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Abstract

Flood depth grids from U.S. Federal Emergency Management Agency (FEMA) provide model-output estimates of the depth
of water that can, on average, be expected to occur at various return periods for localized areas. However, use of these depth
grids can be limited by spurious data and an insufficient number of return periods for certain planning applications. This
research proposes a new method for estimating flood depth grids to address these shortcomings. The Gumbel distribution is
used to characterize the flood depth-return period relationship for grid cells for which the data are plausible. Then the Gumbel
parameters of slope (o) and intercept (u) are used to project flood elevations for extreme return periods for which an entire
area can be assumed to be submerged. Spatial interpolation methods are then used to impute the flood elevations for spurious
or missing grid cells. Then, the flood depth is recomputed from the flood elevations, once they are re-calculated at the shorter
return periods. Validation of this technique for a Metairie, Louisiana, U.S.A. study area suggests that the cokriging spatial
interpolation technique provides the most suitable estimates of flood depth, provided that the FEMA-generated model output
is assumed to provide the “correct” results. These methods may assist engineers, developers, planners, and others in mitigating

the world’s most widespread and expensive natural hazard.
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Introduction Case Study Discussion

Analysis of extreme flood probabilities is of great importance in planning for development that is expected to serve a long The technique appears to provide improved estimates of flood depths in many cases, especially when the co-kriging

Study Area and Data

A frequently-flooded residential neighborhood in Metairie, Louisiana (Jefferson Parish) is used for this case study. The

period of usefulness, such as residential and commercial construction, roads, and bridges. However, few if any historical spatial interpolation method is used, provided that the FEMA-generated originally modeled data can be assumed to be

records of flood depths exist. Thus, reliance on hydrologic modeling of flood depths as a function of return period is the “correct” values. In heavily populated areas, such as in the example of Metairie, Louisiana, refinements in the flood
study area consists of 44 census blocks with a total area of approximately 1.126 km2. The mean elevation in this below-

necessary. Butin such models, a flood depth at smaller return periods will be “null” if floods are not expected at that depths for short or long return periods may allow for improved understanding of infrastructure needs for accommodating
sea-level, levee-protected area is -5.5 feet with a standard deviation of 0.71, and a range of -9.0 to -2.9 feet. Descriptive

frequency. Likewise, errors may compound for flood depth estimates at successively longer return periods. Therefore, floodwaters. Although the method is computationally intensive, it can be automated for improvement in flood depth
statistics of the Risk MAP-output flood depths by return period are shown in Table 1. The spurious maximum value for

accurate stochastic statistical methods are important enhancements to the hydrologic-modeled data for projecting flood estMost of the places in the U.S. have 100-year flood depth. Some places there are no flood data available. A few places
the 100-year return period, which is equal to that of the 500-year return period, suggests that data cleanup is necessary.

depths in order to provide construction specialists, architects, developers, and urban and regional planners with adequate have multiple return period of flood. Jefferson parish, Louisiana (study area) have multiple flood depths of different
This site is chosen primarily because of the availability of model-output flood depth grids for four return periods — 10-, 50-

information to build more resilient facilities and communities. The main objective is to characterize floods for the study return period (10-, 50-, 100-, and 500-year). Some of the places in the study area are not affected by 500-year flood
, 100-, and 500-years developed at a scale of 3.048 m x 3.048 m, by FEMA through its Risk Mapping, Assessment and

area (i.e., flood depth, return periods). To that end, the purpose of this research is to introduce an improved method for depth. That does not mean that specific location will not have any risk or vulnerability of flood. Higher return of flood
Planning (Risk MAP) program (FEMA 2021). This study area was selected also because its low relief necessitates only

developing the statistical parameters necessary to enhance the accuracy of estimates of flood elevation (i.e., flood depth (low probability) may damage that specific location. We will characterize the flood of an area using multiple return period
relatively short return periods (e.g., 5,000 years) for modeling of flood covering the entire study area, which introduces

