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Requirements for the Federal Emergency Management Agency (FEMA) Risk Mapping, Assessment,
and Planning (Risk MAP) Program are specified separately by statute, regulation, or FEMA policy
(primarily the Standards for Flood Risk Analysis and Mapping). This document provides guidance to
support the requirements and recommends approaches for effective and efficient

implementation. Alternate approaches that comply with all requirements are acceptable.

For more information, please visit the FEMA Guidelines and Standards for Flood Risk Analysis and
Mapping webpage (www.fema.gov/guidelines-and-standards-flood-risk-analysis-and-mapping).
Copies of the Standards for Flood Risk Analysis and Mapping policy, related guidance, technical
references, and other information about the guidelines and standards development process are all
available here. You can also search directly by document title at https://www.fema.gov/library.
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1. Introduction and Background

Flood Risk Products (FRP’s) typically include the creation of Water Surface Rasters, Depth Rasters
and Analysis Rasters. Checklists exist to ensure that each raster type are being produced with a set
of minimum standards. However, this does not preclude the fact that the producer typically needs to
refer to multiple documents in order to obtain information on the specification(s) associated with the
production standards. This document has been assembled as both a quality assurance tool but also
as a valuable production tool. The primary goal of this supplement or addendum to the raster QC
Checklist, is to provide visual examples. The visual example is intended to help 1.) Quickly provide
examples of how a given item should look or appear and direct both producers and quality
assurance reviewers to the resources within the Technical References and/or the Guidance
documents.

For most checklist items, each raster quality check item is provided with:

e Reference - a callout that refers the user to Technical References and/or Guidance
documents

e Correct example - a representative example of what is reasonably expected of the work
product

e Incorrect example - a representative example that illuminates potential incorrect production

Some discussion items are interspersed on an as-needed basis.

2. Water Surface Raster Checks

2.1. WSE_1and WSE_2

The raster checks for these two items (WSE_1 & WSE_2) are similar in nature and are therefore
combined.

i Check
ID Raster Compliance Check G&S Reference methodology
WSE_1 | Raster datasets have proper Flood Risk Database Technical FRP QC Tool
naming conventions. Reference (FEB2018) - Section 4.0 check

Raster Datasets, Page 74-76; Table 6. 1.1.0.1
Flood Risk Database Rasters (Column
FRD Raster Name).

Flood Risk Database Guidance (FEB
2018) - Section 6.0 Raster Guidance,
Page 8.

Raster QC Checklist Applied Approaches December 2021 1
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- Check
ID Raster Compliance Check G&S Reference methodology
WSE_2 | Water Surface Elevation FEMA Policy Standards for Flood Risk FRP QC Tool
(WSEL) rasters for new riverine | Analysis and Mapping FEMA Policy #FP | check
studies include the 10%, 4% 204-078-1 (Rev 8); Page 55. 1.1.0.2
2%, 1%, 0.2%, and 1% Plus
annual chance flood events

Reference Example:

6.0 Raster Guidance

Addizional gucance can be found within the Elood Depth & Analysls Grids Guidance document
for each of tra following rastsr datassts:

o CoulDpihwocpet {Coasla Food Depth Srid) Guidance for Flood
s+ Depth_swoos {Riverine Flood Depth Grid; Risk Analysis and
¢ DWE_oneooo (Depth timas Yelocity Flood Sevsrity Grid) Mapping, Flood Risk
»  PotllyrChancs (Percent Chance of Flooding over & 30-yvear Period Grid) Database (Feb 201 8)
= PotdnnChance [Percent Annual Chanee of Floading Srid)

s el oo [Welocily Srid)

I s WWEE weaxmx (Waler Surlace Eleealicn Grid) I

» WSE_Change \Water Surface Elsvation Charnge Grd)

Correct Example 1:

ArcMap Example: ArcCatalog Examplel:

Table Of Contents ﬁwse_ﬂ_}lpct File Geodatabase Raster Dataset

\L-", U &!EI, | ﬁwse_mpct File Geodatabase Raster Dataset

= £ Layers ﬁwse_ﬂ'lplus File Geodatabase Raster Dataset

WSE_10pct ﬁwse_ﬂ?.pct File Geodatabase Raster Dataset
WSE_04pct Ewse_ 0apct File Geodatabase Raster Dataset
WSE_O2pct mwse_w;:lct File Geodatabase Raster Dataset
WSE_01pct
WSE_0_2pct

Correct Example 2:

The example below demonstrates the WSE’s within a Flood Risk Database (FRD).
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Arc Catalog Example 2:

Corterts | Preview | Description

Marne
ﬁFRD_Spatial_Layers
22 cstdpth01pct

3 CtWSED1pt

8 depth_0_2pct
ﬁdepth_[ﬂ pct

22 depth_01plus

e depth_02pct

B depth_Ddpct

8 depth_10pct

Type

File Geodatabase Feature Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatakase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset

ﬁpctBDyrchance File Geodatakase Raster Dataset
Epctannchance File Geodatabase Raster Dataset
@wse_[)_lpct File Geodatabase Raster Dataset
EBwse 01pct File Geodatabase Raster Dataset
mwse_[)‘lplus File Geodatabase Raster Dataset
ﬁwse_[)apct File Geodatabase Raster Dataset
ﬁwse_[)ﬂlpct File Geodatabase Raster Dataset
@wse_wpct File Geodatabase Raster Dataset

NOTE: Upper Case/Lower Case of raster prefix text “WSE” or “wse” is acceptable.

Incorrect Example:

The example below demonstrates that while the naming includes logic, it does not follow the
standard naming convention.

ArcCatalog Example:

Contents | Preview I Description |

Mame

@ wirsrfcelev_D1 pret
@ wirsrfcelev_02pret
@il wirsrfcelev_Mpret
Bl wirsrfcelev_1 Dpret

2.2. WSE_3

B wirerfc elev_0_2prct
@ wrsrfcelev_01plusprent

Type

Fgdb Raster Dataset
Fgdbk Raster Dataset
Fgdb Raster Dataset
Fgdb Raster Dataset
Fgdb Raster Dataset
Fgdb Raster Dataset

ID Raster Compliance Check

G&S Reference

Check
methodology

WSEL rasters for new coastal
WSE_3 | studies include the 1% annual
chance flood event

FEMA Policy Standards for Flood Risk
Analysis and Mapping FEMA Policy
#FP 204-078-1 (Rev 8); Page 55.

manual check

Raster QC Checklist Applied Approaches
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Reference Example:

6.0 Raster Guidance

Additional quidanas can b found with'on the Slood Depth & Analysis Grids Guidance docsumeant
Tor each of the Tollowing raster datasels:

+  CstDpthesepet (Coastal Flood Depth Grid)

= Dol oo (Rivering Flood Depth Grid)

= DOWE o (Depth limaes Yeloaity Sleod Seventy Grid)

»  PetilyrChance (Percent Chance of Sleading over 2 30 gear Perind Srid)

+  PotannChanca (Percent Annual Chances of Flocding Grd)

o Vel _ooosx OVelocity Grid)
= WEE ouoi (Wale Surface Elevalion Giid )

= WESE_Change (Waler Surface Elevation Ghange Grid)

Correct Example:

Corterts | Preview I Description

Guidance for Flood
Risk Analysis and

Mapping, Flood Risk
Database (Feb 2018)

MName Type

Eﬂ FRD_Spatial_Layers File Geodatabase Feature Diataset
#8 cstdpth01pct File Geodatabase Raster Dataset
@ CstWSEDTpct File Geodatabase Raster Dataset I

4 depth_0_2pct
3 depth_01pct
#d epth_01plus
B depth_02pct
#d epth_04pct
5 depth_10pct
] pct3lyrchance
2] pctannchance
2221 wse_(_2pct
& wse_0pct

& wse_0plus
] wse_02pct

2] wse_Mpct

ﬁ wse_10pct

File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset
File Geodatabase Raster Dataset

4 CstWSED1pct

NOTE: Existing Guidance for Flood Risk Analysis and Mapping - Flood Risk Database, 6.0 Raster
Guidance and also Flood Risk Database Technical Reference (Table 6. Flood Risk Database Rasters)
- does NOT include coastal WSE Raster naming convention at this time.

Incorrect Example:

Given that existing Guidance and Technical References do not include coastal WSE Raster naming
convention at this time, an Incorrect example is not provided at this time.

Raster QC Checklist Applied Approaches
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2.3. WSE_4
: Check
ID Raster Compliance Check G&S Reference methodology
WSEL rasters are 32-bit Floating Point Flood Risk Database
and shares the same spatial reference, | Technical Reference
origin, rotation, and cell size resolution (FEB2018) - Section 4.0
with companion depth grids Raster Datasets, Page 74. FRP QC Tool
WSE 4 check 1.1.0.3
— | *Check to ensure multi-frequency _ FRP QC Tool
rasters align with one another. Guidance: Flood Depth and | check 1.3.0.1
Analysis Grids (FEB2018) -
Section 1.2 Grid Cell Origin;
Page 2.

Reference Example:

1.2 Grid Cell Origin

In order to be able to properly orient each grid with one another,
and to more accurately compare one flood risk data value (such as

depth) to another (such as velocity) at a given location, each grid Guidance for Flood
dataset within the FRD should use the same origin, cell size, Risk Analysis and
rotation, and coordinate system. Since many of the grid datasets Mapping, Flood Risk

Database (Feb 2018)

are derived from other grids (for example, the depth grids are
derived from the water surface elevation grids, and the percent-
annual-chance grids are derived from those), setting a common
origin for all raster datasets within the study area provides for
proper alignment of grid cells when comparing one raster dataset
to another.
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Correct Example (Pixel Type):

The example below demonstrates the proper Raster Information.

General

Property
=l Data Source
Raster
Data Type
Database
Managed by GDB
= Raster Information

Value

wse_D1pct
File GeoDatabase Raster Dataset

‘fes

Columns and Rows 17369, 19542 PIKEI T-!rrpe
Number of Bands 1
Cell Size (X, ¥) 3.048, 3.048 PiKEl DEI:I'H"I
Uncompressed Size 1.26 GB
Format FGDBR
Source Type Generic
Fixel Type floating point
Pixel Depth 32 Bit
Edit...
Colormap absent
Pyramids level: 1, resampling: Mearest Meighbor Build...
Compression LZ77
Mensuration Capabilities  Basic >
ok [ G ][ som

Incorrect Example (Pixel Type):

floating paint
32 Bit

The example below demonstrates improper Raster Information.

Raster Dataset Properties

General  Key Metadata

Property Value ~
[ Data Source
Raster wse_01pct
Data Type File GeoDatabase Raster Dataset
Database
Managed by GDB Yes .
= Raster Information Pi]{EI T'ﬂ:lE
Columns and Rows 3260, )
MNumber of Bands 1 P”{EI DEpﬂq
cell Size (¥, ¥) 10, 10
Uncompressed Size 12,10 MB
Format FGDER
rce Tyne Generc Switch to =
Pixel Type signed integer
Pixel Depth 8 Bit
MNoData Value Edit...
Colormap absent
Pyramids level: 5, resampling: Mearest Neighbor Build...
Compression LZ77 ™
[ok ]| camcel || pply

Raster QC Checklist Applied Approaches
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Correct Example (Extents & Spatial Reference):

The example below demonstrates the proper Raster Information, where wse_0_2pct has SAME

information as wse_0O1pct and so on...

wse_Dlpct
mwse_ﬂ'l plus
@wse_ﬂ?_pct
@wse_ﬁdpct
@wsej@pct

B AOMI_SourceCit

% Breach_Levee_Scenari
% Breach_SourceCit

BB Craomi

% CF_SourceCit

B CSLF_New_SourceCit
5B C5LF_Pre_SourceCit
B C5LF SourceCit

% Dam_Scenario_Sourcd
% Dams_CF

2 Dams_DS_INUN

B Dams_ESMT

% Dams_SourceCit

B Dams_US_INUN

% Dams_X5

B Dams_Xs_MDL

EB DS_INUN_Dam_Scena
B DS_INUN_SourceCit
B8 Elements SourceCit

wse_0Tplus
m wse_2pct
ﬁ wse_Mpct
@ wse_10pct
B AOMI_SourceCit

% Breach_Levee Scenario
% Breach_SourceCit
FBcraom

% CF_SourceCit

B CSLF_MNew_SourceCit
B CSLF_Pre_SourceCit
EB CSLF SourceCit

% Dam_Scenario_SourceCit]
% Dams_CF

8 Dams_DS_INUN

B Dams_ESMT

% Dams_SourceCit

& Dams_US_INUN

% Dams_X5

5 Dams_X5_MDL

B DS_INUN_Dam_Scenario
B DS_INUN_SourceCit

% Elernents_SocurceCit
Chresar o —

General

Property
= Extent
Top

Left
Right
Bottom

=  spatial Reference
Linear Unit
Angular Unit
False_Easting
False_Morthing
Central_Meridian
Scale_Factor
Latitude_Of_Origin
Datum

