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Purpose 
The purpose of this report is to outline the findings of a comparison made between the 
Expected Annual Number of Flood (EANF) Calculations proposed at the September 7, 
2007, Benefit Cost Analysis Reengineering (BCAR) Technical Advisory Group Meeting 
(TAG), and a method based on piecewise log-linear interpolation and extrapolation of 
flood stages.  The report is divided into three sections: 
� Riverine Flooding EANF Methodology 
� Non-Riverine Flooding EANF Methodology 
� Recommendations 

Riverine Flooding EANF 
Comparison of the Log-linear Method with the New EANF Method 
Summary 
A comparison was made between the new EANF calculation method presented in the 
September 7, 2007, TAG meeting (new EANF method) and a simpler method based on 
piecewise log-linear interpolation and extrapolation of flood stages (log-linear method). 
The purpose of this comparison was to determine if the log-linear method, which unlike 
the new EANF method that does not need to use the discharge data, can produce 
EANF results that are accurate enough for Benefit-Cost Analysis (BCA). To conduct the 
required tests, 145 data sets from Flood Insurance Studies (FISs) from various parts of the 
country were used. The results showed that the two methods do not generally produce 
similar results in terms of the EANF values or in terms of benefit-cost ratios (BCRs) 
calculated in the existing Full Data Module (FDM) using the EANF values calculated by 
the two methods. The log-linear method generally overestimates the BCR compared to 
the new EANF method, especially when the First Floor Elevation (FFE) is at or below the 
10-year flood elevation.  
Background 
During the BCAR TAG meeting of September 6–7, 2007, a new EANF calculation method 
was presented to be used in the revision of the Federal Emergency Management 
Agency (FEMA) BCA FDM.  
The proposed new EANF method incorporates statistical and hydraulic methods to 
capture both the physical and probabilistic characteristic of riverine flooding. It 
employs a frequency band approach instead of the 1-foot elevation to ensure that for 
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every case, a larger number of points (a maximum of 19 frequency bands versus the 
maximum of 9 elevation bands) are used to construct the curve in the EANF Versus 
Flooding Depth graph, and would lead to a more accurate evaluation of the BCR. The 
approach in the new EANF method is consistent with the approach traditionally used by 
the U.S. Corps of Engineers, and is based on establishing a relationship between flood 
frequency, stage-discharge, and damage-stage. A National Research Council 
publication describes this approach as being “consistent with longstanding scientific 
understanding” (Risk Analysis and Uncertainty in Flood Damage Reduction Studies, 
National Research Council, 1990). 
After the new EANF presentation at the TAG meeting, concerns were raised about the 
need to use discharge values of various frequencies in the calculation. These concerns 
revolve around previous experience with the current FDM (which also requires the use 
of discharge values). According to some members of the TAG, in some cases 
appropriate discharge values are unavailable, or the users misread or otherwise misuse 
the discharge values. It was suggested that perhaps a much simpler approach, not 
requiring discharge data, could be employed without much loss of accuracy. As an 
alternative, a simple approach based on log-linear interpolation of flood stages was 
proposed.  
Subsequently, FEMA asked the team to develop the log-linear method and compare its 
results to the results from the new EANF method. This report describes the comparison of 
the results from a large number of tests of the two methods. The proposition here is that 
the new EANF method produces the more accurate results, and the purpose of the 
tests was to see how closely the results from the log-linear method match the results 
from the new EANF method. 
The Log-linear Method 
To enable the required tests, the log-linear method was developed in an Excel 
spreadsheet. The method is based on the piecewise linear interpolation in a flood stage 
versus logarithm of recurrence interval. Any flood stage between the four recurrence 
intervals of 10-, 50-, 100- and 500-years is simply interpolated from a linear fit to each 
two subsequent points. The flood stages above the 500-year level are extrapolated by 
extending the fit line between the 100- and 500-year points upward. The flood stages 
below the 10-year level are extrapolated by extending the fit line between the 50- and 
10-year points downward. For extremely low stages, the partial duration series 
correction is employed, limiting the maximum annual probability in partial duration 
calculations to approximately 0.95 (or the maximum number of annual occurrences to 
three) consistent with both the current FDM and the new EANF method. Figure 1 shows 
an example of the piecewise log-linear interpolation and extrapolation. 
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Figure 1. Example of Piecewise Log-linear Interpolation and Extrapolation. 

