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ABSTRACT

Everwet tropical forests, defined by the absence of a pronounced dry season, are globally significant carbon sinks, covering
roughly 80% of Southeast Asian tropical forests, 30% of the Amazon basin, and 10% of the Congo Basin. Yet the climatic drivers of
stem radial growth in these ecosystems remain understudied. The prevailing hypothesis is that growth is primarily light-limited,
as persistent cloud cover constrains photosynthesis. Evaluating this assumption is critical as climate projections for the humid
tropics point towards rising atmospheric evaporative demand, episodic drought, and reduced cloud cover, conditions whose net
effect on woody growth remains unresolved. To address this gap, we deployed automated point dendrometers on 35 trees in an
everwet subtropical forest with 3500 mm mean annual precipitation and no pronounced rainfall seasonality, collecting 2years
of hourly radial stem growth data alongside concurrent measurements of soil moisture, vapor pressure deficit (VPD), and light
availability. Contrary to the prevailing light-limitation hypothesis, soil moisture and atmospheric evaporative demand were the
primary determinants of both whether and how much growth occurred on any given day, even under these perennially wet
conditions. Light availability and photoperiod enhanced growth magnitude when water was not limiting, but their effects were
consistently smaller. Droughts occurring during the wetter, high-growth months had the greatest negative impact on annual
stem increment, potentially reducing annual growth to just 20% of current levels. These results challenge long-standing assump-
tions of light-limited stem growth in everwet forests, which is critical for improving model projections of forest responses to cli-
mate change. Broader validation across tropical forests, combined with direct physiological measurements of carbon uptake and
storage, will be essential to evaluate our working hypothesis that radial growth in these everwet ecosystems is ultimately more
constrained by water availability than by carbon supply.
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1 | Introduction

Tropical forests play a crucial role in carbon uptake and stabili-
zation of the global climate (Pan et al. 2024; Anderson-Teixeira
et al. 2021). However, the persistence of this carbon sink is in-
creasingly uncertain as a warming climate increasingly changes
growth conditions (Hubau et al. 2020). Rising atmospheric CO,
concentrations (Zwartsenberg et al. 2025), higher temperatures
(Trew et al. 2024; Feron et al. 2024), more frequent and pro-
longed droughts (Feron et al. 2024) and increasing aridity (Fang
et al. 2022) are reshaping growth conditions across the tropics.
Meanwhile, we still have a limited mechanistic understand-
ing of how temporal climate variability influences radial stem
growth and consequently, woody biomass accumulation (Peters,
Kaewmano, et al. 2023; Zhou et al. 2023). This knowledge gap
is particularly pronounced in everwet forests, for example,
those that experience no month with less than 100 mm of rain.
The absence of strong rainfall seasonality limits the formation
of distinct tree rings, complicating the development of growth
chronologies to study climate-growth relationships (Zuidema
et al. 2022). Long-term tree censuses offer an alternative, but
data from everwet ecosystems is also scarce with only a few stud-
ies measuring growth sub-annually to study climate-growth re-
lations (Clark et al. 2010). Consequently, everwet forests remain
underrepresented in the literature, limiting our insights into the
drivers of growth in these highly productive systems (Muller-
Landau et al. 2021). This knowledge gap is especially important
to address given that everwet forests constitute roughly 80% of
Southeast Asian tropical forests (Luo et al. 2024; Huke 1982),
30% of the Amazon basin (Luo et al. 2024; Anderson et al. 2018)
and 10% of the Congo Basin (Luo et al. 2024).

This limited understanding of climate-growth relationships
is reflected in a major uncertainty in the land surface compo-
nents of Earth System Models, our primary means of project-
ing the long-term effects of global climate warming (Canadell
etal. 2021). In process-based dynamic vegetation models, growth
is directly governed by photosynthesis, quantified as gross pri-
mary productivity (GPP) (Fatichi et al. 2019; Friend et al. 2019;
Koven et al. 2020; Xu et al. 2016; Fatichi et al. 2014). GPP sets
the total available carbon pool and after accounting for respi-
ration, tissue turnover, and carbon storage replenishment, the
residual carbon is allocated to tissue growth (Koven et al. 2020).
This framework assumes that all post-assimilation processes,
including leaf, stem and root biomass production, are solely
constrained by photosynthesis, that is, source-limited (Friend
et al. 2019; Keenan et al. 2016). Under this paradigm, enhance-
ments to GPP are expected in wet tropical forests via increased
atmospheric CO, concentrations, reduced cloud cover (and
thus increased light availability), and changes in leaf dynam-
ics, leading to increased radial stem growth (Hubau et al. 2020;
Zwartsenberg et al. 2025; Green et al. 2020; Knauer et al. 2023;
Graham et al. 2003). However, recent empirical studies suggest
that radial stem growth is decoupled from GPP, exhibiting a di-
rect sensitivity to temperature and moisture unrelated to pho-
tosynthesis (Peters, Kaewmano, et al. 2023; Friend et al. 2019;
Wagner et al. 2016; Cabon et al. 2022; Korner 2015). These
findings point to the role of sink-limitation, that is, direct con-
straints on the ability of trees to convert assimilated carbon into
biomass. Although the distinction between source- and sink-
driven growth may not be absolute (Gessler and Zweifel 2024;

Trugman and Anderegg 2025), uncertainty in carbon alloca-
tion mechanisms under variable climate conditions is leading
to diverging long-term projections of carbon dynamics (Friend
et al. 2019; Bonan and Doney 2018; Xu et al. 2024). Current mod-
els underestimate water sensitivity and overestimate light sensi-
tivity (Restrepo-Coupe et al. 2017; Eckes-Shephard et al. 2021),
and overall overestimate woody productivity (Muller-Landau
et al. 2021; Eckes-Shephard et al. 2025). Resolving these discrep-
ancies requires a more mechanistic understanding of the direct
sensitivity of stem growth to environmental variability across
a broad range of climate conditions (Friend et al. 2019; Eckes-
Shephard et al. 2021; Babst et al. 2021).

