
Article Not peer-reviewed version

Background Variability of NO₂ in a

Remote North Atlantic Island and Its

Association with Atmospheric Transport

Regimes

Maria Gabriela Meirelles * and Helena Cristina Vasconcelos

Posted Date: 2 April 2026

doi: 10.20944/preprints202604.0129.v1

Keywords: reactive nitrogen; nitrogen dioxide (NO2); atmospheric transport regimes; background

atmosphere; marine boundary layer; air-mass transport

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/2397594
https://sciprofiles.com/profile/107240
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Article 

Background Variability of NO2 in a Remote North 
Atlantic Island and Its Association with Atmospheric 
Transport Regimes 
Maria Gabriela Meirelles 1,2,* and Helena Cristina Vasconcelos 1,3 

1 Faculty of Science and Technology, University of the Azores, 9500-321 Ponta Delgada, Portugal 
2 Research Institute of Marine Sciences, University of the Azores (OKEANOS), 9901-862 Horta, Portugal 
3 Laboratory of Instrumentation, Biomedical Engineering and Radiation Physics (LIBPhys, UNL), Department 

of Physics, NOVA School of Science and Technology, 2829-516 Caparica, Portugal 
* Correspondence: maria.gf.meirelles@uac.pt 

Abstract 

Atmospheric nitrogen dioxide (NO2) is an important component of reactive nitrogen and plays a key 
role in the atmospheric nitrogen cycle outside major emission regions. However, its variability under 
remote background conditions remains poorly characterized, as most observational studies focus on 
urban or continental environments. This study investigates the background variability of in situ NO2 
measurements at a remote North Atlantic island (Azores) over the period 2015–2024 and examines 
its association with large-scale atmospheric transport regimes. Monthly NO2 concentrations were 
classified into background Atlantic conditions and months influenced by continental air masses using 
an objective PM10 percentile-based criterion. Differences between regimes were assessed using non-
parametric statistics. Although NO2 concentrations were systematically higher during months 
associated with continental transport, the differences did not reach statistical significance. Wind 
speed analysis for the overlapping period 2018–2024 showed consistently higher values during 
continental transport months, supporting enhanced large-scale advection during these periods. 
Overall, the results indicate that background NO2 levels in this remote insular environment exhibit 
modest but coherent modulation associated with atmospheric transport regimes. These findings 
contribute to improving the interpretation of reactive nitrogen variability in remote marine settings 
and highlight the value of island observatories for studying the atmospheric nitrogen cycle. 

Keywords: reactive nitrogen; nitrogen dioxide (NO2); atmospheric transport regimes; background 
atmosphere; marine boundary layer; air-mass transport 
 

1. Introduction 

Reactive nitrogen (Nr) plays a central role in atmospheric chemistry and in the broader 
biogeochemical nitrogen cycle. Since the industrial revolution, anthropogenic activities have 
substantially altered the global nitrogen cycle through fossil fuel combustion, agriculture, and 
industrial processes, increasing the abundance and reactivity of nitrogen compounds in the 
atmosphere [1,2]. Among these species, nitrogen dioxide (NO2) is of particular importance as a key 
component of nitrogen oxides (NOₓ = NO + NO2), influencing ozone formation, oxidative capacity, 
secondary aerosol production, and nitrogen deposition [3–5]. 

While numerous studies have characterized NO2 in urban and industrialized regions, 
comparatively less attention has been given to its variability under remote, background conditions. 
Most long-term analyses of NO2 focus on source-dominated environments where local emissions 
strongly control observed concentrations [6,7]. In contrast, remote marine and insular environments 
offer a unique opportunity to investigate the behavior of reactive nitrogen decoupled from strong 
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local sources and dominated instead by large-scale atmospheric transport and background chemistry 
[8–10]. 

Transport processes exert a fundamental influence on the distribution of reactive nitrogen in the 
troposphere. Advection of continental air masses, vertical mixing, and synoptic-scale circulation 
patterns can modulate NO2 concentrations even in regions far removed from primary emission 
sources [11–13]. In marine boundary layer environments, background NO2 levels typically remain 
low but can exhibit episodic enhancements associated with long-range transport from continental 
regions [14,15]. These transport-driven variations provide insight into hemispheric-scale 
redistribution of reactive nitrogen and its role in regional nitrogen budgets. 