 
Test Data 
To conduct the required tests, 145 data sets from FISs of various parts of the country 
were used. Each set consists of the stage and discharge values for 10-, 50-, 100- and 
500-year recurrence intervals, as well as the streambed elevation. For each data set, 
four cases were considered by assuming the FFE to be -2 feet below 10-year, -1 foot 
below 10-year, exactly at 10-year, and 1-foot above 10-year flood elevation. 
Altogether, 580 combinations were used in the tests. Each data combination was 
identified by a BCA ID from 1 to 580. Each BCA ID was used in evaluating the EANF 
values using the current FDM, the new EANF method, and the log-linear method. The 
large number of calculation runs required was facilitated by use of an MS Excel macro 
developed to automate repeated runs of the various spreadsheets involved in the 
calculations. 
The EANF values in the new EANF method are calculated based on frequency bands, 
but in the log-linear method, they are calculated based on 1-foot elevation bands. In 
order to allow a one-to-one comparison of methods and also allow the calculation of 
BCRs in FDM, the EANF values from the new EANF method needed to be interpolated to 
a 1-foot band. The 1-foot band interpolation of results was achieved successfully for 
most cases. However, for some cases, the interpolation ran into trouble, even if the new 
EANF method itself produced valid results. This was because, in the new EANF 
calculations, the lower limit of EANF calculation is the recurrence interval corresponding 
to the -2 feet of flood, and the upper limit is the 500-year elevation. In several cases, 
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interpolation to elevations below FFE or extrapolation to flood levels above 8 feet 
exceeded these limits.  Consequently, when the data were processed, the new EANF 
method produced errors for a number of cases. These cases represented problems or 
peculiarities with data as categorized below: 

1. First group of problems arose because of errors in data sets. There were a few 
data sets where streambed elevation (SBE) was below the 10-year flood, or 100-
year elevation was above the 500-year elevation. In all these cases, the log-
linear method produced EANF values, even if some of these cases led to 
unreasonable BCRs in excess of 200. The 1-foot band interpolation from the new 
EANF method produced no results for such cases, and that was how these data 
problems were detected. The data errors for these cases were corrected and 
these cases were used for the rest of this study. 

2. At some cross-sections, the FFE was very close to SBE. When calculating EANF for 
various elevations, two feet or one foot below the FFE (especially where FFE was 
assumed to be 1 or 2 feet below 10-year elevation) could take the elevation to 
or below SBE. For these cases the log-linear method still produced EANF values 
but the one-foot band interpolation from the new EANF method produced 
errors.  

3. In a few cross-sections, elevation bands several feet above FFE would take the 
elevation above the 500-year level.  For these cases, the log-linear method still 
produced EANF values, but the 1-foot band interpolation from the new EANF 
method produced errors because the new EANF values do not calculate any 
EANF beyond the 500-year flood elevation. 

All cases discussed in numbers 2 and 3 were eliminated from the test. This left 444 error-
free cases for comparison of results. A BCA ID was assigned to each data set to 
facilitate identification and use of the data during data analysis. 
Data Analysis and Results 
For all the 444 error-free cases explained previously, the project team calculated the 
EANF values by current FDM, the log-linear method, and the new EANF method. The 
EANF values from these methods were used in FEMA Riverine Flood FDM (Version 5.2.5) 
to evaluate the BCR for acquisition of a one- or two-story building with basement and 
typical Building Replacement Value (BRV), contents, and displacement values. 
The table in Appendix I summarizes the BCR results for all three methods for all 444 BCA 
IDs with acceptable results. The last column in each table section shows the percent 
difference between the BCR calculated by the log-linear and new EANF methods. 
The main focus of this study was to compare the results of the log-linear method to the 
new EANF method. Figure 2 plots the BCR results from the new EANF method versus 
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BCRs from the log-linear method. Most of the points in Figure 2 fall below the 45-degree 
line, meaning that the log-linear BCRs are generally larger than new EANF BCRs. Most 
BCR values in Figure 1 lie well above the 1.0 threshold, because the FFE values ranged 
from 2 feet below to 1 foot above the 10-year flood elevation, and the structure 
analyzed has a basement. A number of extremely large BCR values beyond 20 are 
produced by the log-linear method, but not by the new EANF method. 
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Figure 2. Comparison of BCRs from Log-linear Method to the New EANF Method. 

Figure 3 shows the same information as Figure 2, but focuses on the lower BCR values 
less than or equal to 1.5 to examine the results close to the critical value of unity for BCR. 
Again, most of the points lie below the 45 degree line. All the points that lie below  
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Figure 3. Comparison of Results for BCR Less than or Equal to 1.5. 