To test climate-growth relationships at high temporal resolu-
tion, automated dendrometers are becoming increasingly popu-
lar as they can provide sub-daily measurements of stem growth
(Zweifel et al. 2016; Zweifel et al. 2021). Although not yet as
widely used in tropical forests, existing studies have under-
scored the critical role of water, both in the soil and atmosphere
(via vapor pressure deficit, VPD), in regulating cell division, ex-
pansion and tree growth (Peters, Kaewmano, et al. 2023; Zhou
et al. 2023; Spannl et al. 2016; Luse Belanganayi et al. 2024;
Niessner et al. 2020; Angoboy Ilondea et al. 2021; Gheyret
et al. 2021; Kaewmano et al. 2022). However, like tree ring stud-
ies, to our knowledge all high-resolution dendrometer studies to
date have been conducted in seasonally dry forests, character-
ized by dry seasons lasting between three and seven months,
with all but one site receiving less than 2000 mm of annual rain-
fall (Figure S1). In these seasonally dry forests, water scarcity is
a well-established constraint on growth, but in everwet forests
the environmental controls on growth may be substantially dif-
ferent (Rifai et al. 2018). In forests with over 2000 mm of annual
rainfall, even if still seasonal, light is often hypothesized to be
more limiting than water for photosynthesis and growth, due to
persistent cloud cover (Wagner et al. 2016; Wagner et al. 2014;
Yang et al. 2023; Restrepo-Coupe et al. 2013). However, al-
though artificial increases in light availability led to increased
branch growth (Graham et al. 2003), this study did not consider
the potential negative effect of radiation via co-occurring ele-
vated VPD (Grossiord et al. 2020; Shekhar et al. 2023). In con-
trast, results from annual stem censuses in a wet forest in Costa
Rica (4000mm rain/year) indicated that wood production can
be severely reduced by even slight increases in dryness or tem-
perature (Clark et al. 2010). High resolution dendrometer data
now offers the means to resolve these dynamics by capturing
stem expansion patterns on an hourly scale (Zhou et al. 2023;
Giraldo et al. 2023).

Here, we tested the hypothesis that photosynthetically active ra-
diation is the primary positive driver of stem growth in an ever-
wet subtropical rain forest, measured as photosynthetic photon
flux density (PPFD) (Graham et al. 2003; Wagner et al. 2014;
van Schaik et al. 1993). To measure radial stem growth, we
installed point dendrometers on 35 dominant trees from four
species in an everwet subtropical forest in Puerto Rico with an
average total rainfall of 3500mm/year. Although the forest is
everwet, rainfall shows some seasonality, ranging from a daily
mean of 5.8 mm/day in March to 11.5mm/day in November (see
Section 2). Based on historical irradiance data, we expected
higher growth rates from April to August (Hogan et al. 2019),
when each month receives about 10% of the total yearly PPFD,
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compared to November to February, when monthly PPFD drops
to 6%—7%.

We measured hourly stem diameter changes from August 2022
until August 2024, alongside concurrent measurements of ra-
diation (PPFD, mmol/m?/h), soil moisture (volumetric water
content, %), VPD (kPa), and daily photoperiod (number of hours
with light). The selected species spanned different life history
strategies (early, mid, and late successional), allowing us to
assess whether differing photosynthetic and hydraulic traits
shaped species-specific responses to climate (Wen et al. 2008;
Smith-Martin et al. 2023). Growth was quantified using a zero-
growth model that identifies increases in stem diameter as
growth only when the tree reaches a new maximum (Zweifel
et al. 2016) (illustrated in Figure 2a and Figure S2), assum-
ing limited growth happens during periods of stem shrinkage
(Zweifel et al. 2016). In these analyses, we assumed that ample
water availability would enable trees to maintain open stomata
throughout the day, thereby supporting sustained photosynthe-
sis (Peters, Kaewmano, et al. 2023; Catovsky et al. 2002), and
that higher PPFD would consequently result in higher carbon
uptake and growth (Graham et al. 2003). Although we did not
directly measure photosynthesis, we monitored daily sapflow in
all trees during three measurement campaigns, assuming pos-
itive sapflow represents open stomates and thus the potential
for photosynthesis (Lapa et al. 2017). Lastly, we also modeled
growth under several potential climate scenarios to test how a
change in climate may affect growth for these species.

2 | Materials and Methods
2.1 | Site and Tree Species

This study was conducted at the Luquillo Experimental Forest
in northeastern Puerto Rico, an evergreen forest classified as
subtropical wet forest (Ewel and Whitmore 1973). The site has
a mean annual temperature of 25.2°C and receives 3500 mm
of rainfall annually. Although rainfall is relatively stable, with
no month typically receiving <100mm, half of the annual
precipitation occurs between August and December, with gen-
erally somewhat lower rainfall between January and March
(Figure 1). Rainless periods of 1week are common (once per
year, on average) while longer droughts (>2weeks) have his-
torically occurred every few years (Scatena 2001). There is also
some seasonality in temperature, VPD and light conditions
(Figure 1) (Hogan et al. 2019). From June to October, tempera-
tures are 2°C-4°C warmer, leading to elevated VPD. During this
period sunlight is also more direct, leading to higher maximum
PPFD. Additionally, photoperiod ranges from 11 to 13.5h of day-
light between the cooler months of December and January and
the warmer months of June and July, respectively.

In August 2022, we established six plots of 20x20m adjacent
to the existing Luquillo Forest Dynamics Plot (LFDP; 18°200N,
65°490N) (Thompson et al. 2002). Two soil probes were in-
stalled per plot at a depth of 15cm to measure soil volumet-
ric water content (%) hourly. Soils in this part of the forest are
Zarzal clays with a pH between 4.5 and 6 (O'Connell et al. 2018).
Roots are mainly located in the top 20 cm of the soil (Yaffar and
Norby 2020), therefore we assume this is the most important

depth for water uptake. A nearby climate station at the El Verde
Field station, located between 60 and 450m from the plots,
provided hourly climate data on rainfall, relative humidity,
temperature, and radiation. VPD was calculated from relative
humidity and temperature measurements using the planteco-
phys package (Duursma 2015), assuming an atmospheric pres-
sure of 97.8672 Pa to reflect the elevation (300m). The LFDP has
experienced multiple natural and anthropogenic disturbances
over the past century.

Before 1934, portions of the plot were lightly logged and farmed
for household agriculture (Thompson et al. 2002), but forest
structure and canopy cover have since recovered. In the past few
decades, the LFDP has also experienced three major hurricanes:
Hugo in 1989, Georges in 1998, and Maria in September 2017.

