
We are grateful to the referee for his/her time and energy in providing helpful

comments and guidance that have improved the manuscript. In this document, we

describe how we have addressed the reviewer’s comments. Referee comments are

shown in black and author responses are shown in blue text.

Reviewer#2

This paper examines the effects of fires on surface ozone pollution and the subsequent

feedback effects that may further enhance ozone. This runs along the excellent of

work this group of researchers have done demonstrating the importance of

ozone-vegetation interactions in atmospheric chemistry modeling and air quality

projections. While the idea of ozone-vegetation feedbacks is not new by now, this

paper presents a new perspective by focusing on fires, which distinguishes itself from

previous ozone-vegetation papers that focused on anthropogenic emissions. There are

however several aspects which I believe need to be addressed, and revisions need to

be made, before this paper can be published. Please see below for my comments and

suggestions.

 Thank you for your positive evaluations. All the questions and concerns have been

carefully answered and the paper has been revised accordingly.

1. P4 L68-74: First of all, it should be “vegetation damage” that would influence the

sources and sinks of ozone via various “feedbacks”. Second, the authors mentioned

the distinction between “biogeochemical” and “biogeophysical” feedbacks, but it

needs to be explained further. What are the distinctions? In particular, in the following

few sentences, only “biogeochemical” processes are considered, but the

“biogeophysical” pathways are not mentioned at all. In general, the whole

introduction lacks a thorough illustration of the detailed feedback pathways and the

distinctions between the biogeochemical and biogeophysical effects of vegetation on

air quality (and thus feedbacks after ozone damage). I suggest having a separate

paragraph detailing first how vegetation processes affect ozone air quality,



distinguishing between the biogeochemical (i.e., BVOC emissions and dry deposition)

and biogeophysical (i.e., transpiration and the subsequent changes in meteorological

environment) pathways. A paper that can be referenced on these is Wang et al. (2020).

After such an introduction, the feedback effects can be explained much more clearly.

Response: In the revised paper, we clarify as follows: “In turn, vegetation damage also

influences both the sources and sinks of O3 through biogeochemical and

biogeophysical feedbacks (Curci et al., 2009; Heald and Geddes, 2016; Fitzky et al.,

2019). The damaged vegetation decreases isoprene emissions and stomatal

conductance (Wittig et al., 2009; Feng et al., 2019), which influence O3 production

and dry deposition. Moreover, weakened leaf-level transpiration following O3 damage

modulates meteorological parameters, such as surface air temperature and

atmospheric relative humidity, leading to substantial biogeophysical feedbacks on

surface O3 (Lombardozzi et al., 2012; Sadiq et al., 2017)”. (Lines 54-62)

2. P5 L89-90: In Sadiq et al. (2017), much of the positive feedback is due to

“biogeophysical” effects, i.e., reduced transpiration leading to higher surface

temperature and thus higher isoprene emissions, then higher ozone. Reduced dry

deposition velocity is roughly only half of explanation. In general, in this whole

paragraph, the distinctions in methodology or pathways included should be explained

more clearly. E.g., Zhou et al. (2018) and Gong et al. (2020) only considered

biogeochemical effects, because in their models, climate was not dynamically

simulated, whereas Sadiq et al. (2017) considered both effects because their model

dynamically simulated climate. Moreover, a fourth study (Zhu et al., 2021) that

focused on China is currently under review.

Response: Thank you for your suggestions. We would like to explain that Gong et al.,

(2020) applied a chemistry-carbon-climate coupled model and considered both

biogeochemical and biogeophysical feedbacks. In the revised paper, we have

modified this part as follows: “At present, the feedbacks from O3-damaging

vegetation on O3 have only been examined by four papers (Sadiq et al., 2017; Zhou et

al., 2018; Gong et al., 2020; Zhu et al., 2021). Sadiq et al. (2017) implemented a



parameterization of O3 vegetation damage into a climate model and quantified online

O3-vegetation coupling. Simulations showed that surface O3 could be enhanced by up

to 4-6 ppbv over Europe, North America, and China through comparable effects from

biogeochemical (decreased dry deposition and increased isoprene emissions) and

biogeophysical (changes in meteorological variables following reduced transpiration

rate) feedbacks from O3-vegetation interactions. Similar conclusions were achieved

by Zhu et al. (2021), who investigated the effects of O3-vegetation interaction in

China using a two-way coupled land-atmosphere model. By including O3 damage to

isoprene emissions in a fully coupled global chemistry–carbon–climate model, Gong

et al. (2020) highlighted that such O3-vegetation positive feedbacks were mainly

driven by reduced dry deposition following O3 damage to photosynthesis. Different

from above three studies, Zhou et al. (2018) implemented steady-state O3-induced

LAI changes into GEOS-Chem and quantified only the influences of O3-vegetation

biogeochemical feedbacks because the model is driven with prescribed

meteorological fields. Results showed that O3-induced damage to LAI can enhance O3

by up to 3 ppbv in the tropics, eastern North America, and southern China through

changes in dry deposition and isoprene emissions.” (Lines 66-85)

3. P5 L100: A better justification is needed here to illustrate why this is important to

look at. It’s unquantified, but do we really expect the ozone-vegetation feedback via

fires is really gone be important? Any justification for this expectation (and thus the

motivation of this paper)? Any comparison with previous work regarding the

magnitude of the potential effects?