 
The line of new EANF BCR = 1 and to the right of the line on log-linear BCR = 1 are the 
cases that are not cost-effective according to the new EANF method, but are cost-
effective according to the log-linear method. There are only a few points on Figure 3 
that represent cases that would qualify as cost-effective by the new EANF method, but 
not by the log-linear method. It can be seen from this analyses that the two methods in 
general do not produce similar conclusions for cost-effectiveness. 
The percent differences between the BCR values calculated by log-linear and the new 
EANF method were analyzed. Figure 4 shows this percentage for all BCA IDs when they 
are sorted in ascending order of percentage of difference. As seen in Figure 4, there 
are a lot more BCA IDs with positive differences than negative differences. Also, the 
absolute value of the positive differences is mostly larger than the negative differences. 
This indicates that, for most cases tested, the log-linear method overestimated the BCR 
calculated by the new EANF method. 
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Figure 4. Percentage of Difference between BCRs Calculated by the Two Methods. 

The difference between the results produced by the two methods was further analyzed 
by breaking down the values of percentage differences into categories based on the 
FFE position relative to the 10-year flood elevation. Table 1 presents the results of this 
analysis. 
Table 1. Percentage of Differences between the BCRs by the Two Methods Categorized Based on Position of 

FFE. 

FFE 
Position

# cases
analyzed

# positives:
BCR Log 

lin>BCR new 
EANF

%
Positive

# cases
-10%<diff<10%

%
within 
10%

Average of 
% 

differences

Max of 
% 

differences
Min of % 

differences
10Year - 2 108 97 89.81% 24 22.22% 32.77 85.82 -44.98
10Year - 1 112 98 87.50% 31 27.68% 30.81 87.40 -36.57

10Year 112 88 78.57% 48 42.86% 21.06 88.35 -34.79
10Year+ 1 112 66 58.93% 84 75.00% 7.49 86.37 -36.33

Total 444 349 187 42.12% 22.946
Average 78.60%  

The fourth column of Table 1 (# positives: BCR log-lin>BCR new EANF) shows that the 
higher the FFE, the smaller the percentage of differences. However, for all FFE levels the 
percent differences are over 50 percent, indicating that the log-linear method 
produced larger BCRs than the new EANF method.   
The sixth column of Table 1 (# cases -10%<diff<10%) shows the percentage of the cases 
that the BCR produced by the two methods that are within 10 percent of each other. 
For lower FFEs, this percentage is very low (22 to 28 percent), but when the FFE moves 
above the 10-year elevation, this percentage rises to 75 percent.  Only 42 percent of all 
BCAs analyzed had BCRs within 10 percent of each other. 
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We also compared the results by the two methods to the results from the current FDM. 
Figure 5 shows that the log-linear method overestimated the BCRs compared to the 
FDM, because most of the points lie to the right of the 45-degree line. Figure 6 
compares the results from the new EANF method with the FDM results. This figure shows 
that the points are scattered on both sides of the 45-degree line, meaning that 
implementing the new EANF method in the existing FDM could increase the BCR in 
some cases, and decrease the BCR for other cases. Figure 7 shows the same 
comparison, showing only all BCRs less than or equal to 1.5, to focus closer around the 
critical BCR of unity. This figure shows that implementing the new EANF method could 
change the conclusion from the existing FDM, regarding the cost-effectiveness of a 
project. 
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Figure 5. Comparison of BCRs from Log-Linear Method to the Existing FDM Method. 
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Figure 6. Comparison of BCRs from Existing FDM Method to the New EANF Method. 
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Figure 7. Comparison of BCRs from Existing FDM Method to the New EANF Method for BCRs Less Than or 

Equal to 1.5. 
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The results of the three methods can also be compared at the level of the EANF values 
rather than the BCR. Figure 8 shows the EANF values calculated by the three methods 
for a sample case (BCA ID 278) for FFE 1 foot below the 10-year flood elevation. This 
example represents a case where the existing FDM EANF values are unacceptable for 
low-flood depths. Both the log-linear and the new EANF method avoided the error in 
FDM calculations for this case, but they yielded different EANFs for low-flood depths. 
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Figure 8. EANF Calculated by Three Methods for BCA ID 278. 

  
Figure 9 shows another example (BCA ID 108) of when the FFE is 1 foot above the 10-
year flood. The FFE actually falls on the 50-year flood elevation, and the building would 
not be cost-effective to acquire. As shown in Figure 8, the EANF values for the two 
methods look very close, but these values, when used in the existing FDM, produced 
different conclusions. The 1-foot band interpolation of the EANF values from the new 
EANF method resulted in a BCR of 0.88 (not cost-effective), while the log-linear method 
resulted in a BCR of 1.15 (cost-effective). The existing module gave a BCR of 0.94 for this 
case.  
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Figure 9. EANF Calculated by Two Methods for BCA ID 108. 