Within the six plots, we initially installed point dendrometers on
33 trees of four species: the early successional pioneer Cecropia
schreberiana (seven individuals), the mid-successional Guarea
guidonia (five individuals), and the late successional Dacryodes
excelsa (11 individuals) and Sloanea berteroana (10 individuals).
These species are among the most dominant of each successional
stage in this forest: in the 2016 census of the LFDP, individuals
of C. schreberiana represented 5.1% of the total basal area, G.
guidonia 2.8%, D. excelsa 10.4% and S. berteroana 4.3%. These
species have not been investigated for the presence of annual
rings, but wood cores did not show clear ring formation upon
investigation in the field. Dendrometers were installed over the
bark at breast height (1.3m) and stem radius was monitored
hourly for 2years, from August 2022 until August 2024. Because
dendrometers require a settling period, we discarded the first
month and analyzed the remaining 709 days. Additionally, point
dendrometers were installed on two more individuals of G. gui-
donia in December 2023, providing 244 days of data.

To quantify water status in the same individuals for which we
measured growth, we conducted three sapflow and pre-dawn
water potential measurement campaigns in July 2023 (high
irradiance), November 2023 (peak rainfall), and March 2024
(lowest rainfall). Predawn leaf water potential (‘I»‘pd), a proxy
for plant hydration, was measured on leaves of 23 individuals
of D. excelsa, G. guidonia, and S. berteroana using a pressure
chamber (PMS Instrument Company). We excluded ¥4 on C.
schreberiana due to its insufficient foliage and two D. excelsa,
one G. guidonia and two S. berteroana could not be measured
due to lack of leaf access. For each measurement, leaves were
cut before dawn, immediately sealed in plastic bags to prevent
water loss, and transported to the laboratory. There, leaves were
placed in the pressure chamber, and pressure was gradually in-
creased until xylem sap appeared at the cut surface. This value
was recorded as the leaf water potential.

Additionally, we measured total daily sapflow on 33 individu-
als using the SFMx Sap Flow Meter (ICT International), which
employs the Heat Ratio Method to quantify sapflow through the
xylem (one D. excelsa and one G. guidonia were not included).
For each tree, three stainless steel needles (two with thermis-
tors and one as a line heater) were inserted into the sapwood at
~1.3m height and covered with reflective closed-cell insulation
to reduce the influence of external temperature fluctuations.
Sapflow was recorded hourly for 4-6weeks, after which sensors
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FIGURE1 | Monthly climate summaries from 2002 to 2023 recorded at the nearby El Verde research station. Panels show monthly averages of

total rainfall (mm/month), average daily maximum VPD per month (kPa) and average daily maximum PPFD per month (mmol/m?/h). Hourly mea-

surements were first aggregated to daily values, and monthly means were then calculated across all years. The thick lines indicate the multi-year

monthly means and the shaded areas represent the standard deviation. The red line indicates the climate in 2023, which was used as reference year

for the climate scenarios.

were removed. Daily sapflow totals were calculated by summing
hourly sapflow rates over each 24-h period.

2.2 | Radial Stem Growth Calculation

We checked and processed the raw dendrometer data to extract
radial growth using the treenetproc package (Kniisel et al. 2021).
Data losses, primarily due to cable damage, and errors related to
corrosion on springs were identified and addressed. We removed
periods when the spring was stuck and the characteristic diurnal
cycle was absent. Additionally, we excluded data showing large,

abrupt jumps, which likely resulted from external disturbances
(e.g., contact with a leaf, branch, or person). In such cases, we
realigned the post-jump data so that the time series continued,
minimizing the impact of these anomalies on our analyses. As a
result, not all trees were represented for the full study duration
(see Figure S3 for the start and end dates per tree).

Hourly stem dynamics were then translated to growth using
a zero-growth model, which identifies stem size increases as
growth only when the tree reaches a new maximum diameter
(Zweifel et al. 2016) (Figure 2a & Figure S2). The average num-
ber of valid observation days per tree was 537 (SD +167 days),
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FIGURE2 | Environmental drivers of stem growth responses across four tree species. (a) Schematic figure illustrating hourly growth data for two
hypothetical growth days, alongside the three components of the model structure. The blue line represents stem size fluctuations due to expansion
and shrinkage. The purple dotted line indicates the zero-growth model, which classifies stem size expansion as growth only when the tree reaches
a new maximum diameter (Zweifel et al. 2016). Growth days are defined from 18 h until 18 h the following day, so as not to split overnight growth
(gray shaded area) (Zweifel et al. 2021). Numbers correspond to the three processes in (b-d). (b—d) Model results are shown as posterior mean coef-
ficients and 95% credible intervals for the effects of four environmental variables on three growth responses: (b) the probability of daily tree growth
occurrence, (c) the growth duration per day (conditional on growth occurrence, hours); and (d) total daily growth (conditional on growth occurrence,
cm). Predictor variables include current day (‘growth day 0’) maximum soil volumetric water content (VWC, %) and maximum vapor pressure defi-
cit (VPD, kPa), combined with previous day (‘growth day —1’) maximum photosynthetically active radiation (PPFD, mmol/m?/h) and photoperiod
(hours of daylight). Coefficients and 95% credible intervals were estimated using 1000 draws from the posterior predictive distribution of a Bayesian
joint model (Supporting Information S1). Colors indicate different predictor variables and correspond to icons in (a). Species responses can differ

from the overall response, as indicated in Figures 3-5.

with values ranging from 100 to the full time period of 709 days.
We defined a ‘growth-day’ as the 24-h period between 18:00
and 18:00 the next day, aligning with evidence that radial stem
growth typically occurs at night (Figure S2c) (Zhou et al. 2023;
Zweifel et al. 2021). For each growth-day, we quantified (1)
whether growth occurred (binary), (2) the growth duration,
or the number of hours during which growth was observed if
growing, and (3) the total absolute radial growth that day (ra-
dial stem growth, cm). We compared our measured growth with
long-term data from the adjacent LFDP, where individual trees
are measured every 5years, and confirmed that our estimates of
growth fall within the ranges of average annual growth of the
species (Figure S6).

2.3 | Statistical Analysis

We calculated the predictor variables maximum soil moisture
(VWC, %) and vapor pressure deficit (VPD, kPa) for the growth-
day itself (day 0) as these reflect the water availability during
periods of growth (Zhou et al. 2023; Zweifel et al. 2016; Steppe
et al. 2015). Maximum VPD was also calculated for the preced-
ing growth-day (Peters, Kaewmano, et al. 2023). Additionally,
maximum radiation and photoperiod were calculated for the
previous growth-day (day —1), representing the amount of light

potentially used for photosynthesis and carbon fixation (Steppe
et al. 2015). This approach does not explicitly account for longer-
term buildup of non-structural carbohydrates, which may allow
for growth when circumstances are temporarily favorable.
However, if carbohydrate storage plays an important role in
these trees, we expect its influence to be partially captured by
photoperiod as both fluctuate over the year with a longer photo-
period in the summer months when irradiance is higher, which
could lead to higher storage of carbohydrates. We focused on
daily maxima for each variable because trees often respond more
strongly to extreme values than to means (Bauman et al. 2022).
To assess the sensitivity of our results to this choice, we fitted an
alternative model using daily mean values (see end of methods
and Figure S10).

