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Method A:  8 

 9 

Detailed description data collection French Guiana 10 

 11 

We used data for six canopy trees and six canopy lianas sampled on two subsequent dry days (24-25 August 2017) 12 

at the Laussat Conservation Area in Northwestern French Guiana. The sampling site (05°28.604’N-13 

053°34.250’W) lies approximately 20 km inland at an elevation of 30 m a.s.l. This lowland rainforest site has an 14 

average yearly precipitation of 2500 mm yr-1
 (Baraloto et al., 2011). Average and maximum daily temperatures of 15 

respectively 30°C and 36°C were measured during the sampling period. Sampled individuals are located in the 16 

white sands forest habitat (Baraloto et al., 2011), on a white sandy ultisol with a typically high percentage of sand. 17 

 18 

Individuals (Table A1) were selected based on the assessment of climbable tree, intactness of leafy canopy 19 

vegetation and close vicinity with one another to optimize similarity in meteorological and edaphic characteristics. 20 

Liana diameters were measured at 1.3 m from the last rooting point (Gerwing et al., 2006), tree diameters were 21 

measured at 1.3 m (Table A1). Liana and tree sampling allowed highly contrasted sap flux density (Gartner et al., 22 

1990). 23 

 24 

Sampling strategy 25 
The stem xylem tissue of individual plants was sampled at different heights (1.3, 5, 10, 15, and 20 m where 26 

possible) at the same radial position of the stem, between 9:00 and 15:00 to assure high sap flow. Since upstream 27 

δxyl enrichment due to Péclet effect, in close vicinity to evaporative surfaces has been observed in the literature 28 

(Barnard et al., 2006; Dawson and Ehleringer, 1993), sampling was restricted to coring of the main stems. The 29 

order of sampling, i.e. ascending versus descending heights, was randomized. Tree stem xylem samples were 30 

collected with an increment borer (5 mm diameter), resulting in wooden cylinders from which bark and phloem 31 

tissues were removed. Coring was performed within the horizontal plane at the predefined heights, oblique to the 32 

center of the stem to maximize xylem and minimize heartwood sampling, and slowly to avoid heating the drill 33 

head and fractionation. Taking one sample generally took between 5 and 10 minutes. Since coring lianas was not 34 

possible, we collected cross-sections of the lianas after removing the bark and phloem tissue with a knife. Soil 35 

samples were collected at different depths (0.05, 0.15, 0.30, 0.45, 0.60, 0.90, 1.20, and 1.80m) within close vicinity 36 

to the sampled individuals using a soil auger. All materials were thoroughly cleaned between sampling using a dry 37 

cloth to avoid cross-contamination. Upon collection, all samples were placed in pre-weighed glass collection vials, 38 

using tweezers, to reduce contamination of the sample. Glass vials were immediately sealed with a cap and placed 39 

in a cooling box, to avoid water loss during transportation. 40 

 41 

Sample processing 42 
Sample processing was performed as in De Deurwaerder et al. (2018). Specifically, all fresh samples were 43 

weighed, transported in a cooler, and frozen before cryogenic vacuum distillation (CVD). Water was extracted 44 

from the samples via CVD (4 h at 105°C). Water recovery rates were calculated from the fresh weight, weight 45 

after extraction, and oven-dry weight (48 h at 105°C). Samples were removed from the analysis whenever weight 46 

loss resulting from the extraction process was below 98% (after Araguás‐Araguás et al., 1998). Nearly all soil 47 

samples fell below this benchmark and were therefore excluded from further analysis (Fig S1). The isotope 48 

composition of the water in the samples was measured by a Wavelength-Scanned-Cavity Ring-Down Spectrometer 49 

(WS-CRDS, L2120-i, Picarro, California, USA) coupled with a vaporizing module (A0211 High Precision 50 

Vaporizer) through a micro combustion module to avoid organic contamination (Evaristo et al., 2016; Martin-51 