Coastal Flooding EANF 
Comparison of the Log-linear Method with the Existing EANF Method 
Summary 
A comparison was made between the existing Coastal A and V Zone Flood Full Data 
Modules (existing EANF method) and a simpler method based on piecewise log-linear 
interpolation (log-linear method) and extrapolation of flood stages. The purpose of this 
comparison was to determine if the log-linear method, which unlike the existing EANF 
method does not need to use a 1-year stillwater elevation, can produce EANF results 
that are accurate enough for BCA. To conduct the required tests, 45 data sets from FIS 
studies from various parts of the country were used. The results of the analysis illustrated 
the existing EANF calculations and the log-liner interpolation do not produce similar 
results in terms of the EANF values or the BCRs. Generally, the log-linear method results in 
higher BCRs compared to the existing EANF method, especially when the FFE is at or 
below the 10-year flood elevation. 
Background 
During the BCAR TAG meeting of September 6–7, 2007, no changes were 
recommended to the Coastal A and V Zone Flood FDM EANF calculations.  The TAG 
recommended removing the need for the applicant to provide a 1-year stillwater 
elevation, and to instead complete the EANF calculations based on a piecewise linear 
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regression.  In many cases, identifying a 1-year elevation is not straightforward for the 
average applicant (i.e., ensuring the National Oceanic and Atmospheric Administration 
(NOAA) data is in the same datum as the FIS stillwater elevations and/or calibrating the 
tide station data). It was suggested that perhaps a much simpler approach, not 
requiring the 1-year elevation, could be employed without much loss of accuracy. As 
an alternative, a simple approach based on piecewise log-linear interpolation of flood 
stages was proposed. Subsequently, FEMA asked the team to develop the log-linear 
method and compare its results to results obtained with the existing EANF method. This 
report describes the comparison of the results from a large number of tests using the 
two methods. It must be noted that the proposition here is that the existing EANF 
method produces the more accurate results.  The purpose of the tests was to see how 
closely the results from the log-linear method match those from the results with the 
existing EANF method.   
The Existing Coastal Module EANF Calculations 
For coastal flooding the EANFs are determined by using the Stillwater Elevations 
provided by the analyst; the module requires the analyst to provide elevations for the 1- 
and 100-year events along with three other return periods. A linear relationship is 
established between x and y, as defined below: 

1ElElElevationAdjustedtheisx RP −=  

Where:  

El1 is the 1-year flood elevation. 

ElRP is the stillwater elevation for a given return period. 
and 
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Where:  

ExcP is the probability of exceedance.  

CDF is the cumulative probability or probability of non-
exceedance of a flood depth with return period RP. 

RP is the return period. 
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The linear equation is: 
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Where:  

C is the constant found by linear intercept. 

i is the slope of the line. 
 
Taking the exponential of both sides of the linear equation: 
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Let the right-hand side of the equation be K: 
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This equation can be used to calculate the exceedance probability at various depths 
of flooding. For Z = minus 2.5 to 16.5: 
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−++
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Where:  

Z is the Depth of Flooding in half-foot increments. 
 
The EANF can be calculated by subtracting the exceedance probabilities of two 
consequent flood elevations. To ensure reasonability, the calculation is conditional for 
flooding depths that are close to the 1-year elevation. If the two consequently 
calculated values of flood elevation are both greater than the 1-year elevation, then 
their corresponding exceedance probabilities are simply subtracted from each other to 
find the EANF of that elevation band. If the higher elevation is higher than the 1-year 
flood, but the lower elevation is lower than the 1-year flood, then the EANF of that 
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elevation band is set equal to one minus the exceedance probability of the higher 
elevation. If the higher elevation of an elevation band is equal to or smaller than the 1-
year elevation, then the EANF of that elevation band is set to one.  

1)()5.0(

)5.0(1)()5.0()5.0(

)5.0()5.0()()5.0()5.0(

1

11

11

=→≤++
+−=→≤+−>++

+−+=→>+−>++

dEANFElFFEdIf

dExcPdEANFElFFEdANDElFFEdIf

dExcPdExcPdEANFElFFEdANDElFFEdIf

 

Where:  

EANF(d) is the Expected Annual Number of Floods at depth d. 

d is the Depth of Flooding (which typically ranges from minus 2 
feet to 16 feet, but the actual range depends on the Depth 
Damage Function associated with the building type). 

FFE is the First Floor Elevation of the building. 
 
The following figure illustrates the results of the coastal EANF calculations. 

