S1. Model parameters

The parameters in the model are determined, partly by referencing values used by previous

researchers in similar ecosystems, partly by calibration of the K34 site, and partly by local

physical values.

Table S1. Model parameter table

Symbol Units Remark Source
p (kg/m3) air density Standard parameters
(m/s) vapor conductance of leaf or K34 site fit value
& m/s stem surface
gs (mol/m?/s) stomatal conductance of gas K34 site fit value
for - water stress factor (Santos and Costa, 2004)
Cotr - water stress coefficient K34 site fit value
[N - root profile factor K34 site fit value
fwet - fraction of wet surface (Pollard and Thompson, 1995)
5, (m) thickness of water film on the K34 site fit value
surface
Pw (kg/m3) water density Standard parameters
tructural factor f i t
Forec - structural factor for rain water (Pollard and Thompson, 1995)
interception
I ic h f
A (M]/kg) volumetric gteht eato Standard parameters
vaporization
Cp (M1/kg/C) specific heat of air Standard parameters
k - von Karman'’s constant (Gan and Liu, 2020)
height at which wind speed and )
Zm (m) humidity are measured Site average data
d (m) zero-plane displacement height Site average data
h (m) canopy height Site average data
maximum catalytic capacity of
Vs (umol/m?/s) Rubisco per unit leaf area at (Gan and Liu, 2020)
25°C
initial slopes of the light
B [umol/CO,/(umol/PAR)] response curve to assimilation (Gan and Liu, 2020)

rate



P,

St

[umol/m?/s/(umol/m?/s)]

(umol/m?/s)

(umol/mol)

initial slopes of the CO,
response curve to assimilation
rate

photosynthetically active
radiation

CO, concentration

soil evaporation fraction that
varies from O to 1

canopy storage capacity

free throughfall coefficient

proportion of rain diverted to
the trunks

evaporation storage capacity
from trunks

fraction of incident rainfall that
is diverted to the trunks

extinction coefficient

(Gan and Liu, 2020)

(Gan and Liu, 2020)

(Gan and Liu, 2020)

(Morillas et al., 2013; Zhang et al.,
2019)

(Lloyd et al., 1988)

(Lloyd et al., 1988)

(Lloyd et al., 1988)

(Cuartas et al.,, 2007; Lloyd et al.,
1988)

(Cuartas et al.,, 2007; Lloyd et al.,
1988)

(Cuartas et al., 2007)




S2. Correspondence of remote sensing data to the sites
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Fig. S1. Comparison of raster data with actual observations. The black dotted line
represents the observations, and the solid black line represents the averaged raster
data values

Due to the lack of locally measured LAI and NDVI data, we selected raster data
corresponding to the latitude and longitude, and averaged several surrounding rasters to obtain the
final data for use. To verify whether the averaged raster data corresponded to the stations, we also
checked the correspondence of several other meteorological data (which had actual observational
data). As shown in the figure, the meteorological data from the majority of stations exhibited

consistent seasonality.



S3. Remove the analysis of the BAN site

Based on the simulation results from BAN, none of the three models can effectively capture
the seasonality of ET. Therefore, to eliminate the potential errors that BAN may introduce in the
summary analysis, we provide a summary analysis that excludes the results from the BAN site,

with the aim of assessing whether the absence of BAN site results significantly alters the

outcomes.
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Fig. S2. The influence of environmental variables on ET and T, evaluating variables including
temperature (Temp), vapor pressure deficit (VPD), wind speed (WS), precipitation (Prec), net radiation
(Rn), and leaf area index (LAIl). The table colors indicate Pearson correlation values, with left-hand

side colors representing sampling periods (all seasons, dry season, and wet season).
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Fig. S3. The influence of environmental variables on Ei, evaluating variables including temperature
(Temp), vapor pressure deficit (VPD), wind speed (WS), precipitation (Prec), net radiation (Rn), and
leaf area index (LAI). The table colors indicate Pearson correlation values; * indicates significant

correlation at P<0.05; ** at P<0.01; *** at P<0.001.
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Fig. S4. The variability of T and Ei, with vertical lines in the chart indicating standard deviations.
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Fig. S5. The variability of precipitation and the variability of VPD, with vertical lines in the charts
indicating standard deviations.



