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Abstract. Carbon cycling in the Amazon fundamentally depends on the functioning of ecosystems and atmospheric dynamics,

which are highly intricate. Few studies have hitherto investigated or measured the radiative effects of aerosols on the Amazon

and Cerrado. This study examines the effects of atmospheric aerosols on solar radiation and their effects on Net Ecosystem

Exchange (NEE) in an area of semideciduous tropical forest in the North of Mato Grosso State. Our results show that for a

relative irradiance (f ) 1.10-0.67, a decrease in incident solar radiation is associated with a reduction in the NEE. However, an5

average increase of 35-70% in NEE was observed when pollution levels Aerosol Optical Depth (AOD) were above ≈ 1.25

and f < 0.5. The increase NEE was attributed to the increase of up to 60% in the diffuse fraction of Photosynthetically Active

Radiation. These results were mainly attributable to the biomass burning organic aerosols from fires. Important influences

on Vapor Pressure Deficit (V PD) and air Temperature (Tair) and Canopy (LCT ), induced by the interaction between solar

radiation and high aerosol load in the observation area, were also noticed. On average, a cooling of about 3-4 ◦C and a10

decrease up to 2-3 hPa was observed for Tair, LCT , and V PD, respectively. Given the long-distance transport of aerosols

emitted by burning biomass, significant changes in atmospheric optical properties and irradiance will impact the CO2 flux of

semideciduous forests distributed in the region.

1 Introduction

Carbon (C) is a key element in global biogeochemical cycles, and understanding the biosphere-atmosphere fluxes of mass15

and energy is essential to understanding current and future terrestrial C storage. The role of Amazonian Forest ecosystems

has been widely debated (Booth et al., 2012; Huntingford et al., 2013; Brienen et al., 2015), especially for Amazonian tropical

forests (Doughty et al., 2015; Gatti et al., 2014, 2021). Redistribution of biomes and plant species (Davison et al., 2021), loss of
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biodiversity (Brando et al., 2014; Saatchi et al., 2021), increase in fires (Brando et al., 2019; Alencar et al., 2022; Sullivan et al.,

2020), outbreaks of pests and diseases (Anderegg et al., 2020) are examples of impacts, aggravated not only by climatic factors20

but also by anthropogenic ones (Ometto et al., 2022). These impacts have been threatening the largest pantropical CO2 sinks

since 1990’. Reductions from 1.26 PgC yr−1 to 0.29 PgC yr−1 are expected between 1990-2030, possibly reaching zero in the

Amazon (Hubau et al., 2020). The result of increasing atmospheric CO2 levels provides important feedback on the future of

greenhouse warming (Booth et al., 2012; Huntingford et al., 2013). In the Amazon biome, forest ecosystems play an important

role in terrestrial C storage, and while these forests seem to have a uniform behavior, there are distinct climatic sub-regions that25

affect C storage (Brienen et al., 2015; Gatti et al., 2021). CO2 absorption through photosynthesis increases the vegetation and

soil C stocks, representing a C sink, while plants, animals, microbial respiration, decomposition of dead vegetal biomass, and

wildfires release CO2, representing a C source to the atmosphere (Artaxo et al., 2022; M. Venturini et al., 2023; Junior et al.,

2020).

In general, the participation of forests in the global carbon cycle can only be adequately quantified by long-term studies30

monitoring C exchange at the plant-atmosphere interface. Forests are estimated to store 200-300 Pg C (Pan, 2011; Saatchi

et al., 2011; Avitabile et al., 2016), about a third of what is contained in the atmosphere. This stock is very dynamic, and

these trees process about 60% of global photosynthesis, sequestering about 72 Pg C from the atmospheric component through

Gross Primary Production (GPP ) every year (Beer et al., 2010) but releasing a similar amount back into the atmosphere from

ecosystem (plant +animal+microbial) respiration (Nagy et al., 2018). With these large fluxes, a small proportionate change35

in CO2 uptake or release can result in a large net C storage or sink. Carbon concentrations in the atmosphere have increased

since the beginning of the industrial period and currently act with other C emission sources, such as the degradation of forests,

mainly tropical ones. Recent reports (Gatti et al., 2021) show that some regions of the Amazon act as a source of CO2 to the

atmosphere as a result of logging, land use change, and fires that occur in the region. However, regional numeric modeling

(Moreira et al., 2017) and in-situ studies indicate (Carswell et al., 2002; von Randow et al., 2004) that Amazonian forests can40

occasionally be net atmospheric CO2 sinks; or approximately in equilibrium (Vourlitis et al., 2011). In general, the balance

between rates of carbon emission or carbon fixation is delicate, so small external disturbances can change the dynamics of the

forest and the state of the climate system.

