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In the following supplementary information, we give a detailed description of the forest economic model underlying our study. The forest economic model roughly consists of four parts: forest growth modeling, timber valuation, cost and subsidies estimation, and economic performance evaluation.

I. Forest growth model
For our forest growth model, we used 3-PGmix. 3-PGmix is an extension of the 3-PG model (Physiological Principles Predicting Growth) developed by Waring and Landsberg (1997). While the original 3-PG model only allows for growth predictions of single-species stands, the 3-PGmix model by Forrester and Tang, (2015) also allows for growth predictions of even-aged mixed-species stands. 3-PG calculates the total carbon fixed from absorbed photosynthetically active radiation, corrected for mediating effects from soil and climatic conditions, and stand age. In 3-PGmix modifications to the original 3-PG model were made to allow for vertical differentiation in the canopy, hence allowing for the prediction of multilayered canopies in mixed-species stands. 
To predict the growth of our species of interest, we rely on the 3-PGmix parameters determined by Nölte et al. (2022). We chose 3-PGmix as our forest growth model as the parametrized model by Nölte et al. (2022) allows detailed forest growth prediction under varying site and climatic conditions, as well as forest management approaches. Further, for our species of interest, the 3-PGmix models parametrized by Nölte et al. (2022) are the only forest growth models available that allow for robust full-rotation growth predictions for mixed-species stands.

I.I Management options
In the default 3-PGmix model, predictions are made for one rotation (i.e. planting to harvesting) and management options are limited to age-based thinning and harvesting where the thinning or harvesting age, as well as the remaining number of stems after thinning, are predetermined. We extended the management options to also include basal area-based thinning, and target mean dbh harvesting. Furthermore, we allow for the replanting of trees after harvesting to model multiple rotations. 
In our model, basal area-based thinning is initiated when the modeled stand basal area (BA) exceeds a specified basal area thinning threshold. The modeled stand is then thinned to a target BA. In mixed-species stands, the species with the largest species-level BA is thinned when the BA thinning threshold is exceeded. Target mean dbh harvesting is initiated then the species-level modeled mean dbh exceeds a set target dbh. When the target dbh is exceeded, all stems of respective species are felled. Both BA thinning thresholds, target dbh, and age-based thinning and harvesting times are kept constant across all rotations in the modeling period.
We included the option to underplant harvested species by applying a stand density threshold based on the relative spacing of the remaining stand. We calculate relative spacing as the relation between the modeled stand area and the squared mean stand tree height (Equation 1):
 					(Eq. 1)
Where RS is relative spacing, A is the modeled stand area, H is the mean tree height in the modeled stand, and N is the number of trees in the modeled stand.

Relative spacing is a measure for stand density (Pretzsch, 2019). When the remaining modeled stand’s relative spacing after harvesting is higher than the applied underplanting threshold (i.e. the stand density is lower) the species is underplanted. Otherwise, the replanting is postponed and reevaluated at the next management intervention (i.e. the thinning or harvesting of any of the other species remaining in the stand). In single-species stands, the stand is always replanted immediately after harvesting.
Basal area-based thinning and target mean dbh harvesting were included as management options as alternatives to purely age-based management options for several reasons: firstly, basal area-based thinning approaches have been suggested for tropical timber plantations, and BA is a stand density measure commonly used by forest managers; secondly, as we allow for underplanting of harvested species when other species remain in the stand (i.e. when no clearcutting has taken place), growth conditions, and hence also optimal harvesting ages, for the individual species might vary from rotation to rotation. Management approaches where the timing of interventions such as thinning and harvesting is determined by the actual stand growth performance might be more robust towards changes in growth conditions or other growth uncertainties. 

