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Please stand by as other 
participants join, we will get started 
soon. 
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Welcome!

Thank you forjoining us today

ÅWe are excited to meet with you today to discuss 
lidar acquisition planning efforts inMinnesota.

ÅMembers of the 3DGeomaticsCommittee Lidar 
Acquisition Workgroup will be introducing3DGeo, 
sharing updates, and information about lidar 
collects for Minnesota.

ÅWe welcome your input today and going forward.



Meeting Housekeeping

ÅPlease mute your microphone if 
ȅƻǳΩǊŜ ƴƻǘ ǎǇŜŀƪƛƴƎ

ÅA meeting recording and presentation 
slides will be shared after the meeting

ÅType in questions into the chat 
windowΣ ŀƴŘ ǿŜΩƭƭ ŀŘŘǊŜǎǎ ǘƘŜƳ 
during the Q&A section (not recorded)



Goals for today

ÅWho is 3D Geomatics (3DGeo)?

ÅWhat is the Minnesota Lidar Plan?

ÅWhat is the funding opportunity 
USGS 3D Elevation Program (3DEP)?

ÅWhere are 3DEP lidar acquisitions 
going currently and planned?

ÅWhat are the next steps?



Coordinating 
aƛƴƴŜǎƻǘŀΩǎ 

Lidar 
Acquisition



Geospatial Advisory Council (GAC) - 3D Geomatics 
Committee

Geospatial Advisory Council 

ÅThe Minnesota Geospatial Advisory Council (GAC)is the 
coordinating body for the Minnesota geospatial community. 

ÅCross-section of organizations that include counties, cities, 
universities, business, nonprofit organizations, federal and state 
agencies, tribal government, and other stakeholder groups.

3D Geomatics Committee?

ÅThe 3D Geomatics Committee (3DGeo) is a committee under GAC 
that works to identify and promote the need for planning, funding, 
acquisition, and management of three-dimensional geomatic data 
and derived products. 



3DGeo Workgroups

3DGeo Executive Steering Team

Á Workgroups/Subgroups

Å Hydrogeomorphology

1. Data Catalog
2. Foundational Hydrography Data 

Stewards
3. DEM Hydro-modification

Å Vegetation

Å Education

Å Human Infrastructure

Å Data Acquisition



3DGeo - Data Acquisition Workgroup

Mission:

ÅThe Data Acquisition Workgroup promotes procurement 
of foundational 3D data for Minnesota. 

Co-Chairs

ÅSean Vaughn, Alison Slaats, and Gerry Sjerven

Lidar Acquisition Subgroup:

ÅAlison Slaats (MnGeo), Sean Vaughn (MNIT DNR), Gerry Sjerven (MN 

Power), Dan Ross (MnGeo), Jennifer Corcoran (DNR), Colin Lee(MnDOT), 

Matt Baltes(NRCS), Joel Nelson (U of MN), Joe Sapletal(Dakota Co),

Mark Reineke (Widseth), and Brandon Krumwiede(NOAA), Jeff Weiss
(DNR).



Collaboration ςIndividual Stakeholder

You don't have to have 
money or be a decision 
maker to be a 
stakeholder. . .

You can be a voice of 
support . . .

A collaborator

GIS Manager

GIS Specialist

Natural Resource 
Specialist

Dam Engineer

Transportation 
Engineer

Forester

Assessor

You



Early Lidar 
Coordination:
Minnesota 

Was a 
Leader



5bwΩǎ CƛǊǎǘ ²ƘƛǘŜ tŀǇŜǊ ŦƻǊ ŀ [ƛŘŀǊ-derived DEM

2002 Need for a DEM 

ÅάΧƴŜŜŘ ǘƻ ŘŜǾŜƭƻǇ ŀ ƘƛƎƘ-resolution 
DEM and floodplain mapping 
ǇǊƻƎǊŀƳέΦ 

ÅάΧŎƻǊǊŜŎǘƭȅ ƛŘŜƴǘƛŦȅ ŀƴŘ ƳŀǇ ŦƭƻƻŘ 
ƘŀȊŀǊŘ ŀǊŜŀǎΧέ 

ÅάΧŜŦŦƛŎƛŜƴǘƭȅ ŀƴŘ ŜŦŦŜŎǘƛǾŜƭȅ ƳŀƴŀƎŜ 
land and water resources as well as 
ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέΦ 

