing with this flood risk in NYC is to make buildings more flood proof. This can be done, 

for instance, by elevating a building, dryproofing it (making the building water resistant) or wetproofing 

it (minimizing damage due to floodwater to a building and its contents). This can be simulated by 

adjusting the stage-damage curves in the model, which denote the fraction of total damage to a building 

given specific water depths (see Supplementary Information). If such damage-reducing measures would 

be implemented on all buildings at risk in NYC, the total flood risk to buildings and vehicles would reduce 

substantially (Table 1, 2nd column). Depending on up to what level a measure is implemented, elevation 

residential buildings (except multi-dwelling buildings for which this is not considered possible) would 

reduce the flood risk up to 28%. Wetproofing all residential and commercial buildings could reduce risks 

up to 30% and dryproofing could approximately half the risk, reducing it by 44% to 52%, depending on 

how effective this measure is assumed to be (Table 2).  

 

Considering the vast present building stock and difficulties in enforcing regulations on existing buildings, 

it may prove to be difficult to flood proof all existing buildings. For new buildings, however, new 

legislation could very well require new buildings to be flood proofed. By doing so, the increase in risk 

that would autonomously results from the increase in exposure could be reduced considerably. If no 

measure would be taken, the increase of new buildings would result in an increase in risk of 10.2 M$/yr 

(Table 1). By applying strict building codes on new developments, almost the entire increase in risk can 

be averted. Elevating every new building 4ft (above ground floor) would already go a long way and 

reduce the extra flood risk by almost 90%. Also wet- and dryproofing of new buildings would greatly 

reduce the increase in risk. 

 

Table 2. The effect of various building-level damage-reducing measures when realized on all existing 

buildings (2nd column), and all new buildings as projected in this study (3rd column). The ranges represent 

low and high effects of that specific measure (see Methods). Note that existing multi-story buildings have 

not been elevated in the calculations, resulting in a lower total decrease as compared to dryproofing.  

 Risk decrease (%) Risk decrease (%) 
Measure Existing buildings New Buildings 

No Measure 60.4 M$/yr 10.2 M$/yr 
   
Elevation 2ft 18% 64% 
Elevation 4ft 25% 89% 
Elevation 6ft 28% 92% 
Dryproof 2ft 20 - 24% 33 - 38% 
Dryproof 4ft 36 - 42% 57 - 67% 
Dryproof 6ft 44 - 52% 67 - 78% 
Wetproof 2ft 10 - 16% 16 - 27% 
Wetproof 4ft 15 - 25% 24 - 40% 
Wetproof 6ft 18 - 30% 28 - 46% 
ElevWet 2ft  70 - 75% 
ElevWet 4ft  92 - 94% 
ElevWet 6ft  93 - 94% 



Climate change and future scenarios 

An increase in exposure due to population growth is not the only factor expected to influence the future 

flood risk of buildings in NYC. Adverse effects of climate change can influence the probability of 

hurricane and flood events, which could also increase the flood risk. Lin et al. (2012) used four GCMs to 

drive a hurricane model and subsequent surge model to simulate large numbers of synthetic storm 

surges under future climate regimes corresponding with the A1b emission scenario (IPCC AR4 REF). We 

used the synthetic surge events driven by these four GCMs (CNRM-CM3, ECHAM5, GFDL-CM2.0, 

MIROC3.2) to estimate how the probability of the 549 storm events used in this study may change. This 

was done for two time horizons, the 2050s and 2080s. The range of storm frequencies resulting from 

these four GCMs varies considerably, indicating the substantial uncertainty present in estimating future 

storm frequencies (Lin et al., 2012). Generally speaking, two of the GCMs result in almost no change in 

storm frequency (ECHAM and MIROC), and two of the GCMs result in a considerable increase in storm 

frequency (CNRM and GFDL). On top of this climatology driven change in frequency of storms, sea-level 

rise (SLR) will increase the probability of certain water levels occurring in NYC. In this study, we included 

both the change in probability due to the climatology (interpolated for the 2050s) and SLR in our 

estimates of future flood risk. We used 30cm SLR for the 2050s, and 60cm SLR for the 2080s, which 

constitutes the high end of the SLR projections of the New York City Panel on Climate Change (NPCC) for 

these periods (Horton et al., 2010). In both scenarios (2050s and 2080s) the projection of new buildings 

will be used. The projection is not adjusted for the 2080s because population and household growth is 

expected to decline into the 21st century, and the uncertainties surrounding such long-term socio-

economic projections are very large (Berkhout et al. 2002).  

 

Figure 3 shows the risk estimated for future projections for the 2050s and 2080s, denoting the 

uncertainty in the effect of climate change by two bars spanning the full range of the four GCMs for each 

scenario. These results show that climate change will have a profound impact on the flood risk to 

buildings and vehicles in NYC. Climate change alone will cause in increase of 36 - 267 M$/yr (+60% to 

+440%) by the 2050s. For the 2080s, this is even an increase of 90 – 703 M$/yr (+150% to +1160%). This 

increase is much more substantial compared to the risk increase due to increased exposure, indicating 

that climate change poses a significant threat to NYC. For the scenarios, including both population 

growth and climate change, a flood risk of almost 2 up to more than 6 times the current risk is calculated 

for the 2050s. For the 2080s, this is a flood risk around 3 to 15 times the current risk. Note that this 

approach implicitly assumes that no action is taken, even when sea-levels have risen 2 feet by the 2080s. 

