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Fig S1: Changes in aboveground biomass (AGB) as a function of stand age for the
white/red/jack pine forest group and the pinyon/juniper Forest group. Each panel represents
a specific forest type. Gray dots depict observed data at the plot level, while blue error bars show
the mean and standard deviation of AGB estimates within specific age bins. The fitted growth
curves are distinguished by colors: Hossfeld (orange), Korf (magenta), and Chapman-Richards
(blue).



Forest group: Spruce/fir group
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Fig S2: Changes in aboveground biomass (AGB) as a function of stand age for the spruce/fir
forest group. Each panel represents a specific forest type. Gray dots depict observed data at the
plot level, while blue error bars show the mean and standard deviation of AGB estimates within
specific age bins. The fitted growth curves are distinguished by colors: Hossfeld (orange), Korf
(magenta), and Chapman-Richards (blue).



Forest group: Longleaf/slash pine group
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Fig S3: Changes in aboveground biomass (AGB) as a function of stand age for the
longleaf/slash pine forest group and the ponderosa pine forest group. Each panel represents a
specific forest type. Gray dots depict observed data at the plot level, while blue error bars show
the mean and standard deviation of AGB estimates within specific age bins. The fitted growth

curves are distinguished by colors: Hossfeld (orange), Korf (magenta), and Chapman-Richards
(blue).



Forest group: Loblolly/shortleaf pine group
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Fig S4: Changes in aboveground biomass (AGB) as a function of stand age for the
loblolly/shortleaf pine forest group. Each panel represents a specific forest type. Gray dots depict
observed data at the plot level, while blue error bars show the mean and standard deviation of AGB
estimates within specific age bins. The fitted growth curves are distinguished by colors: Hossfeld
(orange), Korf (magenta), and Chapman-Richards (blue).



Forest group: Fir/spruce/mountain hemlock group

Engelmann spruce Engelmann spruce / subalpine fir Grand fir
1000 1200
Growth models
600
Hossfeld
750 ]
900 — Korf
° — Richards
400
500 6001
Ll
200
250 300
L)
~ 0 of I7¢ 0
! [0 Mountain hemlock Noble fir Pacific silver fir
< 1500 o
N L)
O 2000
%
1000
g 1500 1000
7}
n
£
K] 1000 500+
a 500
2 500
>
= 0
g o 0
>
b Subalpine fir White fir
<
2000
00 1500
1000
250
L}
500
4
0 0
0 100 200 300 400 500 0 100 200 300 400 500

Age (years)

Fig SS5: Changes in aboveground biomass (AGB) as a function of stand age for the
fir/spruce/mountain hemlock forest group. Each panel represents a specific forest type. Gray
dots depict observed data at the plot level, while blue error bars show the mean and standard
deviation of AGB estimates within specific age bins. The fitted growth curves are distinguished
by colors: Hossfeld (orange), Korf (magenta), and Chapman-Richards (blue).



Forest group: Oak/pine group
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Fig S6: Changes in aboveground biomass (AGB) as a function of stand age for the oak/pine
forest group. Each panel represents a specific forest type. Gray dots depict observed data at the
plot level, while blue error bars show the mean and standard deviation of AGB estimates within
specific age bins. The fitted growth curves are distinguished by colors: Hossfeld (orange), Korf
(magenta), and Chapman-Richards (blue).



Forest group: Oak/hickory group
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Fig S7: Changes in aboveground biomass (AGB) as a function of stand age for the
oak/hickory forest group. Each panel represents a specific forest type. Gray dots depict observed
data at the plot level, while blue error bars show the mean and standard deviation of AGB estimates
within specific age bins. The fitted growth curves are distinguished by colors: Hossfeld (orange),
Korf (magenta), and Chapman-Richards (blue).



Forest group: Oak/gum/cypress group
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Fig S8: Changes in aboveground biomass (AGB) as a function of stand age for the
oak/gum/cypress forest group. Each panel represents a specific forest type. Gray dots depict
observed data at the plot level, while blue error bars show the mean and standard deviation of AGB
estimates within specific age bins. The fitted growth curves are distinguished by colors: Hossfeld
(orange), Korf (magenta), and Chapman-Richards (blue).




Forest group: Elm/ash/cottonwood group
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Fig S9: Changes in aboveground biomass (AGB) as a function of stand age for the
elm/ash/cottonwood forest group. Each panel represents a specific forest type. Gray dots depict
observed data at the plot level, while blue error bars show the mean and standard deviation of AGB
estimates within specific age bins. The fitted growth curves are distinguished by colors: Hossfeld
(orange), Korf (magenta), and Chapman-Richards (blue).



