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REBUILD BY DESIGN – HUDSON RIVER 
PROJECT  
TECHNICAL MEMO:  
0.2%-Annual-Chance Wave Conditions 
Introduction  
An objective of the Feasibility Study for the Rebuild by Design Hudson River Project (RBDH) is to determine 
the risk reduction that can be achieved from coastal storm surge events.  The ‘Resist’ portion of the project 
will propose shoreline protection alternatives at the waterfront to reduce flooding impacts from coastal 
surge and waves.  The appropriate design flood elevation (DFE) for these waterfront alternatives needs to 
be established, taking into account the potential to remove inland property and structures from the 
floodplain and to also provide resiliency against future storms and the impacts of sea level rise.    To 
establish DFEs for the resist portion, it was needed to further analyze wave conditions in the Hudson River 
at the study area shoreline.   

The 1%-annual-chance water levels and wave conditions were determined in the 2013 FEMA Region II 
storm surge study.  In addition, the 0.2%-annual-chance water levels were determined in the FEMA storm 
surge study, however, in order to evaluate alternatives for reducing flood impacts at the 0.2%-annual-
chance level, the associated 0.2%-annual-chance wave conditions need to be quantified. 

Approach used in FEMA study for extreme (1%) wave heights   
The FEMA study produced wave characteristics for the 1%-annual-chance (100-year) event.  The approach 
used to determine the 100-year wave conditions was to take the 189 extratropical and synthetic tropical 
storms that were modeled for the FEMA study and select the 7 storms that produced surge levels closest 
to the 100-year level.  The maximum wave conditions modeled during each of those storms were then 
averaged to determine an appropriate wave condition at the 100-year water level. 

This same method was evaluated to compute wave conditions for the 0.2%-annual-chance (500-year) 
event.  Upon completion of this analysis, the 500-year wave heights were slightly higher than the 100-
year wave heights in some cases.  In other cases, however, the 500-year values were lower than the 100-
year.  A review of the storm output at a location in the Hudson River revealed that the highest waves did 
not always occur in storms that produced the highest water levels.  This can be seen in Figure 1, where 
the surge elevation for each storm at a location in Hudson River (node 510332 as shown in Figure 2) is 
plotted along the first y-axis and the associated wave height and period is plotted along the second y-axis. 
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Figure 1. Plot of surge elevation (black diamonds) and associated wave conditions (significant wave height Hs shown by gray 
squares, peak wave period Tp by blue triangles) for 189 simulated storms at node 510332 in the Hudson River 

 

In examining these results, and given that the RBDH project is looking at design flood elevations for coastal 
structures protecting a waterfront community rather than establishing flood hazard zones for flood 
insurance purposes, it was determined the wave conditions from the 189 storms should be statistically 
analyzed independently of the water levels to determine the appropriate design conditions. 

Fitting a statistical distribution to extreme wave heights   
Wave height at the maximum surge elevation and corresponding period data were extracted from the 
ADCIRC+SWAN results for the 189 storm simulations at 14 points in the Hudson River (see Figure 2) 
between Weehawken and Jersey City, NJ. Using the EasyFit® distribution fitting software from MathWave 
Technologies, the wave height data was fit with a variety of statistical distributions, including the Weibull, 
Generalized Pareto, Gumbel, General Extreme Value (GEV), and normal distributions. The goodness-of-fit 
for each of these distributions was tested and ranked using the Kolmogorov-Smirnov goodness-of-fit test. 
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The results of the distribution ranking can be seen in Table 1. The GEV distribution generally ranked the 
highest for this dataset and was therefore selected to model the data.  

 

 

Figure 2. Locations in Hudson River where wave conditions were analyzed 
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Table 1. Some of the tested distributions ranked by goodness-of-fit. 

 

 

The cumulative distribution function (CDF) given by the GEV distribution can be characterized as 

[𝑋𝑋 ≤ 𝑥𝑥] = 𝐹𝐹𝑥𝑥(𝑥𝑥;  𝜇𝜇,𝜎𝜎, ξ) 

where 𝜇𝜇,𝜎𝜎, ξ are the three fitted parameters of the GEV distribution representing location, scale, and 
shape, respectively. The full form of the CDF as well as the fitting parameters can be found in Figure 3. 
While fitting a distribution to the wave height data it was noted that the data appears to follow a bi-modal 
distribution, with a high concentration of wave heights less than 0.5 meters, but relatively few waves 
occurring in the range of 0.5 meters. The effect of this bimodal behavior on the fitted distribution was 
tested by removing those waves of height less than 0.2 meters from the data, fitting the distribution, and 
comparing the results to those generated by fitting the distribution to the entire dataset (see Appendix 
A). It was seen that even though the distribution appeared to fit the modified dataset better than the full 
dataset, the effect on the 0.2% and 1.0% exceedance value wave heights was in general less than 0.5%. 
From these results it was concluded that the effects of the apparent bi-modal distribution of the data are 
insignificant for the wave events in which we are interested and therefore the entire wave dataset was 
used.   