Response: In the revised paper, we clarified as follows: “Regionally, especially in

Amazon and central Africa, fires can enhance surface O3 by 10-30 ppbv through

emissions of NOx and VOCs during fire seasons (Yue and Unger, 2018; Pope et al.,

2020). Over these regions, strong O3-vegetation interactions are expected because of

high fire O3 concentrations and dense vegetation cover. Previous studies showed that

fire O3 causes large GPP reduction of 200-400 Tg C yr−1 over Amazon and central

Africa (Pacifico et al., 2015; Yue and Unger, 2018). With likely increased wildfire



activity due to global warming, surface O3 will be further enhanced by wildfires

(Amiro et al., 2009; Balshi et al., 2009; Wang et al., 2016; Yue et al., 2017), leading to

more severe O3 damage on vegetation. Although the feedback of vegetation damage

on surface O3 have been well explored on global (Sadiq et al., 2017; Zhou et al., 2018;

Gong et al., 2020) or regional (Zhu et al., 2021) scales, these studies all focused on

O3-vegetation from combined anthropogenic and natural sources. Therefore,

quantification of the O3-vegetation interactions associated with fire emissions is very

important for a comprehensive understanding of the effects of fires on surface O3”.

(Lines 96-110)

4. P8 L160: The setting of this model using prescribed meteorology needs to be

emphasized and contrasted with fully coupled climate-chemistry-vegetation models

such as CESM. It should also be emphasized that this model setting only addresses

the “biogeochemical” effects, not “biogeophysical” (referring to the points made

above).

Response: The related descriptions “It should be noted that only biogeochemical

feedbacks from O3 vegetation damage on surface O3 are considered in this study

because GC-YIBs uses prescribed meteorology (MERRA2)” have been added in the

revised paper. (Lines 256-259)

5. P9 L181: Does YIBs actually simulate a multi-layer canopy, instead of a big-leaf

canopy? This needs to be clarified. If a multi-layer canopy is represented, the number

of layers and other canopy parameter setting needs to be clarified. If not, this line here

should be corrected.

Response: A multi-layer canopy has been applied in the YIBs model. The related

descriptions “The canopy is divided into an adaptive number of layers (typically 2-16)

for light stratification. The YIBs model applies a well-established Michaelis–Menten

enzyme kinetics scheme to compute the leaf photosynthesis (Farquhar et al., 1980;

Von Caemmerer and Farquhar, 1981), which is further upscaled to the canopy level by

the separation of sunlit and shaded leaves (Spitters, 1986)” have been added in the



revised paper. (Lines 150-155)

6. P11 L230-241: An obviously missing element in their model setting and

experiments is that fires also damage LAI and canopy height directly, which may only

happen only where fires happen but would be the dominant effect (other than ozone

damage on plants) there. Fires also influence the long-term recovery and growth of

the forests, which of course would also influence ozone. I understand that such an

effect is more localized to the forested areas while the ozone-vegetation feedbacks can

occur downwind of the forests, the lack of consideration of this necessary pathway

should be explained upfront early on. Indeed, this should also be discussed as early as

in the introduction.

Response: In the revised paper, we acknowledge this limitation in discussion section:

“(i) The GC-YIBs simulations do not consider the direct fire damages to vegetation

and the consequent long-term recovery of forests. In our study, we focus only on the

feedbacks of fire-induced O3-vegetation interactions to surface O3”. (Lines 419-422)

7. P13 L285: It should be clarified that the reductions are consistent with

studies/models that used the same ozone damage scheme. It should also be mentioned

that some other studies, using other ozone damage scheme, e.g., the Lombardozzi

scheme (Zhou et al., 2018; Zhu et al., 2021), may find quite different ozone-induced

reductions in GPP.