Calculations have also been performed using a SLR of 100cm for the 2080s, which is the lower end of the 

rapid ice-melt scenario of the NPCC (Horton et al., 2010). Under this assumption, the risk increase for the 

2080s would approximately double, resulting in a flood risk roughly 5 to 28 times the current risk. 

 

 

  

 

 

 



 

Figure 3. Projections of future flood risk to buildings and vehicles in NYC for the 2050s and 2080s and the 

components which make up this future risk. The two bars for 2050s and 2080s correspond to the GCMs 

with the lowest (ECHAM – light hues) and highest (GFDL – dark hues) risk increase. 

 

  



Future scenarios and building codes 

We have shown that buildings codes can effectively offset the increase in flood risk of new 

developments. However, it is the question whether such measures will also be effective in reducing the 

increase in flood risk when the climate is changing at the same time. Figure 4 shows the normalised risk 

of new buildings under climate change and with various measures with respect to the net increase in risk 

without climate change (the grey dashed line, corresponding to 10.2 M$/yr). The bars make up the 

uncertainty range caused by the four GCMs and about the effect of the measure. The results show that 

for the 2050s (Figure 3, top panel), dryproofing 4 or more feet, or elevating (with possibly additional 

wetproofing) may compensate the adverse effects of climate change on the increase of risk by new 

buildings as the left side of the bar gets left of the grey dashed line. For the most unfavourable situation 

(GFDL climate change, low effect of measure: represented by the right side of the bars), only elevating 4 

or more feet would reduce the risk of new buildings to levels lower than the risk of new buildings 

without climate change. On top of offsetting the adverse effects of climate change, elevating new 

buildings 4 or more feet would also minimize the net increase in risk because of the new buildings itself, 

reducing the net increase of 10.2 M$/yr with 37% to 88% (to 1.2 – 6.4 M$/yr). Additional wetproofing on 

top of this elevation would reduce the net increase even more, to 0.9 – 4.7 M$/yr.  

For the 2080s (Figure 4, bottom panel), the uncertainty range increases considerably. Under the most 

favourable situation (left side of bars), several measures (dryproofing and elevating 4ft or more) would 

still compensate for the adverse effects of climate change. However, when considering the most 

unfavourable situation (right side of bars), even elevating buildings by 6ft would not compensate the risk 

increase caused by climate change, let alone minimizing the net increase in risk because of new 

buildings. 



 

Figure 4.  Normalised risk of new buildings under climate change and considering the effect of various 

measures. Normalisation is with respect to the net increase in risk without climate change (grey dashed 

line). The bars make up the uncertainty range caused by the four GCMs and the possible effect of the 

measure. 

  



4. Discussion and implications 

In this research, we’ve assessed the current and future risk to buildings and vehicles in NYC due to 

hurricane flooding. Damage of such events is, however, not limited to buildings and vehicles, nor limited 

to NYC. Damage assessments of Sandy from the states NYS and NJ estimate the total damage of Sandy 

on 62.3bn dollar (32.8bn dollar for NYS (NYS, 2012a)4, 29.5bn dollar for NJ (NJ, 2012))5). Of this total 

damage in NJ and NYS, around one-quarter (15bn dollar) has been attributed to NYC6. A considerable 

portion of this damage did not relate to buildings though. For instance, roughly 20% of the total damage 

of Sandy (12bn dollar) related to infrastructure and utilities, and another 10% to parks (6.3bn dollar). 

Overall, about 46% of Sandy has been attributed to housing and business, both constituting about 

14.5bn dollar damage in NYS and NJ combined.  

In order to cope with extreme events like hurricanes, methodologies like the one presented in this paper 

are needed to quantify current and future flood risk, and evaluate adaptation measures like flood 

proofing buildings. The findings of this paper provide essential insights to give guidance to policy- and 

decision makers in the region to developing flood risk management strategies to reduce flood risk. To 

further assist in this process, flood risk assessments should be expanded to i) include other assets at risk, 

like infrastructure and public spaces, ii) evaluate other measures, like barriers and levees, and iii) expand 

the geographic extent to match the scale at which the measure has an effect. To make well-informed 

decisions, the risk reducing effect of such measures, now and in the future, should be compared to the 

costs as well. By combining cost-effectiveness of measures, comprehensive strategies can be formulated 

and compared to reduce the vulnerability of the NYC in the future to extreme storm events like Sandy.   

                                                           
4
 http://www.governor.ny.gov/press/11262012-damageassessment  

5
 http://www.state.nj.us/governor/news/news/552012/approved/20121128e.html  

6
 http://www.governor.ny.gov/assets/documents/sandyimpactsummary.pdf  

http://www.governor.ny.gov/press/11262012-damageassessment
http://www.state.nj.us/governor/news/news/552012/approved/20121128e.html
http://www.governor.ny.gov/assets/documents/sandyimpactsummary.pdf
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