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Fig. S1. Comparison of PPA model predictions with observations on four soil types in the US Lake states (Michigan, Minnesota, and Wisconsin). Model
predictions are shown in gray, and observations are shown in black. (Top) Dynamics of stand basal area. (Middle) Dynamics of the basal area of early- and
late-successional species [successional status was defined from observed correlations between species’ basal area and stand age (SI Appendix, Appendix 1)].
(Bottom) Diameter distribution of 100-year-old stands (the insets show the same values on log scale). The PPA was parameterized from short-term (10- to 15-year)
inventory data, initialized with data from young plots (average stand age, �15 years) then simulated for a subsequent 85-year period. To propagate parameter
uncertainty, the model was simulated 50 times with parameter sets drawn randomly from their joint posterior distribution; the model predictions show the mean
and the upper and lower 68% bounds from these 50 simulations. Note that the predicted and observed dynamics are averages over many stands from the region
and, thus, may not apply to any single location.
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Fig. S2. Analytical decomposition of ecological succession on the four soil types. For the special case of the PPA used here, the late-successional dominant is
predicted to be the species with the greatest value of Ẑ*, the height of canopy closure in an equilibrium monoculture. Ẑ* (Eq. 1) was calculated from PPA
parameters estimated from short-term data on the growth, mortality, and allometry of individual trees. H20 (height of a 20-year-old open-grown tree) is a metric
for early-successional performance. Calculations of Ẑ* and H20 include a propagation of parameter uncertainty (mean and 68% interval, shown). (Top) Ẑ* and
observed successional status (defined from observed correlations between species’ basal area and stand age; see SI Appendix, Appendix 1) for each species.
Negative values of Ẑ* (which are plotted as zero) imply that a species cannot persist on a given soil. (Middle) H20 vs. Ẑ* for the eight species. (Bottom)
Decomposition of Ẑj

* into components measuring performance in the understory [(GD,j/�D,j)�j] and canopy [ln(2��j
2FGL,j

2 �L,j
�3)], with mean and 68% interval from

error propagation. As with Ẑ*, negative values of the canopy metric are plotted as zero. The Ẑ* metric also depends on the height allometry parameter � (not
shown), which is lower for Thuja occidentalis on hydromesic and hydric soils compared with other species; thus, the Ẑ* of Thuja does not exceed that of Acer
rubrum, even though Thuja has superior performance in both the understory and canopy. Species abbreviations refer to Pinus banksiana, Acer rubrum, Betula
papyrifera, Populus tremuloides, Prunus serotina, Quercus ellipsoidalis, Quercus rubra, Quercus velutina, Abies balsamea, Acer saccharum, Populus grandi-
dentata, Tilia americana, Larix laricina, Picea mariana, Thuja occidentalis, and Fraxinus nigra.
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Fig. S3. Comparison of predicted and observed species-composition dynamics. (Top) Observed basal area of four selected species vs. stand age. (Middle) Basal
area of each species in young stands (observed: average stand age � 15 years) and old stands (observed and predicted: stand age � 100 years). (Bottom) Observed
and predicted change in basal area between young and old stands. The mean and 68% interval from a propagation of parameter uncertainty are shown.
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Table S1. Data sources and sample sizes for the estimation of
PPA model parameters on four different soil types in the US
Lake states (Michigan, Minnesota, and Wisconsin)

Model component Data source
Sample size

(no. of trees)

Xeromesic soil
Growth FIA pre-1999 2,645
Mortality FIA pre-1999 3,559
Height allometry FIA post-1999 8,203
Crown allometry FHM 4,028

Mesic soil
Growth FIA pre-1999 41,133
Mortality FIA pre-1999 54,557
Height allometry FIA post-1999 103,044
Crown allometry FHM 4,913

Hydromesic soil
Growth FIA pre-1999 17,143
Mortality FIA pre-1999 22,586
Height allometry FIA post-1999 36,657
Crown allometry FHM 3,780

