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Abstract
1.	 A central challenge in ecology is understanding the emergence of patterns as 

the result of interactions among individuals. Dynamic forest models can provide 
a fine-scale description of the ecological, physiological and environmental pro-
cesses that explain the demography of coexisting tree species. This in turn helps 
predict changes under future scenarios. However, model accessibility is a major 
obstacle to a wide use and communication across scientific disciplines and for 
educational purposes.

2.	 Here, we present the R package rcontroll, which provides access to the TROLL 
forest simulator in the R environment. TROLL is individual-based and spatially ex-
plicit and leverages knowledge of ecology, biogeochemistry and tree ecophysi-
ology through a trait-based parameterisation. TROLL has been used to simulate 
carbon fluxes and tree diversity in tropical and subtropical forests and to explore 
forest resilience to disturbance and environmental changes more generally. rcon-
troll provides a user-friendly environment to set up and analyse TROLL simula-
tions with varying community compositions, ecological parameters and climate 
conditions.

3.	 We show how to test parameter sensitivity in TROLL using the rcontroll R pack-
age. We also demonstrate the flexibility and ease of use of rcontroll by replicating 
a previously published study based on the TROLL simulator. Both examples are 
included with reproducible code documents.

4.	 Complex forest simulators are important scientific tools for science and educa-
tion, and wide access to these tools is an important condition for their adoption. 
TROLL is designed to address a wide range of ecological and environmental ques-
tions, and the new R package rcontroll is designed to be an entry point for TROLL 
model users.
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1  |  INTRODUC TION

Forests are often conceptualised as a dynamic collection of individual 
trees responding in different and complex ways to local interactions, 
environmental change and natural and anthropogenic disturbances 
(Levin,  1998; Shugart,  1984). Forests, as major stores of carbon, 
home to considerable biodiversity and providers of key ecosystem 
services, also are at the nexus of the environmental challenges of 
this century. They are threatened, being exposed to a wide range of 
impacts, including commodity-driven deforestation, forestry, shift-
ing agriculture and wildfires (Curtis et al., 2018), and to the conse-
quences of climate change (Hubau et al., 2020; Saatchi et al., 2013). 
To understand how the processes that govern forest dynamics inter-
act and how forests will respond to anthropogenic pressure, it is vital 
to produce biologically informed scenarios and for this models are 
important tools (Fisher et al., 2018; Shugart et al., 2018).

Modern forest IBMs are usually written in high-performance 
languages such as C++ or Fortran, with platform-specific compila-
tion challenges. Until now, forest IBMs have therefore been limited 
to a small number of expert users, typically core developers. This 
contrasts with other modelling approaches, such as species distri-
bution models (SDMs) which also require complex, low-level code, 
but which have been widely adopted, in part due to the wide avail-
ability of tools and R packages for researchers and students (Phillips 
et al., 2006; Schmitt et al., 2017). Conversely, few forest IBMs are 
currently available as R packages—plant being a rare example (Falster 
et al.,  2016)—making it difficult to reproduce research and to use 
IBMs in applied settings, both in research and beyond.

Forest models create links between a range of data to simulate 
forest dynamics on spatial and temporal scales inaccessible to em-
pirical studies (Marechaux et al., 2020). In the diverse family of for-
est dynamic models, individual-based models (IBMs) are unique in 
simulating the growth and demography of each individual tree, and 
in the relative ease with which they integrate field data to simulate 
ecological and physiological processes. Remarkably, from a histor-
ical perspective, IBMs were also the first type of numerical forest 
models, developed in the early 1960s for the purpose of optimising 
the yield of plantations (Ek & Monserud, 1974) and soon after to ex-
tend modelling capacities to any forest type (Shugart & West, 1980). 
Individual-based forest simulators have since proved useful for 
studying species-rich tropical forests (Kazmierczak et al., 2014; 
Köhler & Huth, 1998; Purves & Pacala, 2008; Urban et al., 1991) and 
for addressing a broad range of fundamental and applied questions 
(Marechaux et al., 2020), such as the effect of biodiversity on forest 
functioning through virtual experiments (Maréchaux & Chave, 2017; 
Morin et al., 2014; Sakschewski et al., 2016; Schmitt et al., 2020), 
or the quantification of forest carbon stocks and fluxes (Fischer 
et al.,  2015; Fyllas et al.,  2017). By leveraging remote-sensing 