I.II Calculating thinning fractions and trees remaining
In 3-PG the type of thinning performed can be determined by modifying the thinning fraction values. The thinning fractions refer to the mean tree biomass of the thinned trees in relation to the mean tree biomass of the complete stand. 3-PG includes thinning fractions for the stem, root, and foliage biomass. Thinning fractions beneath 1 hence indicate “thinning from below”, thinning fractions above 1 indicate “thinning from above”, and a cross-sectional thinning is performed when the thinning fractions equal 1. In all cases, with increasing thinning intensities (i.e. higher shares of the stand are removed) the thinning fractions will move towards 1 and equal 1 when all stems are removed. In the default 3-PG model, thinning fractions must be predetermined by the user. However, for our model we needed the thinning fractions to be determined dynamically within the model, depending on thinning type and intensity applied. To do so, we first retrieved the stem dbh distribution for the modeled stand at the time of thinning using the Weibull parameters reported in supplementary information I. The probability densities were then calculated for all dbh classes in the distribution. Each dbh class has a width of 1 cm. Based on the dbh classes and the probability densities the associated BA shares of each dbh class were calculated. For each dbh class in the distribution the associated stem biomass could then be calculated using Equation 2 (Forrester, 2020): 
 					(Eq. 2)
Where ws  is the mean stem and branch biomass, DBH is the mean stem diameter at breast height (dbh), and as and ns coefficients and exponents fitted in Nölte et al. (2022) as part of the 3-PG parametrization.

We could now calculate the stem thinning fraction for each dbh class using the cumulative probability density (if the thinning intensity is stem-based) or the cumulative BA shares (if the thinning intensity is basal area-based), assuming either a thinning from above or below. So far, the calculation of the thinning fractions assumed that a thinning from above consistently thins only stems from the upper tail of the dbh distribution, while in a thinning from below only stems from the lower tail are removed. However, in practice, it is unlikely that all thinned stems come exclusively from the distribution tails. Therefore, the thinning fractions will be closer to 1. In our calculations, we added 1/3 of the distance between the initially calculated thinning fraction and 1. Through this correction, the calculated thinning fractions closely resembled the actual thinning fractions observed in Nölte et al. (2022). Overall, we were now able to estimate the appropriate stem thinning fraction for age-based and basal area-based thinning at any given thinning intensity. We also used the stem thinning fractions for the root and foliage thinning fractions.
While for age-based thinning approaches the number of stems remaining after the thinning is known, the remaining number of stems must be calculated if the thinning is BA-based. We do so by using Equations 3-5, where Equations 4-5 are derived from Forrester (2020):
 			(Eq. 3)

 					(Eq. 4)

				(Eq. 5)
Where thin.frac is the thinning fraction applied, thin.fraclimit is the thinning fraction when stems are removed from the distribution tails exclusively, rNthin is the percentage of stems removed during thinning, BAthin is the BA area removed during thinning, V is the mean stem volume, H is the mean stem height, and Nbefore and Nafter is the stocking before and after thinning.

I.III Running the forest growth model and model outputs
To incorporate our modifications into the forest growth model we run the model in iterations. In each iteration the forest growth model is run until a thinning or harvesting threshold is reached (e.g. an applied thinning or harvesting age, or a BA or target dbh threshold). When a threshold is reached, the biomass pools following the interventions are calculated. If all stems of species are harvested the species may be replanted at its initial planting density (if the underplanting stand density threshold is not exceeded). A new iteration is started from the time of the intervention using the calculated biomass pools. The iteration is continued until either a new management intervention is reached or the end of the simulation period is reached.

I.IV Diameter distribution of harvested stems
For later calculations, we subtracted the dbh distribution after thinning from the distribution before thinning to retrieve the dbh distribution of the harvested stems.

I.V Pruning
In Costa Rica, timber plantation trees are typically pruned to produce knot-free stems. We assume 3 prunings will take place to a stem height of 2.5 m, 5 m, and 8 respectively. The prunings take place when the modeled total stem height exceeds 5 m, 10 m, and 12 m. 

