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Goals for today

• Provide overview: 

• MN DNR Lidar Derived Forest Inventory 

• Lidar data used, processing and modeling, and field methods

• Expansion of field data collection on private land 

• Demonstrate:

• Examples of lidar derived results

• How to use this info in Forest Stewardship Plans

• Answer your questions



Forest Inventory and Distribution

FIA Inventories:

~6500 Forested

Plots on a 5 year cycle; 

~1300 Plots/year

(not including Urban FIA)



Minnesota State Administered Land - Forest Cover Types

Forest Cover Type Forested Acres
Ash 135,489
Aspen 1,123,365
Balm of Gilead 31,969
Balsam Fir 40,548
Birch 59,045
Black Spruce-Lowland 431,590
Black Spruce-Upland 8,126
Central Hardwoods 4,493
Jack Pine 98,024
Lowland Hardwoods 30,359
Northern Hardwoods 147,597
Norway Pine 131,339
Oak 144,827
Stagnant Cedar 126,639
Stagnant Spruce 413,854
Stagnant Tamarack 166,545
Tamarack 389,255
Walnut 2,782
White Cedar 180,754
White Pine 28,553
White Spruce 49,637

Grand Total 3,744,791



Lidar Derived 
Forest 

Inventory



Cass County, 432 gridded plots Lake County, 108 Stratified Random plots

➢ 1/10 acre fixed radius plots, full stem map, measured >5 in DBH:

Pilot Study



Plot Area Considerations (Pilot Data)

DNR 1/10 ac plots, 
sub-meter (x, y); n=150

DNR 1/24 ac plots,
sub-meter (x, y); n=151

DNR BAF10 plots,
sub-meter (x, y); n=146

GrossVol/ac ~ 
ElevMax + Cover3m + 
Stratum5

% Var explained: 65.18

RMSE: 629.1 cu.ft./ac

GrossVol/ac ~ 
ElevMean + Cover3m + 
Stratum5

% Var explained: 61.36

RMSE= 692.5 cu.ft./ac

GrossVol/ac ~ 
Stratum4+ ElevMode + ElevIQ 
+ ElevL3 +
ElevMADmedian

% Var explained: 51.05

RMSE= 1474.8 cu.ft./ac



Sub-meter plot coordinates are essential

Sub-meter x,y of FIA plots 
(from MNDNR revisit)

Traditional GPS x,y of FIA plots 
(from 2013-2017 cycle)

VOLCFGRS/ac  ~ 
ElevMean + ElevP10 + 
Stratum2 + Stratum5

% Var explained: 76.2

RMSE = 618.3 cu.ft./ac

VOLCFGRS/ac  ~ 
ElevMean+ ElevCV+ ElevP05+ Cover3m+ 
Stratum5

% Var explained: 56.67

RMSE= 834.2 cu.ft./ac

(Results from 2018 linear LiDAR AOI) N=56



Forestry Inventory - putting elements together

Lidar and Plot Based Inventory (PBI) are Foundational Data

Data Procurement Data Development Data Dissemination User Application

Lidar Point 
Cloud

PBI Data 
Collected

Modeling Process

Relationships 
Modeled

Lidar Grid 
Metrics

Inventory 
Models

Stand Level 
Inventory

Data 
delivery 

(download, 
web 

services)



MN’s Lidar

Contributions to Minnesota Lidar ($millions)

• Minnesota Partners (59): $  7.55
• USGS 3DEP:  $14.72
• USFS   $  0.45

Total:  ~$22.71M

MN Partners had major contribution from the State 

NRCS and 5 SWCDs; also includes: 42 Counties, 8 

State programs, 1 regional government, 1 private 

company, and 1 Tribal Nation.

