FEMA Benefit-Cost Analysis
Re-engineering (BCAR)

Flood Full Data Module Methodology Report

Version 4.5

May 2009




Contents

U] oL@ 1= T PSPPSR PPRPRRPPRt 1
Problem STAtemMENT ... . et 1
OVEIVIEW 1ttt ettt ettt et e e e e bbbt et e e e e e e e as bbb teeeeeeeesenssbabaeeeessesaannnes 1
Expected ANNUAl NUMDET Of FIOOTS. ...uuuuiiiiiiiii e 3
FIOOA DISCNArGE DOtQ it aaaaaeabaeaessaeesaneeee 17
FloOd EIeVATION DOTO...uiiiiiiiiiiiieeeeee ettt e e e e e 18
EXCEPTEA DOMOGES .ttt aesbaassbbeesaasaneeanene 19
BUIIING DOMNOIGES ettt ssessesseeasneaennnnee 19
Demolition TAESNOIA ....uiiiiiiieteeee e e e e e e e 20
YUl le[TaYe I o [ee] N (=Y [ USSP 21
BUIldiNg RePIACEMENT VAIUE... .. e e e e e e e e e e s e e e e e e aa e 21
(Ofel 2] (=1l B le T pale e [T T T T 26
VAlUE OF CONTENTS ittt e e e e rrr e e e e e e e 26
DSl ACEMENT COSTS ettt bbb et baanbanaeaeanane 28
LOST BUSINESS INCOMIE ..eiiiiiiiiiiiiiitteeee ettt ettt ettt e e e e e e e e e e e e e e mseeaaeees 30
LOSS Of RENTAI INCOMIE cciiiiiiiee e e e e 33
Value of Lost PUBIIC/NONPIOfit SEMNVICE ccciiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 33
VAIUE OF SEIVICE..ciiiiiiiii ettt et e e s e rrreteeee e e e 34
(1o 1Y N oTo ol = TN U U U T 34
(@ ) 1 a1 TP PP PTT OO PPPPPPPPPPIIN 34
Depth DAMAGE FUNCHONS .. beaaseaeaeesaeeeee 35

BUIIAING TYE ettt ettt ettt ettt ettt et e et e et eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 35

Depth Damage FUNCHON (DDF) ciiiiiiiiiiiiiiiiiiiiiiiiiiiieieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeees 36

Y L= 11 KT T PP 37




First FIOOr EIEVATION (FFE) .ottt e e e e et ee e e e e e e e e e aaeaee e e e e eeeeeeennnan
Mitigation Project USefuUl LIFETIMIE ... e

IS OUNT RO O e ittt ittt et e et e et e et s et e tasansaassanestnnsennstnestnnstnesenesennsennns




Purpose

This report is provided for use by the Federal Emergency Management Agency (FEMA)
Technical Advisory Group (TAG) to review and approve recommended methodology
for the reengineering of the FEMA Flood Full Data Benefit-Cost Analysis (BCA) Modules.
The goal is to develop methodologies that simplify the analysis process for the average
user, while basing those methodologies on well-defined scientific and engineering
principles that accurately represent structural performances. The infent of the Flood Full
Data Module remains the same: to conduct a BCA for an individual structure using
project-specific flood hazard data and Depth Damage Functions (DDF) to estimate
damages. The methodology report is part of a larger effort fo reengineer the FEMA BCA
methods, modules, guidance, and fraining, in order to improve the BCA process.

Problem Statement

BCA users identified Flood Full Data Module problems that needed to be addressed in
the Benefit-Cost Analysis Re-engineering (BCAR). Users found that there were
enhancements that could be made to the current software as identified in the Benefit-
Cost Analysis Re-engineering (BCAR) Methodology Update List and during the June
2007 BCAR TAG Meeting. The following is a summary of the major assumptions and
equations related to the Flood Full Data Module that significantly affect the typical
analysis and the proposed resolutions to the problems.

Overview

The benefits of a hazard mitigation project are the future losses prevented or reduced
by the project. The benefits counted in a BCA represent the present value (in dollars) of
the sum of the expected annual avoided damages over the project useful life. A BCA
takes into account:

* Probabilities of various levels of natural-hazard events and damages
»  Useful lifetime of the mitigation project
= Time value of money (the discount rate)
To calculate benefits, the Flood Full Data Module estimates the flood damages at

different water depths and the annual percentage chance that an event will occur,
both with and without undertaking the mitigation project.
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Where:

B is the total expected annual benefit of the hazard mitigation
project.

T is the estimated amount of time (in years) that the mitigation
action will be effective.

r is the annual discount rate used to determine the “Net
Present Value” of benefits. For FEMA-funded projects, the
rate is set by the Office of Management and Budget (OMB).

The expected annual net benefit (EAB) is the difference between expected annual
damages (EAD) before (EADsefore mitigation) and after (EAD atter mitigation) Mitigation.

EAB = EAD - EAD

BeforeMitigation After Mitigation

Where:
EAB is the expected annual net benefit.
EADgsoemitigaion IS the expected annual damages before mitigation.

EAD e mitigation 1S The expected annual damages after mitigation.

To determine the expected annual damages, the module multiplies the annual
probability of flooding at a given Flood Depth (FD) by the estimated losses at specific
flood depths.

d=16

EAD = > EAD(d) = [EANF (d)][L(d)]

d=-2

Where:
EAD(d) is the expected annual damage at depth d.
EANF(d) is the Expected Annual Number of Floods at depth d.

L(d) is the expected losses or damages af depth d.




Expected Annual Number of Floods

A new calculafor is being developed to calculate the EANF for use in the Riverine Full
Data BCA Module. In general, the EANF calculations in the Flood Full Data Module are
not based on any physical (hydrologic and hydraulic) characteristics of the riverine
system, or application of statistical principles to analyze probabilities of flooding. The
EANF calculations are merely based on a linear curve fit fo the user-entered frequency-
discharge-depth data and interpolation and extrapolation of the fit lines. Therefore, in
particular cases, the calculations may involve physically impossible or improbable
conditions. For example, the linear interpolations used in this procedure may even
make use of negative values of discharges.

Moreover, the existing methodology could result in erroneous or unreasonable EANF
calculations in particular cases. In some instances, with the same input data set, raising
the First Floor Elevation (FFE) would result in an increase of the benefits, rather than a
reduction.

Most calculation problems occur when the FFE is below the 10-year flood elevation. The
problem most often appears when assigning a 0 value to EANF for a flooding depth of
minus 2 feet and generation of a curve that has one or more EANF points that do not
decrease with increasing flooding depth. The reason this problem happens in the Flood
Full Data Module may be related to several factors, including:

» Piece-wise linear interpolation of discharge-return period values
» Piece-wise linear interpolation of discharge-elevation values

» Apparent application of a Partial Duration Series to infrequent events, rather
than very frequent events

» Apparent error in the formula used for back extrapolation in Cells L214 and cells
below it in the Flood Hazard sheet

The alternative EANF calculation approach we are proposing incorporates statistical
and hydraulic methods to capture both the physical and probabilistic characteristics of
riverine flooding. In the BCA calculation method employed in the Flood Full Data
Module, the calculation of the benefit-cost ratio (BCR) is based on an evaluation of the
area under the curve in a plot of EANF versus Flooding Depth. It is entirely possible that,
for a given case, the entire range of flooding depths that have any meaningful effect
on the BCR value is only a few feet wide. The calculation of the BCR based on 1-foot
elevation intervals would be very crude in such cases. 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 fo construct the curve in the EANF versus Flooding Depth
graph; this will result in a more accurate calculation of the BCR.