Pairwise correlations showed that none of the predictor vari-
ables were strongly correlated (r<0.52), allowing them to be
safely included in the model (Dormann et al. 2013). The excep-
tion was the correlation between maximum VPD and radiation
on the same day (R? of 0.76, Figure S5). To test the influence of
this relationship, we substituted radiation with VPD in an alter-
native model (Figure S8).

To evaluate the effects of environmental variables on radial
stem growth, we developed a Bayesian joint model with three
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included as Figure S11.

components (see Supporting Information S1 for full model de-
scription and priors). The first component modeled the proba-
bility of growth for tree j of species [ in plot k occurring during
a particular day using a Bernoulli likelihood. The second com-
ponent modeled the number of growth hours, conditional on
growth occurrence, using a truncated negative binomial likeli-
hood (excluding zeroes). The third component, with a Gamma
likelihood, modeled total daily growth, also conditional on
growth occurrence. All three components were modeled as a
function of maximum VWC (VWCmax) and maximum VPD
(VPDmax) and previous-day maximum PPFD (PPFDmax) and
photoperiod (DayLength) (fixed effects).

We included species-level random slopes for each fixed effect,
to allow species-level responses to deviate from the community-
level mean (I). Additionally, we included random intercepts
for each species (1), plot (k), and tree (j) across all three model
components. The tree-level intercept («,..) Was shared among
components, capturing individual-level variation independent
of covariates. Specifically, the tree level random intercepts for
the second and the third component of the joint model shared
the same hyperparameters as the tree-level intercept from the

first component. These tree-level intercepts were multiplied by
a scale parameter estimated from the data (Bauman et al. 2022),
thus providing a link between the model estimating the proba-
bility of growth and the models estimating the number of growth
hours or total growth per day. All predictor variables were log-
transformed and standardized (z-scores) prior to analysis.

To account for temporal autocorrelation in the data, we incor-
porated an Ornstein-Uhlenbeck (OU) process, an alternative to
auto-regressive type 1 (AR1) for continuous time series. We used
the Integrated Nested Laplace Approximation (INLA) method
(G'omez-Rubio 2020) for model fitting, chosen for its compu-
tational speed and its efficient handling of temporal autocor-
relation. Model goodness-of-fit was assessed through posterior
predictive checks based on 1000 simulations of the posterior pre-
dictive distribution (Figure S7).

2.4 | Alternative Model Variations

We tested the robustness of our conclusions by fitting three al-
ternative models that retained the full joint structure. The first
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alternative model replaced previous day solar radiation with
maximum VPD, given the high correlation between these vari-
ables (Figure S8). In this model, we found a positive association
between previous-day VPD and total daily growth, which we in-
terpreted as an indirect effect of solar radiation via evaporative
demand.

Based on this result, we fitted a second alternative model, in
which previous-day maximum VPD replaced solar radiation
for the first two model components (growth occurrence and
number of growth hours), while previous-day maximum PPFD
was retained in the third component. This was motivated by
the expectation that water limitation more strongly influences
whether and how long trees grow, whereas total daily growth
(when growth occurs) may be more driven by carbon assimi-
lation from light availability. This model yielded results con-
sistent with our original model (Figure S9): a negative effect of
previous-day VPD on growth occurrence and only a minor posi-
tive effect of solar radiation on total daily growth.

A third alternative model used daily mean values for VWC, VPD,
and radiation instead of their daily maxima to assess how aver-
aging may influence observed associations with growth. This
model reinforced the importance of water availability for growth
occurrence (Figure S10), showing a positive association with

soil moisture and a negative association with both previous-day
VPD and radiation. However, in contrast to our main model, the
third component revealed no relationship between soil moisture
and total daily growth. As daily means may obscure short pe-
riods of (un)favorable growth conditions, especially under high
variability, we concluded that daily maxima more accurately
capture conditions under which growth occurs.

2.5 | Annual Growth for Four Climate Scenarios

We used the 1000 posterior samples from the main model to
project annual radial stem growth for an individual of average
size of each species under various climate scenarios. For the
baseline prediction, we calculated daily growth using observed
2023 climate data, which was representative for climate condi-
tions of the past 20years (Figure 1), and species-specific model
coefficients (the ‘no-change’ scenario). To simulate potential
changes in climate conditions, we modified the 2023 environ-
mental variables in several ways:

Scenario 1. Mean climate shift. Each daily environmental
variable was uniformly adjusted by a fixed amount to reflect
potential mean conditions. Regional projections consistently
indicate reduced rainfall and higher temperatures (Miller and
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Ramseyer 2024; IPCC 2021). Therefore, we tested the impact
of higher VPD and PPFD, and lower VWC on tree growth. To
define the magnitude of these adjustments, we used the severe
drought of 2015 as an empirical benchmark rather than a spe-
cific future projected climate year. Using an observed event
provides a well-constrained, internally consistent set of co-
occurring climate variables that can plausibly happen in the
near future, avoiding the additional uncertainty introduced by
climate model spread and downscaling assumptions (Herrera
and Ault 2017). The 2015 drought was the strongest in the past
five decades, during which rainfall dropped to just 15%-25%
of the long-term average (Smith-Martin et al. 2023; Guti'errez-
Fonseca et al. 2020), making it a realistic upper bound for near-
future drought conditions. Under this scenario, maximum VPD
was increased by +0.5kPa, maximum VWC decreased by 10%,
and maximum PPFD increased by +1000mmolm~2h~!. While
we lack long-term soil moisture data in our plots, short dry pe-
riods in our dataset showed 10%-20% VWC reductions, rarely
falling below 10% VWC; we thus applied a 10% VWC reduction
but capped minimum values at 10%. Although no strong change
in short-wave radiation was observed during the 2015 drought
itself, we added 1000 mmolm~—2h! to simulate conditions where
increased PPFD coincides with drought, equivalent to a 15%-
50% rise in total daily PPFD.

Scenario 2. Combined drought effects. This scenario included
simultaneous changes in VPD, VWC, and PPFD to reflect the
compound nature of drought impacts on tree physiology. We ap-
plied the same increases and reductions as in scenario 1.