FFE d EANF 
 -8 1 

Elevation 3 -7 1 
Frequency A 10 -6 1 

Frequency B 50 -5 1 
Frequency C 100 -4 1 
Frequency D 500 -3 1 

BFE 10.8 -2 1 
1 Year 2.5 -1 1 

10 Year 4.2 0 0.895001016 
50 Year 8.9 1 0.025566275 
100 Year 10.8 2 0.019756203 
500 Year 17.2 3 0.015080554 

 4 0.011404141 
1 Year 2.5 5 0.008563035 
10 Year 4.2 6 0.006395551 
50 Year 8.9 7 0.004757712 
100 Year 10.8 8 0.00352883 
500 Year 17.2 >8 0.009946683 
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The Log-linear Method 
To enable the required tests, the log-linear method was developed in an Excel 
spreadsheet. The method is based on the piecewise linear interpolation of the stillwater 
elevation versus the logarithm of recurrence interval. Any flood stage between the four 
recurrence intervals of 10-, 50-, 100- and 500-years is simply interpolated from a linear fit 
between two subsequent points. For example, the flood stages above the 100-year 
level are extrapolated by extending the fit line between the 100- and 500-year points 
upward; whereas the flood stages below the 10-year level are estimated by extending 
the fit line between the 10- and 50-year points downward. The EANF values were 
calculated based on 1-foot elevation bands in order to allow a one-to-one comparison 
with the existing module.  The maximum expected annual number of floods was limited 
to one, and the 1-year flood elevation was limited as to be no higher than the FFE (if the 
regression calculated it to be higher than the FFE).  Example results follow: 

 
Figure 10. Spreadsheet Developed to Calculate Expected Annual Number of Floods Based on a Piecewise 

Log-linear Regression. 
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Test Data 
To conduct the required tests, 45 data sets from FISs of various parts of the country were 
used. Each set consisted of the stillwater elevation data values for the 10-, 50-, 100- and 
500-year recurrence intervals. For each data set, 24 cases were considered by 
assuming the FFE to be -2 feet below 10-year, -1 foot below 10-year, exactly at 10-year, 
and 1-foot above 10-year flood elevation.  Wave Height Factors of between 0 to 5 feet 
were also used. Altogether, 1,080 scenarios were established for testing.  However, tidal 
data collected from numerous NOAA tide stations around the country did not have a 
geodetic vertical datum associated with them.  Therefore, it was not possible to 
properly associate a 1-year stillwater elevation (based on the NOAA tide station data) 
with the FIS stillwater elevation.  As a result, only 216 of the 1,080 scenarios were used.  
Each scenario was used in evaluating the EANF values using the current modules, and a 
piecewise linear regression.  A macro in MS Excel was developed to help automate the 
repeated analyses involved in these calculations.  A BCA was conducted for a One- or 
Two-Story with Basement 2,000-square foot (sf) residence at each location, with a BRV 
of $100/sf, FEMA Standard Values for Contents and Displacement, a Project Useful Life 
of 30 years, an assumption that the structure was being elevated 5 feet, and a Project 
Cost of $100,000. 
Data Analysis and Results 
The main focus of this study was to compare the results of the log-linear method to the 
existing EANF method.  Figure 11 plots the BCR results from the existing coastal flood full 
data module versus BCRs based on the piecewise log-linear method.  Almost all of the 
points in Figure 11 fall above the 45-degree line, meaning that the log-linear BCRs are 
larger than the existing module BCRs.  A number of extremely large BCR values beyond 
10 are produced by the log-linear method, but not by the existing EANF method. 
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Figure 11. Comparison of BCRs from Piecewise Log-Linear Method to the Existing Coastal FDM EANF Method. 
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Figure 12 is a similar plot; however the comparison is of BCR results with the existing EANF 
method versus an analysis that estimates the 1-year flood elevation based on a log-
linear regression of the 10- and 50-year flood events.   
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Figure 12. Comparison of BCRs from Existing Module Using a Log-Linear Regression of the 10- and 50-Year 
Stillwater Elevation to Determine the 1-Year Stillwater Elevation to the Existing EANF Method (1-year based 

on NOAA tide data). 

 
Figure 13 and 14 show similar plots to the ones illustrated in Figures 11 and 12, but focus 
on the lower BCR values.   
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Figure 13. Comparison of BCRs from Piecewise Log-Linear Method to the Existing Coastal FDM EANF Method. 
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Figure 14. Comparison of BCRs from Existing Module Using a Log-Linear Regression of the 10- and 50-Year 
Stillwater Elevation to Determine the 1-Year Stillwater Elevation to the Existing Coastal FDM EANF Method (1-

year based on NOAA tide data). 

