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Figure S1. A schematic showing the model experiment carried out in this study, from the
‘Idealised calibrations’ (Methods 2.2.1), to the 'Harmonised model behaviours’ (Appendix A)
and 'Sensitivity analysis’ (Methods 2.2.2), as well as the ‘Evaluation against observations’
(Methods 2.3). To ease interpretation, white arrows start from the inputs and end at the
models/calibration methods, whereas black arrows start from the models/calibration methods
and end at the output.



Low resolution High resolution

o2sd z @] 1 . ®)
: :
o L
~~~ v LY
— g -
| . "
v 0.16 - o - -
7 e -
E -y 7 :
§0.08 - /'4\{ : ‘(.__ s ,'_:v‘:-'
" 1 SN "’\"."L('
80 " suu’ ‘E : (Y
‘!/’ '} "' |}
0.00  I— |  — WHE-f
== ProfitMax
I I 1 1 1 I N
CGain
0.0 () | ‘ r===(d) ProfitMax2
\\~~ j \\\v é_ LeastCost
=5 \‘
I';.J:.i e ‘.l ;‘I\A :: — (]
g‘? :t % i / :-: \J’j_:‘
=7 R R I 2 -
~ L ::
B : -
_5~O — —
1 1 1 1 1 1
0 10 20 0 10 20
hour of day (h) hour of day (h)

Figure S2. An example diurnal time course of stomatal conductance (g,; panels a and b) and
leaf water potential (¥;; panels ¢ and d) predicted by 5 stomatal optimisation models,
depending on implementation form and solver resolution. Plain lines show the actual
optimisation criteria forms and dotted lines show their commonly used derivative forms. At low
resolution (panels a and c), 100,000 solutions to the optimisation problem are tested at every
instant, whereas at high resolution (panels b and d) there are 4,800,000 possibilities for the
optimal model to choose from in the solving matrices.
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Figure S3. Synthetic half-hourly meteorological forcing (panels a — c) and soil moisture profiles
(panel d) generated for a temperate coniferous forest (36°N, 79°W) during the northern
hemisphere growing season. Black lines represent the average diurnal cycle of these variables
over the course of four week and grey shadings show the minimum to maximum diurnal
ranges. Meteorological drivers shown are: (a) the photosynthetic photon flux density (PPFD);
(b) the air temperature; (c) the vapour pressure deficit. (d) shows the two different dry-down
rates used in this study: well-watered conditions (solid line) and moderately stressed

conditions (dashed line).
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Figure S4. Reference timeseries of stomatal conductance (g;) simulated using the Medlyn
model and the atmospheric forcing from Figure S3. (a) shows g under the well-watered
conditions from Figure S3d and (b) shows g, undergoing the soil moisture stress. Black lines
represent the average diurnal cycle of these variables over the course of four week and grey
shadings show the minimum to maximum diurnal ranges.
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Figure S5. Ranked solver skill across models (i.e., 11 calibrated models), calibration datasets
(i.e., one 4-week dataset plus three 7-day datasets), and soil moisture conditions (i.e., ‘Wet' and
‘Stressed’). Each solver for a given model, calibration dataset, and soil moisture type received a
rank between 1 (most skilled) and 7 (least skilled). Dot size is proportional to the number of
times a solver received a given rank value and, in total, each solver received 88 different ranks.
The rank average for a given solver is shown in the black line. The overall most skilled solvers,
that received the lowest ranks the most often, are highlighted in yellow.
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Figure S6. (a) — (0) show the observed stomatal conductance (g) and leaf water potential (¥;)
used to estimate the empirical g; down-regulation function ({) of the Tuzet et al. (2003) model
(see Text S6). These panels are intended to illustrate the challenge of estimating ¢, so the
ranges of ¥; — which vary between -0.4 to -3.7 MPa and -1.7 to -5.8 MPa — are not shown,
keeping the figure readable. The dashed vertical lines correspond to the first inflexion point
between g, and ¥, and to the inflexion point associated with the smallest g, to ¥, association.