= statistics

E Band_1
Build Parameters
Min
Max

Value

4196563.80122
329546.399178
382437.111178
4136999,73522
NAD_1983_UTM_Zone_18N
Meter {1.000000)

Degree {0.0174532925199433)
500000

i}

-75

0.9936

u]

D_Morth_American_1983

Oplions -

1.91080629825592
133,1000061035156

General

Property

=  Extent
Top
Left
Right
Bottom

= Spatial Reference
Linear Unit
Angular Unit
False_Easting
False_Morthing
Central_Meridian
Scale_Factor
Latitude_Of_Origin
Datum

= Statistics

= Band_1

Build Parameters

Min
Max

Value

4196563.80122
3295465.399178
382487.111178
4135999,73522
NAD_1983_UTM_Zone_18N
Meter (1.000000)

Degree (0.0174532925199433)
500000

o]

-75

10,9996

o]

D_Morth_American_1983

Options

0
131.8000030517578

Raster QC Checklist Applied Approaches
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Incorrect Example (Extents & Spatial Reference):

The example below demonstrates improper Raster Information; wse_0_2pct DOES NOT have the
same information as wse_0O1pct.

L_CSLF_Summary

Cil il Tl

ESL_Exposure Raster Dataset Properties >
L_RA_AAL ——
L_R.A_Composite ene Rl
L_RA_Refined Property Value ~
ESIL_RA_Summary
L_RA_UDF Refined 2 E’T:;"t 705013907777
L_Source_Cit Left 2455703, 52582
B Model_Study Right 2557118,52582
ﬁpcﬁﬁyrchance Bottom 5912409.07777
&8 pctannchance El  Spatial Reference Edit...
% Polar AOMI_Sum L)(‘{ Col-ljjr(iinate System EADt_3958'[30_531:41:;Ila}ne_Texas_Norh_CentraI_FIPS_42. .
) inear Uni o0 \
% Polfr_Claims Angular Unit Degr;e {0.0174532925199433)
23 PolAr_CSLF Sum False_Easting 1968500
B PolAr_SourceCit False_Northing 6561666, 666666666
58 Proj_SourceCi Central_Meridian -98.5
=l 0 elCit Standard_Parallel_1 32,13333333333333
Standard_Parallel_2 33.96666666660657
B wee D1pct Latitude_OF Origin 31, 66666656665667
B wee 01 plus Datum D_Morth_American_1983
ﬁwse_ﬁlpct \."er_l:ic_iil Coordinate 5... .
ﬁwse_ﬂdpct EL Sfatl,ﬂ,ms Options_ ~ | ,
ﬁ wse_10pct
Cancel Apply
ey
L_F_xposure Raster Dataset Properties ™
L_RA_AAL
L:RA:Composite General | Key Metadata
L_RA_Refined Property Value ~
L_RA_Summar.g,r B Extent
L_RA_UDF Refined Top 7050138, 39431
L Source Cit Left 2455702,89625
B Model_Study Right 2557099,83625
# pct30yrchance Bottom 6912411,39431
# pctannchance =l Spatial Reference Edit...
% Polar_AOMI_Sum XY Coordinate System MAD_1933 NSR52007_StatePlane_Texas_Morth_Centr...
%Polhr_(:laims Linear Unit Foot_US (0.304301)
% PolAr_CSLE_Sum Angular Unlit Degree (0.0174532925199433)
. False_Easting 1968500
3 PolAr SourceCit False_Northing 6561666, 666666666
3 Proj_SourceCit Central_Meridian 98.5
B UDF_SourceCit Standard_Parallel_1 32,13333333333333
Hwep D I Standard_Parallel_2 33.96666666666667
Latitude_Of_Crigin 31.66666666666667
wse_01plus Datum D_NAD_1983_NSR52007
Bwse 02pct Vertical Coordinate S... NAVD_1988
] wse_Odpet !_-ine“ar Un_lt) I'j"leter {1.000000) >
Ewse_10pat

Cancel Apply

Raster QC Checklist Applied Approaches
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24. WSE_S5
i Check
ID Raster Compliance Check G&S Reference methodology
Guidance: Flood Depth and Analysis
WSE 5 WSE(Lj rgstte{r:’a'“es 3¢ | Grids (FEB2018) - Section 2.6.3 FRP QC Tool
- E)o:r}eZt 0 the neares Elevation Accuracy; Page 13. check 1.1.0.4

4.0 Raster Datasets

Guidance for Flood

All depth and analysis rasters within the FRD shall be floating point ; .
Risk Analysis and

with data rounded to the nearest tenth of a unit (i.e., 0.1 feet, 0.1
feet/second, or 0.1%) and shall have the same spatial reference,
origin, resolution and rotation as one another.

Mapping, Flood Risk
Database (Feb 2018)

Correct Example (Rounding): Incorrect Example (Rounding):
4 [/] WSE_10pct 4 [J] WSE_10pct
Value Value
637.7 637.673107
l 0.7 l 0.69842665
One decimal place Multiple decimal places

TYPICAL STEPS TO ROUND PROPERLY

NOTE: prior to performing rounding raster should be in appropriate deliverable coordinate system. If
raster is not in appropriate deliverable coordinate system and rounding is performed, and then a re-
projection to deliverable coordinates is performed - the result will revert to more than one decimal
place because when a raster is projected, by default it is also re-sampled.

e (Generate raw depth raster (typically WSE raster minus bare-earth DEM raster)
e  Multiply raw depth raster by 100

e Add0.5

e Convert to Integer raster

e Divide by 100

Raster QC Checklist Applied Approaches December 2021 9
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25. WSE_6
i Check
ID Raster Compliance Check G&S Reference methodology
; Guidance: Flood Depth and Analysis
WSEL raster cell size . . .
WSE_6 | resolution is no larger than Grids (F_EB2018) - Section 1.1 Grid Cell | FRP QC Tool
10ft x 10ft Resolution; Page 1. check 1.1.0.5

5.0 Spatial Reference Systems

Delivered FRD raster datasets shall have the following spatial
reference standards:
Projection: Universal Transverse Mercator (UTM)

Guidance for Flood

Zone: Single zone which best covers the project area
Horizontal Datum: NAD 83 (1986). This is the original NAD
83 realization.