7504

500 1

Aboveground biomass (MgCO, ha" )

500 1

Forest group: Maple/beech/birch group

N

(&)

o
f

1000 -

Black cherry Hard maple / basswood
1000 1
Growth models
Hossfeld
750 == Korf
== Richards
°
500 1
+ { 2504
O o
Red maple / upland Sugar maple / beech / yellow birch
1500 1
1000 1
°
5001
ImPrIE I |
O .

100 150

200

Age (years)

0

50 100 150 200

Fig S10: Changes in aboveground biomass (AGB) as a function of stand age for the
maple/beech/birch forest group. Each panel represents a specific forest type. Gray dots depict
observed data at the plot level, while blue error bars show the mean and standard deviation of AGB
estimates within specific age bins. The fitted growth curves are distinguished by colors: Hossfeld
(orange), Korf (magenta), and Chapman-Richards (blue).
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Forest group: Aspen/birch group
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Fig S11: Changes in aboveground biomass (AGB) as a function of stand age for the
aspen/birch forest group. Each panel represents a specific forest type. Gray dots depict observed
data at the plot level, while blue error bars show the mean and standard deviation of AGB estimates
within specific age bins. The fitted growth curves are distinguished by colors: Hossfeld (orange),
Korf (magenta), and Chapman-Richards (blue).
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Forest group: Hemlock/Sitka spruce group
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Fig S12: Changes in aboveground biomass (AGB) as a function of stand age for the
hemlock/sitka spruce forest group, alder/maple forest group, and western oak forest group.
Each panel represents a specific forest type. Gray dots depict observed data at the plot level, while
blue error bars show the mean and standard deviation of AGB estimates within specific age bins.
The fitted growth curves are distinguished by colors: Hossfeld (orange), Korf (magenta), and

Chapman-Richards (blue).
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Fig S13: Changes in aboveground biomass (AGB) as a function of stand age for six different
forest groups. Each panel represents a specific forest type. Gray dots depict observed data at the
plot level, while blue error bars show the mean and standard deviation of AGB estimates within
specific age bins. The fitted growth curves are distinguished by colors: Hossfeld (orange), Korf
(magenta), and Chapman-Richards (blue).
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Fig S14: Changes in aboveground biomass (AGB) as a function of stand age for four
different forest groups. Each panel represents a specific forest type. Gray dots depict observed
data at the plot level, while blue error bars show the mean and standard deviation of AGB
estimates within specific age bins. The fitted growth curves are distinguished by colors: Hossfeld
(orange), Korf (magenta), and Chapman-Richards (blue).
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Fig S15: Model comparison across 92 forest types. a. Distributions of Akaike information
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generated by the Biogeochemistry-Informed Neural Network (BINN) for the training,
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Fig S17: The percentage contributions of the top 10 covariates to the spatial variation of the
A parameter in the Chapman-Richards growth function. The 4 parameter represents the
maximum potential aboveground biomass.
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Fig S18: The percentage contributions of the top 10 covariates to the spatial variation of the
k parameter in the Chapman-Richards growth function. The & parameter represents the growth
rate.
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Fig S19: The percentage contributions of the top 10 covariates to the spatial variation of the
m parameter in the Chapman-Richards growth function. The m parameter represents shape
of the growth function.
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Fig S20: The spatial distribution of global synthesized data of forest peak growth age.
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Fig S21: The percentage contributions of the top 10 covariates to the spatial variation of the
predicted peak growth age.
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Fig. S22: Peak growth age and the age at which forests approach their maximum
aboveground biomass (AGB) across the conterminous US. a, b. Spatial distributions of forest
peak growth age (a) and the age at which forests reach 99% of their maximum AGB (b). ¢. Box
plots of forest peak growth age for all pixels within nine US divisions'. The locations of each
division are displayed on the inset map. d. Comparison of peak growth age (gray box plots) and
age at 99% maximum AGB (green box plots) across the nine divisions.
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Fig S23: Spatial distributions of current aboveground biomass (a) and forest age (b).

