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Responses to the Reviewers’ Comments  

We would like to thank the editor and two anonymous reviewers for their helpful 

comments and suggestions. All authors have read the revised manuscript and agreed 

with the submission in its revised form.  

Reviewers’ comments are in black color, our responses are in blue color, and our 

corresponding revisions in the manuscript are in red color. 

 

Response to the Reviewer #3 

This work provides a comprehensive analysis of the different trends impacting BVOC 

emissions at global and at regional scale. Wang et al. use the state-of-the-art emission 

model MEGANv3.2 to evaluate BVOC emission trends by varying specific drivers, and 

keeping other variables fixed in time. These simulations provide an important insight 

into the importance of these variables, such as temperature changes, land cover changes, 

and CO2 concentration changes in the past two decades. 

The paper is well written and features an array of interesting figures and graphs. I would 

recommend this paper to be published after minor revisions. 

Response: We thank the reviewer for the encouraging comments. We have revised the 

manuscript following your comments. 

 

General Comments: 

- It should be noted that there are large uncertainties in models of bottom-up inventories, 

such as in the treatment of drought stress, emission factors of certain tree species, etc. 

Although MEGAN3 provides an improved model of some important emission drivers, 

an in-depth discussion on model uncertainties is somewhat lacking. 

Response: Thank you for your comments. We have added an in-depth discussion on 

model uncertainties (such as in the treatment of drought stress, emission factors of 

certain tree species, etc.) in Section 4 “Discussion”: 

“In this study, we use the latest version of MEGAN model, which considers more 

refined factors compared to its predecessors. However, there are still large uncertainties 

in simulated BVOC emissions and their trends, such as in the treatment of drought and 

heat wave stress, emission factors of certain tree species, etc. Previous observations 

have shown that isoprene and monoterpene emissions are affected differently by 

drought severity (Brilli et al., 2007; Kaser et al., 2022; Otu-Larbi et al., 2020; Simpraga 

et al., 2011). Isoprene emissions remain unchanged under mild drought, but increase 

under moderate drought with increased leaf temperature due to changes in stomatal 

conductance (Kaser et al., 2022). However, under severe drought, isoprene emissions 

drop due to reduced substrate supply (Brilli et al., 2007). The effects of drought on 

monoterpenes are similar to those of isoprene (Lavoir et al., 2009; Ormeno et al., 2007). 
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Therefore, these processes need to be better described in the model (Wang et al., 2022). 

In addition, more BVOC flux observations are urgently needed for model validations. 

In particular, the vegetation emission factors for tree species may be largely biased due 

to a scarcity of available observations and need to be further refined.” 

- Introduction: I think it would be good to introduce the main BVOC compounds in the 

introduction (i.e. isoprene, monoterpenes, methanol, …). 

Response: Thank you for your comments. We have introduced the main BVOC 

compounds in the introduction. 

“Isoprene and monoterpenes (e.g., α-pinene, β-pinene, limonene) are the most prevalent 

BVOC species, and other species include sesquiterpenes, methanol, ethanol, etc.” 

- Section 2.2.1: It is not entirely clear how the vegetation dataset was constructed. The 

authors write that the high-resolution MODIS vegetation map was mapped onto the 

four PFTs of MEGANv3.2. I presume the interpolation is used to calculate the growth 

form fractions used by the Emission Factor Processor in Eq. 2? Furthermore, it is 

unclear to me where the ecotype dataset mentioned in Sect. 2.1 comes from. 

Response: Sorry for the ambiguity. The high-resolution MODIS vegetation map was 

mapped onto the four PFTs of MEGANv3.2, which is used to calculate the growth form 

fractions used by the Emission Factor Processor in Eq. 2. In addition, we have added a 

description of the ecotype dataset sources and have further clarified how the vegetation 

data were created in section 2.2.1“Vegetation datasets”: 

“To calculate the growth form fractions used by the Emission Factor Processor in 

Equation 2, the selected 17 MODIS IGBP (International Geosphere Biosphere 

Programme) global vegetation classification types from above MODIS PFT product 

were mapped to four main PFT classification types (i.e., tree, shrub, grass, and crop) in 

MEGANv3.2 based on methods from Sulla-Menashe and Friedl (2018). The ecotype 

dataset mentioned in Section 2.1 is based on satellite imagery and ground surveys and 

comes from the MEGAN model development group 

(https://bai.ess.uci.edu/megan/data-and-code/growth-form-and-ecotypes, last access: 

21 Nov 2022)” 

- Section 3.1.1: The comparison of in situ isoprene measurements with the model is not 

always representative. Isoprene has a very short lifetime in the atmosphere, which 

implies that its measured fluxes depend on the local tree or plant species near the 

observation site. Are the assigned vegetation types shown in Fig. 1 based on the local 

vegetation of the observation site? And how do they differ from the average PFT 

derived from Sect. 2.2.1?. 