The black lines show the fitted ¢ functions. In each case, g; was normalised by the maximum
observed value. Within each subplot, colours mark the different calendar days at which the
data were measured. (p) shows all calibrated maximum hydraulic conductance (k;;45)
parameters per model and site x species (i.e., using the four overall most skilled solvers
highlighted in Figure S5). The violin plots show the maximum conductance obtained from all
the observed transpiration (E), ¥;, and soil water potential (¥), using K,,qx = E/f:;l Ve d¥
where VC is the parameterised plant vulnerability curve. Light grey boxes within the violin plots
show the interquartile ranges, with the median marked by a white horizontal line. Site x
species appear from wet (left hand side) to xeric (right hand side).
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Figure S7. First-order Sobol’ sensitivity indices of the stomatal conductance (g), leaf water
potential (¥;), and CO, concentration in the leaf intercellular air spaces (C;) to variability in

environmental drivers for the 12 models parameterised under well-watered conditions.

Environmental drivers are: (i) atmospheric vapour pressure deficit (D,); (ii) soil water potential
(%); (iii) ambient CO, concentration (C,); (iv) photosynthetic photon flux density (PPFD); and (v)
air temperature (T,). The concentric circles mark 0.25 increments on a scale of 0 to 0.5, with 0
signifying no influence and 0.5 high influence.
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Figure S8. Studentised (each value minus the observed average, normalised by the observed
standard deviation) observed to modelled measures of output variables for Eucalyptus
cladocalyx for the twelve models compared. The variables shown are stomatal conductance
(gs), intercellular CO2 concentration (C;), transpiration (E), net CO2 assimilation (4,), and
midday leaf water potential (¥} miqaqy)- The 1:1 line appears in the dashed orange, and the
solid line is the overall regression for the g, C;, E, and A,, outputs (n=450, p<0.001, with the
slope and r? shown after each model name). For fairness, ¥, ;n;q44y is NOt used to estimate the
regressions and r2 because the Medlyn model does not predict leaf water potential.

Y1, midday
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Figure S9. Nash-Sutcliffe
Efficiency index (NSE;
panels a, e, i); Pearson’s
correlation coefficient (r;
panels b, f, j); Mean
Absolute Scaled Error
(MASE; panels ¢, g, k); and
ranked Bayesian
Information Criteria (rBIC;
panels d, h, I) for the 12
models’ stomatal
conductance (panels a —
d), transpiration (panels e
—h), and net
photosynthetic uptake
(panels i — I) estimates
across sites x species. For
the NSE and r, from left to
right, the models appear
in order of least to most
skilled across sites x
species for a given leaf-
level flux; a score of 1
characterises a perfect
forecast. For the MASE
and rBIC, the models
appear in order of most to
least skilled; scores of 0
characterise best possible
and perfect forecasts,
respectively.
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Figure S10. Leaf-level estimates of the net rates of carbon assimilation (4,,) and transpiration (E)
for the 12 models at the site x species not shown in Figure 6, from wet (panel a) to xeric (panel d),
compared to observations (light grey crosses). Dashed black lines represent the observed overall
average behaviours fitted via a generalised additive model. For the model estimates, point size is
proportional to the number of observations per site X species and transparency is proportional to

density. Outliers were excluded by capping the modelled values to 2.5 times the maximum

observation at each site.
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Figure S11. Relationship between stomatal conductance (g;) and the CO, concentration in the
leaf intercellular air spaces (C;) predicted by the 12 models for wet (panel a) to xeric (panel k) site
% species. The encircles show the interquartile ranges of simulated to observed g, ratios against
simulated to observed C; ratios, such that a perfect model would be concentrated at the
intersection of the 1:1 lines.