$80 Million
Å$41M ςDEM

Å$27M ςFloodplain Mapping

Å$12M ςIT Infrastructure



Minnesota 
Lidar Plan



The Minnesota Lidar Plan 

ÅOne plan for Minnesota

ÅCommittee led plan, not a state agency plan

ÅCollaborationof the geospatial community

ÅCoordinationof lidar acquisition in 
Minnesota leverages federal match dollars

Minnesota Lidar Plan - Our Plan ςYour Plan ςOne Plan

3DEP grant success is built on a guiding plan that pulls 
the community together to foster collaboration and 
coordinate funding to achieve the common goal of 
high density lidar acquisition across Minnesota



Minnesota Lidar Plan and StoryMap

https://www.mngeo.state.mn.us/committee/3dgeo/ac
quisition/Minnesota_State_Lidar_Plan.pdf

http://bit.ly/MnLidarPlanStoryMap

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


Lidar Planning ςBackground

Å[ƛŘŀǊ ŀŎǉǳƛǎƛǘƛƻƴǎ ŀǊŜ ŎƻƻǊŘƛƴŀǘŜŘ ōȅ ǘƘŜ D!/Ωǎ 3DGeo Committee 

ÅaƛƴƴŜǎƻǘŀΩǎ [ƛŘŀǊ tƭŀƴ ŘƛǾƛŘŜǎ ǳǇ ǘƘŜ ǎǘŀǘŜ ƛƴǘƻ lidar acquisition areas(LAA) 
based on political (county) and watershed boundaries

ÅGrant fundsare available from USGS for lidar acquisition because there is a local-to-
national scale need for a seamless nationwide DEM elevation layer

Å3DGeo is working to coordinate lidar acquisition with local, federal, and state 
partnerships

ÅLeveragingUSGS federal funding opportunity

ÅEconomies of scale are achieved when partners collaborate across landscapes

ÅThe bigger the collection footprint, the lower the cost



Lidar Acquisition Areas 
and Blocks of Interest



3DEP
(Federal Coordination and Grant)



USGS 3D Elevation Program (3DEP)

3D Elevation Program (3DEP)

ÅSystematicallyguiding the collection of 3D 
elevation data in the form lidar data for the 
United States, and the U.S. territories

ÅGoal: elevation dataset for the nation by 
2023

ÅThe first-ever national baseline of 
consistent high-resolution elevation data ς
both bare earth and 3D point clouds ς
collected in a timeframe of less than a 
decade. 

Minnesota Numbers

ÅPartners: $1.92M

ÅUSGS 3DEP: $8.11M



USGS 3D Elevation Program (3DEP) - BAA

Broad Agency Announcement 
(BAA)

ÅGrant coordinating mechanism 3DEP  

ÅGuides partnershipsbetween the USGS 
and other Federal agencies with other 
public and private entities seeking 
high-quality 3D lidar elevation data 
acquisition. 

ÅUSGS is cost-sharingvia grant funds for 
QL2 or greater

ÅDǊŀƴǘǎ ǘƘǊƻǳƎƘ ά.!!έ ǇǊƻŎŜǎǎ ς
deadlinesare every fall (Oct/Nov)



3DEP: National Enhanced Elevation Assessment (NEEA)

ÅConducted in 2011-2013

ÅInformation gathered from every 
state and from 34 different 
federal agencies

Å602 Mission Critical Activities 
need significantly better data 
than available

ÅBetween $1.2 and $13 BILLION in 
benefits annually

Å5:1 Return on Investment

Update expected summer of 2021



What is lidar?

Lidarstands forlight detection and ranging 

ÅIt is a mapping technology that uses a pulsed 
laser to measure the time it takes for emitted 
light to travel from a sensor to the ground or 
other objects and back.