The flow diagram at the end of this section presents the calculation steps in the
proposed method, as they are modeled in a prototype spreadsheet. Detailed
explanation of the calculations is presented here:

1. The user inputs the Standard Recurrence Interval (Rl) - Peak Flow (Qp) (or Qps for
more than one) - Water Surface Elevation (WSE) data points (normally from Flood
Insurance Studies [FISs]), the corresponding Streambed Elevation (SBE) from the
FIS flood profile, and the FFE. The following figure shows a sample input from a
prototype-calculation spreadsheet. The data in this example is taken from an
actual FIS. In this example, the FFE is 1 foot below the 10-year WSE and 6.5 feet
above the SBE.

Table 1. Sample Input from Prototype Calculation Spreadsheet

Input (green cells)
First Floor Elevation (ft) = 860.00
TR (year) Dischpaerrgz e(é:(l:rt])(;(; feet Elevation (ft Stream Be(?t)EIevation
10 1,046 861.00 853.50
50 1,686 863.00
100 1,997 863.50
500 2,819 865.40

2. To dllow interpolation between the input data points and extrapolation below
the lowest data Rl (normally the 10-year flood from the FIS), a statistical
distribution must be found that adequately fits fo the data points. An
examination of data from many FIS data sets showed that the simplest statistical
distribution to provide an adequate fit is the Log-Normal Distribution (LND). The
MS Excel Solver was used to find the optimal LND parameters (mean and
standard deviation) to fit to the Rl - Qp data points.

Why do we need the discharge values? In general, fitting a stafistical distribution to the discharge values
rather than the WSE values is more appropriate. This is tfrue because in most FISs, the discharge values are
calculated by either frequency analysis of recorded discharge values directly, or by converting rainfall
data developed by frequency analysis fo discharge. In either case, the discharge values are the product
of frequency analysis of random values. However, when the discharge values are used to calculate WSE,
additional controlling factors (such as the shape and roughness coefficient of cross-sections, the slope of
the stream, the hydraulic calculation method, and starting water-surface elevations) come into play.
Because the WSE of a given cross-section is conceivably confrolled by downstream conditions and cross-




sections, the calculated WSEs are hardly random variables subject to frequency analysis curve-fitting. The
same discharge value would produce a different WSE, when any of the hydraulic parameters change.
Therefore, it is preferable to first establish a relationship between Rl and Qp, and another relationship
between Qp and flood stage, and then use the two relationships to relate Rl fo flood stage. This approach
is adopted in the proposed method and is consistent with the method the U.S. Army Corps of Engineers
(USACE) uses in its Inundation-Reduction Benefit Computation.

The statistical distribution curve-fitting employs a weighting scheme to ensure that
points that affect the benefits calculations more heavily are assigned a greater weight
in the calculations. Ideally, the weight of each RI-Qp data pair in calculating the
opfimal LND parameters should be based on the relative contribution of that point in
determining fotal benefits. For most structures, the points with a lower Rl normally have
the highest contribution. Therefore, the weight was simply set to the reciprocal of the Rl
or (1/Rl) for each data point. In order to assist the curve-fitting calculations, initial guess
values based on the In (natural logarithm) of parameters are assigned to the LND
parameters, as follows:

Mean (In of Qps) =In (Qio/3)
Standard Deviation (In of Qps) = (Qio/Qp100)

The MS Excel Solver finds the optimal-fit LND parameters by minimizing the sum of the
product of the weights multiplied by the square differences between the Qps from the
data and theoretical Qps calculated by the LND, as follows:

Minimize Z?:lvvi (thi o Qpi)2

Where “i" is the index of the first-to-fourth Rl in the input section, Qptiis the “in”
theoretical Qp from the LND and Qyi is the “itn” peak flow from the input data. Wi (or the
“itn” weight) is evaluated as (1/Rli) or the reciprocal of the “iw" RI.

Table 2. LND Fitting from the Prototype Spreadsheet for the Sample Input Data

LND PARAMETER FITTING

Initial guess mean of [N 5.85 Initial guess standard deviation of In 0.52

Optimal mean of In

6.16

Optimal standard deviation of

In

0.62

Term (yr) theoretical (cfs) Q data (cfs) Weight (cfs) difference”2
10 1045.56 1045.90 0.1 0.12
50 1687.22 1685.50 0.02 2.95
100 1997.73 1996.90 0.01 0.68
500 2812.22 2819.10 0.002 47.30

sum sq = 0.17




The following figure graphically shows the LND fit to this data.

Figure 1. LND fit to Peak Discharge Values
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3. Nexi, arating curve is fitted to the discharge-elevation data points. The depth
over the SBE is used in this calculation rather than flooding depth over FFE.

Why do we need the streambed elevation? Because the flow depth in the stream (calculated as WSE -
SBE), unlike the flooding depth over the FFE, is a true hydraulic parameter independent of the elevation of
the structure in question. Also, for the mathematical relationship between the FD in the stream and stream
discharge, forms of equations that normally result in a good rating curve are known. Using the flood stage
(WSE) directly in a rating curve is possible, but this generally results in a less accurate rating curve.

The rating curve equation is:
SFD=a Qpb

Where Stream Flow Depth (SFD) is calculated as (WSE — SBE) and “a” and “b” are fit
parameters. The “a” and "b"” parameters are calculated and stored for use in later
sections.

Table 3. Rating Curve Calculation

Rating Curve Calculation




Depth

Deé%tg (()f;/)er " I(Df?)pth In Q (f) Theo(;gtica' TheEcIJ(:\e/:(t:Igln(ft)
10 861 7.5 2.01 6.95 7.52 861.02
50 863 9.5 2.25 7.43 9.37 862.87
100 863.5 10 2.30 7.60 10.13 863.63
500 865.4 11.9 2.48 7.94 11.88 865.38
Depth =a Qb Indepth= Ina+b In Q
x=InQ y = In depth over SBE
Constant -1.187909 Slope .461036112

Figure 2. Discharge — Stream Flow Depth Rating Curve Fit
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4. Once the LND and rating curve parameters are determined, the SFD for any
given RIranging from the Rl associated with at least 2 feet below FFE to the 500-
year level is calculated. A total of 20 points, comprising 19 frequency bands, are
calculated that (regardless of the data or position of the FFE) cover the entire
range of frequencies that could affect the benefits calculations. The calculations
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of this stage are performed for three separate groups of points, each of which is
handled in a different way:

a. For a user-input set of Ris (usually the Standard FIS RIs: 10-, 50-, 100-, and
500-year):
i. Foreach given Qp, find the theoretical Rl from the fitted LND.
i. Foreach given Qp, find the theoretical SFD from the rating curve.
ii. Use the calculated SFD and add the SBE to get each WSE.

