Response to reviewer #2

We thank Reviewer #2, who added their comments in the form of an annotated PDF document. We
hope we caught them all below! Reviewer comments are in italics.

Discussion on use of saplings in the discussion. | think this needs to come back even more in the
discussion - what impact then would this have on your findings/conclusions?
We have added discussion at line 347 (refer to penultimate comment)

Picture of the leaf cuvette with further details on experiment. A picture of this might help as | am not
familiar with it. Does the cuvette cover the full leaf? Also, how long was the cuvette exposed? Was
this done in-line with PTR-MS? So continuously? Or every 7-minutes?

We feel a picture of a commercial leaf cuvette doesn’t add to the manuscript. However, we have
added more details to explain that gas exchange measurements were continuous and that the full
leaf was measured. Leaf area measurements are already described in L108-9 of the original
submission.

At line 98: “Leaf gas exchange measurements were made continuously with a LI-6400XT portable
photosynthesis system (Li-Cor Inc., Lincoln, NE,USA) connected to a Walz 3010-GWK1 leaf cuvette
(maximum surface area for leaf 140 cm?; Heinz Walz GmbH, Effeltrich, Germany).”

Were the results of these 5-6 trees quite similar? So we can assume this number of points is
representative of each species?

The values obtained from the 5-6 replicated were similar even though there was intrinsic variability
within a species. To demonstrate this we have added a figure to the supplementary section that
highlights the trends in response quite clearly.
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Figure: Temperature response of normalised isoprene emission rate from four Eucalyptus species
(a) E. camaldulensis, (b) E. botryoides, (c) E. smithii and (d) E. tereticornis grown under two different
temperature regimes. Open circles (dotted lines) are current climate and filled circles (dashed line)
are future climate. The solid line in each panel is the normalised isoprene emission calculated using
default MEGAN values. Data are normalised to the isoprene emission rate measured at a leaf
temperature of 303 K. Error bars (horizontal and vertical) are means + one standard deviation of 4-6
replicate plants.

It is not clear at this point in the text of the importance of 303K and 313K. | would recommend
stating the importance of these thresholds here.

These values relate to perceived thresholds at 30C and 40C. The point of this sentence is to convey
how hot these three summers were, so will change to maximum and averages over the campaigns.
Alter text at line 131 “Maximum (and average) measured temperatures were 308.9 K (295.9 K) for
Bringelly, 310.0 K (295.6 K) for SPS1 and 317.2K (295.3 K) for MUMBA. Climate projections for
Australia forecast increases in average temperatures with an accompanying increase in the
frequency of extreme heatwave days (Bureau of Meteorology and CSIRO, 2018).”

Also remove text at line 243. Move “Delta-scaling adds ~2 K to the surface temperatures near
Sydney” to line 233.

If your emissions are lower than He who used a mixture of leaf ages, could your results be a partial
artefact of not having old leaves?
Our basal emission rates were higher than He’s and are consistent with the observations of

Street (1997) that younger leaves are higher emitters.

Re-write from line 193: “He et al. (2000) used a mixture of young and mature leaves in their
experiments, which could be one explanation for the difference in emission rates as young
leaves are expected to be higher emitters than older leaves in Eucalyptus (Street et al.
1997). However, as the growth conditions (particularly light and temperature) and
measurement protocols between this study and He et al. (2000) were different (we directly
measured BER with a leaf cuvette at 1000 pmol m2 s and 30 °C while He et al. used a
dynamic chamber and scaled emissions to 1000 umol m2 s PAR and 30 °C using algorithms
from Guenther et al. (1993)), it is difficult to undertake a direct comparison. However, our
measurements put the four eucalypt species into the high emission category.”

Are these averages for 4 species in MEGAN or in your data or both? | assume it can't be both as there
wasn't info on all your species before. So then Megan is for the three species?

The values given for MEGAN in table 3 is the average across the isoprene emission factor map for
the inner 3km domain. This is stated in the table caption. On line 31 we state that the eucalypt tree
emissions in MEGAN were based on six studies with numerous species involved. The default
isoprene emission factor map represents all tree, shrub and grass species in Australia (line 201).
What we have done is then alter the tree portion only of this map using our 4 tree species



measurements but weighted them according to the area each species takes up in Australia (line
208).