S4. Shorter time scale aggregation, no change in seasonality of ET
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Fig. S6. (a-f) shows the results of 15 days time scale simulation, and (g-I) is 1 month time scale. Gray
shaded areas indicate dry seasons, solid black lines represent observed ET values, and dashed black
lines denote model averages; (m, n) is two time scale’s Taylor diagrams respectively, providing a
statistical summary of the models' seasonality against observed values. Blue-edged markers denote
negative correlations, while black-edged markers indicate positive correlations. Black-filled triangles
represent aggregated data from all sites, with different triangle orientations indicating different
models: Forest-CEW (upward-pointing), PML-V2 (leftward-pointing), and PT-JPL (rightward-
pointing). Colored filled markers represent individual sites, with shapes denoting different models:

Forest-CEW (colored crosses), PML-V2 (colored circles), and PT-JPL (colored stars).



S5. Linear correlation of Ei and Es
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Fig. S7. Shows the influence of environmental variables on Ei and Es, evaluating variables including
temperature (Temp), vapor pressure deficit (VPD), wind speed (WS), precipitation (Prec), net radiation
(Rn), and leaf area index (LAI). The table colors indicate Pearson correlation values, and blue indicates
a positive correlation, and red indicates a negative correlation; * indicates significant correlation at

P<0.05; ** at P<0.01; +** at P<0.001.

We analyzed the drivers of the other two components. Canopy interception evaporation is

mainly influenced by precipitation and VPD. However, after a precipitation event, the intercepted

water on the leaves eventually returns to the atmosphere through evaporation, and the rate of this

process is affected by environmental factors such as radiation, but the total amount of evaporation

remains unchanged. The results of soil evaporation indicate that different models simulate this

aspect differently. The PML-V2 model emphasizes precipitation as the main driver, while the PT-

JPL model focuses on LAL In reality, soil evaporation is a complex process, especially in forests,

as it is not only a result of meteorological conditions but is also influenced by soil texture and

structure. However, both models agree that there is no strong correlation between soil evaporation

and radiation, becuse the dense canopy obstructs radiation from reaching the soil surface.
S6. Comparison of El in ET with other El models

To enhance model accuracy, we incorporated two classical Ei models: Rutter and Gash, as

references. Ei plays a crucial role in the forest ET process, capturing rainfall in the plant canopy



and partially returning it to the atmosphere through evaporation. The Rutter model, proposed by
Rutter (Rutter et al., 1971), describes the dynamic changes of Ei through detailed water balance
equations. This model divides the interception process into three stages: rainfall, interception
saturation, and drip, making it suitable for detailed instantaneous process studies.

In contrast, the Gash model, proposed by Gash (Gash et al., 1995), simplifies the description
of Ei and is more suited for long-term average interception estimates. The Gash model statistically
analyzes multiple rainfall events to determine the interception amount for each type of rainfall,
calculating the interception volume by subtracting evaporation losses and drip amounts from total
rainfall. While the Rutter model accurately simulates short-term interception dynamics, the Gash
model is widely used for long-term interception estimates due to its simplicity and ease of

parameterization.
$6.1 Rutter model

The Rutter model is a numerical model of rainfall interception based on the balance of water
in the canopy and the trunk. Originally designed for Corsican pine forests in the United Kingdom,
its application has expanded globally, with many forest types, including tropical forests (Lloyd et
al., 1988; Schellekens et al., 1999). The model quantifies the amount of water stored in the canopy
as the portion of rainfall that hits the canopy, the amount of water discharged from the canopy, and
the amount of evaporation of the trapped water:

dC_{ 1-p—-p)R-E,—D, C=S O

a |A-p-pdR—(E,—D, C<S
Where C(mm) is the amount of water on the canopy; R(mm/min) is the rainfall intensity;