In this stage, the Qp and Rl values for the data points are replaced by theoretical
values that may be slightly different. This replacement helps to ensure a consistent
set of results and a smooth EANF vs. FD curve.

b. For additional RIs (1.111, 2-, 5-, 8- 20-, 30-, 40-, 60-, 70-, 80-, 90-, 200-, 300-,
and 400-year):
i. ForeachRI, calculate P=1-(1/Rl). (Where P = Probability)

i. Foreach P, find theoretical Qp from the inverse of the fitted LND.
ii. Use the calculated Qp to find the SFD from the rating curve.
iv. Use the calculated SFD and add the SBE to get each WSE.

c. For FD = minus 2 feet and O feet (WSE at FFE):
i. From WSE and FFE, determine the SFD of each point.
i. Using the SFD, find the theoretical Qp from the inverse of the rating

curve.
ii. Foreach calculated Qp, find the Rl from the fitted LND.
iv. ForeachRI, calculate P=1-(1/Rl).

Table 4. Calculations of Frequency Points

Discharge RI Elevation Dep;hB(éver
Rl Data | Theoretical P Theoretical | Theoretical .
(cfs) (1) (ft) Theoretical/
y Data
1.435 343.43 0.303 1.435 858.000 4.500 FFE[_ 2 19
4.545 762.50 0.780 4.545 860.000 6.500 FFE 17
1.111 213.57 0.100 1.111 857.115 3.615 20
2.000 472.54 0.500 2.000 858.713 5.213 18
5.000 796.07 0.800 5.000 860.130 6.630 16
8.000 963.91 0.875 8.000 860.742 7.242 15
e
10 1045.90 0.900 10.009 861.020 7.520 14




20 1309.56 0.950 20.000 861.841 8.341 13
30 1472.34 0.967 30.000 862.304 8.804 12
40 1591.95 0.975 40.000 862.626 9.126 11
50 1685.50 0.980 49.801 862.870 9.370 10
60 1766.72 0.983 60.000 863.075 9.575 9
70 1835.12 0.986 70.000 863.245 9.745 8
80 1895.29 0.988 80.000 863.391 9.891 7
90 1949.06 0.989 90.000 863.519 10.019 6
100 1996.90 0.990 99.822 863.632 10.132 5
200 2331.74 0.995 200.000 864.382 10.882 4
300 2538.70 0.997 300.000 864.817 11.317 3
400 2690.95 0.998 400.000 865.125 11.625 2
500 2819.10 0.998 506.290 865.377 11.877 1

As seen in the table above, the Rl calculated for the FFE is approximately 4.5 years and
the Rl calculated for FFE — 2 feet is 1.435 years. This means that having its FFE 1 foot
below the 10-year flood stage results in this structure facing flooding (on the average)
every 1.5 years.

The following figures illustrate the extrapolation of the Qp-RI relationship and
exfrapolation of the rafing curve, based on the results.

Figure 3. Extrapolation of Qp-RI Relationship
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Figure 4. Extrapolation of the Rating Curve
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5. From the previous step, 20 pairs of P-WSE values are obtained. Each of the P
values is converted to an EANF value in this stage. For point(s) with (1/RI)>0.9,
partial-duration series conversion is used by setting EANF to minus In (1 — (1/Rl))
and limiting EANF to a maximum of 3. For all other points, the EANF is simply
calculated as (1/Rl). Also, each calculated WSE value is converted to FD by
subtracting the FFE from the WSE.

6. In the last calculation step, all EANF-FD pairs are sorted in descending order of
EANF and written to the output section. The following table shows the
calculations of this section for the sample problem.

Table 5. Final Calculation Stage

eorar®, | e | e | PG
20 1.111 0.900 -2.885
19 1.435 0.697 -2.000
18 2.000 0.500 -1.287
17 4.545 0.220 0.000
16 5.000 0.200 0.130
15 8.000 0.125 0.742
14 10.009 0.100 1.020




13 20.000 0.050 1.841
12 30.000 0.033 2.304
11 40.000 0.025 2.626
10 49.801 0.020 2.870
9 60.000 0.017 3.075
8 70.000 0.014 3.245
7 80.000 0.013 3.391
6 90.000 0.011 3.519
5 99.822 0.010 3.632
4 200.000 0.005 4.382
3 300.000 0.003 4.817
2 400.000 0.003 5.125
1 506.290 0.002 5.377




The following table summarizes the results for the sample problem; the calculations are
capable of providing an estimate of the results in the original Flood Full Data Module
format of 1-foot elevation bands.

Table 6. Output Table

Results — Frequency Band 1-ft Elevation Band
Expected Annual Number of Floods Expected Annual Number
Flood Depth (ft) EANF Flood Depth (ft) EANF
-2.89 0.90000 -2 6.94E-01
-2.00 0.69672 -1 4.23E-01
-1.29 0.50000 0 2.19E-01
0.00 0.22003 1 1.01E-01
0.13 0.20000 2 4.34E-02
0.74 0.12500 3 1.78E-02
1.02 0.09991 4 7.15E-03
1.84 0.05000 5 2.83E-03
2.30 0.03333 6 1.12E-03
2.63 0.02500 7 4.40E-04
2.87 0.02008 8 1.75E-04
3.08 0.01667 >8 1.18E-04
3.24 0.01429
3.39 0.01250
3.52 0.01111
3.63 0.01002
4.38 0.00500
4.82 0.00333
5.13 0.00250
5.38 0.00198

The maximum FD calculated for this structure in the 20 frequency point method is
5.38 feet. This depth is below the maximum depth for this structure in the depth-
damage tables. However, the Rl of 5.38 feet of flooding for this structure is
(approximately) 500 years, and any flooding above that level will have negligible
effect on benefits calculations, due to a very small EANF. In this example, there are
six EANF points calculated for FDs below the 10-year flood that gives an FD that
equals 1 foof.




The following figure shows the EANF versus FD curve for the sample calculations.

Figure 5. EANF vs. Flooding Depth Curve
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The following flow diagram illustrates the proposed Riverine EANF calculation steps.

FLOW DIRGRAM OF CALCULATION PROCESS FOR
EXPECTED ANNUAL NUMBER OF FLOODS [EANF)
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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:

x isthe Adjusted Elevation= El ;, — El,

Where:
Eli is the 1-year flood elevation.
Elre is the stillwater elevation for a given return period.
and
1
y=In ExcP —In| —RP_|_In 1
CDF 1_i RP-1
RP
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.

The linear equation is:

: 1 :
y=C+ix—> In[RP J =C+i(El —El)

Where:
C is the constant found by linear intercept.

i isthe slope of the line.

Taking the exponential of both sides of the linear equation:

1 .
(ﬁj — Exp(C +i (El g — 1))




Let the right-hand side of the equation be K:

! Jkoreo1=tpeol g K
RP—1 K K K

This equation can be used fo calculate the exceedance probability at various depths
of flooding. For Z = minus 2.5 to 16.5 feet:
ExcP(Z) N 11 = 11
RP 1+— 1+ .
K Exp(C+i(Z —El))

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
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 fo one.

