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Supplemented Material
Part 1. Data

1.1 Aerosol parameters

In this study we use the Total Ozone Mapping Speutter (TOMS) Aerosol Index (Al) data
(http://disc.sci.gsfc.nasa.gov/acdisc/TOMI he Nimbus-7 satellite with the TOMS instrument
onboard was launched on October 1978 and operatgthaously for 14.5 years until TOMS failed
in May 1993. The TOMS instrument measures the mateg over the atmospheric column amount
of the UV light scattered by airborne particlest®ftom TOMS can be used to detect the presence
of both UV absorbing and non-absorbing (mostly tecettg) aerosols in the atmosphere. The UV
absorbing aerosols include particles produced @pySaharan dust, forest fires or volcanic eruptions
Non-absorbing aerosols are primarily tiny sulfatel aitrate aerosols produced, mostly, by human
activities. Aerosol index is positive when UV aldsiog aerosols prevail and Al negative in case of
prevailing of non-UV absorbing aerosols. Quantieli, the TOMS aerosol index Al is defined as
(Hsu et al., 1999)

Al ==1000gyq]1 /13, | ~1ogialla /1| . .). (S1)

wherelneasis the backscattered radiance at wavelengths mezhby the TOMS instrument amgc

is the model calculated radiance assuming an atmeospof Rayleigh scatterers (pure molecular
atmosphere) for two close wavelengtlandi, in UV region (Ginoux and Torres, 2003). When UV
absorbing aerosols are present in the atmosplerepectral contrasy/l,o is smaller than predicted
by the calculation model, and the equation (S1§ipces positive residues. Non-absorbing aerosols
produce greater spectral contrast, and thus nesalhegative value of Al.

We use the data on Al variations over two locationthe Continental Portugal (see Fig. 1a in the
main paper): the site ID 082 over Lisbon (38° M69° 8 W, 105 m a.s.l.) and the site ID 288 over
Penhas Douradas (40°'2%, 7° 33 W, 1380 m a.s.l.). The distance between thesg sitabout 200
km. The first site corresponds to the urbanized iaddstrial region; the second site is located in a
low populated mountain region which is frequentiieeted by the forest fire smokes (Pereira et al.,
2005) and mineral dust events.

The TOMS instrument on board of the Nimbus-7 siéelrovides daily values of Al from 01
November 1978 to 06 May 1993. The series have @fpdays are missed for the site ID 082 (1.5%
of the whole data set length) and 88 days are ohiksethe site ID 288 (1.7% of the whole data set
length). The TOMS aerosol index is calculated iway that allowed us to separate days with
prevailing of absorbing (e.g. dust, smoke) or scatit) (e.g. sulfate aerosols in urban areas) pestic
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In this study we used daily data only in one c&sendentify days with Saharan Dust Events (SDE)
— see Supplemented Material, Part 1.3.2. For gitbgyoses the monthly, seasonal and annual means
of Al have been calculated as described in the paper (Sec. 2.1).

1.1.1 Aerosol annual cycle.

The annual cycle is clearly present in the Al vaoias, mainly, due to the well established seasonal
changes of the <Alneg> (see Fig. 1 in the main papd Fig. S1.1a) — more scattering aerosols are
seen from October to March, due to the seasondéxyaf nitrate aerosols (see e.g. Calvo et al.,
2013) and/or other anthropogenic pollutants. During autumn-winter cold period there is an
additional input of soot from the domestic heatamgl, probably, an increase of the local traffic due
to the rainy weather conditions (Pereira et alLZ®@uerol et al., 1998).
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Figure S1.1. Annual cycle of <Alneg> (a) and <Alpos> (b) forelsites ID 082 (black lines with
filled dots) and ID 288 (red lines with open ddis) 1979-1992 period. Please note that Y-axis on
(@) is inverted.

