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Ecologic assessment of air pollution by nitrogen dioxide over the territory
of Europe using Earth remote sensing data

For the first time, using satellite Earth remote sensing data, the maps of air pollution risks by ni-
trogen dioxide (NO,) over the territory of Europe with spatial resolution of 0.25°x0.25° (approxi-
mately 27.5 km x 18 km for the 48° latitude) were created. The suggested risk calculation tech-
nique is simple yet delivers extensive understanding of typical air pollution character. It is shown
that the highest risks of air pollution by nitrogen dioxide in Europe are observed over Germany,
Belgium, Netherlands and southern part of the North Sea as well as over large cities.
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Introduction

Nitrogen dioxide (NO,) is a very toxic gas [1]
and is one of the major air pollutants in Europe [2].
Today, open nitrogen dioxide air pollution data
come mainly from irregularly spaced network of
ground-based stations (point measurements) [3].
Many European countries have large areas without
nitrogen dioxide measurement stations. The meas-
urements of the pollutant in the air over the Europe-
an seas are even scarcer. Chemical reactions, air
transport of pollutants in the atmosphere and other
factors lead to low reliability of numerical modeling
in the areas without air quality control stations. It is
impossible to obtain a complete and consistent pic-
ture of typical air pollution pattern by nitrogen diox-
ide over the whole territory of Europe using only
ground-based air pollution data.

Satellite Earth remote sensing data provide
atmospheric pollutant concentrations with high spa-
tial and temporal resolution. Today, these data are
not widely used for solving practical tasks of ecolog-
ic monitoring due to extremely high complexity of
accessing to them, their visualization and analysis.

Climate Wikience provides time series of dai-
ly nitrogen dioxide concentrations for each cell of
regular latitude-longitude grid with 0.25°%0.25° spa-
tial resolution [4]. The time series are easily accessi-
ble from R environment [5]. This offers opportuni-
ties not available before for solving urgent tasks of
environmental protection.

A comprehensive study of nitrogen dioxide
pollution over United States, Europe and China was
carried out using remote sensing data from GOME
and SCHIAMACHY radiometers [6]. A considera-
ble increase in nitrogen dioxide concentration over
China was found and no trend for USA and a de-
creasing trend for Western Europe were observed.

The goal of the research carried out in this
paper is to derive the “typical” picture of air pollu-
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tion by nitrogen dioxide over the whole territory of
Europe instead of climatological mean or study of
individual pollution episodes. The approach pro-
posed below allows reducing considerably the influ-
ence on the resulting risk map the nitrogen dioxide
concentration values not typical for the air over the
territory under investigation.

High resolution maps of air pollution risks al-
low answering many important questions in the do-
main of ecologic safety. For example, what countries
have the highest level of air pollution and what is the
relative level of air pollution between different re-
gions inside a country.

Satellite Earth remote sensing data

Daily tropospheric column amounts of nitrogen
dioxide are derived from OMI radiometer measure-
ments (Aura satellite). They are available from
NASA as NO2d level 3 product on regular
0.25°x0.25° latitude-longitude grid. Cloud screened
(less than 30% of cloud cover) daily data during
01.10.2004-31.12.2012 were used [7].

The NO, concentration is given in molecules
per cm?. In this paper all measurements are convert-
ed to Dobson units (1 Dobson unit (DU) equals to
2.69 x 10 molecules/cm?).

For the first time nitrogen dioxide time series
were obtained for each cell of regular 0.25°x0.25°
latitude-longitude grid [4]. Time series are directly
available within R analysis environment [5].

Studying nitrogen dioxide concentration
patterns to select pollution categories

A broad range of nitrogen dioxide concentra-
tion values is typical for the air over large European
cities (fig. 1-3). Thus, the distribution of a pollutant
in their atmosphere may hint the levels for defining
pollution categories.