If (d + 0.5+ FFE) > El, AND (d — 0.5+ FFE) > El, — EANF(d) = ExcP(d +0.5) — ExcP(d + 0.5)
If (d + 0.5+ FFE) > El, AND (d — 0.5+ FFE) < El, — EANF(d) =1- ExcP(d + 0.5)
If (d + 0.5+ FFE) < El, - EANF(d) =1

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 DDF
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.

Table 7. Coastal Frequency Rates

Description: Flow rates for various flood events.

Figure 6. Coastal EANF Graph
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Flood Discharge Data

Problem: Methodology Update List tem Number FD-011 requires that the BCAR effort
ensure that the re-engineered Flood Full Data Module has the flexibility for different

before- and after-mitigation flood hazard conditions.

Recommendation: Integrate the flexibility to have different before- and after-mitigation

discharge values.

Changes: The user will be able to enter before- and after-mitigation discharge values, if

they differ.




Flood Elevation Data

Description: Specific values read from flood profiles (contained in the FIS) for the project
location; for the Coastal Zone A and V modules, the 1-year flood elevation data is
required.

Problem: Methodology Update List tem Numbers VZ-001 and VZ-003 require that the
BCAR effort incorporate a wave-height factor with any coastal flood BCA and evaluate
the need for retaining the 1-year coastal flood evaluation. In addition, Item Numlber FD-
011 requires that the BCAR effort ensure that the re-engineered Flood Full Data Module
has the flexibility o accommodate different before- and after-mitigation flood hazard
conditions.

Recommendation: Elevations for the 10-, 50-, 100-, and 500-year flood provided by a
flood profile or summary of the Stillwater Elevations Table (contained in the FIS) will be
required. To ensure that an EANF greater than one does not occur, the 1-year flood
elevation will contfinue o be required for projects subject fo coastal flooding.

Changes: The user will be able to enter before- and after-mitigation elevation values, if
they differ.

A wave-height factor will be applied to all coastal scenarios regardless of whether they
are located in the Coastal Zone A or Coastal Zone V. To apply the wave-height factor,
the analyst will have to provide the Base Flood Elevation (BFE) along with the stillwater
elevations. The ratio between the BFE and the 100-year stillwater elevation will be
applied to all of the stillwater elevations, as follows:

BFE
El RP_ Adjusted — (El RP )[ ]

Elp

Where:
Elioo is the 100-year flood elevation or the BFE.
Elre is the stillwater elevation for a given return period.

BFE is the Base Flood Elevation.




For riverine scenarios, the user will be required to provide standard elevation points, as
well as values representing the SBE.

For coastal scenarios, a table of 1-year elevations and/or a link to the National Oceanic
and Atmospheric Administration (NOAA) Tides and Currents Web site will be provided.
Links fo the FEMA Map Service Center Web site will be provided as well.

Excepted Damages

The expected losses at specific flood depths are determined by using the value of the
property exposed and the DDFs built info the module.

L(d) = (DDF)(V)

Where:
L(d) is the expected losses or damages at depth d.

DDF is the Depth Damage Function, expressed in percentage or
days, depending upon the category.

V is the value of property exposed, expressed in dollars.

In the Flood Full Data Module, damages are categorized as follows:
= Building
=  Contents
» Displacement
» Lost Business Income
» Loss of Rental Income
»  Value of Lost Public/Nonprofit Service

= Other

Building Damages

Building damages are estimated as the product of the Building DDF and the Building
Replacement Value (BRV).




L(d) Bldg — (DDFBuiIding )(\/Building Re pIacementVaIue)

Where:
L(d)eiag is the expected amount of building damages at depth d.

DDF giding  is the Depth Damage Function, expressed as a
percentage of the BRV.

V Building Replacement vaiue 1S the BRV, expressed in dollars.

The building DDF (DDFeuiding) is equal to the percentage BRV associated with the project
building type at a given depth or the Demolition Threshold (DT), whichever is greater.

If DDFqyigng < DT — DDFqyygng = DDF If DDF

Building — Building » suilding > DT — DDFg4,, =100

Where:

DDF giding  is the Depth Damage Function, expressed as a
percentage of the BRV.

DT is the Demolition Threshold.

Demolition Threshold

Description: Percent damage that would result in the demolition of a building.

Problem: During the June 2007 TAG Meeting, the workgroup discussed whether the DT
should be conceptually removed from the FEMA BCA and/or whether the standard
value of 50 percent should be changed.

Recommendation: The concept of a DT will remain part of the analysis. The default
value will be 50 percent, and documentation will be required if the percentage differs.

Changes: This recommended approach does not change the application of this
variable within current BCA calculations. It does, however, set a rule for when
documentation is required.

The BRV shall be a weighted average based upon the total square footage of the
building.

v > (BRV)(Size)
Building Re placement Value = Z S ze
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Where:
V Building Replacement vaiue 1S the BRV, expressed in dollars.

Size is the Building Floor Area corresponding to the BRV for a
specific component of the building, expressed in square
feet.

BRV is the Building Replacement Value for a specific
component of the building, expressed in dollars.

Building Floor Area

Description: The total enclosed area of the building used in conjunction with the BRV to
determine anfticipated flood damages that are likely to result from various potential
events.

Problem: Methodology Update List tem Number V-003 requires that the BCAR effort
define whether square footage indicates total enclosed or heated/occupied area.

Recommendation: The requirement to differentiate between total floor area and area
occupied will be removed from the analysis. The applicant will provide the size of the
building on the same form/screen as the BRV. The purpose of this quantity is fo help
verify the BRV, given that most cost-estimating manuals are based on square footage.
Whether or not the square footage refers to total enclosed area or heated/occupied
area is irelevant, as long as that value is consistent with the BRV/cost-estimating figure
that is being used. By default, the same size will appear on the displacement costs
form/screen; the analyst can use this to estimate monthly rental displacement costs by
square fooft. This approach was recommended during the June 2007 TAG Meeting.

Changes: This recommended approach associates the total Building Floor Area with
the weighted average cost per square foot of replacing the building. The calculations
will remain similar in that the Building Floor Area multiplied by the BRV will equal the
Building Value. The form will be designed to allow the analyst to enter various sizes and
replacement costs, in order to generate the weighted average cost per square foof.

Building Replacement Value

Description: The cost for labor and materials to construct a similar building in the same
location.
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Problem: Methodology Update List tem Number S-008 requires that the BCAR effort
allow the user to differentiate between total and unit cost, and incorporate a toggle
switch so that an analyst can enter the value in either format.

Recommendation: The BRV will remain part of the module. However, the form/screen
will only require that the analyst provide a size for the value that he or she is using. For
example, the user may have a cost estimate for three separate areas (e.g., the heated
areaq, garage, and a patio) and separate sizes and values can be entered for each of
these areas. The BRV shall be a weighted average based upon the total square
footage of the building. If the size is unknown, the analyst may provide a lump-sum cost
for the building, but this will be an alternate option—not the default. A table will be
provided with BRVs for analysts to use as a rule of thumb (see the Hazards U.S. [HAZUS]
Direct Economic Loss Tables 14.1, 14.3, and 14.4). Documentation will be required to
justify values selected from the tables or any other source, as there is no default value
for BRV.

