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Motivating issuesMotivating issues

• There have been many efforts over several decades to y
develop ecologically based vegetation classifications in 
Minnesota
– Habitat Types (Kotar & Kerhohan)– Habitat Types (Kotar & Kerhohan)
– Biophysical Land Units (Prettyman)
– Landscape Ecosystems (Frelich, White, Brown, Host, others)
– Native Plant Communities (Almendinger, Hansen, others)

• All have similar intents, differ in methods, mapping 
resolution and classification resolutionresolution and classification resolution

• Necessary information for cross‐ownership land use 
planning and decision‐making



Chippewa National Forest ECS
Shadis and Almendingerg
Late 1980 – early 1990s

• Ecological Landtype Phase (ELTP mapping)• Ecological Landtype Phase (ELTP mapping)
– Classification system based on relevee data

• Gro nd flora indicators + soils• Ground flora indicators + soils

– Acre‐by‐acre field mapping 

“ d ti l ifi ti ” ti i d i– “adaptive classification” ‐ questions raised in 
mapping processes helped define classification 
schemescheme



Aitkin Co. – Forest Ecological Systems 
2000 20012000‐2001

• Inputs
– SSURGO‐level soilSSURGO‐level soil 

• soil series
• moisture and nutrient fields

GLO bearing trees Marschner map– GLO bearing trees, Marschner map
– LTAs

• Classes (FES) – dominant cover x 
il i tsoil moisture

• Outputs
– Distribution of types by ownership
– Patch stats, large patch analysis, 

buffer analysis



Carlton Co. – Forest Ecological Systems 
2002 20032002‐2003

• Inputs
– SSURGOSSURGO
– GLO Bearing 

trees –
interpolated 
i di id lindividual 
species

• Classes – pre 
field guide NPCfield guide NPC 
types

• Outputs
Distribution of– Distribution of 
types by 
ownership



Hubbard and Cass Counties 
2001 20022001‐2002

• Inputs
– SSURGO‐level soil – moisture 

and nutrient fieldsand nutrient fields
– Bearing trees summarized by 

SSURGO units
– Bearing tree distance
– LTAs

• Classes pre Field Guide• Classes – pre Field Guide 
(Almendinger‐Hansen ECS)

• Outputs
– Distribution of types by 

ownershipp
– Assess county land holdings
– Silvicultural strategies
– Landscape goals (dispersed 

recreation, large patch 
managementg



Koochiching Co. – Native Plant Communities
2006 20082006‐2008

• Inputs
SSURGO t il bl

Tamarack

– SSURGO not available
– Cummins‐Grigal soils map
– STATSGO
– Terrain analysis via Digital Elevation Models 

(slope aspect SD elevation Topographic C d(slope, aspect, SD elevation, Topographic 
Moisture Index)

– NWI (separate analysis for uplands & 
wetlands)

– Bearing trees density maps

Cedar

– Subsections and LTAs
• Analysis

– Data gridded to 30 m pixels
– Isodata cluster analysis 16 uplands &Isodata cluster analysis  16 uplands & 

wetland classes
– Summarize bearing trees within clusters –

NPC indicators
• NPC Classes





Northern Superior Upland 
dLandscape Ecosystems

Step 1 use climate soilStep 1 – use climate, soil, 
physiography to identify 
landscape units

White and Host 2000



Northern Superior Upland 
dLandscape Ecosystems

Step 2 intersect landscapeStep 2 – intersect landscape 
units with forest inventory data 
from late successional stands

White and Host 2000





White, Host, Peters June 2012



Current effortCurrent effort
• Spatial resolution of the Drift and Lake Plains is low (e.g. 
b d l d it ) d t th N th S ibroad land units) compared to the Northern Superior 
Uplands and other systems.