23



0.2 ~ 025 2 0.2
(a) Pacific (b) West North Central (c) East North Central (d} New England
0.2
> 0.15 0.15 0.15
Z o o 0.1 0.1
_g o . .
o
0.05 II 0.05 I 0.05 II 0.05 Ill
0 ____--Ill 0 — | 0 ,,,,,___-.-lll P — .-llll
-150 -100 0 -100 -50 0 -100 -100
Age dlfference (year) Age difference (year) Age d|ﬁerence year) Age d|fference year)
g ¢ 0.2 .
g (e) Middle Atlantic
§ -20 E>'
o g
Q-0 8
ks o
% 60
2-
100 -50 0
-80 Age difference (year)
0.3 [ (f) Mountain S C 2 0.25
. 0.4 } (g) West South Central (h) East South Central 251 (i) South Atlantic
0.15 0.2
=P 03
= 04 0.15
. 0.2
a o1 0.1
0.1 0.05 0.05
0 0 Q Q
-150 -100 -50 0 -100 -50 0 -100 -50 0 -100 -50 0

Age difference (year)

Age difference (year)

Age difference (year)

Age difference (year)

Fig S24: Regional variation in the age difference between peak growth age and current

forest age across the conterminous US. The central map displays the spatial distribution of age
differences, where negative values indicate that the current forest age exceeds the peak growth
age, while positive values indicate that the current forest age is below the peak growth age. The
map of current forest age is shown in Fig S23. The US is divided into 9 regions based on the
Census Bureau's classification, with each region outlined in a distinct color. Panels (a—i) present

histograms of the age difference distribution for each region, with label colors corresponding to
the border colors on the central map.
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Table S1: 46 covariates used in the Biogeochemistry-Informed Neural Network (BINN)

Variables Types Source
Lat Geography TreeMap 20162
Lon Geography TreeMap 20162

Ecoregions of North America

Categorical layer https://www.epa.gov/eco-
research/level-iii-and-iv-ecoregions-

continental-united-states

Forest type Categorical layer TreeMap 2016
BIO1 = Annual Mean Temperature Bioclimatic
BIO2 = Mean Diurnal Range (Mean of monthly Bioclimatic
(max temp - min temp))
BIO3 = Isothermality (BIO2/BIO7) (x100) Bioclimatic
BIO4 = Temperature Seasonality (standard Bioclimatic
deviation x100)
BIOS = Max Temperature of Warmest Month Bioclimatic
BIO6 = Min Temperature of Coldest Month Bioclimatic
BIO7 = Temperature Annual Range (BIO5-BIO6)  Bioclimatic
BIO8 = Mean Temperature of Wettest Quarter Bioclimatic
BIOY9 = Mean Temperature of Driest Quarter Bioclimatic Ref
BIO10 = Mean Temperature of Warmest Quarter Bioclimatic
BIO11 = Mean Temperature of Coldest Quarter Bioclimatic
BIO12 = Annual Precipitation Bioclimatic
BIO13 = Precipitation of Wettest Month Bioclimatic
BIO14 = Precipitation of Driest Month Bioclimatic
BIO15 = Precipitation Seasonality (Coefficient of  Bioclimatic
Variation)
BIO16 = Precipitation of Wettest Quarter Bioclimatic
BIO17 = Precipitation of Driest Quarter Bioclimatic
BIO18 = Precipitation of Warmest Quarter Bioclimatic
BIO19 = Precipitation of Coldest Quarter Bioclimatic
Solar radiation annual mean Climate
Windspeed annual mean Climate
Inter-annual standard deviation of cloud cover Climate Ref*
Intra-annual SD of cloud cover Climate
Annual mean of cloud cover Climate
Aridity index values Climate Ref
Elevation Topographic
Aspect eastness Topographic
Aspect northness Topographic
Profile curvature Topographic
. Ref®

Roughness Topographic
Slop Topographic
Aspect cosine Topographic
Aspect sine Topographic

Soil Ref’

Bulk Density (0, 30 and 100 cm)

25



Cation Exchange Capacity (0, 30 and 100 cm)
Clay Content (0, 30 and 100 cm)

Coarse Fragments Volumetric (0, 30 and 100 cm)
pH Water (0, 30 and 100 cm)

Sand Content (0, 30 and 100 cm)

Silt Content (0, 30 and 100 cm)

Soil Water Capacity (0, 30 and 100 cm)

Total nitrogen (0, 30 and 100 cm)

Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
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Table S2: List of 92 forest types from 26 forest groups used in this study. Numbers in
parentheses indicate the forest type codes used in the FIA database.