II. Timber valuation
II.I Stem sectioning and merchantable volume
In Costa Rica, the commercial stem height of plantation trees is usually 7 m. The stems are sold in two sections of 3.5 m each. As there are no stem tapering functions available for all our species of interest we assumed the modeled stems are cone-shaped. To calculate the modeled merchantable volume, we first calculate the stem diameter at the lower and upper end of each modeled stem piece using the diameter-height ratio as the taper rate. If the upper diameter of a modeled stem piece is above 10 cm (i.e. the minimum commercial diameter in Costa Rica) the stem piece is considered merchantable. Further, the stem piece is only considered merchantable if it has been pruned. We then calculated the volume of the merchantable stem pieces as truncated cones, subtracting 2 cm for bark from the diameters at each end (Berrocal et al., 2018; Pérez and Kanninen, 2003; Tenorio et al., 2016). 

II.II Timber prices
We used the timber prices reported by the Costa Rican Oficina Nacional Forestal (ONF). ONF is a publicly funded non-governmental forestry organization that conducts yearly timber market and price surveys in Costa Rica since 2005. We used the most recently published stumpage prices (see Table I, Alfonso and Rodríguez, (2020), and Vega and Chaves, (2011)) and correct them to 2020 US dollar (USD) /m3 prices using the consumer price index for Costa Rica (World Bank, 2021a) and the mean 2020 Costa Rican Colones (CRC) to USD exchange rate (Banco Central de Costa Rica, 2021). We also included the mean stumpage price for pallet wood which comprises a large share of the Costa Rican wood market. In the case of D. retusa, no price data has been published by ONF. Based on local price reports (that partly refer to ONF sources) we estimated the stumpage price for D. retusa to be around 750 USD/m3 (Dario Extra, 2014; Fordaq.com, 2016; Robbins, 2012).
Timber prices in Costa Rica are influenced by two important stem quality characteristics: (1) stem diameter, and (2) stem heartwood content (Barrantes Rodríguez and Ugalde Alfaro, 2020; Pérez and Kanninen, 2005, 2003). In the following, we incorporated price corrections to address these quality characteristics in our valuation model.Table I: reported stumpage prices
Species
Stumpage price

USD/m3
V. guatemalensis
49.8
D. retusa
750.0
D. oleifera1)
388.4
T. grandis
97.8
H. alchorneoides
57.3
Pallet wood2)
31.1
1) Price from 2011, corrected to 2020 prices
2) Mean stumpage price for pallet wood across species



II.III Diameter dependent price factor
Timber prices usually increase with increasing stem diameter, partly due to increasing sawing efficiency and the possibility to produce saw products of larger dimensions. In Costa Rica woodyard timber prices are divided into three price categories (10-20 cm, 20-25 cm, and >25cm), depending on the stem diameter (such differentiation is not listed for stumpage prices) (Barrantes Rodríguez and Ugalde Alfaro, 2020). We estimated a diameter-dependent price factor from the 2020 ONF price data for species that have no clearly demarcated heartwood (hence isolating the diameter-dependent price effect) using linear regression. When the upper stem diameter is above 25 cm we set to price factor to be equal to 1. The estimated curve for the diameter dependent price factor is described by Equation 6: 

			(Eq. 6)
Where pfD is the diameter-dependent price factor, and Dtop is the diameter of the modeled stem piece at its top.