Scenario 3. Intensified extremes. Based on an analysis of histor-
ical climate data showing a 14% increase in days with VPD >1
from 2012 to 2023 compared to 1999 to 2011 (despite no trend
in mean VPD), we increased maximum VPD by +0.5kPa to all
days where it originally exceeded 0.7kPa. On days with VWC
below 23%, we subtracted an additional 10% to intensify the dry
days without altering the wet conditions.

Scenario 4. Seasonal drought. We simulated seasonally targeted
climate stress by only changing climate in the wetter, low VPD
months (Dec-Feb) and sunniest/high VPD months (Jun-Aug).
In those periods, we applied simultaneous increases in maxi-
mum VPD (+0.5kPa), decreases in maximum VWC (—10%), and
increased maximum PPFD (+1000 mmol/m?/h) while leaving
the rest of the year unchanged.

For each model and climate scenario, we calculated daily
growth per species, which was aggregated to total annual
growth. We derived mean annual growth and 95% credible
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intervals from the 1000 model simulations using the highest
posterior density intervals and compared them to baseline
projections from 2023 to estimate percent change in growth.
All statistical analyses were conducted in R Software (R Core
Team 2024).

3 | Results

We observed high variability in radial stem growth among in-
dividuals during the study period. Some trees grew nearly con-
tinuously across all months, while others exhibited marked
seasonality with pauses between bursts of growth (Figure S3).
On days when growth occurred, trees grew from 1 to 22h,
with an average of 5.3 (£3.9 SD) hours, with growth happening
mainly but not exclusively at night through early morning. Daily
growth rates varied between 0.00038 and 0.21 mm per day, with
amean of 0.01 (+0.001 SD) mm/day.

3.1 | Water Sets the Stage for Radial Growth

We found water availability to be the most robust positive pre-
dictor of all three processes of radial stem growth across our four
study species (Figures 2, 3-5a,b; see Supporting Information
for the mathematical representation of the model). Higher soil
VWC and lower atmospheric VPD were significantly associated
with (i) a greater probability of growth occurrence (Figures 2b
and 3), (ii) more hours of growth per day (Figures 2c and 4), and
(iii) greater total daily growth (Figures 2d and 5). Light the pre-
vious day only became a significant positive driver for growth
when growth was already underway (growth occurrence=1):
total daily growth was positively associated with higher PPFD
(Figure 2d), but the effect size was still smaller than those of
VWC and VPD.

Independent of total PPFD, we also found a consistent positive
association between photoperiod and radial stem growth in all
three modeled growth components (Figure 2). To ensure that
the effect we attributed to photoperiod was not a side effect of
overall higher PPFD in summer months, potentially leading
to sugar buildup for use when water becomes available, we
ran additional versions of the main model running over lon-
ger timescales. Although photoperiod was strongly correlated
with both weekly (r=0.71, p<0.001) and monthly (r=0.85,
p<0.001) summed PPFD, the model including photoperiod still
outperformed both alternatives (lowest DIC and WAIC values),
supporting the conclusion that photoperiod influences growth
independently of concurrent increases in irradiance between
May and July.

3.2 | Species-Specific Climate Sensitivity

The four species included in this study represent diverse
life-history strategies, with an early (Cecropia schreberi-
ana) (Brokaw 1998), a mid (Guarea guidonia) (Briscoe and
Wadsworth 1970) and two late successional species (Dacryodes
excelsa and Sloanea berteroana) (Briscoe and Wadsworth 1970).
However, even with their different traits, differences in growth
occurrence were limited (Figure 3). All species showed negative

associations with drought-related variables (VWC, VPD) and
previous-day PPFD, suggesting a shared sensitivity to water
stress.

The main species difference was that the positive association be-
tween growth occurrence and photoperiod was significant only
for C. schreberiana (Figure 3d). Other species exhibited more
subtle differences. Among the four species, S. berteroana was
the least responsive to environmental variation: the number of
growth hours was not significantly associated with any of the
tested environmental variables (Figure 4a-d). Furthermore, this
species shared a slight positive response with increased PPFD
on the previous day with the pioneer C. schreberiana (Figure 5c¢),
potentially due to reduced sensitivity to VPD. Growth of D.
excelsa, the dominant canopy tree in this forest (Thompson
et al. 2002; Briscoe and Wadsworth 1970), was consistently
negatively affected by water stress (Figures 4a,b and 5a,b) but
benefited from longer day lengths (Figure 5d). G. guidonia, the
mid-successional species, exhibited a different pattern: growth
duration was strongly influenced by water and light availability
(Figure 4a—-c) but these effects were less pronounced for total
daily growth (Figure 5a—c). Notably, G. guidonia also displayed
the largest credible intervals in total daily growth, indicat-
ing substantial inter-individual variation in growth responses
within the species (Figure 5).

3.3 | Growth and Climate Extremes

To further investigate the climate-growth relationship, we mod-
eled total annual radial growth under a range of climate change
scenarios (Figure 6). Our goal was not to predict long-term fu-
ture forest-level growth responses per se, but rather to explore
how plausible changes in climate and the timing of droughts
could affect radial stem growth in these species. Of the indi-
vidual environmental variables tested, reduced soil moisture
(VWC) had the strongest negative effect on modeled annual
radial stem growth across species (Figure 6, Scenario 1 ‘Mean
shift’). However, the largest growth declines occurred when
multiple variables were altered simultaneously to simulate
compound drought conditions (Scenario 2 ‘Combined effects’).
These results highlight the vulnerability of this forest commu-
nity to the projected combination of rising temperatures and re-
duced rainfall.

To explore how increasing environmental variability influences
growth independently of changes in annual means, we sim-
ulated a scenario in which only the driest days became more
extreme while mean conditions remained stable (Scenario 3
‘Intensified extremes’). This is consistent with an observed
trend at the study site: the frequency of days with VPD >1kPa
increased by 14% between 2012 and 2023 compared to 1999 and
2011, despite no change in mean VPD. Under this scenario, how-
ever, modeled radial stem growth remained largely unaffected.

We further tested whether the seasonal timing of drought
mattered for annual growth outcomes (Scenario 4 ‘Seasonal
drought’), by applying drought conditions either during the
wetter, low-VPD months (December-February) or the typically
drier, high-VPD months (June-August). Growth declines were
most pronounced when drought occurred during the wetter
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VWC, maximum soil volumetric water content.

months. The exception was C. schreberiana, a fast-growing pi-
oneer with relatively consistent year-round growth, which also
showed notable reductions under a summer drought.