Figures 1-3 give nitrogen dioxide histograms
at 0.1 DU intervals for several European cities and a
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presumably clean region within Ukraine. Seems like
interval 0.1 DU captures the general pattern of the
pollutant distribution in the air over the cities. The
coordinates of the grid cells (0.25°x0.25° resolution)
are given for each location. Coordinates correspond
to the south-western corner of a grid cell. The major
part of a city under investigation is located inside the
selected cell.

Brussels, as will be shown further on the risk
map, reveals a typical pattern of heavy nitrogen di-
oxide pollution over Europe. London (England) and
Milan (ltaly) reveal the same nitrogen dioxide con-
centration distribution as Brussels, although slightly
higher. Paris has the same pattern as Belgium. Milan
is similar to Moscow but with no cases over 3 DU.

Analyzing figures 1 — 3, pollution categories
can be experimentally and subjectively defined as:
[0.0..0.2] — low, [0.2..0.4] — moderate, [0.4..0.6] —
high, [0.6..0.8] — very high, over 0.8 — disastrous.
The numbers in given intervals are Dobson units.
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Figure 1 — Histogram of nitrogen dioxide concentra-
tion over Brussels, Belgium (50.5°, 4.25°)
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Figure 2 — Histogram of nitrogen dioxide concentra-
tion over Moscow, Russian Federation (55.75°,
37.5°). Cases over 3.0 DU are filtered out.
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Figure 3 — Histogram of nitrogen dioxide concentra-
tion over (a) Donetsk, Ukraine (48°, 37.75°) and (b)
clean region, Ukraine (49.5°, 28.5°)

Step 0.2 DU for pollution categories allows
capturing the majority of features of nitrogen diox-
ide pollution distribution over Europe. This also
keeps the number of pollution categories acceptable.

Risk calculation method

In this paper, the air pollution risk is defined
as the probability of observing a pollutant concentra-
tion in a given interval over the territory under in-
vestigation. The risk is calculated for each grid cell.

The risk of pollution for a grid cell equals to
R(a, b)=S(a, b) / T.

In the formula above, S(a, b) is the number of
days with nitrogen dioxide concentration in [a..b]
interval, and T is the number of days for which ni-
trogen dioxide measurements are not missing due to
clouds or other reasons. Both S(a, b) and T are cal-
culated for each grid cell.

The notation “moderate air pollution risk”
will be used to denote the risk value for moderate air
pollution level, i.e. nitrogen dioxide concentration
between 0.2 DU..0.4 DU.

Results and discussion

Probably, the map of moderate air pollution
risk is the most representative for “typical” nitrogen
dioxide distribution over Europe (fig. 8). The map
spans the territory of Europe approximately from
London (England) on the west to Baku (Azerbaijan)
on the east and from St. Petersburg (Russian Federa-
tion) on the north to Republic of Malta on the south.
To better perceive the geographical context of the
research, the map of Europe spanning the same area
under investigation is given on figure 9.

The most noticeable areas with high pollution
risks include large cities and industrial zones. The
most distinguishable large cities are Moscow (Rus-
sian Federation), Rome (ltaly), Barcelona (Spain),
Naples (ltaly), Paris (France), Katowice (Poland),
Istanbul (Turkey).
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The air over eastern part of United Kingdom,
Belgium, Netherlands and western Germany is ex-
posed to the highest risks in Europe (moderate air
pollution category by nitrogen dioxide). Germany is
most susceptible to air pollution by nitrogen dioxide
since considerable risk levels are observed all over
its territory.

High risk levels also inherent to the air over
North Sea between United Kingdom, Belgium and
Netherlands.

Daily fields and seasonal means

The goal of the proposed risk method is to de-
rive the typical picture of air pollution by a gas over
a given territory. The need for applying the proposed
assessment strategy is motivated by the following
observations.

First, daily satellite maps are highly cluttered
due to gaps caused mainly by clouds (fig. 4).

Second, the noise inherent to satellite meas-
urements of trace gases distorts the overall pollution
picture for a single day.

Third, high pollution events that are extremely
rare for a given region must be filtered out and must
not contribute to “typical” air pollution picture.