II.IV Heartwood estimation and price correction
Heartwood is an important price determinant for some plantation-grown species such as T. grandis (Pérez and Kanninen, 2005, 2003). In species where the heartwood is clearly distinguishable from the sapwood, the heartwood has considerably higher durability and favorable mechanic characteristics and can be used for heavy construction, carpentry, artisanal woodcraft, or flooring. Sapwood is generally considered to be low-quality due to its low durability and unfavorably mechanic characteristics. In Costa Rica sapwood, and wood from species without a clearly demarcated heartwood is predominately used in the pallet industry, as formwork or other low-value products, and achieve relatively low (stumpage) prices around 31.1 USD/m3 (mean stumpage price for pallet wood across species, Alfonso and Rodríguez, (2020)). Heartwood fetches considerably higher prices.
4 of our species of interest (D. oleifera, D. retusa, T. grandis, and H. alchorneoides) produce a clearly demarcated heartwood. T. grandis and H. alchorneoides harvested in Costa Rica generally come from plantations (and hence the listed prices might be appropriate), while price data for D. oleifera and D. retusa refer to stems from natural forests or other non-plantation sources. Generally, stems harvested in natural forests will have a higher heartwood content (by volume percentage) compared to plantation-grown timber partly due to larger diameters and higher tree age at harvesting. It is therefore not appropriate to apply prices for wood from natural sources to plantation-grown timber. In our valuation model we, therefore, attempt to estimate the heartwood content of the harvested stems and correct the timber prices accordingly.
Heartwood formation in a tree stem is a physiological regulatory process to maintain the optimal amount of sapwood. Heartwood formation is influenced by both biotic and abiotic factors, and studies have predicted heartwood formation in tropical timber plantations based on growth variables such as tree age, stem diameter, and soil characteristics (Moya et al., 2014; Rizanti et al., 2018; Tenorio et al., 2016; Víquez and Pérez, 2005). We did not find any study integrating heartwood formation into the timber valuation within a forest economic model. Most of the studies predicting heartwood formation are based on linear regressions on data from relatively young stands. Therefore, they are not suitable for extrapolation. Instead, in our study, we assumed a constant thickness of the sapwood. In plantations of T. grandis and Eucalyptus ssp., sapwood thickness has been found to be stable across tree ages as well as across different stem heights. For T. grandis, D. oleifera, and H. alchorneoides (we did not find any studies for D. retusa) sapwood thickness has been found to be between 2-7 cm (Berrocal et al., 2018; Moya et al., 2014; Tenorio et al., 2016). Similar values have been found for other tropical species. Using the sapwood thickness, the heartwood content of a stem piece can easily be calculated by subtracting 2 times the sapwood thickness from modeled stem diameters to retrieve the heartwood diameters, then calculating the heartwood volume. For the heartwood calculations, we assume a sapwood thickness of 4 cm. 
To correct the timber price for heartwood content we first estimated the price for pure heartwood. In the following, it is assumed that timber in Costa Rica is either sold to the pallet wood market or the higher value wood product market. Further, it is assumed that the higher value wood product market only makes use of heartwood, and sapwood hence fetching a price of 0 USD/m3 in this market. In the pallet wood market, all wood fetches a stumpage price of 31.1 USD/m3. For stems from natural forests (i.e. D. oleifera and D. retusa) we assume a heartwood content of around 80% and 70% of the stem volume. This corresponds to a stem diameter of around 70 cm and 50 cm respectively, assuming a sapwood thickness of 4 cm. For plantation-grown timber (i.e. T. grandis and H. alchorneoides) we assume a heartwood content of 50% (corresponding to a stem diameter around 40 cm). We now calculate the price for pure heartwood using Equation 7-8. Using the estimated heartwood content and the estimated prices for pure heartwood, we calculate the estimated corrected price for each modeled stem piece (Equation 9).
 				(Eq. 7)

		(Eq. 8)

			(Eq. 9)
Where plist, pheart, psap, and ppallet is timber price per m3 listed by ONF, for pure heartwood, pure sapwood, and pallet wood respectively. Vstem, Vheart, and Vsap are the total volume of the stem pieces, and heartwood and sapwood volume in each stem piece respectively. Pstem is the estimated price of the stem piece.

II.V Calculating revenues from timber sales
To calculate the revenues from timber sales we multiply the modeled merchantable volume of the stem pieces with the corrected timber price and the diameter-dependent price factor. We assume that the stems will be sold either to the pallet wood industry or the higher value wood products industry depending on which industry offers the highest price. The value of all modeled stem pieces is then summed to calculate the revenue generated from each thinning or harvesting event.