products, IBMs have expanded both their spatial scale of application 
and range of parameterisation (Fischer et al., 2019; Rödig et al., 2017, 
2018; Shugart et al., 2015), and remote-sensing products have been 
benchmarked with the aid of virtual remotely sensed scenes (Knapp 
et al., 2018).

To fill this gap, we present an R package named rcontroll, which 
integrates the TROLL individual-based model into R to simulate for-
est ecosystem processes and species dynamics. The TROLL model 
was originally developed for tropical forests, with the aim of sim-
ulating ecological succession from bare ground and the spatial 
patterns emerging from tree falls and gap dynamics (Chave, 1999). 
Species-specific parameters are based on plant functional traits al-
lowing the joint simulation of carbon and tree diversity (Maréchaux 
& Chave, 2017). TROLL has been applied to the study of tropical for-
est resilience (Schmitt et al., 2020), tree allometry and how it can 
be inferred from remote sensing (Fischer et al., 2019), and forest re-
sponses to wind-throw (Rau et al., 2022).

rcontroll provides user-friendly functions for setting up and an-
alysing TROLL simulations. Users specify floristic community com-
position, ecological parameters and climatic conditions, and default 
values are available where possible. rcontroll provides default data 
for demonstration runs, a climate data generator from a global data-
set, visualisation tools as well as a generator of virtual LIDAR point 
clouds. Here, we demonstrate the flexibility of rcontroll by testing 
the sensitivity of TROLL parameters and replicating analyses from a 
previously published study using reproducible code examples.

2  |  MATERIAL S AND METHODS

2.1  |  TROLL model

TROLL is a spatially explicit and individual-based forest model. We 
provide a short overview in the following section and a schematic 
diagram illustrating the functioning of TROLL (Figure 1a), but refer 
the reader to the original TROLL publications for further details 
(Chave,  1999; Maréchaux & Chave,  2017, Appendix S5, Figure  S1 
therein for another schematic diagram).

Tree growth and competition in TROLL happen in a 3D space, 
which is discretised into voxels of one cubic metre. Within this space, 
trees establish, grow and interact with each other, both vertically 
and horizontally, with at most one tree per square metre. A simpli-
fied tree geometry is adopted: the tree trunk is represented by a 
cylinder, characterised by its diameter at breast height (DBH) and 
total height; its crown has a symmetrical geometric shape such as a 
cylinder, cone or elliptical surface, which is characterised by its ra-
dius and depth and adjustable via shape parameters. Each tree is 
attributed to a botanical species with corresponding species-specific 

K E Y W O R D S
forest simulator, individual-based model, R package, spatially explicit, TROLL

 2041210x, 2023, 11, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1111/2041-210X

.14215 by C
IR

A
D

, W
iley O

nline L
ibrary on [16/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  2751Methods in Ecology and Evolu
onSCHMITT et al.

plant functional traits related to ecophysiological processes, includ-
ing photosynthesis, carbon allocation and mortality, as well as tree 
architecture. Specifically, these traits include leaf mass per area LMA 
(g m−2), leaf nitrogen N (mg g−1), leaf phosphorus P (mg g−1) and wood 
density WD (g cm−3), as well as two parameters hmax and ah which 
describe allometric growth between trunk diameter dbh (m) and tree 
height h (m) according to a Michaelis–Menten equation: h =

hmax× dbh

(dbh+ ah)  . 
Horizontal growth of crown radius cr is modelled according to a 
power law cr = a × dbh

b, with parameters a and b specified at the 
community level. Crown depth cd is modelled as a fixed fraction of 
tree height.

