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Digital Elevation Model (DEM) HYDRO-MODIFICATION

An Introduction to Minnesota’s Perspective

Note: DEM = DEM

DEM Hydro-modification: is a digital depression examination process that uses terrain
analysis tools in a geographic information system (GIS) to modify lidar-derived, raster-cell
elevation values (Z-values) in digital elevation models (DEM) resulting in a hydro-modified

DEM (hDEM).



Introduction




Mapping Hydrologic Connectivity and Wetlands with LiDAR
Processes and Techniques from Minnesota and Wisconsin

Key Topics from Sean and Rick

e Awareness: Lidar does not replicate hydrologic connectivity of the
landscape.

* Lidar-derived DEMs: Mapping and Establishing Hydrologic Connectivity
LiDAR does its job, lack of flow in DEMs is not a flaw of lidar

* Coordination: Establishing CollabotaRtvErtarAM U e PIlesy ¢eDEMs is required

hDEMs are foundational data (Point Cloud, DEMs)

Establish Coordination to ensure hDEM development is

conducted to a level of completes and accuracy that serves all

hydraulic and hydrologic business.

Culvert Database supports culvert data sharing for DEM hydro-

modification

* hDEM — Special digital surfaces



Sean Vaughn Hydro Background | Manual Hydrography Mapping

Building Connections to Lidar and Wetland Management

* | started modifying Digital Elevation Models (DEMs) in 1997

* Rick has been modifying DEMs for the last decade

* My career started in Wetland Delineation and mapping the
hydrologic connectivity of wetlands (surface water)

e | was part of bringing lidar to Minnesota starting in 2002, our
statewide collection was completed between 2008 — 2012.

* I’'m serving as a lead to bring Minnesota its second state lidar
collection.



Sean Vaughn Hydro Background | Manual Hydrography I\/Iapplng

= Fjeld Inspection — Roadside Mapping (1992)

Depressions & Impressions Drainage Discoveries




Sean Vaughn Hydro Background | Manual Hydrography I\/Iapplng

" Fjeld Inspection — Aerial Mapping (1992)




Sean Vaughn Hydro Background | Manual Hydrography I\/Iapplng

= One Dimensional Planar View — Manual GIS (1992 - 1994) |
=  Manual lllustration

= Manual Interpretation




Hydro Background | Manual Hydrography = Lidar-DEM Hyd rography

= LiDAR products allow us to
identify all of those
hydrography features from
one high accuracy data set.



3DGeo Workgroups

Sectors of Expertise

Multidiscipline committee organized
by workgroups

Each discipline sector is comprised of
subject matter experts

Five workgroup-sectors now
established with work plans

Today we will share the successes of
the DEM Hydro-modification Subgroup

e Rick Moore — Chair

* Sean Vaughn — Committee Liaison



3DGeo - Data Acquisition Workgroup

Mission:

* Promotes procurement of foundational 3D data for
Minnesota.

Co-Chairs

e Sean Vaughn, Alison Slaats, and Gerry Sjerven

Lidar Acquisition Subgroup:
* Alison Slaats (MnGeo), Dan Ross (MnGeo), Jennifer Corcoran (DNR),

Colin Lee (MnDOT), Sean Vaughn (MNIT DNR), Gerry Sjerven (MN
Power), Matt Baltes (NRCS), Joel Nelson (U of MN), Joe Sapletal

(Dakota Co), Andra Mathews (MnDOT), and Brandon Krumwiede
(NOAA)




3DGeo — Hydrogeomorphology Workgroup

Mission

* Promotes the consistent development of
Minnesota's hydrography data and to enable data
exchange through coordination, cooperation and
standards development

Co-chairs

* Rick Moore, Jamie Schulz and Andrea Bergman

Liaison

* Sean Vaughn



Minnesota
State Lidar

Plan




Minnesota Lidar Plan - Our Plan — Your Plan — ONE PLAN

The Minnesota Lidar Plan

* One plan for Minnesota

‘ CITIES COUNTIES DNR

* Committee led plan, not a state agency plan
FEMA MNDOT MNGED

MNIT NOAA NRCS SWCD * Collaboration of the geospatial community

* Coordination of lidar acquisition in
Minnesota leverages federal match dollars

TRIBAL NATIONS

' UNIVERSITIES USF

USGS UTILITIES
WATERSHERS and

other partners

Lidar acquisition success is built on a guiding plan that
pulls the community together to foster collaboration
and coordinate funding to achieve the common goal of
new high density lidar across Minnesota



Minnesota State Lidar Plan and Story Map

http://bit.ly/MnLidarPlanStoryMap

https://www.mngeo.state.mn.us/committee/3dgeo/ac
quisition/Minnesota State Lidar Plan.pdf



https://www.mngeo.state.mn.us/committee/3dgeo/acquisition/Minnesota_State_Lidar_Plan.pdf
http://bit.ly/MnLidarPlanStoryMap