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Figure S12. Relationship between stomatal conductance (g) and leaf water potential (¥;)
predicted by 11 models for wet (panel a) to xeric (panel p) site X species. The decline in g, with
decreasing ¥, is fitted via a generalised additive model and compared to observations (light grey
crosses). The functional forms were made comparable by normalising g, by its model-specific
maximum for each site X species, and ¥, by the critical leaf water potential indicative of total
xylem failure (Pyg in this study). Curves were not fitted if they did not monotonically decrease, or
where the models operate at, or beyond, the Pys. Note, there are no observations available for (n),
so we plotted the measured minimum average seasonal ¥; and the minimum observed g
instead.
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Table S1. Default parameters of the biochemical photosynthesis model

Abbreviation Parameter description Value Unit
0, atmospheric O, concentration 20.73 kPa
I CO; compensation point at 25°C 4.22 Pa
K, Michaelis-Menten constant for carboxylation 39.96 Pa
K, Michaelis-Menten constant for oxygenation 2748 kPa
E. energy of activation of the carboxylation 79430 J mol”’
E, energy of activation of the oxygenation 36380 J mol™
E, energy of activation of V..., 60000 J mol”’
E; energy of activation of ], 30000 J mol”’
Ep energy of activation of the CO, compensation point 37830 J mol’
Js, Vemax €Ntropy factor 650 Jmol" K
8s; Jmax €Ntropy factor 650 Jmol' K
V.max rate of decrease above the optimum
Hg, 200000 J mol™
temperature
Jmax rate of decrease above the optimum
Hs, 200000 J mol”’
temperature
T short wave (visible) leaf transmittivity 0.05 -
a; short wave (visible) leaf reflectivity 0.062 -
mol photon
a quantum yield of electron transport 0.30
mol- electron
c curvature of the light response 0.7 -
h transition curvature factor 0.99 -
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Table S2. Default soil parameters

Abbreviation Parameter description Value Unit
Yaep air entry point soil water potential -0.8 kPa
Osar volumetric soil water content at saturation 0.41 m3 m3
Ofc volumetric soil water content at field capacity 0.21 m3 m-3
Owp volumetric soil water content at wilting point 0.10 m3 m-3
bey Clapp-Hornberger pore size distribution index 522 -
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Table S3. Sampled parameter spaces for each stomatal conductance model

Sampled
Model name Parameter  Unit Initial guess***
parameter space

Medlyn 91, Med kPa®> 2.49 [0.01; 12.5]

Saed MPa"’ 2 [0.01; 10]
Tuzet Kmax® mmol m2 s MPa™ 1 [0.005; 20]

Gi7uz - 3.5 [0.01; 12.5]

P, o+ MPa Psg (Pgg)™*** [Pos; -0.15]
Eller Konax mmol m2 s MPa™ 1 [0.005; 20]
WUE-fy, A umol CO2 mmol™" H,0 5 [0.01; 10] x 10°
CMax a umol m=2 s MPa~? 5 [0.5; 80]

b pumol m2 s MPa™’ -1 [-8;-0.1]
ProfitMax Komax mmol m2 s’ MPa 1 [0.005; 20]
CGain @ umol m2s 5 [0.01; 50]
SOXopt Komax mmol m2 s MPa™ 1 [0.005; 20]
ProfitMax2 Komax mmol m2 s MPa™ 1 [0.005; 20]
LeastCost Konax mmol m? s MPa™ 1 [0.005; 20]

n umol CO2 mmol™ H,O 5 [0.01; 50] x 103
CAP Komax mmol m? s’ MPa™ 1 [0.005; 20]

¥y 1im MPa Py (Pgg)**** [Pys; -0.15]
MES Kmax mmol m? s MPa™! 1 [0.005; 20]

W iim MPa Pgo (Pgg)*™*** [Pys; -0.15]

* Calibrations performed in the ‘Evaluation against observations’ section only

** Parameter calibrated in the theoretical ‘Idealised calibrations’ section but see Methods S5 for the
‘Evaluation against observations’ section

*** The initial value was multiplied by 1.5 in case of calibration failure (this happened once, for one model at
one site X species combination in the ‘Evaluation against observations’; see output data)

***x poo is replaced by Pgg if the initial ¥ < Pg
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Table S4. Overview of the minimisers used in this study

Solver description

Suited to...