Forest Type Group Forest Type

Jack pine (101)
White / red / jack pine group (100) Red pine (102)
Eastern white pine / eastern hemlock (104)

Balsam fir (121)
White spruce (122)
Red spruce (123)

Spruce / fir group (120) Red spruce / balsam fir (124)
Black spruce (125)
Tamarack (126)
Northern white-cedar (127)

Longleaf pine (141)

Longleaf/ slash pine group (140) Slash pine (142)

Loblolly pine (161)
Shortleaf pine (162)
Virginia pine (163)

Sand pine (164)

Loblolly / shortleaf pine group (160)

Other eastern softwoods group (170) Eastern redcedar (171)

Rocky Mountain juniper (182)
Pinyon / juniper group (180) Juniper woodland (184)
Pinyon / juniper woodland (185)

Douglas-fir group (200) Douglas-fir (201)
. Ponderosa pine (221)
Ponderosa pine group (220) Jeffrey pine (225)
White fir (261)
Noble fir (263)

Pacific silver fir (264)
Engelmann spruce (265)

Fir / spruce / mountain hemlock group (260) Engelmann spruce / subalpine fir (266)

Grand fir (267)
Subalpine fir (268)
Mountain hemlock (270)
Lodgepole pine group (280) Lodgepole pine (281)
. Western hemlock (301)
Hemlock / Sitka spruce group (300) Western redcedar (304)
Western larch group (320) Western larch (321)
Redwood group (340) Redwood (341)
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Other western softwoods group (360) Western juniper (369)

California mixed conifer group (370) California mixed conifer (371)

Exotic softwoods group (380) Scotch pine (381)

Eastern white pine / northern red oak / white ash (401)
Eastern redcedar / hardwood (402)

Longleaf pine / oak (403)

Shortleaf pine / oak (404)

Virginia pine / southern red oak (405)

Loblolly pine / hardwood (406)

Slash pine / hardwood (407)

Other pine / hardwood (409)

Oak / pine group (400)

Post oak / blackjack oak (501)
Chestnut oak (502)
White oak / red oak / hickory (503)
White oak (504)
Northern red oak (505)
Yellow-poplar / white oak / northern red oak (506)
Sweetgum / yellow-poplar (508)
Bur oak (509)
Oak / hickory group (500) Yellow-poplar (511)
Black walnut (512)
Black locust (513)
Southern scrub oak (514)
Chestnut oak / black oak / scarlet oak (515)
Cherry / white ash / yellow-poplar (516)
Elm / ash / black locust (517)
Red maple / oak (519)
Mixed upland hardwoods (520)

Swamp chestnut oak / cherrybark oak (601)
Sweetgum / Nuttall oak / willow oak (602)
Overcup oak / water hickory (605)
Baldcypress / water tupelo (607)

Sweetbay / swamp tupelo / red maple (608)
Baldcypress / pondcypress (609)

Oak / gum / cypress group (600)

Black ash / American elm / red maple (701)
River birch / sycamore (702)
Cottonwood (703)

Elm / ash / cottonwood group (700) Sycamore / pecan / American elm (705)
Sugarberry / hackberry / elm / green ash (706)
Red maple / lowland (708)
Cottonwood / willow (709)

Sugar maple / beech / yellow birch (801)
Black cherry (802)

Hard maple / basswood (805)

Red maple / upland (809)

Maple / beech / birch group (800)
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Aspen (901)

Paper birch (902)
Aspen / birch group (900) Gray birch (903)
Balsam poplar (904)
Pin cherry (905)
Red alder (911)
Alder / maple group (910) Bigleaf maple (912)
California black oak (922)
Western oak group (920) Canyon live oak (933)
Tanoak / laurel group (940) Tanoak (941)
Other hardwoods group (960) Pacific madrone (961)
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Table S3: The synthesized data of forest peak growth age

Num Reference Lat Lon Forest type information Peak age (yr)
1 Liu et al., (2025)® 41.2 121.36 Populus 10
2 Dong et al., (2024)° 48.07 128.13 Pinus sylvestris var. mongolica 13
3 Silinskas et al., (2024) ' 55.79 21.49 Picea abies 34
4 Olmedo et al., (2023) 1! -29.79 -51.15 Pinus sp. 16
5 Bahtiar et al., (2023) '2 -6.18 106.82 Peronema canescens 22
28.38 113.91 Cunninghamia lanceolata 11.7

6 Quetal, (2023) "3 27.73 114.65 Cunninghamia lanceolata 12.4
31.66 112.88 Cunninghamia lanceolata 15.44
39 -79.5 Mixed 35
43.95 -73.0667 Mixed 35
345 -94.25 Mixed 40
44.28 -118.78 Mixed 45
45.56 -88.67 Mixed 45