4 | Discussion

Our findings challenge the prevailing paradigm that radial
stem growth in everwet tropical forests is predominantly
light-limited. Instead, we demonstrate that water availabil-
ity, mediated through both soil moisture and VPD (Bauman
et al. 2022), was the more critical driver. This pattern was
consistent across four species with contrasting life-history
strategies, even after accounting for random effects at both
the plot and individual levels, suggesting a broad physiolog-
ical constraint at this site. Our findings provide support for a
working hypothesis that climate directly regulates growth in
tropical forests, independent of its effects on photosynthesis.
This implies that growth may be limited by sink capacity as
well as by carbon supply. Whereas previous studies had doc-
umented this phenomenon in regions with distinct dry sea-
sons and annual rainfall below 2000 mm (Peters, Kaewmano,
et al. 2023; Zhou et al. 2023; Luse Belanganayi et al. 2024;
Kaewmano et al. 2022), our results now show this in an ever-
wet tropical forest with an annual rainfall of 3500 mm and no
month with less than 100 mm of precipitation: a forest where

water limitation on stem growth was not expected. We antic-
ipate that rising temperatures and more frequent droughts
will intensify drought stress in tropical forests by simultane-
ously depleting soil moisture and increasing atmospheric de-
mand (VPD), constraining growth more than photosynthesis
(Peters, Steppe, et al. 2023). Collectively, our findings support
a growing body of evidence calling for the explicit integration
of sink-limited, climate-driven growth into vegetation and
Earth System Models (Peters, Kaewmano, et al. 2023; Fatichi
et al. 2019; Xu et al. 2024). Incorporating such mechanisms
is critical for improving projections of tropical forest carbon
dynamics under future climate conditions.

4.1 | Water Over Light-Limited Growth

Our Bayesian joint model showed that even short periods of low
water availability and/or increased VPD can suppress radial
stem growth (Peters, Kaewmano, et al. 2023; Luse Belanganayi
et al. 2024; Uriarte et al. 2016; Green 2024; Hofhansl et al. 2014).
Observing water limitations on tree growth in such a wet for-
est is both unexpected and important, underscoring the need
to reconsider how growth is incorporated into climate models
(Fatichi et al. 2019; Restrepo-Coupe et al. 2017; Eckes-Shephard
et al. 2021). In particular, our results challenge the assumption
that increased GPP driven by elevated radiation automatically
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enhances radial growth (Yang et al. 2023; Cernusak 2020; Ruehr
et al. 2023; Zuidema et al. 2020). Trees were, in fact, significantly
less likely to grow during nights following high-radiation days.

The reduced growth occurrence after a day with high PPFD
coinciding with lower water availability and higher VPD could
be attributed to various potential mechanisms: (i) water stress-
induced limitations on photosynthesis from the previous day,
resulting in decreased growth potential. However, we deem this
is unlikely given the consistently high total sapflow of these
trees at days with a higher VPD (but see the Section 4.4); (ii)
higher investment in maintenance, roots or defense metabo-
lism during the days with high PPFD, leaving less carbon for
growth (Girardin et al. 2014); or (iii) a direct impact of water
deficit on stem turgor pressure, negatively affecting growth
(Peters, Kaewmano, et al. 2023; Anderegg et al. 2015). We con-
sider the last hypothesis the most likely because on days when
growth was already underway and water was therefore not
limiting, prior-day radiation did have a small positive effect on
total growth, indicating that high PPFD does not inherently sup-
press growth but requires adequate water availability to lead to
growth. This interpretation was further supported by an alterna-
tive model substituting prior-day radiation with prior-day VPD,
which confirmed a strong negative association between VPD
and both growth occurrence and total growth. These results
support an alternative working hypothesis that growth in this
everwet forest is constrained not only by carbon supply (source
limitation) but by the capacity to allocate that carbon to growth
(sink limitation) (Cabon et al. 2022), consistent with growing ev-
idence for a decoupling of productivity and radial stem growth
across forest ecosystems (Friend et al. 2019; Wagner et al. 2016;
Korner 2015).

4.2 | A Positive Association of Radial Growth With
Photoperiod

Independent of total PPFD, we found a consistent positive as-
sociation between photoperiod and all three modeled growth
components, consistent with the few existing studies in sub-
tropical forests accounting for this variable (Bosio et al. 2016;
Shimamoto et al. 2016). Photoperiod differs from total PPFD in
that it is determined solely by the duration of daylight (varying
by approximately 2h across the year at this site), independent of
actual irradiance. A longer photoperiod may therefore represent
a larger window for photosynthesis, potentially enhancing GPP
and carbon availability for growth provided trees are not water
stressed. In this way, photoperiod may define a seasonal window
of opportunity for radial stem growth (Etzold et al. 2022), where
growth occurrence, duration, and magnitude are greater during
long, cloudy days than shorter, sunnier ones. Alternatively, these
trees may exhibit a genetically programmed seasonal growth
cycle, as photoperiod modulates the circadian clock and governs
phenological transitions (Etzold et al. 2022; Roeber et al. 2021;
Ding et al. 2021). However, the mechanistic basis of this effect
remains uncertain. Photoperiod-driven growth regulation is
predominantly documented in temperate and boreal species
(Etzold et al. 2022; Ding et al. 2021), and photoperiod may act as
a proxy for other unmeasured seasonal factors. Regardless of the
mechanism, our findings highlight the importance of separating
photoperiod and PPFD in seasonal growth analyses: conflating

them risks misattributing seasonal growth increases to irradi-
ance alone (Hogan et al. 2019).

4.3 | Implications for Growth Under
Climate Change

Regional climate change projections indicate higher mean tem-
peratures, reduced annual rainfall, and more frequent heat
and drought extremes, with the strongest precipitation de-
clines expected during the already high-VPD months of June to
September (Miller and Ramseyer 2024; Almazroui et al. 2021;
Bhardwaj et al. 2018). These changes will likely intensify drought
stress by simultaneously depleting soil moisture and increasing
atmospheric demand, constraining growth more than photosyn-
thesis (Peters, Steppe, et al. 2023). However, if the extremes in-
deed intensify primarily during the dryer months when growth
is already minimal, the impact on total annual growth may be
limited (Niessner et al. 2020). If they fall during the wetter part
of the year, the impact on growth will be more severe.