Reference

Nelder-Mead

COBYLA

Powell

Differential

Evolution

Dual Annealing

AMPGO

Basin-Hopping

Simplex search algorithm

Simplex polynomial search
algorithm

Conjugate direction algorithm

Stochastic population algorithm

Simulated annealing algorithm
with stochastic sampling
Adaptive memory programming
algorithm

Two-phase stochastic algorithm

Unimodal problems

Constrained
complex problems
Continuous complex
problems

Global problems

Global problems

Constrained global

problems

Global problems

Nelder & Mead
(1965)
Powell (1994)

Powell (1964)

Storn & Price
(1997)

Xiang & Gong
(2000)

Lasdon et al.
(2010)

Wales & Doye
(1997)
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Table S5. Species-level parameterisations of the canopy

Species Height* Reference o
(m) ()
C. guianensis 339 0.2
T. versicolor 304 0.2
Wu et al. (2020)
T. pittieri 26.6 0.2
C. candidissimum 20.1 0.2
A. excelsa 20** 0.15
A. bidwillii 5** 0.15
B. australis 20%* 0.15
C. gillivraei 20** 0.15
E. cladocalyx 6.1 0.15
E. dunnil 8.8 Héroult et al. (2013) 0.15
E. saligna 83 0.15
E. capillosa 13 Mitchell et al. (2009) 0.15
J. monosperma 3.5 Limousin et al. (2013) 0.05
P. edulis 35 0.05
Q. ilex Vic la Gardiole 5.5 Martin-StPaul et al. (2012) 0.15
Puéchabon 6.5

** Height is only used by the Eller model
** Heights are not given in Choat et al. (2006), so we use the model's default value of 20 m for upper canopy
species and 5 m for understorey species
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Table S6. Best parameter values from the idealised calibrations. Associated minimisers

are shown inside the brackets.

Model name Parameter Unit ‘Wet’ soil moisture profile  ‘Stressed’ soil moisture profile
Tuzet 91,1uz - 332  (Powell) 3.05 (Dual Annealing)
Yyier MPa -2.52 -2.23
Eller knax mmol m2 s’ MPa™ 032  (Powell) 0.26 (Powell)
WUE-fy, A pumol CO; mmol" H,O  1.34  (Dual Annealing) 1.82 (Dual Annealing)
CMax a umol m=2 s' MPa= 2.26  (Dual Annealing) 244 (Dual Annealing)
b umol m=2 s MPa"’ -2.69 -1.80
ProfitMax kmax mmol m2 s MPa™! 0.89  (Basin-Hopping) 0.78 (Basin-Hopping)
CGain w umol m=2 s’ 724  (Dual Annealing) 8.07 (Dual Annealing)
SOXopt kmax mmol m2 s MPa™! 0.87  (Powell) 0.76 (Dual Annealing)
ProfitMax2 kmax mmol m2 s MPa™! 199  (Nelder-Mead) 1.53 (Nelder-Mead)
LeastCost kmax mmol m2 s’ MPa™ 0.44  (Differential 0.37 (Dual Annealing)
n umol CO, mmol' H,0 350  Evolution) 479
CAP kmax mmol m2 s MPa™! 1.98  (Basin-Hopping) 6.23 (Dual Annealing)
Yo lim MPa -3.15 -0.89
MES kmax mmol m2s' MPa™! 1.19  (Dual Annealing) 3.94 (Differential
W, tim MPa 327 g0  Evolution)
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Text S1. Biochemical photosynthesis model

The net rate of carbon assimilation, 4,, (umol m?s™), is obtained from the Farquhar et al.
(1980) biochemical photosynthesis model, including the Rubisco limited photosynthetic
rate (A.; umol m?s") and the rubilose-1,5-bisphosphate (RuBP) regeneration limited
rate (4;; umol m” s™"), with a smoothed hyperbolic transition between these two

limitations (Kirschbaum & Farquhar, 1984).

