Zhang et al. (2025) Soils and topography drive large and predictable shifts in canopy dynamics across tropical forest landscapes
Operating system: 
WINDOWS (64-bit operating system, x64-based processor)
R statistical freeware: 
R version 4.4.1
R dependencies (packages):
sf_1.0-16
sp_2.1-4
terra_1.7-78
rgeos_0.6-4
tidyverse_2.0.0
magrittr_2.0.3
data.table_1.15.4
MetBrewer_0.2.0
ggplot2_3.5.1
ggpubr_0.6.0
ggpubr_0.2
Note:
As long as it is run on Windows, the code should work with other R & packages versions. 
Installation guide:
Install R from CRAN (https://cran.r-project.org/bin/windows/base/)
Dependencies can be installed from R, with the command: install.packages("package_name")


Instructions to run on data:
The R code allowing to reproduce the main results of the manuscript is provided (folder “R script” > file “Cells_divided_and_metrics_derived.R” and “Sepilok_figs_and_MLM.R”).
All data required to replicate the analysis and results are provided. Please find detailed instructions below.
The airborne laser scanning data acquired in both 2014 and 2020 are permanently archived on Zenodo (https://doi.org/10.5281/zenodo.10908679) and on NERC’s Centre for Environmental Data Analysis (CEDA) archive (https://data.ceda.ac.uk/neodc/arsf/2014/MA14_14 and https://doi.org/10.5285/dd4d20c8626f4b9d99bc14358b1b50fe).
<!><!><!> In the R code, the user needs to manually set the path to the folder containing 
the data and outputs <!><!><!>  
Expected outputs:
The R code allows generating the results of the following figures of the main manuscript : 
Figure 1, panels “b-e”
Figures 2-5
Workflow:
One can reproduce the figures and models from the paper using the R script "Sepilok_figs_and_MLM.R". One will need the summary files "classify_type_full_5classes_FixedH_dtm_b.csv", “canopy_volume_response_summary_FixedH_5_classes_b.csv” and “canopy_volume_change_summary_FixedH_5_classes_b.csv” from the "Sepilok_summary" folder.
The full workflow includes of five steps:
Step 1 divides the whole landscape into 1-ha cells. For adjacent forest types within a 1-ha cell, the cell was assigned to the forest type occupying more than 0.75 ha.
Step 2 derives canopy structural metrics, topographic index and canopy dynamic classes from each 1-ha cell. LiDAR data coverage was calculated for each cell. Cells with less than 95% LiDAR data coverage were excluded from further analysis." Output data – “classify_type_full_5classes_FixedH_dtm_b.csv”.
Step 3 incorporates five canopy dynamic classes into canopy volume gains and losses. Output data – “canopy_volume_change_summary_FixedH_5_classes_b.csv” and “canopy_volume_response_summary_FixedH_5_classes_b.csv”.
Step 4 produces the figures.
Step 5 runs the models. Output data – “MLM_prediction_by_1000m_5classes_2014gaps_b.csv”.
The variable names, definitions and units for each of the summary data files are given below:
tile_id - unique identifier for each 1-ha square cell.
class – unique identifier for each canopy dynamic class.
area_class – occupied area of each canopy dynamic class within 1-ha cell (m2).
CHMa_mean_class – mean canopy height in 2014 at each dynamic class area (m).
[bookmark: OLE_LINK1]Mean_height_increase_class – mean height increases (CHM2020 - CHM2014) at each dynamic class area (m).
Volume_increase_rate – the rate of volume increases from 2014 to 2020 at each dynamic class area (m3ha-1yr-1). Canopy volume change rate (m3ha-1yr-1) = Canopy height change (m) * Area (m2) * 1-1 (ha) / Scanning interval (year).
Proportion_of_area – proportion of area for each dynamic class area (%).
Height_increase_rate_class – the rate of canopy height increases from 2014 to 2020 at each dynamic class area (m yr-1).
tilesize – cell size (1 ha).
n_tiles – number of processed tiles in total.
height_threshold_type – FixedH, fixed height threshold method.
gap_height_threshold – canopy gaps are areas with vegetation lower than 10 m.
min_area_threshold – the minimum gap size (25 m2).
disturbance_height_threshold – class of ‘disturbance’ are areas with height decreases greater than disturbance_height_threshold (5 m), but did not create gaps that extend below 10 m.
percentage_notNA_a - 2014LiDAR data coverage for each cell, and cells with values higher than 95 (%) were included in the analysis.
percentage_notNA_b - 2020LiDAR data coverage for each cell.
Initial_mean_height – mean canopy height of each cell derived from 2014 LiDAR data (m).
Initial_sd_of_height – standard deviation of canopy height of each cell derived from 2014 LiDAR data (m).
Initial_max_height – maximum canopy height of each cell derived from 2014 LiDAR data (m).
Initial_cvk_height – coefficient of variation in canopy height of each cell derived from 2014 LiDAR data (m).
Initial_gap_fraction – gap fraction at 10 m aboveground of each cell derived from 2014 LiDAR data (%).
Final_mean_height – mean canopy height of each cell derived from 2020 LiDAR data (m).
Final _sd_of_height – standard deviation of canopy height of each cell derived from 2020 LiDAR data (m).
Final _max_height – maximum canopy height of each cell derived from 2020 LiDAR data (m).
Initial_cvk_height – coefficient of variation in canopy height of each cell derived from 2020 LiDAR data (m).
Final _gap_fraction – gap fraction at 10 m aboveground of each cell derived from 2020 LiDAR data (%).
mean_height_increase – average canopy height increases (CHM2020 - CHM2014) of each 1-ha cell (m).
tile_elevation_b – average elevation derived from 2020 LiDAR data of each 1-ha cell (m).
tile_slope_b - average slope derived from 2020 LiDAR data of each 1-ha cell (degree).
tile_twi_b - average TWI derived from 2020 LiDAR data of each 1-ha cell.
soil_type – alluvial, sandstone or heath
xmin_coord – coordinate x of the left bottom point of each cell.
ymin_coord – coordinate y of the left bottom point of each cell.
geometry – geometry list of each cell.
Mean_height_increase_class_Loss - mean height increases (CHM2020 - CHM2014) of the volume loss layer (m).
Volume_increase_rate_Loss - the rate of volume increases from 2014 to 2020 of the volume loss layers (m3ha-1yr-1).
Proportion_of_area_Loss - proportion of area of the volume loss layers (%).