Risk Analysis and

Mapping, Flood Risk
Database (Feb 2018)

Horizontal Units: Meters
Cell Size: no larger than 10m
Vertical Datum: NAVD88
Vertical Units: US Survey Feet

Correct Example (Cell Size):

Raster Dataset Properties X

General  Key Metadata

Property Value 2
El  Data Source

Raster wse_01pct

Data Type File GeoDatabase Raster Dataset

Database Cr\Users\IMawby'\Documents\ArcGIS \Default. gdb
Managed by GDB Yes
E  Raster Information

Columns and Rows 3260, 3891

Mumber of Bands 1

Cell Size (%, ) 10, 10

Uncompressed Size 43,35 MB

Format FGDER

Source Type Gerp~- Frviibeb b -
Pixel Type floa .

Pixel Depth 32[| | [:E" SIEE {:!{_r lf} j.D_r j.D
MoData Value e
Colormap absent

Pyramids level: 5, resampling: Nearest Neighbor Build...

L

Cancel | | ol

Compression LZ77

Raster QC Checklist Applied Approaches December 2021 10
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Incorrect Example (Cell Size):

FRaster Dataset Praperties bt
Gerperal ey Metadata

Property Value e

E  Data Source
Ragber wse_0ipct
Data Type File GeoDatabase Raster Dataset
Database C:'\Usersymawhy DesktopData VAP FRD_07140108_G...
Managed by GDE Yes

= Rasber Information
Coksrrs and Rows 4734, 2707
i i
Cel Size (X, ¥) 0, 30
Uncompressed Size 51,048
Format FEDER
Source T Geg g
P‘ixEIT-.-ﬁ:!m A.I ‘ Cell Size {X, Y} 30, 30
Fixel Depth F2L..
HoData Value Edit...
Colormap absent
Pyramids l=vel: 5, resamping: Mearest Meighbor Build...
Compression LZT7 i

2.6. WSE_7
. Check
ID Raster Compliance Check G&S Reference methodology
1. Flood Risk Database Technical
Reference (FEB2018) - Section 5.0
All rasters in the FRD use the ?[;atlal Reference Systems; Page
WSE 7 Universal Transverse Mercator ) FRP QC Tool
= | (UTM) zone in which the check 1.3.0.6

majority of the project area lies.

2. Guidance: Flood Risk
Assessments (FEB2018) - Section
3.3 Geographic Information Systems
(GIS) Considerations; Page 7.

Raster QC Checklist Applied Approaches
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5.0 Spatial Reference Systems

Delivered FRD raster datasets shall have the following spatial
reference standards:
Projection: Universal Transverse Mercator (UTM)
Zone: Single zone which best covers the project area
Horizontal Datum: NAD 83 (1986). This is the original NAD
83 realization.
Horizontal Units: Meters
Cell Size: no larger than 10m
Vertical Datum: NAVD88
Vertical Units: US Survey Feet

Correct Example (UTM Spatial Reference):

General

Froperty Value
= Spatial Reference MAD_1983_UTM_Zone_18M
Linear Lnit Meter (1.000000)
Angular Unit Degree (0.0174532925199433)
False_Easting 500000
False_Marthing 0
Central_Meridian -75
Scale_Factor 0.9936
Latitude_Of_Origin 0
Datum D_Morth_American_1983
Zl__Statistics
= Band_1
Build Parameters

Min
Max

Mean
Std dev.

Classes
= Geodata Transform

0
131.8000030517578
45,22063631051113
25.41661427502786
0

Raster QC Checklist Applied Approaches

Guidance for Flood
Risk Analysis and

Mapping, Flood Risk
Database (Feb 2018)
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Incorrect Example (UTM Spatial Reference):

Raster Dataset Properties x
General  Key Metadata
Property Value =
El  spatial Reference Edit...
XY Coordinate System MAD_1933_StatePlane_Mew_Jersey_FIPS_2900_Feet
Linear Unit Foot_US (D.304801)
Angular Unit Degree (0.0174532925199433)
False_Easting 492125
Falze_Morthing 0
Central_Meridian -74.5
Scale_Factor 0.9993
Latitude_OFf_Crigin 33,33333333333334
Datum D_Morth_American_1983
Vertical Coordinate S...
El  Statistics Options -
El Band_1
Build Parameters
Min 5.089999771115164
Max 36, 1193844909658
Mean 11,59231238786835
Std dev, 6.721673544550605 v
Cancel Apply
2.7. WSE_S8
ID Raster Compliance Check G&S Reference Sz
methodology
FEMA Policy Standards for Flood Risk
Analysis and Mapping FEMA Policy #FP
204-078-1 (Rev 8); Page 54.
WSEL rasters must share the ( ) g
same terrain and bathymet . . manual
WSE_8 y ry Other Consideration:
source datasets as the ; ; . check
engineering models Guidance: Flood Depth and Analysis
) Grids (FEB2018) - Section 3.2 Depth
Grid Considerations for Inland Open
Water Areas; Page 23.

Raster QC Checklist Applied Approaches
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Reference Example:

Figure 20: Depth Grid in Cross Section View

Floodplain Extent

Modeled Flood Guidance for Flood
Water Surface Flevation

Risk Analysis and
Mapping, Flood Risk

Database (Feb
2018); Page 21

Producers of water surface and depth raster’s need to be mindful of the importance to utilize the
same ground data utilized to generate associated floodplain modeling. This will ensure that all
products (Regulatory & Non-Regulatory) are consistent. The image above offers valuable perspective
when considering the following Correct and Incorrect examples. The assumption is that the
information in the image above represents use of “the same terrain”. In the event that a different
ground dataset is utilized, it would essentially change the planimetric shape of the floodplain and
subsequent depth raster values - even if the same water surface data is utilized.

Correct Example:

FIRM™ 1%
Boundary®
b

rid (ft)
™ High : 1054.68

Low: 1023.29

Raster QC Checklist Applied Approaches December 2021 14
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The example above demonstrates that the WSE raster coincides and is consistent with the floodplain
boundary.

Incorrect Example:

FIRM 19%
Boundary”
: ) y S

4 WSEL Grid (ft)
™ High: 1054.68

Low: 1023.29

The example above demonstrates that the WSE raster is not consistent with the floodplain boundary.

When considering the following sub-area:

FIRM 1%,
Boundary”:

The planimetric shape of the floodplain boundary as compared to the WSE raster indicates that a
different ground dataset was likely utilized.

Raster QC Checklist Applied Approaches December 2021 15
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r Floodplain Extent
[ I
I I Differing
i : Ground
' Modeled Flood
: Water Surface Elevation
I
[
I

The cross-sectional view above is a generalized sketch that exemplifies the likelihood of the error in
this general vicinity, where the shape of the ground is mismatched, and the floodplain is essentially
squeezed into a channelized area.

Incorrect Example (Comparison to Exemplify):

In order to properly understand the importance of utilizing the same ground data that was utilized to
generate the floodplain mapping, the following comparative example underscores the importance -
use of a different ground will result in differing floodplain extents as well as differing depth grids.