New trees are recruited into the community from a seed bank 
that is filled by an external seed rain. If the simulated stand con-
tains mature trees, these will also contribute to the seed rain. Each 
model iteration, a random seed is selected from the seedbank 
and, provided that the environmental conditions are favourable 

for tree growth (the potential tree's light compensation point is 
exceeded), turned into a seedling of 1 cm DBH. Otherwise, the 
grid cell remains empty. For each tree thus established, TROLL 
simulates carbon assimilation, carbon allocation, trunk and crown 
growth, seed dispersal and tree death (Figure 1a). TROLL uses the 
C3 photosynthesis model of Farquhar et al.  (1980), a function of 
local temperature, light irradiance, vapour pressure deficit and at-
mospheric CO2 concentration. Model parameters, including the 
maximum rate of carboxylation, Vcmax and the maximum electron 
transport capacity, Jmax, are inferred from the species-specific 
plant functional traits N, P and LMA (Domingues et al., 2010). 
Solar irradiance is calculated within each voxel as the fraction 
of irradiance transmitted by the voxels above following a Beer–
Lambert law, while temperature and vapour pressure deficit are 
varying throughout the canopy according to empirical functions 
(Maréchaux & Chave,  2017). Carbon assimilation is calculated 
half-hourly for a representative day per month. Stomatal con-
ductance responds to air vapour pressure deficit and is modelled 
according to Medlyn et al. (2011). Net assimilable carbon is calcu-
lated as gross assimilable carbon through photosynthesis minus 
respiration (Atkin et al., 2015) and is allocated to trunk and root 
growth, leaf production and reproduction based on empirical rela-
tionships and the biomass density of each component (LMA, WD). 
If leaf area reaches its optimum, no further leaves are allocated, 
and the excess carbon is allocated to growth or a storage pool 
(Fischer, 2019). Tree growth results in a change in tree height and 
crown size following DBH-driven allometries, which in turn influ-
ence the light environment at the next time step. In TROLL, tree 
mortality results from three distinct processes: (i) stochastic mor-
tality, modelled as a function of a maximum background mortality 
rate and a linearly decreasing relationship with species-specific 
wood density; (ii) carbon starvation, if net assimilated carbon is 
negative over a consecutive period exceeding the leaf lifespan; 
and (iii) stochastic treefall events, assumed to depend on a tree 
height threshold.

The combination of these processes at the individual level leads 
to realistic community-level dynamics, including successional pat-
terns in species composition, self-thinning and gradual saturation 
of stand biomass on decadal to centennial timescales even with 
minimal calibration (Maréchaux & Chave, 2017; Rau et al., 2022). 
The minimal set of input files required for a TROLL run include (i) 
climate data for the focal location, (ii) functional traits for the list 
of species at the focal location and (iii) global parameters, that is 
parameters that do not depend on species identity. All these input 
files and simulation parameters can be easily configured and run 
using rcontroll.

2.2  |  rcontroll workflow and usage

TROLL is coded in C++, and it typically simulates hundreds of thou-
sands of individuals over hundreds of years in several hectares in 
minutes (a simulation over 4 ha and 600 years lasts ca. 1 min on 