Changes: The calculations will remain the same, in that the Building Floor Area
multiplied by the BRV will generate the Building Value, unless a lump-sum cost is
provided.
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HAZUS Flood Technical Manual Chapter 14: Direct Economic Loss Table 14.1

Table 14.1 Default Full Replacement Cost Models (Means, 2005)

HAZUS Occupancy Class Description Sub-category Means Model Description (Means Model Means Means
Number) Typ Size Cost/SF

(2005)

0oCC OCC Desc OCC sub-class Means Model Description (Means Model Means Means
Code Number) Typ Size Cost/SF
(2005)

RESI Single Family Dwelling See Table 14-2
RES2 Manufactured Housing Manufactured Manufactured Housing Institute, 2002 cost 1,595 $32.16
Housing for new manufactured home (latest data
available)
RES3A | Multi Family Dwelling — small | Duplex SFR Avg 2 St., MF adj, 3000 SF 3,000 $74.91
RES3B Triplex/Quads SFR Avg 2 St., MF adj, 3000 SF 3,000 $81.65
RES3C | Multi Family Dwelling — 5-9 units Apt, 1-3 st, 8,000 SF (M.010} 8,000 $141.48
medium
RES3D 10-19 units Apt., 1-3 st,, 12,000 SF (M.010) 12,000 $126.65
RES3E | Multi Family Dwelling — large | 20-49 units Apt., 4-7 st., 40,000 SF (M.020) 40,000 $124.63
RES3F 50+ units Apt., 4-7 st., 60,000 SF (M.020) 60,000 $121.44
RES4 Temp. Lodging Hotel, medium Hotel, 4-7 st., 135,000 SF(M.350) 135,000 $120.45
RESS TInstitutional Dormitory Dorm, medium College Dorm, 2-3 st, 25,000 SF (M.130) 25,000 $137.69
RES6 Nursing Home Nursing home Nursing Home, 2 st., 25,000 SF (M.450) 25,000 $118.71
COMI1 Retail Trade Dept Store, 1 st Store, Dept., 1 st., 110,000 SF (M.610) 110,000 $77.85
COM2 | Wholesale Trade Warehouse, medium | Warehouse, 30,000 SF (M.690) 30,000 $70.48
COM3 | Personal and Repair Services Garage, Repair Garage, Repair, 10,000 SF (M.290) 10,000 $96.32
COM4 | Prof./ Tech./Business Services | Office, Medium Office, 5-10 st., 80,000 SF (M.470) 80,000 $117.53
COM>5 Banks Bank Bank, 1 st., 4100 SF (M.050) 4,100 $170.00
COMS6 | Hospital Hospital, Medium Hospital, 2-3 st., 55,000 SF (M.330) 55,000 $206.33
COM7 Medical Office/Clinic Med. Office, Medical office, 2 st., 7,000 SF (M.410) 7,000 $150.78
medium

COMS Entertainment & Recreation Restaurant Restaurant, 1 st., 5,000 SF (M.530) 5,000 $162.79

Sample Table from HAZUS-MH MR2 Flood Technical Manual; final data TBD
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HAZUS Flood Technical Manual Chapter 14: Direct Economic Loss Table 14.1

(Continued)

HAZUS Occupancy Class Description Sub-category Means Model Description (Means Model Means Means
Number) Typ Size Cost/SF

(2005)

(01600 OCC Desc OCC sub-class Means Model Description (Means Model Means Means
Code Number) Typ Size Cost/SF
(2005)

COMS Theaters Movie Theatre Movie Theatre, 12,000 SF (M.440) 12,000 $114.33
COMI0 | Parking Parking garage Garage, Pkg, 5 st., 145,000 SF (M.270) 145,000 $40.32
IND1 Heavy Factory, small Factory, 1 st., 30,000 SF (M.200) 30,000 $82.18
IND2 Light Warehouse, medium | Warehouse, 30,000 SF (M.690) 30,000 $70.48
IND3 Food/Drugs/Chemicals College Laboratory | College Lab, 1 st., 45,000 SF (M.150) 45,000 $135.09
IND4 Metals/Minerals Processing College Laboratory | College Lab, 1 st., 45,000 SF (M.150) 45,000 $135.09
IND5 High Technology College Laboratory | College Lab, 1 st., 45,000 SF (M.150) 45,000 $135.09
IND6 Construction Warehouse, medium | Warehouse, 30,000 SF (M.690) 30,000 $70.48
AGRI1 Agriculture Warehouse, medium | Warehouse, 30,000 SF (M.690) 30,000 $70.48
REL1 Church Church Church, 1 st., 17,000 SF (M.090) 17,000 $129.09
GOV1 General Services Town Hall, small Town Hall, 1 st., 11,000 SF (M.670) 11,000 $99.48
GOV2 | Emergency Response Police Station Police Station, 2 st., 11,000 SF (M.490) 11,000 $152.83
EDUI Schools/Libraries High School School, High, 130,000 SF (M.570) 130,000 $107.53
EDU2 Colleges/Universities College Classroom College Class. 2-3 st, 50,000 SF (M.120) 50,000 $132.62
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HAZUS Flood Technical Manual Chapter 14: Direct Economic Loss Tables 14.3 and 14.4

Table 14.3 Replacement Costs (and Basement Adjustment) for RES1 Structures by Means
Constructions Class (Means, 2005)

Adiust i fi Adjustment for
Means . Average Base Acjusiment for Unfinished
. Height Finished Basement
Construction cost per Basement
Class (cost per SF of
Class square foot . (cost per SF of
main str.) .
main str.)
1 story 61.50 18.20 6.70
Eeonont 2 story 66.00 10.40 4.35
o 3-story N/A —use 2 st N/A —use 2 st N/A —use 2 st
Split level* 60.63 13.10 5.15
1 story 87.30 22.60 7.95
Average 2 story 85.03 14.55 5.15
3-story 89.68 11.60 4.00
Split level 80.11 17.25 6.10
1 story 108.53 37.45 14.65
2 story 106.80 21.60 8.70
Cust
Hstom 3-story 111.18 15.80 6.40
Split level 99.75 27.00 10.75
1 story 132.45 41.75 16.10
2 story 125.94 24.45 9.70
Luxury
3-story 130.24 18.05 7.25
Split level 118.30 30.40 11.85

Table 14.4 Single Family Residential Garage Adjustment (Means, 2005)

Means Construction Class | Garage Type Average Addmm?al Garage Cost
per Residence

1 car $11,900

Economy 2 car $18,630
3 car $25,160

1 car $12,360

Average 2 car $19,240
3car $25,920

1 car $14,170

Custom 2 car $22,440
3car $30,440

1 car $16,270

Luxury 2 car $26,020
3car $35,500

Sample Table from HAZUS-MH MR2 Flood Technical Manual; final data TBD
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Content Damages

Content damages are estimated as the product of the Content DDF and the Value of
Contents.

L (d )Cont = ( DD FCOntent ) (\/Content Val ue)

Where:
L(d)cont is the expected amount of content damages at depth d.

DDF coneent  is the Depth Damage Function, expressed as a
percentage of the Value of Contents.

V content vawe IS The Value of Contents exposed fo flooding, expressed in
dollars.

Value of Contents

Description: The cost to replace the contents of a building.