Hydric soil
Growth FIA pre-1999 11,801
Mortality FIA pre-1999 14,482
Height allometry FIA post-1999 36,657
Crown allometry FHM 3,780

Because of the change in soil-classification system between the pre- and
post-1999 Forest Inventory and Analysis (FIA) data (see Data Sources in SI
Appendix), we could not separate hydromesic and hydric height data; there-
fore, the same data were used for height allometry on both hydromesic and
hydric soils. The US Department of Agriculture Forest Health Monitoring
(FHM) data, used to parameterize crown allometry, is a much smaller data set
than the FIA, so the same FHM data were used for all four soils. The sample
sizes shown are those used in the actual parameter estimation and, therefore,
refer only to the most common eight species on each soil type.
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Table S2. The number of inventory plots available in the FIA data for each soil type s and age class a, N(s, a).

Soil

Age class

0 1 2 3 4 5 6 7 8 9 10

Xeromesic 29 128 189 191 279 171 234 131 156 72 78
Mesic 915 2,101 2,796 2,802 3,859 2,893 3,241 1,447 1,523 569 536
Hydromesic 73 195 406 303 390 244 176 168 78 81 32
Hydric 85 212 330 486 624 522 456 317 246 145 96
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Table S3. Parameter notation, definition, units, and details of MCMC proposal distributions

Model Parameter Meaning Unit Allowed range Proposal distribution

Growth GL,j Trunk diameter growth rate, canopy tree cm�yr�1 0.0010–2.0 ln{GL,j
� } � N(ln{GL,j}, �

GD,j Trunk diameter growth rate, understory tree cm�yr�1

�G,j GD,j as fraction of GL,j NA 0–1 �G,j
� � N(�G,j, � )

� GL,j, � GD,j SD for unexplained variation in diameter growth rate cm 0.01–2.0 � GL/GD,j
� � N(ln{� GL/GD,j}, � )

Mortality � L,j Annual probability of mortality, canopy tree yr�1

� D,j Annual probability of mortality, understory tree yr�1

� L,j Expected lifespan, canopy tree (�1/� L,j) years 5–500 ln{� L,j
� } � N(ln{� L,j}, � )

� D,j Expected lifespan, understory tree (�1/� D,j) years
��,j � D,j as a fraction of � L,j NA 0–1 �� ,j

� � N(��,j, � )
Height allometry � j Allometry: height of a tree with dbh 1 cm m

� j
20 Allometry: height of a tree with dbh 20 cm m 5.0–40.0 ln{� j

20�} � N(ln{� j
20}, � )

� j Allometry: exponent for height vs. dbh NA 0.10–2.0 � j
�� N(� j, � )

� height,j Coefficient for SD for unexplained variation in height NA 0.020–0.50 ln{� height,j
� } � N(ln{�

height,j}, � )
Crown allometry � j Allometry: crown radius vs. dbh m�cm�1 0.0020–0.40 ln{� j

�} � N(ln{� j}, � )
� crown,j SD for unexplained variation in crown radius m 0.10–5.0 ln{� crown,j

� } �

N(ln{� crown,j}, � )
Reproduction F Fecundity: new recruits per unit crown area per year

(shared across species)
m�2�yr�1

The subscript j refers to species. The fecundity parameter F is shared by all species and was estimated separately from all other parameters. The parameters
shown fall into three categories: those used in the implementation of the PPA; those needed for the reparameterizations; and those required to represent
unexplained variation. The 10 parameters estimated for each species by the Markov chain Monte Carlo (MCMC) scheme are indicated by the fact that their
allowable ranges and proposal distributions are given. The notation N(x, �) for the proposal distributions (far-right column) indicates a normal distribution with
mean x and variance �. Values of � were tuned for each parameter during the MCMC burn-in period to achieve a Metropolis–Hastings acceptance rate of �0.25.
NA, not applicable.
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