Drivers of carbon stocks across tropical forests: the
need to disentangle the response of forest structural

attributes to environment
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Context Hypothesis

Tropical forests are one of the largest carbon pools on the The crux lies in shifting away from the idea that forest
planet and one of the largest remaining uncertainties in the blomass Is a singular entity to considering it as an
global carbon budget, challenging the development of aggregated property shaped by multiple attributes of the
accurate climate projections and appropiate conservation forest stand, such as basal area, canopy height, quadratic
actions. A critical observed-modeled discrepancy highlights mean diameter, stem density and average wood density,
persistent gaps, particularly in our understanding of how each responding independently to environmental factors.
tropical forest carbon stocks respond to environmental Here, we hypothesize that environmental factors influence
conditions. Although climate, topography and soil are aboveground biomass (AGB) indirectly through a mediated
recognized as key drivers of the diversity and dynamics of pathway, where environmental factors influence each
tropical forests, their direct impact on biomass and carbon structural attribute, which in turn shapes AGB.

stocks remains unclear.

Method

We compiled inventories from 2,073 plots of tropical forests across five regions: Central America, South America, Africa, Asia,
and Oceania. We tested the influence of key environmental factors, namely climate, soil properties, and topography, on each

structural attribute, as well as directly on AGB, using multiple linear regressions at the pantropical scale and within each
continent separately.
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Figure 1. Variations in forest structure and aboveground biomass across the tropics. Field inventories were provided by the Global Forest Biodiversity Initiative (GFBI in collaboration with the Science-i web
platform, https://www.gfbinitiative.org/), the FORESTPLOTS network (https://forestplots.net/) and directly by principal investigators of field plots.

Pantropic Pantropic Forest structural attributes reveal
o1 " N e stronger relationships with
—_ 40 .
€ 20, . X : " S . environmental factors compared to
] | Ww 304 : . . .
z 2 : ; g :|49% AGB. Within each continent, models
101 —— —— I 201 : - - - . .
N : predicting structural attributes exhibit a
P — B — - - p— | JPTT—— 107 : .
Canopy height WJE?%K:E;EL| Me?jigﬁnu;[e”rat C Stem density Basal area Aboveground biomass S;;;Jrcltt}ujrtig vy re I atlve e rror (Root M ean Sq u ared
Error) of about 50% lower than models
Central America South America Africa Asia Oceania . . . .
50{ n=35 ' =7 50{ n=35 " n=7 50{ n=35 - n=7 50{ n=35 ' n=7 50{ n=35 " n=7 pred|Ct|ng AG B—except IN Oceanla,
] * I | ] * I .
. o : _% - o ;I o 5 where the error Is around 41% lower,
& 301 ! < 304 < 301 : & 30 | 51% > 301 : .
s 0 BT 8, . B 0. Q 1 149% 5.0 B 5, o ’I " both when montane forests are included
= | o 4 x i @ | & Y 41y
0 ; of E ] 4o% o of T To BT and when they are excluded.
01 , ol : 01 : 0 : 04 :
Struc'tural ,&G'E»' Stru:ftural AGB" STl'ur:'tural AG'-E‘ St:'uc'tural AG"B' Struc'tural AGB'
attributes attributes attributes attributes attributes
Figure 2. Model error in predicting forest structure vs. aboveground biomass, considering montane forests.
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Figure 3. Climatic drivers of forest structure vs. aboveground biomass, considering montane forests: Standardized coefficients of the multiple linear models (expressed as a % compared to the average)
predicting each forest structural attribute and aboveground biomass with three climatic variables and other predictive variables (soil, topographic variables, and Moran’s Eigenvector Maps) are not shown.

In most cases, climate has no direct influence on forest AGB. However, a deeper analysis reveals that climatic variables
significantly influence forest structural attributes. This indicates that the relationship between climate and AGB is not

straightforward but indirect, mediated through structural attributes that respond to environmental factors and, in turn, shape
forest AGB.

Take-home message

Within tropical forests, the focus should shift from studying direct environmental influences on AGB to analyzing how individual
structural attributes respond to environmental factors and shape AGB across continents. This study provides a new
understanding of the spatial distribution of forest biomass Iin the tropics and opens promising avenues for reducing
uncertainties in the global carbon budget and for modeling forest response to global change.
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