Supplementary Materials
1. The FORECAST Model
1.1. Generation of Historical Rates of Ecological Processes

Stand growth and ecosystem dynamics estimations are based on the rates of the most important
ecological processes involved in the availability of nutrients and light. The rates of these processes are
calculated from a combination of historical bioassay data (biomass accumulation in component pools,
stand density, etc.) and measured decomposition rates, photosynthetic saturation curves by relating
biologically-active components (foliage and small roots) with calculations of nutrient uptake, light
capture and net primary production (see [1] for a detailed description of the input parameters needed).
With the calibration data obtained from different sources (see below), the model calculates the annual
rates of different ecological processes (tree growth, litterfall production, mortality, nutrient
mineralization from litter, etc.) based on the historical data on tree growth, understory growth and
vegetation density provided by the user. For each plant species for which historical data are provided,
the total net primary production (TNPP) that occurred for each annual time step (t, in years) is
calculated with Equation (1).

TNPP: = Abiomass: + litterfall: + mortality: (1)

where Abiomass: = the sum of the change in mass of all of the biomass components of the particular
species in time step ¢; litterfall; = the sum of the mass of all ephemeral tissues that are lost in time step ¢
(e.g., leaf, branch, bark and reproductive litterfall and root death); and mortalityr = the mass of
individual plants that die in time step ¢. The change in biomass (Abiomasst) in each time step is derived
from a series of age-biomass curves created with empirical data. Litterfall is calculated using user-defined
values based on empirical litterfall rates. Mortality is derived from a series of age-stand density curves
created with empirical data. Mortality is calibrated for each tree species through two different
parameters: curves of historical stand density for different ages and the proportion of mortality that is
due to non-interspecific competition factors. Together, both parameters allow simulating the endemic,
low-level mortality events caused by pests and diseases typical of forests (for a detailed description on
mortality simulation in FORECAST, see Kimmins, Mailly and Seely [2]).

The model also estimates the shade-corrected foliage N content (SCFN), which represents the
amount of fully-illuminated foliar N that was required to produce the calculated historical TNPP. To
estimate foliage shading, FORECAST simulates canopy foliage biomass as a “blanket” that covers the
stand and that is divided into several layers of 0.25 m in height, each of them increasingly darker from
the top to the bottom of the canopy. The light absorbed by each layer is calculated based on the foliage
biomass present in each time step and a user-defined empirical curve of the foliage mass-proportion of
full light (light absorption by foliage). Once an estimation of self-shading has been completed for a
particular time step using the method described above, FORECAST calculates a foliar N content
adjusted for the effects of self-shading (Equations (2) and (3)).

n
SCFN; = Z(FNt_i X PLSC;) (2)

i=1

FN,; = foliage biomass;; x foliar N concentration 3)
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where FNii = the mass of foliage nitrogen in the i-th quarter-meter height increment in the live canopy
at time #; PLSCi = the photosynthetic light saturation curve value for the associated light level in the
i-th quarter-meter height increment in the live canopy; and n = the number of quarter-meter height
increments in the live canopy at time ¢. The mean photosynthetic rate of the foliage in canopy level i is
calculated by combining simulated light intensities in canopy level i with input data that define
photosynthetic light saturation curves for the foliage type in question. Finally, the driving function
curve for the potential growth of a given species in FORECAST is the shade-corrected foliar nitrogen
efficiency (SCFNE) calculated for each annual time step (t) with Equation (4):

SCFNE; = TNPP; / SCFN; 4)

When data describing the growth of a species on more than one site quality (defined as the
combination of nutrient availability and climate conditions for a specific site, see [3]) are provided,
SCNFE function curves will be generated during the calibration stage for each site quality.

Net primary production in FORECAST is allocated among the different organs in the same ratios as
the input data on biomass accumulation curves for each organ. If data are given for sites that differ in
productivity, the model will simulate changing resource allocation strategies as the simulated
nutritional site quality varies during a run of the model. Thus, empirically-observed variations in
production allocation strategies on sites of different nutritional quality are used to guide the simulation
of changing production allocation in response to simulated changes in nutritional site quality during
the simulations.

