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Motivations

1. Quantify the transboundary pollution over the Slovakia
for NO, and PM,, in 2015

2. Quantify the pollution which cannot be unambiguously
attributed to the foreign sources nor the national sources

3. Discussed the interaction term and the non-linearity
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0. Model configuration Simulation year 2015

Annual emissions of NO;

d01 domain d02 nested

/ domain

Terrain elevation

1000 kmal per year

The CMAQ version v4.7.1 (US EPA, 2010; Byun and Schere, 2006) with the cb05cl gas-phase chemistry
mechanism (Yarwood et al., 2005) and the AERO4 version of the aerosol module (Binkowski, 2003).

Hourly meteorological fields were generated by the Weather Research Forecasting (WRF) model version 3.9.1
(Skamarock et al., 2008) using data from the European Centre for Medium-Range Weather Forecast (ECMWF)
reanalysis as the boundary and initial conditions.

Emissions TNO MAC-IIl 2015 database (Kuenen et al., 2014), for the SK, CZ and PL from LIFE-IP Malopolska
project (Ondrej Vicek et al., 2019).

Dusan Stefanik, Jana Matejovicov4d, Jana Krajéovi¢ova, Tereza Sediva, Vladimir Neméek, Juraj Befio: Comparison of two methods of calculating NO2 and PM10
transboundary pollution by CMAQ chemical transport model and the assessment of the nonlinearity effect, Atmospheric Pollution Research 11 (2020) 12-23



1. Two methods of calculation the transboundary pollution

Annual emissions of NO; method1l

Annual emissions of NO; method?2
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1. Two methods of calculation the transboundary pollution: PM,, concentrations

Full moderl simulations 01.01.2015 00:00
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1.1. Difference between the two methods

The real concentration Cg of given pollutant at given point can by in principle
divided to three parts as

AN

CR — Cext + CSO’LLT'CG + Iext,source

A

from external emissions o from the interaction between
originated outside the source from the source emissions the source and the external
emissions

Model is not full reality, therefore we introduce the superscript M

— rM M M
CM — Cext T Csource T Iext,source



1.1. Difference between the two methods

The transboundary concentrations calculated by the two methods can be write as

Ty (Methodl) = C,

Ty (Method2) = C,; — C&

with Cy = Cext + CSK + Iext SK»

1. The transboundary concentrations are estimated using Ty, (Methodl) which is
unambiguously attributed to foreign sources

2. The pollution which cannot by unambiguously attributed to the foreign sources is
identified as IextSK It is calculated by diference between between Ty, (Method?2) and

Tyy(Method1).



2. Estimation of the real transboundary concentrations

variation c

CR —_ CM + A
rewritten more suitably

CR=CM+CXCM

for 101 background stations within domain
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3. Results for NO, 2015
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Concentrations which comes from the presence of the non-linear interaction term is small in
comparison with the uncertainty which comes from the model itself and its input. However, we
shown that the interaction term expressed in hourly concentrations can be very large in some
episodes.



3. Results for NO, 2015
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3. Results for PM,, 2015
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In the calculation of annual mean transboundary PM,, concentration the uncertainty
associated with the model and its input data can be comparable to that coming from the non-
linearity of the model. Indeed, for PM,, the non-linearity is important even in case of annual
mean calculations of transboundary pollution and can reach 2.7 ug/m?3 and up to 25% of the
calculated transboundary pollution



3 Results for PM,, 2015

% mean annual PM;q concetrations
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4. Results for PM,, with SHERPA model

Quite realistic near

SHERPA

i

http://agm.jrc.ec.europa.eu/sherpa.aspx)
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Overestimate the concentrations far from the border and on higher altitudes: i.e
Chopok concentrations= 4-5 pug/m?3 but SHERPA without SK emissions = 12 pg/m3



4. Results for PM,, with SHERPA model

Tq for PM,y SHERPA (zero Slovak emissions)

Tr for PMyg this work

20

18

16

14,

pa/m?

12

10

20

18

16

14

ugim?