F I G U R E  1  TROLL forest simulator. (a) TROLL is a spatially 
explicit and individual-based forest model, which simulates carbon 
assimilation and allocation (light green), trunk and crown growth 
(light green), seed dispersal (brown) and tree deaths (red) and 
recruitments (dark green). (b) Output from a TROLL simulation 
using the autogif function in the rcontroll package. The image 
shows a vertical cut in the forest structure along the x-axis (in 
metres) with individual tree height (metres) on the y-axis. The tree 
colours indicate the identity of the species and can be changed 
using the ggplot2 grammar. The figure shows the forest structure 
after 625 years of a successional trajectory starting from bare 
ground, which can be seen dynamically over 200 years at https://
raw.githu​buser​conte​nt.com/sylva​insch​mitt/rcont​roll/main/inst/
figur​es/troll.gif.
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a typical personal computer). The rcontroll R package is a wrap-
per of TROLL that comprises the model and facilitates its access 
to users. rcontroll currently calls version 3.1.7 of TROLL using the 
Rcpp package (Eddelbuettel & François,  2011). rcontroll includes 
functions that generate inputs for simulations and run simula-
tions. Finally, it is possible to analyse the TROLL outputs through 
tables, figures and maps taking advantage of other R visualisation 
packages. rcontroll also offers the possibility to generate a virtual 
LIDAR point cloud that corresponds to a snapshot of the simulated 
forest.

2.3  |  Construction and manipulation of input files

As stated above, three types of input data are needed for a typi-
cal TROLL simulation: (i) climate data, (ii) plant functional traits 
and (iii) global model parameters. Presimulation functions include 
global parameters definition (generate_parameters function) and 
climate data generation (generate_climate function). rcontroll also 
includes default data for species and climate inputs for a typical 
French Guiana rainforest site. The purpose of the generate_cli-
mate function with the help of the corresponding vignette is to 
create TROLL climate inputs from ERA5-Land (Muñoz-Sabater 
et al., 2021), a global climatic reanalysis dataset that is freely avail-
able (see Supplementary Information SI1). The ERA5-Land climate 
reanalysis is available at 9 km spatial resolution and hourly tempo-
ral resolution since 1950, and daily or monthly means are available 
and their uncertainties reported. Therefore, rcontroll users only 
need to input the species-specific trait data to run TROLL simula-
tions, irrespective of the site. TROLL was originally developed for 
tropical and subtropical forests, so certain assumptions must be 
critically examined when applying it outside the tropics. The input 
files can be used to start a TROLL simulation run within the rcon-
troll environment (see below) or saved so that the TROLL simula-
tion can be started as a command line tool.

2.4  |  Simulations

The default option is to run a TROLL simulation using the troll 
function of the rcontroll package. The output is stored in a trollsim 
R class. For multiple runs, users can rely on the stack function, 
and the output is stored in the trollstack class. Both trollsim and 
trollstack values can be accessed using object attributes in the 
form of simple R objects (with @ in R). They consist of eight simu-
lation attributes: (1) name, (2) path to saved files, (3) parameters, 
(4) inputs, (5) log, (6) initial and final state, (7) ecosystem output 
metrics and (8) species output metrics. The initial and final states 
are represented by a table with the spatial position, size and other 
relevant traits of all trees at the start and end of the simulation. 
The ecosystem and species metrics are summaries of ecosystem 
processes and states, such as net primary production and above-
ground biomass, and they are documented at species level and 

aggregated over the entire stand. Simulations can be saved using 
a user-defined path when run and later loaded as a simple simu-
lation (load_output function) or a stack of simulations (load_stack 
function).

2.5  |  Simulated airborne LIDAR scanning option

TROLL also has the capacity of generating point clouds from virtual 
aerial LIDAR scanning of simulated forest scenes. Within each cubic 
metre voxel of the simulated stand, points are generated probabil-
istically, with the probability depending both on the amount of light 
reaching the particular voxel and the amount of leaf matter inter-
cepting light within the voxel. Extinction and interception of light 
are based on the Beer–Lambert law, but an effective extinction fac-
tor is used to account for differences between the near-infrared and 
visible light. The definition of the LIDAR parameters (generate_lidar 
function) is optional but allows the user to add a virtual aerial LIDAR 
scan for a time step of the TROLL simulation. When this option is 
enabled, the cloud of points from simulated aerial LIDAR scans is 
stored as LAS using the R package lidR (Roussel et al.,  2020) as a 
ninth attribute of the trollsim and trollstack objects.