+ site elevation), particularly at long return periods. More specifically, the research addresses the question, “If no of flood depth and elevation of that area using Quantile function gumbel distribution.imates for any location that is “data
less error than extrapolating longer return periods

modeled flood data exist for some or all return periods, how can the return period be estimated as a function of flood rich” regarding flood depth grids at multiple return periods.

elevation?”
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Extrapolated 5000-year flood surface flood free pixels return periods generated model output are not available or are spurious. The method involves fitting rasterized flood data to the Gumbel

Extrapolated 1000-year flood surface log-linear distribution of flood depth as a function of return period, by cell. The method then uses the Gumbel
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Figure 1: Flood risk estimation Figure 2: Flood depth-return period relationship e 1l s & o el parameters, for 10-, 50-, 100-, and 500-year return periods through the use of spatial interpolation algorithms. Validation
Data Cleaning Assign threshold value + (-0.1) to 100- and aand u T —— and sensitivity analyses are possible through comparison with FEMA-generated data. A case study of Metairie, Louisiana,
500- year flood free pixels where 100- year estimation year flood depths
pixels are flood free is used to illustrate the technique. For the study area, the co-kriging technique offers the smallest RMSE, when compared

Each pixel will have non-null flood depths for either zero (i.e., flood return period exceeds 500 years), one (i.e., 500-year),

to FEMA-generated model output flood depth grids. Validation and sensitivity analyses in the case study illustrate that
two (i.e., 100- and 500-year), three (i.e., 50-, 100-, and 500-year), or four (i.e., 10-, 50-, 100-, and 500-year) return Repeat the process until FPOFF are equal to zero. This will provide the final a and u raster.

_ o _ _ _ o _ _ the method offers improvements in estimation of flood depths for enhanced flood mitigation planning.
periods. Initial quality checks were performed to flag pixels with unrealistic data. These include three types of spurious Figure 3: Summary of Case Study
values: 1) any pixel with a reported flood depth less than or equal to zero for any return period; 2) any pixel in which a Future work should be conducted to provide estimates of similar flood depths in locations where FEMA-generated model

Data Cleaning

flood depth for a shorter return period equals or exceeds that for any longer return period; and 3) any pixel in which a output flood depth grids are unavailable. Flood risk analysis in such “data poor” locations might use the Gumbel

shorter-duration return period has a reported flood depth but a longer-duration return period has a null (i.e., flood free) The data cleaning process is run on the 121,204 cells in the study area. Data cleaning identifies 32 cells with a flood parameters for adjacent “data rich” areas, or it might use other techniques. Additional work that considers the
value. depth less than zero, 3,575 cells for which a lower-return-period flood depth equals or exceeds a higher-return-period relationship between flood loss and flood depth is also needed, particularly for varying time intervals over which the
flood depth, and 2,365 cells for which a positive shorter return period flood depth is accompanied by a “null” longer flood depth is experienced. The present research offers the first step toward such analyses, in the interest of enhancing

Gumbel Model Fitting
return period flood depth. The original flood depth values in a total of 5,972 cells (4.9% of the initial cells) are unused in protection of life and property.

For each cell having non-null flood depth for at least two return periods, all available flood depth return periods were : . . . . . .
g P P P P the analysis because they fail one or more of these data cleaning tests, leaving 115,232 remaining cells with plausible

used to fit the Gumbel distribution (Figure 2). Check the 10-year flood depth with gumble parameter for those location flood depth and DEM data. For the 5,972 spurious cells, temporal or spatial interpolation is used to impute flood depths

where we fit the gumble with three cell (i.e. 10-year flood depth null). Separate the 10-year flooded cell which are . . . o
from values for the same cell from adjacent return periods or cells, respectively. F u n I n
originally non-flooded in the model data and put them -0.1 flood depth as barrier to fit better gumble distribution. We g

