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A B S T R A C T
African dust intrusions in the marine mixing layer of the Eastern North Atlantic subtropical region (23.5◦N to 35◦N)
are favoured in winter when the eastern edge of the Azores High covers Southwestern Europe and North Africa. In situ
ground pressure observations and reanalysis from National Centers for Environmental Prediction/National Center for
Atmospheric Research (NCEP/NCAR) and European Centre for Medium-Range Weather Forecasts (ECMWF) indicate
that the Azores High has strengthened and shifted eastward in winter over the last three decades. This is evidenced by
the increase over time of the Madrid–Tenerife Index which is defined as the geopotential height anomaly difference at
1000 mb between Tenerife (28.5◦N; 16.3◦W) and Madrid (40.5◦N; 3.5◦W) in winter and of the African Index which is
defined as the residence time over Africa of air mass trajectories entering the subtropical Eastern North Atlantic Ocean.
Barcelona Supercomputing Center/Dust Regional Atmospheric Model (BSC-DREAM) dust regional model simulations
from 1958 to 2006 were performed, assuming that the soil characteristics of dust sources remained unchanged over time.
Simulated winter dust concentration levels are well correlated (0.67) with the available background observations for
the 1998–2004 period. The model results show a two-fold increase in winter dust concentrations over the 1980–2006
period with respect to the 1958–1979 period, corresponding to the strengthening and eastward shift of the Azores
High.

1. Introduction

African air mass intrusions exert a significant impact on back-
ground aerosol levels over the subtropical Eastern North Atlantic
Ocean (from the Tropic of Cancer, 23.5◦N to 35◦N, see Fig. 1a).
African mineral dust particles, with diameters ranging between
0.5 and 75 μm (Maring et al., 2003), can be injected to high alti-
tudes in the atmosphere and transported over long distances, even
reaching the Caribbean and the Amazonas (Duce et al., 1991;
Husar et al., 1997; Moulin et al., 1997; Prospero, 1999; Shinn
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et al., 2000). High mineral dust concentrations can affect human
health (Ito et al., 1999; WHO, 2002, 2003; Sultan et al., 2005;
Meng and Lu, 2007; Middleton et al., 2008), climate (Aitken,
1880; IPCC, 2001; DeMott et al., 2003; IPCC, 2007), com-
munications due to visibility reduction (Darwin, 1846; Carlson
and Prospero, 1972; Consejo Económico y Social de Canarias,
1999), agriculture and livestock (Dorta, 1995) and ocean pro-
ductivity (Jickells et al., 2005).

The study of long-term trends of mineral dust transport and
its relation with climatic variability is of great importance for the
further improvement of mid-range and long-range dust events
forecasting. Several studies have been performed concerning
long-term trends of dust events in Asia (Wang, 2005; Wang
et al., 2008), Europe (De Angelis and Gaudichet, 1991), the
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256 S. ALONSO-PEREZ ET AL.

Fig. 1. 1000 mb geopotential height means for the period: (a) 1951–1960, (b) 1961–1970, (c) 1971–1980, (d) 1981–1990, (e) 1991–2000 and (f)
2001–2008 in winter (December–March). The blue line indicates the distance between Tenerife and Madrid. The yellow square indicates the Eastern
North Atlantic subtropical region.

Eastern Mediterranean (Ganor et al., 2010), western tropical
North Atlantic and Southeastern United States (Prospero, 1999;
Prospero and Lamb, 2003; Chiapello et al., 2005; Doherty et al.,
2008), West Africa (Evan et al., 2006; Anuforom et al., 2007),
North Africa (Mahowald et al., 2010) and North Atlantic (Ma-
howald et al., 2010), but not focusing in our study region.

In winter, the main dust corridor over the North Atlantic is
the tropical belt just off the Sahelian coast (south of 21.25◦N,
Prospero et al., 2002). Previous studies of African dust trans-
port to the North Atlantic have focused primarily on tropical
latitudes (from 5◦N to the Tropic of Cancer). Analyses based
on surface dust concentrations measured at Barbados since
1965 (Prospero and Nees, 1986; Prospero and Lamb, 2003;
Chiapello et al., 2005), as well as other studies (Moulin et al.,
1997; Prospero, 1999; Mahowald et al., 2002; Ginoux et al.,

2004; Foltz and McPhaden, 2008; Mahowald et al., 2010), sug-
gest that dust load trends at tropical latitudes could be driven
by drought periods in the Sahel, and that there is a significant
correlation with the North Atlantic Oscillation (NAO) index in
winter.