The North Atlantic region represents a particularly valuable natural laboratory for studying 
background atmospheric composition. Air masses arriving in this region are influenced by a 
combination of mid-latitude westerlies, subtropical circulation, and occasional incursions of 
continental or dust-laden air [16,17]. Remote island stations in the North Atlantic have historically 
contributed to advancing understanding of background atmospheric composition, including 
greenhouse gases and trace species [18,19]. However, sustained observational analyses focusing 
specifically on background NO2 variability in such environments remain limited. 

Previous work has highlighted the importance of long-term observations in detecting variability 
and transport signatures in reactive nitrogen species [2,20]. Non-parametric statistical approaches 
and percentile-based classification methods are increasingly used to distinguish between background 
and transport-influenced regimes in atmospheric time series without imposing strong distributional 
assumptions [21]. Such approaches are particularly appropriate for low-concentration environments 
where variability is modest and episodic. 

In this study, we investigate the background variability of in situ NO2 concentrations measured 
at a remote North Atlantic island (Azores) over the period 2015–2024. Using an objective percentile-
based criterion applied to PM10 as a transport indicator, monthly conditions are classified into 
background Atlantic and continental-influenced regimes. Differences between regimes are evaluated 
using non-parametric statistics, and wind speed data are used to support the physical interpretation 
of transport intensity over the overlapping period 2018–2024. By focusing on a remote insular 
environment, this work aims to contribute observational evidence to the understanding of how 
atmospheric transport regimes modulate background reactive nitrogen levels in marine settings. 

The following section describes the study area, datasets, and methodological approach used in 
this work. 

2. Materials and Methods 

2.1. Study Area 

The study was conducted on Faial Island, located in the Azores archipelago in the central North 
Atlantic Ocean. Owing to its remote oceanic location between Europe and North America, the region 
is predominantly influenced by marine boundary layer conditions and mid-latitude westerlies 
(Figure 1). 
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Figure 1. Geographic location of the Azores archipelago in the North Atlantic Ocean, indicating the Western, 
Central, and Eastern island groups. The positions of the meteorological station and the air quality monitoring 
station on Faial Island are shown. 

The island environment is characterized by the absence of major industrial emission sources, 
making it suitable for investigating background atmospheric composition and transport-driven 
variability of atmospheric pollutants. 

Air quality observations were obtained from the Espalhafatos monitoring station, located in the 
parish of Ribeirinha (municipality of Horta) at approximately 38.60° N, 28.63° W, at an elevation of 
about 120 m above sea level (Figure 2). 

 

Figure 2. Location of the Espalhafatos air quality monitoring station on Faial (Azores), used for continuous 
measurements of NO2 and PM10 under rural background conditions. The station is part of the regional air quality 
monitoring network and contributes data to the national air quality information system QualAr. 

The station is part of the regional air quality monitoring network of the Azores, and its 
measurements are integrated into the Portuguese national air quality information system QualAr, 
operated by the Portuguese Environment Agency. According to the classification criteria established 
under Directive 2008/50/EC [22], the site is categorized as a rural background monitoring station, 
meaning that pollutant concentrations measured at this location are minimally influenced by nearby 
emission sources and are representative of regional atmospheric conditions. Continuous 
measurements include nitrogen dioxide (NO2), sulfur dioxide (SO2), ozone (O3), and particulate 
matter (PM10 and PM2.5). In the present study, NO2 and PM10 observations were used to characterize 
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background atmospheric conditions and to identify periods influenced by enhanced atmospheric 
transport. 

Meteorological conditions were characterized using observations from the Alto do Cabouco 
meteorological station, located on Faial Island at approximately 38.59° N, 28.69° W, at an elevation of 
about 330 m above sea level (Figure 3). 

 

Figure 3. Alto do Cabouco meteorological station located on Faial (Azores). The station belongs to the regional 
hydrometeorological monitoring network and provides observations of wind speed and wind direction, which 
were used to characterize atmospheric transport conditions influencing the variability of NO2 in the study area. 

The station belongs to the regional hydrometeorological monitoring network of the Azores and 
records standard meteorological variables including wind speed, wind direction, air temperature, 
relative humidity, atmospheric pressure, and precipitation. In this study, wind speed and wind 
direction were used to support the interpretation of atmospheric transport conditions influencing the 
observed variability of NO2 concentrations. 