Gomez et al., 2015). Post-processing of raw δ-readings into calibrated δ-values was performed using SICalib 52 

(version 2.16; Gröning, 2011) and internal laboratory references, i.e. Lab1 (δ2H: 7.74±0.4‰; δ18O: 5.73±0.06‰,), 53 

Lab3 (δ2H: -146.98±0.4‰; δ18O: -20.01±0.06‰,) and quality assurance samples (δ2H: -48.68±0.4‰; δ18O: -54 

7.36±0.06‰). Calibrated δ-values are expressed on the international V-SMOW scale. 55 

  56 
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Method B: 85 

 86 

Exploring the effect of diffusion on xylem transport of isotopes 87 

 88 

The current version of the model assumes a negligible impact of diffusion on the variance in the isotopic 89 

composition of the xylem water in the stem. Here, the validity of this assumption is discussed in more detail. We 90 

will use analytical and numerical solutions of the advection-diffusion equation to simulate the transport of isotope 91 

within the xylem, followed by a short discussion. 92 

Theory 93 

One-dimensional solute flux (𝐽) of a solute concentration (𝐶) through a pipe can be expressed as the sum of the 94 

advection and diffusion processes: 95 

𝐽 = 𝑢𝐶 + 𝑞          (1) 96 

where 𝑢 is the fluid flow velocity and 𝑞 the diffusion flux.  97 

The one-directional diffusion flux along the direction x can be expressed by Fick’s law:  98 

𝑞 =  −𝐷
𝜕𝐶

𝜕𝑥
          (2) 99 

where 𝐷 (m2 s-1) is the diffusion constant.  The mass conservation can be written: 100 

𝜕𝐶

𝜕𝑡
= −

𝜕𝐽

𝜕𝑥
          (3) 101 

 102 

The diffusion equation  103 

Assuming no flow (𝑢 = 0) and inserting (2) into (3) we obtain: 104 

𝜕𝐶

𝜕𝑡
= 𝐷

𝜕2𝐶

𝜕𝑥2          (4) 105 

Solutions of (4) for an instantaneous point source can be given in the form 106 

𝐶(𝑥, 𝑡) =
𝑀

√4𝜋𝐷𝑡
𝑒𝑥𝑝 (−

𝑥2

4𝐷𝑡
)        (5) 107 

where 𝑀  is the mass of solute injected uniformly across the cross-section of the pipe at 𝑥 = 0 . Using the 108 

superimposition principle, we can also derive the solution for the one-dimensional stagnant case (an initial step 109 

function concentration without advection) as 110 

 111 

𝐶(𝑥, 𝑡) =
𝐶0

2
𝑒𝑟𝑓𝑐 (

𝑥

√4𝜋𝐷𝑡
)         (6) 112 

where 𝐶0 is the initial concentration at 𝑥 < 0 and erfc is the complementary error function. 113 

 114 

Advection-diffusion equation 115 
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In the case of flow with velocity, (4) is modified as: 116 

𝜕𝐶

𝜕𝑡
= 𝐷

𝜕2𝐶

𝜕𝑥2 + 𝑢
𝜕𝐶

𝜕𝑥
          (7) 117 

The solution for constant concentration at 𝑥 = 0 with initial zero concentration on a semi-infinite domain, i.e. 118 

{
𝐶(𝑥, 0) = 0,   𝑥 > 0
 𝐶(0, 𝑡) = 𝐶0, 𝑡 > 0

         (8) 119 

is given by (Ogata and Banks, 1961): 120 

𝐶(𝑥, 𝑡) =
𝐶0

2
(𝑒𝑟𝑓𝑐 (

𝑥−𝑢𝑡

√4𝜋𝐷𝑡
) + 𝑒𝑥𝑝 (

𝑥𝑢

𝐷
) 𝑒𝑟𝑓𝑐 (

𝑥+𝑢𝑡

√4𝜋𝐷𝑡
))     (9) 121 

This solution can describe the dynamic of a solute concentration along the xylem under constant velocity, with a 122 