E,,(mm/min) is the evaporation rate from the wet canopy; D(mm/min) is the drainage rate of

water stored on the canopy; S, p, and p, represent the canopy storage capacity, the free throughfall



coefficient, and the proportion of rain diverted to the trunks (Lloyd et al., 1988). E,, uses the

Penman-Monteith equation to calculate potential evaporation:

__ 0MA+pCp'VPD/1g
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w Ay

)
Where A, y, VPD, p and C, are the same as before; A is the net radiation (W/m?); 1, is the

aerodynamic resistance, which can be calculated by:

(2t
T, = ﬁ (3)
Where k, z,,, d, z,,and u,, are the same as in PML-V2.
D can be calculated by:
__(Dy-exp[b(C—9)], C=S
p=| 0C<S @

Where D is the drainage rate (mm/min), D,=0.0018S; b is an empirical parameter, b=3.86S
(Schellekens et al., 1999).
In this study, the set of equations for the Rutter model was approximated using the Euler-

difference method.
S6.2 Gash model

The Gash model is an effective method to study the interception process of precipitation in
forest ecosystems, which is widely used in various forest types (Cuartas et al., 2007; Dijk and
Bruijnzeel, 2001; Lloyd et al., 1988; Lopes et al., 2020; Schellekens et al., 1999) based on simple
assumptions and parameterization methods to describe the interception, storage and redistribution
of rainfall in the canopy layer through mathematical formulas. The Gash model can be described

as (Cuartas et al., 2007):

{ CZ?;]_PG, PG<PC,1'
IN=

Yic(w +Is+ 1y +1I7), Pg = Pg ©)

Where Iy is the rainfall interception (mm); Iy is the rainfall interception during canopy

wetting (mm); Ig is the rainfall interception during saturated canopy conditions (mm); I, is the



evaporation after rain ceased (mm) (Lopes et al., 2020); I is the amount of stem evaporation;
Pg is the total amount of precipitation (mm) for a rainfall event and P is the amount of water
required to completely saturate the canopy (mm) during a rainfall event; m and n are the number

of storms insufficient and sufficient to saturate the canopy.

Iy = c(Pt — S¢) (6)
IS:CE_C/E(PG_PC,;) (7
Iy = cS¢ (®)
Ir= {St + PtPS: lljé ; zljz ©)

Where Sc=S/c, S is the same as in Rutter; S; and P, represent the evaporation storage
capacity from trunks and the fraction of incident rainfall that is diverted to the trunks, and the
optimization range of these two parameters refers to the experimental results of Cuartas and Lloyd
(Cuartas et al., 2007; Lloyd et al., 1988) in this study; ¢ describes the radiation transmittance
through crop canopies as an exponential-type attenuation process:

¢ =1—exp(—kLAI) (10)

Where k and LAI are the extinction coefficient and the leaf area index (m?/m?).

In the part of Ig, E. = E/c, E is the ratio of mean evaporation rate (mm/hour); R represent the
mean rainfall rate (mm/hour). Finally, Pg and Pg is the threshold value required to saturate the

canopy and the trunk (mm), which can be described as (Gash et al., 1995; Limousin et al., 2008):

P&=(—E§C)Scln( - %) (11
Py = (752) Se/PO + Pi (12)



Table S2
The optimized parameters of the models.

Model Parameter Unit Value

S mm 1.049

St - 0.06

Rutter and Gash . ) 0.013
p - 0.031

For the Rutter and Gash canopy interception models, the objective is to minimize the

difference in annual canopy interception ratio (the ratio of total annual canopy interception to total

annual precipitation) from the observation. The parameter optimization for the Rutter and Gash

models references the study by Cuartas (Cuartas et al., 2007), which determined an annual average

canopy interception rate of 16.5% for the K34 site from 2002 to 2004 through experiments.

Although the period used in our study spans from 2002 to 2006, we can still utilize this

observational conclusion.
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