The <Alpos> shows a tendency to bimodal seasomr@tians having higher values in July-August
with a second (lower) maximum in February-Marchg(F31.1b). This bimodality is in an agreement
with the in-situ measurements made in Evora, Patt(®8.5° N, 7.9° W, 300 m a.s.l.) during the
2002-2008 period (Pereira et al., 2008, 2011). Sumamer peak is related to the wildfire smokes and
intensive SDE events, and the winter maximum istipalie to the combined effect of local traffic
and increased emission from heating sources.

1.1.2 Spatial correlation between the sites.

The spatial correlation for <Alpos> and <Alneg>isgibetween the two sites is more or less strong
(Fig. S1.2). The highest correlations are betwéen<Al> series. The correlations coefficients for
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the <Alpos> series are higher for the monthly serénd for the <Alneg> series are higher for the
annual series.

Correlation coefficients: AI ID 082 vs Al ID 288
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Figure S1.2. Correlation coefficients (r) between the Al indiomeasured at two aerosol sites 1D
082 and ID 288. Only correlation coefficients $|0.3 are shown. The statistical significances for
singular (p-values) and multiple (meta p-valuesnparisons are shown by shading.

1.2 Atmospheric parameters

Two sets of climatic data were used in this studgtaining the monthly and annual means of the
temperature parameters (the minimuim{n), maximum Tmax and averageagerT) temperatures,
and the daily temperature rand@T@R)), the accumulated precipitation amouptecip), the mean
atmospheric pressure at station ley@lgnd the sunshine duratioBghD. These series belong to the
Geophysical Institute of University of Coimbra (U& series”) and the Geophysical Institute of
Instituto Dom Luiz of University of Lisbon (“IGIDlseries”). Both locations are shown on the map
in Fig. 1a of the main paper.

These series have different length, but all of thera available for the studied period. The
temperature series already have passed throughotinegenization procedure and are considered
free from the significant artificial homogeneityelaks (see Morozova and Valente (2012) for
details). The other digitalized series were checka@dOCR errors and misprints. Afterward, the
homogeneity of these series was analysed usinglathrhomogeneity tests (same as used in
Morozova and Valente, 2012), and a number of prigbatiificial homogeneity breaks were found.
Fortunately, none of these breaks took place dutiegrelatively short studied period. Therefore,
these series were used without any correction.

The effect of the aerosol variations on atmosphesitditions were studied separately for two sites
(see Section 4 of the main paper): the IGIDL senese used in pair with Al data from the site ID
082, and the IGUC series were used in pair with Aheseries from the site ID 288. Since the
distance between the aerosol detection site andh#teorological station is about 74 km in case of
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the site ID 288 and therefore is quite large, wagared the data from IGUC with the data from the
meteorological station at Pehnas Douradas (locatey close to the Al site ID 288) available at
Global Historical Climatology Network data basetghfwww.ncdc.noaa.gov/ghcnm/, station ID
8568). This dataset contains data on monthly medndaily mean temperature, pressure re-
calculated to the sea-level and precipitation arholimese series are quite short, fragmented and do
not fully cover the Al measurement period. Howevdrey are highly correlated with the
corresponding IGUC series as is seen in Fig. STh8refore, we decided to use only IGUC series
that have no gaps, for which we can obtain all dettta information and perform all necessary
homogeneity tests.

Correlation coefficients: Coimbra (IGUC) vs Pehnas Douradas (GHCN)

precip.

Figure S1.3. Correlation coefficients (r) between the atmosphparameters measured in Coimbra
(IGUC series) and Pehnas Douradas (Global Historic@limatology Network series). Only
correlation coefficients |rp 0.3 are shown. The statistical significances fogslar (p-values) and
multiple (meta p-values) comparisons are shownhaylimg.

The climatic conditions in Lisbon and Coimbra angte similar but not identical. The lowest
correlation coefficient between the series fromséhéwo stations are found for the precipitation
amount and DTR in August (0.16 and 0.44, correspghg) and April (0.34 and 0.25,
correspondingly) — see Fig. S1.4. Other seriedrabspheric parameters from the IGUC and IGIDL
have correlation coefficients in the range from10.5.998 with low p-values and meta p-values.
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Figure S1.4. Correlation coefficients (r) between the atmosphparameters measured in Coimbra
(IGUC series) and Lisbon (IGIDL series). Only cdateon coefficients |r> 0.3 are shown. The
statistical significances for singular (p-values)damultiple (meta p-values) comparisons are shown

by shading.