Among the modulating agents of the CO2 balance, solar radiation is a fundamental component for both photosynthesis and

respiration. In Brazil, and especially in the Amazon region, the biomass burning emits large amounts of gases and aerosols45

into the atmosphere, which can strongly alter radiative fluxes, impacting CO2 flux (Aragão et al., 2018; Malavelle et al.,

2019; Morgan et al., 2019; de Magalhães et al., 2019). Atmospheric aerosols from biomass burning affect ecosystem light

use efficiency (LUE) and productivity, influence the amount and nature of solar radiation received in the system, and affect

other environmental conditions such as temperature and humidity (Kanniah et al., 2012; Mercado et al., 2009). Studies of the

effects of aerosols on terrestrial C cycling processes have found positive, negative, and neutral effects, and most of the research50

in the Amazon have been conducted in the central (Cirino et al., 2014), eastern (Doughty et al., 2010; Oliveira et al., 2007),

and southwestern (Yamasoe et al., 2006; Cirino et al., 2014) parts of the basin. However, little research has been done on the

ecotones in the Amazon, e.g., in the Cerrado-Amazonian Forest transition, which lies within the arc of deforestation, and other
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biomes such as Cerrado-Caatinga, Cerrado-Atlantic Forests, and Pantanal forests. Numeric simulations have also demonstrated

the impact of aerosols onGPP on the regional (Moreira et al., 2013; Rap, 2015; Bian et al., 2021) and global scales (Mercado55

et al., 2009; Rap et al., 2018), but physical representations of these impacts on transition ecosystems are still lacking.

The models, however, need improvements in parameterizing the radiative effects of aerosols and clouds on theNEE , e.g., a

more realistic representation of the canopy structure and leaf physiological and morphological processes (Durand et al., 2021).

Improvements in the aerosol optical model, its properties, secondary formation, lifetime, evolution, and absorption of aerosols

are also critical (Drugé et al., 2022), especially those related to shape, size, and chemical composition. These improvements are60

fundamental for a more accurate and realistic spatial distribution of the atmospheric CO2 absorption potential by Amazonian

forests (Procopio et al., 2004; Moreira et al., 2017). In this sense, the potential for �re-induced atmospheric aerosols to impact

to CO2 absorption by tropical semideciduous (seasonal) forests in Mato Grosso (in the arc of deforestation) has not been

evaluated either by direct observation or numerical modeling. It is known that these forests play a central role in preserving

biodiversity (Fu et al., 2018), are located on the frontier of deforestation, and experience seasonal variations inNEE (Vourlitis65

et al., 2011). These attributes make this region an excellent laboratory to assess the effects of atmospheric aerosols on forest

NEE .

This research focuses on studying the action of biomass burning aerosols in an area of semideciduous forest located in

the southern portion of the Amazon Basin, in the region the arc of deforestation of northern Mato Grosso, Brazil. To this

end, we speci�cally seek to: (1) develop a clear-sky irradiance algorithm using a long observation period of Aerosol Optical70

Depth (AOD); (2) quantify the increase in the diffuse fraction of solar radiation due to the presence of aerosols from �res in

the experimental study area; (3) quantify net and relative changes inNEE from changes in direct and diffuse radiation; and

to (4) evaluate the in�uence of �res on biophysical variables that in�uence forest photosynthetic rates, such as leaf canopy

temperature (LCT ), air temperature (Tair ), and the vapor pressure de�cit (V PD). Aerosol data and micrometeorological

measurements with carbon �uxes measured by the eddy covariance system were used from 2005 to 2008. All solar radiation75

measurements are evaluated in terms of aerosol depth (AOD), solar zenith angle (SZA), and relative irradiance (f ). To our

knowledge, this is the �rst study with this purpose.

2 Materials and Methods

2.1 Site descriptions

The study area was located in the south of the Amazon basin, 50 km northeast of Sinop, in the municipality of Cláudia (Lat80

11� 24.75' S, Long. 55� 19.50' W), in the State of Mato Grosso (Fig. 1). This forest is located in the arc of deforestation,

a region of continuous agricultural expansion (areas for soybean and cattle pasture, logging, and �res) (Barbosa et al., 2023;

Nepstad et al., 2014; Balch et al., 2015; Alencar et al., 2022) (Figs. S1, S2, and S3), and is recognized as seasonal, dry, or

semideciduous forest (Ackerly et al., 1989; Ratter et al., 1978). Supplementary Figs. S3 and S4 show the study area different

aerosol loads during the dry and rainy seasons, respectively. These �gures were obtained from the time series of the Terra and85

Aqua Satellites (AODm , Table1).
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