DNR Contribution: $1.195M
•- Forestry (includes RAP, PFM, Fire): $1,010,000

•- School Trust: $100,000

•- Fish and Wildlife: $50,000

•- Eco Waters: $35,000

USGS 3D Elevation Program is ongoing,
and requires a matching partnership



Grid Metrics from Lidar Point Cloud

1/10 ac Plot 
Elevation Meters

ElevMax 33.78 m

ElevP99 31.92 m

ElevP95 26.09 m

ElevMean 13.27 m

ElevMode 20.44 m

ElevSQRT 15.19 m

ElevCURT 16.74 m

Cover 89.70 %

|----- 20 m; 65.61 ft -----|



Plot-level Lidar Point Cloud Metrics

95th Percentile of Height 50th Percentile of Height Standard Deviation of Height

|--------------- 20 m; 65.61 ft ---------------|



Plot Based 
Forest 

Inventory
(PBI)



How is PBI collected?

1

23

4

Our Goal is to collect one plot per 3,000 forested acres 
statewide across all forested land ownership types and 
Regional Landscapes!



PBI Planned and Complete

Ownership Plots Completed Plots Under Contract Remaining Targets **Total Plot Target

State 2,562 *301 2,863

County 926 *104 1,030

USFS 664 *123 787

Tribal Lands 14 14

Municipal 12 12

Private Industrial 96
96

Private *356 *1,205 680 2,241

Total 4,630 1,733 680 7,043

* Includes PBI plots expanded from FIA collected in FY24 and FY25 (FY24 – 256 plots, FY25 – 508 plots)
** All plot completions and targets are estimated. Plot status, condition, and review determine final plot count



Private Land PBI

Over 1,100 landowners have signed up!

Final Parcel Selection based on…
• Spatial location of plot
• Target Needs
• Ownership of >2 acres

      Sign up today! (Link on last slide)

Private land PBI expansion target: 1,500 – 2,000 plots



PBI Data Characteristics

Lidar 

Block

Block size

(Sq. miles)

No. of PBI 

plots
Top five cover types in PBI data

Mean to Max range of Volume (cu.ft./ac) and BA 

(sq.ft./ac) in PBI

RLB 11,620 1,328
Black spruce, Aspen, Tamarack, 

White Cedar, Ash

Vol: 1144.5 - 5242.9

BA: 59.9 - 272.5

LSB 4,975 426
Aspen, Black spruce, Tamarack, 

Ash, Birch

Vol: 978.5 - 4612.6

BA: 49.4 - 248.7

Pine 1,433 125

Aspen, Northern Hardwoods,

Oak, Tamarack,

Black spruce

Vol: 1309.8 - 4590.3

BA: 67.3 - 245.6



Modeling 
Data



Plot Based Inventory – Grid Metrics

Grid Metrics at 20 m resolution



Training Data Frame

• Lidar point cloud was extracted for each plot location and numerous predictor (cloud) 
metrics were produced. The plot-level response variables were regressed against the 
predictor cloud metrics in RF and MLR frameworks.

• The spatial inventory models were extended over the AOI using grid metrics (20-m) 
representing canopy height distribution, vertical strata density and cover



