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Topics

- Overview

- HAND principles

- Difference in NHDPIlus HR and Lidar—derived DEM HAND processing
- Full flood stack processing

- Detailed walk-through (optional)



Develop flood inundation dataset — geoenable runoff forecast
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Develop flood impact dataset and rating curve
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HAND definition

- HAND - Height Above Nearest Drainage: difference in elevation between a point in
the landscape and a point on the drainage line “flooding” that point in the
landscape.

Address Point

HAND

Source: David R. Maidment, UT Austin




HAND principles

- Basic data requirements:
- Elevation
- Drainage (hydrography)
- Which point along drainage “floods” which point
in the landscape
- Different techniques are possible (Dinf, D8, NN)

AL / Drainage line
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Landscape characterization
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¥ A TIZ Cross Section Area
. Stream S Depth \v p- A‘Z' Wetted Perimeter
- DEM alignment and thalweg adjustment

T= éLx Top Width

- Longitudinal WSE interpolation based on point values
- Cross-sections/reach

- Characterization: h, A, B, P, R curve

- Synthetic rating curve: Q-H relationship (based on normal
depth with n and S, assumption)

Address Point

HAND

- Needed to related flow forecasts (NWM) to H forecasts

- Address HAND attribution (impact assessment)
- Reach ID

- HAND elevation

Flood Depth, y (ft)
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Geoenable runoff forecast

Relating depth and extent of flooding to affected addresses
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Differences in NHDPlus/Lidar processing

NWM data

Topo data

DEM Processing

Model reaches

HAND development

NHDPIlus HR Lidar

Same data (v1.2). Important for density and IDs

DEM, NHDBurnlines, NHDWaterbody (for sinks), DEM, user provided sinks and streams
NHDFlowline (for coastal reaches)

. Derived from NWM origination points, Derived from provided streams and sinks
NHDBurnlines.
. Sinks based on “subnets”

Same for both:
. Confluence to confluence
. Limit to 2,000m

Same for both:

. Create smooth 3D thalweg line based on minimal surrounding elevation
. Enforce 3D thalweg into DEM

. Derive HAND (D8 fdr approach)




Differences in NHDPlus/Lidar processing

- Key difference is in the initial DEM processing:
- Identifying sinks
- ldentifying streams to burn
- Once the DEM is conditioned, the rest of the steps are the same
- Create 3D thalweg and enforce into DEM
- Derive HAND (D8 fdr approach)
- Characterize model reaches using HAND (reach characteristics — A,B,P,R)
- 0-25m in 1ft increments (86 “slices”)
- Derive rating curve based on assumed n and slope (per model reach)
- Derive “flood stack” (polygon slices for each depth increment)



Differences from original HAND processing

- Key differences (original approach at CUAHSI):
- No streams to burn — using synthetic streams (off filled DEM)
- No sinks
- Dinf (average stream flood point location)



Implementation (ArcGIS environment)

- Implemented as Arc Hydro tools (~100 individual processing steps)

- Keep tools coarse enough to:
- Allow tweaks in data entry (starting point of analysis)
- Allow tweaks/options in data processing techniques

= &P NHDHRHUCHANDProcessing.tbx
= &+ HUC4DataPrep
3 0. Split HUC
3" 1. Create Initial Processing Database
3" 2. Create Initial Drainage System

5" 3. Create Stream Segments and Conditioned Flow Direction
&' 4. Create Catchments and 3D Streams

5" 5. Create HAND

5" 6. Relate Model to NWM Reaches

5" 7. Characterize HAND

5" 8. Adjust Rating Curve




Version management

- Original tools (v0.5) implemented for NWC

- Current tools (v0.9) for 10.5.1 and 10.6.1/patch
- Added full slicing

« Inclusion into AH

- NHDPIlusHR and HiRes DEM processing



RFC reach processing (replace and route)

- Methodology for DEM processing for reaches
defined by gages (replace and route)
- Tweak to existing process — applied to NC — HUC
0303
- Automate the process — build specific RR tools
that fit into existing processing workflow

- Initial starting points (gages instead of NWM
channel initiation points)

- Channel extent limit (buffer)




Processing improvements (need/desire)

