
Supplementary Materials 

Supplementary Table S1.  Summary of forest inventories by state and inventories 

State 

Time 1 Time 2 

FIADB 
Evaluation ID 

Inventory 
Years 

FIADB 
Evaluation ID 

Inventory 
Years 

Alabama 10401 2000-2004 12001 2013-2020 

Arizona 41001 2001-2010 41901 2010-2019 

Arkansas 50901 2000-2009 51901 2014-2019 

California 61001 2002-2010 61901 2010-2019 

Colorado 81001 2002-2010 81901 2010-2019 

Connecticut 90701 2003-2007 91901 2013-2019 

Delaware 100801 2004-2008 101901 2013-2019 

Florida 121201 2002-2012 121701 2012-2017 

Georgia 130801 1998-2008 131801 2014-2018 

Idaho 161201 2004-2012 161801 2009-2018 

Illinois 170501 2001-2005 171901 2012-2019 

Indiana 180301 1999-2003 181901 2013-2019 

Iowa 190301 1999-2003 191901 2013-2019 
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State 

Time 1 Time 2 

FIADB 
Evaluation ID 

Inventory 
Years 

FIADB 
Evaluation ID 

Inventory 
Years 

Kansas 200501 2001-2005 201901 2013-2019 

Kentucky 210501 2000-2005 211701 2012-2017 

Louisiana 221201 2001-2012 221701 2009-2017 

Maine 230601 2002-2006 231901 2015-2019 

Maryland 240801 2004-2008 241901 2013-2019 

Massachusetts 250701 2003-2007 251901 2013-2019 

Michigan 260401 2000-2004 261901 2013-2019 

Minnesota 270301 1999-2003 271901 2015-2019 

Mississippi 281201 2006-2012 281901 2012-2019 

Missouri 290301 1999-2003 291901 2013-2019 

Montana 301001 2003-2010 301901 2010-2019 

Nebraska 310501 2001-2005 311901 2013-2019 

Nevada 321201 2004-2012 321801 2009-2018 

New Hampshire 330701 2002-2007 331901 2013-2019 

New Jersey 340801 2004-2008 341901 2015-2019 
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State 

Time 1 Time 2 

FIADB 
Evaluation ID 

Inventory 
Years 

FIADB 
Evaluation ID 

Inventory 
Years 

New Mexico 351201 2005-2013 351801 2009-2018 

New York 360701 2002-2007 361901 2013-2019 

North Carolina 370601 2002-2006 371901 2011-2019 

North Dakota 380501 2001-2005 381901 2013-2019 

Ohio 390601 2001-2006 391901 2013-2019 

Oklahoma 401201 2008-2012 401801 2009-2018 

Oregon 411001 2001-2010 411901 2008-2019 

Pennsylvania 420601 2002-2006 421901 2013-2019 

Rhode Island 440701 2003-2007 441901 2013-2019 

South Carolina 450501 1999-2005 451801 2014-2018 

South Dakota 460501 2001-2005 461901 2013-2019 

Tennessee 470301 1999-2003 471701 2012-2017 

Texas 480701 2001-2007 481701 2004-2017 

Utah 490901 2000-2009 491901 2010-2019 

Vermont 500701 2003-2007 501901 2013-2019 
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State 

Time 1 Time 2 

FIADB 
Evaluation ID 

Inventory 
Years 

FIADB 
Evaluation ID 

Inventory 
Years 

Virginia 510601 1998-2006 511801 2014-2018 

Washington 531101 2002-2011 531901 2008-2019 

West Virginia 540801 2004-2008 541901 2013-2019 

Wisconsin 550401 2000-2004 551901 2013-2019 

Wyoming 560001 2000 561901 2011-2019 
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Supplementary Table 2. Summary attributes of maximum SDI (SDImax) subplot-level observations (N = 

1,257,773) used for developing the size-density relationship of Equation [1].  

Attribute1 Mean SD Minimum Maximum 

TPH (# ha-1) 1,6812.3 2,041.7 2.1 64,352.3 

QMD (cm) 19.8 12.2 2.54 284.7 

BAPH (m2 ha-1) 26.4 19.2 0.4 484.1 

SDI (# ha-1) 539.5 348.1 0.9 3,220.6 

SDImax (# ha-1) 1,038.8 422.8 95.3 4,521.8 

RD 0.49 0.14 0.04 1.0 
1TPH is trees per hectare, QMD is quadratic mean diameter, BAPH is total basal area per ha, SDI is 

additive stand density index, SDImax is the maximum stand density index, and RD is the relative density. 