Problem: Methodology Update List tem Number V-004 requires that the BCAR effort
revise the default value for residential contents. During the June 2007 TAG Meeting, the
workgroup discussed using 50 percent of the BRV as the default for residential buildings
and also discussed ensuring that the software provide rules of thumb for other building
types (such as the table in FEMA 386-2, the source of which is HAZUS).

Recommendation: By default, the Value of Contents will automatically be calculated
for residential buildings as 100 percent of the total BRV (or whatever the final
value/guidance is in the FEMA publication What Is a Benefite or WIAB), when using the
Default DDF table (U.S. Army Corps of Engineers Generic). For all other instances, the
default Contents Value is 50 percent of the total BRV. The analyst can override this
value, but documentation will then be required. A table will be provided for
commercial buildings for analysts to use as a rule of thumb. Sources for this table will be
HAZUS, FEMA Mitigation Planning How-To Guide #2, Understanding Your Risks:
Identifying Hazards and Estimating Losses FEMA 3862, and the USACE (see HAZUS Direct
Economic Loss Tables 14.6 for sample values). Documentation will always be required
for commercial buildings and for residential buildings when the value is greater than 50
percent of the total BRV.
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Changes: Value of Contents will automatically be calculated for residential buildings as
100 percent of the total BRV, when using the Default DDF table (U.S. Army Corps of
Engineers Generic). For all other instances, the FEMA Standard Value for Contents is 50

percent of the total BRV.

This recommended approach does not change the application of the Contents Value
variable within current BCA calculations. It does, however, set a rule for when

documentation is required.

HAZUS Flood Technical Manual Chapter 14: Direct Economic Loss Table 14.6
Table 14.6 Default HAZUS Contents Value Percent of Structure Value

No. | Label | Occupancy Class | Contents Value (%)
Residential
1 RES1 Single Family Dwelling 50
2 RES2 Mobile Home 50
3 RES3 Multi Family Dwelling 50
4 RES4 Temporary Lodging 50
5 RESS Institutional Dormitory 50
6 RES6 Nurging Home 50
Commercial
7 COMI1 | Retail Trade 100
8 COM2 | Wholesale Trade 100
9 COM3 | Personal and Repair Services 100
10 COM4 | Professional/Technical/ 100
Business Services
11 COMS5 | Banks 100
12 COM6 | Hospital 150
13 COM7 | Medical Office/Clinic 150
14 COMS | Entertainment & Recreation 100
15 COM9 | Theaters 100
16 COMI10 | Parking 50
Industrial
17 IND1 Heavy 150
18 IND2 Light 150
19 IND3 Food/Drugs/Chemicals 150
20 IND4 Metals/Minerals Processing 150
21 IND35 High Technology 150
22 IND6 Construction 100
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Table 14.6 Default HAZUS Contents Value Percent of Structure Value (Continued)

No. ‘ Label ‘ Occupancy Class Contents Value (%)
Agriculture

23 AGR1 | Agriculture 100

Religion/Non/Profit

24 REL1 Church/Membership Organization 100
Government

25 GOV1 | General Services 100

26 GOV2 | Emergency Response 150

Education
27 EDU1 Schools/Libraries 100
28 EDU2 | Colleges/Universitics 150

Sample Table from HAZUS-MH MR2 Flood Technical Manual

Displacement Costs

Displacement Costs are those borne by occupants during the time when a building
becomes uninhabitable due o flood damage. These costs are estimated as the
product of the displacement days based on the DDF and the Displacement Costs per
day.

L(d) Disp = (DDFDispIacement )(VDispIacement Cost)

Where:

L(d)ois, is the expected amount of Displacement Costs at depth
d.

DDF pigiacement i the Displacement Depth Damage Function, expressed
in days.

V biglacement cost 1S the daily Displacement Costs, expressed in dollars.

Problem: Methodology Update List tem Number V-008 requires that the BCAR effort
increase the standard displacement time and costs; this problem is more related to

guidance and values than methodology or calculations. During the June 2007 TAG

Meeting, the workgroup discussed integrating “Disruption of Life” into displacement
benefits.

Recommendation: Displacement Costs will contfinue to be broken down into three
parts:

e Monthly cost of temporary living space
e Other monthly costs related to displacement
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¢ One-fime Displacement Costs

The cost of temporary living space may be based upon a cost per square foot ora
lump sum. For example, the user may base the analysis on the cost of two hotel rooms
or a three-bedroom apartment in the areaq, versus 2,000 square feet of living space.
Default values will be provided and documentation will be required if these are
overwritten. A table will be provided with Displacement Costs for analysts to use as a
rule of thumb (see HAZUS Direct Economic Loss Tables 14.10). Documentation will be
required fo justify values selected from the tables (or any other source), as there is no
default value given for Displacement Costs.

Changes: This recommended approach does not change the application of this
variable within current BCA calculations. It does, however, set a rule governing when
documentation is required.
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HAZUS Flood Technical Manual Chapter 14: Direct Economic Loss Table 14.10

Table 14.10 Rental Costs and Disruption Costs

Disruption
No. Label Occupancy Class Rental Cost (2005) Costs (2005)
\ ($/f/month) | ($/t/day) $/1th
Residential
1 RES1 Single-family Dwelling 0.65 0.02 0.79
2 RES2 | Mobile Home 0.46 0.02 0.79
3 RES3A | Multi-family Dwelling; Duplex 0.59 0.02 0.79
4 RES3B | Multi-family Dwelling;
Triplex/Quad 0.59 0.02 0.79
5 RES3C | Multi-family Dwelling; 5-9 units 0.59 0.02 0.79
6 RES3D | Multi-family Dwelling; 10-19 units 0.59 0.02 0.79
7 RES3E | Multi-family Dwelling; 20-49 units 0.59 0.02 0.79
8 RES3F | Multi-family Dwelling; 50+ units 0.59 0.02 0.79
9 RES4 Temporary Lodging 1.96 0.07 0.79
10 RESS5 Institutional Dormitory 0.39 0.01 0.79
11 RES6 | Nursing Home 0.72 0.02 0.79
Commercial
12 COM1 | Retail Trade 1.11 0.04 1.05
13 COM2 | Wholesale Trade 0.46 0.02 0.92
14 COM3 | Personal and Repair Services 1.31 0.04 0.92
15 COM4 | Professional/Technical/ Business
Services 1.31 0.04 0.92
16 COMS5 | Banks 1.64 0.05 0.92
17 COMS6 | Hospital 131 0.04 1.31
18 COMY7 | Medial Office/Clinic 131 0.04 1.31
19 COMS | Entertainment & Recreation 1.64 0.05 N/A
20 COMY | Theaters 1.64 0.05 N/A
21 COMI0 | Parking 0.33 0.01 N/A
Industrial
22 IND1 Heavy 0.20 0.01 N/A
23 IND2 | Light 0.26 0.01 0.92
24 IND3 Food/Drugs/Chemicals 0.26 0.01 0.92
25 IND4 Metals/Minerals Processing 0.20 0.01 0.92
26 IND5 High Technology 0.33 0.01 0.92
27 INDé& Construction 0.13 0 0.92
Agriculture
28 | AGRI1 [ Agriculture | 0.65 | 0.02 | 0.65
Religion/Non-Profit
20 [ REL1 | Church/Membership Orpanization | 0.98 | 0.03 | 0.92
Government
30 GOV1 | General Services 1.31 0.04 0.92
31 GOV2 | Emergency Response 131 0.04 0.92
Education
32 EDU1 Schools/Libraries 0.98 0.03 0.92
33 EDU2 | Colleges/Universities 131 0.04 0.92

Sample Table from HAZUS-MH MR2 Flood Technical Manual; final data TBD

Lost Business Income

Lost Business Income is included if all of the building (or a portion thereof) is occupied
by a commercial business. Lost Business Income is the product of the net income of
commercial business per day and the number of days of functional downtime, based
on the DDF.
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L(d) Busin essIncome — (DDFL0$of Function )(VDain Net Business Income)

Where:

L(d)gusnessincome  is the expected amount of Lost Business Income at depth
d.