While daily data are very important for under-
standing the peculiarities of a gas distribution, it is
quite difficult to infer the typical pollution character
using a single daily map.

Forth, composite maps of several consequent
daily maps or seasonal means of trace gas concentra-
tions do not consider other periods of year. Also a
composite map does not always give a good feeling
of typical gas concentrations inherent to a region.

Sometimes it is even impossible to select a pe-
riod for creating a composite map as in case with
sulphur dioxide (SO,) since the number of days with
SO, concentration between 1.5..2.5 DU account for
less than 10% of days during 7.5 years for a region
inside Ukraine [8]. At the same time, SO, concentra-
tions between 1.5..2.5 DU are up to 5 times more
frequent for the air over eastern Ukraine than its
other parts as can be readily concluded from the risk
map (fig. 7). In contrast, a composite map of SO,
concentration for a period gives a uniform pollution
picture over the whole territory of Ukraine with low
(below 1.5 DU) sulphur dioxide concentration (fig.
5) or shows pollution distribution not “typical” for
the country (fig. 6).

Risk map (fig. 7) clearly distinguishes eastern
part of Ukraine as being its industrial region while a
composite map (fig. 6) reveals only a rare case with
higher SO, concentrations in its western part.

Sulfur dioxide data are also derived from OMI
Aura and have the same units, spatial and temporal
resolution as described above for nitrogen dioxide.
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Figure 4 — Nitrogen dioxide concentration on the 4"
of October, 2004

Figure 5 — Composite map of average SO, concen-
tration during 9-15 August, 2008

Figure 6 — Composite map of average SO, concen-
tration during 11-17 October, 2008

Figure 7 — Risk map of SO, concentration in 1.5..2.5
DU interval for 01.10.2004-20.06.2012 period
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Figure 8 — Map of moderate air pollution risk by nitrogen dioxide (0.2..0.4 DU) over the territory of Eu-
rope with spatial resolution 0.25°x0.25°

Oslo Helsinkif gt petersburg
B Stockholm ' °
o oTaI'mn].-

Baltic Sea Estoni’a
Gmhec;wburg

Latvia

orth Sea o )
A, Moscow
Denmark thhuama o
\/nlnluso Mlnsk
Har%burg = S
‘ Berlin ) Belarus o
Netherlands ] } oo,
don | Poland 5 =~
Belg|um Germany ! \ s 7
v Prague o o i
S o o # o'Kharkiv
4_‘_“_\_ Czech Rep Krakow. Ukrai -
Paris M 5 Bratls'avaro‘ Slovak;a e el oS S
unic ) e e ‘: 03 Y
z 3 —Austria ;‘ ;mgary g Moldova rippetroysk, N
J'i\, o3 AN
France [, : Zagreb e Odesa
AT Romama
< T Croaha Yo
¢ Torino { G
51 Serblax’:-,_ icharest
Marsenlle Italy \ G Bucnar S Black Sea S
o Rom SR J R
Barcglana e 1) Bulgarla
Naples **fstanbul Ankara Azerbauan
‘Greece Izmir Turkey ‘

Figure 9 — The political map of Europe corresponding to the area for which air poIIutlon rlsks by nitrogen
dioxide are shown on figure 7

Conclusions and further work a region and calculates the probability (risk) of a pollu-
tant concentration being in a given interval.

The air pollution risk maps generated by apply-
ing the proposed technique allow comparing areas
according to typical air pollution conditions.

The paper presents simple yet informative ap-
proach for estimating typical picture of air pollution
over a territory using Earth remote sensing data. The
approach considers retrospective air pollution data for
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A researcher must perform exploratory analyses Development Foundation (CRDF). Any opinions,
of the gas distribution over the territory before subjec- findings and conclusions or recommendations ex-
tively defining air pollution categories. pressed in this material are those of the authors and do