  



6 
 

Supplementary Table 3.  Area by relative density stocking level and time based on ecologically 

significant and management-oriented thresholds (e.g., self-thinning induced mortality) based on the 

values used in Woodall et al.28. 

Relative density 
Class 

 

Time 1  
(1999-2012) 

Time 2  
(2013-2020) 

Total forest area 
(million ha) 

Percentage of 
total 

forest area 
 

Total forest area 
(million ha) 

Percentage of 
total 

forest area 
 

0.00–0.15 4.10 1.51 4.71 1.73 

0.16–0.30 21.48 7.87 20.23 7.43 

0.31–0.45 152.56 55.84 103.33 37.94 

0.46–0.60 92.39 33.82 128.42 47.15 

0.61–0.75 2.37 0.87 14.68 5.39 

0.76+ 0.29 0.11 0.99 0.36 

Total 273.19 100.0 272.36 100.0 

 

  

https://paperpile.com/c/T7jKJ5/ylUIT/?noauthor=1
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a)  

b)  

Supplementary Figure 1. National map of (a) observed and predicted maximum SDI (SDImax) and (b) 
relative density (RD) predicted and observed by hexagon (277.3 km2).  Map produced in R v3.6.352, R 
Development Core Team. R: A Language and Environment for Statistical Computing. URL: 
https://www.r-project.org/   

https://paperpile.com/c/T7jKJ5/XhJtA
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Supplementary Figure 2. Relative influence of various stand-, site-, topography- and climate-related 
factors on maximum SDI (SDImax) and relative density (RD) as determined by generalized boosted 
regression trees. The key variables included FIA forest type (FORTYP), standard deviation of the tree 
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diameter (DBH; DBH.SD), the North American Level III Ecoregions (NAL3Eco), skewness of the DBH 
distribution (DBH.skew), annual dryness index (adi; Degree-days >5°C divided by mean annual 
precipitation), ratio of additive to traditional SDI (SDI.rat), coefficient variation of DBH (DBH.CV), 
hardwood species proportion of the basal area (HW_BA_%), softwood species proportion of the basal 
area (SW_BA_%), extreme maximum temperature (EXT) between 1961-1990, the ratio between the 
mean and median DBH (DBH.rat), the annual heat-moisture index (AHM; (mean annual 
temperature+10)/(mean annual precipitation/1000)), mean specific gravity (SPGR), summer heat-
moisture index (SHM; (mean temperature of the warmest month)/(mean summer precipitation/1000)), 
Hargreaves climatic moisture deficit (CMD), precipitation as snow (PAS), longitude (LON), mean annual 
evapotranspiration (aet.mean), percent slope (SLOPE), interaction between the mean temperature of 
coldest month (mtcm) and growing season precipitation (gsp; mtcmgsp), climate water deficit mean 
between 2000-2009 (def.mean), latitude (LAT), the FIA cycle number (FIA.Cycle; Time 1 vs. Time 2), 
US state (STATE), the inventory year (INVYR), distance to a major road FIA classification (RDDIST), 
ecological research status (RESERVE), and FIA forestland ownership classification (Owner).  
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Supplementary Figure 3. Coefficient of variation (CV) of observed relative density (RD) by hexagon 
(277.3 km2) at Times 1 and 2. Map produced in R v3.6.352, R Development Core Team. R: A Language 
and Environment for Statistical Computing. URL: https://www.r-project.org/    

https://paperpile.com/c/T7jKJ5/XhJtA
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Supplementary Figure 4. Proportion of total forest area by classes of relative density (RD), time period, 
and state for coterminous US forests.  



12 
 

 



13 
 

 53 

 

Supplementary Figure 5. Relative frequency distribution of relative density (RD) for Time 1 and 2 by US 

Forest Service, Forest Inventory and Analysis (FIA) forest group. 
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Supplementary Figure 6. Relative frequency distribution of relative density (RD) for Time 1 (1998-2012) 

and Time 2 (2013-2020) by US Forest Service, Forest Inventory and Analysis (FIA) forest type. 

Relative density 
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Supplementary Figure 7.  Relative frequency distribution of relative density (RD) for Time 1 (1999-2012) 

and Time 2 (2013-2020) by US EPA Level III ecoregion.   

Relative density 
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Supplementary Figure 8.  Relative frequency distribution of relative density (RD) for Time 1 (1999-2012) 

and Time 2 (2013-2020) by US state.  
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