fixed concentration at the inlet point. 123 

 124 

Numerical solutions 125 

Solutions for problems with different boundary conditions and variable velocity are not available. In order to 126 

investigate the case with periodic concentrations at the inlet of the pipe and periodic velocity we used numerical 127 

solutions of the advection-diffusion equation  128 

𝜕𝐶

𝜕𝑡
= 𝐷

𝜕2𝐶

𝜕𝑥2 + 𝑢0𝑓(𝑡)
𝜕𝐶

𝜕𝑥
          (10) 129 

where 𝑓(𝑡) is a periodic function. We used the wrapped normal distribution defined as 130 

𝑓(𝑡) = ∑ exp [
(

2𝜋𝑡

24
−𝜋−2𝜋𝑘)

2

2𝜎2 ]𝑖=100
𝑖=−100         (11) 131 

The boundary conditions at the inlet and outlet are defined as 132 

{
𝐶 = (𝐶𝑚𝑎𝑥 + 𝐶𝑚𝑖𝑛)𝑔(𝑡) + 𝐶𝑚𝑖𝑛           𝑥 = 0, 𝑡 > 0
𝜕𝐶

𝜕𝑡
= 0                                                         𝑥 = 𝐻, 𝑡 > 0

      (12) 133 

where 𝑔(𝑡) is another periodic function defined as 134 

𝑔(𝑡) = ∑ exp [
|
2𝜋𝑡

24
−𝜋−2𝜋𝑘|

3

2𝜎3 ]𝑖=100
𝑖=−100         (13) 135 

The third power in (13) was chosen to match the diurnal cycle of the isotopic concentration at the tree base obtained 136 

by SWIFT. The equation was solved using the function pdepe implemented in Matlab (R2019a), explicitly 137 

designed to solve initial-boundary value problems for parabolic-elliptic partial differential equations in 1-D (Skeel 138 

and Berzins, 1990). 139 

Unfortunately, numerical solutions of the advection-diffusion equation suffer numerical oscillation for values of 140 

the Péclet number greater than one (Zienkiewicz et al., 2000), so results are presented for values of diffusivity 50, 141 

100, 200 and 400 cm2 hr-1. These values are much larger than the diffusivity of heavy water and they will produce 142 

stronger smoothing. 143 
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 144 

Fig B1: Analytical solutions of advection-diffusion equation on a semi-infinite 1-D domain (Eq. 9) with 12 ‰ 145 

step-change in isotope signature for different values of flow velocity and diffusivity. The plots show the impact of 146 

diffusion on the isotopic composition of xylem water. Colored lines show the solution at different time intervals: 147 

0, 12, 24, 48, and 96 hr. Note that the values of diffusivity are much higher than these reported for heavy water 148 

(e.g. D=0.1 cm2 h-1; Meng et al., 2018)  149 

 150 
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 151 

Fig B2: Numerical solutions of advection-diffusion equation on a finite 1-D domain (Eq. 10-13) with 12 ‰ step-152 

change in isotope signature for different values of diffusivity along the length of the xylem. The periodic forcing 153 

used in the simulations are shown in panel a and b. Panels c and d show the solutions for two different time of the 154 

day. Colored lines show the solution at different diffusivity (see legend in d). Note that the values of diffusivity 155 

are much higher than these reported for heavy water (e.g. D=0.1 cm2 h-1; Meng et al., 2018). 156 

 157 

  158 
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Results and Discussion 159 