1.3 Aerosol sources

1.3.1 Volcanoes.

The stratospheric aerosol optical thickness (AOTH%Z0 nm for Northern Hemisphere from the
GISS climate simulation (http://data.giss.nasa.godelforce/strataer) is used as a proxy for the
volcanic aerosol content changes (Sato et al., H3@BBourassa and Robock, 2012). During the
studied period four volcanic eruptions with the caslic emissivity index VEI > 4 took places

(numbered in Fig. 2c of the main paper):

1. 1980 March — Mt. St. Helens, tropospheric enpti

2. 1982 March-April — El Chichon, stratosphericpron

3. 1991 June & August — Pinatubo, stratospheriptern

4. 1991 August-October — Mt. Hudson, stratosphentiption

These eruptions, except the first one, depositejr@ficant load of sulfate aerosols to stratospher
over the globe. However, during the years followthg eruptions the amount of the absorbing
particles in a zone around 40 N latitude did nateased as dramatically as in regions around the

equator (see e.g. Fig. 3in Torres et al., 2002).

1.3.2 Saharan Dust Events (SDE).

In this work we identified SDE as described in Barket al. (2005) and Varga et al. (2013). The
Saharan dust event is defined as a day when aastipeld Al (AL, see Eq. S2) is not less than 3.5.
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The daily Al series were standardized separatelg&ch year to reduce their annual me@iget,)
to 0 and standard deviationg to 1 (see Barkan et al., 2005).

Alg = (AI - AImear)/JAl ; (S2)

Considering that we did not used satellite imagestiie SDE identification, we cannot guarantee
that all the events detected by above mentionedhadeare the real SDEs. We also could have
missed some events. To test our SDE list, we coadpaaronthly/annual sums of our SDEs for both
Portuguese sites with similar published data fgrares more or less close to Portugal:

1. number of the Saharan dust events in July froakdh et al. (2005) — Italy;
2. annual sums of the SDE from Rogora et al. (2604 ltaly;
3. annual sums of the SDE from Varga et al. (261@garpathian Basin.

The results of the comparison are shown in Figslstl. The number of dust events detected by us
for the site ID 288 correlate well with other da@orrelation coefficients are 0.48 and 0.56 for
annual data and 0.89 for monthly (p-values forcalirelation coefficients a lower than 0.01). The
number of the SDEs for the site ID 082 shows a weegk (if any) correlation with other series.
Figure S1.5a shows as well the annual cycle fontbathly sums of the SDEs detected in our study
for both locations. As expected, July and Augustraonths of the highest frequency of SDEs.

The sites ID 082 and ID 288 were analysed separairiring the studied period 28 SDEs were
found for the site ID 082 and 45 SDEs were fourrdlie site ID 288 (see Fig. 2d of the main paper).
As was previously shown by different studies (see Moulin et al., 1998, Barkan and Alpert, 2008
or Israelevich et al., 2012), most frequent rowtsthe dust intrusions coming from Sahara to the
west part of the Iberian Peninsula pass throughwist part of the Mediterranean sea and Spain or
along a west-east line after over passing the Natkntic Ocean (e.g. Pereira et al. 2008, 2011).
Thus, a greater number of SDEs for the site ID B88ue to its more north-east position. This
hypothesis is confirmed by the fact that in caskemthe SDE is observed on both sites more or less
simultaneously, on the site ID 288 it took plac8 dlays earlier than on the site ID 082. High daily
values of the <Alpos> during the detected SDEsrdmuite to the increase of monthly means of the
<Alpos>. Months with a very high content of absatbaerosols (<Alpos> 0.8 for averaged data)
are months with at least three SDEs. There areetgeptions (February 1985 and September 1988).
During these months only two SDEs took places tieitmonthly <Alpos> is over 0.8. In both cases
one of the pair of SDEs was an extremely strongievighe variations of the monthly mean <Alpos>
index averaged over two Portuguese locations iseréagether with the total monthly number of
dust events are shown in Fig. S1.6).