LiDAR Acquisition > Point Cloud



LiDAR Acquisition > Point Cloud

-
Lidar Acquisition

Lidar Point Cloud

3D Rendition of Natural
and Built Environments

Painting Points

Lidar Point Cloud Classification



LIDAR 3D Point Cloud

LiDAR = Point Cloud = DEM

Modeled water does not “flow” within the
DEM without DEM Hydro-modification

LiDAR-derived 3D
Digital Elevation
Model (DEM)




Lioar > Point Cloud

LIDAR does its job

= Millions of elevation data points

= LiDAR captures terrain and features (roads,
dams, bridges) without regard to pass through
conveyance of water (e.g., culverts).

= Creates Digital Dams in the DEM

= Not unigue to Minnesota



LIDAR = Point Cloud > DEM

" Features of hydrologic
Significance.
- Nickpoint
- Fluvial Processes

- Soil Degradation

: We Model this
ith DEM
= \Where does the watercourse Wi S

begin ?

- Where concentrated flow
begins.

- LiDAR captures these
landformes. —




HD Lidar — Derived Products LiDAR = Point Cloud = DE M

" Features of hydrologic

Significance.
- Nickpoint
- Water Conveyance Landform
We Do this
with Digital
—=— Elevation
= Where does the watercourse Models (DEM)

begin ?

- Where concentrated flow
begins. LiDAR captures these
landformes.

MN.IT Services @ DNR | MN DNR LiDAR Hydrography Development Group



Introduction




LiDAR = Point Cloud - DEM -> Digital Dams = DEM Hydro-modification = h DEM

HYDRO-MODIFICATION

REMOVAL



LiDAR = Point Cloud = DEM = Hydro-modification

Hydro-modified Digital
Elevation Model (hDEM)

Digital Dams in this DEM have
been breached to allow water
to flow in the model

(A) - Roads

(B) - Railroad

#1 (#1) - Watercourse

Receives water from

#1 these “breached”
locations (A) and (B)



LiDAR = Point Cloud > DEM > Digital Dams



LiDAR = Point Cloud > DEM > Digital Dams

= Bridges and culverts are
digital dams

Point Cloud of the Aerial Lift
Bridge - Duluth, MN

©2011 Google



DEM Hydro-moditication Animation...
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the culvert underneath
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6.) In the Terrain Analysis Model, the road acts as a Digital Dam

4= Dircction of Flow (East to West) ROAD APRON
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7.) In the Model, all cells must “flow” to the outlet, therefore depressions are filled to a discharge (spill) elevation

4= Dircction of Flow (East to West) ROAD APRON
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.) The flow pathways are derived and the filled area now outlets to the north at the lowest elevation

4= Dircction of Flow (East to West) ROAD APRON
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9.) The modeled water droplet now flows along the new flow pathways across the filled region

4= Dircction of Flow (East to West) ROAD APRON
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10.) The modeled water droplet crosses the road at its lowest elevation and continues along flow pathway

T}

%

Zh '}
:‘A "\/ 0




11.) The modeled water droplet drops off the road embankment and continues along flow pathway

4= Dircction of Flow (East to West) ROAD APRON
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12.) The modeled water droplet continues along the flow pathway and never re-enters the channel
@)

4= Dircction of Flow (East to West) ROAD APRON
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Methods & Section Wrap-up

2- Methods of DEM Hydro-modification
1. Manual
2. Automated

Cast off to Rick...






Where is hydrography and watershed data today?

Today we have: Current Status

 Multiple, copies of
hydrography data

* Locations of stream centerlines based
on maps

. processes for creating
derived data products

° field site verifications
e Missing data

. from various
organizations



What we could have:

Single, data source

that leverages
recent state investments

processes identify
changes on the landscape

data that
minimizes field site verifications

Enhanced in watershed
management decisions

The future?




3D-Geomatics = Hydro Workgroup = DEM Hydro-modification Subgroup

Mission:

Dedicated to developing the foundation for
single, , digital dam

and for Minnesota utilizing
standards and methodology developed through
collaboration with breachline

Workgroup

= Co-chairs
e Rick Moore
= [jaison

* Sean Vaughn



3D-Geomatics = Hydro Workgroup = DEM Hydro-modification Subgroup

Purpose of the DEM Hydro-modification
Subgroup

who have built their own individual digital dam
breachline datasets and perform hydro-modification.

 Develop , ,and QA/QC
to support DEM hydro-modification and development
of the breachline dataset.

* Publish these features into
for use in developing
hydro-modified digital elevation models (hDEMs).