Fit statistics for inventory models

Attribute
Lidar 

Block
Model selected lidar variables

Linear model, 

adj. R2

RF model, 

% var explained

RF model, 

RMSE

AGB

RLB
ElevCV, covMeanIst, strata1, strata2, strata3, 

strata4, ElevIQ
0.7268 72.8 20,864.8

LSB ElevAv, ElevVar, cov3mIst, strata4, strata5, strata6 0.7422 74.6 18,299.0

Pine ElevMADmed, strata4, strata5, ElevIQ, strata6 0.788 79.7 23,548.8

Vol

RLB
Strata3, ElevLskew, strata4, covMeanIst, strata1, 

ElevP05, strata2, ElevAv
0.712 71.4 561.2

LSB ElevAv, strata4, ElevIQ, strata5, cov3mIst, strata6 0.7388 74.3 428.1

Pine
ElevMax, strata1, ElevIQ, strata2, strata3, 

ElevLkurt, strata4
0.7502 76.5 489.1

BA 

RLB
ElevLskew, cov3mIst, strata4, covMeanIst, strata5, 

ElevSD, ElevVar, ElevP05, strata1, strata2
0.6107 61.4 31.8

LSB
ElevAv, strata4, strata1, ElevIQ, strata2, strata3, 

strata5
0.6368 64.3 23.5

Pine cov3mIst, strata5, strata6, strata4 0.694 70.5 25.7



Lidar Derived 
Products



Forest Inventory Model Raster Data

Model representation at 20m resolution

• Above Ground Biomass (AGB and Carbon equivalent)  

• Basal Area weighted height (BAWHT)  

• Volume (Gross/ Net Cubic Feet and Cords)  

• Max Height   

• Quadratic Mean Diameter (QMD) 

• Stand Basal Area (SBA) 

• Trees Per Acre (TPA) 

• Cover Type (not lidar derived)

• Age (Cover Type Dependent)

• Site Index (Cover Type Dependent)



Sub-Stand Level Analysis- Stand Basal Area per Acre

Raster data can help forest managers visualize and 
quantify change within the AOI

Basal Area provides a measure of forest density
• Forest density is a critical piece of information for any 

forest manager

Basal Area contributes to…
• Volume and Growth Estimation
• Prescription Guidance
• Field Planning
• Retention Planning

Modeled variation within the stand provides land 
managers with distribution information of the stand

Areas of 170 ft^2 BA/Acre



Sub-Stand Level Analysis- Volume per Acre

Modeled Volume data faclitates:

• Accurate Forest Resource Planning 
• Understanding volume distribution assists managers plan and 

meet harvest objectives more sustainably

• Prescription Development
• Growth Estimation
• Site Productivity
• Pre-sale Forest Operations Planning
• Landscape level resource distribution and trends 

• With repeated collection

Area depicting >40/cords per Acre 

Area showing low volume – consider operability/marketability



The End Goal = Stand Level Forest Inventory

Field Value
STAND_KEY 22574
SURVEY_YR 1991

Age 88
AG_Biomass 95023.3
AGB_SE_Per 4.7
AGB_CI_Hal 8832.1

BAA 103
BAA_SE_Per 3.6
BAA_CI_Hal 7.3

BAWHT 64.4
BAWHT_SE_P 1.8
BAWHT_CI_H 2.3

GRS_vol_pr 1953.7
Gross_Cord 24.7
GRS_Vol_SE 4.8
GrsVol_CI_ 183.8

Max_HT 105.9
QMD 10.7

QMD_SE_Per 2.2
QMD_CI_Hal 0.5

SI 56
SI_SE_Perc 3.2
SI_CI_Half 4

TPA 180
TPA_SE_Per 4.6
TPA_CI_Hal 16
Stand_Acre 41.4
Covertype 20



Data 
Validation



Data Validation Process

• Validation Data
• Stand Level Comparison

• MN DNR Forester Collected
• Fall 2023 – Summer 2025

• Stratified Sample Areas
• Lidar Acquisition Block
• Ecological Section
• Cover Type

• Sample size determined at 95% CI
• Basal Area comparison (Cohen’s D)

• PBI Plot Data 
• MN DNR Forest Inventory Data

• Power t test in R (sig: .05; power : .8) 
• AOI’s Filtered to meet operational feasibility

• Cohen’s D >=.3
• Sample Need <= 75% of available pool

• Random Stand Selection

Goal is roughly 1,500 stands statewide 



Model Histograms - Stand Basal Area 
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Stand Basal Area 

Validation dataset collection and analysis (2/2025)

- 150 Total Stands Observed
- Filtered by condition and outliers

- Forested Cover Types
- Cover Size >= 5” Diameter)
- Stand Age >=20
- Data Collected during 2023, 2024, 2025 stand 

collection 
- >=10 sqft./acre
- < 300 sqft./acre

More field collected validation data is needed to fully understand 
model tendencies and identify improvement and revision opportunities 