No relations were found between the <Alneg> and3D& occurrences.
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Figure S1.5. (a) Annual cycle of the monthly number of SDERortuguese sites ID 082 and ID
288. (b-d) Variations of the monthly (b) and ann{ad) SDE number for two Portuguese sites
compared to the equivalent data from other studibe correlation coefficients r between the
monthly/annual sums of the SDE events detected bypdiby other authors are shown with p-values
in brackets.
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1.3.3 Forest fires.

Aerosols originated from the forest fire are veoynenon for Portugal during the hot and dry summer
months (from June to September) (see e.g. Pereah, €008 and Obregén et al., 2012). The total
burned area (BA) data from the Portuguese Institute¢he Conservation of the Nature and Forests
(Instituto da Conservacao da Natureza e das FéweKINF,) are used in our study as a proxy for
this type of aerosols (like e.g. black carbon, sow smoke).

1.3.4 Pollution.

In this work we use the data from the European ktomg and Evaluation Programme (EMEP)
database (http://www.emep.int/, specifically, EBA&abase http://ebas.nilu.no/) which contain the
monthly mean values of Sdin pg S/m) for the five following Portuguese stations (two the
northern, one in the middle and two in the southmarts of the country) measured from August
1979 to December 2009:

1. Braganca (41° 4N, 6° 46 W, 690 m a.s.l.)

2. Viana do Castelo (41° 4R, 8° 48 W, 16 m a.s.l.)
3. Monte Velho (38° 09N, 8° 48 W, 43 m a.s.l.)

4. Foia (37° 19N, 8° 54 W, 902 m a.s.l.)

5. Faro (37° 01N, 7° 58 W, 8 m a.s.l.).

The data series contain significant gaps (14% efwhole data set length), and measurement time
intervals are different for different stations. Walculated the mean series using the data from all
five series with the linearly interpolation of tgeps.
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Figure S1.7. Monthly variations of S&(thick black line) and aerosol indices <Alneg> fivo sites:

ID 082 (black lines filled dots) and ID 288 (redéis open dots) smoothed by the 36-months running
averaging. Correlation coefficients (r) are calctdd between the Al and sulfate series (p-values are
shown in brackets). Please note inverted left ¥.axi
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The correlations between the <Alneg> and, S@riations became even much stronger when trends
of these two parameters are studied. For exantpecamparison of the monthly series of the, SO
and the <Alneg> smoothed by the running averagrogguure (window of 36 months) — Fig. S1.7 —
shows that the satellite measured <Alneg> serikswe the ground measured sulfate content data
with probably a lag of about 5-10 months.
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Part 2. Sunshine duration variations

Figure S2.1 shows the correlation coefficients leetwvthe variations of the sunshine duration and
other atmospheric parameters. As one can SgleDis strongly anti-correlates with precipitations
amount (a proxy for the cloud amount) and correléata the atmospheric pressure (except summer
dry months). In turn, thBTR series are affected by tshDvariations: the decrease of the sunshine
duration coincides with the decrease of the dalyngerature range. This results, most probably,
from the decrease of the day-time temperatliraa due to the lower amount of solar radiation.
The correlation between tf8&shDand the atmospheric pressure is strong and statigtsignificant
only during cold and wet season from October todlawhich is a sign of the Atlantic cyclones’
effect (Miranda et al., 2002).

Correlation coefficients: sunshine duration (IGUC series) vs other parameters
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Figure S2.1. Correlation coefficients (r) between the SshD ariber atmospheric parameters
measured in Coimbra (IGUC series). Only correlatiopefficients |r|> 0.3 are shown. The
statistical significances for singular (p-values)ydamultiple (meta p-values) comparisons are shown
by shading.
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