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ABSTRACT 
The new National Emission Ceilings (NEC) Directive was transposed into Portuguese law in 2018 
creating the obligation to comply with the established NEC for Portugal and to develop a National Air 
Pollution Control Programme (NAPCP). An analysis of emission trends and projections, and potential 
air quality and environmental impacts, was performed as a support to the NAPCP. Notwithstanding the 
emissions reduction trend, NEC noncompliance cases are still foreseen for SOx, NMVOC and PM2.5 
under a 2030 current level legislation scenario. In terms of air quality impacts, a likely compliance with 
air quality objectives for health protection is expected for NO2 and PM2.5, with an increase of O3 levels. 
Based on the obtained results, it is possible to identify the need for further emission reduction measures 
and for the air quality simulation of other scenarios. 
Keywords:  NEC directive, emission projections, air quality impacts, modelling. 

1  INTRODUCTION 
The latest report by the European Environment Agency raises awareness for the high 
population in Europe still exposed to dangerous levels of atmospheric pollution that can lead 
to premature mortalities. Beyond the impact on human health, air pollutants also have adverse 
effects on the environment, namely causing crop losses and acidification of soils and surface 
waters [1]. To ensure the reduction of these negative impacts, the revised directive on 
National Emissions Ceilings (NEC), published in 2016, sets stricter targets, expressed as a 
percentage reduction of 2005 emissions, for the air pollutants included in the previous 
regulation (SO2, NOX, NMVOC and NH3), and an additional ceiling for PM2.5 [2]. The new 
reduction commitments for 2030 are designed to implement the reduction of air quality 
impacts by 2030 established in the Communication on a Clean Air Programme for Europe 
[3]. Compliance with these commitments is also expected to contribute to the European 
Union’s long-term objective of achieving levels of air quality in line with the guidelines of 
the World Health Organization. Full compliance with European air quality standards can be 
achieved in the short to medium term by focusing on the implementation of existing policy 
plus Member State action, and thus substantially tighter emission reduction commitments  
are needed. 
     The NEC Directive fine tunes the provisions and requires each Member State to draw-up, 
adopt and to regularly update a national air pollution control programme (NAPCP), taking 
into account the wider air quality challenges of the Member State with a view to ensuring 
that the 2020, 2025 and potentially also the 2030 NECs are met in time, contributing 
effectively to the achievement of the European air quality objectives and without significantly 
impacting air quality in neighbouring Member States. 
     The background information and the policies and measures selected for implementation, 
to be included in the NAPCP, shall not only be determined through the evaluation of the 
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extent of the emission reductions to be achieved, but also on the obligation to prevent or 
reduce the transboundary air pollution impact, to contribute to the achievement of European 
air quality objectives and to ensure coherence with any other relevant national plans or 
programmes. To this effect, Member States should take into account the need to reduce 
emissions in zones and agglomerations affected by excessive air pollutant concentrations 
and/or in those that contribute significantly to air pollution in other zones and agglomerations. 
NAPCPs should, therefore, contribute to the successful implementation of air quality plans 
enacted under the European Air Quality Directive. 
     Portugal is still facing atmospheric pollution problems, especially in urban areas, and had 
to develop and implement air quality plans to further reduce emissions aiming to improve air 
quality [4]–[7]. In this sense, it is important to assess and control national emissions, 
considering their spatial variability, in an integrated way, with the future perspective, to 
comply with the new NEC Directive commitments and, at the same time, fulfil the air quality 
objectives/standards. 
     To support the NAPCP development for Portugal, an analysis of emission trends and 
projections, and an evaluation of impacts on air quality and on the environment should be 
performed. In this context, this work aims to present the outcomes of the ongoing project 
FUTURAR – Air quality in Portugal in 2030 – a policy support 
(http://futurar.web.ua.pt/en/project), in what concerns the: 

1. Analysis of the national emission projections submitted under the Convention on Long-
range Transboundary Air Pollution (LRTAP), against the NEC established  
for Portugal; 

2. Assessment of the impacts on air quality and ecosystems of these projections; 
3. Evaluation of potential NEC and EU air quality targets compliance, and identification of 

possible non-compliant areas in the country. 

