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ABSTRACT

Floods inflict significant damage even outside the 100-year floodplain. Thus, restricting flood risk analysis to the 100-year
floodplain (special flood hazard area (SFHA) in the U.S.A.) is misleading. Flood risk outside the SFHA is often underestimated
because of minimal flood-related insurance requirements and regulations and sparse flood depth data. This study proposes a
systematic approach to predict flood risk for a single-family home using average annual loss (AAL) in the shaded X Zone — the
area immediately outside the SFHA (i.e., the 500-year floodplain). To further inform flood mitigation strategy, annual flood risk
reduction with additional elevation above an initial first-floor height (FFHO) is estimated. The proposed approach generates
synthetic flood parameters, quantifies AAL for a hypothetical slab-on—grade, single-family home with varying attributes and
scenarios above the slab-on-grade elevation, and compares flood risk for two areas using the synthetic flood parameters vs. an
existing spatial interpolation-estimated flood parameters. Results reveal a median AAL in the shaded X Zone of 0.13 and 0.17
percent of replacement cost value for a one-story, single-family home without and with basement, respectively, at FFHo and
500-year flood depth less than 1 foot. Elevating homes one and four feet above FFHo substantially mitigates this risk, generating
savings of 0.07-0.18 and 0.09—0.23 percent of replacement cost value for a one-story, single-family home without and with
basement, respectively. These results enhance understanding of flood risk and the benefits of elevating homes above FFHo in

the shaded X Zone.
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INTRODUCTION

Background

Flood is considered the costliest natural hazard worldwide.

FEMA'’s 100-year floodplain — the area that has at least a one-percent chance of experiencing flood in a given year — has been

used to define high-risk flood zones known as the special flood hazard area (SFHA).

Areas outside the SFHA, generally known in the U.S.A. as X Zones, have received significantly less attention.

The area between the one-percent (bordering the SFHA) and 0.2-percent (bordering the “non-shaded X Zone”) annual flood
probability inundation areas — the 500-year floodplain, known in the U.S.A. as the “shaded X Zone” — is particularly preferred

for dense development and is considered an area of likely population growth.

Recent catastrophic events and studies regarding projected trends under environmental change scenarios reveal that the area

outside the presently designated SFHA is subjected to rapidly increasing flood risk

Calculating flood risk is challenging due to data limitations in shaded X Zone

Objectives:

Provide a meaningful estimate of the range of expected annual flood risk in the shaded X Zone.
Calculate the reduction in annual flood risk via elevation for homes in the shaded X Zone.

Contributions:

A novel conceptualization and implementation of annual flood risk assessment in the shaded X Zone — a location where little

flood risk information has been generated.

This improved risk assessment provides a clearer perception of the advantages of applying mitigation strategies in those areas.

The methodology and results generated in this paper will benefit homeowners, builders, developers, community planners, and

other partners in the process of enhancing resilience to the flood hazard via risk-informed construction techniques.
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METHODOLOGY

Computational framework to quantify and confirm average annual loss

(AAL) in the shaded X Zone.

Step 2: Quantify the AAL
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Step 1: Gemerate synthetic flood
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Generate Synethic Flood Parametrs

Two parameters Gubmel distribution function is used to estimate the flood depth

Equations

d
F(d) =P(X<d) =exp|—exp|—

No.

—u
(04

d=u-—aln[-In(P)]

>u—aln|—In{1——
O>u—aln n 100

O<u—aln|/—In

u
—6.214 < a < —4.600

Where P is the annual non-exceedance probability, d is flood depth, and u and a are flood parameters

Quantify Annual Flood Risk and Flood Risk Reduction
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Equations No.
Pmax
AALB/VR = f LB(P)dP 6
P min
AALcyy, = fomLe(P)dP 7
Pmax
AALysemonths = mein Lyse(P)dP 8
VR =A X CR 9
AAAL ES AALFFHO - AALFFH 10

Where AALy,yp is the Sum of the expected annual flood risk to a building as a prportion of building value (VR) , A4Ly, is the Sum of the expected annual flood risk to

contents as a prportion of building value, and AA4L g ,0nms 1S the Sum of the expected annual flood risk to use.

Confirm Results

Spatial interpolation is used to characterize the flood hazard in the shaded X Zone for a known location where multiple return

period flood depth data are available.
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Generate Synethic Flood Parameters

Flood Parameter Minimum 25% 50t 75t Maximum
u -28.58 -21.58 -17.58 -12.48 -0.48
a 0.10 2.30 3.30 4.00 4.60

1

L
a
—

30

20

L

10°

107

10?
Return Period -years

10°

10°

Quantify Annual Flood Risk and Flood Risk Reduction

https://agu2022fallmeeting-agu.ipostersessions.com/Default.aspx?s=B2-C3-E8-76-CD-0E-3D-00-B1-87-48-F6-33-90-F D-07 &pdfprint=true&guestvie....

