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Methods S1 Other model variables

Other variables needed for the flux calculations are determined as follows:

Stomatal conductance (mol m2 st) was modelled with Ball-Berry—Leuning function (Leuning
1995) as

— 0 4+ ai A2 (t)
gs(t) = gs O D (S1.1)

where g2 (mol m?s™) is the minimum stomatal conductance, Ca is ambient CO2 concentration

(mol mol™), D is VPD (kPa) and a; and Dg are empirical parameters.

Mitochondrial respiration rate is calculated following Launiainen et al. (2015) as

12 T (T(t)—Tnz2s)
R;“(t) = R4 2s€ 2RT(¢) (S1.2)

where Rq25 is mitochondrial respiration rate in 25 °C temperature, T(t) is air temperature (K),
Tnas 1 298.15 K, R is the molar gas constant and le represents the reduction of mitochondrial

respiration in light, ry and r» are parameters and

RIF(t) = Ry(t) "L Y (S1.3)

1+e
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where R;s is the isotopic ratio of carbon in needle sugar pool (?7) and e is a 1*C discrimination

parameter related to photorespiration (Ghashghaie et al. 2003).

Mitochondrial respiration decreases with light (Tcherkez et al. 2017). Thus, variable le (unitless)

restricts mitochondrial respiration during day time.

1, I(t) <Igr

() = {0.6, 1(t) = Iy (S1.4)

where | is PAR (mol m?s1) and Irrthreshold PAR for respiration restriction.

The light compensation point of photosynthesis 7* (mol mol?) is modelled following Medlyn et
al. (1999) as

r=@t) = g1 + g2(T(t) — Tnzs) + g3 (T(t) — Tyzs)? (S1.5)
where T(t) is ambient temperature (K), g1, g2 and gs are coefficients.

The direct effect of temperature of photosynthetic rate is calculated as

1
(V) = ——aaeo-a (S1.6)

where T¢(t) is temperature and d; and d- are coefficients. Following Méakeld et al. (2008) the

lagged effect of temperature describing seasonality (S(t)) is calculated as

£ () = min {22 1 (SL1.7)

Sm ax

where Smax (°C) is the threshold where temperature acclimation reaches its maximum and
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as(e) _ Te(1)-5(t) (S1.8)

dt s

where Tc(t) is temperature (°C) and zs a time delay parameter.

The reduction of mesophyll conductance in descriptions 1 and 4 caused by water stress is
calculated as

rw(®) = 1—1p(8) —rs(t) (S1.9)
where reduction caused by VPD (rp) is determined as

(0 = - (S1.10)

where pp is a parameter. Reduction caused by soil moisture (rs) is derived following Peltoniemi
et al. (2015)

1-W(t)

rs(t) = —- (S1.11)

where W(t) is relative extractable water and ps is a parameter.

w(t) = 20 0we (S1.12)
Orc—Owp

Where 6(t) is soil moisture (m* m=3), Owe is wilting point (m® m) and k¢ field capacity.

The reduction of mesophyll conductance in descriptions 3-5 caused by temperature following
Sun et al. (2014):

_ eP1mP2/(RT(®)
rr(t) = 1+e@3T(O)-P4)/(RT(D)) (S1.13)
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where p1, p2, p3 and ps are coefficients.
The reduction of mesophyll conductance in descriptions 4 and 5 caused by light environment in
different parts of the canopy is expressed as:

it, for top part of the canopy
rl =% for middle part of the canopy (S1.14)
i3, for lowest part of the canopy

where i}, i?and i3 are parameters visually estimated from Sun et al. (2014).
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Methods S2 Parameter sensitivity

To test the effect of parameters e and f, i.e. discrimination of mitochondrial respiration and
photorespiration (eqs S1.3 and 12) we used parameter combinations “low”: e = -11, f = 6,
“middle”: e = -6, f = 11 and “high”: e = -1, f = 16, to see how the phloem sugar 5'*C results
respond to low or high respiration discrimination. The values were chosen to cover the upper and
lower limits of the suggested values of e and f for several species (Ghashghaie et al. 2003,
Cernusak et al. 2013, Ubierna et al. 2019).