Using the CDF, the 0.2% and 1.0% exceedance probability waves using all data were estimated to be 2.29 
and 2.06 meters respectively. To find the wave period associated with these waves, the maximum wave 
height for each storm was plotted vs. its respective wave period. This data was then fitted using a second 
order polynomial function and used to estimate the period associated with the 0.2% and 1.0% exceedance 
probability at 5.00 and 4.84 seconds, respectively. This information is also summarized in Figure 3.   

GEV distributions were created for each node location shown in Figure 2 and are included in Appendix A.  
A summary of the results is provided in Table 2. 

 

Distribution Rank
Gen Ext Value 1
Normal 2
Lognormal (3P) 3
Weibull (3P) 4
Gen Pareto 5
Gumbel Max 6
Weibull 7
Lognormal 8
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Table 2. GEV wave statistics for Hudson River. 

 

Hs (m) Hs (ft) Tp (s) Hs (m) Hs (ft) Tp (s)
500534 2.10 6.89 4.91 2.36 7.74 5.11
501922 2.11 6.92 4.88 2.36 7.74 5.07
504582 2.07 6.79 4.88 2.32 7.61 5.09
508440 2.03 6.66 4.87 2.27 7.45 5.06
510332 2.00 6.56 4.89 2.22 7.28 5.08
512231 1.96 6.43 4.84 2.19 7.19 5.02
514775 2.06 6.76 4.87 2.29 7.51 5.02
515398 2.00 6.56 4.85 2.22 7.28 5.01
516027 1.96 6.43 4.79 2.17 7.12 4.93
517273 2.01 6.59 4.77 2.23 7.32 4.90
518513 2.05 6.73 4.78 2.27 7.45 4.92
519766 1.98 6.50 4.90 2.18 7.15 5.08
521053 2.14 7.02 4.83 2.37 7.78 4.97
522976 2.16 7.09 4.79 2.39 7.84 4.93

All Nodes 2.06 6.76 4.84 2.29 7.51 5.00

Storm
1% annual chance 0.2% annual chance

Node
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Figure 3. Summary of the results for the entire maximum wave height dataset sampled from 189 simulated storms at 14 separate nodes in the Hudson River. 
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Discussion of Computed Wave Statistics 
In reviewing the wave height data for the 189 storms simulated in the FEMA surge study, it was noted 
that a few storms produced wave heights greater than 2.0 meters (6.5 feet) in the Hudson River and that 
these storms strongly influence the 100- and 500-year wave statistics.  These storms were identified and 
their storm names as defined in the FEMA study are: NJA_0007_006, NJA_0017_007, and LI_0016_005.  
To better understand the physical processes and storm parameters that were generating these larger 
wave heights in the Hudson River, the storm characteristics and model output were further reviewed. 

The tropical cyclone snapshots from the FEMA Region II study showing the landfall conditions and storm 
characteristics of the NJA_0007_006, NJA_0017_007, and LI_0016_005 storms are included in Appendix 
B.  The snapshots indicate that the 3 storms have similar characteristics with a storm track running parallel 
offshore to the NJ coast, making landfall along the southern shoreline of Long Island, NY.  The LI_0016_005 
storm is rather large with a radius to max winds of 30 Nmi (nautical miles) at landfall and wind speeds in 
excess of 100 mph.  The NJA_0007_006 and NJA_0017_007 storms are similar and are of smaller size with 
radius of max winds at 18-20 Nmi, but have higher wind speeds of 120-125 mph, approaching landfall.   

The NJA_0007_006 storm produced the largest wave heights in the Hudson River and the significant wave 
heights close to the peak surge for the storm are shown in Figure 4.  The wave pattern indicates larger 
wave heights propagate into the upper Harbor and continue up into the lower Hudson River.  Given there 
are multiple storms with this type of pattern, and no apparent anomalies exist in the model output, the 
computed statistics appear reasonable for application in the Hudson River and for defining the RBDH DFEs. 
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Figure 4. Significant wave heights (in meters) close to the time of peak surge for the NJA_0007_006 storm in NY-NJ Harbor  
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APPENDIX A 
 

WAVE HEIGHT GEV DISTRIBUTIONS FOR INDIVIDUAL LOCATIONS (NODES) IN HUDSON RIVER 
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APPENDIX B 
 

SNAPSHOTS FOR TROPICAL CYCLONES PRODUCING EXTREME WAVE HEIGHTS IN HUDSON RIVER 
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