In this study, we analyse the trends in dust transport over
the subtropical Eastern North Atlantic over the past 50 yr. Our
test site is located on the Island of Tenerife (The Canary
Islands; 28◦18′–28◦35′N, 16◦07′–16◦49′W), and situated west
(approximately 300 km) from the northern coast of Africa (see
Fig. 1a). The Canary Islands constitute an excellent site to
study the impact of African dust over the subtropical Eastern
North Atlantic region (Torres-Padrón et al., 2002; Viana et al.,
2002; Alonso-Pérez et al., 2007). In our study region, Tenerife
is the island where the longest records of particulate matter
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concentration and ancillary meteorological observations are
available. The presence of a Global Atmosphere Watch sta-
tion of global importance in Tenerife (the Izaña Atmospheric
Observatory) corroborates the representativeness of the Canary
Islands for atmospheric studies in the subtropical Eastern North
Atlantic region.

The most significant dust impacts in the marine mixing layer
in the region of interest occur from January to March (Alonso-
Pérez et al., 2007) when the eastern edge of the Azores High
pressure system covers Southwestern Europe and North Africa.
The wet and relatively cold marine mixing layer in the subtrop-
ical region, in which the atmospheric flow is basically driven by
the trade wind regime, is normally limited in its top by a ther-
mal inversion layer, which represents a frontier with the lower
free troposphere (very dry and relatively warm). In this paper,
we first illustrate the time evolution of the Azores High pres-
sure system through the analysis of the African Index (AFI) and
the Madrid–Tenerife index (MTI). Secondly, we have performed
long-term simulations with the Barcelona Supercomputing Cen-
ter/Dust Regional Atmospheric Model (BSC-DREAM) regional
dust model to quantify the impact of atmospheric circulation
changes, associated to the Azores High, on dust concentrations
over the region.

2. Data and methods

Total Suspended Particle (TSP) concentrations measured at El
Rı́o (ER) station (28◦08′35′′N, 16◦39′20′′W, 500 m a.s.l), located
in the subtropical Eastern North Atlantic, are available for the
period 1998–2004. ER is a rural background station in Tenerife
(Canary Islands) within the marine boundary layer (MBL). The
ER station data is used to quantify the influence of the Saha-
ran dust events on the background levels of TSP in the MBL
representative of the Eastern North Atlantic subtropical region
(Alonso-Pérez et al., 2007).

The AFI was calculated from the NCEP/NCAR reanalysis for
the period 1949–2007. The AFI accounts for the percentage of
time that an air mass travels over Africa before reaching a recep-
tor site (also called the AFINL200 index in Alonso-Pérez et al.,
2007). Statistically, an increase of AFI values indicates a higher
frequency of African air masses, which normally have associ-
ated a higher dust concentration in comparison with oceanic air
masses. Here, the AFI is calculated from 5-day back-trajectories
generated by the Hybrid Single-Particle Lagrangian Integrated
Trajectory (HYSPLIT; Draxler and Hess, 1998; Rolph, 2003)
model for an end point in Tenerife (28.3◦N; 16.5◦W) at 200 m
a.s.l. In previous studies it has been proved that the AFI, as a
first approach, is a good proxy for the frequency of dust-loaded
African air masses (Alonso-Pérez et al., 2007; Alonso-Pérez,
2008). In our case, as we focus on an oceanic region where the
unique significant dust source is the Sahara, AFI is a simple but
effective index for long-term analysis of African dust-loaded air
masses.