ÅThe sensor can pulsea laser beam hundreds of 
thousands of times per second

ÅMillions of returns ("points") are captured, 
resulting in a "point cloud" of three-
dimensional measurements.

Image from the Washington Geological Survey



Lidar Acquisition  ĄPoint Cloud

Lidar Acquisition 

Lidar Point Cloud 

3D Rendition of Natural 
and Built Environments  

Lidar Classification 

Painting the Lidar Point Cloud 
Elevation Values



Lidar Ą Point Cloud ĄDEM

ÁPoint Cloud Classification  ςFeature Identification and Separation of 
Data for Sector Application

Lidar Acquisition  Ą Point Cloud ĄClassification ĄDEM 



What is a DEM?

ÅDEMstands fordigital elevation 
model

ÅA digital representation of the land 
surface.

ÅThe DEM is a derived product

ÅRepresented as a gridded tessellation 
of the landscape built from Lidar-
derived points with elevation values 
(Z).



What is Lidar?

To Some:

Å2-ft Contours

ÅDigital Elevation Model (DEM)

To Some:

ÅHydro-modified DEM & Hydrography

Å1-ft contour Dataset

ÅVegetation and Buildings

ÅIntensity Imagery

ÅDigital Surface Model (DSM)

ÅAnd Many other products

To Some Lidar Is:

ÅA 3D Point Cloud

Note: The two most downloaded 
authoritative lidar-derived products from 
MnTOPO are the 2-ft Contours and the 
DEM.

Regardlesswhat lidar is to youandyour businessneeds,άƭƛŘŀǊέbeginswith collectionof the lidar
data aspart of a dataprocurementproject,within a 3DGeomaticslidar acquisitionblock(LAB).

Data Procurement Data Development Data Dissemination User Application



What is:
High-density 

Lidar



Need for New High-density Lidar

ÅUpdateour existing Lidar data holdings which 
are now a decade old.

ÅImprovesour ability toanalyze the landscape 
in Minnesota, map assets, and assess 
ǊŜǎƻǳǊŎŜǎ

ÅProvides the foundation for development of 
updated authoritative derived products to 
support analysis and informed decision-making

ÅEnables practitioners,managers, and 
researchers to be more proactivethan 
reactive.  

Lidar point cloud colorized by photograph pixel colors



HD Lidar ςDerived Products

Lidar Quality Levels Define 
Deliverable Specifications 

ÅMinimum DEMCell Size

ÅMinimum ContourInterval

CurrentMinnesota Data Holdings

3DGeoCommittee Minimum 

USGSBase Specification Minimum

A High-density Pulse = High 
Density of Points = Highly 
Detailed Derived Products

QL1 = 16 grid cells per one QL3 cell
QL1 = 2 additional contour lines for 

every one 2-foot contour  



What is High Density Lidar?

High-Density lidar 
is defined by 

two measures: 

1. Pulse Spacing

2. Pulse Density

These two HD technical 
measures relate to flight
missionand lidar 
platforms affecting: 

1. Point Density of the lidar 
Point Cloud 

2. Derived Products 
(shown in next slide)

CurrentMinnesota 
Data Holdings

3DGeoCommittee 
Minimum

3DEPBase Specification 
Minimum

Increased Density = Improved Detail

ÅQL1 = 8+ pulses per 1 square meter
ÅQL3 = 1   pulse per  2 square meters

¢ƘŀǘΩǎ мсҌ v[м ǇǳƭǎŜǎ ǇŜǊ ǘƘŜ ǎŀƳŜ нƳ 
area of QL3



Potential Costs of Lidar in Minnesota

Quality Level (QL) Average Cost per mi2*

QL-0 $440

QL-1 $330

QL-2 $200

QL-3 $175

*Please note the following, regarding the above cost estimates:
ÅThese estimates where obtained in2020.

ÅThese averageestimates are based on a series of USGS 3DEP Independent Government Cost Estimate (IGCE) quotes. 

Actual cost estimates are subject to change based on a proposed area of interest.