FIRM 1% ¥ FIRM 1%
_ Boundary / Boundary

/) .

Ground & .

. Inundation
Unclipped A
WSE Raster regior
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The series of images in the set above utilize the same ground that was utilized to generate the FIRM.

FIRM 1%
Boundary

Ground &
Same
Unclipped

Inundation
Ground WSE Raster Area or
Floodplain

Different

Raster

The series of images in the set above utilize differing ground data; while FRP’s are able to be
produced, they differ greatly from the FIRM floodplain extents. This set of example images exemplify
how different ground data will produce incorrect WSE and Depth Rasters; especially use of a less-
accurate ground dataset as the example set above.

2.8. WSE_9
. Check
ID Raster Compliance Check G&S Reference methodology
1. Guidance: Flood Depth and
Analysis Grids (FEB2018) -
Supporting documentation is ivea(icg?fgl?sfl.:’i 1eG1a?ps and
included for locations where the  Fag )
N e e e o e | 2 Guince: Fonams | menualchek
data ying Assessments (FEB2018) - Section
) 3.3 Geographic Information
Systems (GIS) Considerations;
Page 7.
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Example(s) of Terrain Gaps:

-

DEM

The gap represented above may exist between The gap represented above may exist between
differing surveys and may therefore also cause source DEM tiles. The gap may or may not be
gaps with WSEL, Depth and Analysis Rasters. valid. If valid, the reasoning should be explained.

GISGeography, 2021. . : -

/ No Data

Gap.in

The gap represented above, if valid should be explained.

Discussion:

Any gap in the underlying ground data will also result in gaps within subsequent products,
floodplains, water surface, depth and analysis rasters. In most instances, data gaps are considered
an error - meaning that underlying ground data are not expected to include gaps. If a gap is a known
and valid gap, the reasoning should be explained.

29. WSE_10
: Check
ID Raster Compliance Check G&S Reference methodology
WSEL rasters reference the 1. Flood Risk Database Technical
WSE 10 North American Vertical Reference (FEB2018) - Section 5.0 | FRP QC Tool
- Datum of 1988 (NAVDSS, Spatial Reference Systems; Page check 1.3.0.7
Feet). 77.
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ESRI Raster Dataset Properties Correct Examples:

Raster Dataset Properties

General  Key Metadata

X

Property Value
Scale_Factor 0.9993
Latitude_Of_Origin 38.83333333333334
Datum D_Morth_american_1933
Vertical Coordinate System | NAVDSB_height_(ftS)
Linear Unit Foot_US (0.304301)
Vertical _Shift 1}
Direction positive up
Datum Morth_american_Vertical Datum_ 1988
= Statistics - . - b "
.
B Band_t Vertical Coordinate System | MAVDES _height_(ftUS)
Build Parameters . .
Min soessesriusiss  LIMEAT Limit Foot_US (0.304801)
Max 36, 1198844909668
Mean 11.59281238786835
Std dev. 6.7216785445560695
Classes 0
E  Geodata Transform View.
< >
Cancel Poply
Raster Dataset Properties X
General  Key Metadata
Property Value &
Standard_Parallel_1 32.13333333333333
Standard_Parallel_2 33.96666666666667
Latitude_Of_Origin 31.666666666665667

0 Vertical Coordinate 5...| MAVD_19588

Foot_US {D.304501)

Datum D_North_American_1983
NAVD_1983
Linear Unit Foot_US {0.304801)
Vertical _Shift
Direction positive up
Datum Morth_American_Vertical_Dat. L|r‘|Ear Ur"t
El  Statistics
= Band_1
Build Parameters
Mir 0
Max 115.1999969482422
Mean 6.481298138764133
Std dev. 4.491141586728751
Classes 0
El Geodata Transform View 5
Carcdd | ey

ESRI Raster Dataset Properties Incorrect Examplel.:

Dataset does not have a Vertical Coordinate System defined.

Raster QC Checklist Applied Approaches
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Raiter Datasat Froparbes

Gereral oy Metncte

Propmity Vaka o
Ll  spatial Reference EdiX..
¥ Coordinate System HAD _15=3 StabePane Mes Jarsay FIPS_2500_Feg
Lirzar Linik Faat UE {0.30-4501]
i Ll Doy e (11011 PR320 106433)
Fake_Feastng HILE
Fake_Mortning 0
Ceriral_Meridan F45
Srale Facton 0.939

stk 0T Cxiggn 3/ EITRIATRIS

[vertical Coordmatesystern | ]
El T
= Sand_L

Builel Pom crvwi b

P L b R B b ]

-1 30, 1192094309060

Mean 11.5528 1228795835 0
L9 T T =

i

Vertical Coordinate System |

ESRI Raster Dataset Properties Incorrect Example2:

Dataset has incorrect Vertical Coordinate System defined.

Raster Dataset Properties

General  Key Metadata

Property
Central_Meridian
Scale_Factor
Latitude_Of_Origin

Vertical Coordinate System | NGV

Vertical_Shift 0

Direction positive up

E Band_1
Build Parameters
Min 5.989999771118164
Max 36.1198544909663
Mean 11.59231283786835
Std dev. 6.721678544550695
. Cla-sses i 0 ©
< . C T >

Corcel | | fonl

D el Vertical Coordinate System | NGVD_1929

2.10. WSE_11

clipped to the project footprint

. Check
ID Raster Compliance Check G&S Reference methodology
WSEL rasters cover the full extent Gmdar_me: '.:IOOd Depth and
e . Analysis Grids (FEB2018) -
WSE 11 (modeled limit) of the studied Section 9.0 Dataset Spatial FRP QC Tool
- flooding source, and are not . check 1.3.0.8

Extents; Page 35-37 (Figure
33).

Raster QC Checklist Applied Approaches
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Reference Example:

9.0 Dataset Spatial Extents

Certain flood risk datasets will naturally extend beyond the limits of

the Flood Risk Project footprint. This additional data may be Guidance for Flood
needed to ensure a complete picture of flood risks within the Depth and Analysis
project area. Figure 33 (Below) provides an example of a typical Grids (Feb 2018);
scenario that will regularly occur at the outlet of watersheds that Page 35

are being studied. In these cases, the depth and analysis grids
should not be clipped to the project footprint but should remain in
their entirety to cover the area studied.

Correct Example

Figure 33: Flood Risk Data Outside of the Project Area

Terminus of Main ' Cross sections (XS) and data

River Study in (floodplains, WSE/Depth/Analysis

Watershed A rasters are extended beyond
project footprint.