The NAO index is calculated by taking the difference be-
tween the normalized sea level atmospheric pressures between
Lisbon, Portugal (the Azores High) and Stykkisholmur, Iceland
(the Icelandic Low; Hurrell, 1995). The Jones NAO (JNAO) is
defined as the standardized pressure difference between South-
west Iceland and Gibraltar (Jones et al., 1997). These indexes
control the strength and direction of westerly winds and storm
tracks across the North Atlantic and it has been previously used
to study the year-to-year dust variability over the Mediterranean
(Moulin et al., 1997; Dayan et al., 2008), and over the North
Atlantic in winter (Chiapello and Moulin, 2002; Ginoux et al.,
2004; Chiapello et al., 2005) and in summer (Moulin et al.,
1997). However, these indexes do not account for the position
and shape of the semipermanent Azores High.

A new index, the MTI, is introduced in this study. The
MTI is defined as the geopotential height anomaly differ-
ences (with respect to the monthly mean values of the period
1961–1990) at 1000 mb between Tenerife and Madrid in winter
(December–March). The geographical framework is indicated
by a blue line in Fig. 1a. The MTI is really a surrogate of the
NAO index, and we have introduced it in this work because it
gives a far better account of the intensification of the Azores
anticyclone and its zonal elongation on its Eastern flank than
the NAO. The MTI tracks better than the NAO the variability
of African air masses reaching the marine mixing layer of the
subtropical Eastern North Atlantic region.

In this study, we have calculated the MTI from ground pres-
sure recorded at the Tenerife North airport (28.5◦N; 16.3◦W,
617 m a.s.l.) and at the Madrid–Barajas airport (40.5◦N; 3.5◦W,
582 m a.s.l.). Unfortunately, although in situ ground pressure
records are available at the Tenerife North airport since 1961
only data after 1973 are validated. For this reason, we have
computed MTI records from National Centers for Environ-
mental Prediction/National Center for Atmospheric Research
(NCEP/NCAR) reanalysis data centred at Tenerife North air-
port and at Madrid–Barajas airport, respectively, for the pe-
riod 1949–2007. This is the longest MTI series we can calcu-
late. MTI derived from the European Centre for Medium-Range
Weather Forecasts (ECMWF) ERA-40 reanalysis, only avail-
able for the 1961–2000 period, has been also computed for
comparison and verification purposes. The correlation over the
period 1973–2008 between the observed MTI index, and the
MTI derived from NCEP reanalysis is very good (R = 0.90).
The correlation between the MTI from NCEP reanalysis and the
MTI from ECMWF reanalysis is excellent R = 0.99. So, we as-
sume that the 1949–2007 MTI from the NCEP reanalysis series
can be used with confidence for our purposes.

On the other hand, the MTI (NCEP)–AFI correlation (R =
0.81) over the period 1949–2007 is significantly better than
the NAO–AFI correlation (R = 0.65) over the same period.
This is in agreement with other results that show that the lo-
cation of the Azores High is more appropriate to explain the
variability of dust transport from Africa over the subtropical
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Atlantic than the NAO as, for example, those from Chiapello
et al. (1995) for Cape Verde Islands, and from Riemer et al.
(2006) for an area off the Northwest African coast (15◦N to 30◦N
latitude and 30◦W to 5◦W longitude) to the south of our region of
interest.

Long-term simulated TSP data for the region bounded by
15◦N to 45◦N latitude and 40◦W to 30◦E longitude was obtained
with the BSC-DREAM (Nickovic et al., 2001). BSC-DREAM
provides operational dust forecasts for a broad region cover-
ing Northern Africa, Middle East and Europe, and has been
intensively tested and verified using available observational data
(Perez et al., 2006a,b; Haustein et al., 2009). The TSP data was
taken from a 48-yr reanalysis (1958–2006) simulation at 0.3◦ ×
0.3◦ resolution (Perez et al., 2007) with meteorological fields
initialised every 24 h and boundary conditions updated every
6 h (2.5◦ × 2.5◦ NCEP/NCAR reanalysis).

