Supplementary Information for:
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This supplement contains:

1)

2)

3)

4)

5)

6)

7

8)

9)

Additional data visualisations of the species-level results (Figure S1),

Further information characterising the study sites and survey conditions (Table S1),
Additional analysis and interpretation of how wind speed influences photogrammetric
reconstructions of plants (Figures S2A and S3, Table S3, Supplementary Note 2),
Additional analysis and interpretation of how cloud cover influences photogrammetric
reconstructions of plants (Figure S4, Tables S4 and S6),

Additional analysis and interpretation of how sun elevation influences
photogrammetric reconstructions of plants (Figures S2B and S4, Table S5,
Supplementary Note 3),

Parameters for species-level height:biomass models (Table S2),

Extended discussion of the limitations of photogrammetric reconstructions of plants
(Supplementary Note 1, Figures S6 and S7),

Extended discussion of the limitations of universal allometric functions
(Supplementary Note 4), and

Extended discussion of the true cost of photogrammetric surveys (Supplementary
Note 5).
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Figure S1. Photogrammetrically derived canopy height is a strong predictor of biomass

across species. We used ordinary least squares regression to fit linear models with an

intercept constrained through the origin (solid black line) for all species with four or more

observations. Species are grouped by plant functional type (indicated by icon and point

colour). A constant X:Y ratio is used for all plots, so model slopes can be compared visually,

even when axis ranges vary. Steeper slopes in these allometric models imply more biomass-

per-unit-of-height, and model slopes are generally similar within plant functional groups. Full

model results are included in Supp. Table 2.
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Figure S2. Reconstructed plant height and thus height-biomass relationships were
influenced by wind speed but were insensitive to sun elevation. The allometric density
(slope of height:biomass models + 83% confidence intervals) calculated for each sample of
each species plotted against wind speed (n=55) (A) and sun elevation for all surveys
conducted under relatively clear sky conditions (n = 47, see methods for details) (B). Data are
grouped by PFT, and linear models are fitted to illustrate the PFT-level trends tested with
GLMMs (Tables S3 and S4). We attribute the positive relationships between wind speed and
density at the PFT-level (Figure 3A) and species-level (Figure S3) to the influence of wind on
reconstructed plant height (Supplementary Note 2). The negative relationships between sun
elevation and density in the graminoid and shrub PFTs may be caused by lower sun angles
causing shadowing that negatively bias reconstructed plant heights and thus increase density,

but this effect was not statistically significant (Figure 2B, Table S5, Supplementary Note 3).
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Figure S3. The sensitivity of photogrammetrically reconstructed height to wind speed
differs between species based on growth form. For the twelve species sampled more than
once, the slope (+ 83% confidence interval) of the linear model fitted to height and biomass
for each sample was plotted against wind speed during the survey, and linear models were
then fitted to these points to illustrate patterns at the species-level. Species are ordered by
apparent sensitivity to wind speed, which broadly corresponded with canopy architecture. For

further discussion see Supplementary Note 2.
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Figure S4. The apparently strong effect of cloud cover on photogrammetrically
reconstructed height likely arises from imbalanced observations. Mean predicted
aboveground biomass variation over the range of observed mean canopy height. Shaded
areas represent 95% confidence intervals on the model predictions. Cloud cover appears to
strongly influence on the relationship between height and biomass; however, these results
should be interpreted cautiously as these two factors are highly unbalanced in this analysis
(6Cleard consisted of 620 observations frr
observations from four surveys), and thus do not account for other possible covariates. Cloud
cover had a statistically non-significant effect in the model, but there was a statistically

significant interaction between cloud cover and height (Table S4).
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Figure S5. Sun elevation has little systematic effect on photogrammetrically
reconstructed height at the species-level. For the nine species sampled more than once
under moderately clear skies (see methods for details), the slope (+ 83% confidence interval)
of the linear model fitted to height and biomass for each sample was plotted against sun
elevation during the survey, and linear models were then fitted to these points to illustrate

patterns at the species-level. For further discussion see Supplementary Note 3.



Figure S6. This sampling approach was unable to usefully resolve the canopy height of
mosses. Photographs of two of the thirteen rocky bryophyte (moss) plots where we were
unable to determine meaningful measurements of canopy heights due to the short height of
the bryophytes (just a few centimetres) relative to the terrain roughness (A is of plot
20190810 HW_KS1 P01, and B is of plot 20190810 HW_KS1 PO05). The 13 plots from these
two sites were excluded from further analysis.
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