The diffusivity of 2H in water depends on temperature: at 20 oC is D = 6.87 10-2 cm² hr-1, at 40 oC is D = 1.37 10-1 160 

cm² hr-1 (Meng et al., 2018). Another process that can cause substantial mixing is the random movement of particles 161 

in the xylem network. Within each vessel, the flow is laminar, but in vessels with a larger diameter, velocity is 162 

higher than in vessels with a smaller diameter. According to the Hagen–Poiseuille law, the flow is proportional to 163 

the fourth power of diameter (hence, the velocity is proportional to diameter square). Therefore, the variable 164 

velocity experienced by the particles in the xylem network can generate substantial random motion in the transport 165 

of a solute in a similar manner of diffusion in a porous media. 166 

Molecular diffusivity results in a relatively negligible impact of diffusion on the variance in 2H when high sap flux 167 

densities are considered, as shown in Fig B1. For example, for diffusivity of 0.1 cm² hr-1, after 96 hours, diffusion 168 

results in smearing in a range ± 10cm (Fig. B1a). The case with a flow velocity of 25 cm hr-1, comparable to the 169 

velocity of sap in xylem, shows that the transport of the solute is minimally affected by diffusion (Fig B1 a and c). 170 

In order to appreciate the effect of diffusion, the diffusivity needs to increase three orders of magnitude (Fig B1 b 171 

and d). However, because homogenization increases with time, the impact of diffusion on δ2H dynamics can be 172 

non-negligible for very low sap flux velocities. 173 

Numerical solutions with the periodic forcing (Fig B2 a and b), show that for high values of diffusivity there could 174 

be a substantial smoothing in the peak (Fig B2 c and d). The smoothing progress along the path-length of the flow. 175 

However, note that a very high value of diffusivity (>400 cm2 hr-1) is required for complete homogenization above 176 

10 m. 177 

For the general application to isotope transport in xylem with variable input concentrations and variable sap flow 178 

velocity, diffusion can cause a smoothing of the peak and a consequent increase in the width of the δ²HX-baseline 179 

drop. Therefore, the probability of sampling a non-representative section within this δ²HX-baseline might increase, 180 

which means that neglecting diffusion could lead towards a conservative assessment of the bias in RWU estimates. 181 

However, the minimal reduction of the peak in δ2HX over time might lead to reducing the variability in time and 182 

space compared to the case with no diffusion. In conclusion, while diffusion does affect both the absolute range 183 

of δ²HX variance and the width of the δ²HX-baseline drop (i.e. increased probability of extracting biased samples), 184 

the impact is small in the lower part of the tree and over the timeframe and sap flow flux considered in this study. 185 

Hence, for this study, diffusion will not result in the complete homogenization of the δ²HX along the length of the 186 

studied trees, consistent with empirical datasets (Fig 3c, Fig S2.). 187 

 188 
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Method C:  200 

 201 

A detailed description of the performed transport dynamics and sensitivity analyses. 202 

 203 

Transport dynamics 204 

The intact-root greenhouse experiment of Marshall et al. (2020) allows assessment if other processes besides 205 

molecular diffusivity might contribute to isotope transport through the plant, especially when very low sap flow 206 

velocities are considered. Specifically, the experiment follows the impact of a stepwise 2H enrichment of the source 207 

water, i.e. from δ2H=-59.28 ± 0.24 ‰ to δ2H=290.57 ± 3.08‰ (see Fig 6), on the δ2HX dynamics in a pine tree 208 

(Pinus pinea L.). The tree was placed in a large pot, with the root system fully submerged in aerated water (using 209 

mini-pumps) and subjected to artificial light conditions (12h light, 12h dark, light transition at 7:00 o’clock). δ2HX 210 

was monitored continuously and in situ at two sampling heights, 0.15 cm, and 0.65 cm, respectively, using a novel 211 

borehole technique. Concomitant, sap flow velocity was measured using a sap flow sensor (heat pulse velocity 212 

sensor, Edaphic Scientific, Australia), installed at 0.85m height, and perpendicular to the upper borehole. For 213 

specific details of this experiment, we refer to Marshall et al. (2020). 214 

 215 

In this setup, roots are submerged in a uniform isotopic solution, so the SWIFT model parameterization of soil and 216 

root is not necessary. The isotopic composition of the source water will, therefore, almost instantly reflect the δ2H 217 

at the stem base. The impact of diffusion could not be considered negligible as sap flow velocities are very low 218 