Act+Aj- J(AC+Aj)2—4hACAj
n = 2h -

Ry (1.1)

where h is a unitless transition curvature factor and R; (umol m*s") is the day
respiration, taken as 1.5% of the photosynthetic Rubisco capacity, V. jqx (Mmol m?s™), as

per Collatz et al. (1991).

The expressions of the Rubisco limited rate, A, (umol m™?s™), and of the electron

transport limited rate were obtained from De Pury & Farquhar (1997):

—_ chax(ci_r*)
A = - — (1.2)

where C; (Pa) is the intercellular CO; partial pressure, I'* (Pa) is the CO, compensation

point of photosynthesis. K,,, (Pa) is the effective Michaelis-Menten constant:
K = K. (1+ 22) (1.3)

where K, (Pa) is the Michaelis-Menten constant of Rubisco for CO,, K, (Pa) the
Michaelis-Menten constant of Rubisco for O, and 0, (Pa) is the atmospheric oxygen

partial pressure.
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The second limitation, 4; (umol m™s™), is expressed as:

A' _ ](Ci_r*)

T 7 a(ci+2r) (1.4)
where J (umol m?s™) is the irradiance dependence of electron transport, such that:
J = aPPFD+ Jymax—+/ (QPPFD+ [y )2 —4CQ 1 ax PPFD (15)

2c

where a (mol photon mol™ electron) is the effective quantum yield of electron transport
depending on leaf emissivity, PPFD (umol m?s™) is the photosynthetic photon flux
density, Jmax (WMol m? s is the maximum rate of electron transport, and ¢ defines the

unitless curvature of the leaf response of electron transport to irradiance.

The temperature dependency of I'*, K., and K, is modelled using an Arrhenius function

relative to 25 °C, as in De Pury & Farquhar (1997).

The temperature dependency of V.4 @and Jiqx is modelled using a peaked Arrhenius
function relative to 25 °C, to account for limitations at high temperature, as in Medlyn et
al. (2002). To account for low temperatures effects (i.e., below 10°C), we simply apply a

linear ramp.

Text S2. Shape of the vulnerability curves

The sensitivity (s;, MPa) and shape (s,, unitless) parameters used to model the
cumulative Weibull distribution (Neufeld et al., 1992) were derived from two values of

water potential drop in xylem hydraulic conductivity, such that:

o <10g(1— x1/100)>
log(1— x2/100)

log Py, —log Py,

S, = 2.1)
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5, = P _ 2.2)

(=log(1- 961/1()0))E

where x; and x, are two percentage values of hydraulic conductivity loss (%), and P,

and P,, are their associated water potentials (MPa), e.g., Pso and Pgg.

Text S3. Soil hydraulic processes

Soil water potential is given by the Clapp-Hornberger equation (Clapp & Hornberger,
1978):
o \ bcH
Vs = Yaep (@) 3.1)
where ¥; (MPa) is the root zone soil water potential, ¥,.,, (MPa) is the air entry point
water potential,  (m® m) is volumetric soil moisture content, O, (m* m?) is the
volumetric soil moisture content at saturation, and by (unitless) is the Clapp-Hornberger

pore size distribution index which approximates the slope of the soil-water retention

curve.

Text S4. Simplification of the CGain hypothesis

The optimisation hypothesis presented by Lu et al. (2020) maximises plant net carbon
gain (CGain) whilst accounting for a ‘carbon cost per recovered unit of xylem

conductance’ (@; ymol m?s™):

max <A — @ kwgoge=kw = rw(kq'l_kq'crit)> 4.1

kmax

where r; sets the ratio of impaired to recovered xylem conductance after embolism and
ky,,, (mmol m? s MPa™) corresponds to minimum embolism when soil water potential

is at saturation (i.e. W¢p).

