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Fig. 6. Occurrence frequency (%) of various types of air masses (1-5) over
Mikotajki in the periods 1971-1980 and 1991-2000
Air masses: 1 — Arctic (A, Ao, Am, Amo), 2 — Polar continental (Pc, Pco),
3 — Polar maritime (Pm, Pmw), 4 — Polar maritime old (Pmo), 5 — Tropical
(T, Tm, Tmo, Tc, To)

continental and polar maritime old masses, though other types of air masses
increased their share.

In both periods analysed the lowest turbidity occurred in arctic air mass-
es (in the first decade 7| ,,, was 2.71, and in the second it was 2.42) and
the highest turbidity was observed in tropical air masses (where 7, = was
4.27 and 4.05, respectively). Similar patterns have been observed in Papo-
wo Torunskie (Uscka 2003, Uscka-Kowalkowska 2008a), Putawy (Uscka-
Kowalkowska 2007a, 2008a), Kolobrzeg (Uscka-Kowalkowska 2008b) and
Warsaw (Dziewulska-t.osiowa 1962; Uscka-Kowalkowska 2007b). All polar
air masses are characterised by similar values of turbidity coefficients in
each of the decades analysed. In the first decade the difference between the
most turbid polar maritime old air (7| ,,,=3.63) and the cleanest polar mari-
time air masses (7} ,,,=3.53) amounted to only 0.10. In the second decade,
there also were small differences between the levels of turbidity of polar air
masses. The highest turbidity occurred in polar maritime air (7, ,,,,=3.01).
Polar maritime old air and polar continental air masses affected the level of
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Fig. 7. Atmospheric turbidity (T ,,,,
1971-1980 and 1991-2000
Air masses: 1 — Arctic (A, Ao, Am, Amo), 2 — Polar continental (Pc, Pco),
3 — Polar maritime (Pm, Pmw), 4 — Polar maritime old (Pmo), 5 — Tropical
(T, Tm, Tmo, Tc, To)

) in the air masses over Mikotajki in the periods

atmospheric turbidity almost to the same extent, resulting in T, , values of
2.88 and 2.90, respectively (Fig. 7).

Considering the frequency of occurrence of the turbidity classes with
various Linke’s factor values in individual types of air masses in both peri-
ods analysed, the lowest turbidity class appears to be most frequent in arctic
air masses, while the highest turbidity class dominates in tropical air masses
(Table 5). In the first of the two decades analysed — in all air masses, except
for arctic masses — the maximum frequency is found in the high turbidity
class, whereas in the second decade the optical state of the atmosphere was
improved, as demonstrated in the shift of the maximum frequency to classes
of lower turbidity (except for the arctic and tropical air masses).
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Table 5. Relative frequency (%) of atmospheric turbidity (7 ,,,,) in selected classes
in various air masses over Mikotajki in the periods 1971-1980 (A) and
1991-2000 (B)

Air masses
T arctic’ polar- polar- mgl?i'lc?r;e tropicals
LAM2 continental* | maritime3 olds P
A B A B A B A B A B
<241 53 | 25.3 | 1.5 15.1 2.5 8.0 2.3 2.2 0.0 | 0.0

2.1-2.5 | 40.4 | 44.0 | 17.2 | 19.2 | 13.6 | 28.0 | 7.6 | 41.3 | 0.0 | 11.5

2.6-3.0 | 28.9 | 20.0 | 20.7 | 24.7 | 24.7 | 16.0 | 20.6 | 21.7 | 16.7 | 0.0
3.1-3.5 | 16.7 | 6.7 | 15.3 | 24.7 | 16.0 | 22.0 | 21.4 | 17.4 | 8.3 | 19.2
3.6-4.0 | 5.3 2.7 | 13.8 | 11.0 | 14.8 | 12.0 | 21.4 | 6.5 | 25.0 | 23.1

>4.0 3.5 1.3 315 | 5.5 | 28.4 | 14.0 | 26.7 | 10.9 | 50.0 | 46.2

! —arctic (A, Ao, Am, Amo), > — polar continental (Pc, Pco), *— polar maritime (Pm, Pmw),
# — polar maritime old (Pmo), * — tropical (T, Tm, Tmo, Tc, To)

Summary and discussion

The study of direct solar radiation and atmospheric turbidity in Mikotajki in
the years 1971-1980 and 1991-2000 revealed an improvement in the opti-
cal state of the atmosphere. This is evident, for example, in the increased
percentage of the solar constant reaching the Earth’s surface in the second
decade analysed. This increase is noticeable for all atmospheric masses,
and especially for the highest positions of the Sun over the horizon (atmos-
pheric mass below 1.3). The spectral composition of the radiation was also
changed. A greater share of the shortest waves (A<525 nm) and a lower share
of the longest waves (710 nm and more) were observed.

The annual course of solar extinction occurred in both decades analysed,
with its highest values in summer and lowest in winter. In all seasons the
atmospheric turbidity was lower in the second of the analysed decades. Most
probably this was caused by a lower aerosol content in the atmosphere, as
the average content of precipitable water slightly increased in the second
decade. The decrease in aerosol scattering may be connected with the con-
siderably reduced emission of pollutants into the atmosphere after 1989.
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Although the town of Mikotajki is situated in a relatively clean area, pollu-
tion released in industrial areas can still be found there. In the second of the
analysed decades a number of environmentally arduous industrial facilities
were shut down as a result of economic transformations. At the same time,
more restrictive pollution emission standards were introduced, which also
contributed to the improvement of the optical state of the atmosphere. As
proof of this development in Mikotajki, the frequency of days with spe-
cific 7, ,,,, values changed. The maximum frequency shifted from the high
turbidity class (T ,,,,>4.0) in the first decade, to the low turbidity class
(2.1<T ,,,<2.5) in the second decade.

An improvement in the optical state of the atmosphere was observed for
all air masses which were considered, though the biggest decrease was found
in polar air masses, especially in the polar maritime old air (where T ,,,,
dropped by 0.75) and polar continental air (by 0.70). A smaller decrease
was observed in polar maritime air, and thus this type of air mass revealed
the highest value of T, ,, in the second decade, as compared to other polar
air masses. As far as arctic and polar continental air masses are concerned,
the lower turbidity might have been caused not only by a reduced aerosol
scattering, but also by a small decrease in the content of precipitable water
in the atmosphere. In other air masses the precipitable water content did
not decrease, therefore the improvement of the optical state must have been
caused mainly by reduced pollutant emissions.

It is also noteworthy that the two decades analysed are characterised
by different frequencies of occurrence of air masses over Mikotajki. In the
second decade the percentage of clean arctic masses was higher, which con-
tributed to the improvement in the optical state of the atmosphere; however
tropical air masses occurred more frequently too, resulting in a high extinc-
tion of solar radiation. Nevertheless, despite the higher occurrence frequency
of tropical air masses in the second decade, they were still the least frequent
type of air masses, and thus their influence on the mean value of 7 ,,,, in
the whole period analysed was limited.
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