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Supplementary Data

Allometric leaf area equations
To predict the leaf area of individual trees, we used allometric equations because it was not possible to take destructive samples to develop such equations. Therefore we used the equations and parameters from Forrester et al., (2017c) which were developed in very similar stands and also covered the range of our data in terms of DBH, basal area (m² ha-1), tree density (trees ha-1) and age (Table A1 & A2).

Table A1 The applied parameters (ß) and correction ratios (ε) to calculate the individual leaf area for the trees of F. sylvatica and P. menziesii in this study. Data provided by Forrester et al. (2017c).
	Species
	(Y)
	Equation
	ln(β0)
	β for ln(DBH) 
	β for ln(Age) 
	β for BA
	β for ln(TPH)
	 

	F.sylvatica
	Foliage mass
	6
	-3.0381  (0.5145)
	1.9131  (0.0358)
	
	-0.0474  (0.0177)
	
	1.156113761

	Broad-leaved species
	Leaf area
	6.1
	-0.9395  (0.2989)
	1.8915  (0.0151)
	-0.1913  (0.0838)
	
	
	1.068914638

	Broad-leaved species
	Foliage mass
	6.2
	-5.9336  (0.6859)
	1.9292  (0.0161)
	
	
	0.1817  (0.0846)
	1.049789259

	P.menziesii
	Leaf area
	6.3
	-1.6095  (0.0853)
	1.9025  (0.0175)
	
	
	
	0.970451431

	P.menziesii
	Leaf area
	6.4
	0.7396  (0.1577)
	2.3402  (0.0213)
	-1.018  (0.043)
	
	
	1.023919804

	P.menziesii
	Leaf area
	6.5
	-7.3341  (0.3219)
	2.4205  (0.021)
	
	
	0.5288  (0.0342)
	1.016315103

	P.menziesii
	Leaf area
	6.6
	0.6366  (0.1806)
	2.3424  (0.0294)
	-0.7175  (0.0711)
	-0.0259  (0.0044)
	
	1.02250669

	P.menziesii
	Leaf area
	6.7
	-3.9226  (0.448)
	2.4269  (0.0225)
	
	-0.0342  (0.0042)
	0.2627  (0.0392)
	1.018918729

	P.menziesii
	Leaf area
	6.8
	-4.0617  (0.7018)
	2.4513  (0.0238)
	-0.4353  (0.0894)
	
	0.2886  (0.0541)
	1.013919268



Table A2 Show the range of the equations in Table A1. All ranges are listed as (min/average/maximum)
	Equation
	d range (cm)
	BA range (m2 ha-1)
	Age range (years)
	TPH range (trees ha-1)

	6
	2 / 19.7 / 54
	19.3 / 27.1 / 45.6
	27.8 / 38.8 / 56
	379 / 1887.2 / 4000

	6.1
	0.1 / 16.6 / 88.2
	10.6 / 27.8 / 45.6
	4.6 / 41.6 / 143.8
	375 / 10499.5 / 69527.4

	6.2
	0.5 / 18.5 / 75
	10.6 / 28.3 / 45.6
	4.6 / 41.3 / 133.3
	167 / 9285.7 / 69527.4

	6.3
	1 / 24.7 / 163
	0.5 / 44.1 / 75
	10 / 40.6 / 262
	235 / 3048.8 / 12000

	6.4
	1 / 20.9 / 86.3
	0.5 / 43.5 / 70.1
	10 / 40.6 / 262
	235 / 3177.6 / 12000

	6.5
	3 / 23.4 / 86.3
	21.1 / 43.4 / 70.1
	18 / 40.7 / 100
	235 / 3048.8 / 12000

	6.6
	1 / 23.5 / 86.3
	0.5 / 43.5 / 70.1
	10 / 44.1 / 262
	235 / 3390.4 / 12000

	6.7
	3 / 23.8 / 86.3
	21.1 / 43.4 / 70.1
	22 / 42.8 / 100
	235 / 3229.6 / 12000

	6.8
	3 / 23 / 86.3
	21.1 / 44.4 / 70.1
	18 / 40.7 / 100
	235 / 3177.6 / 12000



If leaf mass was determined as the response variable, it was then divided by the calculated SLA (m2 kg-1).