Total Average Annual Loss as a Proportion of Vg (ie., AALryy,) x10+
One Story without B One Story with B
300-year FFH
Flood Depth (feet) Min | 25% 50% 75% | Max | Min | 25% so% 75% Max
(feet)
<1 FFH, 082 | 1068 | 1331 | 15.08 | 18.17 140 | 1459 | 1720 [ 19.15 27.53
1-2 FFH, 1497 | 1817 | 19.84 | 2165 | 3196 | 20.27 | 22.88 | 2516 | 27.40 4540
2-3 FFH, 2268 | 2497 | 27.30 | 29.88 | 4131 | 27.16 | 30.80 | 33.34 | 3861 5547
34 FFH, 2836 | 3248 | 3547 | 3951 | 5105 | 3374 [ 3953 | 4354 | 4993 63 86
45 FFH, 3523 | 4006 | 4444 | 4888 | 5042 | 4192 | 4955 | 5405 | 6040 7438
56 FFH, 4377 | 5036 | 5401 | 5789 | 6494 | 5208 [ 6056 | 6535 | TO6&7 79.41
674 FFH, 5437 | 6077 | 6434 | 6747 | 7363 | 6469 | 7290 | 7756 | 81.62 8762
Total Average Annval Loss as a Proportion of Vg (ie.. AdLy ) =10+
Two-plus-story without Basement Two-plus-story with Basement
300-year FEH
Flood Depth (feet) Min 25t s0% 758 Max Min 25t 502 758 Max
(feet)
<1 FFHy 0.63 7.54 8.97 1146 | 1406 L1l 12,14 | 1411 1347 | 21.80
1-2 FFH, 1108 | 1373 | 1501 | 1640 | 2361 | 1588 | 1906 | 2069 | 22.20 | 3560
2-3 FFH, 17.19 18.58 20.71 2241 | 3059 | 2229 | 2569 | 2767 | 3133 | 4347
34 FFHy 2199 | 2480 2603 2084 | 3812 | 2769 | 3311 | 3500 [ 4078 [ 5191
45 FFHy 2732 | 3135 | 3380 | 3603 | 4485 | 3440 | 4182 | 4505 | 4086 | 5020
36 FEH, 3394 | 33382 4144 | 4417 | 4957 | 4274 | 5207 [ 5512 | 3875 | 63.95
6-74 FFHy 4217 | 4699 4960 | 5207 | 5712 | 5309 | 6962 | 7037 | 7114 | 7191
Total Average Annual Loss Reduction as a Proportion of Vy (Le. A44Lr ) x10+
Two-plus-story without B Two-plus-story with B
FFH (feet) | Min 25% 50 75% Max Min 25% 30% 75% Max
FFH;, 0 0 a 0 ] 0 0 0
FFH;+1 0.63 5.63 345 118 13.46 111 4.88 7.30 10.94 2048
FFHp+2 0.63 6.15 920 13.79 2146 111 820 12.34 18.45 30.20
FFHp+3 0.63 7580 11.82 17.82 27.82 111 10.55 | 15.80 237 37.08
FFHg+4 0.63 9.16 13.67 20.70 33.20 111 1221 18.31 2744 42.87
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Total Average Annual Loss Reduction as a Proportion of Vg (i.c., AAALy/y,) x 104

One Story without Basement

One Story with Basement

F_FH Min 25t 50t 75t Max Min 25t 50t 75t Max

(feet)

FFH, 0 0 0 0 0 0 0 0 0 0
FFHy+1 0.82 4.81 7.20 10.78 | 18.22 1.39 6.11 9.14 13.66 | 26.07
FFHy+2 0.82 8.09 12.14 | 18.15 | 28.78 1.39 10.28 | 1545 | 23.07 | 38.56
FFHy+3 0.82 10.37 | 15.62 | 23.46 | 36.79 1.39 13.17 | 19.79 | 29.63 | 47.15
FFHy+4 0.82 12.08 | 18.10 | 27.27 | 43.33 1.39 15.28 | 22.93 | 34.36 | 53.90

Confirm Results

Flood parameters and 500-year flood depth for the shaded X Zone located in Jefferson Parish, Louisiana, and Santa Clarita, California, using spatial

interpolation.

