Plot Based Inventory in MN: Forest Inventory for Stewardship

Operational Lidar Inventory (OLI) Workshop — April 15, 2025, Vancouver, WA

Presented by: Keb Guralski

DEPARTMENT OF .
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Goals for today

* Provide overview:

* MN DNR Lidar Derived Forest Inventory

e 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

Forest Inventory & Analysis

MN Cycle 14 Plots

MN DNR Manages | R

4.5 million Acres +

of Forest Land
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Forest Cover Type Forested Acres

Birch
Black Spruce-Upland

Stagnant Tamarack

Minnesota State Administered Land - Forest CoverTypes

White Pine , White Spruce
0.8%

Walnut
0.1%

Tamarack
10.4%

4.4%
Stagnant Spruce
11.1%
Balm of Gilead
Stagnant Cedar 0.9%
3.4%

Black Spruce-Lowland Balsam Fir

. 11.5% 1.6% 1.1%
Norway Pine
3.5%
Northern Black Spruce-

Hardwoods | owland Hardwoods / Jack Pine L Central Hardwoods  Upland
3.9% 0.8% 2.6% 0.1% 0.2%
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Pilot Study

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

Cass County, 432 gridded plots

ENRTF M.L. 2016 - LiDAR Inventory Pilot Project “{‘-‘
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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 +
Stratumb5

% 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 MINDNR revisit)

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

VOLCFGRS/ac ~
ElevMean + ElevP10 +
Stratum?2 + Stratum5

% Var explained: 76.2

RMSE = 618.3 cu.ft./ac

VOLCFGRS/ac ~

ElevMean+ ElevCV+ ElevPO5+ Cover3m+
Stratumb5

% Var explained: 56.67

RMSE= 834.2 cu.ft./ac

(Results from 2018 linear LiDAR AQOI) N=56




Forestry Inventory - putting elements together

Lidar and Plot Based Inventory (PBI) are Foundational Data

Data Development Data Dissemination User Application

Lidar Point :
Modeling Process
Cloud
Data
Lidar Grid Inventory Stand Level delivery
; (download,
/' Metrics Models Inventory web
PBI Data services)
Collected




3D Geomatics 3DEP Compliant Lidar Status

Grand Forks

Farga

Aberdeen

Watertown
Eau Claire

Green |

Available
([

National
Map)

MN'’s Lidar

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

Contributions to Minnesota Lidar (smitiions)
* Minnesota Partners (59): S 7.55

* USGS 3DEP: $14.72
* USFS S 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



Grid Metrics from Lidar Point Cloud

LIDAR Data Viewer — O X

1/10 ac Plot &Is Help

Height LDV -- V1.64 -- USDA Forest Service -- Pacific Northwest Research Station
3378

ElevMax 33.78 m

ElevP99 31.92m

ElevP95 26.09 m

ElevMean 13.27 m

16.90

ElevMode 20.44 m

ElevSQRT 15.19m

845

ElevCURT 16.74m

0.01

Cover 89.70 %

[ Histogram

ADOULLUY

”| ----- 20 m; 65.61 ft -----|

Ready 33219 pts




Plot-level Lidar Point Cloud Metrics

95t Percentile of Height 50t Percentile of Height Standard Deviation of Height
g5 p til 50 P til Elev Stand Div
ErCentiie ErCentie - .
High : 26,7274 High : 20.9781 High : 9.5363

Low : 0.1926 Low: 0.162 Low : 0.0151
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How is PBI collected?

PBI; r=37.2 ft

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

m 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

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

SIGN UP @@
Go to www.mndnr.gov/resource-assessment 233

to sign up or learn more

CONNECT
A coordinator will contact you, get more details about

the property, and discuss the project
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PBI Data Characteristics

Block size No. of PBI . ) Mean to Max range of Volume (cu.ft./ac) and BA
. Top five cover types in PBI data .
(Sg. miles) plots (sq.ft./ac) in PBI

Black spruce, Aspen, Tamarack, Vol: 1144.5 - 5242.9
11,62 1,328 )
620 White Cedar, Ash BA: 59.9 - 272.5
Aspen, Black spruce, Tamarack, Vol: 978.5 - 4612.6
2
4,975 426 Ash, Birch BA: 49.4 - 248.7

Aspen, Northern Hardwoods,
1,433 125 Oak, Tamarack,
Black spruce

Vol: 1309.8 - 4590.3
BA: 67.3 - 245.6







Plot Based Inventory — Grid Metrics

Fixed Radius PBI Plot, 37.2 Ft

Grid Metrics at 20 m resolution e Q
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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