• No single NPC Class map available across the Province 212 g p
(Laurentian Mixed Forest)



Current EffortCurrent Effort

• Drift and Lake PlainsDrift and Lake Plains

• Southern Superior 
Uplandsp

• Western Superior 
Uplandsp

• Area facts
– 26 Counties

– ~12,000,000 acres

18 750 sq mi– 18,750 sq mi



Modeling StrategyModeling Strategy
• Summarize factors controlling distribution of NPCs

– Climate

– Geomorphology

– Soils



ClimateClimate

• # Frost‐free daysy

• Minimum temperature

• Maximum temperature

• Potential Evapotranspiration



GeomorphologyGeomorphology

h• Geomorphic association

• Subsection

• Landtype Association• Landtype Association
– Clustered based on similarity

• Elevation
– Topographic Moisture Index

– Slope

– Aspect– Aspect



Soils (SSURGO)Soils (SSURGO)

• Soil Texture (40Soil Texture (40 
and 8 classes)

• Drainage classg

• Soil K‐Factor

• Cation ExchangeCation Exchange 
Capacity



Releve Data
• MN DNR Releve surveys

– List of understory plants

– Forest overstory

– Soil profile info

– Site description



Releve plots: 3500 in study areaReleve plots: 3500 in study area





GIS AnalysisGIS Analysis

• Study area gridded to 30 m pixelsStudy area gridded to 30 m pixels
– 3 x 3 moving window to summarize spatial data 
layers

• Run across all 3 subsections

• Intersect each releve point with the gridded 
spatial data
– Describes the climate, landform, soils for each 

lreleve



Gridded map layerGridded map layer

This creates the input data for classification



Classification techniqueClassification technique 
• Recursive partitioning 
(RPART)
– Developed for data 
miningmining

– Handles both categorical 
and continuous data

– Produces a classification 
“Tree”



NPC System‐level
Cl ifi i TClassification Tree

Presettlement Type 12Presettlement Type 12 
= Jack Pine

Available 
Water 
Capacity

Drainage 
Class 1‐2

Capacity
Gravelly 
sand to 
loamy fine 
sandsand



NPC Class‐level 
Cl ifi i TClassification Tree



NPC Class‐level 
l f d lClassification Tree detail



FD and MH ClassesFD and MH Classes





Applications: Land Ownership Assessment
Drift and Lake PlainsDrift and Lake Plains
NPC Class County Federal Private Public State Tribal Grand Tota

FDc23 342 8819 242735 1219 32919 524 286557
FDc24 1040 37374 644999 2999 109115 14020 809547
FDc34 403 45168 455883 1226 172286 2073 677039
FDn12 47 1472 16455 47 10787 121 28929
FDn33 2526 132529 350534 2337 159018 5115 652058
FDn43 644 2571 93343 821 70462 2598 170439
MHc26 217 21580 232732 1225 244814 2753 503321
MHc47 5 1305 5833 23 3202 10 10379
MHn35 2636 171486 500771 1418 335901 1935 1014146
MHn44 4297 82326 564883 2164 288028 6148 947846MHn44 4297 82326 564883 2164 288028 6148 947846
MHn46 497 27371 108880 492 50169 1215 188624
MHn47 97 5915 15539 186 5925 2 27665

Total 12,751 537,916 3,232,592 14,157 1,482,627 36,515 5,316,557

Western Superior Uplands
NPC Class County Federal Private Public State Tribal Grand Tota
FDc23 21 384 129618 139 3720 4 133886
FDc24 368 432 217733 552 9263 19 228367
FDc34 29 75 59077 187 3534 36 62938
FDn12 69 43 112
FDn33 52 45 27376 48 4930 81 32533FDn33 52 45 27376 48 4930 81 32533
FDn43 38 23 8928 20 3958 21 12987
MHc26 286 2481 583588 193 104775 2558 693881
MHc36 81 98 416194 615 24609 397 441994
MHc47 325 1 178195 21874 200395
MHn35 1006 236 226436 251 98477 167 326573
MHn44 344 76 93203 104 50696 61 144484
MHn46 21 8 4488 10 5169 6 9702
MHn47 1237 252 1489
Total 2,569 3,858 1,946,142 2,120 331,300 3,350 2,289,340



