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UAV-based infrared thermography reveals reduced transpiration in mistletoe-infected trees in
an endangered eucalypt woodland
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SUPPLEMENTARY MATERIALS: Estimation of transpiration from canopy temperature

51 Estimation of transpiration of mistletoe, uninfected and infected canopy

In this section, we present a basic method to estimate transpiration from T. using the
observations of the flux tower nearby. Transpiration of the mistletoe, of the infected and uninfected
canopy was estimated from the thermal measurements in combination with the flux tower
measurements. The basic formula to calculate transpiration (Tr, mm s) of the mistletoe, uninfected
and infected canopy is
Pa Cp (Tc - Ta)

TaH

With A the latent heat of vaporization, S* the net shortwave radiation (W m2), Lin the incoming
longwave radiation (W m2), € the emissivity, pa the air density (kg m-), cp the specific heat capacity
of the air (J kg K1), Ta the air temperature, ran the aerodynamic resistance (s m?) and T. the canopy
temperature of either the mistletoe, uninfected or infected tree (Tmist, Tunint, Tinf).

ATr=S*"+ gLy, — eo T¢ — (S1)

S*, Lin and Ta are taken from the flux tower measurement and A and pa are calculated from Ta.
The aerodynamic resistance (raH) is derived from flux tower measurements in a two-step approach.
First, the measured sensible heat flux H from the flux tower measurements was corrected for energy

balance closure using the Bowen Ratio method (i.e., Heorr = (?1“:1(3) , with Ra the net radiation, G the
B

ground heat flux and 3 = H/AE the Bowen Ratio, with AE the measured evaporation, all as measured
at the flux tower). The aerodynamic resistance rax is then calculated as
_PaCp (Ts_tower —T,)

Fa = (52)
corr
With Ts_tower (K) the observed surface temperature of the flux tower, calculated as:
4|Loye — (1 —¢) L
Ts_tower = \/ = E)_ e ) Lin (S3)

In equation S3, Lout is the outgoing longwave radiation (W m2) as measured at the flux tower and
the Stefan-Boltzmann constant (5.675 108 W m=2 K+).

Finally, transpiration was converted from units of mm sin Eq. 1 to mm hour! by multiplying with
3600.

S2 Results

The estimated transpiration for the mistletoe, infected and uninfected eucalypt canopy is given
in Table S1. Obviously, the trends are similar as for the Te-comparison (Table 2). Transpiration of the
infected canopy (Trin) is always lower than that of mistletoe (Trmist) and ranges between 31%
(30/01/2015) and 89% (16/06/2014) of Trmist. Transpiration from uninfected eucalypt canopy (Tuninf) is
on average 90% of Trmist and is above 84% for all but one day (15/04/2015, 42%).

When plotting the differences in transpiration between the days for different climatic drivers
(Figure S1), the same conclusions can be drawn as compared to the Tc-comparisons (Figure 6, Main
text): both (Trmist-Trinf) and (Trunine-Trinf) are particularly influenced by incoming radiation, but are not
clearly higher under stressed conditions (low SWcan, high VS-value, Fig 6d,f). No climatic driver or
stress condition clearly influences (Trmist-Truninf).
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Table S1 — Overview of estimated transpiration of mistletoe (Trmist), infected eucalypt (Trinf) and
uninfected eucalypt (Truninf) canopy (in mm hour™).

Date TTmist TTint Trunint

07/02/2014 0.72+0.15 0.39+0.25 0.68 +0.11
20/02/2014 0.96 +0.12 0.80+0.17 0.86 +0.11
05/03/2014 0.93 +0.05 0.75+0.08 0.79 £ 0.06
17/04/2014 0.41+0.16 0.35+0.21 0.44+£0.11
15/05/2014 0.58 +0.11 0.50+0.12 0.50 +0.11
16/06/2014 0.53 +0.05 0.47 +0.07 0.52+0.08
22/12/2014 0.68 +0.13 0.51+0.16 0.73+0.29
08/01/2015 0.79+0.09 0.59+0.16 0.79+0.10
30/01/2015 0.53 +0.15 0.16 £0.15 0.46 +0.10
15/04/2015 0.31+0.15 0.16 +0.13 0.13+0.08
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Figure S1. Distribution of the differences in estimated transpiration between infected (Trinf) and
uninfected (Truninf) eucalypt canopy, between infected eucalypt and mistletoe (Trmist) canopy and
between uninfected and mistletoe canopy as a function of climatic drivers (a. air temperature, b.
vapour pressure deficit and c. incoming shortwave radiation), d. the normalized anomaly in soil water
content, e. potential evaporation and f. the vegetation stress factor.

S3 Discussion

A relatively straightforward method to derive transpiration from observed canopy temperature
using flux tower data is presented. It is clear that this method depends on a few assumptions. First,
by using Lin for calibrating Ter of the cameras (Eq. 1 in main text) and by deriving r.x from Eq. S2, it
was assumed that the observed surface temperature of the ecosystem, derived from Lin, is correct and
is equal to the aerodynamic temperature To. We furthermore assume that, since all temperature
measurements were performed at the top of the tree canopy, rax is the same, and is equal to the mean
rart of the ecosystem. In Eq. S1, we assumed that the net shortwave radiation is the same for all the
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canopy types and is equal to the observed canopy of the overall ecosystem. This could be refined if
multispectral imagery is available.

It is clear that the method would benefit from further testing, e.g. using sap flow measurements
— and that the results need to be interpreted with the necessary precaution. Still, the range of
estimated transpiration is reasonable, and the differences in estimated transpiration between
mistletoe and infected host are very much in line with other studies using direct sap-flow
measurements (see Section 4.3 main text).