7 Birdsey et al., (2023) ' 46.27 -121.82 Mixed 45
48.03 -113.8 Mixed 45
34.66 -119.75 Mixed 50
39.55 -107.32 Mixed 55
33.63 -109.28 Mixed 75
44.00 -103.79 Mixed 75

Numata et al., (2022) 3 0.53 101.45 Elaeis guineensis 10

9 Ramirez et al., (2022) ' 31.5 -81.5 Pinus elliottii 11

10  Dantas et al., (2022) 7 -0.05 -51.12 Pentaclethra macroloba 66
50.49 120.84 Larix gmelinii Rupr. 9.8
50.41 120.96 Larix gmelinii Rupr. 12
50.44 120.71 Larix gmelinii Rupr. 14.3

11 Duetal, (2022)" 50.42 123.95 Larix gmelinii Rupr. 14.4
50.49 124.15 Larix gmelinii Rupr. 17.2
50.45 124.06 Larix gmelinii Rupr. 18.2

12 Resendeetal, (2021)" -24.28 -48.9 Araucaria angustifolia 27.7
16.06 -90.75 Trema 3

13 %anineZ-Ramos etal., (2021) 16.06 -90.75 Cecropia 5.8
16.06 -90.75 Trichospermum 6

14 Lietal., (2021)2! 30.16 119.48 Phyllostachys pubescens 7

15 Cherico et al., (2020) % 48.35 -116.79 Pinus monticolaDouglas ex D. 23

Don

-19.96 -51.59 Eucalyptus 2

16 Binkley et al., (2020)* -26.11 -50.21 Eucalyptus 4

17 Hepner et al., (2020) 58.32 26.55 Populus tremula L. x P.

tremuloides Michx.
18 Hickey et al ., (2019)% 45.55 -84.67 Pinus resinosa Sol. ex Aiton 6
19  Phanetal, (2019)2¢ 9.36 105.25 Rhizophora apiculata 13
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20  Martinik et al., (2018)*’ 49.31 16.73 Betula pendula Roth 11
21 Zhou et al., (2017) %8 22.39 107.61 Eucalyptus 7
22 Weietal, (2016)% 26.49 109.54 Schima superba 55
23 Hopkinson et al., (2016)* 53.9 -104.65 Pinus banksiana Lamb. 14
24 Kahriman et al., (2016) 3! 41.73 34.84 Fagus orientalis 30
25 Lucas et al., (2014) -2.41 -54.7 flooded vérzea forests 40
26 Chen et al., (2013)% 49.86 125.5 northwest temperate conifer 20
27  Tschieder et al., (2012) 3 -25.97 -54.37 Pinus taeda 9
28 Ogawa et al., (2012) % 35.18 137.55 Chamaecyparis obtusa 9.3
29 Do etal., (2011)3 21.38 103.63 W. paniculata 10
30 Peichl ET AL., (2010)*7 42.77 -80.45 Pinus strobus L. 15
31 Forrester et al., (2010) 3 -37.61 144.03 Eucalyptus globulus 4
32 Rossietal., (2009)% 50.71 -71.05 Picea mariana 57
33 Zha et al., (2009) 4 54.94 -104.65 Pinus banksiana Lamb. 30
34 Zhao et al., (2009) 4! 26.83 109.75 Cunninghamia lanceolata 15
-30.3 153 E. grandis 5
35 Tumeretal., (2008)® 2303 153 E. pilularis 7
36 Schongart etal, (2007) 29 ~64.88 F. insipida 17
37  Ryanetal., (2004)* 19.84 -155.12 Eucalyptus saligna
38  Forrester et al., (2004) % -37.59 149.19 A. mearnsii 4
39 Martin et al., (2004) 4 29.66 -82.33 Pinus taeda 10
40  Binkley et al., (2004) 45.06 -123.95 Pseudotsuga menziesii (Mirb.) 25
Franco
41 Wirth et al., (2002) 48 60.71 89.13 Pinus sylvestris L. 100
29.5 -82.3 PinuselliottiiEngelm.var.elliottii 8
42 Jokelaetal., (2000)” 295 82.3 Pinus taeda 10
43 Long et al., (1992)*° 41.360 -106.317 Pinus contorta 35
11.1 7.7 Eucalyptus tereticornis 13
44 Adegbehin etal, (1988)° 10.616 7.516 Pinus caribaea 19.3
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