Due to its position in the mid-latitude North Atlantic, the Azores region is frequently influenced 
by synoptic-scale atmospheric circulation patterns, including westerly flow and episodic continental 
air-mass transport, which can modulate background trace gas variability. Remote oceanic islands 
such as the Azores provide valuable observational platforms for studying background atmospheric 
composition, as they are largely decoupled from strong local emission sources while remaining 
sensitive to long-range transport processes. 

2.2. NO2 and PM10 Observations 

Hourly NO2 and PM10 data were obtained from the QualAr air quality monitoring network 
(Agência Portuguesa do Ambiente) for the period January 2015 to December 2024. All analyses were 
performed using monthly aggregates derived from hourly observations. 

2.2.1. Data Completeness Criterion 

To ensure representativeness of monthly statistics, a completeness threshold was applied. For 
each month m, data completeness was defined as shown in Equation (1): 

Cm = (Nv,m / Nt,m) × 100 [1] 
where 𝑵𝑵𝒗𝒗,𝒎𝒎 is the number of valid hourly observations in month m and 𝑵𝑵𝒕𝒕,𝒎𝒎 the total expected 
number of hourly observations in that month. Only months satisfying Equation (2): 

Cm ≥ 80% [2] 
were retained in subsequent analyses. 

The data coverage and completeness of the NO2 observations for the period 2015–2024 are 
summarized in Table 1. 

Table 1. Data coverage and completeness of NO2 observations at the Faial (Espalhafatos) station (2015–2024). 

Year Valid hours Total hours Data completeness (%) 
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2015 8571 8760 97.84 
2016 7504 8784 85.43 
2017 8721 8760 99.55 
2018 8736 8760 99.73 
2019 8732 8760 99.68 
2020 8755 8784 99.67 
2021 8748 8760 99.86 
2022 8729 8760 99.65 
2023 8735 8760 99.71 
2024 8689 8784 98.89 

Note: Hourly NO2 measurements were obtained from the QualAr air quality monitoring network 
(Agência Portuguesa do Ambiente). Data completeness is expressed as the percentage of valid hourly 
observations relative to the total expected hours per year (8784 in leap years). Monthly averages used 
in subsequent analyses were calculated only for months with ≥80% data availability. 

2.2.2. Monthly Aggregation 

Monthly mean NO2 concentrations were computed as presented in Equation (3): 
𝑵𝑵𝑵𝑵𝟐𝟐𝒎𝒎
�������� = 𝟏𝟏

𝒏𝒏𝒎𝒎
 ∑ 𝑵𝑵𝑵𝑵𝟐𝟐,𝒊𝒊

𝒏𝒏𝒎𝒎
𝒊𝒊=𝟏𝟏  [3] 

where 𝒏𝒏𝒎𝒎 denotes the number of valid hourly observations in month 𝒎𝒎  and 𝑵𝑵𝑶𝑶𝟐𝟐,𝒊𝒊  the 
corresponding hourly concentration. 

Monthly mean PM10 concentrations were calculated analogously. 

2.2.3. Transport Regime Classification 

Transport regimes were defined using a percentile-based classification applied to monthly mean 
PM10 concentrations. The 90th percentile of the monthly PM10 distribution over the study period was 
computed as shown in Equation (4): 

𝑷𝑷𝟗𝟗𝟗𝟗 = 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝟗𝟗𝟗𝟗(𝑷𝑷𝑷𝑷𝟏𝟏𝟏𝟏𝟏𝟏����������) [4] 
where distribution of monthly mean is PM10m. 

Months were classified as: 
Continental regime if 𝑷𝑷𝑷𝑷𝟏𝟏𝟏𝟏𝟏𝟏���������� ≥  𝑷𝑷𝟗𝟗𝟗𝟗, 

Background regime i𝒇𝒇 𝑷𝑷𝑷𝑷𝟏𝟏𝟏𝟏𝟏𝟏 ���������� <  𝑷𝑷𝟗𝟗𝟗𝟗 
This objective threshold was used to distinguish months influenced by enhanced continental 

transport from prevailing background Atlantic conditions. 