 
The percentage differences between the BCR values determined by the existing EANF 
method and the log-linear method were calculated.  Figure 15 shows this percentage 
for all scenarios when they are sorted in ascending order of percentage of difference. 
As seen in Figure 15, almost all of the scenarios have a positive difference, and the 
absolute value of the positive differences is larger than the negative differences. This 
indicates that, for most cases tested, the log-linear method results in larger BCRs than 
the existing EANF method. 
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Figure 15. Percent of Difference between BCRs from Log-Linear Method to the Existing EANF Method. 
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The difference between the results produced by the existing EANF method versus using 
a piecewise log-linear regression was further analyzed by breaking down the values of 
percentage difference into categories based on the FFE position relative to the 10-year 
flood elevation. Table 2 presents the results of this analysis. 
Table 2.  Percentage of Differences between BCRs Based on Position of FFE (existing module versus a log-

linear regression). 

FFE Position # Cases

BCR Log Linear 
Reqression Equal to 

Existing Module

# Positive BCR Log 
Linear Regression 

versus Existing Module
% Equal 

or Positive
Cases 

w/in 10%
% within 

10%

Average 
of % 

Difference
Max of % 
Difference

Min of % 
Difference

10Year Plus -2 54 0 54 100% 0 0% 136% 334% 29%
10Year Plus -1 54 0 54 100% 0 0% 156% 420% 52%
10Year Plus 0 54 0 54 100% 0 0% 159% 493% 25%
10Year Plus 1 54 0 52 96% 2 4% 139% 627% -25%

216 0 214 99% 2 1% 147%

 
Figure 16 is similar to Figure 15, however the percentage difference is based on the 
existing EANF method versus using a log-linear regression of the 10- and 50-year 
stillwater elevation to determine the 1-year stillwater elevation before using the existing 
module.   

-200%

-150%

-100%

-50%

0%

50%

100%

150%

200%

%
 D

if
fe

re
n

ce
 b

et
w

ee
n

 E
xi

st
in

g
 M

o
d

u
le

 &
 

E
st

im
at

in
g

 1
-y

ea
r 

b
as

ed
 o

n
 L

o
g

 L
in

ea
r 

R
eg

re
ss

io
n

 o
f 

10
 &

 5
0 

yr
 S

W
E

L
 B

C
R

s

 

Figure 16. Percentage of Difference between BCRs from Existing Module Using a Log-Linear Regression of 
the 10- and 50-year Stillwater Elevation to Determine the 1-Year Stillwater Elevation to the Existing EANF 

Method (one-year based on NOAA tide data). 

 
The difference between the results produced by the existing module versus using a log-
linear regression of the 10- and 50-year stillwater elevation to determine the 1-year 
stillwater elevation before using the existing module was further analyzed by breaking 
down the values of percentage differences into categories based on the FFE position 
relative to the 10-year flood elevation. Table 3 presents the results of this analysis. 
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Table 3.  Percentage of Differences between BCRs Based on Position of FFE Existing Module Using a Log-
Linear Regression of the 10- and 50-Year Stillwater Elevation to Determine the 1-Year Stillwater Elevation 

Versus the Existing EANF Method (1-year based on NOAA tide data). 

FFE Position # Cases

BCR Log Linear 
Reqression Equal to 

Existing Module

# Positive BCR Log 
Linear Regression 

versus Existing Module

% Equal 
or 

Positive
Cases 

w/in 10%
% within 

10%

Average 
of % 

Difference
Max of % 
Difference

Min of % 
Difference

10Year Plus -2 54 3 40 80% 4 7% 23% 73% -161%
10Year Plus -1 54 8 37 83% 9 17% 30% 74% -92%
10Year Plus 0 54 20 28 89% 21 39% 28% 79% -33%
10Year Plus 1 54 31 11 78% 32 59% 20% 81% 0%

216 62 116 82% 66 31% 25%

 

Recommendations  
Riverine EANF 
The project team recommends adopting the EANF calculations presented at the 
September 6–7, 2007, BCAR TAG meeting.  These calculations require the same hazard 
data as the current Riverine Flood Full Data Module, in addition to a stream bed 
elevation.  The proposed Riverine EANF calculations incorporate statistical and 
hydraulic methods to capture both the physical and probabilistic characteristic of 
riverine flooding. The proposed method employs a frequency band approach instead 
of the 1-foot elevation to ensure that for every case, a larger number of points (a 
maximum of 19 frequency bands versus a maximum of 9 elevation bands) are used to 
construct the curve in the EANF versus flooding depth graph, and would lead to a more 
accurate evaluation of the BCR.  The following figure illustrates the data required for 
these calculations, which is very similar to the existing module.   