Kimmins et al. [4] have shown how the combination of light and nutrient limitation is not enough to
explain complex ecological patterns in models through models, and they recommended including
understory vegetation also in the simulations. Therefore, a comparable, but simpler set of data for
understory vegetation must be provided to represent this ecosystem component. Lastly, data describing
decomposition rates for various litter and humus types are required to simulate nutrient cycling.
Decomposition rates are defined by the user (using values from empirical studies) and are affected by
site quality, which, in turn, is defined depending on nutrient and water availability [2]. Snags and logs
are tracked by placing them into different categories depending on their original sizes (with slower
decomposition rates for snags and for stems with larger sizes).

1.2. Model Initialization

To establish initial site conditions, we carried out a modified version of the typical spin-up process
for initializing biogeochemical models, used to let the model reach a stable state [5,6], until it matches
the observed site conditions of soil organic matter [7,8]. Initial conditions were created by running the
model for 6, 9 or 18 consecutive 100-year cycles (for the poor, medium and rich sites, respectively; see
below), ending with a stand-replacing windthrow to simulate natural disturbances by typhoons, the
most common natural disturbance in Taiwan [9]. These runs were followed by a 50-year cycle without
tree cover and with a woody crop harvested every year, to simulate the sugar cane management. These
runs allowed the model to accumulate soil organic matter until reaching a stable value, which was used
as the starting conditions for the scenarios.
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1.3. Simulation of Tree and Plant Growth: Inter-Specific Competition in Mixed Stands

During the simulation stage, for each annual time step, the annual potential growth (APG) of each tree
and understory species is driven by the photosynthetic production of the foliage biomass (Equation (5)).
The productive capacity of a given quantity of foliage biomass (photosynthetic rate) is assumed to be
dependent on foliage nitrogen content corrected for shading created by the canopy of the simulated site
(SCFN{"). SCFN{" is different from the SCFN; that was previously calculated during the internal
calibration stage. During the simulation stage, the canopy simulated corresponds to the site defined by
the user for that particular scenario, which can be different from the empirical canopy data used during
the calibration stage, and therefore, SCFN; is particular for each simulation.

APGt+1 = SCFN{" x SCFNE; (5)

where APGt+1 = the annual potential growth for a given species in the next time step. During the
simulation stage, the model interpolates between the different curves of SCFNE calculated before to
find the site quality of the simulated site.

Light competition among species is a function of the vertical distribution of the foliage of the
different species, the foliage biomass in their canopies and the reduction in light per unit of foliage
biomass. Then, a tall tree species with open canopy (low foliage biomass per hectare) will allow more
light to pass to the understory than a shorter tree species with larger foliage biomass. Combined, the
tall species will shadow the short species, and both trees will then shadow the understory. Nutrient
uptake requirements to support APG are calculated based on rates of biomass growth and data on
nutrient concentration in the different biomass components.

Nutrient dynamics in this study were restricted to nitrogen, a limiting nutrient in tropical and
sub-tropical Taiwanese forests [10]. Carbon and nitrogen cycles are linked through the use of the foliar
nitrogen efficiency as the driving function of the model (amount of biomass generated in a year per kg
of foliar N). Therefore, a limitation in N uptake will result in a reduction of foliar N, reducing the
biomass produced by the trees. Nutrient uptake demands on sites of different N fertility are based on
observed biomass accumulation rates and tissue nutrient concentrations on these sites, allowing for
internal cycling of nutrients.

After calculating how much of this demand can be met by internal retranslocation, the rest becomes
the uptake demand for each species. The amount of soil nutrients available to a plant (tree or
understory) species is a function of the total amount available in the soil, the degree to which the fine
roots of the species occupy the soil (the ration between the current and maximum fine root biomass),
and the competition for soil nutrients among the various species on the site. Where the total uptake
demand of all plant species (trees and understory combined) exceeds the total available in the soil,
competition will occur. The allocation between the species in such competitive situations will be in the
ratio of their uptake demands, modified by their actual/maximum fine roots biomass ratios (a detailed
description can be found in Kimmins [3]).