ÅThe 3DGeo Committee advocates for QL1 lidar and will assist partners to explore acquiring upgrades and additional 

derived products in their area of interest (e.g., QL0). An upgrade to point density or additional derived products will 

increase costs and will be the responsibility of the requesting partner(s).

ÅQL3 no longer meets USGS Base Specification, it is crossed out because it would not be purchased under this Lidar Plan.

CurrentStatewide Lidar

3DGeo Recommendation 

USGSBase Specification



3DEP Program ςLidar Data

3DEPStandard Deliverables

ÅPoint Cloud(classified to minimumlevel ςmeets most needs; data hosted online)

ÅDigital Elevation Model (DEM/Bare-Earth Surface Raster)

ÅLidar Swath Polygon

ÅHydro-breaklines

ÅMetadata & Reports



3DEP Program ςLidar Data and Derived Products

Possible Added Deliverables

ÁNot 3DEP funded deliverables, but can be part of the 3DEP contract as additional products and services 
with the 3DEP contract vendor

ÅHigher densityPoint Cloud 

Å3DGeo advocates forQL1,partners may upgrade areas to QL0

ÅImproved hydrographic products

VAdvanced hydro-modified DEM (Conditioned DEM)

ÅBare Earth point cloud

ÅAdditional Point Classification 

V High vegetation and buildings

ÅIntensity imagery, GeoTIFF



State Agency Lidar Derived Products

Foundational Derived Products 

ÁPublicly available data served as authoritative products from state agency distribution 
portals

Å1-ft ContourDataset

ÅHillshadedDEM

ÅCanopy Height Model

ÅOther products to come?



HD Lidar ςDerived Products - Hydrography Example

WATER CONVEYANCE LANDFORMS
Mapping the Unmapped Hydrography



HD Lidar Examples:Hydrography & Infrastructure 
Culvert Capture High Density QL0 (30pts/m2)

Existing 3-meter DEMExisting 1-meter DEM

QL0 1-foot DEM Existing 3-meter DEM HPI QL0 1-foot DEM HPI



HD Lidar Examples: MnDOTInfrastructure

ÅTransportation
Å3d Design

ÅTraffic operations

ÅSigning and striping

ÅHighway safety

ÅMaintenance

ÅAsset management

ÅEnergy
ÅTraditional

ÅRenewable/Alternative

ÅCultural/Historical Resources

The I-35/Highway 53 interchange in Duluth, MN (known locally as the "Can of Worms")



HD Lidar Examples:MnDOT Infrastructure

Supporting Corridor 
Mapping

ÅNew HD lidar can 
replace existing 
mapping methods

ÅExisting lidar no 
longer reliably 
supports many 
engineering 
products



HD Lidar Examples:Infrastructure

Supporting 
OrthomosaicCreation

ÅNew HD lidar can 
replace existing 
mapping methods

ÅExisting lidar no longer 
reliably supports the 
creation of high 
resolution orthophotos



HD Lidar Examples:County Infrastructure & Hydrography

Lake ByllesbyDam & Reservoir Dakota County (QL0 Lidar Point Cloud)

Å Reviewed by Colin Lee and District 6 surveyors  

Å 90% of the lidar points evaluated have elevation values 

within 0.033 (ft) to 0.066 (ft) of actual, onsite, vertical 

survey results.   

o Test points represent open, hard, smooth surfaces

o 1.0 (cm) to 2.0 (cm) of onsite, vertical survey 

results.  

Å These values are better than the minimum lidar base 

ǎǇŜŎƛŦƛŎŀǘƛƻƴ ƻŦ Җ лΦло Ƴ όҖ оΦл ŎƳ κ мΦмум ƛƴύ ŦƻǊ v[hΦ  

MnDOT Vertical Accuracy Analysis 

High-Density 30+pt/m2 Quality level-0 Lidar Point Cloud 



Existing 3-meter DEM

QL0 1-foot DEM HPI

HD Lidar Examples ςLidar Intensity
High Density QL0 (30pts/m2)



HD Lidar Examples - Lidar Intensity 

NE Forested LAA, QL1 Lidar Intensity - Hydrography Capture 