2.3. Wind Data 

Hourly wind speed and direction data were obtained from the regional hydrometeorological 
network for the period 2018–2024. Wind speed values provided in km h−1 were converted to 
International System units according to Equation (5): 

𝒖𝒖𝒊𝒊 = 𝒖𝒖𝒌𝒌𝒌𝒌𝒉𝒉,𝒊𝒊
𝟑𝟑.𝟔𝟔

 [5] 

Monthly mean wind speed was computed as indicated in Equation (6): 

𝒖𝒖‾𝒎𝒎 = 𝟏𝟏
𝒏𝒏𝒎𝒎
∑ 𝒖𝒖𝒊𝒊
𝒏𝒏𝒎𝒎
𝒊𝒊=𝟏𝟏  [6] 

Wind data were used solely to support the physical interpretation of transport regimes over the 
overlapping period 2018–2024. 

2.4. Statistical Analysis 

Differences between transport regimes were evaluated using the Mann–Whitney U test, a non-
parametric method appropriate for independent samples without assuming normality. 

Two samples were defined as: 
𝑿𝑿 =  {𝑵𝑵𝑵𝑵𝟐𝟐������ (𝒎𝒎)}background 
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𝒀𝒀 = {𝑵𝑵𝑵𝑵𝟐𝟐������(𝒎𝒎)}continental 
where 𝑵𝑵𝑵𝑵𝟐𝟐������(𝒎𝒎) represents the monthly mean NO2 concentration in month 𝒎𝒎 , and the subscripts 
denote the transport regime classification. 

The Mann–Whitney U statistic is given by Equation (7): 

𝑼𝑼 = 𝒏𝒏𝑿𝑿𝒏𝒏𝒀𝒀 + 𝒏𝒏𝑿𝑿(𝒏𝒏𝑿𝑿+𝟏𝟏)
𝟐𝟐

− 𝑹𝑹𝑿𝑿 [7]  

where 𝒏𝒏𝑿𝑿and 𝒏𝒏𝒀𝒀 denote the sample sizes of the background and continental groups, respectively, 
and 𝑹𝑹𝑿𝑿is the sum of ranks assigned to the observations in sample 𝑿𝑿. 

A two-sided test was applied with a significance level of 𝜶𝜶 = 𝟎𝟎.𝟎𝟎𝟎𝟎. 
The magnitude of the regime difference was quantified using the difference in medians, 

Equation (8): 
𝚫𝚫 = 𝒀𝒀� − 𝑿𝑿� [8] 

where 𝒀𝒀�and 𝑿𝑿�denote the sample medians of the background and continental regimes, respectively. 
An analogous procedure was applied to monthly mean wind speed for the overlapping period 

2018–2024. 

3. Results 

This section presents the main observational results obtained from the analysis of the NO2 time 
series and associated meteorological conditions at the Faial monitoring station. First, the temporal 
variability of background NO2 concentrations over the period 2015–2024 is described. Subsequently, 
differences between background Atlantic conditions and months influenced by continental transport 
are examined. Finally, wind speed characteristics are analysed for the overlapping period 2018–2024 
to support the physical interpretation of the identified transport regimes. 

3.1. Temporal Variability of NO2 (2015–2024) 

Monthly mean NO2 concentrations measured at the Faial (Espalhafatos) station are shown in 
Figure 4. 

 
Figure 4. Monthly mean NO2 concentrations measured at the Espalhafatos air quality monitoring station (Faial 
Island, Azores) during the period 2015–2024. The dashed horizontal line represents the overall mean NO2 
concentration for the study period. 

Over the study period, NO2 concentrations remained generally low, consistent with background 
conditions in a remote North Atlantic environment. The overall mean NO2 concentration was 1.26 µg 
m−3. 

Interannual variability was modest, with no abrupt regime shifts or sustained step changes. 
Short-term enhancements are visible in several months throughout the record. 
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3.2. NO2 under Background and Continental Transport Regimes 

Months classified as influenced by continental air masses (defined as months with PM10 ≥ P90) 
are indicated by shaded areas in Figure 5. These periods do not dominate the time series but appear 
intermittently across multiple years, suggesting episodic large-scale transport influences 
superimposed on relatively stable background conditions. 

 

Figure 5. Monthly mean NO2 concentrations at the Espalhafatos monitoring station (Faial, Azores) for the period 
2015–2024. The dashed line indicates the overall mean NO2 level, and shaded areas represent months influenced 
by continental air-mass transport (PM10 ≥ P90). Only months with ≥80% NO2 data availability were included. 