22



Assuming instantaneously reversible embolism (i.e. r; = 1) is necessary to allow
comparison of the CGain hypothesis with other hypotheses that do not mechanistically
account for lagged costs, therefore the maximisation criterion becomes:

Kwsar— klpl)

max (A - W
kmax

4.2)

Finally, we assume no a priori embolism (i.e. impaired xylem perfectly and fully recovers),

such that ky_, ~ Kmay and Equation S4.2 becomes:

Kmax— kw
max (A _E,M)

kmax

4.3)

Text S5. Processing of the observations and additional data

Essential hydraulic and photosynthetic parameters

For every dataset considered in this study, we discarded species for which hydraulic traits
were not readily available from the literature (two Australian species) or, in the case of
the Panamean species, we discarded four species for which we could not reliably
reconstruct hydraulic vulnerability curves using observed Ps, and the Weibull parameters
published in Wu et al. (2020) (i.e. Pgg within less than 1 MPa of the Ps,), nor had access to

alternative published hydraulic trait parameterisations.

Where A-C; curves were available, we fitted V525 and Jpax 25 parameters on a site x
species basis, using the Levenberg-Marquardt least-squares approach for which the
source code is freely available from GitHub

(https://github.com/mdekauwe/FitFarquharModel; De Kauwe et al., 2015). The fitting

method makes no assumption about the C; value at which the leaf transitions between
A. and 4;, but it uses a hyperbolic minimum function to smooth the transition (cf.
Equation S1.1).

For robust estimation, we screened the data and excluded ‘bad” measurement curves,

with ‘bad’ defined according to the following criteria: (i) if the ratio of measurements in
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the A4; vs. A, part of the curve was under 3:10 or vice versa, (i) if the curve comprised less
than six measurements; (iii) if the fitted function r? < 0.9, and (iv) if there were
anomalously large residuals, or if residuals in one part of the curve were significantly
greater than those of the other part of the curve. For one Panamean species (Carapa
guianensis), we had to relax criteria (i), as there were too few A-C; curves, but we

nonetheless excluded one curve that did not include any data in the A, portion.

Gas exchange datasets

Measurements obtained under a PPFD threshold of 50 umol m?s™ and a D, threshold of
0.05 kPa were filtered out. Any negative g, E, and C; observations, or null g, associated
to positive 4,, and E, as well as measurements of C; > C, were removed. Only species
with at least 30 observations remaining after these filtering steps were considered in the

study (i.e. discarding seven species from Panama and one location from France).

Where the g, set by the LI-COR was not available (the Many Peaks Range, Sevilleta,
Puéchabon, and Vic la Gardiole), we assumed it to be 5 mol m?s™ for the gymnosperm
species (based on the LI-COR fixed value for conifers;

https://www.licor.com/documents/vtlsnaiycs2izvrcsnu1) and 2.84 mol m™ s for the

angiosperm species (following the majority of angiosperm datasets where g;, was

available).

Where atmospheric measurements of T,, D,, or Py, were missing, we proceeded in two
different ways. Firstly, if either T, or D, or Py, was missing whilst the two other variables
were reported, we gap-filled the missing variable using Teten's equation (Monteith &
Unsworth, 1990) and depending on site elevation. Secondly, where two or more of the
above atmospheric data were not available (i.e. at the Many Peaks Range, QLD, Australia
and Sevilleta, NM, USA), we added the closest corresponding observations (matched to
the nearest half hour) from the nearest weather station.

For the Many Peaks Range, the weather data were obtained from the Australian

Government's Bureau of Meteorology archive for the Townsville Aero station,
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approximately 105 km away from where the leaf-gas exchange measurements were
made. The temperature data diverged from the measured leaf temperatures by up to
>10°C, so we bias corrected them using the midway points between air and leaf
temperatures. For Sevilleta, the weather data were obtained from a micrometeorological
station located in an open inter-canopy area at the study site (see

https://sevlter.unm.edu/data/sev-273).

