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Abstract

Bulgaria has developed national emission reduction strategies for the period from 2020 
to 2029 and the years after 2030, in accordance with EU Directive 2016/2284. Our funda-
mental aim in this study is to assess the effects of the strategy on the PM near surface 
concentrations in Bulgaria. All the simulation was done by the modeling system U.S. 
Environmental Protection Agency (US EPA) Models-3 for 2008 to 2014 period and with 
9 km horizontal grid resolution for the selected region – Bulgaria. The meteorological 
background that was used is with 1°x1° resolution from the National Centers for En-
vironmental Prediction (NCEP) Global Analysis Data. There are 5 emission scenarios 
structured: 2005 emissions (reference period), 2020–2029 emissions projected with 
existing measures (WEM) and with additional measures (WAM), projected after 2030 
WEM and WAM emissions, as parallel calculations were performed with all of the sce-
narios. Making parallels between the concentrations, with different scenarios simulated, 
gives the possibility to evaluate the national emission reduction strategies’ effect.
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Introduction

In 2016, a revised directive on national emission ceilings was adopted – Di-
rective (EU Directive 2016/2284). The Directive contributes to the EU’s targets 
for reducing emissions from anthropogenic sources as set out in Union legis-
lation and progress towards the Union’s long-term objective of achieving am-
bient air quality (AQ) levels according to AQ guidelines by the World Health 
Organization. All the national air pollution control programs have to formulate 
their own policies and measures. They should be applicable to all relevant sec-
tors (agriculture, energy, industry, road transport etc.). Every member state is 
free to decide what measures and policies (UNFCCC 2016) it takes to meet 
the emission reduction obligations set out in (EU Directive 2016/2284). Mem-
ber States shall provide for each pollutant an “as taken” forecast (i.e., mea-
sures taken) and, if applicable, a forecast ’with additional measures taken’ (i.e., 
planned measures) under the guidelines set out in the (EMEP/EEA Guidance 
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2019). The projections are a tool for assessing what might happen if countries 
committed to ”With Existing Measures” (WEM) and what else could be done 
”With Additional Measures” (WAM). These scenarios should be evaluated us-
ing a range of economic forecasts and using numerical modeling methods. 
For this research purpose, a set of models for modeling the state of pollutants 
in the atmosphere was used – the US EPA Models 3 System. The system is 
based on 3 models – Weather Research and Forecasting Model (WRF) v.3.2.1 
(Shamarock et al. 2007), (https://ncar.ucar.edu/what-we-offer/models/weath-
er-research-and-forecasting-model-wrf), The Community Multiscale Air Quality 
Modeling System (CMAQ) v.4.6 – (Byun and Ching 1999), (Byun 1999), (https://
cmascenter.org/), and Sparse Matrix Operator Kernel Emissions Processing 
System (SMOKE) – (CEP 2003). The used models already were adapted and 
validated for Bulgaria, as can be followed in our previous work about Particu-
late Matters (PM) modeling in Bulgaria (Gadzhev et al. 2015), (Georgieva. and 
Miloshev 2018), (Kirova et al. 2021), (Todorova et al. 2011).

Methods

An extensive database was created and used for this paper based on 3D mod-
elling. The study was conducted using computer simulations with the already 
mentioned system US EPA Models-3. Ensemble (a set of computer run results), 
sufficiently exhaustive and representative to make reliable conclusions for 
atmospheric composition typical and extreme situations with their specific 
space and temporal variability was created by using of computer simulations. 
The computer-simulated ensemble is sufficiently large and comprehensive 
enough to allow a variety of statistical treatments. The meteorological back-
ground that was used is with 1°x1° resolution from the NCEP Global Analysis 
Data. The simulations start from the whole of Europe with a resolution of 81km, 
gradually downscaling the resolution to 9 km for the territory of Bulgaria. The 
emissions used in the paper are from Netherlands Organization for Applied 
Scientific research (TNO) inventory (Denier van der Gon et al. 2010) outside 
Bulgaria and for the inside domain from the National inventory (Bulgarian Ex-
ecutive Environmental Agency). In accordance with (EU Directive 2016/2284), 
Bulgaria has developed national emission reduction strategies for two periods: 
from 2020 to 2029 and after 2030. Also, according to the legislation, it must 
report a set of projected emission scenarios (EEA Technical Report 2015). The 
simulations were run day-by-day, and the results were averaged over the entire 
period and ensemble was created. In that way the “typical” annual estimates 
were obtained. The calculations were carried out on the supercomputer system 
“Avithol” situated at the Institute of Information and Communication Technolo-
gies at the Bulgarian Academy of Sciences (IIKT-BAS), as the simulations were 
organized in different jobs (Atanassov et al. 2017, Karaivanova et al. 2022).