To further examine the effect of transport regimes on NO2 variability, monthly mean NO2 
concentrations were grouped according to background Atlantic conditions and months influenced 
by continental air masses. The distributions of NO2 concentrations for both regimes are shown in 
Figure 6. 

 

Figure 6. Distribution of monthly mean NO2 concentrations under background Atlantic conditions and months 
influenced by continental air-mass transport (PM10 ≥ P90). Boxes represent the interquartile range, the central 
line indicates the median, and whiskers extend to the minimum and maximum values. 

The boxplots indicate that NO2 concentrations tend to be higher during months classified as 
continental transport regimes compared to background conditions. The median NO2 concentration 
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during continental months was 1.60 µg m−3, whereas the median value during background conditions 
was 1.25 µg m−3, corresponding to a median difference of 0.35 µg m−3. 

To assess whether this difference was statistically significant, a Mann–Whitney U test was 
applied. The test indicated that the difference between the two regimes was not statistically 
significant (U = 384, p = 0.153). Despite the lack of statistical significance at the conventional 0.05 level, 
the consistent shift toward higher values during continental transport months suggests a systematic 
modulation of background NO2 concentrations associated with changes in air-mass origin. 

Overall, the distributions indicate that continental transport episodes are associated with modest 
increases in NO2 concentrations relative to prevailing background conditions, although the 
magnitude of these differences remains small in the context of the low baseline concentrations 
observed at this remote site. 

To further support the interpretation that these variations are associated with changes in air-
mass transport, wind speed characteristics were analysed for the overlapping period 2018–2024. 

3.3. Wind Speed Characteristics during Transport Regimes (2018–2024) 

Wind speed data were available for the overlapping period 2018–2024 and were used to support 
the physical interpretation of the transport regimes identified in the NO2 analysis. Monthly mean 
wind speeds were classified according to the same regime definition applied to NO2 (background vs. 
continental transport regimes). 

The distributions of monthly mean wind speed under background and continental transport 
regimes are presented in Figure 7. Wind speeds were generally higher during months classified as 
continental transport regimes compared to background Atlantic conditions. The median wind speed 
during continental months was 4.27 m s−1, whereas the median value under background conditions 
was 3.64 m s−1, corresponding to a median difference of 0.63 m s−1. 

A Mann–Whitney U test indicated that this difference was not statistically significant (U = 194, 
p = 0.247). However, the consistent shift toward higher wind speeds during continental months 
supports enhanced large-scale advection during these periods. 

 
Figure 7. Distribution of monthly mean wind speed under background Atlantic conditions and months 
influenced by continental transport (PM10 ≥ P90) for the period 2018–2024. 

Taken together, the NO2 and wind analyses suggest that background reactive nitrogen levels at 
this remote site are influenced by changes in air-mass origin and transport intensity, rather than by 
local emission variability. 

4. Discussion 
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The results presented in this study provide observational insight into the variability of 
background NO2 concentrations in a remote North Atlantic environment and their association with 
atmospheric transport regimes. In contrast to coastal environments, where nitrogen pollution is often 
dominated by local anthropogenic sources and regional emission trends [23], and where NO2 
variability reflects a combination of local and regional influences [24], the present study focuses on a 
remote insular setting where background conditions prevail, and transport-related processes become 
more evident. The consistently low NO2 concentrations observed at the Faial monitoring station 
reflect the dominance of marine boundary layer conditions, while modest increases during 
continental transport months indicate the influence of long-range advection processes. 

Despite the overall stability of the time series, NO2 concentrations tended to be higher during 
months classified as influenced by continental air-mass transport. Although this difference did not 
reach statistical significance, the direction and consistency of the signal across the dataset suggest 
that transport-related processes exert a measurable influence on NO2 variability. Previous studies 
have shown that long-range transport can significantly influence NO2 concentrations, even in regions 
dominated by local emissions [25], reinforcing the importance of transport processes in shaping 
atmospheric NO2 variability. Such behavior is consistent with the episodic nature of long-range 
transport, where enhancements are intermittent and may not produce strong statistical separation 
when aggregated at monthly time scales. 

The use of a percentile-based PM10 threshold provides an objective and reproducible method to 
identify transport-influenced conditions. While PM10 is not a direct tracer of NO2, it is widely 
associated with continental and dust-laden air masses, making it a suitable proxy for distinguishing 
between background and transport regimes in the absence of trajectory analysis. This approach is 
supported by previous studies conducted in the Azores, where PM10 variability has been shown to 
be strongly influenced by atmospheric transport processes [26]. The consistency of the NO2 response 
across these independently defined regimes supports the robustness of the classification approach. 