 
 

Non-Riverine EANF 
The project team recommends maintaining the existing calculations/approach as they 
provide more reasonable and accurate results.  However, if removing the 1-year flood 
elevation from the input data is necessary, it is recommended that the module 
maintain the existing EANF calculations (based on a probability of exceedance), and 
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use a log-linear regression to estimate the 1-year flood elevation.  Although the BCR 
results using these calculations do not compare well to the existing coastal flood FDM 
EANF calculations, this approach would increase the usability of the modules without 
sacrificing as much accuracy as calculating the entire analysis on a piece-wise log-
linear regression.  Considering the 1-year elevation impacts of the existing EANF 
calculations when the FFE is within certain depths of the 1-year flood event (2.5 feet for 
structures with basements, 0.5 feet without), which does not occur that often, sacrificing 
this level of accuracy for usability may be acceptable. Using this approach would 
remove the need for the applicant to provide a 1-year flood elevation.  In addition, this 
would allow for applications to use this module for interior drainage projects and/or 
riverine flooding projects where discharge data is not available.  If adopted, the 
calculations would be based on the following: 
� Analyst provides at LEAST four stillwater elevations:   

o 2–10-year frequency  
o 25–50-year frequency 
o 100-year event 
o 250–500-year event  

� The 1-year stillwater elevation is optional, if it is provided, then the expected 
annual number of floods at certain depths may reach one. 

� If a 1-year stillwater elevation is not provided, the 1-year will be estimated based 
on a log-linear regression of the two lowest frequency elevations provided by the 
user (typically the 10- and 50-year flood events). 

� If additional elevations are provided for frequencies between the 2–50-year 
event, the log-linear regression used to estimate the 1-year elevation will 
incorporate these values into the calculations.  

� If estimated, the 1-year frequency will be no higher than the FFE. 
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APPENDIX A 

Summary of Riverine Results Table 
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Table 1. Riverine Results Summary Table 