Further work may be directed to rating European not necessarily reflect the views of CRDF

countries according to their risk of air pollution by
nitrogen dioxide. The rate of a country can be calculat-
ed by aggregating risk values of grid cells inside the Electronic copy of this paper with colored maps
administrative boundaries of a country. is freely available at
http://wikience.donntu.edu.ua/rodriges
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Haoitiwna 0o peoaxyii 17.03.2014
P.A. Poapirec 3aninunic
JloHeupKuii HalliOHAILHUI TEXHIYHUI yHIBEPCUTET
EKOJIOT'TYHA OIIHKA 3ABPYJHEHHS ATMOC®EPHOI'O MOBITPSA JIOKCUAOM A30TY HAJ
TEPUTOPIEIO €BPOIIN 3 BUKOPUCTAHHSM JAHUX I[I/ICTAHI.IIﬁHOFO 30HAYBAHHS 3EM-
JI
Brepmie 3 BHKOpHCTaHHSIM TaHWUX AWCTaHIIHHOTO 30HIYBaHHS 3eMili MOOYIOBAaHO KapTH PH3WKIB 3a0pyIHEHHS
aTMOC(EepHOTO TIOBITPs HaJ TepuTopiero €Bpomnu giokcuaoMm azoTy (NO,) 3 mpoctopoBuM go3Bosiom 0,25° x (0,25°
(mpubmm3HO 27,5 kM *x 18 kM Ha muporti 48°). 3anpormoHoBaHa METOIMKA PO3PaXYHKY PHU3UKY € MPOCTOFO, alle Ha-
Jla€ HaTJSITHEe PO3YMIiHHS THIIOBOTO XapakTepy 3a0pyaHeHHs moiTps. [lokasaHo, o HaiBHII piBHI 3a0pyIHEHHS
TOBITPs JIOKCHAOM a30Ty B €Bporri crioctepirarotbes Hax HiMewuunoro, benbriero, Hinepnangamu Ta miBASHHOO
4acTHHO [TiBHIYHOTO MODSI, @ TAKOXK BETMKHMHU MiCTaMHU.
Kniouogi cnoea: oani oucmanyiiinozo 30n0yeannsn 3emii, ammocghepre nogimps, 0ioKcuo azomy, 4acoei paou,
Kapmu pu3suKy.

P.A. Poapurec 3ajenuHoc

JloHenkuii HalMOHAJIbHBIA TEXHUYECKUN YHUBEPCUTET

IKOJIOI'NYECKASA OLEHKA 3ATPAZHEHUA ATMOC®EPHOI'O BO3JYXA JUOKCHUIAOM A30-
TA HAJl TEPPUTOPUEN EBPOIIbI C MCHOJIb30BAHUEM JAHHBIX JUCTAHIIMOHHOI'O
30HAUPOBAHUA 3EMJIN

BnepBble ¢ UCNOIb30BAaHUEM JAHHBIX JUCTAHIIMOHHOTO 30HIMPOBAaHUS 3€MIIU MOCTPOECHBI KapThl PUCKOB 3arps3He-
HUS atMoc(epHOro Bo3ayxa Haja Teppuropueii EBpomnsl quokcumom azota (NO,) ¢ mpocTpaHCTBEHHBIM paspere-
HueM 0,25° x 0,25° (mpumepHo 27,5 kM % 18 kM Ha mmpote 48°). [IpeanoxkeHHas METOJMKA pacueTa pucka sBisieT-
Csl TIPOCTOM, HO MPEIOCTaBIIeT HATJISAHOEC MOHMMAHHE TUIMYHOTO XapakTepa 3arps3HEHHs Bo3ayxa. IlokasaHo,
YTO BBICOKHE YPOBHH 3arps3HEHHS BO3IyXa TMOKCHIOM azoTta B EBporie HaOmonatores Haa ['epmanueii, benbruet,
Hunepnannamu u 10:xH0# 9acTeio CeBEpHOTO MOpS#, a TAK)Ke KPYIHBIMH TOPOIAMHU.

Kniouesvie cnoea: oannvie OuCmMaHyuoOHHO20 30HOUPOGAHUA 3eMau, amMochepHblil 6030yX, OUOKCUO azoma,
eépemenHble PAObl, KAPMbl PUCKA.
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