The analysis of wind speed further strengthens the physical interpretation of the results. Months 
classified as continental transport regimes were systematically associated with higher wind speeds, 
indicating enhanced atmospheric advection. Although the differences in wind speed were not 
statistically significant, the agreement between increased wind intensity and elevated NO2 
concentrations provides converging evidence for the role of large-scale transport. This coherence 
between independent variables is particularly relevant in low-variability environments, where 
individual signals may be weak but physically consistent. 

It is important to emphasize that the absence of statistical significance does not preclude the 
existence of a physically meaningful relationship. In remote marine environments, background 
concentrations are low and variability is limited, reducing the statistical power of classical hypothesis 
tests. In such cases, consistent directional changes observed across multiple variables (NO2 and wind 
speed) can provide meaningful evidence of underlying atmospheric processes. 

The Azores region, located between major continental emission regions, is particularly sensitive 
to long-range transport processes. Air masses reaching the archipelago can carry trace amounts of 
reactive nitrogen from distant sources, leading to subtle but detectable variations in background NO2 
levels. This interpretation is consistent with previous studies conducted in the Azores, which have 
linked multiscale variability in atmospheric trace gases to large-scale atmospheric forcing [27] and 
have shown that surface pollutant concentrations, including NO2, can be modulated by synoptic-
scale circulation patterns such as the North Atlantic Oscillation [28]. In addition, similar variability 
has been reported for other atmospheric indicators measured in remote island environments, 
including ambient gamma radiation, where fluctuations have been associated with meteorological 
conditions and large-scale transport processes [29]. The results presented here are therefore 
consistent with the conceptual understanding of the North Atlantic as a transition zone between 
continental influence and marine background conditions. These findings are also consistent with 
previous observational studies conducted in remote marine environments, where NOx variability 
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has been linked to large-scale atmospheric transport processes [30], reinforcing the broader 
applicability of the patterns observed in this study. 

Some limitations should be acknowledged. The classification of transport regimes is based on 
PM10 as a proxy variable and does not explicitly resolve air-mass origin. Wind data were only 
available for the period 2018–2024, limiting the temporal overlap with the full NO2 record. In 
addition, the use of monthly averages, while necessary to ensure data completeness and statistical 
robustness, may smooth short-term variability associated with individual transport events. 

Future work could incorporate air-mass trajectory analysis, chemical transport modelling, or 
higher temporal resolution data to better resolve the mechanisms underlying the observed 
variability. Such approaches would allow a more direct attribution of NO2 variations to specific 
source regions and transport pathways. 

Overall, the results provide consistent, though not statistically significant, evidence that 
background NO2 variability at this remote North Atlantic site is influenced by atmospheric transport 
regimes. These findings contribute to improving the interpretation of reactive nitrogen behavior in 
marine boundary layer environments and highlight the importance of long-term observational 
datasets for detecting subtle but physically meaningful atmospheric signals. 

5. Conclusions 

This study examined the variability of background NO2 concentrations at a remote North 
Atlantic site (Faial, Azores) over the period 2015–2024. The results indicate that NO2 levels remained 
consistently low, reflecting the dominance of background marine conditions in this region. 

A comparison between background and continental transport regimes revealed a consistent 
increase in NO2 concentrations during months influenced by continental air masses. Although these 
differences were not statistically significant, the observed patterns were coherent and physically 
consistent with transport-related variability. 

The combined analysis of NO2 and wind speed suggests that atmospheric transport plays a role 
in modulating background reactive nitrogen levels at this site. These findings highlight the 
importance of long-term observations in remote marine environments for identifying subtle 
atmospheric signals that may not be detectable through statistical tests alone. 

Overall, this study contributes to improving the understanding of reactive nitrogen variability 
in the North Atlantic and reinforces the value of insular monitoring stations for studying background 
atmospheric composition. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

NO2 Nitrogen dioxide 
PM10 Particulate Matter with an aerodynamic diameter less than or equal to 10 micrometers 
Nr Reactive nitrogen 
NOx Nitrogen oxides 
NO Nitric oxide 
SO2 Sulfur dioxide 
O3 Ozone 
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