Nutrient availability is calculated based on empirical data describing litter and humus
decomposition rates, changes in chemistry as decomposition proceeds and the size of nutrient pools in
the mineral soil and humus (cation exchange capacity (CEC) and anion exchange capacity (AEC),
respectively). If the availability of nutrients for each time step is less than required to support APG,
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vegetation growth is limited by nutrients, and the realized annual growth is lower than APG. Nitrogen
cycling in FORECAST is based on a mass balance approach, where N can exist in three distinct pools:
(1) the plant biomass pool; (2) the available soil nutrient pool; and (3) the soil organic matter/forest
floor pool. Inputs and outputs of N to the ecosystem are simulated in a four-stage process for each
annual time step. The “available” N pool in FORECAST can be assimilated to represent the
interchangeable N present in the soil during one year as NH4", NOs™ or labile organic N fractions with
turnover rates shorter than one year. N deposition and N fixed by bryophytes and other
microorganisms are simulated as constant annual N fluxes that directly reach the soil solution and are
incorporated into the available N pool. The available N pool is calculated by simulating consecutively
the different inputs and outputs of the biogeochemical cycle: deposition, fertilization, seepage,
leaching, mineralization and immobilization. A detailed description of the simulation of each of these
fluxes in FORECAST can be found in Kimmins ef al. [2] and Blanco ef al. [11]. The definition of site
fertility based on N availability assumes that soil moisture is not limiting in these sites. FORECAST
does not explicitly simulate soil moisture, and therefore, it does not uses weather data as model inputs.
However, soil moisture is still implicitly affecting the simulation by the use of the parameter
“maximum foliage per tree”, which is directly correlated with soil moisture availability [2]. Given that
the annual precipitation in the region is about 2000 mm, with peaks during summer, but with rainfall
distributed along the whole year, the assumption to incorporate moisture in the simulations seems adequate.

Simulating of C and N in soil is achieved by assuming that SOM can be divided into two different
pools: litter and humus. Litter is composed of a collection of different litter cohorts, each with its age
and decomposition stage. Litter decomposition is defined by user-provided decomposition rates. When
the decomposition process of each litter has ended (as defined by reaching a percentage of the initial
mass), this material becomes part of the active humus. This pool represents resistant plant material
derived from structural litter and soil-stabilized microbial products. Typical turnover rates for this pool
range from 20 to 100 years, depending of the conditions simulated. The last SOM pool is the passive
humus, which accumulates the remaining decomposed materials, represents material very resistant to
decomposition and includes physically- and chemically-stabilized SOM, with typical turnover times
between 200 to 2000 years. N content in these pools is defined by the N concentration in the senesced
plant material and in the humus. Such an approach to SOM simulation is therefore similar to the one
used in models, such as CENTURY [12], ROMUL [13] or ICBM [14].

2. Calibrating FORECAST for Mixed Subtropical Plantations in Eastern Taiwan

The model FORECAST was calibrated to simulate mixed plantation forests of the Taiwan Sugar
Corporation in Hualien County (23.6°N, 121.4°E, elevation 100 m a.s.l., eastern Taiwan). The total
afforestation area of the site is 1027 ha, and most of the trees were planted in 2002. According to the
nearest weather station of the Central Weather Bureau (ca. 40 km to the north of the site), the 2004—2013
mean annual precipitation is 2230 mm and the mean annual air temperature is 24.4 °C. The seasonal
variation of air temperature is typical for the subtropical region with a January mean of 18.6 °C and a
July mean of 29.6 °C.

Data on historical tree growth patterns of camphor laurel were gathered from the literature [15-23]
(Figures S1 and S2). Data on tree light and nitrogen requirements were derived from the literature [24-27]
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(Tables S1 and S2). Decomposition rates were derived from the literature [19,28,29] (Table S4).
For Himalayan ash, historical tree growth patterns were gathered from the literature [16,30-38]. Data
on tree light and nitrogen requirements were derived from the literature [2—-6,39—44]. Decomposition
rates were derived from the literature [12,13,45-47]. The understory was simulated as grass and shrub
complexes [48] (Table S3). Published data, modified to fit the observations in the research sites, were
used to characterize shrub biomass, height, tissue nutrient concentrations and other relevant data [49-53].