In all cases, whenever added atmospheric forcing violated Tetens' equation (i.e., T,, Dg,
and P, corresponding to >95% relative humidity but not immediately preceded or

succeeded by relative humidity >90%), we removed that data.

Text S6. Fitting the Tuzet model’s ¢ function

For each site x species, we smoothed the normalised observations of g (normalised by
the maximum observed value) using a gaussian filter. We then determined the first
inflexion point (x,) in the smoothed g ,orm to observed ¥, relationship, and a i
inflexion point (x;) corresponding to inflexion point for the smallest observation of g;.
The average of x, and x; was subsequently used as the initial guess for the ¥,/
parameter upon fitting Equation 7 (i.e.,, { of the main text). The initial guess for s, was

always 2.

Y,er and spy; were calibrated to the upper envelope of non-smoothed normalised
observations of g, to ¥, using the ‘optimize.curve_fit' function of the SciPy python
package (SciPy 1.0 Contributors et al., 2020). For Eucalyptus capillosa, observations of ¥;

were not available, so ¥,y was simply set to Psy and sy, to 2.
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Text S7. Performance assessment metrics

The Nash-Sutcliffe Efficiency index (NSE; Nash & Sutcliffe, 1970) is defined as:

Y, (sim—obs)?
i, (obs—obs)?

NSE =1-— (7.1)

with positive values characterising models more skilled than the observed mean (NSE =

0) and 1 perfect forecasts.

The Mean Absolute Scaled Error (MASE; Hyndman & Koehler, 2006) is:

MASE = o) (7.2)

1
7= iz |obsi—0obs;_4]

where ¢; is the forecast error, which we modify to account for the minimum forecast

error:

ej = sim — obs — min(|sim; — obs;|) (7.3)
i€[n]

A MASE of 0 denotes the minimum possible simulation error and values < 1 identify

models more skilled than a one-step forecast of the previous observation.

Finally, the ranked Bayesian Information Criterion (rBIC) is calculated as the quantile rank
of each model’s BIC within each site x species. Each model’s BIC is estimated following

Venables & Ripley (2010):

+ klnn (7.4)

N (sim—obs)?
BIC = nn (Rt

where k is the number of model parameters.

For rBIC, O (1) indicates the best (worst) model at trading-off accuracy and complexity

(i.e., number of model parameters) within each site x species.
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Text S8. Optimisation criteria forms vs. derivative forms

In our implementation of the optimal schemes, we used the optimisation criteria forms (i.e.
direct maximisation or minimisation) rather than their commonly used derivative forms.
An example derivative form of Equation 11 (i.e, the WUE-f,, model) would be the

following:

04y 0E
0_,95_/16_93_0 (81)

More examples of derivative forms can be found in e.g., Anderegg et al. (2018), Prentice

et al. (2014), or Wang et al. (2020).

We opted to use the optimisation criteria forms because derivative forms can be unstable
when optimal schemes are coupled with an energy balance routine (particularly when D,
and PPFD are low) and might therefore require using a high precision solver, which is not

desirable considering computing costs.

To illustrate the differences caused by implementation (i.e. optimisation criteria forms vs.
derivative forms), Figure S2 shows a diurnal time course of g5 and ¥, for five example
models, for a ‘low’ vs. ‘high’ solving resolution (100,000 vs. 4,800,000 possibilities in the
solving matrices at every instant). It is apparent from Figure S2a, c that the optimisation
criteria forms (plain lines) are more stable than the derivative forms (dotted lines) when
the solving resolution is low, avoiding spurious large ‘peaks’ in the morning and evening

(those even occur in the afternoon for WUE-f, ).

For most of the models (but not WUE-fy)), spurious peaks given by the derivative forms
disappear when a high solving resolution is used (Figure S2b, d) and both the actual
optimisation criteria and derivative forms agree. However, changing the solver resolution
changes the magnitude of g, and ¥, predicted by the LeastCost model's derivative form,
which suggests it is prone to artefacts and confirms that the actual criterion form should

be preferred.
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