(daily mean SFV = 0.97 ± 0.39 cm h-1) and the experiment lasted out 38 days before equilibrium was reached 219 

between the δ2HX  of the source water and the δ2HX in both boreholes. For simulating the isotopic dynamics, we 220 

used an analytical solution of the advection-diffusion, as described in supplementary methods B, coupled to the 221 

SWIFT model. Model parameters, velocity, and diffusion were fitted by visual inspection independently for the 222 

two heights to match the initial increase in isotope signature. Note that the studied tree shows strong tapering 223 

(diam. at 0.15cm = 9.9cm; diam. at 0.65cm = 8.0cm), causing an acceleration of the sap flow along the pathway 224 

length as a same volume of water is propelled through a diminishing cross-area. This is also reflected in the 225 

allocated velocity parameters. 226 

Sensitivity analyses 227 

We first assessed model sensitivity to (bio)physical variables by modifying model parameters of soil type, sap 228 

flow, and root properties as compared to the standard parameterization (given in Table S1). The following 229 

sensitivity analyses were considered: 230 

 231 

Soil type: The soil moisture content overall soil layers (𝜃𝑆,𝑖,𝑡) can be deduced from the considered 232 

Meißner et al. (2012) 𝛹𝑆,𝑖,𝑡  profile (see Fig. S8 and Table S1) using the Clapp & Hornberger (1978) 233 

equation: 234 

θ𝑆,𝑖,𝑡 = θ𝑠𝑎𝑡 ∙ (
Ψ𝑆,𝑖,𝑡

Ψ𝑠𝑎𝑡
)

−1
𝑏⁄
        (1) 235 

Where 𝜃𝑠𝑎𝑡 , 𝛹𝑠𝑎𝑡  and 𝑏 are soil-type specific empirical constants that correspond to sandy loam soil 236 

textures in the standard model parameterization (Clapp & Hornberger, 1978). The derived soil moisture 237 

profile (𝜃𝑆,𝑖,𝑡), in turn, then provides a basis to study the impact of other soil textures. A new soil texture 238 

specific 𝛹𝑆,𝑖,𝑡  profile can then be deduced by using 𝜃𝑠𝑎𝑡, 𝛹𝑠𝑎𝑡  and 𝑏 values corresponding to different soil 239 

texture types (values from Table 2 of Clapp & Hornberger (1978)). This enabled us to study 𝛹𝑆,𝑖,𝑡 profiles 240 

for four distinct soil types, i.e. (i) sand, (ii) loam, (iii) sandy clay and (iv) clay soils, in relation with the 241 

original silt loam 𝛹𝑆,𝑖,𝑡 profile. 242 

 243 

Volume of water uptake: We varied the total diurnal volume of water taken up by the tree. New 𝑆𝐹𝑡 244 

values are scaled using algorithms from the literature that provide an estimate of the daily sap flow volume 245 

of a tree based on its DBH (Andrade et al., 2005; Cristiano et al., 2015). 246 

 247 

Root conductivity: We varied the root membrane permeability (kR) to match multiple species-specific 248 

values found in the literature (Leuschner et al., 2004; Rüdinger et al., 1994; Sands et al., 1982; Steudle 249 

and Meshcheryakov, 1996). 250 



11 

 

The second set of sensitivity analyses test the impact of root hydraulics, sap flux density, and sampling strategies 251 

on the sampled δ2HX. We obtained 1000 samples per parameter from corresponding distributions and ranges (given 252 

in Table S2) with a Latin hypercube approach (McKay, 1988; McKay et al., 1979). This is a stratified sampling 253 

procedure for Monte Carlo simulation that can efficiently explore multi-dimensional parameter space. In brief, 254 