To make this clearer we alter text at line 207 “Table 3 shows how the results of fitting CT1, CT2,
Tmax and Ceo compared to the default MEGAN values. These new fitted data are for the four tree
species in the experiment, weighted according to their coverage in Table 1. The new average LEFs
from our four eucalypt species are 31-48 % lower than the default average MEGAN LEF we use in the
base run for the 3km Sydney domain.”

What does the 40% emission reduction relate to? estimated here for what? | would recommend
giving more context to this statement.

At line 210: “Previous modelling showed that a 40% reduction in isoprene was needed to better
match the observations from our three field campaigns (Emmerson et al., 2019).”

New numbers to default MEGAN? What are the two levels used for each variable? What do you
change them to in this senstivity? Is it MEGAN vs new numbers?

The two levels in table 3 refer to the measurements made on the current climate and future climate
grown trees as described in section 2.2. The sensitivity involves changing the default MEGAN values
to the two values in columns 3 and 4 of table 3.

Alter text at line 211 “The value fitted for CT; is very high (1158.36 kJ mol?) in the future climate
treatment compared with the current climate treatment (167.11 kJ mol?) and default MEGAN (230
kJ mol?), due to the future climate E. camaldulensis measurements in Figure 2.”

Thus, CT2 won't be re-fitted, correct?

Correct.

At line 217 “The high CT; value in the future climate treatment will not be refitted, as the incurred 19
% decrease in isoprene is small compared with the 282 % increase caused by Ceo.”

(relates to figure 3) what are the LEFs normalised to? Assume that these are max emission points in
summer? what are the emissions normalised to? Are these the mean points? Is there deviations as
this is across multiple field campaigns? As these are all Jan-Mar, | assume that is max emission
period, correct?

The LEFS do not change regardless of season. Instead they are moderated in MEGAN by the
environmental factors mentioned on line 44 which accounts for seasonal differences (temperature,
PAR, leaf area index, leaf age, soil moisture, and suppression via ambient CO; concentrations). The
LEFS in this figure are normalised by the default MEGAN LEF from table 3. l.e., default MEGAN LEF =
1, CC_yT+LEF is 48% less and FC_yT+LEF is 31% less than the default.

Change the description of the figure at line 247 “If the leaf temperature is varied within Equations 1-
4 and yT is multiplied by the LEF, the impacts of experiments 1-5 on isoprene emission start at about
283 K (Figure 3). Experiment 6 follows the FC_yT+LEF profile. Here, the new current and future
climate LEFs are normalised by the default MEGAN LEF.”

due to spatial heterogeneity and proximity to study site, right? The next sentence is a little confusing
of an explanation to me, so if possible | would recommend summarizing it here before explanation



At line 256: “While it is intuitive to expect less isoprene will be emitted in the CC_yT+LEF and
FC_yT+LEF experiments over the base run (from Figure 3), this may not be the case due to spatial
heterogeneity in the new current and future climate LEF maps.”

Where are these decreases on Fig 3?7 | don't see them.
Change text at line 259: “The results from experiments 3 and 5 certainly show a sustained isoprene
decrease below 314 K and 311 K respectively.”

The colour between Obs and Base hard to see in legend. Is it possible to show also circle with line in
"observation".
Done

Are these field campaigns at one site for each campaign? So are modelled output extracted for that
one point? Or full domain?

At line 263: “The C-CTM is compiled with changes to MEGAN implemented according to Table 3, run
for experiments 1-6 (Table 4) and the isoprene time series is extracted at each field campaign site.
The modelled mean diurnal profiles of isoprene are then compared to the mean diurnal
observations taken at each field campaign (Figure 4).”

As seen in fig 3?
Correct. At line 265 “The CC_yT variables only increase the isoprene mixing ratios when
temperatures exceed 303 K (from figure 3)”

How were r2 calculated? Is this based on all hourly values for each field campaign? Were there
similar number of points? Also, why are there missing points in the observations? Did you use a data
completeness threshold or something to develop these?

The gaps in the observations are at specific times for blanks/calibrations, eg 2 and 3am local time.
The r? were calculated by comparing the mean diurnal modelled isoprene to the mean diurnal
observed isoprene. However the r? is similar if all hourly data is included.

At line 265 “Instrument calibrations/blanks are taken at least twice a day, incurring frequent regular
gaps in observed isoprene.”