According to the Guidance for the development of national air pollution con-
trol programs under (EU Directive 2016/2284) and (Guidance 2019/C77/01), 
the WEM forecast covers policies and measures implemented and adopted 
(UNFCCC 2016). WEM stands for projections of anthropogenic greenhouse 
gases (GHGs) or air pollutant emissions from sources that capture the effects 
of currently implemented or adopted policies and measures.

https://ncar.ucar.edu/what-we-offer/models/weather-research-and-forecasting-model-wrf
https://ncar.ucar.edu/what-we-offer/models/weather-research-and-forecasting-model-wrf
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The WAM scenario takes into consideration projected pollutant emissions 
and the potential for reductions of their dispersion into ambient air when 
incorporating planned policies and measures (UNFCCC 2016), which will 
achieve the 2030 national priorities. Emissions projections are inherently less 
specific than historical emissions inventories because they require additional 
assumptions about future activity growth (e.g., production, transport, popula-
tion) and technology uptake. The assessment of the impact of the estimated 
emissions for 2020–2029 and after 2030, according to the commitments of 
Bulgaria to reduce emissions of atmospheric pollutants under (EU Directive 
2016/2284), is listed in Table 1.
The National Air Pollution Control Program 2020–2030, was carried out with the 
means of computer simulations. Table 2 shows the emissions forecast for the 
period 2020–2029 and after 2030, under the WEM and WAM scenario. Emis-
sions from all source categories have been renormalized, both for the period 
2020–2029 and after 2030, according to (EU Directive 2016/2284) according to 
emission values for the base year 2005.

Results

The results from the simulations below show the relative differences (in %) be-
tween surface concentrations of Coarse and Fine Particulate Matters (CPRM 
and FPRM) simulated with various emissions scenarios (WEM/WAM) and for 
periods 2020–2029 and after 2030. Particles with a size below 2.5 μm are called 
fine (FPRM), and those with a size from 2.5 μm to 10 μm – are called coarse par-
ticles (CPRM). CPRM = ACORS + ASEAS + ASOIL – Coarse Particulate Matters 
(CPRM) and FPRM = SO4 + NH4 + NO3+EC+ (ORGA+ORGB) + PM2.5. The com-
parison with the year 2005, which was set as our basis year, demonstrates the 

Table 1. Air pollutant emissions forecast.

Pollutant Emissions according to the 2016 inventory, 
kt

Emission reduction vs based 2005,  
%

Obligation to reduce 
emissions, %

2005 2020 2030 2020 2025 2030 2020–2029 2030+
SO2 771.3 79.6 83.4 90 90 89 78 88
NOX 183.2 93.8 74.7 49 54 59 41 58
NMVOC 80.7 62.1 46.3 23 34 43 21 42
NH3 51.6 45.0 43.0 13 15 15 3 12
PM2.5 30.9 22.2 7.8 28 57 75 20 41

Table 2. Air pollutant emissions forecast for the period 2020–2029 and after 2030, WEM and WAM scenario.

Emissions
Pollutant 2005, kt 2020–2029 

WEM, kt
2030 WEM, kt Reduction 

WEM %
2020-2029 

WAM, kt
2030 WAM, kt Reduction 

WAM %
SO2 771.3 84.8 85.6 89 99.2 68.6 87 / 91
NOX 183.2 86.2 85.4 53 81.4 67.8 56 / 63
NMVOC 80.7 58.2 55.9 28 53.9 47 33 / 42
NH3 51.6 46.8 47 9 44.1 43.8 15
PM2.5 30.9 21.0 18.5 32 / 40 14.4 8.8 53 / 72
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effect of emission reduction measures and their effectiveness. Five emission 
scenarios (only for Bulgarian emissions) are considered in the paper:

1.	Emissions in 2005 (basis year) for Bulgaria, according to the inventory 
2005); 

2.	Emissions for 2020–2029 projected with existing measures (WEM) and 
3.	Emissions for 2020–2029 projected with additional measures (WAM),
4.	Emissions after 2030 projected with existing measures (WEM) and 
5.	Emissions after 2030 projected with additional measures (WAM).

The emissions outside Bulgaria remain unchanged for all the scenarios. All 
the relative differences in scenario x, shown below, are calculated according to 
the formula:

=
1 −

1

 [%], (1)

where Cscenario1 and Cscenariox are the surface concentrations for the respective sce-
narios. Thus, the positive relative difference values mean concentration reduc-
tion for the respective scenario.

Fig. 1a) The maps show the relative differences in changes in CPRM concen-
trations with emissions from 2005 to 2029 for the WAM and WEM measures. It 
is clearly seen that for this period, the relative differences are positive, with the 
additional measure WAM outperforming by about 30% over the whole country 
and 60% over the sources, while WEM shows a 20% relative difference over the 
eastern and surrounding areas.

For the period after 2030 Fig. 1b), the relative differences between the two 
scenarios are even more noticeable, registering about 60% over all sources 
throughout the day with WAM, compared to those of the scenario WEM (about 
20% over the whole area and reaching 40% over some sources).

In Fig. 2a), positive relative differences show that concentrations under the 
WEM scenario are higher, indicating that the WAM scenario is effective. For 
2020–2029, the relative differences in CPRM concentration change are around 
20% across the country, reaching up to 30% at specific points, mainly above 
sources. For the period after 2030, the relative differences are again positive, 
reaching 40% above sources and big cities in the country throughout the day. 
The WAM scenario for emissions after 2030 has a positive effect on CPRM 
surface concentration changes compared to the results of the WEM scenario.