Silvicultural
Applications

http://www.dnr.state.mn.us/forestry/ecs_silv/interpretations.html







Drift and Lake PlainsDrift and Lake Plains
NPC Class County Federal Private Public State Tribal Grand Tota

FDc23 342 8819 242735 1219 32919 524 286557
FDc24 1040 37374 644999 2999 109115 14020 809547
FDc34 403 45168 455883 1226 172286 2073 677039
FDn12 47 1472 16455 47 10787 121 28929
FDn33 2526 132529 350534 2337 159018 5115 652058
FDn43 644 2571 93343 821 70462 2598 170439
MHc26 217 21580 232732 1225 244814 2753 503321
MHc47 5 1305 5833 23 3202 10 10379
MHn35 2636 171486 500771 1418 335901 1935 1014146
MHn44 4297 82326 564883 2164 288028 6148 947846MHn44 4297 82326 564883 2164 288028 6148 947846
MHn46 497 27371 108880 492 50169 1215 188624
MHn47 97 5915 15539 186 5925 2 27665

Total 12,751 537,916 3,232,592 14,157 1,482,627 36,515 5,316,557

Western Superior Uplands
NPC Class County Federal Private Public State Tribal Grand Tota
FDc23 21 384 129618 139 3720 4 133886
FDc24 368 432 217733 552 9263 19 228367
FDc34 29 75 59077 187 3534 36 62938
FDn12 69 43 112
FDn33 52 45 27376 48 4930 81 32533FDn33 52 45 27376 48 4930 81 32533
FDn43 38 23 8928 20 3958 21 12987
MHc26 286 2481 583588 193 104775 2558 693881
MHc36 81 98 416194 615 24609 397 441994
MHc47 325 1 178195 21874 200395
MHn35 1006 236 226436 251 98477 167 326573
MHn44 344 76 93203 104 50696 61 144484
MHn46 21 8 4488 10 5169 6 9702
MHn47 1237 252 1489
Total 2,569 3,858 1,946,142 2,120 331,300 3,350 2,289,340



…likely success of natural 
regeneration with little 
silvicultural manipulationsilvicultural manipulation







Applications: Economicpp

• Class level NPCs vary in 
i lsuccessional patterns 

mean annual biomass 
iincrement

Host, G. E., K.S. Pregitzer, C.W. Ramm, D.P. Lusch, 
d DT Cl l d 1988 V i ti i tand D.T. Cleland. 1988. Variation in overstory 

biomass among glacial landforms and ecological 
land units in northwestern Lower Michigan. 
Canadian Journal of Forest Research 18:659‐668.

Host, G. E. and J. Pastor. 1998. Modeling forest 
succession among ecological land units in northern 
Minnesota Conservation Ecology 2(2): 15Minnesota. Conservation Ecology, 2(2): 15. 
www.consecol.org/vol2/iss2/art15.



Applications: SocialApplications: Social

• What are the risks involved in populatingWhat are the risks involved in populating 
historically fire‐dependent ecosystems?

• What are the risks of not harvesting overmatureg
or late successional stands in settled areas?

• Does fire risk change in highly fragmented g g y g
landscapes?

• How will risk change in a changing climate?



ConclusionsConclusions

• Now have wall‐to‐wall high resolutionNow have wall to wall high resolution 
maps for the Laurentian Mixed Forest 
Province

• Maps are keyed to MN DNR 
Classification at system and class 
levels

• Provide a basis for ecological, social 
d land economic analyses
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Talking PointsTalking Points
• How to move forward?

– What is the appropriate classification? 

– What is the appropriate classification resolution?
• System (6 forested)? Class (~30+)? Aggregated classes?• System (6 forested)?    Class ( 30+)?     Aggregated classes?

– How do we crosswalk with cover types and model outputs?