III. Costs and subsidies
We retrieved establishment and management costs from Vallejos (2019)  (Table II and III). The detailed cost data were collected from 12 mid-size to large Costa Rican plantation forest enterprises from 2008 until today (Guevara-Bonilla, 2011; Guevara-Bonilla and Murillo-Gamboa, 2021). The planting and establishment costs include costs for tilling, seedlings, planting, fertilizers, pesticides, and weeding. Costs for tilling, seedlings, planting, and fertilizers occur in the year of planting, while pesticides and weeding occur until the fifth year after planting. Further, we infer weeding costs after the fifth year if the stand crown coverage does not exceed 60%. This might occur after heavy thinnings or when the dominant species in a mixed-species stand is harvested. If our model is run for multiple rotations, the full planting and establishment costs are only applied in the first rotation. In following rotations tilling and fertilization costs are not applied.
As we assumed the stems are sold standing we did not apply any harvesting costs. However, costs for tree selection and marking, and harvesting supervision are applied at the time of harvesting. In some cases, thinning might occur before the trees have reached a commercial size. We then assume the forest owner must carry the full harvesting costs and apply the harvesting costs reported in Paul et al. (2015). Finally, we assumed the wood harvesting company needs to earn at least 1000 USD/ha for its harvesting activities. The stumpage price to woodyard price ratio in Costa Rica is around 2. Therefore, the value of the wood harvested must exceed 1000 USD/ha at stumpage. If this minimum threshold is not met, the difference is added as a harvesting cost to cover the occurring opportunity cost for the harvesting company.Table II: Stand establishment and maintenance costs
Age
Planting
Planning and site preparation
Fertilization
Weed and pest management
Tree maintenance
General

USD/tree
USD/ha
USD/tree
USD/ha
USD/tree
USD/ha
1
0.57
806
0.24
673.4
0.06
142.4
2



313.1

55.1
3



102.3
0.07
58.2
4



87.4

102.0
5



69.5

28.8
>5





115.1



Yearly fixed administration and maintenance costs occur at the stand level and were also retrieved from Vallejos (2019) (“General costs” in Table III). For later species-level performance evaluations, the fixed costs needed to be accounted for at the species-level in mixed-species stands. We accounted for the fixed costs to the individual tree species by BA. Table III: Costs for pruning and tree selection before thinning/harvesting
Management intervention
Cost

USD/ha
USD/tree
1st pruning
64.9

2nd pruning
63.8

3rd pruning
70.5

Tree selection and marking

0.09



III.I Fees and subsidies
In Costa Rica, plantation forests must be assessed yearly by licensed forest consultants. However, the state offers reforestation subsidies during the first 5 years of the forest establishments (MINAE, 2020). The reforestation subsidies are species-dependent and were only applied in the first rotation. The associated assessment fees and subsidies can be found in Table IV.
Table IV: Forest assesment fees and reforestation subsidies
Age
Forest assessment fee
Reforestation subsidies


V. guatemalensis
D. oleifera
D. retusa
T. grandis
H. alchorneoides

USD/ha
USD/ha
USD/ha
USD/ha
USD/ha
USD/ha
1
39.2
619.6
1048.0
698.6
698.6
698.6
2
191.4
247.8
419.2
279.5
279.5
279.5
3
68.1
185.9
314.4
209.6
209.6
209.6
4
22.7
123.9
209.6
139.7
139.7
139.7
5
63.8
62.0
104.8
69.9
69.9
69.9
>5
22.7







IV. Economic Performance
Based on the cashflows of the modeled stands, we calculated the net present value (NPV) for one planning period of 80 years (i.e. 2020-2100). We used a discount rate of 8% (Cubbage et al., 2020, 2007). NPV is the sum of the discounted cash flows of an asset with a definite planning horizon. We also calculated the IRR. IRR is the discount rate at which the NPV is 0 and is commonly used to communicate the economic performance of forest assets. We calculated NPV using Equation 1. IRR was determined using the R package “jrvFinance” (Varma, 2021). 

					(Eq. 10)
Where T is the total number of simulation periods (in years), Rt and Ct are all revenues and costs USD/ha) occurring in each simulation period t, and r is the discount rate.

