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Introduction

• Trees need limited resources: water, light, nutrients 
& growing space

• Stand density is a quantitative measure of  local 
conditions &  competition

• Absolute measures SD

stem density, total basal area

• Relative measures of  SD

stand density index, relative density

Citations: Oliver and Larson (1996);  Vlad et al. (2020), nps.gov
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Stand density



Stand Density Index (SDI)  

• Biologically based measure of  SD
independent of  site and stand age 

• Maximum SDI: carrying capacity (#/ha)

• Relative Density= ratio of  SDI/SDImax (0-1) 
predicts phases of  stand development

management decisions
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Relative density Stage of  stand development

0.15 Crown closure

0.30 Lower bound of  density management zone

0.55 Onset of  imminent competition mortality

1 Maximum size-density



Why TREEMAP?

Citations: USDA, (2005); Janowiak et al, (2017); Domke, (2023), D’Amato et al., (2022), Riley et al., (2022)  

• National Forest Inventories assess forest attributes 

and ecosystem processes over large areas

• Sparse plot network: 1 plot per 24km2 (limited 

planning and management with FIA data alone)

Opportunity from landscape level generations of  

gridded maps: TREEMAP 

• “Users can readily produce maps and summaries 

of  these characteristics in a GIS”.
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Objectives

(i) develop high resolution, spatially contiguous, and nationally consistent size-
density metrics for CONUS and associated methods

(ii)  summarizing the primary attributes across various metrics and spatial scales

(iii) evaluating key relationships across methods
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Workflow 
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Workflow 
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1. TREEMAP tree list 

2. Summarize and subset by subplot, tm.id and CN

3. Merge to PLOT, GEOM, CONDITION tables by CN

4 . Merge SDImax estimate by STATECD, UNITCD, COUNTYCD and PLOT

4 . Subset by tm.id



Workflow 
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Stand density index (#/ha)
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n= 54, 925 FIA plots

 ≈2,668,162,817 forested pixels



Maximum Stand Density Index (#/ha)
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Relative density
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Size-density distributions of  SDI across forest types
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444±234 459±272



Size-density distributions of  SDImax across forest types
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844±366 845±359



Size-density distributions of  RD across forest types

14

0.52±0.14 0.54±0.22



State level comparison of  plot level size-density metrics
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State level size-density metrics derived from TREEMAP
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Drivers of  the differences
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Dataset 

Data element TREEMAP FIA

Data sources Remote sensing and FIA Field measurements

Model fit Imputed random forest Bayesian hierarchical modeling

Temporal resolution Single year centered on a specific year 

(2016)

Differences between states and 

remeasurement periods

Forest definition 10% live tree cover excl disturbed areas Minimum 10% live tree cover in the past 

incl disturbed plots



Strengths of  the datasets 
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Dataset 

TREEMAP FIA

Easy data integration Coarse resolution for national assessments

Rapid mapping of  forest attributes Long term repeated measurements

Adjustability of  their products Standardized protocols 



Limitations of  the datasets 
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Dataset 

TREEMAP FIA

Computationally complex Plots do not cover heterogeneity of  US forest types

Easily introduces uncertainty Rapid forest changes not capture during sampling cycles 

Under/over estimation of  the true variability Within plot variability may introduce uncertainty 



Conclusions

• Nationally consistent high-resolution forest size-density raster data for users who 
relied on sparse inventory data.

• There are key differences in SDI, SDImax and RD based on FIA plot- and 
TREEMAP raster-level estimates across forest types and state levels.
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Future updates

• The data is publicly available on FigShare 
https://figshare.com/authors/Emmerson_Chivhenge/18188932

• TREEMAP 2020 and 2022 have been approved!!!!!  

• Datasets have been used characterize changes in density after disturbances in 
Wildfire Crisis Strategy landscapes, change in forested acreage in National Forest 
Service Lands
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https://figshare.com/authors/Emmerson_Chivhenge/18188932


COMMENTS & QUESTIONS

emmerson.chivhenge@maine.edu 
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