Atmospheric deposition rates are assumed to equal areas with low levels of N deposition
(5 kg ha! y™! [54]). Soil is developed from fluvial material with a loamy sand or sandy loam texture.
Due to the high content of pebbles (10%—40%), the soil depth is only 60-90 cm. Soil is classified to be
Typic Dystrudepts following the USDS system. Information for the soil nutrient content of the site is
still lacking (Table S4).
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Figure S1. Total tree biomass curves used to calibrate camphor tree growth in FORECAST
for three different site qualities (SI: site index, or top tree height at a stand age of 50 years).
The three sites provide the pre-simulation calibration space for the model, and they do not
represent the sites simulated in this research.
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Figure S2. Total tree biomass curves used to calibrate Himalayan ash growth in
FORECAST for three different site qualities (SI: site index, or top tree height at a stand
age of 50 years). The three sites provide the pre-simulation calibration space for the model,
and they do not represent the sites simulated in this research.
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Table S1. Values used to calibrate FORECAST parameters related to camphor laurel.

Parameter Unit Poor site Medium site Rich site
Nitrogen concentration in leaves young/old/dead % 1.25/0.79/0.67 1.35/0.90/0.69 1.45/0.92/0.69
Nitrogen concentration in stem sapwood/heartwood % 0.16/0.03 0.16/0.03 0.18/0.04
Nitrogen concentration in bark live/dead % 0.55/0.47 0.56/0.48 0.57/0.49
Nitrogen concentration in branches live/dead % 0.47/0.27 0.57/0.28 0.67/0.29
Nitrogen concentration in root sapwood/heartwood % 0.34/0.27 0.35/0.28 0.37/0.28
Nitrogen concentration in fine roots live/dead % 0.81/0.56 0.91/0.56 1.06/0.56
Shading by maximum foliage biomass % of full light 35 26 18
Soil volume occupied at maximum fine root biomass % 100 98 95
Efficiency of N root capture % 100 98 95
Retention time for young/old foliage/dead branches y 1/0.50/35 1/0.50/35 1/0.50/30
Fine roots turnover y! 1.40 1.15 0.90
Maximum foliage biomass/age of maximum foliage kg tree '/y 6.0/25 10.0/22 25.0/20

Table S2. Values used to calibrate FORECAST parameters related to Himalayan ash.

Parameter Unit Poor site Medium site Rich site
Nitrogen concentration in leaves live/dead % 1.40/1.00 1.63/1.07 1.80/1.17
Nitrogen concentration in stem sapwood/heartwood % 0.20/0.04 0.22/0.04 0.24/0.04
Nitrogen concentration in bark live/dead % 0.80/0.40 0.85/0.45 0.95/0.50
Nitrogen concentration in branches live/dead % 0.60/0.22 0.63/0.26 0.65/0.30
Nitrogen concentration in root sapwood/heartwood % 0.33/0.22 0.33/0.26 0.42/0.30
Nitrogen concentration in fine roots live/dead % 0.90/0.70 1.07/0.77 1.18/0.77
Shading by maximum foliage biomass % of full light 30 25 19
Soil volume occupied at maximum fine root biomass % 100 98 95
Efficiency of N root capture % 100 98 95
Retention time for young/old foliage/dead branches y 1/0/35 1/0.50/35 1/0.50/30
Fine roots turnover y! 1.20 1.00 0.90

Maximum foliage biomass/age of maximum foliage kg tree !y 7.0/25 10.0/22 13.0/20
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Table S3. Values used to calibrate FORECAST parameters related to understory.