. associated
with hydrologic modeling of the landscape using
hydro-terrain analysis tools (e.g., PTMApp and ACPF).



https://ptmapp.bwsr.state.mn.us/
https://acpf4watersheds.org/

3D-Geomatics = Hydro Workgroup = DEM Hydro-modification Subgroup

s Data Source - (future discussion — definition of Data Source)
o User Interpretation (Default Value )
Culvert Inventory
[ Drai Li
Developments of the Breachline Subgroup pranage tnes
Automated Breachlines
Other

& Type - (The breachline represents what type of feature on the landscape-

o o o o o

o  Bridge or Culvert (Default Value)
o Artifact, LIDAR Inconsistency
o Tile, Ditch, Hydro-Connection
o Other
¢ Cell Size of Raw DEM: (Expected Resolution of Use?)
o  Sub-meter
o 1 meter

o 3 meter

* Methodology and Protocol o 5meter

o 10 meter
* Confidence of Presence

o High (Surveyed, Field Verified, Aerial Image Verified)
() B r h | I n D n d W r k A r o  Medium (Assumed location based on geospatial evidence) (Default Value)
e a C e a t a a O e a o Low (Analyst estimation, but inconclusive evidence)

*  What type of project were the Breachlines created for: [Production Attribute)

Identification o ol

o hDEM Level 2

* Local Review (needs review) (Production Attribute)

o Yes
o No (Default Value)
& Reviewer (Production Attribute)
¢ Comments — 100 character text field
® Created Analyst — System logged in user name at time of creation
s Created Date — System generated date and time based on time of creation
¢ Edited Analyst — System logged in user name at time of edit

e Edited Date — System generated date and time based on time 0fed'|t|




Standardized Attributes

Data Source Cell Size Confidence of Presence Project Type Local Comments
Review
User Bridge or Culvert | Sub-meter | High (Surveyed, Field Verified, hDEM Yes 100 Character
Interpretation Aerial Image Verified) Level 3 Text Field
Culvert Artifact, LiDAR 1 meter Medium (Assumed location hDEM No
Inventory Inconsistency based on geospatial evidence) Level 2
Drainage Tile, Ditch, Hydro 3 meter Low (Analyst estimation, but
Lines Connection inconclusive evidence)
Storm Other 5 meter
Sewer
Automated 10 meter
Breachlines Created Analyst

Created Date

Edited Analyst
Edited Date




LiIDAR = Point Cloud > DEM - Digital Dams

DIGITAL DAMS - BREACHLINE PLACEMENT — MINIMUM ELEVATION VALUE METHOD

* |[n Breachline
Placement,
locations are
identified where
culverts or
bridges have not
been breached in
the digital
elevation model
(DEM).

* This image is
used to show the
location of a
culvert



LiIDAR = Point Cloud > DEM - Digital Dams

DIGITAL DAMS - BREACHLINE PLACEMENT — MINIMUM ELEVATION VALUE METHOD
* A breachline is

digitized in the
direction of flow
on the DEM from
the upstream low
elevation to the
downstream
lowest cell
elevation.

* In placement of
line, Map Tips can
assist with
identifying
elevation values
and placement



LiIDAR = Point Cloud > DEM - Digital Dams

DIGITAL DAMS - BREACHLINE PLACEMENT — MINIMUM ELEVATION VALUE METHOD
* Using the

minimum
elevation
method, the cell
with the lowest
elevation value is
identified.

* All cells along the
line are assigned
that elevation,
resulting in each
cell elevation
value being
lowered to that
value.



LiIDAR = Point Cloud > DEM - Digital Dams

DIGITAL DAMS - BREACHLINE PLACEMENT — MINIMUM ELEVATION VALUE METHOD

* Flow Direction is
then calculated
for the Digital
Elevation Model
(DEM).

 The arrows
represent the
flow direction
from each cell to
the cell that it
would flow into.

* The blue line
represents the
flow network.



Standardized Attributes

Data Source Cell Size Confidence of Presence Project Type Local Comments
Review
User Bridge or Culvert | Sub-meter | High (Surveyed, Field Verified, hDEM Yes 100 Character
Interpretation Aerial Image Verified) Level 3 Text Field
Culvert Artifact, LiDAR 1 meter Medium (Assumed location hDEM No
Inventory Inconsistency based on geospatial evidence) Level 2

Drainage Tile, Ditch, Hydro 3 meter Low (Analyst estimation, but

Lines Connection inconclusive evidence)
Storm Other 5 meter
Sewer

Automated 10 meter

Breachlines

Created Analyst
Created Date

Edited Analyst
Edited Date




Methodology and Protocol

Developments of the Breachline Subgroup

e Breachline Data and Work Area
Identification




Methodology and Protocol




Methodology and Protocol

* Tools/Methods within ArcGIS:

* DEM Hydro-Modification

 Breachline identification accounts for
~70% time

* Performance Based

* Most tools built on ArcGIS Platform

- B9 ACPF Toolbox V1
= & 1. Stream Network Development

]

* Most tools are calling the same code 5. D& Terrain Processing
. Flow Metwork Definition - Area Threshold
. Flow Metwork Definition - Peuker Douglas

b
b
c. Identify Impeded Flow (Depression Depth)
c
d

=

==
it

e Results tend to be the same

=

it

=

. Identify Impeded Flow (Depression Depth)
. Manual Cutter/Dam Builder

%' e 5tream Reach & Catchments

— B 2 Field Characterization

e ]
=]

* All strive to represent landscape
hydrology

5
L)

i

n

» Utilize tools that improve the process of
terrain analysis and hydro-modification.
Utilize your time to identify the digital
dams, not in running the tools

= a -- NRCS Engineering Tools --
¥ &g Field Office Tools
+ & Practice Design Tools
= &g Watershed Tools
- B Watershed Delineation
3l 1. Define Area of Interest
& 2. Create Stream Network
& 3. Create Watershed
& 4. Update Watershed Attributes
+ %; Runoff Curve Mumber
2 &1 Watershed Storage
+ B Utilities
= %; Terrain Analysis Tools
1" 1. Define Area of Interest (Optional)
& 2. Create Stream Metwork (Optional)
3 Compound Topographic Index (CTI)
&7 Stream Power Index (SPT)
= Topographic Position Index (TPI)

4

7 By Utilities

= a Spatial Analyst Tools

T %; Conditional

7 &y Density

T %; Distance

7 & Extraction

7 &y Generalization

T & Groundwater

= & Hydrology
#., Basin
#, Fill
""-Q\ Flow Accumulation
"'-Q' Flow Direction
"‘-Q' Flow Length
#., Sink
""-Q\ Snap Pour Point
"'—-Q' Stream Link
"‘-Q' Stream Order
;_h Stream to Feature
ﬁ Watershed




Breachline Data and Work Area Identification

Developments of the Breachline Subgroup



Breachline Data and Work Area Identification

DEM Digital Dam Breachline Work

* Breachline datasets developed within Minnesota by
subject matter experts.

* Tracks the development of breachline datasets
utilizing the tiling scheme of PLS sections

* Identifies theConfidenceof breachline placement

(accuracy) as well as theccompletenes>of the PLS

Section (1 mi?)
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Y & %
\

4 f »
.

="

'ne Key to Building Confidence from Accuracy and
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Lompieteness



Culvert Inventory brings confidence to

the placement of breachlines based on

the accuracy of the inventoried culvert
feature.
Culvert Data Standard can bring

efficiencies into outdated processes by

reducing data entry time, minimizing

human error, and making data available

in real-time.

Culvert Data Standard




Interim Guidance — LIDARR & E (2011)




MN DNR Culvert Inventory Application

* Developed by DNR, the DNR Culvert
Inventory Web Application allows
data collected in the field to be

reviewed in office in real time.

\



LIDAR > Point Cloud > DEM - Digital Dams > Culvert Data

Hydro-modified DEM’s use
breachlines/culverts to breach
digital dams and replicate
landscape hydrology.

Culvert inventories inform
technicians of locations of
digital dams/breachline
placement during the hydro-
modification process.

Most of the time and effort in
performing hydro-modification

is reviewing various datasets
and layers in a GIS to

determine if there is a digital
dam at a certain location




MN DEM Hydro Modification Review Application



https://geospatialservices.smumn.edu/portal/apps/webappviewer/index.html?id=0ca8324417194a82b9b748192d1d175f

Takeaway Messages

LiDAR does its job, lack of flow in DEMs is not a flaw of lidar
Proper replication of landscape hydrology in DEMs is required
hDEMs are foundational data (Point Cloud, DEMs)

Establish Coordination via a committee to formulate a
Community of Practice to ensure hDEM development is
conducted to a level of completeness and accuracy that serves
all hydraulic and hydrologic business.

Culvert Database supports culvert data sharing for DEM hydro-
modification



Thank You!

Sean Vaughn | Rick Moore

sean.vaughn@state.mn.us

rick. moore@state.mn.us

3D Geomatics Committee
www.mngeo.state.mn.us/committee/3dgeo

3D Geomatics Hydrogeomorphology Workgroup — DEM Hydro-modification Subgroup
www.mngeo.state.mn.us/committee/3dgeo/hydro

76


http://www.mngeo.state.mn.us/committee/3dgeo/index.html
http://www.mngeo.state.mn.us/committee/3dgeo/hydro/index.html

