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Introduction

• Several recent papers have highlighted the importance
of O3 dry deposition estimates for modelling global O3,
especially over tropical forests. O3 levels are expected
to increase with ongoing deforestation: First, through
release of O3 precursors (NOx) from biomass burning
and secondly by reduced deposition as forest canopies
(esp. tropical forest) efficiently remove O3.

•

We present O3 eddy covariance measurements at four
different heights (two above and two within canopy)
and quantify the different O3 deposition pathways
(stomatal, gas phase chemistry and surface
deposition). 



Site

A detailed description of the site is given by Andreae et al., 2015:

https://www.atmos-chem-phys.net/15/10723/2015/

Information about the air masses arriving at ATTO and their seasonality are given by 

Pöhlker et al. 2019:

https://www.atmos-chem-phys.net/19/8425/2019/



Measurements

• Measurements were carried out at the 80 m walk-up tower.

• 4 levels of O3 flux measurements: 4, 12, 46 and 81 m.

• 8 levels of profile measurements of  O3, CO2,H2O, NOx: 0.05, 0.5, 4, 12, 24, 38.6, 56, and 

79.3 m.

Eddy covariance flux system

• Chemiluminescence-based closed path O3 analyzers and sonic anemometers both 

measuring at 10 Hz.

Profile system

• Valves of the profile system switch every two minutes. The instruments are located 

within an air conditioned container about 15 m beside the tower. The inlet lines of the 

three lowermost heights are placed on a near-by tripod to allow undisturbed 

measurements. The sample air is dried with Nafion.



Overview of measurement period (wet season 2018)

• Ozone mixing ratios are generally very low in the wet season (< 15 ppb for this period).

• There is a period of about 6 days with maximum daytime values between 4 and 6 ppb.

• Deposition velocities are high with maximum values about 8 cm s-1. 



Vertical profile of fluxes

• Soil and understory contribute less than 15 % (mostly less than 5 %) to the above canopy heat flux 

during daytime (10:00-21:00 UTC).

• Calculating stomatal conductance from the inverted Penman-Monteith method should therefore be 

justified (>95 % contribution to water vapor flux from canopy).

• They also contribute less than 10 % of the above canopy O3 flux during daytime (10:00-21:00 UTC).



Partitioning of the total O3 flux (46 m)



Partitioning of the total flux

• Nonstomatal fluxes are about 50-80 % of the total flux during daytime.

• Storage and reaction with NO contribute less than 10 % each during daytime.

• Measured monoterpenes (α-pinene, β-pinene and limonene) did not contribute 

significantly.

• α-terpinene, contributing the majority of monoterpene reactivity towards O3 at ATTO 

(Yanez-Serrano et al., 2018), is also negligible.

• Sesquiterpenes could explain a large fraction of the flux (Jardine et al., 2011), but 

concentrations within the canopy at ATTO are not  known. 



Known sinks contribute about 30 % to 60 % of the O3

deposition flux.

What about the rest?

Potential loss pathways include within canopy chemistry, surface reactions and thermal 

decomposition (Clifton et al. 2020).

Residual flux correlates best with 

leaf surface temperature.

Could still be either thermal 

decomposition or temperature 

driven VOC emissions.

=> Further analysis should help to 

disentangle the pathways.



Comparison to Rummel et al. 2007 (rain forest 

canopy)

„

Fig. 8  from Rummel et al. 2007:

“Measured O3 flux (red), O3 storage within the column

0–53 m (green), net “chemical flux” according to Reactions 

(R1) to (R3) (blue), O3 flux at the forest soil surface (brown), 

and O3 flux corrected for storage (black with IQR).”

Comments: R1-R3 refer to the cycling of NOx and O3. The site 

was situated in Rondonia which was more severely 

influenced by biomass burning.

• O3 fluxes exhibit a similar diurnal cycle and 

storage fluxes and loss by reaction with NO 

are of similar magnitude.

• Higher O3 fluxes in Rondonia are due to 

higher O3 values due to more biomass 

burning in that region.

• Instead the deposition velocities are very 

similar (see next plot).



Consistently high deposition velocities above 

(amazonian) rain forests
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Fig. 8: from Rummel et al., 2007

“O3 deposition velocity of storage-

corrected flux”

Mean peak deposition velocities ~2.3 cm s-1 have been observed in the wet season 2018 

at ATTO (2018) and in the wet season 1999 (Rummel et al., 2007). The magnitude of 

values and the diurnal cycle are astonishing similar.



Summary and conclusions

• Measurements above tropical forest reveal high O3 deposition velocities.

• Only part (~20-50 %) is due to stomatal deposition. 

• There is some contribution from storage flux and reaction with NO.

• Reactions with monoterpenes cannot explain missing deposition.

• The residual flux correlates well with the surface temperature.

• Deposition pathways like thermal decomposition or reaction with 

sesquiterpenes are therefore potential candidates that need to be 

investigated in more detail.