2  METHODOLOGY 
This study focuses on the evaluation of emission projections and their impacts on air quality 
and environment under the NEC Directive. Firstly, an analysis of emission trends and latest 
submitted projections for 2020, 2025 and 2030 was carried out aiming to verify the 
compliance of NEC considering the current legislation until 2030 (CLE scenario, without 
additional measures). Then, an estimation of air quality impacts and an evaluation of the 
legislation fulfilment were performed.  
     The Air Quality Directive defines annual limit values of 40 and 25 µg.m-3 for NO2 and 
PM2.5 concentrations respectively, and establishes a maximum daily 8-hour mean of 120 
µg.m-3 for O3, that could not be exceeded in more than 25 days per year. To evaluate the air 
pollution impacts and identify potential areas of non-compliance of the air quality targets 
defined in the EU Air Quality Directive (2008/50/EC), the air quality modelling system 
WRF-CAMx was applied over Portugal with a spatial resolution of 0.05°, driven by a coarser 
domain over Europe at 0.25º by a two-way nesting approach. 
     The air quality modelling system includes the Weather Research & Forecasting (WRF) 
(Version 3.7.1) model [8], and the Comprehensive Air Quality Model with Extensions 
(CAMx) (Version 6.4) [9]. Two simulations were performed: base case (as reference) and 
future scenario. The reference scenario considered the latest gridded emissions available 
(EMEP 2015) [10], disaggregated by sector and pollutant, for the simulation domain 
resolution of 0.05º. For the future scenario, the 2030 national projections were disaggregated 
assuming the same spatial distribution of emissions by activity sector and pollutant. All other 
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input data (meteorology, initial and boundary conditions of the European domain) were kept 
the same in both simulations. 
     To assess the impacts of air pollutants on vegetation and natural ecosystems, the Air 
Quality Directive defines critical levels (for SO2 and NOX) and the Accumulated Ozone 
exposure over a Threshold of 40 ppb (= 80 µg.m-3) (AOT40). The long-term critical level for 
SO2 is 20 µg.m-3 as an annual mean and this value is applied during the winter period (from 
1 October to 31 March). While for the NOX, the annual air quality guideline is  
30 µg.m-3. Regarding the AOT40, this parameter is the sum of the difference between hourly 
concentrations greater than 80 µg.m-3 during the summer period (May to July) using only the 
one-hour values between 8 am and 8 pm of each day. This indicator is designed for  
the protection of crops and forests and the target value is 18 000 ((µg.m-3).h). 
     In this work, the critical levels and AOT40 were estimated for the outputs from the air 
quality modelling system and using the Portuguese land use dataset at high spatial resolution 
[11], to provide the air pollution risks only on the grid cells with more than 50% of vegetation. 

3  EMISSION TRENDS AND PROJECTIONS 
Under the United Nations Economic Commission for Europe (UNECE) Convention on 
Long-Range Transboundary Air Pollution of 1979 (CLRTAP) and related Protocols, Member 
States report annual emission inventory information from 1990 until the current year minus 
2 years. Ferreira et al. [12] analysed the evolution of the Portuguese national emissions and 
the compliance of old NEC Directive in 2010. The emission inventories reported to the EC 
show that emissions in Portugal presented a consistent decreasing trend for all pollutants until 
2014, and slight decreases and increases from 2015 onwards. The 2010 targets were achieved 
with measures implemented at the time, which allowed Portugal to even surpass the  
defined goals. 
     As an additional requirement, emission projections for SO2, NOX, NH3, NMVOCs, PM 
and, if available, black carbon (BC) must be reported. The projections shall cover the years 
2020, 2025, 2030 and, where available, 2040 and 2050. Projected emissions are used to assess 
whether or not Member States are on track towards meeting their reduction commitments for 
2020 and 2030 [13]. 
     Considering that NEC targets are based on emission reduction percentages of the 2005 
emissions and based on the latest projections reported by Portugal, Fig. 1 presents the national 
emissions for 2005 and 2015 (considered as the reference year for the present study) and the 
Portuguese projections for 2030, by activity sector.  
     Comparing 2005 and 2015 emissions, it can be concluded that Portugal is performing well 
in reducing its atmospheric emissions. However, efforts are still required to further reduce 
the 2015 levels. The analysis of emission projections indicates that national commitments 
based on current legislation are not enough to achieve NEC in 2030 and additional measures 
are needed, namely, to control SOx, NMVOC and PM2.5 emissions. Moreover, actions are 
mainly required for the industrial sector as the main contributor to the referred pollutants. 

4  AIR QUALITY AND ENVIRONMENTAL IMPACTS 

4.1  Air quality impacts 

The outputs of the WRF-CAMx system for 2015 and 2030 were processed to get annual 
averages and differences between the reference and the future scenario over the study region 
as represented in Fig. 2. 
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Figure 1:    National emissions (in kton) by SNAP activity sector for 2005 and 2015 
(reported in 2017) and emission projections reported in 2017 for CLE scenario 
by the Portuguese Environment Agency. 