Pool {s (Fig. 2) is the source pool of carbon for mitochondrial respiration. We set the time
constant of the carbon residence time in s (parameter zr, eq. 14) to 24 hours which means that
the carbon used for respiration is a mixture of carbon that was photosynthesized during ca. the
previous day. To test the effect of this value on the §*3C of respired carbon we changed the value
to 5 hours.

In the photosynthesis model, low temperature directly decreases the photosynthetic rate (eg. 9).
We varied the parameters d; and d of eq. S1.6 to test how steeper or flatter temperature
responses affect the within day or among days §**C results. For this, we used combinations of
parameters d; and d2 0f 0.11 and 5 vs. 0.06 and -17 for steeper and flatter response curve,
respectively. For reference values of d1 and dz (0.08 and -5), photosynthetic rate at 10 °C is
decreased by 24 % compared with maximum reached at 35 °C. Using the steeper and flatter

curves resulted in reductions by 37 % and 17 %, respectively.

Furthermore, we tested the sensitivity of the simulated photosynthesis rate, mesophyll
conductance and daily average 5*C of new photosynthates on varying parameter « while
keeping other parameters as estimated. We ran the model with each gm description with a
increased or decreased by 5 % or 10 % of the original, gm description specific a, estimated as
explained in section 2.5.7. We calculated mean and maximum differences between the model
results with changed and original a over a 22 day period. For photosynthesis rate and mesophyll
conductance, we calculated a relative difference, e.g. Om,test/ gm,original Whereas for §*C of new

photosynthates, we calculated the absolute difference, 8*Cest - 3**Coriginal.
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Fig. S1 Hypothetical environmental conditions used in analysis
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Fig. S1. Hypothetical environmental conditions used in analysis of the effects of environmental
conditions on §*3C of phloem sugars with different mesophyll conductance equations. A:

photosynthetically active radiation (PAR), B: air temperature, C: relative humidity (RH).



Fig. S2 The relationships between gm and gs, gm and Anet, and gm/gs and Anet based on seven

different gm descriptions.
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Fig. S2. The relationships between gm and gs (figs a, b), gm and Anet (figs ¢, d) and gm/gs and Anet
(figs e, f) based on seven different gm descriptions (gm1-6, Table 1). Descriptions 1, 2 and 5 that
are driven by A/C. are shown on left-hand side (figs a, c, ) and descriptions 3, 4 and 6 on right-
hand side (figs b, d, f). Dots are the model results and smoothed lines are added to show the
patterns. Black dashed lines in panels a, ¢ and e represent measured estimates. Note the different
y-axis in e and f.



Fig. S3 The effects of trand direct temperature response parameters on model results.
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Fig. S3. a) The effect of t, i.e. the average age of the sugars that are used for mitochondrial
respiration on the daily pattern of *3C of respiration. Green colour indicates mixing time of one
day, blue colour mixing time of five hours. b) §:*C of modelled photosynthesized sugars with
different direct temperature response parameters of photosynthesis. Black dots represent the
original parameter values, blue dots flatter temperature response and red dots steeper temperature

response.



Fig. S4 Sensitivity of model results to photosynthesis parameter a.
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Fig S4. The effect of changing the value of photosynthesis parameter o on photosynthesis rate (a,

b), mesophyll conductance (c, d) and daily average 5*C of new photosynthates with the seven

different gm descriptions. o was increased or decreased by 10 % (blue and green open circles,

respectively) and 5 % (blue and green filled circles, respectively) and model results were

compared to those with a value estimated as explained in section 2.5.7. Panels a-d show the

relative difference, e.9. Om.test / Om,original Whereas panels e-f show the absolute difference, §=Cres -



8Coriginat. Panels a, ¢, and e show the mean differences and panels b, d and f the maximum

differences over a 22 day period.