Because of the contrasting life histories and hydraulic traits
of the studied species (Smith-Martin et al. 2023), we expected
species-specific variation in responses to climate (Bauman
et al. 2022). However, differences in growth occurrence were
limited. All species showed negative associations with drought-
related variables (VWC, VPD) and PPFD, suggesting a shared
sensitivity to water stress, resulting in similar responses to
the climate change scenarios. Growth of D. excelsa, the domi-
nant canopy tree in this forest (Thompson et al. 2002; Briscoe
and Wadsworth 1970), was consistently negatively affected by
water stress. This response supports previous findings showing
drought-induced growth reductions in D. excelsa during a severe
drought (Smith-Martin et al. 2023). As this species accounts for
approximately 16% of the basal area in this forest (Smith-Martin
et al. 2023), its growth sensitivity to water availability has im-
portant implications for forest carbon dynamics and resilience
under climate change.

The early-successional species C. schreberiana was the only
species with a positive association between photoperiod and
growth occurrence, growth duration, and total daily growth.
This pattern may reflect its high maximum rate of net photo-
synthesis (Wen et al. 2008; Brokaw 1998) and flat, umbrella-
shaped crown structure that allows most leaves to receive full
sunlight. Together, these traits likely enable this species to take
greater advantage of the extended daylight hours, particularly
when water is not limiting, by sustaining high photosynthetic
rates and supporting stem growth during longer photoperiods.
However, it also showed a strong dependency on both soil mois-
ture and VPD, indicating it will likely suffer under a dryer, hot-
ter climate.

4.4 | Limitations and Future Perspectives

In this study, we set out to identify the climate variables most
important for daily stem growth. However, without direct mea-
surements of leaf-level photosynthesis and carbon allocation,
we cannot empirically distinguish between carbon- and water-
limited growth, and we therefore present this as a working
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hypothesis. Trees could be preferentially allocating carbon to
their roots or defense metabolism under dry conditions, for ex-
ample, which would not be captured in our study. Nonetheless,
several lines of indirect evidence suggest that carbon supply was
not strongly limiting during the study period. Predawn water
potentials confirmed trees were unstressed overnight (species
averages: —0.27 to —0.37MPa), sapflow remained high even
on the driest days, suggesting stomatal conductance and pho-
tosynthetic potential were maintained (Lapa et al. 2017), and
site VPD rarely exceeded 2kPa, a threshold below which pho-
tosynthetic depression is limited (Slot et al. 2024). Weather con-
ditions throughout the study period closely reflected long-term
site averages, with no extreme drought or anomalous rainfall
that might otherwise alter photosynthate allocation (Catovsky
et al. 2002). Future work should prioritize direct physiological
measurements such as in situ leaf photosynthesis, NSC sam-
pling across tissues, and cambial activity via microcores or ana-
tomical sections, to empirically distinguish water-driven turgor
limitation from constraints on carbon supply.

A related open question concerns CO, fertilization. While ele-
vated CO, has been shown to increase photosynthesis, it has not
consistently translated into higher radial stem growth in trop-
ical trees (Zuidema et al. 2020; Van der Sleen et al. 2015), but
it did impact the sensitivity of tropical tree growth to climate
(Zuidema et al. 2020). Our dataset is too short to test whether
rising CO, could offset water deficits, so this remains an import-
ant avenue for future work in testing how these trees may re-
spond to drought stress in the future.

Furthermore, our findings are based on 2years of data from
35 trees across four species at a single site, which may limit
their generalizability to a broader set of species or conditions.
Additionally, the dataset spans only 2years and therefore did
not capture responses to rare or extreme climatic events such as
severe drought. Nevertheless, we believe our study offers novel
insights into water-growth relationships for several reasons.
First, the four species capture variation in life history strate-
gies, which is reflective of other wet tropical forests (Kambach
et al. 2022). Second, average mean annual precipitation at our
site is 3500 mm with no month receiving less than 100 mm of
rainfall, while most studies linking water stress to tree demog-
raphy have been conducted in more seasonal forests (Zuidema
et al. 2022). The strength of the water-growth relationship likely
varies among tropical forests depending on local factors such as
soil type (Zhou et al. 2023; Kaewmano et al. 2022), highlighting
the need for a broader range of studies. It would be valuable to
expand this dataset further by connecting to existing tropical
forest networks such as ForestGEO or ForestPlots.NET to deter-
mine the generality of our results and link them to long-term
growth trends.

Finally, the zero-growth model assumes that no cambial ac-
tivity occurs during stem shrinkage, potentially leading to an
underestimation of growth during water stress periods when
true expansion is masked by elastic shrinkage. Complementary
approaches including process-based growth modelling (Peters,
Kaewmano, et al. 2023), advanced data processing methods
(Liu et al. 2025; Mencuccini et al. 2017; Chan et al. 2016), and
high-resolution anatomical techniques such as cambial pin-
ning (Trouet et al. 2012) and microcores (Luse Belanganayi