LEGEND I

ED Watarshed

{"_:} Fleodplain in

Watershed A

~ . Floodplain outside
=" of Watershed A

T I ra
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Incorrect Example:

-

.

—
’- K

-

LEGEND

200-

| 100-

20-

23-
—

25-YR (4% Annual Chance)
Incorrectly Clipped

County-Based Project
Footprint Boundary

2.11. WSE_12

rasters), but WSEL rasters should show
values for cells whose entirety falls within
the mapped flood area and may show "NO
DATA" for cells whose entirety lie outside
of the mapped flood area.

* For coastal studies only applies to 1%
event

Agreement with
Applicable Flood Hazard
Area Polygon; Page 11-12
(Figure 10 & 11).

. Check
ID Raster Compliance Check G&S Reference methodology
Applicable WSEL rasters (1% and 0.2%)
are contained by flood hazard area
polygons.
Guidance: Flood Depth
* Rasterization will not align perfectly to and Analysis Grids
the flood hazard area along the perimeter | (FEB2018) - Section
WSE 12 boundary (due to square pixel format of 2.6.2 WSEL Grid GIS software

can be used

Raster QC Checklist Applied Approaches
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Reference Example:

Flgure 10: WSEL Grid Alignment with Floodplain Polygon at Edge of Boundary

+ + + + + &= +

Floodplain Polygon
+ + + + + \+ *
+ + + + + + | +
A { Guidance for Flood
N~ Depth and Analysis
* * * * * * Grids (Feb 2018);
[ Page 11
+ + + = -+ = +

Correct Example:

1% Water
Surface
Raster

FIRM 1% FIRM 1%

Boundary 4 Boundary B~

Ground
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Incorrect Example (WSE Raster Over-Extended):

\ Water
Surface
Raster \}

Floodplain /

Boundary

Over-Extended

Incorrect Example (WSE Raster Under-Extended to Floodplain Boundary):

\ Water
Surface

Raster \

Floodplain /

Boundary

Under-Extended
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2.12. WSE_13

and 0.2% annual chance floodplains
have been mapped, there should be no
1% WSEL raster cells with values where
there is also not a corresponding 0.2%
WSEL raster cell with values.

i Check
ID Raster Compliance Check G&S Reference methodology
Guidance: Flood Depth
. and Analysis Grids
WSEL raster extent for a given
. ; (FEB2018) -
recurrence interval is larger than or equal
e o e e e "% | A Secton 20 Water
Surface Elevation (WSEL)
assessment) . )
Grids provides full FRP QC Tool
WSE_13 *For example, in areas where the 1% discussion; Page 2-20. check 1.3.0.5

B. Section 2.6.2 WSEL
Grid Agreement with
Applicable Flood Hazard
Area Polygon provides
specifics; Page 11-12
(Figure 10 & 11).

Reference Example:

2.6.2 WSEL Grid Agreement with Applicable Flood Hazard Area

The WSEL grid extent and elevations for a given flood frequency (e.g. the
1-percent-annual-chance) should also be larger than or equal to the
extents and elevations of the grid for lower flood magnitudes (e.g. the 2-
percent-annual-chance), and should be smaller than or equal to the
extents and elevations of the grid for the higher flood magnitudes (e.g.
the 0.2-percent-annual-chance). In other words, in areas where the 1-
percent and 0.2-percent-annual-chance floodplains have been mapped,
there should be no 1-percent-annual-chance WSEL grid cells with values
where there is also not a corresponding 0.2-percent-annual-chance
WSEL grid with values. Just as it would not be appropriate to show the
mapped 1-percent-annual-chance flood hazard polygon wider than the
0.2-percent-annual-chance flood hazard polygon, it is not appropriate to
show something similar with the corresponding WSEL grids.

Raster QC Checklist Applied Approaches
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Depth and Analysis

Grids (Feb 2018);
Page 12
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Correct Example:

N
[ ‘
\,\\
}

i

(

¥ ! Multiple Annual Percent Chance Extents
by L

.- P',- e .

b
[

e el
;
"

i .!_' )
|

500-

- 10-percent-annual-chance is contained by 4-percent

- 4-percent-annual-chance is contained by 2-percent

- 2-percent-annual-chance is contained by 1-percent

- 1-percent-annual-chance is contained by 0.2-percent

- 0.2-percent-annual-chance contains all lower frequency events

Incorrect Example:

1% and 0.2% Annual Percent Chance

ol L

- 1-percent-annual-chance is NOT contained by 0.2-percent
- 0.2-percent-annual-chance DOES NOT contain lower frequency event
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2.13. WSE_14

Raster Compliance Check
ID Check G&S Reference methodology
WSE_1PCT not Guidance: Flood Depth and Analysis Grids FRP QC Tool
WSE_14 | depicted in AO (FEB2018) - Section 2.3 Depth Grid check 1.3.0.4
Zones. Considerations for Zone AO Areas; Page 7. T

Reference Example:

3.3 Depth Grid Considerations for Zone AO Areas

For areas where the new or effective model from which the Zone
AO depths were derived is available and the associated WSEL grid
has been created, the process for creating the depth grid is the

same as described in Section 3. Each depth grid cell can be Guidance for Flood
rounded to the nearest whole-foot value or to the tenth of a foot, Depth and Analysis
provided that the values, when rounded, would equal the whole Grids (Feb 2018);

foot depth reported on the FIRM.

Page 25

When depth grids are created for areas where the new or effective
model is not available, the 1-percent-annual-chance depth grid
should be created to match what is shown on the effective FIRMs.
The process in these cases is to simply convert the Zone AO
polygons to a grid, with the grid values based on the Zone AO
depths.
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Correct Example:

No New Flood Modeling

Water Surface
Raster

AO Zone

\ Floodplain

Boundary

Incorrect Example:

No New Flood Modeling

Depth 2 FT

Water Surface

aster
AO Zone R

Depth 2 FT

Floodplain
Boundary = ———»
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2.14. WSE_15
. Check
ID Raster Compliance Check G&S Reference methodology
For 1D models, cross-sections (XS) used
to perform the QC against the WSEL
rasters (referred to as the "QC XS" in the
remainder of this checklist) are located at
all inflection points shown on the flood Guidance: Flood Depth
profile and Analysis Grids manual
WSE_15 (FEB2018) - Section 2.6.1 check
*All modeled XS should be used to Appropriate Input Data;
perform the QC check. Unmapped, Page 9 (Figure 7).

modeled XS that are not available
digitally should be added to the QC XS
dataset prior to checking the WSEL
rasters.