V. Optimization
In the optimization, we aimed to determine the thinning and harvesting regimes that offer the highest economic return in terms of NPV. We optimized the thinning and harvest regimes for all planting schemes on both study sites. We optimized two different thinning and harvest approaches: (1) an age-based approach, and (2) an approach based on stand growth performance. In the age-based approach, we aimed to determine the optimal thinning ages and stem numbers, and the optimal harvest age. We allowed for 3 thinnings in mixed-species stands of 2 species, and 4 thinnings in mixed-species stands of 3 species. In the second approach, we aimed to determine the optimal upper BA threshold for thinning, the target BA after thinning, as well as the target mean dbh for harvesting. We further included the stand density threshold for underplanting as a parameter for optimization. 
We used a heuristic optimization approach using Differential Evolution (Mullen et al., 2011). Differential Evolution approximates the global optimum by iteratively randomly computing and mutating a population of the objective function. We used the R package “DEoptim”. The upper and lower parameter limits for the optimization can be found in Table V. We run the optimization for each scenario for 100 iterations. Table V: Optimization parameter limits
Management parameter
Upper limit
Lower limit
Thinning age, 1st thinning
50
2
Thinning age, 2nd thinning
50
2
Thinning age, 3rd thinning
50
2
Thinning age, 4th thinning
50
2
Stems/ha after thinning, 1st thinning
800
50
Stems/ha after thinning, 2nd thinning
800
50
Stems/ha after thinning, 3rd thinning
800
50
Stems/ha after thinning, 4th thinning
800
50
Basal area threshold for thinning
40
6
Target basal area after thinning
40
4
Harvesting age
80
2
Target  mean dbh
60
10
Stand density threshold for underplanting
4
0
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Table I shows the Weibull parameters needed to calculate the dbh distribution for each tree species. The calculate the dbh distribution the equations given in Forrester (2020) pg. 65 were used.Table I: Weibull parameters to calculate species-level dbh distributions.
Parameter
Value

D. oleifera
V. guatemalensis
H. alchorneoides
D. retusa
T. grandis
Dscale0
0.285
0.498
0.853
0.71
0.886
DscaleB
0.426
0.528
0.198
0.444
0.416
Dscalet
0.32
0.208
0.335
0
0
Dshape0
0.957
1.539
1.346
1.664
1.056
DshapeB
0
0
0
0
0
Dshapet
0
-0.265
-0.197
-0.382
-0.175
Dlocation0
-1.187
-1.466
-1.16
-2.13
-2.644
DlocationB
1.116
1.196
1.185
1.551
1.721
Dlocationt
0
0
0
0
0
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Figure I shows (A) the discounted cash flows and NPV for the studied mixed-species plantations when applying the optimized age-based management parameters (see also Tables I and II), (B) the mean annual increments (MAI) of stem biomass, and (C) merchantable stem volume. The results are largely similar to the results from the optimized growth performance-based management in the main text.[image: ]
Fig I Economic and productivity performance of the modeled mixed-species stands when the optimized BA thinning thesholds and target mean dbh are applied. A) shows the total discounted cash flows where bars above the zero-line show total discounted revenues and bars below the zero-line show total discounted costs for each species. The values for the individual species are stacked to show stand-level performance. The dots on A) indicate the stand-level NPV achieved under optimized management. Figures B) and C) show the MAI for stem biomass and merchantable timber volume. The x-axis on all three figures are indentical. The first 4 stands from the left are modeled for the site “La Virgen” while the remainder are modelled for “Las Delicias”

 
Table I and II show the optimized management parameters for the age-based management approach. 
Under age-based management, the first thinning occurs 2-5 years before the expected harvesting time, while the second thinning occurs 2-3 years after the first thinning for V. guatemalensis, D. oleifera, and T. grandis. During the first thinning the dominant species is thinned to 195-308 trees/ha (i.e. the stem number is reduced by 12.5-25% compared to the initial planting). During the last thinning, the stem numbers are reduced to 92-306 trees/ha for V. guatemalensis, 131-193 trees/ha for D. oleifera, and 194-202 trees/ha for T. grandis.Table I: Optimized age-based thinning schedule, harvesting age, stand density thresholds for underplanting at Las Delicias
Mixturei)
Thinningsii)
Harvesting age
Min. RS to underplantiii)
NPV (IRR)
Sp.1-Sp.2-Sp.3
Sp.1
Sp.1
Sp.2
Sp. 3
Sp.1
Sp.2
Sp.3