Response: Thank you for your comments and questions. The assigned vegetation types 

shown in Fig. 1 based on the local vegetation of the observation site. Comparing the 

site PFTs to the average four PFTs derived from Sect. 2.2.1 (Fig. R1), we find that in 

areas where a single PFT dominates, the corresponding site PFTs are representative. 

However, in areas with multiple PFTs, the corresponding site PFTs are weakly 
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representative. We have added an analysis of site PFT representativeness in Section 

3.1.1“Spatial distribution of BVOC emissions”: 

 

Figure R1: (a-d) Cover fractions of the four plant functional types (PFTs) and (e) the location distribution of 

isoprene and monoterpene observation sites based on the literature collection (the five-pointed star represents 

the location of the K34 tower site, EBF: evergreen broadleaf forest, DBF: deciduous broadleaf forest, ENF: 

evergreen needleleaf forest, Grass: grassland). 

“In addition, note that the comparison of in situ isoprene measurements with the model 

is not always representative. Isoprene has a very short lifetime (minutes to hours) in the 

atmosphere, which implies that its measured fluxes depend on the local tree or plant 

species near the observation site.” 

- Figure 9: Do the simulations of the individual drivers refer to the simulations in Table 

1? The trends are described as contributions of the individual meteorological factors in 

panel 9c, but from Table 1 I understand that only one of the drivers is fixed and the two 

others are allowed to vary over the simulations. Consequently, if the T2m simulation 

implies T2m is fixed, why is the trend large for Central Africa and Europe? And the 

same goes for soil moisture and solar radiation trends. 

Response: Sorry for the ambiguity. The simulations of the individual drivers refer to 

the simulations in Table 1, but the individual driver contribution is obtained from the 

difference between the results of the two experiments. Details are given in section 2.3. 
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Specifically, the difference between EMIT_VEG and 

EMIT_VEG_FIX_PFT/EMIT_VEG_FIX_LAIv represents the contribution of LAIv 

and PFT historical changes to the BVOC emission trends. The difference between 

EMIT_MET and EMIT_MET_FIX_T2m, EMIT_MET_FIX_RAD, and 

EMIT_MET_FIX_SM represent the impact of temperature, light, and soil moisture 

changes to the BVOC emission trends, respectively. We have added a clarification of 

the experiments in section 3.3.2 “Contribution of drivers to BVOC emission trends”: 

“The vegetation parameters can be decomposed into LAIv and PFT cover (Fig. 9b, 

Equations 2 and 3; the difference between EMIT_VEG and 

EMIT_VEG_FIX_PFT/EMIT_VEG_FIX_LAIv in Table 1)” 

“Three meteorological variables namely temperature, radiation, and soil moisture, 

which are the main influencing factors from meteorology, are selected for quantifying 

their effects on the trends of isoprene emissions (Fig. 9c, d; the difference between 

EMIT_MET and EMIT_MET_FIX_T2m, EMIT_MET_FIX_RAD, and 

EMIT_MET_FIX_SM in Table 1).” 

 

Specific comments: 

- Line 38: This sentence is unclear, as BVOC emissions are almost entirely determined 

by vegetation and meteorology, whereas CO2 concentrations play a much smaller, 

secondary effect due to its homogeneous distribution. 

Response: Agreed, thanks for the comment, we've fixed it. 

“The BVOC emissions are determined by many environmental factors such as 

vegetation, meteorology, and carbon dioxide (CO2) concentrations.” 

- Line 44: Add reference for the CO2 inhibition effect. Why does it only impact isoprene? 

Response: Thank you for your comments and questions. We have added references for 

the CO2 inhibition effect. The CO2 concentration not only affects isoprene emissions, 

but may also affect other BVOC components such as monoterpenes. However, the 

effects are more complex and are not currently introduced in the MEGAN model. We 

have revised the sentence. 

“…elevated CO2 can suppress the emissions of the major BVOC component (e.g., 

isoprene) (Heald et al.,2009; Wilkinson et al., 2009).” 

- Line 240-243: The authors attribute the potential reasons for the differences between 

their study and IASB-TD-OMI to different model parameters and different 

meteorological datasets used. Although these factors indeed influence the top-down 

emissions fluxes, they are mainly constrained by formaldehyde column measurements. 

Consequently, the reasons for the difference are more complex, as these are two very 

different methods. 

Response: Thank you for your comments, we have added the relevant explanations 
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about estimation methods in Section 3.1.1“Spatial distribution of BVOC emissions”: 

“The differences are mainly concentrated in South America, Central Africa, and 

Southeast Asia, which may be partly due to differences in estimation methods (i.e., top-

down vs. bottom-up), emission model parameters (e.g., vegetation emission factors) 

and the meteorological datasets used (MERRA-2 vs. ERA-Interim).” 

- Line 289: Which new BVOC components were added to MEGANv3.2? Does any on 

these new components contribute significantly to the total of 279.6 Tg yr-1? 