References

Andreae, M. O., Acevedo, O. C., Araùjo, A., Artaxo, P., Barbosa, C. G. G., Barbosa, H. M. J., Brito, J., Carbone, S., Chi, X., Cintra, B. B. L., Da Silva, N. F., Dias, N. 

L., Dias-Júnior, C. Q., Ditas, F., Ditz, R., Godoi, A. F. L., Godoi, R. H. M., Heimann, M., Hoffmann, T., Kesselmeier, J., Könemann, T., Krüger, M. L., Lavric, J. V., 

Manzi, A. O., Lopes, A. P., Martins, D. L., Mikhailov, E. F., Moran-Zuloaga, D., Nelson, B. W., Nölscher, A. C., Santos Nogueira, D., Piedade, M. T. F., Pöhlker, 

C., Pöschl, U., Quesada, C. A., Rizzo, L. V., Ro, C.-U., Ruckteschler, N., Sá, L. D. A., De Oliveira Sá, M., Sales, C. B., Dos Santos, R. M. N., Saturno, J., Schöngart, 

J., Sörgel, M., De Souza, C. M., De Souza, R. A. F., Su, H., Targhetta, N., Tóta, J., Trebs, I., Trumbore, S., Van Eijck, A., Walter, D., Wang, Z., Weber, B., 

Williams, J., Winderlich, J., Wittmann, F., Wolff, S. and Yáñez-Serrano, A. M.: The Amazon Tall Tower Observatory (ATTO): Overview of pilot measurements

on ecosystem ecology, meteorology, trace gases, and aerosols, Atmos. Chem. Phys., 15(18), doi:10.5194/acp-15-10723-2015, 2015.

Clifton, O. E., Fiore, A. M., Massman, W. J., Baublitz, C. B., Coyle, M., Emberson, L., Fares, S., Farmer, D. K., Gentine, P., Gerosa, G., Guenther, A. B., Helmig, 

D., Lombardozzi, D. L., Munger, J. W., Patton, E. G., Pusede, S. E., Schwede, D. B., Silva, S. J., Sörgel, M., Steiner, A. L. and Tai, A. P. K.: Dry Deposition of

Ozone Over Land: Processes, Measurement, and Modeling, Rev. Geophys., doi:10.1029/2019RG000670, 2020.

Jardine, K., Yañez Serrano, A., Arneth, A., Abrell, L., Jardine, A., Van Haren, J., Artaxo, P., Rizzo, L. V., Ishida, F. Y., Karl, T., Kesselmeier, J., Saleska, S. and

Huxman, T.: Within-canopy sesquiterpene ozonolysis in Amazonia, J. Geophys. Res. Atmos., doi:10.1029/2011JD016243, 2011.

Maria Yanez-Serrano, A., Christine Nölscher, A., Bourtsoukidis, E., Gomes Alves, E., Ganzeveld, L., Bonn, B., Wolff, S., Sa, M., Yamasoe, M., Williams, J. and

Andreae, M. O.: Monoterpene chemical speciation in a tropical rainforest:variation with season, height, and time of dayat the Amazon Tall Tower 

Observatory (ATTO), Atmos. Chem. Phys., doi:10.5194/acp-18-3403-2018, 2018.

Pöhlker, C., Walter, D., Paulsen, H., Könemann, T., Rodríguez-Caballero, E., Moran-Zuloaga, D., Brito, J., Carbone, S., Degrendele, C., Després, V. R., Ditas, F., 

Holanda, B. A., Kaiser, J. W., Lammel, G., Lavrič, J. V., Ming, J., Pickersgill, D., Pöhlker, M. L., Praß, M., Löbs, N., Saturno, J., Sörgel, M., Wang, Q., Weber, B., 

Wolff, S., Artaxo, P., Pöschl, U. and Andreae, M. O.: Land cover and its transformation in the backward trajectory footprint region of the Amazon Tall Tower 

Observatory, Atmos. Chem. Phys., doi:10.5194/acp-19-8425-2019, 2019.

Rummel, U., Ammann, C., Kirkman, G. A., Moura, M. A. L., Foken, T., Andreae, M. O. and Meixner, F. X.: Seasonal variation of ozone deposition to a tropical

rain forest in southwest Amazonia, Atmos. Chem. Phys., doi:10.5194/acp-7-5415-2007, 2007.



Acknowledgement:

- 14 -

This work has been supported by the Max Planck Society (MPG). For the operation of 

the ATTO site, we acknowledge the support by the German Federal Ministry of 

Education and Research (BMBF contract nos. 01LB1001A and 01LK1602B) and the 

Brazilian Ministério da Ciência, Tecnologia e Inovação (MCTI/FINEP contract 

01.11.01248.00) as well as the Amazon State University (UEA), FAPEAM, LBA/INPA, and

SDS/CEUC/RDS-Uatumã. 