Latin Hypercube sampling partitions the input distributions into a predefined number of intervals (here 1000) with 255 

equal probability. Subsequently, a single sample per interval is extracted in an effort to evenly distribute sampling 256 

effort across all input values and hence reduce the number of samples needed to accurately represent the parameter 257 

space. 258 
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Figures and tables 288 

 289 

 290 

 291 

 292 

 293 
 

294 

 
295 

Fig. S1. Oxygen isotope composition (δ18O, in ‰ V-SMOW) of bulk soil water sampled at different depths (red), 296 

xylem water of lianas (orange) and trees (green), and from bulk stream (blue) and bulk precipitation water (cyan) 297 

in Laussat, French Guiana. Different soil δ18O composition symbols indicate the extraction recovery rates, where 298 

98% presents the generally pursued benchmark. Shaded areas show the Q25-Q75 intervals for lianas and trees in 299 

orange and green respectively.  300 



13 

 

  301 

Fig. S2. Field measurements of normalized intra-individual δ²HX (𝛽²𝐻𝑋) for six lianas (panel a) and six trees (panel 302 

b). Individuals are provided in different colors; liana species: ■ Coccoloba sp., ■ sp.2, ■ sp.3, ■ cf. rotundifolium 303 

Rich., ■ Maripa cf violacea, ■ Maripa sp.; tree species: ■ Coussapoa sp., ■ Vouacapoua americana, ■ Erisma 304 

nitidum, ■ Micropholis guyanensis, ■ Tapirira guyanensis, ■ Albizia pedicellaris. Error whiskers are the 305 

combination of potential extraction and measurement errors of the isotope analyzer. The former presents a positive 306 

skew-normal distribution SNempirical(ξ =0‰, ω=3‰, α=+∞). The full grey envelope delineates the acceptable 307 

variance from the stem mean (i.e. 3‰) according to the standard assumption of no variance along the length of a 308 

lignified plant, i.e the null model.  309 
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 310 
Fig. S3. High temporal field measurements of normalized δ2H composition of xylem water (β²HX) of two trees 311 

(red, stem samples), two shrubs (blue, stem samples) and two herbs (green, root samples) species sampled in the 312 

Heihe River Basin (northwestern China) shown for the respective measurement periods. Timing and location of 313 

sampling are provided in the panel titles. Horizontal dark grey colored envelope delineates the acceptable variance 314 

from the stem mean (i.e. 3‰) according to the standard assumption of no variance along the length of a lignified 315 

plant. Light grey vertical envelopes mark the nighttime periods. The table provides the maximum measured diurnal 316 

δ²HX range per species. 317 

 318 
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 319 

Fig. S4. High temporal field measurements of normalized δ18O composition of xylem water (β18OX) of two trees 320 

(red, stem samples), two shrubs (blue, stem samples) and two herbs (green, root samples) in the Heihe River Basin 321 

(northwestern China) shown for the respective measurement period. Timing and location of sampling are provided 322 

in the panel title. Horizontal dark grey colored envelope delineates the acceptable variance from the stem mean 323 

(i.e. 0.3‰) according to the standard assumption of no variance along the length of a lignified plant. Light grey 324 

vertical envelopes mark the nighttime periods. The table provides the maximum measured diurnal δ18OX range per 325 

species.   326 
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 327 
Fig. S5. High temporal field measurements of normalized δ2H composition of xylem water (β²HX) of three Abies 328 

alba individuals (blue, branch samples) and three Fagus sylvatica individuals (red, branch samples) sampled 329 

during a drought period in July 2017 in the “Freiamt” field site in south-west Germany. Horizontal dark grey 330 

colored envelope delineates the acceptable variance from the stem mean (i.e. 3‰) according to the standard 331 

assumption of no variance along the length of a lignified plant. Light grey vertical envelopes mark the nighttime 332 

periods. 333 
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334 
Fig. S6. High temporal field measurements of normalized δ18O composition of xylem water (β18OX) of three Abies 335 

alba individuals (blue, branch samples) and three Fagus sylvatica individuals (red, branch samples) sampled 336 