Location

1)

2]

500-Year Flood Depth (feet)

Jefferson

—1.09

0.19

0.10

—0.85

0.18

0.30

Santa Clarita

—6.84

1.34

1.40

—6.13

1.26

1.70

—6.19

1.28

1.70

—6.02

1.25

1.70

—5:771

1.15

1.40

—5.63

1.08

1.00

—4.8%

0.97

1.10

—4.93

1.01

1.30

-5.35

1.04

1.10

—5.87

1.14

1.20

—7.02

1.35

1.30

—7.13

137

1.30

—6.45

1.32

1.60

—6.37

131

1.70

Average annual loss (i.e., annual flood risk) by type of single-family home in Jefferson Parish, Louisiana, and Santa Clarita, California, implementing

spatial interpolation parameters.
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Average Annual Loss ($)
One-story One-story Two-plus-story Two-plus-story
Location without With without with
Basement Basement Basement Basement
23 36 18 30
IeRrn 54 86 41 68
567 803 419 629
715 1,020 28 800
712 1,015 526 796
721 1,030 532 808
594 859 439 674
429 627 317 492
. 483 717 358 563
Santa Clarita 573 844 124 664
471 690 348 547
501 726 370 570
525 742 388 582
523 738 387 578
657 933 485 731
708 1.005 523 788

Descriptive statistics of average annual loss ($; i.e., annual flood risk) by type of single-family home, after implementing synthetic flood parameters, by

500-year flood depth and a parameter

Average Annual Loss ($)
One Story without Basement One Story with Basement
Min | 258 | sS0= | 75% | Max | Min | 25% | So® | 75% | Max
S00year | <1 | 22 | 288 | 359 | 407 490 38 | 394 | 464 | 517 | 744
flood depth | 1-2 | 404 | 491 536 | 585 863 | 547 | 618 | 679 | 740 | 1226
<1 | 22 | 143 | 217 | 341 676 38 | 219 | 338 | 525 | 1,012
aparameter "I Ss | 304 | 452 | 674 | 1175 | 234 | 424 | 626 | 938 | 1578
Two-plus-story without Basement Two-plus-story with Basement
Min | 25% | 50% | 75% | Max | Min | 25® | 50% | 75% | Max
500-year | <1 | 17 | 214 | 269 | 300 | 380 30 | 328 | 381 | 418 | 589
flooddepth | 1-2 | 299 | 370 | 405 | 443 | 638 | 429 | 514 | 559 | 599 | 961
<1 | 17 | 106 162 | 254 | 501 30 173 | 267 | 414 | 797
aparameter "I 7 | 225 | 334 | 499 870 | 184 | 333 | 491 | 736 | 1237
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SUMMARY

Areas outside the SFHA are often overlooked in flood risk assessments because they seldom have sufficient data to predict flood

parameters

The synthetic data approach improves understanding of flood risk in the shaded X Zone for 1740 scenarios that include a wide

range of 500-year flood depths.

Flood depth-return period relationships provide vital information regarding flood depths at longer return periods that can be

used to enhance flood resilience.
For the analyzed synthetic data, the median AAL for all four types of single-family homes (one- and two-plus-story, each without
and with basement) in the shaded X Zone falls between 0.10 to 0.78 percent of replacement cost value for the full range of 500-

year flood depths between 0.003 feet and 7.400 feet and a values between 0.10 and 4.60.

The median value of AAL reduction falls between 0.06 and 0.23 percent of replacement cost value when elevating by an

additional 1 and 4 feet, respectively, above the initial first-floor height.
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ABSTRACT

Flood events cause significant damage outside the special flood hazard area (SFHA), making the use of SFHA as an indicator of flood risk
misleading. Furthermore, people outside the SFHA underestimate flood risk because there are few flood-related insurance requirements or
regulations for their homes. The lack of available data regarding flood depth at longer-return periods has limited the scope of research that has
estimated flood risk outside the SFHA. Therefore, there is a need to develop a new framework to estimate flood risk beyond the SFHA that
considers the full range of potential flood parameters. This study proposes a novel systematic approach to predict the flood risk in terms of average
annual loss (AAL) in the shaded X Zone for a single-family home, where the shaded X Zone is the area immediately outside the SFHA — the 500-
year floodplain, which lies between the limits of the one percent and 0.2-percent annual flood probability. To further inform flood mitigation
planning, annual flood risk reduction with additional elevation above an initial first-floor height (FFHy) is estimated. The proposed approach is
divided into three main steps: (1) generate synthetic flood parameters that represent a wide range of 500-year flood depths, (2) quantify AAL for a
hypothetical slab-on—grade single-family home with varying attributes and scenarios, and at varying elevations above the slab-on-grade elevation,
and (3) compare the flood risk results for two separate areas using the flood parameters generated by this synthetic method vs. an existing spatial
interpolation technique. Results reveal that the median AAL in the shaded X Zone is 0.13 and 0.17 percent of the replacement cost value for a one-
story, single-family home without and with basement, respectively, at FFHo and 500-year flood depth less than 1 foot. This risk is largely mitigated
by elevating homes above FFH|, to minimize the median AAL, with savings of 0.07 to 0.18 and 0.09 to 0.23 percent of replacement cost value for
a one-story, single-family home without and with basement, respectively, by elevating 1 and 4 feet, respectively, above FFHy. The results of this
study enhance the understanding of flood risk and the benefits of elevating homes above FFHy, in the shaded X Zone.
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