At line 266 “but generally the CC_yT and CC_yT+LEF experiments have increased the diurnal
modelled to observed r? when compared with the r? between the base run and observations.”

Comment refers to continuing large bias in MUMBA results.

At line 276 “The CC_yT+LEF experiments represent current day conditions, with roughly the correct
magnitude (MUMBA excepted) of predicted isoprene and best statistical fit compared with the
observations.”

Refers to nighttime decrease in isoprene. It is still higher than measurements in MUMBA - and then is
too small 4-8:00 in SPS1. | would recommend adding some more discussion on the biases in this
section. In addition, it might be helpful to show in supp materials only the best performing one(s)



(cc_T+LEF) with base and observations with std deviations - to show also the spread of the data and
if these are within each other by 1 std dev or not.

The biases in pre-dawn SPS1 are because there is a very slight rise in the boundary layer, causing
dilution of the atmospheric isoprene:
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At line 286 “Conversely a slight rise in the model boundary layer at 04:00 AEDT in SPS1 causes
dilution of the atmospheric isoprene.”

We have always been aware of high modelled biases in Australian isoprene modelling, particularly
during MUMBA (the lead author has three other publications on the isoprene bias, cited in this
manuscript). We have made the std deviation plot as requested (below), although the colour of the
CC_yT+LEF run was changed to red to show up better. There is wide variation in observed isoprene,
particularly during SPS1. The model also shows high variation before dawn in SPS1 and MUMBA. We
calculate the percentage of modelled hours which are within +1 standard deviation of the observed
isoprene as follows:

Base run (CC_yT+LEF run). Bringelly = 40% (90%); SPS1 = 89% (100%); MUMBA = 19% (33%).
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The point of this paper was to see if we could use the new measurements to reduce the modelled
biases through the sensitivity runs, which we have done. The impacts of the future simulations are
then explored via their differences on the least biased current climate run, not absolute values. |
think we’ve made the point that the modelled isoprene was never perfect to start with, and much
additional discussion of the biases is not necessary. We will include the figure in the supplementary.



At line 267 “The average modelled isoprene in the CC_yT+LEF run is within +/- 1 standard deviation
of the observations 90 — 100 % of the time during Bringelly and SPS1, and 33 % during MUMBA
which continues to exhibit high bias (supplementary figure S4)”.

In which year was air quality in Sydney and Darwin classed as ‘very good” 20197 Or in many years?
This relates to the latest Australian State of the Environment reporting period of 2009-2014.
Line 309 “(years 2009 —2014)"

Improving the LEF did more to decrease the bias than the temperature response measurements? |
think this is an important findings. Looking at the model vs observations, improving the LEF did more
to decrease bias than the improved temperature response - i.e. dark blue line compared obs vs light
blue line compare to obs.

We knew that decreasing the LEF by about 40% would bring the magnitude of the model into better
agreement with the observations from our previous work (see above). However, the largest increase
in the r? fit of the data actually occurred when using the temperature response data alone (for
Bringelly and MUMBA) than the decrease in LEF. Correctly fitting the SPS1 observed data is more
difficult due to the spike at 10am.

Would peak in temperature response be different if the measurements were conducted on older
leaves? Would it be expected that the peak temp in the temp response also be different? Or is it just
the total emissions? As | mentioned earlier, | would recommend that this issue about new and old
leaves and the impact here is unpacked a bit more.

Without further experimentation using older trees it is impossible to answer the reviewer’s
guestion and any comment would be pure speculation. However, in relation to the

reviewer’s earlier comment, we have added some more discussion at line 347.

“Our measurements were conducted on sapling trees which may exhibit higher isoprene emissions
than adult trees when emission rates are expressed on leaf mass basis but not on a leaf area basis
(Street et al., 1997). Street et al. (1997) explained this through younger leaves having a higher
specific leaf area than older leaves because eucalypts exhibit heterophylly (the foliage leaves on the
same plant are of two distinctly different types). The apparent difference in emission rates between
young and old leaves could be a consequence of morphology rather than biochemistry, so we expect
the trend between the current and future climate growth emissions to be similar amongst trees of
all ages.”

Similar to a comment above - which eucalyptus were used in MEGAN to estimate these
characteristics?
See comment above
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