- Better/automated stream identification (2D alignment)
- Better 3D thalweg definition
- HAND technique (Dinf, D8, NN)?
- Reduction in size of outputs
- Delete intermediate layers (mostly rasters)
- Fewer slices

- Visualization
- Reduce accuracy of vectors

- Generalization



Review Region 12 processing (NHDPlus HR)
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Review Region 12 processing

- Review Region 12 NHDPlus HR HAND processing — “8” step process

. Split HUC 4 ,
- Create initial processing database [l gt'ﬂ:‘,i’;g;:‘;f:"'°‘“““9-“’*
 Create initial drainage system & 0. split HUC
+ Create stream segments anc § it ooy D
Condltloned ﬂOW Irection :;; 3. Create Stream SegmgentZand Conditioned Flow Direction
C Create catchments and 3D 5" 4. Create Catchments and 3D Streams
streams 3 5. Create HAND
* Create HAND Syt
* Relate model to NWM reaches 2 8. Adjust Rating Curve

« Characterize HAND
« Adjust Rating Curve



Flood stack database design (1)

- The process generates rich dataset (~80GB per processing unit).
- It is a mix of raster and vector layers and tabular data.

- Resulting dataset is fully Arc Hydro compliant and can be used with other Arc Hydro
tools to support other hydro analyses besides flooding.

- Final flood stack needed for immediate flood applications are not complex:
- Raster: HAND and catchment
- Vector: model stream and catchment and corresponding flood extents
- Tabular: channel characteristics/rating curve and channel/NWM V1.2 cross-reference



Flood stack database design (2)

= (%) Home - NHDPIusHR\120904v98
# ] Layers
& (3 120904v98.9db

& (3 120904v98FS.gdb
120904v98.mxd

costpathtpp
® # demthal
® @ demthaladj
# ## demthaldens
® # fdrbckinktpp
= B fdrleveltpp
® 5 fdrsnkadjtpp

® & fdrstripp
& @ fdrtpp
& filtpp

leveldemtpp

® ) minlocalfdr
# ## nhddem

@ @ nhdfac

® # nhdfdr

& 8 snkplygrdtpp
@ @ snkpntgrdtpp

= @ stritpp

® E strinkltpp
@ [ strinkh

® & strinktpp

® 8 thaladjelev
® @ unitrun

= @ vertexg

® 5 vertfdrzoneg

® 5 vertthalzoneg
® # vertzonedistg
= & vertzoneming

& (3 120904v98.gdb

120904v98FS.gdb

- ) Home - NHDPIusHR\120904v98

£ Layers
= 3 120904v98.9db
=] @ Layers
AdjointCatchmentH
(&) AoIPoly
°§L Burn_Net

N
LBuff
(=] DrainageLineTPP
EditPointTPP
FeatureVertex
HeadPointSnap
akeSplitPointMP
*=] ModelStream3DSmooth
[=J ModelStreamDraft
[*) ModelStreamSIpPnt
MedelStreamSplitDistancePoint
[=J NHDPIusBurnLineEvent
[E) NWMCatchment
(=) NWMChannel
NWMHeadPoint
NWMLake
SinkPointDraft
SinkPointTPP
SinkPolyDraft
SinkPolyTPP
(=) StreamDraft
[ StreamDraftMerged
APUNIQUEID
CatchmentH_FS
DrainagelineTPP_FS
ModelStream_FS
E=| NWMChannel FS

(5] StreamDraft_FS
eamD %

amDrafth
TSXRef

120904v98FS.gdb

£%) Home - NHDPIlusHR\120904v58
B3 Layers
& |3 120904v98.db
(3 120904v98FS.gdb
1




NHDPIlus HR HAND processing - walkthrough

Split HUC

Create initial processing database

Create initial drainage system

Create stream segments and conditioned flow direction

Create catchments and 3D streams

. Create HAND = &P NHDHRHUCHANDProcessing.thx
= & HUC4DataPrep
- Relate model to NWM reaches 3 0. Split HUC
3" 1. Create Initial Processing Database
- Characterize HAND 5 2. Create Initial Drainage System
. . 5" 3. Create Stream Segments and Conditioned Flow Direction
¢ AdJUSt ratlng curve 5" 4. Create Catchments and 3D Streams