Grass complex parameters Unit Poor site Medium site Rich site
Nitrogen concentration in leaves live/dead % 1.36/1.26 1.70/1.60 2.05/2.00
Nitrogen concentration in stems live/dead % 1.10/0.20 1.37/0.25 1.65/0.30
Nitrogen concentration in rhizomes live/dead % 1.25/1.00 1.56/1.25 1.87/1.50
Nitrogen concentration in roots live/dead % 0.05/0.04 0.06/0.05 0.08/0.06
Shading by maximum foliage biomass % of full light 0.20 0.15 0.05
Soil volume occupied at maximum fine root biomass % 75 75 75
Efficiency of N root capture % 99 99 99
Transfer from live to dead stem/rhizomes/roots %y 100/0/60 100/0/50 80/80/80
Retention time for foliage y 1 1 1
Maximum foliage biomass/age of maximum biomass Mg ha 'y 1.60/15 2.10/10 2.50/10
Shrub complex parameters
Nitrogen concentration in leaves live/dead % 1.12/1.02 1.40/1.30 1.68/1.68
Nitrogen concentration in stems live/dead % 0.32/0.09 0.40/0.12 0.48/0.14
Nitrogen concentration in thizomes live/dead % 0.76/0.70 0.95/0.88 1.14/1.05
Nitrogen concentration in roots live/dead % 0.07/0.05 0.09/0.07 0.11/0.08
Shading by maximum foliage biomass % of full light 0.45 0.30 0.20
Soil volume occupied at maximum fine root biomass % 75 75 65
Efficiency of N root capture % 99 99 99
Transfer from live to dead stem/rhizomes/roots %y ! 20/20/40 20/20/30 20/20/30
Retention time for foliage y 1 1 1
Maximum foliage biomass/age of maximum biomass Mg ha'ly 1.80/50 2.20/40 2.80/35

S7
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Table S4. Values used to calibrate FORECAST parameters related to soil processes. Decomposition rates indicate the mass loss in one year as

a fraction of the initial mass at that year.

Decomposition rates
Camphor laurel

Litter age in years
(Decomposition rate in %)

Heartwood (by litter age) %y 1-10 years (0.4); 11-15 years (10.0); 16-25 years (15.0); 2640 years (10.0); >40 years (2.0)
Sapwood %y 1-5 years (2.0); 610 years (10.0); 11-15 years (30.0); 16-20 years (20.0); >20 years (4.0)
Bark %y 1-5 years (2.0); 6-20 years (12.0); 21-40 years (20.0); >40 years (4.0)
Large roots %y 1-2 years (8.0); 3—5 years (16.0); 615 years (30.0); 16-20 years (40.0); >20 years (4.0)
Branches %y 1-5 years (10.0); 6-10 years (45.0); 11-15 years (35.0); >15 years (4.0)
Leaves %y 1-2 years (70.0); 3—5 years (40.0); 67 years (35.0); >7 years (20.0)
Fine roots %y 1 years (30.0); 2-3 years (50.0); >3 years (90.0)
Himalayan ash
Heartwood (by litter age) %y 1-3 years (0.8); 4—15 years (2.0); 16-25 years (12.0); 2650 years (4.0); >50 years (1.0)
Sapwood %y 1-3 years (0.8); 4—15 years (2.0); 16-25 years (12.0); 26-50 years (4.0); >50 years (1.0)
Bark %y 1-10 years (5.0); 11-20 years (30.0); >20 years (10.0)
Large roots %y 1-2 years (8.0); 3—5 years (16.0); 615 years (30.0); 16-20 years (40.0); >20 years (4.0)
Branches %y 1-4 years (3.0); 5-11 years (15.0); 12-20 years (10.0); 21-35 years (5.0); >35 years (1.0)
Leaves %y 1-5 years (43.0); 67 years (35.0); >7 years (20.0)
Fine roots %y 1 years (30.0); 2-3 years (50.0); >3 years (90.0)
Soil parameters Poor site Medium site Rich site
Nitrogen concentration in slow/fast humus % 3.00/1.40 3.00/1.40 3.00/1.40
Decomposition rate slow/fast humus %y 0.15/2.00 0.15/2.00 0.15/2.00
CEC soil (CEC humus)/AEC * kg N ha! 40.0 (0.2)/5.0 60.0 (0.2)/10.0 80.0 (0.2)/20.0
Atmospheric deposition/seepage kgNha'y! 4.90/0.50 4.90/1.50 4.90/2.50
Non-symbiotic N fixation rate KgNha'y! 1.0 1.0 1.0

* CEC: Cation Exchange Capacity; AEC:

Anion Exchange Capacity.
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