Response: In the revised paper, we clarified as follows: “The patterns of O3-induced

GPP reductions agree with previous estimates using the same O3 damage schemes

(Sitch et al., 2007; Yue and Unger, 2015). However, compared to simulations using

another scheme (Lombardozzi et al., 2012; Zhou et al., 2018; Zhu et al., 2021), this

study estimates smaller GPP reductions. Such discrepancy indicates there are large

uncertainties in O3 vegetation damage schemes, and more observations should be

developed to evaluate different schemes in future studies”. (Lines 301-307)

8. P14 L303: The reduction in stomatal conductance mainly follows reduced



photosynthesis – this should be clarified. This is obviously missing some newer

physiology that people have found recently, e.g., the sluggishness of stomatal

responses after ozone damage (Huntingford et al., 2018) that may cause the stomata to

be more open under ozone exposure than otherwise. Such missing element needs to be

discussed.

Response: (i) This sentence has been modified as “Sensitivity experiments further

show that such enhancement of surface [O3] mainly results from the inhibition of

stomatal conductance following reduced photosynthesis by O3 damage (Fig. S3a)”.

(Lines 326-328)

(ii) We discussed this limitation in discussion section: “(iii) There is evidence that O3

exposure may cause “sluggishness” that delays the stomatal responses to O3 damage

(Huntingford et al., 2018). However, we do not include “sluggishness” in our scheme

because its net impacts on stomatal conductance remain uncertain. For example,

observations found that the increased short-term water loss (delayed stomatal

responses) may be offset by the decreased long-term water loss (lower steady-state

stomatal conductance) with the stomatal “sluggishness” (Paoletti et al., 2019)”. (Lines

426-432)

9. P17 L354: Why does fire emission cause larger ozone-vegetation feedbacks than

non-fire sources? It needs to be explained.

Response: In this part, we focus on the ratios of indirect to direct. The absolute

O3-vegetation feedbacks are smaller in China and U.S. because of the smaller direct

contributions from fire on O3 by emitting substantial number of precursors. But we

further compared the indirect and direct contributions of fire emissions to surface O3

and found that the largest ratios of indirect to direct Δ[O3] are 3.7% in eastern China

and 2.0% in eastern U.S.. The explanations are shown in next response.

10. P17 L359-363: The rationale behind needs to be explained in greater detail as

well.

Response: As explained in “Scheme of O3 vegetation damage” section, the impacts of



O3 exposure on photosynthesis and stomatal conductance are dependent on excessive

O3 flux, which is calculated as the difference between stomatal O3 flux and damaging

thresholds. In our simulations, the background [O3] is defined as [O3] from all sources

except for fire emissions. Fire emissions act as a disturbance of background [O3]. For

anthropogenic regions (eastern U.S. and eastern China), the higher background [O3]

makes it easier to exceed the damaging thresholds and cause O3-vegetation feedback.

Therefore, fire emissions will cause a larger ratio of indirect to direct than

anthropogenic emissions for same [O3] of 1 ppbv.

In the revised paper, we modified as “Compared to nonfire sources, fire emissions

cause larger relative perturbations in surface [O3] through O3-vegetation interactions

(Figs. 7b and 7d). The ratios of indirect to direct annual Δ[O3] are 3.7% averaged over

eastern China, 2.0% averaged over the eastern U.S., and 1.6% averaged over western

Europe. For these regions, the absolute Δ[O3] from direct fire emissions is usually

lower than 1 ppbv (Fig. 3b). However, the high level of background [O3] (all sources

except fire emissions, Fig. 3a) provides such a sensitive environment that the

moderate increases of [O3] from fires can cause large feedback to regional surface [O3]

through vegetation damage”. (Lines 377-385)

11. P19 L406-409: This is also related to my comments on P11 L230-241 above. Fires

do not only affect BVOC by burning vegetation, it also reduces LAI and the

long-term recovery and growth of the forests, thus affect the whole ozone-vegetation

interactions in the long term. When a forest is burned, the reductions in LAI, dry

deposition, transpiration and BVOC emissions can have effects that last for many

years, and this temporal perspective is entirely missing from the current discussion. A

more thorough discussion on this missing element, and the implications on the

validity and significance of this paper’s results, is warranted.

Response: Thank you for your suggestions. We agree that fires burn forest and cause

reductions in LAI, dry deposition, transpiration, and BVOC emissions. However, such

perturbations are related to the land use and land cover changes, instead of the



O3-vegetation feedback, and are not the main focus of this study. In the revised paper,

we added the following discussion: “(i) The GC-YIBs simulations do not consider the

direct fire damages to vegetation and the consequent long-term recovery of forests. In

our study, we focus only on the feedbacks of fire-induced O3-vegetation interactions

to surface O3. (ii) Fires can decrease VOC emissions from biogenic sources by

damaging vegetation directly. However, compared to the VOCs emitted by fires, the

VOC loss from burned vegetation is generally smaller (Fig. S7). Therefore, the

influence of reduced VOCs from vegetation loss on surface [O3] can be ignored”.

(Lines 419-426)
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