2.6  |  Manipulation of simulation outputs

rcontroll includes functions to manipulate simulation outputs. Simu-
lation outputs can be retrieved directly from the trollsim or trollstack 
objects and summarised or plotted in the R environment with the 
print, summary and autoplot functions. The get_chm function allows 
users to retrieve canopy height models from aerial LIDAR point clouds 
(Figure 2). In addition, a rcontroll function is available to visualise TROLL 
simulations as an animated figure (autogif function, Figure 1b).

3  |  APPLIC ATIONS

3.1  |  Sensitivity of TROLL parameters

As a first example, we performed a sensitivity analysis of 12 parame-
ters (Table 1), the results of which could be used for effective model 
calibration. Calibration of TROLL consists of adjusting the parameter 
values so that the model behaves as closely as possible to the empiri-
cal data. We simulated an undisturbed forest plot located in French 
Guiana based on the inventory data from the Paracou research 
station (Gourlet-Fleury et al., 2004). We retained only the species 
provided as defaults in rcontroll. We sampled the parameter space 
using the Latin hypercube sampling (LHS) method, using the a priori 
parameter ranges (Table  1). LHS was modified to account for the 
expected correlation between parameters (Fischer, 2019) using the 
Huntington–Lyrintzis algorithm (Huntington & Lyrintzis,  1998) im-
plemented in the pse R package (Chalom & Prado, 2017). Parameter 
combinations were replicated 10 times to assess stochastic variation 
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(500 combinations × 10 replications leading to 5000 simulations). 
Simulations were run from an initial bare ground for 600 years using 
the stack function in rcontroll, and they were subsequently summa-
rised into four ecosystem metrics averaged over the last 100 years: 
the number of trees ≥10 cm DBH, the number of trees ≥30 cm DBH, 
above-ground biomass and gross primary production. To convert 
the discrete response into a continuous response function, covering 
the entire space of the 12 parameters, we derived a Gaussian pro-
cess model for each ecosystem metric from the repeated samples 
using the hetGP R package (Binois & Gramacy, 2021). This surrogate 

method allows us to generate any number of additional simulations 
for any parameter combination and yields robust mean estimates of 
ecosystem metrics with TROLL parameters independent from the 
noise generated from replications.

Finally, a sensitivity analysis was carried out using the sensi-
tivity R package to determine the relative influence of the 12 pa-
rameters on the mean estimates of the four ecosystem metrics. 
We used Morris analysis, a qualitative approach to eliminate non-
influential parameters (Morris, 1991). Morris analysis is based on 
a one-step-at-a-time sampling scheme (i.e. at each run, only one 

F I G U R E  2  Comparison of clouds of points obtained from a virtual airborne LIDAR scan of a forest scene simulated with TROLL (a) with 
a real airborne LIDAR scan from Nouragues station (b). The horizontal axes represent the x-axis and y-axis (in metres), and the vertical axis 
represents height (in metres). The thermal colour scale indicates the height of the points in the cloud, from 0 m in dark blue to 50 m in red. 
The LIDAR simulator is not a ray tracing algorithm, but an approximation of the real laser scans, and the comparison shows among other 
things simplified geometric shapes of the trees and no return loss due to oblique angles.

TA B L E  1  Parameters used for the sensitivity analysis. Parameters have been classified by associated processes. The a priori interval used 
for sensitivity analysis is given for each parameter with its source.