Gumbel Model Fitting

decrease the 10-year flood depth in the original model data with an increment of 0.1 until the gumble distribution This project was funded by the Louisiana Sea Grant College Program (LSG) (Omnibus cycle 2020-2022; Award Number:

parameter predict the 10-year flood depth as negative or non-flooded. Similarly, check the 50-year flood depth with For each cell with cleaned, non-null flood elevation data for two or more of the four return periods, the Gumbel NA180OAR4170098; Project Number: R/CH-03), and the Gulf Research Program of the National Academies of Sciences,
gumble distribution parameter for those location where we fit the gumble with two cell (10- and 50-year flood depth is distribution is fit. No further processing is required for cells having derived flood depths at all four return periods. Engineering, and Medicine under the Grant Agreement number: 2000-10880 “The New First Line of Defense: Building
null) and apply the similar correction process. Community Resilience through Residential Risk Disclosure”. Any opinions, findings, and conclusions or recommendations

Flood Depth Extrapolation to Longer Return Periods

. expressed in this research are those of the authors and do not necessarily reflect the views of the Gulf Research Program
Flood Depth Extrapolation

Once the a and u parameters are corrected for all cells, they are used to extrapolate flood elevation surfaces for the or the National Academies of Sciences, Engineering, and Medicine or LSG.

At each cell, the unique slope and intercept values of the trend line were then used to extrapolate the flood depth at that 5,000-, 10,000-, 50,000-, and 100,000-year flood elevations in their respective cells.

cell for floods of small probabilities (i.e., long return periods, such as 5,000-year, 10,000-year, and 50,000-year), over ] ]
Elevation Surface Creation

which the entire study area is assumed to have flooded.

Several spatial interpolation techniques were applied, separately for each of the four longer return periods (i.e., 5,000 or

Flood Elevation Surface Creation . _ _ _ o
more years). First, moving-average windows of 3x3 cells increasing incrementally from 3x3 to 5x5, 7x7, ... 31x31 cells

A moving average filter was used to impute all missing cells in the study area, by experimenting with different window were used to impute values for missing cells, with the same-sized window implemented across the entire study area, for

sizes (e.g., 35x35, and 60x60). The dimensions of the final window were determined as the smallest window that can each iteration. The largest window (31x31 cells) is determined as the minimum size required to interpolate within the

impute all missing cells in the study area for that return period. Then, because the flood elevation surface of a completely middle of the largest cluster of missing cells in the study area. The moving average window only populated the “NULL . SC I E N C E S

flooded surface should be relatively smooth, a 3x3 window was run to smooth the flood elevation surface (i.e., reduce the “cells. A smoothing operation (3x3) was performed to reduce the undulation of the flood elevation surface for entire The Nﬂt?onal E NGI N E E RI NG

undulations of waves over the flooded terrain). study area. Nearest neighbor, kriging, co-kriging is also used (separately) to interpolate the missing cells at each of the ACﬂdemles Of ME D I C I N E

Gumbel Model Fitting: Flood parameter longer return periods, separately.

Then, for each cell, another Gumbel distribution was fit using the spatially interpolated rasters at only the longer (i.e., Gumbel Model Fitting: Flood Parameter G U I_F R E S EARC H P ROG RAM  OUISIANA
5,000-, 10,000-, 50,000-, and 100,000-year) return periods. It should be noted that the Gumbel distribution is most For each cell, a new Gumbel distribution is fitted, using the 5,000-, 10,000-, 15,000-, and 20,000-year return period flood

appropriate in this research because of its established success in approximating the most extreme values. Next, flood depths, with the new a and u parameters used to calculate the 10-, 50-, 100-, and 500-year depths. A comparison is then

depth was extrapolated for 10-, 50-, 100-, and 500-year return periods using the new slope and intercept of the fitted made with the Risk MAP depths; “null” cells in Risk MAP that have positive modeled flood depths are flagged to be

distribution. The flood depth for flood-free pixels were then estimated from these extrapolated data. corrected.