Mean Comparison

Root Mean Square Error (RMSE) 18.3

RMSE% (percent of mean) 24.6%

nRMSE (Normalized by Range) 10.9%

Mean Differenct (MD%) 7.3%

Standard Error % (SE%) 24.8%

Metric Observed Modeled

Mean 76.9 71.5
Variance 803.8 646.4

Observations 150 150
Pearson Correlation 0.69



Stand Basal Area by Age (n=150)
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Working with 
Modeled 

Inventory Data



Working with Modeled Inventory Data- Clipping



Working with Modeled Inventory Data- Classification 



Working with Modeled Inventory Data - Extract by Attributes  



Working with Modeled Inventory Data- Resampling



Working with Modeled Inventory Data- Zonal Statistics 



Data 
Availability & 

Planning



Lidar Derived Forest Inventory Status

Data Procurement

Data Development

Data Dissemination

User ApplicationLidar Data in Review

Models Complete



*NEW* Forest Finder

https://forest-
finder.dnr.state.mn.us/

Includes 4Trees stand 
level and lidar derived 
summaries

Replaces Landview and 
the Forest Inventory 
Viewer



MN Natural Resource Atlas 

https://mnatlas.org/gis-tool/

https://mnatlas.org/gis-tool/

https://mnatlas.org/gis-tool/


Application: 
Forest 

Stewardship 
Plan Maps



Example Stewardship Plan Maps



Example Stewardship Plan Map



Looking 
Forward



Field data collection, expansion, integration 

Trimble Ranger Javad Triumph 2 GPS FIA Plot Size

The Forest Inventory Analysis Program (FIA) offers a potential long-term field data solution. 
Feasibility testing and integration process are currently under consideration.



Field data collection, expansion, integration

Traditional Inventory Lidar Derived Inventory

Interval 20+ years ~ 10 years (TBD)

Coverage Prioritized stands All forested stands (Statewide)

Data Collection Cost/acre ~$10-12/acre (2010-2019) ~ $4-5/acre (2019-2025)(Full Cost Estimate)

Production ~200,000 acres/year (2010 – 2019) ~700,000 acres/year (2019-2025)

• PBI or FIA 

• 5-year collection cycle

Field Data Collection

• Coordinated partnerships

• 10-year target interval

Lidar Acquisition
• Growth modeling

• Change Detection

• 1 or 2-year interval

Maintenance



Looking Forward - Forest Inventory

What might the future look like? 



Resources

ForestInventory.dnr@state.mn.us

mndnr.gov/resource-assessment

https://www.mndnr.gov/forest-inventory

https://www.youtube.com/watch?v=zcSPPY8XniU

https://www.youtube.com/watch?v=-oisFShM6Nw

https://lidarhub-minnesota.hub.arcgis.com/

https://mnatlas.org/gis-tool/

Forest Inventory email: ForestInventory.dnr@state.mn.us

Resource Assessment website: mndnr.gov/resource-assessment

Forest Inventory website: https://www.mndnr.gov/forest-inventory 

How-To video about PBI data collection:  https://www.youtube.com/watch?v=zcSPPY8XniU

Lidar Processing Video: https://www.youtube.com/watch?v=-oisFShM6Nw

MN Lidar Hub website: https://lidarhub-minnesota.hub.arcgis.com/ 

MN Natural Resources Atlas: https://mnatlas.org/gis-tool/ 

mailto:ForestInventory.dnr@state.mn.us
http://www.mndnr.gov/resource-assessment
https://www.mndnr.gov/forest-inventory
https://www.youtube.com/watch?v=zcSPPY8XniU
https://www.youtube.com/watch?v=-oisFShM6Nw
https://lidarhub-minnesota.hub.arcgis.com/
https://mnatlas.org/gis-tool/
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Questions & Discussion
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