Processes Parameters
A priori 
interval Source

Leaf ecophysiology klight: light extinction coefficient (dimensionless) [0.50, 0.95] Maréchaux and Chave (2017)

Φ: apparent quantum yield for C fixation 
(

molC.molphotons−1
)

[0.04, 0.09]

g1: stomatal conductance parameter (kPa) [2.00, 5.00]

Carbon allocation fwood: fraction of NPP allocated to wood growth (%) [0.01, 1.00] fwood + fcanopy + fleaf = 1

fcanopy: fraction of NPP allocated to canopy (%) [0.01, 1.00]

Mortality m0: maximal basal mortality rate (events. year−1) [0.01, 0.05] Fischer (2019)

wsglim: wood specific gravity limiting mortality 
factor (dimensionless)

[1.00, 1.20] Maréchaux and Chave (2017)

Vc: treefall stochastic threshold (dimensionless) [0.01, 0.15] Rau et al. (2022)

Reproduction seedrain: Total number of reproduction 
opportunities coming from outside

[100, 100,000] Maréchaux and Chave (2017)

nbs0: local seed dispersed par mature tree [1, 1000]

Crown allometry CRa: intercept of Log–Log regression to infer crown 
radius from DBH

[1.5, 3] Fischer (2019) with a correlation factor: � = 0.65

CRb: slope of Log–Log regression to infer crown 
radius from DBH

[0.4, 0.8]
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input parameter is given a new value), which infers the effects of 
each parameter on the ecosystem metrics. The sensitivity factors 
can be compared globally, and the nonlinearity and interaction 
of the model is described qualitatively. The Morris analysis high-
lighted TROLL sensitivity to the parameters CRa of the allometric 
relationship between crown radius and trunk diameter, the frac-
tion of net primary productivity allocated to the canopy fcanopy and 
the apparent quantum yield for carbon fixation � (Figure 3; Fischer 
et al., 2019; Maréchaux & Chave, 2017). The Morris analysis also 
revealed the importance of nonlinear effects or interactions of the 
tested parameters on the four ecosystem metrics, which can be 
explored further quantitatively with variance-based analyses (e.g. 
Sobol indices, see Supplementary Information SI2 and SI3). Thus, 
use case shows how rcontroll helps handle complex and simulation-
intensive experiments, fostering our understanding of the TROLL 
model behaviour, and hence of model predictions and uncertain-
ties, as well as its transferability.

3.2  |  Functional diversity and forest resilience

As a second example of rcontroll application, we revisited the 
question: does functional diversity improve the tropical forest 
resilience to disturbance, which has been previously addressed 
in a virtual experiment using TROLL (Schmitt et al.,  2020). We 

replicated a scaled-down version of this experiment to demon-
strate how the rcontroll interface facilitates the implementation of 
a simulated experiment such as this one (Supplementary Informa-
tion SI4 and SI5). For three levels of species richness (5, 10 and 
20), we simulated 10 random assemblages of communities whose 
composition from the default TROLLv3_species dataset included 
in rcontroll (resulting in 30 simulations). This was done using the 
stack function. Simulations were initialised from bare ground and 
run for 600 years to reach a mature forest state. We then sam-
pled half of the individual trees and removed the rest to simu-
late a random disturbance (simplified from Schmitt et al., 2020). 
After the disturbance stage, forest dynamics was simulated for 
another 600 years, again using the stack function. A control simu-
lation was also conducted (with no disturbance). Taxonomic and 
functional diversity were assessed before and after disturbance 
using indices of species richness and functional diversity (FDiv, 
the volume of functional space occupied by the community; FEve, 
the regularity of the distribution of abundance within this volume; 
Villéger et al., 2008). We computed changes in above-ground bio-
mass, basal area, total number of stems, number of stems larger 
than 10 cm and 30 cm DBH, from which we calculated a resilience 
index (see Schmitt et al., 2020). The rcontroll package reproduces 
the analyses of Schmitt et al.  (2020) with only about 80 lines of 
R code, increasing transparency and replicability (Supplementary 
Information SI4 and SI5; Figure 4).