Specific leaf area equations
For the calculation of the SLA, we used the parameters from Forrester et al. (2017c). The resulting two equations were:
𝑆𝐿𝐴𝐹.𝑠𝑦𝑙𝑣𝑎𝑡𝑖𝑐𝑎 = 19.4 + (24.72 − 19.4)−(ln 2)∗(𝐴𝑔𝑒/35)²							(A1)
𝑆𝐿𝐴𝑃.𝑚𝑒𝑛𝑧𝑖𝑒𝑠𝑖𝑖 = 5 + (6.56 − 5)−(ln 2)∗(𝐴𝑔𝑒/44.7)²								(A2)

Parameterisation of the MAESTRA model
MAESTRA requires parameters that describe the vertical and horizontal leaf-area density distribution (LAD; leaf area per crown volume, m2 m-3). In this study, the horizontal leaf-area density distribution was assumed to be uniform. The vertical LAD at a given height within a tree crown is described using a 3-parameter beta function of relative crown height (hrel), where 0 is the height of the lowest branch and 1 is tree height (Eq. A3; Wang et al., 1990).
LADhrel = a hrel b (1 − hrel) c 						(A3)

The mean leaf angle (from horizontal) was obtained from the literature for both species (Planchais and Pontailler 1999; Barclay 2001). Leaf transmittance and reflectance of photosynthetically active radiation (PAR) were obtained from other studies with the same species or species with similar leaf characteristics where possible (Ibrom et al. 2006; Linderson et al. 2012)
The non-species-specific parameter values used included nalpha: number of leaf angle classes from 0 to 90 degrees = 5, jleaf: specification of leaf-area density distribution = 1 (vertical direction, uniform horizontal distribution), nolay: number of individual tree crown layers to integrate over = 6, pplay = 12, nzen = 5, naz = 11; difsky: the distribution of diffuse radiation incident from the sky = 0; khrsperday: the number of time steps per day = 48; cshape: the crown shape was a half-ellipse = ELIP; there was only one age considered for the beta distribution of leaf-area density; there was no clumping of foliage into shoots. Further details about the meaning and significance of these parameters can be found in the MAESTRA manual (see Medlyn, 2004)

Table A3. Species-specific parameter values for the MAESTRA model
	Species
	Experiment type
	atau: leaf
transmittance in
PAR/NIR/thermal
	arho: leaf
reflectance in
PAR/NIR/thermal
	Parameters (a / b / c) for the vertical leaf area density
(beta distribution: BPT)
	avgang: mean
leaf inclination
angle

	P. menziesii
	triplet
	0.03/0.26/0.00
	0.09/0.33/0.05
	3.40/1.50/0.19
	10

	F. sylvatica
	triplet
	0.05/0.30/0.05
	0.06/0.35/0.05
	3.76/1.80/0.17
	20.5

	P. menziesii
	density
	0.03/0.26/0.00
	0.09/0.33/0.05
	1.47/0.39/0.03
	10




Comparison of APAR predictions: MAESTRA versus hemispherical photos 
[bookmark: _GoBack]The APAR predictions from MAESTRA were validated using predictions obtained by analysing hemispherical photos. Hemispherical photos were taken during the twilight phases either before sunrise or after sunset since direct sunlight on hemispherical images will cause measurement errors. The Nikon Coolpix 8400 digital camera with the Nikon FC-E9 46 mm fisheye lens was used for this purpose. The camera was fixed in a self-levelling mount on a tripod and operated by a remote shutter release. The tripod was positioned so that the lens was at a height of 130 cm. The magnetic north of each viewpoint from the camera was captured by a red light at the edge of the image. The camera was placed in each plot in all four corners and the centre, and at least four images were taken per camera position. To minimize excessive capture of non-photosynthetically active material, the camera was placed ± 50 cm from the nearest tree trunk. The hemispherical photographs were analyzed using the Hemisfer program (WSL, Birmensdorf, Switzerland; (Schleppi et al. 2007)) and dividing the images into six rings, each with a width of 14°. The outermost ring, which is closest to the horizon, was excluded from the analyses to reduce the effects of the understory or hillsides. The threshold for setting the contrast between vegetation and sky was determined by Hemisfer using the method of Nobis and Hunziker (2005).