BCA ID

Existing 
Module 

BCR

Log Linear 
Regression 

BCR
New Riverine 
EANF BCR

% difference
Log-lin vs. 
New EANF BCA ID

Existing 
Module 

BCR

Log Linear 
Regression 

BCR
New Riverine 
EANF BCR

% difference
Log-lin vs. 
New EANF

405 10.60 19.90 7.40 62.80 534 4.01 4.93 3.81 22.63
406 6.90 9.15 4.08 55.38 535 2.11 2.36 2.09 11.37
409 7.60 18.41 6.39 65.28 536 1.02 1.13 1.09 3.77
410 4.15 8.22 3.68 55.25 537 7.84 19.37 11.33 41.49
411 2.16 2.46 1.97 19.80 538 5.15 8.81 4.60 47.73
412 1.02 1.05 0.98 6.84 539 2.60 2.71 2.20 18.73
413 10.62 18.89 17.95 4.97 540 1.15 0.98 0.93 5.14
414 6.91 8.49 8.02 5.47 541 8.45 10.90 7.06 35.18
415 3.42 2.53 2.55 -0.67 542 3.92 4.46 4.17 6.58
416 1.44 0.95 1.00 -4.97 543 1.48 2.40 2.36 1.75
429 6.97 7.04 5.63 19.97 544 0.77 1.29 1.29 -0.51
430 3.77 4.33 3.83 11.64 545 17.74 30.93 20.07 35.09
431 1.94 2.67 2.54 4.74 549 2.23 6.13 8.89 -44.98
432 0.92 1.65 1.65 -0.33 550 1.51 4.33 5.67 -30.75
433 10.16 6.58 5.94 9.76 551 1.07 3.03 3.51 -15.75
434 4.66 4.37 4.14 5.12 552 0.78 2.09 2.14 -2.09
435 1.72 2.89 2.84 1.82 553 6.58 18.02 7.77 56.86
436 0.93 1.90 1.91 -0.38 554 3.50 7.97 4.33 45.69
437 6.63 6.65 5.88 11.62 555 1.73 2.34 2.21 5.41
438 3.62 4.27 4.01 6.18 556 0.75 1.06 1.05 1.18
439 1.90 2.73 2.67 2.24 557 4.32 7.52 5.52 26.55
440 0.94 1.74 1.74 -0.35 558 2.39 4.56 3.79 16.95
442 12.58 15.47 5.22 66.22 559 1.29 2.80 2.57 8.42
443 6.02 6.04 2.43 59.75 560 0.78 1.75 1.72 1.74
444 2.32 1.00 0.94 5.64 561 2.37 7.33 7.17 2.18
453 4.92 6.96 6.73 3.31 562 1.66 5.52 5.47 0.95
454 2.33 5.09 5.03 1.20 563 1.20 4.17 4.17 0.04
455 1.40 3.72 3.73 -0.19 564 0.88 3.15 3.17 -0.57
456 0.92 2.72 2.74 -0.92 565 1.95 8.01 8.66 -8.07
457 4.85 6.92 6.11 11.70 566 1.53 6.33 6.67 -5.47
458 2.67 4.77 4.46 6.64 567 1.21 4.97 5.12 -3.00
459 1.45 3.30 3.22 2.49 568 0.96 3.89 3.92 -0.91
460 0.89 2.30 2.31 -0.48 569 7.48 18.00 8.22 54.33
461 4.84 6.78 6.20 8.55 570 4.10 7.96 4.59 42.33
462 2.66 4.59 4.39 4.37 571 2.14 2.32 2.33 -0.24
463 1.43 3.12 3.08 1.25 572 1.02 1.05 1.08 -3.42
464 0.87 2.12 2.13 -0.71 573 10.33 29.59 16.92 42.82
470 4.69 16.44 9.25 43.72 574 6.72 15.47 7.38 52.29
471 2.35 6.66 2.90 56.39 575 3.31 6.05 2.29 62.15
472 1.02 1.28 0.94 26.97 576 1.38 1.01 0.86 14.64
473 7.01 10.39 12.81 -23.30 577 4.24 29.97 20.40 31.93
474 3.39 4.13 5.65 -36.57 578 3.04 15.71 9.46 39.80
475 1.43 2.22 2.91 -30.88 579 1.96 6.18 3.04 50.84
476 0.76 1.16 1.37 -18.31 580 0.95 1.03 1.00 2.91
477 5.96 6.45 7.69 -19.18
478 3.01 3.96 4.68 -18.02
479 1.41 2.39 2.70 -13.05
480 0.80 1.39 1.48 -6.37
481 6.61 29.60 12.13 59.00
482 4.35 15.47 4.99 67.76
483 2.21 6.05 2.29 62.19
484 0.99 1.00 0.88 11.85
485 6.63 19.38 7.77 59.91
486 4.38 8.82 4.24 51.89
487 2.24 2.72 2.08 23.66
488 1.02 1.00 0.92 7.79
489 23.59 30.13 17.36 42.39
490 15.13 15.86 7.65 51.79
491 7.18 6.32 2.39 62.21
492 2.70 1.15 0.90 21.71
493 23.58 31.08 10.40 66.52
494 15.11 16.52 4.22 74.47
495 7.16 6.73 1.94 71.20
496 2.68 1.35 0.76 43.19
497 23.56 45.92 6.51 85.82
498 15.08 27.12 3.42 87.40
499 7.13 13.65 1.59 88.36
500 2.66 4.81 0.66 86.38
501 10.50 19.05 10.55 44.60
502 5.34 8.64 4.29 50.27
503 2.39 2.67 2.12 20.62
504 0.81 1.07 0.98 8.29
505 10.51 18.43 11.95 35.17
506 5.35 8.24 4.96 39.80
507 2.41 2.47 2.39 3.23
508 0.83 1.06 1.07 -0.27
509 10.50 18.41 11.45 37.80
510 5.35 8.22 4.67 43.21
511 2.40 2.46 2.30 6.33
512 0.83 1.05 1.05 0.40
513 2.19 8.02 5.94 25.95
514 1.53 5.13 4.40 14.23
515 1.06 3.37 3.24 3.75
516 0.73 2.29 2.38 -3.82
517 2.32 7.61 7.75 -1.77
518 1.65 5.94 5.97 -0.52
519 1.21 4.64 4.59 1.18
520 0.91 3.63 3.52 2.89
521 1.98 7.70 7.22 6.27
522 1.50 5.89 5.73 2.82
523 1.14 4.54 4.54 -0.02
524 0.87 3.53 3.60 -2.12
525 9.96 29.44 10.53 64.23
526 6.48 15.36 4.46 70.97
527 3.20 5.98 2.11 64.78
528 1.35 0.97 0.86 12.00
529 9.93 30.03 11.83 60.60
530 6.45 15.76 4.77 69.72
531 3.17 6.22 2.17 65.20
533 7.31 11.89 6.53 45.07  
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APPENDIX B 

Summary of Non-Riverine Results Tables 
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Table 2. Benefit-Cost Ratio Comparisons  
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Table 3.EANF Values from Existing Module (1-year based on NOAA tide data) 
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Table 4. EANF Values for Use in Existing Module (Based on Piece Wise Log-Linear Regression of 10-, 50-, 100-, and 500-Year SWEL – No 1-Year Provided) 
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Table 5. EANF Values for Use in Existing Module (Based on Piece Wise Log-Linear Regression of 10- and 50-Year SWEL to Estimate 1 Year) 
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