     According to the air quality results, a decrease of NO2 annual average concentrations is 
expected for 2030 mainly in the urban areas of Porto and Lisbon, with a maximum decrease 
of 15 µg.m-3. Regarding PM2.5, the model simulates increases and decreases for the annual 
average. A maximum decrease of 10 µg.m-3 was obtained and increases up to 15 µg.m-3 were 
achieved in particular areas, where large industrial point sources are located. For O3, the 
results indicate averaged increases of 5 to 20 µg.m-3. 
     To evaluate the potential compliance of the air quality objectives in 2030 based on the 
national emission projections, the legislated parameters were computed for the future 
scenario air quality results: NO2 and PM2.5 annual average concentrations and the number of 
exceedances of the O3 target value. The maps presented in Fig. 3 exhibit the likely, uncertain 
and unlikely compliance of the objectives based on the targets set by the Air  
Quality Directive. 
     Compared to a reference scenario based on 2015 emissions spatial distribution in Portugal, 
the impacts of CLE projections for 2030 considering the same share in the spatial distribution 
of emissions by pollutant and sector reveal a likely compliance of air quality objectives for 
NO2 and PM2.5 objectives in the whole country – Continental Portugal. For O3, the estimated 
impact indicates a higher area with non-compliance in 2030. This can be justified by the fact  
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Figure 2:    Differences between the annual average concentrations modelled by WRF-
CAMx for reference and the future scenario, for NO2, O3 and PM2.5 pollutants. 
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(a) (b) (c) 

Figure 3:    Compliance of air quality objectives based on Portuguese emission projections 
for 2030. (a) NO2 annual limit value; (b) Maximum number of exceedances of 
O3 target value; (c) PM2.5 annual limit value. 

that projected emissions estimate a decrease of NOX emissions and an increase on NMVOC 
emissions, which is particularly reflected in rural areas. A further investigation on the NOX/ 
VOC ratio regimes is required to better understand the obtained results. 

4.2  Environmental impacts 

The vegetation and ecosystem potential impacts of emission projections for 2030 were 
estimated by the calculation of critical levels (for SO2 and NOX) and AOT40. Figs. 4 and 5 
display the AOT40 and SO2 and NOX obtained results, respectively, for crop and forest areas 
in the country according to the Portuguese land use database. 
 

Reference 2030 scenario

 

Figure 4:    AOT40 levels in crop and forested areas obtained for the reference case and 2030 
scenario based on O3 modelled concentrations. 
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 Reference

   

 

 2030 scenario  

   

Figure 5:    Critical levels for SO2 and NOX obtained for the reference and the future 
scenarios based on modelled concentrations.  

     AOT40 ozone values are below the limit value, and with similar patterns and levels, for 
both reference and future scenarios, indicating a likely compliance of the legislation (Fig. 4). 
Concerning the estimated SO2 critical levels, both for winter and entire year, values are below 
the legal target for the reference case, and even a slight decrease is expected in the future, 
especially in the south of the country. For NOX, critical levels calculated for reference and 
future scenarios reveal an uncertain compliance of the target value in the agricultural area 
northeast of Lisbon, along the Tagus river basin. 

5  FINAL REMARKS 
In this work an analysis of atmospheric emission trends and projections was performed in the 
scope of the National Emission Ceilings Directive that should be accomplished from 2030 
onwards, aiming to achieve the established ceilings in 2030. Moreover, as a support to the 
development of the National Air Pollution Control Program (NAPCP), required by the NEC 
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Directive, the WRF-CAMx air quality modelling system was used to evaluate the impacts of 
emission projections on air quality and environment. 
     The emission projections considering the current legislation until 2030 reveal that 
additional measures for further emission reductions are required to attain the NEC targets 
established for Portugal. Notwithstanding, in terms of air quality impacts, a likely compliance 
with air quality objectives for health protection is expected for NO2 and PM2.5. However, a 
degradation of air quality regarding O3 is potentially foreseen. Regarding impacts on 
vegetation and ecosystems, there are no special concerns, except for NOX critical levels, 
although modelling results show a tendency of reducing risk in the future.   
It must be highlighted that, in this study, land use change was not considered for the 2030 
simulation nor the climate forcing, since the objective was to evaluate the impacts of  
future emissions.  
     Future work will include the design and assessment of the most efficient emission 
reduction measures to comply with the NEC and minimize impacts on air quality, 
environment and health. 
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