Fig. 2b), the relative differences in CPRM concentration changes obtained 
from WEM are positive, about 10–15% above sources in the country. For the 
scenario WAM, the relative differences are also positive, with values up to 20% 
across the entire country and up to 40% above sources. The results show that 
the WAM (with additional measures) gives better results than the WEM (with 
existing measures).

Fig. 3a) presents the relative differences in FPRM surface concentration 
changes with emissions from 2005 to 2029 under the WAM and WEM measures. 
It is clear that for this period, the relative differences are positive, with the sce-
nario including WAM measures and providing better results by about 10% across 
the entire country and 20% over the sources, while without additional WEM mea-
sures – a 10% relative difference over the eastern and surrounding regions.
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Figure 1. Maps of relative differences of CPRM surface concentrations [%]: a) Relative differences with applied different 
measures (WEM/WAM) for 2020 to 2029 аnd b) after 2030, relative to the reference period (2005). All simulations are 
annually averaged over the ensemble in 6, 12, 18 and 24 UTC.

Figure 2. Comparison of the effects of WEM and WAM scenarios: а) Surface relative differences obtained with emis-
sions from WEM and WAM scenarios for 2020-2029 and after 2030 and b) Surface relative differences obtained with 
emissions for 2020-2029 and after 2030, for the WEM and WAM scenarios. All simulations are annually averaged over 
the ensemble in 6, 12, 18 and 24 UTC.
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Fig. 3b): For the period after 2030, the relative differences between the two 
scenarios are even more significant, about 20% over the entire country in the 
morning and afternoon, 20% above the sources at midday and evening hours. 
For the WAM scenario compared to the WEM, about 10% over the entire region 
and reaching up to 20% only in the area of the Upper Thracian Plain in the morn-
ing and afternoon. 

Fig. 4a): For 2020–2029, the relative differences in FPRM concentrations are 
about 5% over the whole domain, reaching up to 15% during the morning and 
afternoon hours in Sofia and Upper Thracian Plain regions. For the period af-
ter 2030, the relative differences are once again positive, reaching 15% for the 
Sofia and Upper Thracian Plain regions throughout the day and 8% above the 
rest of the country. The WAM scenario after 2030 has a greater positive effect 
on changes in FPRM concentrations than the results from the WEM scenario.

Fig. 4b): The relative differences in FPRM concentration changes obtained 
with emissions from the scenarios for both periods with WEM are positive at 
around 5% above the point sources in the country and the region of the Upper 
Thracian Plain. For the scenario WAM, the relative differences are also positive, 
with values of up to 8% across the entire country and reaching up to 15% above 
the Upper Thracian Plain and the region of Sofia. Once again, it is obvious that 
the WAM measures gives better results compared to the WEM.

Conclusion

Contrasting the PM near surface concentrations, under simulations with dif-
ferent scenarios according to the national emission reduction strategies, gives 
a good assessment of the measures, whether they are already in effect or 
planned compared to the results of 2005, and shows the impact of the strategy 
itself on the territory of the country. The conclusions here are as follows: The 
relative differences for changes in CPRM concentrations with emissions from 
2005 to 2029 for the WAM and WEM measures are positive. The WAM shows 
about 30% relative difference over the entire country and 60% over the sources, 
while WEM shows a 20% relative difference over the eastern and surrounding 
areas. For the period after 2030, the relative differences between the two sce-
narios are even more noticeable. Тhe WAM scenario is more effective than the 
WEM scenario. When comparing the effects of WEM and WAM scenarios, pos-
itive relative differences show that concentrations under WEM are higher than 
under WAM, indicating that the WAM measure is effective, which is the case 
for CPRM surface concentration changes. The relative differences in FPRM 
surface concentration changes with emissions from 2005 to 2029 under the 
WAM and WEM measures are positive. The scenario includes additional WAM 
measures providing better results than those without additional WEM. For the 
period after 2030, the relative differences between the two scenarios are even 
more significant; again, they are positive, and again the WAM scenario is more 
effective compared to the reference 2005. When comparing the effect between 
WEM and WAM, the WAM scenario after 2030 has a greater positive effect 
on changes in FPRM concentrations than the results from the WEM scenario. 
When comparing both periods: It is obvious that the WAM measure gives better 
results than the WEM measure.
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Figure 3. Maps of relative differences of CPRM surface concentrations [%]. a) Relative differences with applied different 
measures (WEM/WAM) for 2020 to 2029 and b) after 2030, relative to the reference period (2005). All simulations are 
annually averaged over the ensemble in 6, 12, 18 and 24 UTC.

Figure 4. Comparison of the effects of WEM and WAM scenarios: a) Surface relative differences obtained with emis-
sions from WEM and WAM scenarios for 2020-2029 and after 2030 and b) Surface relative differences obtained with 
emissions for 2020-2029 and after 2030, for the WEM and WAM scenarios.
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