The BSC-DREAM assumes that no changes in the soil char-
acteristics and vegetation types of grid points acting as dust
sources, which are specified using arid and semiarid categories
of a global vegetation data set, have occurred over time (Nickovic
et al., 2001). High-resolution field of vegetation and soil/texture
types are used as input data for the surface process schemes of
the atmospheric driving model (NCEP). The assumption of the
same global vegetation and soil/texture data set for the complete
period is, indeed, a reasonable assumption because the main dust
sources that affect the subtropical Eastern North Atlantic (from
25◦N to 30◦N) are located over the Sahara (Alonso-Pérez, 2008),
which had a much smaller variation than dust sources located
over the northern Sahel (Moulin and Chiapello, 2004) over the
past 50 yr. This assumption allows us to quantify the impact of
changes in atmospheric circulation on dust concentrations over
the region. Although we assume that the soil/texture and vegeta-
tion types of potential dust sources have not changed within our
study period (1958–2006), during the model run, the ‘actual’
prognostic atmospheric and hydrological conditions are used in
order to calculate the effective rates of the injected dust concen-
tration, so dust sources change from day to day depending on
wind and soil humidity.

The correlation between average winter (December–March)
observed and simulated TSP at ER is R = 0.67 for the 1998–2004
period.

In order to analyse the trends of AFI, MTI and simulated
TSP data series, trend detection was performed with the Lin-
ear Regression parametric test, the non-parametric Spearman’s
rho test (Siegel and Castellan, 1988) and the non-parametric
Mann–Kendall test (Manly, 2001). For the determination of
the year of the trend change or changes in the means in the
annual series, the non-parametric Cumulative Sum of Residu-
als test (Page, 1954), the Cumulative Deviation parametric test
(Buishand, 1982), the Worsley Likelihood Ratio parametric test
(Worsley, 1979), the non-parametric Rank sum test (Mann and
Whitney, 1947) and the parametric Student’s t-test (Student,
1908) were used.

3. Results and discussion

Former studies (Middleton, 1985; Chiapello et al., 1995;
Chiapello and Moulin, 2002; Prospero and Lamb, 2003; Moulin
and Chiapello, 2004; Evan et al., 2006) suggest a significant re-
lationship between dust exported towards the North Atlantic
region and drought conditions in the Sahel during previous
years. For winter (December–March), the correlation between
TSP data recorded at ER station and the Sahel Rainfall In-
dex (Janowiak, 1988) of the previous year over the period
1998–2004 is low (R = 0.18). Because our simulations assume
the soil/texture and vegetation types of the dust sources are con-
stant over time, we cannot assess this hypothesis over the longer
term for our study region. In fact, if we use the winter TSP sim-
ulated with BSC-DREAM, the correlation is R = −0.24 over
the 1958–2006 period. However, as stated above, dust sources
affecting the subtropical North Atlantic are mainly located over
the Sahara (Alonso-Pérez, 2008), where soil characteristics and
vegetation types changes have been found to be minor in com-
parison to those occurred in the Sahel over time (Moulin and
Chiapello, 2004).

To quantify the impact of circulation changes (Azores High
position and strength) on dust intrusions over the study region,
we calculated the 1000 mb geopotential height decadal means
(Fig. 1) from NCEP reanalysis data for the period 1950–2007
in the geographic domain 15◦N to 45◦N latitude and 40◦W to
20◦E longitude. The results show that after 1980, in winter, the
Azores High intensified and presented a more eastwards elon-
gated shape covering the Iberian Peninsula and North Africa
with a maximum mean geopotential height of 190 m during the
decades 1981–1990 and 1991–2000 (Figs 1d and e). The incur-
sion of the 160 m geopotential height contour over Southern
Europe and North Africa takes place after 1980. Maps of aver-
aged surface zonal winds for the same periods were also calcu-
lated (not shown here). The results are consistent with changes
observed in the 1000 mb geopotential height means. Since the
1981–1990 period an enhancement and northward extension of
easterlies is observed. A strengthening and eastwards shift of
the Azores High favours an enhanced eastern flow and, so, a
higher frequency of African air mass intrusions into the marine
mixing layer over the subtropical Eastern North Atlantic Ocean
(Alonso-Pérez, 2008). This result agrees Moulin et al. (1997)
who found that winters with high NAO indices are characterized
by a deepening of the Icelandic low associated with a stronger
Azores anticyclone. According to Moulin et al. (1997), inter-
annual variations in dust transport over the Atlantic Ocean are
well correlated with the climatic variability defined by the NAO
because this large-scale climatic control on the dust export is
affected through changes in precipitation and atmospheric cir-
culation over the regions of dust mobilization and transport.