Reference Example:

2.6.1 Appropriate Input Data

For WSEL grids created from effective studies, especially those

that are much older, some modeled cross-sections may not have Guidance for Flood
been mapped and may not be available digitally. In these cases, it Depth and Analysis

is necessary to manually add “mapping” cross-sections to be able
to accurately capture the inflections in the effective flood profile.
Figure 7 provides an example of an effective study where two
manual cross-sections (indicated by the green “+” sign on the
profile) should be added upstream and downstream of the road to
properly match the model.

Flgure 7: All Modeled Cross-Sections are Necessary for Accurate Grid Representation
(Profile Wiew)

120

FLOOD PROF
FLOWER CR.

H 1o

=

)

o it | B | BAE E HD
'E:" s
ush

REAS

Ho=
=i
0

Raster QC Checklist Applied Approaches

Grids (Feb 2018);
Page 9
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Correct Example:

Incorrect Example:
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2.15. WSE_16

*QC XS in backwater reflect
backwater elevation. Elevations
decrease in the downstream
direction.

: Check
ID Raster Compliance Check G&S Reference methodology
Elevations attributed to the QC XS
match the elevations shown on
the effective flood profile and Guidance: Flood Depth and
floodway data table. Analysis Grids (FEB2018) -
WSE_16 y manual check

Section 2.6.4.2 Drawdowns; Page
17-18 (also Figure 7/8).

Reference Example:

2.6.1 Appropriate Input Data

For WSEL grids created from effective studies, especially those
that are much older, some modeled cross-sections may not have
been mapped and may not be available digitally. In these cases, it
is necessary to manually add “mapping” cross-sections to be able
to accurately capture the inflections in the effective flood profile.
Figure 7 provides an example of an effective study where two
manual cross-sections (indicated by the green “+” sign on the
profile) should be added upstream and downstream of the road to

properly match the model.

Flgure 7: All Modeled Cross-Sections are Necessary Tor Accurate Grid Representation

(Profile View)

Raster QC Checklist Applied Approaches
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Grids (Feb 2018);
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Correct Example:

Incorrect Example:
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2.16. WSE_17

ID Raster Compliance Check G&S Reference

Check
methodology

WSEL raster values match the QC XS
elevations

assurance and justification for such
locations.

Guidance: Flood Depth
* WSEL raster cells intersecting the QC XS and Analysis Grids
should match within 0.5 ft of one another. (FEB2018) - Section
WSE_17 | Locations where the WSEL grid and QC XS 2.6.3.1 Elevation check
elevations differ greater than 0.5 ft that are | at modeled cross-
justifiable (such as in very steep slopes) sections; Page 13-15
must be documented. Originator to provide | (Figure 12 & 13).

GIS software
can be used

Reference Example:

2.6.3.1 Elevation check at modeled cross-sections

For cross-sections not influenced by backwater, the values of
WSEL grid cells that intersect the cross-section should match
within 0.1 feet of the modeled cross-section elevation for that
corresponding flood event. The actual raster values assigned when
creating a WSEL grid from cross-sections are generally dependent
on where the cross-section intersects the cell, in relation to its
centroid. For example, as shown in Figure 12, WSEL grid cells
whose centroid is very close to where the cross-section line
intersects should have their values nearly identical to the cross-
section value (cell A), whereas those that intersect, but whose
centroid is farther away will show more of a difference (cell B). This
is to be expected. The slope of the water surface profile between
cross-sections will influence how rapidly the WSEL transitions from
cell to cell the farther you move away from the cross-section.

Raster QC Checklist Applied Approaches

Guidance for Flood
Depth and Analysis

Grids (Feb 2018);
Page 13
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Correct Example:

Figure 12: WSEL Grid Values in Relation to Cross-Section and Cell Centroid Intersection

Value: 9547
WSEL Value

I High: 9553

- Low : 953.1

Cell A
WValue: 954.8

Incorrect Example:

Figure 12: WSEL Grid Values in Relation to Cross-Section and Cell Centroid Intersection

ellB |
Value: 954.7

WSEL Value
l High: 955.3

- Low : 953.1

Walue 955.3
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2.17. WSE_18
. Check
ID Raster Compliance Check G&S Reference methodology
Guidance: Flood Depth
and Analysis Grids
WSEL rasters at studied confluences (FEB2018) -
should match the backwater elevation and
upstream extent of the backwater (i.e. A. Section 2.0 Water
where the stream comes out of backwater), | Surface Elevation (WSEL)
WSE_18 | as represented along the profile Grids provides full manual check
discussion; Page 2-20.
* WSEL raster cells intersecting the QC XS
should match within 0.5 ft of one another. B. Section 2.6.4
Backwater represented as single elevation. | Confluences and
Backwater provides
specifics; Page 17.

Reference Example:

2.6.4 Confluences and Backwater

For 1-D models, confluences require special care and checking to
make sure the WSEL grid is produced appropriately and compliant
with standards. In a 2-D model that comprises multiple flooding
sources, WSEL grids are already generated correctly to reflect
backwater effects at confluences, due to the networked nature and Grids (Feb 2018);
hydrodynamics of that type of model. However, many Flood Risk Page 17
Projects that use 1-D analysis methods do so by modeling individual
streams one at a time, and therefore, backwater effects from larger
streams are often accounted for as a mapping exercise after the
models are run. Although various methodologies exist for
accomplishing this, proper backwater must be reflected within the
WSEL grids so as to comply with standard ID #415.

Guidance for Flood
Depth and Analysis
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Correct Example:

Figure 16: Confluence Mapping Error — Gaps & Waterfalls

Incorrect Example:

Figure 16: Confluence Mapping Error — Gaps & Waterfalls

WSELs
. High
i Low

» Corrected

Tributary
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2.18. WSE_19
. Check
ID Raster Compliance Check G&S Reference methodology
Guidance: Flood Depth and
Analysis Grids (FEB2018) -
WSEL raster matches static BFE A. Section 2.2 Coastal FRP QC Tool
WSE_19 | elevation where applicable (ponding | WSEL Grids; Page 5-7.
check 1.3.0.2
areas, coastal zones, etc.)
B. Section 2.3 Shallow
Flooding and Ponding WSEL
Grids; Page 7-8.