et al. 2025), would help disentangle water flux signals from
growth and further clarify the timing and drivers of cambial ac-
tivity in these everwet ecosystems. Together, these limitations
highlight that while our findings robustly identified water avail-
ability as the dominant short-term constraint on stem growth,
the longer-term interplay between carbon source dynamics,
sink activity, and organ-level allocation remains an important
avenue for future research in everwet tropical forests.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Climatic representative-
ness of published studies on climate-growth relationships. Adapted
from Zuidema et al. (2022): green background indicates the distribution
of the tropical land area with woody vegetation. Open shapes represent
study sites where chronologies have been developed and that are repre-
sented in the tropical tree ring network. We added published point den-
drometer studies (purple, 1-7) and the one inter-annual census study in
an area with over 3000 mm of annual rainfall (green, 8). Our study site
isrepresented by the yellow dot, at 3500 mm rainfall and 25.2°C. Figure
S2: Daily growth patterns and growth contribution per hour of the day.
(a) Hourly VPD (black lines, kPa) and rainfall (blue bars, mm) across
four days in July, 2023. (b) Radial stem growth dynamics example of
two trees, one C. schreberiana (CECSCH) individual and one D. excelsa
(DACEXC) individual on the same days. Solid lines depict the daily
stem cycle. Dotted lines show the zero-growth model, indicating growth
is only considered if the tree reaches a new maximum diameter. (c)
Mean and standard deviations of hourly radial stem growth across the
24-h cycle, summarized for the four study species. Daily growth was
calculated from 18:00 until 18:00 the next day to account for growth at
night. Figure S3: Scaled stem diameter trajectories over the study pe-
riod. The y-axis shows each tree's DBH, scaled between 0 and 1, the x-
axes represent time. DBH values reflect the maximum stem size reached
at each time point, based on the zero-growth model36 (see also Figure
S2). Colored lines indicate individual trees, faceted by species. Colors
correspond with the initial DBH (cm), increasing from smallest (darkest
colors) to largest (lightest colors) as indicated in the legend. Start and
end dates of each line represent the monitoring period that was retained
for each individual after cleaning. Figure S4: Relationship between
daily max VPD (kPa), soil moisture (VWC, %) and total daily sapflow for
33 individuals. The y-axis displays each tree's total daily sapflow, nor-
malized between 0 and 1, while the x-axis shows the daily maximum
vapor pressure deficit (VPD). Color indicates the minimum soil mois-
ture recorded on each day. Each panel represents an individual tree,
grouped by species (first top label) and initial DBH (second top label,
cm) at the start of the growth measurement period (August 2022). See
Section 2 for details. Figure S5: Correlation between daily maximum
PPFD and VPD. The x axis shows the maximum photosynthetically ac-
tive radiation (PPFD, mmol/m?/h) and the y axis the daily maximum
VPD (kPa) across the study period. The R? value is indicated in the plot.
Figure S6: Average annual growth by tree DBH. The y-axes shows av-
erage annual growth per individual tree (cm), the x-axes represent DBH
(cm), faceted by species. The red dots represent the trees from this study,
for which we calculated the average hourly growth in their study period
and multiplied this by 8760 (24hx365days). The black dots represent
trees from the adjacent LFDP 16-ha research plot, where trees are mea-
sured every Syears. Growth for those trees was calculated as the
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difference between two censuses, divided by 5 to calculate annual
growth and this was averaged for the censuses from 2000 to 2015.
Figure S7: Posterior predictive model checks of the main model
(Figure 2). Posterior predictive checks were performed using the poste-
rior predictive distributions of the model to evaluate how well it cap-
tures the observed data. The top panel shows a histogram representing
the distribution of the number of days with observed growth across
1000 simulated datasets, with the vertical red line indicating the ob-
served number of growth days. The middle panel presents kernel den-
sity estimates of the number of growth hours from 200 simulated
datasets, while the red line represents the observed number of growth
hours. Similarly, the bottom panel shows kernel density estimates of
total daily growth from 200 simulated datasets, with the red line mark-
ing the observed daily growth. The close alignment between the simu-
lated distributions and the observed values, highlighted by the red lines,
indicates that the model successfully captures the underlying properties
of the data. The middle and bottom panels display only 200 simulations,
as the original 1000 lines clustered together and obscured details.
Figure S8: Environmental drivers of radial stem growth response
across four tree species, including previous day maximum VPD instead
of radiation. Posterior mean coefficients and 95% credible intervals for
the effects of four environmental variables on three growth responses:
(a) the probability of daily tree growth occurrence, (b) the growth dura-
tion (hours) conditional on growth occurrence and (c) the total daily
growth (cm) conditional on growth occurrence. Predictor variables in-
clude: current day (‘growth day 0”) maximum soil volumetric water con-
tent (VWC, %) and maximum vapor pressure deficit (VPD, kPa),
combined with previous day (‘growth day —1’) maximum VPD (kPa)
and photoperiod (hours of daylight). Coefficients were estimated using
1000 draws from the posterior predictive distribution of a Bayesian joint
model (Supporting Information S1). Figure S9: Environmental drivers
of radial stem growth response across four tree species, including both
previous day maximum VPD and PPFD depending on the modeled pro-
cess. Posterior mean coefficients and 95% credible intervals for the ef-
fects of four environmental variables on three growth responses: (a) the
probability of daily tree growth occurrence, (b) the growth duration
(hours) conditional on growth occurrence and (c) the total daily growth
(cm) conditional on growth occurrence. Predictor variables include:
current day (‘growth day 0’) maximum soil volumetric water content
(VWC, %) and maximum vapor pressure deficit (VPD, kPa), combined
with previous day (‘growth day —1’) maximum VPD (kPa) or maximum
photosynthetically active radiation (PPFD, mmol/m?/h) and photope-
riod (hours of daylight). Coefficients were estimated using 1000 draws
from the posterior predictive distribution of a Bayesian joint model
(Supporting Information S1). Figure S10: Environmental drivers of ra-
dial stem growth response across four tree species, using daily climate
means instead of maxima. Posterior mean coefficients and 95% credible
intervals for the effects of four environmental variables on three growth
responses: (a) the probability of daily tree growth occurrence, (b) the
growth duration (hours) conditional on growth occurrence and (c) the
total daily growth (cm) conditional on growth occurrence. Predictor
variables include: current day (‘growth day 0’) mean soil volumetric
water content (VWC, %) and mean vapor pressure deficit (VPD, kPa),
combined with previous day (‘growth day —1’) mean photosynthetically
active radiation (PPFD, mmol/m?/h) and photoperiod (hours of day-
light). Coefficients were estimated using 1000 draws from the posterior
predictive distribution of a Bayesian joint model (Supporting
Information S1). Figure S11: Species level associations between envi-
ronmental variables and the probability of growth occurrence with raw
data included as dots. Panels show modeled relationships between the
probability of observing growth (y-axes) and environmental predictors
(x-axes): (a) maximum soil volumetric water content (VWC, %), (b) max-
imum vapor pressure deficit (VPD, kPa), (c) previous day maximum
photosynthetically active radiation (PPFD, mmol/m?/h) and (d) previ-
ous day photoperiod (hours of daylight). Dots show the daily measure-
ments of individual trees. Figure S12: Species level associations
between environmental variables and growth duration with raw data
included as dots. Panels show modeled relationships between the
growth duration (hours, y axes) and environmental predictors (x-axes):
(a) maximum soil volumetric water content (VWC, %), (b) maximum

vapor pressure deficit (VPD, kPa), (c) previous day maximum photosyn-
thetically active radiation (PPFD, mmol/m?/h) and (d) previous day
photoperiod (hours of daylight). Dots show the daily measurements of
individual trees. Figure S13: Species level associations between envi-
ronmental variables and total daily radial stem growth with raw data
included as dots. Panels show modeled relationships between predicted
daily growth (cm, y-axes) and environmental predictors (x-axes): (a)
maximum soil volumetric water content (VWC, %), (b) maximum vapor
pressure deficit (VPD, kPa), (c) previous day maximum photosyntheti-
cally active radiation (PPFD, mmol/m?/h) and (d) previous day photope-
riod (hours of daylight). Dots show the daily measurements of individual
trees.
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