We have calculated the trends of the MTI index (1949–2008),
which accounts for the zonal elongation of the Azores High
(Fig. 2a), the trend of the AFI index (Fig. 2b) for the 1949–2007
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Fig. 2. (a) Seasonal means (winter) of MTI
from NCEP reanalysis data (black
diamonds), seasonal means (winter) of MTI
from ECMWF reanalysis data (green
triangles) and seasonal means (winter) of
MTI calculated form observations (white
squares), for the period 1949–2007. Red
lines indicate lineal trends of MTI from
NCEP reanalysis. (b) Seasonal means
(winter) of AFI for the period 1949–2007.
Red lines indicate linear trends of AFI.

period and the trend of simulated dust concentrations for the
1958–2006 period (Fig. 3). The analysis of the 1949–2008 MTI
index winter means series from NCEP reanalysis shows a overall
significant increasing trend (at α < 0.01 significance level). 1979
has been found to be the year of trend change (at α < 0.01 signif-
icance level), from a non-statistically significant negative trend
to a statistically significant positive trend (at α < 0.1) in MTI
series. This result is consistent with the eastward displacement
of the Azores High shown in Fig. 1. The 1949–2007 AFI series
(Fig. 2b), which shows a statistically significant positive trend (at
α < 0.05), also shows a negative-to-positive trend change after
1979 (statistically significant at α < 0.01), indicating a higher
frequency of African air masses reaching the study region (by a
factor of 1.41) after 1979. The 1949–1979 AFI series shows a
statistically significant negative trend (at α < 0.1). However the

1979–2007 positive trend is not statistically significant (at α =
0.1).

The correlation between winter TSP means simulated with
BSC-DREAM for the sentinel site (ER station), and both MTI
(from NCEP) and AFI means for the period 1958–2006 is R =
0.71 and R = 0.76, respectively. The analysis of the evolution
of simulated winter TSP means denotes a significant overall
increasing trend (at α < 0.01 significance level, Fig. 3). A statis-
tically significant change in means (at α < 0.01) is found after
1980, which is almost coincident with the year of trend change
indicated by the analysis of the MTI (from NCEP) and AFI
time series (1979). The BSC-DREAM simulation indicates that
background averaged TSP concentrations for the testing station
approximately doubled (1.8 times) after 1980 in the subtropical
Eastern North Atlantic region.
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Fig. 3. Winter (December–March) TSP means (μg m−3) simulated by the BSC-DREAM for the El Rı́o station for the period 1958–2006 (black
diamonds) and winter TSP means (μg m−3) measured at the El Rı́o station for the period 1998–2004 (grey circles). Red lines indicate the average
simulated TSP for the 1958–1980 period (solid line) and for the 1980–2006 period (dashed line). The average simulated TSP for the 1958–1980
period is twice the simulated TSP average for the 1980–2006 period.

The plot of simulated winter (December–March) TSP concen-
trations at ground level for the period 1981–2006 minus those
for the period 1961–1980 is shown in Fig. 4 for our study region.
This figure clearly demonstrates an increase of dust in Western
Sahara and North Mauritania where the main dust sources that
affect the Canary Islands and the surrounding subtropical East-
ern North Atlantic (between 18◦ and 30◦N) are located. A TSP
increase of about 10 μg m−3 over the Canary Islands, and be-
tween 2.5 μg m−3 and 40 μg m−3 over the Western Sahara and
North Mauritania is observed. The increase of TSP in winter
time after 1980 is consistent with a significant enhancement of
easterlies in the same region and time period, as it can be ob-
served from NCEP reanalysis (Fig. 4b). However no significant
changes in TSP and surface winds over the rest of the Northern
Africa are found. Focusing on the dust anomaly centred at 24◦N
12.5◦W we have plotted together the series of the surface TSP
(μg m−3), simulated with the BSC-DREAM and the series of
surface zonal wind component (m s−1), from NCEP reanaly-
sis, over the Saharan dust anomaly for the 1961–2006 period
(Fig. 5). As it can be seen in Fig. 5, after 1980 a strengthening
of easterlies (higher negative surface zonal wind values) is ob-
served over the dust anomaly. This increase in wind velocity over
the dust source might result in an increase of dust mobilization,
which is consistent with higher TSP concentrations observed
over the dust anomaly in the 1981–2006 period. The surface
dust and zonal wind series show a strong negative correlation
(–0.83). In order to analyse the relationship between the Azores