Age (stems/ha)
Age

USD/ha (%)
D. olei-D. retu
13 (248)
17 (139)
19 (52)

19
70


4355.7 (14.6%)
H. alch-D. olei
2 (50)

16 (164)

6
21


2563.6 (11.6%)
H. alch-D. retu
13 (196)
15 (57)
41 (250)

17
43


-1822.5 (3.5%)
T. gran-D. olei
8 (195)
10 (194)
25 (193)

13
28


4086.5 (15.6%)
T. gran-D. retu
10 (257)
13 (201)
8 (51)

15
68

0.35
3234.2 (13.6%)
V. guat-D. olei
7 (239)
9 (137)
21 (191)

11
24


4634.6 (16.7%)
V. guat-D. retu
10 (257)

5 (76)

12
28

1.8
2217.2 (12.8%)
V. guat-H. alch
10 (308)
12 (248)
6 (50)

14
59

0.11
1955 (12%)
V. guat-D. olei-D. retu
7 (235)
9 (92)
20 (114)
5 (61)
11
22
52
1.15
4358 (16%)
V. guat-H. alch-D. olei
10 (232)

2 (56)
18 (114)
12
5
20

3760.4 (13.4%)
V. guat-H. alch-D. retu
11 (298)
13 (146)
2 (51)
13 (156)
15
7
24
0.83
604.7 (9.3%)
i) D. olei, D. retu, H. alch, T. gran, and V. guat refers to the species D. oleífera, D. retusa, H. alchorneoides, T. grandis, and V. guatemalensis respectively.
ii) Age-based thinning schedules consist of a thinning age (first number in each cell) and a target stem number after thinning, here given in brackets. Missing values indicate no thinning.
iii) Stand density thresholds for underplanting are based on relative spacing. If the stand relative spacing is below the threshold (i.e. stand density is higher) underplanting is not performed. Missing values indicate no underplanting occured under optimized management.


In the age-based management, the first thinning was initiated later (3-6 years before end harvest) than typically described in the literature (2-5 years after planting) (Hung et al., 2019; Onyekwelu et al., 2011; Piotto et al., 2010). However, the reviewed literature generally referred to stands that were established a higher initial planting density of 1111-2500 tree/ha, whereby also critical stand densities are reached earlier in the stand development. 
Harvesting ages vary between 43-70 years for D. retusa, 19-28 years for D. oleifera, 5-69 years for H. alchorneoides, 13-15 years for T. grandis, and 11-15 years for V. guatemalensis. 
Table II: Optimized age-based thinning schedule, harvesting age, stand density thresholds for underplanting at La Virgen
Mixturei)
Thinningsii)
Harvesting age
Min. RS to underplantiii)
NPV (IRR)
Sp.1-Sp.2-Sp.3
Sp.1
Sp.1
Sp.2
Sp.3
Sp.1
Sp.2
Sp.3



Age (stems/ha)
Age

USD/ha (%)
H. alch-D. olei
2 (50)
5 (50)
18 (164)

7
23


843.3 (9.3%)
V. guat-D. olei
7 (244)
9 (142)
22 (165)

11
25


3401.2 (15.4%)
V. guat-H. alch
9 (306)

7 (50)

13
69

0.77
1825.1 (11.8%)
V. guat-H. alch-D. olei
8 (240)
10 (129)

21 (136)
12
4
23

160.4 (12.4%)
i) D. olei, D. retu, H. alch, T. gran, and V. guat refers to the species D. oleífera, D. retusa, H. alchorneoides, T. grandis, and V. guatemalensis respectively.
ii) Age-based thinning schedules consist of a thinning age (first number in each cell) and a target stem number after thinning, here given in brackets. Missing values indicate no thinning.
iii) Stand density thresholds for underplanting are based on relative spacing. If the stand relative spacing is below the threshold (i.e. stand density is higher) underplanting is not performed. Missing values indicate no underplanting occured under optimized management.
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