&' 5. Create HAND

5" 6. Relate Model to NWM Reaches
3" 7. Characterize HAND

5 8. Adjust Rating Curve




NHDPIlus HR HAND processing

5’ 2. Create Initial Drainage System

. Create Stream Segments and Conditioned Flow Direction
. Create Catchments and 3D Streams

5 5. Create HAND

5’ 6. Relate Model to NWM Reaches

0 3 7. Characterize HAND
C Spllt HUC 5 8. Adjust Rating Curve
- Extracts a subset of NHDPIlus data defined by smaller HUC
boundaries into subfolders for each selected smaller HUC. = E3 1209Split
- Used only when HUC 4 is too big to be processed as a single - ?, %Og'::op'”matac""
processing unit. @ @ aoitif
- Organizes base NHDPIlus data needed in later processing. g % :a"z"t-ifcm-“f
- No “real” processing — just data clipping. @ fdrif
- Can take any HUC boundary polygons as input for clipping (e.g. - LEJ, ézpogf:b
HUC 8 or HUC 10). This can help with performance optimization AOINHDC
and when processing higher resolution DEMs (e.g. Lidar- (=) NHDFlowline
del"ived). (] NHDPlusBurnLineEvent

APUNIQUEID
® B 120902NHDPlusDataClip
@ 3 120903NHDPIlusDataClip
& [ 120904NHDPlusDataClip




NHDPIlus HR HAND processing

= &9 NHDHRHUCHANDProcessing.tbx
= & HUC4DataPrep

3’ 1. Create Initial Processing Database

3 2

5’ 3. Create Stream Segments and Conditioned Flow Direction
5" 4. Create Catchments and 3D Streams

5 5. Create HAND

5’ 6. Relate Model to NWM Reaches

3 7. Characterize HAND

- Create initial processing database 3 8. Adjust Rating Curve

- Organize necessary processing raster (NHDPlus) and n— . :
vector (NHDPlus and NWM) layers into a standard Arc - %’ T:ye:sms'ohtHucw2040104AUt°
Hydro data processing structure. @ @& nhddem

- Project all vector data into the same (National Albers) . % ::::Zf
projection as rasters are in. = L3 12040104Auto.gdb

- Cli i = T Layers
Clip NWM data to the local processing extent. AOIPoly

- Convert raster data into GRID format. (=) NHDPIlusBurnLineEvent

_ Basic attribution (Arc Hydro, NHD) NwMCatchment

NWMLake
APUNIQUEID
NWMChannel_FS




NHDPIlus HR HAND processing

= &9 NHDHRHUCHANDProcessing.tbx
= & HUC4DataPrep
3 0. Split HUC

S S ing Dat
reate Initial Drainage System
reate Stream Segments and Conditioned Flow Direction
reate Catchments and 3D Streams

;5. Create HAND

5 6. Relate Model to NWM Reaches

3 7. Characterize HAND

5 8. Adjust Rating Curve

- Green — NWM reaches
- Thin blue — NHDPlus HR
Red point — NWM head points

Black — merged HR “channels”
based on NWM

Thick blue — model reaches

Polygons — model catchments
HAND




NHDPIlus HR HAND processing

= &9 NHDHRHUCHANDProcessing.tbx

! 0. Split HUC

5 o d d d Uirection
%' 4. Create Catchments and 3D Streams
% 5. Create HAND
%' 6. Relate Model to NWM Reaches
%' 7. Characterize HAND

- Create initial drainage system 5 & Adjust Rating Curve
- Establish relevant high resolution NHD flowlines based on 5 G Home - 12045plitHUCE\12040104Auto
NWM stream origination points. = B3 Layers
# ## nhddem
- Identify sinks. & B nhdfac
. @ @ nhdfdr
- No raster processing. = 3 12040104Auto.gdb

= [ﬁl Layers
AOIPoly
(%) HeadPointSnap
(-] NHDPIusBurnLineEvent
NWMCatchment
lB NWMChannel
[%*] NWMHeadPoint
NWMLake
(%) SinkPointDraft
SinkPolyDraft
() StreamDraft
(-] StreamDraftMerged
APUNIQUEID
NWMChannel_FS
StreamDraft_FS
StreamDraftMerged_FS




NHDPIlus HR HAND processing

= &9 NHDHRHUCHANDProcessing.tbx
= & HUC4DataPrep

- Create stream segments and conditioned flow
direction

- Core Arc Hydro combined terrain preprocessing.
- Establish hydro-conditioned flow direction.