E 6 - FramePBhot [Read-Only] - Microsoft Office
File Home Insert Page Layout Formulas Data Review View Acrobat @ Tell me what you want to do... Sign in R_ Share
ALL w2 fe ElevMax v
A H J p Q R S T u z Ab AC AH AL AM AN AD AP AQ AR AS AT AU AV AW AX AY AZ BA |~
1 |plot_id tree_pres COVER_TP sba maxht  tree_count TPA amD BAWHT  Siplot age_plot WVOLCFGRS_AGB_lbs_pjElevMax _Ele\m.v ElevMode ElevSD  Elevvar ElevCV  ElevlQ  ElevSkew ElevKurt ElevAAD ElevMADr ElevMADr Elevll  Elevl2  Elevl3 ElevLd
=2 ]1.551 no 85 0 NA 0 ] 0 0 NA NA 0 0 15.587 2.857637 0.1 2.820448 7.954926 0.953615 2.44075 1.953505 7.159427 1.96135 1.077 2.0585 2.957637 1.379228 0.467246 0.329%5
3 1554 yes 73 105.1084 60 22 2200 9.359306 43.54802 22.36971 159 1864.3322 57023.692 15.478 B8.509807 0.1 4.153857 17.30441 0.488831 5.954 -0.54095 2.395649 3.438642 2.688001 95.344999 8.509807 2.339936 -0.3367 0.1733
4 |1 569 yes 200 130.7313 82 23 230 10.20851 67.56046 58.40725 77 2576.0781 134742.55 24.653 13.62476 16.8584 6.354687 40.38204 0.466407 9.64175 -0.60223 2.178062 5.337454 4.0145 3.576 13.62476 3.56426 -0.60291 0.1593
5 |1 570 yes 30 97.78313 89 11 110 12.7665 74.42255 69.57539 86 1827.773 112607.13 25,492 13.95992 1.715937 7.227822 52.24141 0.517755 12,715 -0.47543 1.821339 6.323532 5.377 14.18206 13.95992 4.0815974 -0.61787 -0.094
6 |1 571 yes 40 127.3754 a8 13 130 13.40317 71.74694 62.80286 85 2551.7056 153541.98 25.04 13.95901 22.66486 6.804417 46.30009 0.487457 12.75175 -0.24966 1.776807 5.916857 5.831 7.785358 13.95501 3.505994 -0.28996 -0.043
7 115 107 yes 12 151.8301 68.5 33 330 9.184558 54.53065 47.09118 57 3250.1163 142270.54 25.034 14.33025 0.1 6.430736 41.35437 0.448752 9.672998 -0.57479 2.37346 5.294276 4.743939 15.14 14.33025 3.631235 -0.53129 0.2092
8 115 108 yes 12 126.6015 76.5 29 250 8.546574 61.46838 58.10433 62 28442717 1144614 23.23 14.61252 15.92571 5.520889 30.48021 0.377813 8.9175 -0.61987 2.277602 4.773451 3.948 3.696714 14.61252 3.098385 -0.5518 0.058C
9 115 110 yes 12 14.13731 78 1 10 16.09977 78 62.77519 73 457.19441 16975.767 25.584 14.91725 1.315429 7.306241 53.38115 0.489785 12.1745 -0.55847 2.001112 6.311931 4,959 15.78957 14.91725 4.1125387 -0.69253 0.0262
10 (115_113 vyes 9 245.6373 20 15 150 17.32758 62.2663 48.0111 78 4590.3253 243621.09 24,445 14.25543 17.50214 5.20895 27.13316 0.365401 7.733  -0.4511 2440133 4.315266 3.814001 3.7275 14.25543 2959956 -0.21045 0.205
11 [115_132 vyes 12 2.52193 30 1 10 6.799904 36 40.89402 42 34147088 1906.5391 10,905 3.232432 1.129048 1.924585 3.704029 0.595399 2,303 1.370704 5.472682 1.414516 1.1475 1934952 3.232432 1.013483 0.213936 0.170&
12 [115_133 vyes 12 98.38743 72 25 250 B8.494467 56.41859 67.07745 58 2032.3673 S0082.328 22,225 11.72663 17.65952 5.361114 28.74155 0.457174 8.788001 -0.25107 2.071113 4.537285 4.397999 5.632524 11.72663 3.078466 -0.19851 0.10%
13 [115_138 vyes 12 6.978938 30.5 4 40 5.65589 28.18201 44.28711 27  98.54261 2606.4057 12,187 4.667434 1.256571 2.60542 6.788260 0.55821> 4.42925 0.362362 2.122877 2.22963 2.2205 3.241928 4.667434 1.489584 0.14071 0.021&
24 240 8.637851 54.065942 64.81818 57 2106.7879  B4346.31 20.956 11.57828 17.31517 5.414344 29.31512 0.467629 B8.98075> -0.29245 1.541503 4.683164 4,508 5.340674 11.57828 3.106004 -0.25665 0.0353

14 1115_147 yes 12 97.66751 69



Fit statistics for inventory models

M Model selected lidar variables RF model, RF model,
Block adj. R2 % var explained RMSE