during a drought period in July 2017 in the “Freiamt” field site in south-west Germany. Horizontal dark grey 337 

colored envelope delineates the acceptable variance from the stem mean (i.e. 0.3‰) according to the standard 338 

assumption of no variance along the length of a lignified plant. Light grey vertical envelopes mark the nighttime 339 

periods. 340 

  341 
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 342 

 343 

Fig S7: Sap flow rate (SF, blue line), δ2H composition of xylem water at stem base (𝛿²𝐻𝑋,0,𝑡 black dashed line) 344 

and water potential at stem base (𝛹𝑋,0,𝑡, red line) shown for a single day. 345 

346 
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 347 

Fig. S8. (a) ²H composition of soil water (δ²HS,i) with depth, data from Meißner et al. (2012). (b) Soil water 348 

potential (ΨS,i) over the soil depth, data from Meißner et al. (2012). (c) The relative absorptive root area distribution 349 

with soil depths adapted from Jackson et al. (1995) and normalized to the topsoil. All equations and corresponding 350 

parameters for the fitted curves can be found in Table S1.  351 
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 352 

Fig. S9. Differences between the (RWU) depth derived from using either the direct inference (black line) or the 353 

end member mixing (red line) approach. Panel a: The derived RWU depth for a tree sampled at standard tree 354 

coring height (i.e. 1.30 m) having a sap flux density (SFS) of 0.04 m h-1 (i.e. SFV = 0.28 m h-1), over the common 355 

sampling period (9:00 until 13:00). Panel b: The derived RWU depth considering a tree sampled at standard tree 356 

coring height (1.30 m) at 11:00, but which differs in SFS. The grey and pink solid lines represent daily mean RWU 357 

depth while the grey and pink dashed lines represent the RWU depth at peak sap flow activity, respectively, for 358 

the direct inference and end-member mixing model approach. d-1 and d0 indicate whether the derived RWU depth 359 

error corresponds to the previous or current day of measurement.  360 
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Fig. S10. Sensitivity analysis where all parameters are varied one-at-the-time as compared to the standard 362 

parameterization (see Table S1). For each studied variable, 1000 model runs were performed, studying the 363 

resulting δ2HX bias in comparison with the standard run. Each time, the studied parameter value was assigned 364 

randomly from a defined probability distribution or range using a Latin Hypercube scheme (see Table S2). The 365 

effective root radial conductivity (kR, in s-1), the β (-), and root density (in 103 m m3) together form an informative 366 

proxy for the soil to root resistance. The lumen fraction (in m2 m-2), sapwood area (Asapwood, in m²), and the total 367 

diurnal transported sap flow volume, i.e. net root water uptake (Volume corr., factor of standard run volume), 368 

provide an informative proxy for the sap flux density. (see Table S1). Time (in h) and height (in m) respectively 369 

represent the timing of sampling and the height of sample collection. 370 
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Fig. S11. Model sensitivity to (bio)physical parameters. The standard model run is shown by the solid green line 372 

in all panels. Panel a: fixed soil moisture and depth profile in the isotope composition of soil water (𝛿²𝐻𝑆,𝑖), but 373 

with different soil types influencing the soil conductivity and soil water potential gradient in the soil (𝛹𝑆,𝑖,𝑡). 374 

Parameterization for each soil type is derived from Clapp & Hornberger (1978). Panel b: Impact of altering 375 

volumes of water taken up by the plant. Panel c: Effect of altering values of the effective root radial conductivity 376 

(kR) values. Values are species-specific and are derived from the literature (Leuschner et al., 2004; Rüdinger et al., 377 

1994; Sands et al., 1982; Steudle and Meshcheryakov, 1996). In each panel all other parameters follow the standard 378 

plant parameterization (Table S1).  379 
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 380 

Fig. S12. Model simulations performed with varying temporal resolutions, i.e. 5min, 1min, and 1sec. 381 
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