- Remove most sinks
- Enforce streams

- Establish model reaches based on lake and distance
threshold.

3 0. Split HUC

3 4

3 5. Create HAND

3" 6. Relate Model to NWM Reaches
3 7. Characterize HAND

5 8. Adjust Rating Curve

= (] Home - 12045plitHUC8\12040104Auto

= £ Layers
& B agreedemtpp
& B costpathtpp
& @ fdrbckinktpp
# B fdrleveltpp
= & fdrsnkadjtpp
& E fdrstripp
= # fdrtpp
= B fitpp
& B leveldemtpp
@ ## nhddem
® @ nhdfac
# @ nhdfdr
& B snkplygrdtpp
& B snkpntgrdtpp
& B stritpp
® # strinkitpp
& B strinktpp

= 3 12040104Auto.gdb

& T Layers
APUNIQUEID

DrainageLineTPP_FS
ModelStream_FS

NWMChannel_FS
StreamDraft_FS
StreamDraftMerged_FS

& L3 12040104AutoFS.

= 3 12040104Auto.gdb
= B Layers
AOIPoly
[~ DrainageLineTPP
(%7 EditPointTPP
[%7) HeadPointSnap
[%7) LakeSplitPointMP
[=]) ModelStream
[~ ModelStreamDraft
[%5) ModelStreamSplitDistancePoint
[ NHDPIusBurnLineEvent
NWMCatchment
[*=J NWMChannel
[ NWMHeadPoint
NWMLake
[ SinkPointDraft
[ SinkPointTPP
SinkPolyDraft
SinkPolyTPP
(=) StreamDraft
[~ StreamDraftMerged
APUNIQUEID
DrainageLineTPP_FS
ModelStream_FS
NWMChannel_FS
StreamDraft_FS
db StreamDraftMerged_FS
& 3 12040104AutoFS.qdb




NHDPIlus HR HAND processing

= &9 NHDHRHUCHANDProcessing.tbx
= & HUC4DataPrep
3’ 0. Split HUC

3’ 1. Create Initial Processing Database

5’ 2. Create Initial Drainage System

4, Create Catchments and 3D Streams

3 .
3" 6. Relate Model to NWM Reaches
3 7. Characterize HAND

- Create catchments and 3D streams 3 8 Adjust Rating Curve
- Finalize Arc Hydro processing using new model or::y—e r152045plitHUC8\12040104Auto 2 ? HEOT:ye :saoaSplitHUC3\12040104Auto
reaches as basis (derive catchments and adjoint & 8 agresdemtpp = 3 toge
catch mentS) . % :gjg:ltycatchmenm
(&) CatchmentH
- Derive 3D thalweg representation and create 3 3 amceinTep

. [ EditPointTPP
thalweg-adjusted DEM. ® 2 Festurevere
[ [*3) HeadPointSnap
[ LakeSplitPointMP
B ModelStream
[=J ModelStream3DSmooth
[=J ModelStreamDraft
[*) ModelStreamSplitDistancePoint
[*J NHDPIusBumnLineEvent
[E) NWMCatchment
[=J) NWMChannel
[*2) NWMHeadPoint
NWMLake
[ SinkPointDraft
(%3 SinkPointTPP
(E) SinkPolyDraft
[E) SinkPolyTPP
5 StreamDraft
[=] StreamDraftMerged
APUNIQUEID
CatchmentH_FS
DrainagelineTPP_FS
ModelStream_FS
@ B vertzoneming NWMChannel_FS
@ (3 12040104Auto.gdb StreamDraft S

= = Merged_F:
@ 3 12040104AutoFS.gdb . Jgoj;m':s;?s :ge"- s




NHDPIlus HR HAND processing

= &9 NHDHRHUCHANDProcessing.tbx
= & HUC4DataPrep
3’ 0. Split HUC
3’ 1. Create Initial Processing Database
3 2. Create Initial Drainage System
5" 3. Create Stream Segments and Conditioned Flow Direction

o LAND — e
- Creates HAND surface based on D8 method. ;ﬁ Characeias HAND
, 8. Adjust Rating Curve
- Limit to H>0.