ElevCV, covMeanlst, stratal, strata2, strata3,

0.7268 72.8 20,864.8

stratad, EleviQ
LSB ElevAy, ElevVar, cov3mlist, strata4, strata5, strata6 0.7422 74.6 18,299.0
Pine ElevMADmed, strata4, strata5, EleviQ, strata6 0.788 79.7 23,548.8

ElevL 1
RLB Strata3, ElevLskew, stratad4, covMeanist, stratal, 0.712 114 561.2
ElevP05, strata2, ElevAv

LSB ElevAv, stratad, ElevliQ, strata5, cov3mlst, strata6 0.7388 74.3 428.1

ElevMax, stratal, ElevlQ, strata2, strata3,
Pine evMax, stratal, EleviQ, strata2, strata 0.7502 76.5 489.1
ElevLkurt, stratad

ElevLskew, cov3mist, stratad4, covMeanlst, strata5,
RLB 0.6107 61.4 31.8
ElevSD, ElevVar, ElevP05, stratal, strata2

ElevAvy, stratad, stratal, ElevlQ, strata2, strata3,
LSB LA Stratas" Q 0.6368 64.3 23.5

Pine cov3mlst, strata5, strata6, stratad 0.694 70.5 25.7




Lidar Derived
Products
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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

e Quadratic Mean Diameter (QMD)

» Stand Basal Area (SBA)

* Trees Per Acre (TPA)

e 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
guantify 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

e 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

IBSFF RS AN

e o i e TR L S T Modeled Volume data faclitates:

 Value

. <5 CordsfAcre

W oo Gl T e at e W  Accurate Forest Resource Planning
| e P i e 5 St A- * Understanding volume distribution assists managers plan and

30-40 Corde/Acre A8 : s Y i meet harvest objectives more sustainably
| W >0 Coravacre NS N e e * 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

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_Cl_ 183.8
Max_HT 105.9
QMD 10.7
QMD_SE_Per 2.2
QMD_CI_Hal 0.5
S/ 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
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MINNESOTA LIDAR VALIDATION NETWORK
COMPLETED STAND LEVEL VALIDATION (MARCH 2025)

Data Validation Process
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Resource Assessmen t Program

m1 DEPARTMENT OF 483 Peterson Road
NATURAL RESOURCES Grand Rapids, MN 55744
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lidation Data

Stand Level Comparison
* MN DNR Forester Collected
e Fall 2023 — Summer 2025
Stratified Sample Areas
e Lidar Acquisition Block
* Ecological Section
* Cover Type
Sample size determined at 95% Cl
* Basal Area comparison (Cohen’s D)
e PBI Plot Data
* MN DNR Forest Inventory Data
 Power ttestin R (sig: .05; power : .8)
AOl’s Filtered to meet operational feasibility
e Cohen’s D >=.3
 Sample Need <= 75% of available pool
Random Stand Selection

Goal is roughly 1,500 stands statewide
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Stand Basal Area

Metric Observed Modeled
Mean 76.9 715 Validation dataset collection and analysis (2/2025)
Variance 803.8 646.4
Observations P P - 1.50 Total Stands. Qbserved |
- Filtered by condition and outliers
Pearson Correlation 0.69 _ Forested Cover Types

- Cover Size >= 5" Diameter)

Mean Comparison
g - Stand Age >=20

Root Mean Square Error (RMSE) 18.3 - Data Collected during 2023, 2024, 2025 stand
RMSE% (percent of mean) 24.6% collection
nNRMSE (Normalized by Range) 10.9% - >=10sqft./acre
Mean Differenct (MD%) 7.3% - <300 sqft./acre
Standard Error % (SE%) 24.8%

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



Stand Basal Area by Age (n=150)

Modeled Stand Basal Area

Field Observed Stand Basal Area
180
--------- Linear (Modeled Stand Basal Area)
g 160 e Linear (Field Observed Stand Basal Area)
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Working with Modeled Inventory Data- Clipping




Working with Modeled Inventory Data- Classification
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orking with Modeled Inventory Data - Extract by Attributes

Keb - MN DNR Pontad for ArcGS
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Working with Modeled Inventory Data- Resampling
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Lidar Derived Forest Inventory Status
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*NEW?™* Forest Finder
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MN Natural Resource Atlas
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Minnesota Natural Resource Atlas
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Example Stewardship Plan Maps
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Example Stewardship Plan Map
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Field data collection, expansion, integration

PBI; r=37.2 ft

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) ~ S4-5/acre (2019-2025)(Full Cost Estimate)

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

K : )

N

(o PBIl or FIA (o Growth modeling
e 5-year collection cycle e Coordinated partnerships e Change Detection
e 10-year target interval e 1 or 2-year interval

Field Data Collection ‘ ~ -

N Lidar Acquisition

A

N



Looking Forward - Forest Inventory

What might the future look like?




Resources

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

Resource Assessment website: mndnr.gov/resou rce-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=-0isFShM6Nw

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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