DDF | ossof Function  is the functional downtime Depth Damage Function,
expressed in days.

V baily Net Business income 1S the daiily net business income, expressed in dollars per
day.

Description: Loss of net business income due to closure of a facility.

Recommendation: A table will be provided for commercial buildings for analysts to use
as a rule of thumb for Loss of Business Income (see HAZUS Direct Economic Loss Table
14.14). If the analysis of a residential structure includes Displacement Costs, a prompt
will notify the analyst that he or she may be duplicating benefits if he or she is claiming
Displacement Costs and the loss of rental income. Documentation will be required to
justify the category values selected from the tables (or the source of any other value) as
there is no default value for Loss of Business Income.

Changes: This recommended approach does not change the application of this
variable within current BCA calculations. It does, however, set a rule for when
documentation is required.
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HAZUS Flood Technical Manual Chapter 14: Direct Economic Loss Table 14.14

Table 14.14 Proprietor’s Income

Income (2005) Wages Output
200 2005
No. Label Occupancy Class PR, | anRI, [ger 52. Employees ]ger S(;.
Ft. per | Ft. per Ft. per per Sq. Ft. Ft. per
Year Day D D
ay ay
Residential
1 RES1 | Single-family Dwelling 0.000 0.000 0.000 0.000 0.000
2 RES2 | Mobile Home 0.000 0.000 0.000 0.000 0.000
3 RES3A | Multi-family Dwelling;, Duplex 0.000 0.000 0.000 0.000 0.000
4 RES3B | Multi-family Dwelling; 0.000 0.000 0.000 0.000 0.000
Triplex/Quad
5 RES3C | Multi-family Dwelling, 5- 9 0.000 0.000 0.000 0.000 0.000
units
6 RES3D | Multi-family Dwelling; 10 - 19 0.000 0.000 0.000 0.000 0.000
units
7 RES3E | Multi-family Dwelling; 20 - 49 0.000 0.000 0.000 0.000 0.000
units
8 RES3F | Multi-family Dwelling; 50+ 0.000 0.000 0.000 0.000 0.000
units
S RES4 | Temporary Lodging 34.561 0.095 0.222 0.003 0.496
10 RES5 | Institutional Dormitory 0.000 0.000 0.000 0.000 0.000
11 RES6 | Nursing Home 57.601 0.158 0372 0.005 0.827
Commercial
12 COM1 | Retail Trade 21.325 0.058 0.204 0.004 0.432
13 COM2 | Wholesale Trade 34.974 0.096 0.251 0.002 0.561
14 COMS3 | Personal and Repair Services 46.081 0.126 0.297 0.004 0.662
15 COM4 | Professional/Technical/
Business Services 363.098 0.995 0.353 0.004 0.967
16 COMS5 | Banks 414.338 1.135 0.576 0.006 3.139
17 COMS6 | Hospital 57.601 0.158 0.372 0.005 0.827
18 COM7 | Medial Office/Clinic 115.202 0316 0.743 0.01 1.654
19 COMS | Entertainment & Recreation 211.267 0.579 0.461 0.007 1.043
20 COMS9 | Theaters 69.121 0.189 0.446 0.006 0.993
21 | COMI0 | Parking 0.000 0.000 0.000 0.000 0.000
Industrial
22 IND1 | Heavy 87.409 0239 0.396 0.003 1.676
23 IND2 | Light 87.409 0.239 0.396 0.003 1.676
24 IND3 | Food/Drugs/Chemicals 116.545 0319 0.53 0.004 2.235
25 IND4 | Metals/Minerals Processing 264.807 0.725 0.41 0.003 1.773
26 IND5 | High Technology 174819 0.479 0.794 0.006 3.351
27 INDG6 | Construction 85.218 0233 0.429 0.005 1.66
Agriculture
28 | AGRI [ Agriculture | 8087 0222] 0.088] 0.004] 0827
Religion/Non-Profit
Church/Membership
> REL1 Organization 46.081 0.126 0.297 0.004 1.654
Government
30 GOV1 | General Services 37.845 0.104 2.852 0.025 0.662
31 GOV2 | Emergency Response 0 0 4.336 0.038 0.76
Education
32 EDUI | Schools/Libraries 57.601 0.158 0.372 0.005 3.204
33 EDU2 | Colleges/Universities 115.202 0.316 0.743 0.01 4.87

Sample Table from HAZUS-MH MR2 Flood Technical Manual; final data TBD
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Loss of Rental Income

Loss of Rental Income is included if all (or a portion) of the building is rented to private
tenants. Inter- or intra-agency rents within the Federal, State, or local governments are
not included because such payments are generally transfers. Rental Income Losses are
the product of the daily rental rate and the number of days of functional downtime,
based on the DDF.

L(d) Rental Income — ( DDFL0$ of Function )(VDain Rental Rate)

Where:

L(d)rentai income  is the expected amount of Lost Rental Income at depth
d.

DDF | ossof Function  is the functional downtime Depth Damage Function,
expressed in days.

V baily rentar rate 1S the daiily rental income, expressed in dollars per day.

Value of Lost Public/Nonprofit Service

For public/nonprofit sector buildings, the value of services lost when the building
becomes unusable during a flood assumes that services are worth what we pay to
have the services provided. The value of lost service is the product of the total value of
lost services per day and the number of days of functional downtime based on the
DDF. Note that the period of loss of agency function may be much shorter than the
period of displacement necessary due to flood damage, because agencies will resume
their functions in temporary quarters.

L(d)Service = (DDFL0$of Function)(VService)

Where:

L(d)senvice  is the expected amount of lost public/nonprofit service at
depth d.

DDF | ossof Function  is the functional downtime Depth Damage Function,
expressed in days.

V saiice 1S the daily Value of Service, expressed in dollars per day.
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Value of Service

For information on the Value of Public Services please see the FEMA BCAR Risk Analysis
Methodology Report.

Crawlspace

Description: To account for damages to crawlspace contents the software assumes the
crawlspace (when applicable/entered) are damaged starting at a flood depth of -1
foot and continues throughout all flood depths.

Other

The module allows the analyst o include other benefits that have not been covered by
the basic Full Data Module, but are allowed based on WIAB. The analyst will have to
associate quantified damages with a frequency or depth of flooding. For example, the
analyst may have statistics to show that homeowners will save $1,000 a year in flood
insurance premiums. This interface will allow the user to relate an infinite amount of
benefits data with his/her analysis/structure, as long as the benefit is in an accepted
category in WIAB and can be annualized or associated with a depth of flooding. Part
of the form for this interface will include a pull-down menu of “other” benefit
categories.