= ] Layers
# B agreedemtpp
) @4 cath
# B costpathtpp
& & demthal
® B demthaladj
# @ demthaldens
® B fdrbckinktpp
® B fdrleveltpp
# B fdrsnkadjtpp
= & fdrstrtpp
® # fdrtpp

® 8 minlocalfdr
@ % nhddem

® [ nhdfac

& @& nhdfdr

® B snkplygrdtpp
@ B snkpntgrdtpp
® 3 stritpp




NHDPIlus HR HAND processing

= &9 NHDHRHUCHANDProcessing.tbx
= & HUC4DataPrep
3 0. Split HUC

Create Initial Processing Database

Create Initial Drainage System

Create Stream Segments and Conditioned Flow Direction
Create Catchments and 3D Streams

e HAND

- Relate model to NWM reaches ¥ 8. Adjust Rating Curve

- Finalize model reach attribution.

- LengthKm, AreaSqKm, TotalAreaSqKm, River order, ManningN,
So KeyTo * PctTo

. . 3443 1605150
- Creates a table relating local modeling reaches to the NWM L 03155
. . . _ 1

reaches. Based on maximum percent area contribution. s

_ 345

- KeyTo - local modeling reach 345

- — S 1605438
KeyFrom — NWM reach ID 3456 !

- PctTo - % of NWM catchment with most contribution in the 3457| 160685

.
local modeling reach catchment.
71
16

1
1
1

o I 0
w
o
-

1
s 1
56
% o7ear
46
e eorasz] 1
46
1
5| aoe7ae 0915

S
0.
7

| 3453
| 3456
| 3457
| 3464
| 3485
| 3466
| 3468



NHDPIlus HR HAND processing

NHDHRHUCHANDProcessing.tbx
= & HUC4DataPrep
3 0. Split HUC
1. Create Initial Processing Database
! 2. Create Initial Drainage System

5’ 3. Create Stream Segments and Conditioned Flow Direction
3" 4. Create Catchments and 3D Streams

i Characterize HAND " 5. Create HAND
- “Slice” through HAND in elevation increments and define:

- Reach characteristics (area, perimeter, hydraulic radius, ...).
- Discharge (using Manning’s equation with fixed n and S).

- Flood extent polygon.

[wverd- | tengnm | K- | B | R | A [ e | av |
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1433 256018

1433 256018

1433 259018

1433.259016|_1.6268|_80.994695 |_0.857598 | 77.169941|_9.983067| 3671294
0
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7
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NHDPIlus HR HAND processing

- Adjust rating curve
- Modifies the rating curve for “short” reaches.

- These are usually reaches between two confluences.

- Short reaches are those with length < 0.5 km and direct
contributing area < 0.25 km2.

- Rating curve from the largest directly connected upstream
reach is applied to the short reach.

= &9 NHDHRHUCHANDProcessing.tbx
= & HUC4DataPrep
5 0. Split HUC
1. Create Initial Processing Database
2. Create Initial Drainage System

4, Create Catchments and 3D Streams
5. Create HAND

'y
Ky
'y
5’ 3. Create Stream Segments and Conditioned Flow Direction
Ky
;5"
5’ 6. Relate Model to NWM Reaches

MDD

5 8. Adjust Rating Curve




Short reach rating curve adjustment

- Length and contributing area thresholds to determine short
reach (0.5 km and 0.25 km2).

- Q adjustment — tool 8.

- Use Q of the larger of the two upstream tribs (implemented in
version 0.9).

- Alternatives (later versions):
- Use “weighted” sum of the two upstream Qs.
- Area based (Manning’s equation) weighting.






Please Share Your Feedback in the App

Download the Esri
Events app and find
your event

Select the session Scroll down to Log in to access the Complete the survey
you attended “‘Survey” survey and select “Submit”
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