Response: Thank you for your questions. Compared to MEGANv2.1, MEGANv3.2 

mainly adds more "stress BVOC" components, i.e. the number of "stress BVOC" 

components has been expanded from 15 to 55. New species include: 1-pentanol, penten, 

butanenitrile, 3-metfuran, 3-metthiophene, 3-pentanone, 8-heptadecene, acetophenone, 

benzene, benzyl benzoate, chavicol, cinnamaldehyde, cinnamic acid, etc. In addition, 

butane has also been added. The details can be found in the file 

"SPC_NOCONVER.EXT" in the MEGANv3.2 model 

(https://bai.ess.uci.edu/megan/data-and-code/megan32). In our current experiments, 

the model outputs the newly added species in a single category as the "stress BVOC" 

component. This means that it is not enough to isolate the contribution of the new 

species, which could be of interest for future studies. We have added a description of 

the new BVOC components in Section 3.1.1“Spatial distribution of BVOC emissions”: 

“which can be partly attributed to more BVOC components (e.g., butane, butanenitrile, 

acetophenone, benzene cinnamaldehyde, cinnamic acid, etc.) considered in 

MEGANv3.2 than in MEGANv2.1.” 

- Line 321: The study of Sindelarova et al. (2014) shows a peak in October, not 

December. 

Response: Thank you for your meticulous checking. We've recalculated the relevant 

emission inventories and found that you're right. We've fixed it! 

- Line 368: Technically, the increase of CO2 concentration is also partly responsible for 

global warming and thus higher temperatures (see e.g. Monson et al. 2007). 

Additionally, increased CO2 concentration can potentially lead to a larger LAIv (also 

Monson et al. 2007). Consequently, this sentence could be rephrased to specifically the 

CO2 inhibition effect resulting in the decrease of -0.20% yr-1 of isoprene emissions. 

Response: Thank you for your comments. We have rephrased the relevant sentences in 

Section 3.1.1“Trends of BVOC emissions”: 

“As expected, the CO2 inhibition effect results in a significant decrease of -0.20% yr-1 

in isoprene emissions (Fig. 5). Note that this study uses a globally uniform and yearly 

mean CO2 concentration without considering spatial and seasonal variations of CO2 

concentration. Additionally, the CO2 concentration can also indirectly affect isoprene 

emissions by changing meteorological and vegetation factors. Specifically, the increase 

of CO2 concentration is partly responsible for global warming and thus higher 

temperatures (e.g. Monson et al., 2007), and the increased CO2 concentration can 
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potentially lead to a larger LAIv (Monson et al., 2007). These indirect effects are not 

explicitly considered in this study.” 

References: 

Monson, R. K., et al. (2007), Isoprene emission from terrestrial eco systems in response 

to global change: Minding the gap between models and observations, Philos. Trans. R. 

Soc. A,365, 1677–1695, doi:10.1098/rsta.2007.2038. 

- Line 371: In Malik et al. (2023), the authors also argue that evidence for the effect of 

soil moisture stress on monoterpene emissions is inconclusive. Is there a reason why 

this effect is included for monoterpenes and not for CO2 inhibition? 

Response: Thank you for your questions. In fact, the effect of monoterpenes on drought 

is complex and may depend on the drought intensity, as well as the drought-tolerance 

of the plant species. Previous study has been found that monoterpene emissions increase 

during mild drought while decrease during severe drought (Ormeno et al., 2007). In this 

study, although we use the latest version of MEGAN model, which considers more 

refined factors compared to its predecessors, the parameterization of soil moisture stress 

on BVOC emissions are still relatively simple in the model and more research is needed 

to explore this in depth. We have added some discussion of the soil moisture stress on 

BVOC emissions in Section 4 “Discussion”: 

“However, there are still large uncertainties in simulated BVOC emissions and their 

trends, such as in the treatment of drought and heat wave stress, emission factors of 

certain tree species, etc. Previous observations have shown that isoprene and 

monoterpene emissions are affected differently by drought severity (Brilli et al., 2007; 

Kaser et al., 2022; Otu-Larbi et al., 2020; Simpraga et al., 2011). Isoprene emissions 

remain unchanged under mild drought, but increase under moderate drought with 

increased leaf temperature due to changes in stomatal conductance (Kaser et al., 2022). 

However, under severe drought, isoprene emissions drop due to reduced substrate 

supply (Brilli et al., 2007). The effects of drought on monoterpenes are similar to those 

of isoprene (Lavoir et al., 2009; Ormeno et al., 2007). Therefore, these processes need 

to be better described in the model (Wang et al., 2022).” 

- The title of Sect. 3.3 is the same as of Sect. 3.3.2. 

Response: Thank you for your comments, we've revised title of Sect. 3.3.2 to 

“Contribution of drivers to BVOC emission trends”. 

Lay-out comments: write percentage changes in mathematical format to get a better 

minus-sign and to avoid splitting at the end of a line. 

Response: Done, thank you.
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