High eastward-shift and the increase of dust over the subtropi-
cal North Atlantic, we have calculated the wind vector average
(at 1000, 925 and 850 hPa, respectively) of the 10 yr with the
highest MTI (1981, 1983, 1989, 1990, 1992, 1993, 1998, 2000,
2002 and 2005, ranging from +9.0 in 1999 to +41.0 in 1989)
minus the wind vector average of the 10 yr with the lowest MTI
(1963, 1966, 1970, 1972, 1974, 1977, 1979, 1986, 1996, 2001,
ranging from −32.4 in 1979 to −9.8 in 1966) in wintertime
(December–March) within the 1961–2006 period. As it can be
seen in Fig. 6a and b (corresponding to 1000 mb and 925 mb,
respectively) the wind anomalies have easterly components and
the magnitudes over the Western Sahara are larger (around three
times) than the anomalies shown in Fig. 4b. The resulting dif-
ference wind vector between the high and the low phase of MTI
(maximum at 925 mb) is pointing westward, favouring the ex-
port of dust to the subtropical North Atlantic in two different
ways. Increasing dust mobilization in the dust source identi-
fied on the Western Sahara and North Mauritania and increasing
advection of already dusty air masses present over this region.
The average of simulated TSP for the ER station for the 10
winters (December–March; 1961–2006) with the highest MTI
values is 34.2 μg m−3 (maximum at the year 1989 with a value
of 73.4 μg m−3) and the averaged TSP for the 10 winters with
the lowest MTI is 5.6 μg m−3 (minimum at the year 1996 with
a value of 1.4 μg m−3). The same calculation, performed for
the dust source identified on Western Sahara (24◦N, 12.5◦W),
results in 79.6 μg m−3 for the 10 winters with the highest MTI
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Fig. 4. (a) 1981–2006 minus 1961–1980 winter (December–March) TSP mean concentration at ground level (μg m−3) simulated with the
BSC-DREAM. (b) 1981–2006 minus 1961–1980 winter (December–March) surface wind vector from NCEP reanalysis.

values (maximum at the year 2000 with a value of 130.8 μg m−3)
and 41.0 μg m−3 for the 10 winters with the lowest MTI val-
ues (minimum at the year 1966 with a value of 24.5 μg m−3).
These results are quite consistent with the dependence of the
wind vector with the MTI.

The TSP and easterlies increment after 1980 coincides with
the intensification and eastwards shift of the Azores High. The
seasonal correlation (December–March) of MTI with zonal wind
at 1000 mb for the 1961–1980 period is shown in Fig. 7a. A very
strong negative correlation is found over the Iberian Peninsula
and northwestern Africa. High positive MTI values, observed
under strong and eastward shifted Azores High, correspond to
lower zonal winds, that is, to an enhancement of the zonal com-
ponent of the trade flow (stronger easterlies). For the second
period (1981–2006), when the Azores High is observed elon-

gated to the East, the negative correlation between MTI and
the 1000 mb zonal wind is even higher (0.9) over the Saha-
ran dust anomaly (see Fig. 7b). These results agree with Chi-
apello and Moulin and Chiapello et al. (2005) who suggested
that a strong Azores High close to West Africa will enhance
the trade winds over the Sahara. Our results also agree quite
well with Evan et al. (2006) who found a strong negative cor-
relation between the JNAO and the zonal component of the
trade flow across North Africa and into the subtropical North
Atlantic.

The important role of the position (in particular the latitude)
of the Azores High on dust concentration levels over a broader
region of the Atlantic was found in previous studies (Chiapello
et al., 1995; Riemer et al., 2006). However, for our region of
interest (from the Tropic of Cancer to 35◦N), we found that the
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Fig. 5. Winter (December–March) TSP means (μg m−3) simulated by the BSC-DREAM over 24◦N, 12.5◦W for the period 1961–2006 (black
diamonds) and winter surface zonal wind component (m s−1) from NCEP reanalysis over 24◦N, 12.5◦W for the 1961–2006 period (circles).