12

10



4. Results for PM,, with SHERPA model
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SHERPA includes different meteorology, emissions and metodhology, but one can see that
SHERPA results are more uniform (smaller variation within the domain)

It performs similarly near the borders, but overestimate results far from the borders

It has some artefacts (station Velka Ida has lowest transboundary concentrations, but it is
close to the border )




5. The interaction term and the non-linenearity

Thunis et al. (2019) suggest that even with non-zero Ioy; source IN Case of low emission

reduction the sources could be apportioned unambiguously to a certain degree. Let us
slightly reannotate their equations into a more general form. The impact of o reduction of
source emissions on the concentrations is defined as

AC
[ sourcelMy]y,= %Cem) X 100 %,
R

and, similarly, the impact of o reduction of external emissions on the concentrations can be
written as

Acex a
[ extIM,]o,= #R() x 100 % ,

[ sourcelMy]o,+ [ extIMy]o,= (1 — Ie’“’so”rce(“)) X 100 %,

aCp

Thunis, P. et al., 2019: Source apportionment to support air quality planning: strengths and weaknesses of existing
approaches. Environ. Int. 130, 104825. https://doi.org/10.1016/j.envint.2019.05.019
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Consider concentrations of
pollutant A

and reaction @y = A

\ location

AAAA AAAA
AAA A

Cr = Coxt T Coource T Iext,source

5. Example

source

AAAA

14 = 8 + 4 + 2



5. Example : a =50 % reduction

ext
AA AAAA
‘.““ “‘ 00 00
X %

location

AAMA Aaaa
Cx k-4
CHRK

AC ext(o. 14—9 5
[ extIMy sy, = O_;C(ZS) X 100 % = ——x 100 % = > X 100 % = 71 %



5. Example : a =50 % reduction

source

AA

location

_ ACext(o.s) oy _ 14—9 o, _ 5 o/ — 71 0
[extIMosly, =~z X 100 % = 52— X 100 % = 2 x 100 % = 71%
ACSOUT'C@ . -
[ sourcelMy 5]y, = O_SCR“’ 5 % 100 % = (1)4512 % 100 % = % % 100 % = 29 %

[ extiMy 5]y, + [ SOUrcelMg 5]y, = 100 % > fext,source(O,S) =0



5. Example : a = 75 % reduction

ext
AAAA AAAA
A A A 00 00
* Kk
location
A AAA A

9

AC 14—6
[ extIMg 75]y, = —ext075) % 100 % =

0fy — i 0/fy —
0.75CR 07514 100 % 105 ° 100% =76 %



5. Example : a = 75 % reduction

source

A £S<A

location

ACext(0.75) 14-6 8 0
[ extIMy /5]y, = #g: X 100 % = ——=X 100 % = ——x 100 % = 76 %
ACsource . -
[ sourcelMy 7slo, = o.75c§375) X 100 % = ———x 100 % = —— x 100 % = 38 %

[ extIMg 7510, + [ sOurcelMg 751y, = 114 % > Ioxt source(o.7s) = 1.5



5. Example : a =100 % reduction

\ AAAA
A 00 00
* %
location
A AAAA

ACex -
[ extiM;]y, = =22 % 100 % === x 100 % =, X 100 % = 71 %

R




5. Example : a =100 % reduction

()
location
AAAA =4
AARL ek
ACex -
[ extiM]y, = =22 x 100 % =——x 100 % == x 100 % = 71 %
A -

[ sourcelM, ]y, = ~—2<® 5 100 % =225 % 100 % = < x 100 % = 43 %

Cr 14 14

| extIM,]o, + [ sourcelMy]o, =114 % > iext,source(l) = -2



5. Example : results

From the above example we have :

>

ext,source(0.5) — 0

=—1.5

ext,source(0.75) —

>

ext,source(1) — —2= _Iext,source

Generally, one can obtained :

for o< o,

Iext,source(a) =0
Iext,source(a) € <_ Iext,sourcer 0) for o> O

So that the highest absolute value of the non-linear interaction term
from (Thunis et al. 2019) is equal to the interaction term defined in

our work.



6. Conclusions

The comparison of two methods in calculating transboundary concentrations of NO, and PM,,
using CMAQ chemical transport model was presented.

The transboundary pollution was divided to the pollution unambiguously attributed to foreign
sources and that which cannot be unambiguously attributed to the foreign sources. It was
proposed that the latter is caused by the non-linear processes present in the atmosphere.

While for NO, the annual mean interaction term was less than 3% of the total concentrations,
for PM,, it can be as high as 16% of the total concentrations and around 25% of the calculated
transboundary contribution.

It was shown that this interaction term expressed in hourly concentrations can be very large in
some episodes.

It was proposed that the real transboundary pollution T, could be estimated by de-biasing
transboundary concentration computed by the model T,, as T, = T, + ¢,.,,, T\,, Where the
coefficient c,,,, = (Cz - C,, )/ C,, is calculated comparing the full model run C,, concentrations
against C, concentrations measured at the rural and suburban background stations.

The connection between interaction term introduced in our work and the non-linear
interaction term discussed in Thunis et al. (2019) is presented.