F I G U R E  3  Sensitivity of TROLL to 
parameters using Morris analysis. Twelve 
parameters of TROLL were tested, 
with abbreviations found in Table 1. 
The level of grey of the label indicates 
parameters related to the same processes 
(from dark grey to white, respectively: 
carbon allocation, crown allometry, 
leaf ecophysiology, mortality and 
reproduction). The x-axis represents the 
absolute mean of elementary effect μ*, 
and the y-axis represents the variance of 
elementary effect σ. A high μ* indicates 
a factor with a heavy overall influence 
on model outputs; a high σ indicates 
heterogeneity of the sensitivity across 
the parameter space, which could indicate 
nonlinearities or interactions with other 
parameters. A high μ* also tends to 
produce high σ, so σ should be interpreted 
relative to the ratio σ/μ*. The three lines 
dividing the space provide the type of 
relation of the focal parameter with other 
studied parameters.
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4  |  DISCUSSION

The R package rcontroll is a wrapper for the TROLL individual-based 
forest simulator. The main goal is to increase the accessibility of the 
C++—coded model and to make it available to a wider community of 
researchers and students by facilitating the setting up and running 
of simulations. rcontroll also provides the community with tools to 
quickly analyse the outputs of TROLL in a standardised way. rcontroll 
is intended to facilitate research on complex issues in forest ecology 
and provide new use cases. This new wrapper of TROLL will also help 
increase transparency and reproducibility in simulation experiments.

We have provided two concrete use cases. In the first, rcon-
troll is used to perform a simulation-intensive sensitivity analysis 
of 12 parameters of the TROLL model, providing both a better 
understanding of the model's behaviour and uncertainties and 
opportunities for efficient model transferability with calibration 
across sites. In the second, we showed how rcontroll facilitates the 
replication of a previously published analysis (Schmitt et al., 2020) 
by simplifying the code while increasing transparency and repro-
ducibility. The reproducibility of studies can be further increased 
by the use of other R packages, such as tidyverse (Wickham 
et al.,  2019) essential for processing simulation results, analyses 
and graphs. rcontroll can be used to address a wide range of topical 
fundamental and applied ecological questions by means of model-
ling, such as the assessment of management scenarios (Marechaux 
et al., 2020).

The rcontroll package is tightly linked to TROLL, so a specific 
discussion of the latter is in order here. As with any model, TROLL 
is built upon assumptions and care should be taken to interpret 
its results carefully. We strongly recommend that users apply the 
model within its current range of application and discuss their re-
sults by taking into account the limitations of TROLL discussed in 
Maréchaux and Chave  (2017) and Rau et al.  (2022). TROLL has 
been developed and used for natural tropical forests. Although 
it is intended to be widely applicable and has been successfully 
extended to the subtropics (Rau et al., 2022), certain assumptions 
need to be critically examined when applying it outside the trop-
ics. Some assumptions and limitations may change with TROLL ver-
sions (3.1.7 at the time of this manuscript), so users are encouraged 
to check future TROLL upgrades. Feedback on the TROLL model is 

welcome by the development team (JC, IM and FJF). As TROLL is 
being further developed, we plan to upgrade rcontroll concurrently 
with TROLL and to swiftly include any major new development. 
rcontroll includes a helper function that keeps track of the cor-
responding TROLL version (TROLL.version function). In future, we 
also plan to add a global user interface in shiny for rcontroll (e.g. 
Schmitt et al., 2017), to increase its user-friendliness, as well as the 
Canopy Constructor model (Fischer et al., 2020), which could be 
used to run simulations from empirical forest inventories. Finally, 
we aim to increase the interoperability of rcontroll with the rest 
of the R ecosystem by providing formatting functions that would 
make it easy to import forest inventories from existing reposito-
ries or models and to easily export simulation outputs to other 
tools designed for their analysis.

The rcontroll package is free and open source (version 0.1.0 with 
GPL3). It is available on the CRAN repository https://cran.r-proje​
ct.org/web/packa​ges/rcont​roll/index.html and can be installed in 
the R environment using the install.packages (‘rcontroll’) command. 
The project is hosted on GitHub (https://github.com/sylva​insch​
mitt/rcont​roll), which allows future users to openly contribute to the 
project.
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