Reference Example:

2.6.4.4 Static Backwater vs. Gradient

Care must be taken to avoid introducing inaccuracies into the
WSEL grid on account of the methodology used to map backwater
areas. Because many out-of-the-box GIS raster mapping
approaches will only map a raster within the bounding area
created by the cross-sections (see Figure 19), some backwater
fingers would incorrectly be excluded from the WSEL grid without

Guidance for Flood
Depth and Analysis

Grids (Feb 2018);

additional effort. It is not recommended to simply extend the cross-
sections far enough so that these backwater areas will be mapped.
Depending on the size of the backwater finger and the slope of the
stream, doing so can result in a gradient from one side of the
stream to the other, whereas in reality, a static flooding scenario
should be depicted. Although there may be scenarios where this
gradient is negligible (less than a 0.1 feet difference), it is
recommended to apply a static backwater elevation so as to avoid
any gradients introduced in backwater areas, where one side of
the floodplain would incorrectly be at a higher elevation than the

Raster QC Checklist Applied Approaches
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Other valuable discussion is offered associated with Figures 18 and 19 within the Flood Depth and
Analysis Grids Guidance.

Figure 18: Backwater Elevation Transitlon Point at Confluences

\® Correct Backwates
e Transition Point
!

T
=TT Backwater
. Flevation

Correct Example (Riverine):

Figure 19: Overextended Cross-Sections can Create False Backwater Gradients

BackwaterArea
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Incorrect Example (Riverine):

Figure 19: Overextended Cross-Sections can Create False Backwater Gradients

Static BFE Example (Coastal):

Static values are utilized without alteration; Direct 1 To 1 value translation. See Sections 2.2 and 2.3
of Flood Depth and Analysis Grids Guidance (Pages 5 to 8).
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2.19. WSE_20
: Check
ID Raster Compliance Check G&S Reference methodology

Elevations for WSEL raster cells located in | Guidance: Flood Depth
between cross sections are greater than and Analysis Grids GIS software

WSE_20 | or equal to the elevation at the (FEB2018) - Section can be used
downstream QC XS and less than or equal | 2.6.3 Elevation Accuracy;
to the elevation at the upstream QC XS Page 13.

Reference Example:

2.6.3.2 Elevation check in between modeled cross-sections

Guidance for Flood

The WSEL change from cell to cell should be gradual and
Depth and Analysis

consistent in between consecutive modeled cross-sections along a
reach of stream. Abrupt changes should not be present. WSEL grid
cell elevations should be less than or equal to the elevation of the
upstream cross-section and greater than or equal to the elevation
of the downstream cross-section.

Grids (Feb 2018);
Page 15

Discussion:

There are known differences that can result from the Geographic Information System (GIS)-based
methods employed to model 1-D water surface elevations. Differing hydrologic and hydaulic (H&H)
modeling software packages may utilize differing water surface modeling methods, which could
result in data products that are not the same from one method to another just as well as from one
software package to another. These differences are entirely precluded by the models that are
considered acceptable by FEMA for floodplain mapping. Therefore, while a straight cross section to
triangulated irregular network (TIN) interpolation may yield a different result than may be produced
by USACE’s HEC-RAS Mapper (or any other approved 1-D modeling software that also generates
water surface rasters), there is no pure prescriptive method that producers must adhere to when
generating water surface rasters - the only exception being that producers are meeting applicable
WSE Standards and WSE Quality Control (QC) Checks.

There are however certain distinct guidelines that should be followed in order to avoid introducing
erroneous errors that are totally independent of H&H software or GIS-based water surface
interpolation methods/tools employed. The following common mistakes are well-captured in the
Flood Depth and Analysis Grids Guidance; producers are encouraged to refer to the guidance
documentation, but visual examples are reproduced below:
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Common Issue Examples:

Figura 14: Importancs of WSEL Grid Elavat:on Checks in Batwaen Cross-Sections Figuina 1% Skops Restar Ravanls WSFL Grid Annmalies in Harsaan Omass Sactians

WEEL Crid |i)
B Hagh  FI0E6

Lew = 373,766

Figure 9: WSEL Grid Errors Resulting from Untrimmed Cross-Sections
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2.20. WSE_21

*For example, the 1% WSEL raster
value at each cell is greater than the
2% WSEL raster value, but lower than
the 0.2% WSEL raster value at that
same cell.

between modeled cross-
sections; Page 15-16 (Figure
14 & 15).

i Check
ID Raster Compliance Check G&S Reference methodology
WSEL raster values for a given
recurrence interval are greater than
next lower recurrence interval and
lower than next higher recurrence Guidance: Flood Depth and
interval (if data are available for Analysis Grids (FEB2018) -
WSE 21 assessment) 2.6.3.2 Elevation check in GIS software

can be used

Reference Example:

2.6.3.2 Elevation check in between modeled cross-sections

The WSEL change from cell to cell should be gradual and
consistent in between consecutive modeled cross-sections along a
reach of stream. Abrupt changes should not be present. WSEL grid
cell elevations should be less than or equal to the elevation of the
upstream cross-section and greater than or equal to the elevation
of the downstream cross-section.

Discussion:

Guidance for Flood
Depth and Analysis

Grids (Feb 2018);
Page 15

Under most modeling circumstances the water surface value from next lower recurrence interval will
result in a value that is equal or lesser than next higher recurrence interval for any given cross
section. Furthermore, when cross sections and modeling components are then translated into water
surfaces, there is an equal expectation that any cell of a lower recurrence interval will result in a
value that is equal or lesser than next higher recurrence interval. Therefore, if and when a lower
recurrence interval water surface value is higher, an issue exists and must be resolved. The images
below depict the expected progression, and the following offers a tabular comparison:
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Example 1

Example 2

Example 3

Recurrence Interval

WSE Raster Value

WSE Raster Value

WSE Raster Value

10-percent-annual-chance 25.6 25.6 25.6
4-percent-annual-chance 26.1 26.1 26.1
2-percent-annual-chance 26.8 26.8 31.1
1-percent-annual-chance 28.2 26.8 26.8
0.2-percent-annual-chance 30.5 30.5 30.5

This is OK

This is OK

Error

Water Surface Values Ever-

Water Surface Values
Ever-Increase;
exception two

Issue with the 2-percent-

Increase intervals are the same. annual-chance
Correct Example:
= -
.“ "1‘ Ty ! Multiple Annual Percent Chance Extents
e W '*-\_
. [~
W ‘-. o _'_.r"_ o I#

p
L]

I

£

e

C,

-

10-percent-annual-chance is contained by 4-percent

4-percent-annual-chance is contained by 2-percent
2-percent-annual-chance is contained by 1-percent
1-percent-annual-chance is contained by 0.2-percent
0.2-percent-annual-chance contains all lower frequency events

500-
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Incorrect Example:

1% and 0.2% Annual Percent Chance

r -

- 1-percent-annual-chance is NOT contained by 0.2-percent
- 0.2-percent-annual-chance DOES NOT contain lower frequency event
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