Fig. 6. Wind vector anomaly. Average of the
10 yr with the highest MTI (1981, 1983,
1989, 1990, 1992, 1993, 1998, 2000, 2002
and 2005) minus the average of the 10 yr
with the lowest MTI (1963, 1966, 1970,
1972, 1974, 1977, 1979, 1986, 1996 and
2001) in winter (December–March) within
the 1961–2006 period for (a) 1000 mb and
(b) 925 mb.
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Fig. 7. (a) Seasonal correlation
(December–March) of MTI with zonal wind
at 1000 mb for the 1961–1980 period. (b)
The same as Fig. 6a but for the 1981–2006
period.

main role is played by the zonal elongation and the intensity of
this high.

4. Conclusions

In situ observations and analyses of the NCEP/NCAR and
ECMWF reanalysis data indicate that the Azores High has in-
tensified and shifted eastwards since the early 1980s, coincid-
ing with more African dust intrusions into the marine mixing
layer of the subtropical Eastern North Atlantic region. We have
quantified the impact of the Azores High changes over time on
dust concentration levels in the region by simulating the TSP
time series with the BSC-DREAM at a background rural site
(sentinel station) in the study area, which showed a statistically
significant (at α < 0.01) concentration increase since 1980. TSP
winter mean concentrations simulated with the model for the
period 1981–2006 are approximately twice those of the period
1958–1980. An increase of TSP in the MBL over the Subtropical
Eastern North Atlantic region in winter after 1980 is consistent
with (1) an intensification of the easterly flow in the same pe-
riod of time, which favours the transport of African air masses
into that region and with (2) an enhancement of the dust source
located over the Western Sahara-North Mauritania due to an in-
crease of ground winds over this region observed in the same

period. The MTI, which accounts for the strength and the east-
ward displacement of the Azores High, shows a strong negative
correlation with the surface zonal wind component over the
Northwest Africa for the whole 1961–2006 period. Moreover, a
higher negative correlation, especially over the dust anomaly lo-
cated on the Western Sahara and North Mauritania, is observed
for the 1981–2006 period.
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Alonso-Pérez, S., Cuevas, E., Querol, X., Viana, M. and Guerra, J. C.
2007. Impact of the Saharan dust outbreaks on the ambient levels of
total suspended particle (TSP) in the Marine Boundary Layer (MBL)
of the Subtropical Eastern North Atlantic Ocean. Atmos. Environ.

41/40, 9468–9480, doi:10.1016/j.atmosenv.2007.08.049.
Anuforom, A. C., Akeh, L. E., Okeke, P. N. and Opara, F. E. 2007.

Inter-annual variability and long-term trend of UV-absorbing aerosols
during Harmattan season in sub-Saharan West Africa. Atmos. Environ.

41, 1550–1559.
Buishand, T. A. 1982. Some methods for testing the homogeneity of

rainfall records. J. Hydrol. 58, 11–27.
Carlson, T. N. and Prospero, J. M. 1972. The large scale movement of

Saharan air outbreaks over the northern ecuatorial Atlantic. J. Appl.

Meteorol. 11, 283–297.
Chiapello, I., Bergametti, G., Gomes, L., Chatenet, B., Dulac, F. and

co-authors. 1995. An additional low layer transport of Sahelian and
Saharan dust over the North-Eastern Tropical Atlantic. Geophys. Res.

Lett. 22(23), 3191–3194.
Chiapello, I. and Moulin, C. 2002. TOMS and METEOSAT satellite

records of the variability of Saharan dust transport over the At-
lantic during the last two decades (1979–1997). Geopys. Res. Lett.
29, 17–20.

Chiapello, I., Moulin, C. and Prospero, J. M. 2005. Understanding the
long-term variability of African dust transport across the Atlantic
as recorded in both Barbados surface concentrations and large-scale
Total Ozone Mapping Spectrometer (TOMS) optical thickness. J.

Geophys. Res. 110, D18S10, doi:10.1029/2004JD005132.
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