The photos were analysed from the Julian day when the F. sylvatica leaves began absorbing PAR until the Julian day when they stopped absorbing PAR as indicated in Table A4. The total proportion of PAR (direct and diffuse) that was absorbed by the canopy was output from Hemisfer as the global light index (also called gap light index, GLI). The mean GLI from each plot was calculated and converted to APAR for the whole summer, the whole year and the difference between them as the winter period, by multiplying the PAR during the given period by 1 – GLI. We performed this conversion for PAR values from 3 years (2014-2016) at these sites. This APAR (APARH) was compared with the APAR predicted using MAESTRA over the same period (APARM).

Table A4 DOY (Day of the year) are the Julian days of the year that define the growing season (obtained from local foresters)
	Experimental location
	Julian day leaves begin absorbing PAR
	Julian day leaves stop absorbing PAR

	Gramschatzer Wald
	111
	303

	Hirschwald
	111
	303

	Walkertshofen
	119
	294



	[image: ]


Fig. A1 The relationship between the APAR predicted using MAESTRA (APARM) and the APAR predicted using hemispherical photos (APARH). The inset plot shows the approximate positioning of hemispherical photos () within a plot. The solid line is a 1:1 line and the dotted line is fitted to the data and forced through the origin.

The APARH and APARM were correlated (R2 = 0.91). The slope of a line fitted to these data and forced through the origin (dashed line) had a slope of 0.9320, indicating an average underestimation by MAESTRA of 6.796 %. 

Tree-level relationships 

Equation A4 was used to examine the mixing effect (M) on the relationship between individual tree APAR and leaf area (la), the horizontal component plot leaf area index (LAI) and the vertical component relative height (rh). The leaf area index (m² m-2) is the leaf area divided by the plot area. Relative height (m) is the height of the target tree divided by the mean height of all trees in the plot. All non-significant (P > 0.05) fixed effect predictors for a given species were removed in order of decreasing the P-value.
	
	(A4)



Table A5 Parameter estimates (with their standard errors) and random effects for models describing the (ln) of the absorbed PAR by individual trees of P. menziesii and F. sylvatica based on Equation A1.
		Effects of stand structure (LA or rh)

	Equation
	
	1
	1

	Species
	
	P. menziesii
	F. sylvatica

	Intercept
	
	-3.09 (0.39)
	-2.43 (0.16)

	ln(la)
	
	1.00 (0.12)
	0.94 (0.06)

	M
	
	-0.78 (0.42)
	

	rh
	
	1.08 (0.36)
	0.78 (0.26)

	LAI
	
	
	

	ln(la) × M
	
	0.20 (0.09)
	

	rh × M
	
	
	

	LAI × M
	
	
	

	
	
	
	

	n
	
	132
	239

	εtij
	 
	0.09
	0.14

	Standard deviations (sd) for random effects (sdi/sdij)

	Estimate
	
	0.30 / 0.23
	0.37 / 0.20

	Lower
	
	0.26 / 0.08
	0.34 / 0.07

	Upper
	 
	0.34. / 0.65
	0.40 / 0.56





la = individual tree leaf area(m²); rh = relative height(height of the individual divided by the mean height of the plot); LAI = leaf area index(m² m-2); M indicates how the intercept or slopes of the model fitted to the mixtures, changes the monocultures; n = the sample number; εtij = the residual variance.
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