L(d)Other or L(RP)Other

Where:

L(d)owe is the expected amount of other damages avoided at
depth d.

L(RP)owme is the expected amount of other damages avoided for
return period RP.

Total Expected Damages

The total expected damages are the sum of the damage categories.

L(d)BIdg + L(d)Cont + L(d)Disp + L(d)Bus'neﬁlnoome + }

L(d)TotaI = (L
(d)Rental Income + L(d)Serww +[L(d)0ther +or L(RP)Other]
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Depth Damage Functions

DDFs are used to estimate expected flood damages for various types of buildings, their
contents, or their functions at different water depths. This relationship is expressed as
depth versus percentage of damage to the element being considered. The depths for
the DDFs infegrated into the module typically range from minus 2 to 16 feet. The Flood
Full Data Module calculates damages at flood depths based on the DDF associated
with the building type selected by the analyst.

Building Type
Description: The building type determines which built-in DDFs to use.

Problem: The building types need to be clearly defined for the users as part of the
module.

Recommendation: Defining the building type will remain a part of the module, but the
manner of its selection will differ greatly. The current module has a list of six building
types for the analyst fo choose from; the new software will incorporate a group of
questions that helps guide the analyst to a specific building type.

Changes: This recommended approach does not change the application of this
variable within current BCA calculations; it modifies the process of selecting the DDFs
that best represent the building associated with the particular mitigation project being
analyzed.

The following diagram contrasts residential and non-residential construction methods as
they relate to different types of buildings.
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Depth Damage Function (DDF)

Description: Estimate of building and content damages at each flood depth, the fime
period during which occupants are expected to be displaced to temporary quarters
due fo flood damage, and the time period during which services are lost at a particular
building.

Problem: Methodology Update List fem Number FD-010 requires that the BCAR make
an effort to adjust avoided damages based on the duration of flooding. Also, VZ-002

requires that the BCAR effort fo evaluate the “with-" and “without-obstruction™ DDF in
the existing Coastal Zone V Module.

Recommendation: Default DDFs will be provided for the following types of damages:
Building, Content, Displacement, and Functional Downtime. Based upon the analyst’s
responses to several questions regarding the building use and type, a generic DDF will
be provided (without any documentation required); in addition, alternate DDFs may be
provided, but selecting these will require documentation. DDFs will be modified to
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provide a standard approach for walkout basements, crawl spaces, or Coastal Zone V
conditions. In addition, DDFs for long-duration flooding events will be provided.

Changes: This recommended approach does not change the application of this
variable within current BCA calculations. It does, however, provide a much greater
number of DDFs for the analyst fo choose from.

Benefits

The expected annual net benefits (EAB) are the difference between expected annual
damages before (EADgefore mifigation) and after (EADafter mitigation) mitigation.

EAB = EAD - EAD

BeforeMitigation After Mitigation

Where:
EAB is the expected annual net benefit.
EADgcoemitigaion IS the expected annual damages before mitigation.

EAD e mitigaion 1S The expected annual damages after mitigation.

The depth of flooding for Before-Mitigation Damages are calculated based on the First
Floor Elevation (FFE).

d=16

EADBeforeMitigation = Z EAD(d) = [EANF (d)] [L(d)]

Where:
d is O at the FFE.
EAD(d) is the expected annual damage at depth d.
EANF(d) is the Expected Annual Number of Floods at depth d.

L(d) is the expected losses or damages af depth d.

First Floor Elevation (FFE)

Description: The FFE is the elevation at the top of the finished flooring of a structure’s
lowest floor.

Problem: Methodology Update List tem Number G-017 requires that the BCAR effort
provide guidance on the FFE for buildings with walkout basements.
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Recommendation: Specific guidance will be provided on the FFE regarding walkout
basements and other common issues (e.g., crawl spaces). The FFE will be input after the
building type is defined so the guidance will be specific to that scenario. In addition,
the analyst must provide documentation; the source of the FFE should have 0.5-foot of
accuracy. Finally the FFE will be defined based upon the building type (e.g., first floor,
lowest horizontal member, basement, efc.).

Changes: This recommended approach does not change the application of this
variable within current BCA calculations.

The depth of flooding for After-Mitigation Damages are calculated based on the FFE
plus the height the building is being elevated. There are no After-Mitigation Damages
for acquisition projects. An acquisition project is the only type of mitigation project that
completely eliminates future damages and losses.

EADAfter Mitigation = (12:1:6 EAD(d) = [ EANF (d)] [L(d)]

d=-2

Where:
d is O at the FFE plus the amount that the building is being
elevated.
EAD(d) is the expected annual damage at depth d.
EANF(d) is the Expected Annual Number of Floods at depth d.
L(d) is the expected losses or damages af depth d.
16
B= Z EAB

d=-2

Where:

B is the total expected annual benefit of the hazard mitigation
project.

d is the depth of flooding.

EAB is the expected annual net benefit.

_ -T _ -T
ijed:{B {1 (L+r) D _[B {1 (1+r) D
r BeforeMitigation r After Mitigation
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Where:
Brget IS the total benefit of the hazard mitigation project.

B is the total expected annual benefit of the hazard mitigation
project.

T is the estimated amount of time (in years) that the mitigation
action will be effective (also called the Project Useful Life).

R is the annual Discount Rate used to determine the Net
Present Value of benefits. For FEMA-funded projects, the rate
is set by the OMB.

Mitigation Project Useful Lifetime

Description: Estimated amount of time (in years) that a mitigation project will remain
effective.

Problem: The methodology must outline the most effective determine the Mitigation
Project Useful Lifetime.

Recommendation: Values from the Project Useful Life Summary Table will be provided
based upon responses to certain questions. For example:

» Acquisition = 100 years
» Elevation = 30 years
*  Major Infrastructure = 50 years
Documentation will be required if the recommended values are overwritten.

Changes: This recommended approach does not change the application of this
variable within current BCA calculations. It does, however, set a rule governing when
documentation is required.

Discount Rate

Description: The discount rate determines the time-value of money and is mandated by
the OMB to be 7 percent for all BCAs.

Problem: Methodology Update List tem Number V-001 requires that the BCAR effort
coordinate with OMB fo lower the current value. FEMA will be taking the lead in
contacting OMB for discussions about the discount rate. The team will provide
assistance, as requested by FEMA.
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Recommendation: The discount rate will remain part of the module. However, the
analyst must provide documentation if he/she changes the default value
(documentation automatically becomes a required field on change to the discount
rate). If OMB changes the discount rate, the default value will be modified in the next
release of BCA software updates.

Changes: This recommended approach does not change the application of this
variable within current BCA calculations.

The BCR is the benefits of the mitigation project (Brrject) divided by the costs (Crroject) ©

the mitigation project.

BCR = POt
Project
Where:
BCR is the Benefit-Cost Ratio.
Brget IS the total benefit of the hazard mitigation project.

Criget  is the total net present value of the cost of the hazard mitigation
project.

f
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