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S1

Atmospheric layer’s description

The correct identification of the different atmospheric layers is crucial to the characterisation of the vertical structure of the
lower troposphere. The MBL is important because it will define the sea-salt aerosol layer. Its height is determined by two
different and independent techniques: lidar and radiosondes.
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Using the lidar observations described in Sect. 3.2, we identify the MBL height as the altitude at which the strongest decrease
in the aerosol backscatter signal is measured and thus it matches the top of the marine-aerosol-laden layer (Baars et al., 2008).
Here we use the gradient method (Endlich et al., 1979), which determines the MBL height as the altitude where the minimum
of the first derivative of the range corrected signal is found.
MBL height determination with radiosondes (described in Sect. 3.3) relies on the existence of a capping temperature inver-
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sion at the top of this layer which limits the vertical transport of heat, humidity and aerosols. We identify this inversion by
means of the temperature lapse rate between the altitude levels zi and zj (Γi,j ), calculated at each level according to Carrillo
et al. (2016) and references therein. Following these authors, MBL and other inversion layers (as, for example, the inversion
layer associated with the SAL’s top) are detected when the temperature lapse rate shows positive values; isothermal layers are
discarded.
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MBL height determination can be difficult due to its evolution and complex internal structure and because of the presence
of multiple aerosol layers. which can lead to an under- or overestimation of the MBL height in the case of lidar data (Wiegner
et al., 2006; Ansmann, 2006; Martucci et al., 2007; Zhong et al., 2020).
The thickness of the MBL, determined independently with lidar and radiosonde yields fairly consistent results throughout
the year (see Fig. S1 and Table 1). These results also show an MBL height seasonality captured by the radiosondes, with
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a slight maximum in December-January (1.6 km in December) and a slight minimum in summer (1.1 km in August). This
seasonal variability is driven by large-scale subsidence processes (Johnson et al., 1995; Rouault et al., 2000; Von Engeln et al.,
2005; Carrillo et al., 2016). However, some differences appear in the case of the seasonal MBL’s top retrieved from lidar data.
This instrument does not capture the expected seasonal cycle, yielding differences with radiosondes up to 300 m with the
radiosondes MBL top and 400 m for the base. The greatest differences between lidar and radiosondes are found in winter (in
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December and January, see Table 1) when the dust transport is confined within the first two kilometres.
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Figure S1. Aerosol extinction coefficient (α) and MBL monthly mean values obtained in the period 2007-2018. The horizontal black solid
line represents the IZO level. Black circles represent the monthly mean MBL height retrieved from lidar, and the blue squares represent the
top and base of the MBI, respectively, obtained from radiosondes.
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base
Table 1. Statistics of monthly MBI height in km retrieved by the lidar (MBIL ) and the radiosondes (top as MBItop
).
R and base as MBIR

Monthly mean α values (in km−1 ) at SCO (αSCO ) and IZO (αIZO ) are included. Standard deviation is also included when applicable.
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Month

MBIL (km)

MBItop
R (km)

MBIbase
(km)
R

αSCO (km−1 )

αIZO (km−1 )

January

0.975 (0.412)

1.312 (0.451)

1.216 (0.462)

0.046 (0.064)

0.008 (0.013)

February

1.050 (0.401)

1.356 (0.527)

1.067 (0.513)

0.039 (0.049)

0.010 (0.032)

March

1.050 (0.384)

1.129 (0.491)

0.934 (0.489)

0.040 (0.049)

0.014 (0.046)

April

1.050 (0.402)

1.239 (0.401)

0.969 (0.411)

0.038 (0.049)

0.010 (0.060)

May

0.975 (0.424)

1.312 (0.419)

1.046 (0.420)

0.038 (0.034)

0.010 (0.036)

June

1.050 (0.391)

1.260 (0.362)

0.993 (0.363)

0.035 (0.037)

0.009 (0.039)

July

1.050 (0.436)

1.206 (0.299)

0.912 (0.314)

0.040 (0.038)

0.018 (0.043)

August

1.050 (0.462)

1.107 (0.301)

0.790 (0.303)

0.038 (0.046)

0.023 (0.050)

September

1.200 (0.431)

1.263 (0.289)

1.012 (0.389)

0.029 (0.033)

0.012 (0.024)

October

1.050 (0.473)

1.146 (0.546)

0.937 (0.522)

0.034 (0.045)

0.009 (0.031)

November

1.125 (0.499)

1.282 (0.571)

1.139 (0.551)

0.041 (0.043)

0.013 (0.033)

December

1.125 (0.461)

1.609 (0.492)

1.410 (0.466)

0.042 (0.055)

0.009 (0.024)

Aerosol optical properties

Monthly average values of aerosol extinction at 523 nm (α), obtained from 33018 lidar vertical profiles in the period 20072018, are shown in Table 1, while its vertical evolution throughout the year is shown in Fig. S1. In SCO, maximum α values at
lower levels, below 1 km height, are observed in winter, mainly from November to January (0.041 - 0.046 km−1 ), as a result
30

of the low-altitude westwards dust transport. Two peaks of lower intensity are observed in March and July/August (α ∼ 0.040
km−1 ). However, very clean conditions (α ≤ 0.010 km−1 ) are observed at upper levels (above 2 km, the altitude of IZO)
throughout the year except for the dustiest months (July and August, up to 0.023 km−1 ) and the transition months (March,
September and November, from 0.012 km−1 to 0.014 km−1 ).
These results show a vertical distribution of aerosols with a marked seasonal behaviour in which there are two predominant
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layers: the lower layer (L1 ), from sea level to the MBL’s top, and the upper layer (L2 ), above the MBL, which can be located in
the FT or strongly affected by the African CBL. The seasonal characterisation of L1 and L2 by means of the AOD calculated
by integrating the aerosol extinction vertical profiles (α) over the two layers is shown in Fig. S2. Relative stable AOD values
are observed in layer L1 , with maximum values higher than 0.1 only observed in January and December. Low AOD is observed
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Figure S2. Boxplot of the monthly AOD in each layer retrieved by integrating the lidar extinction vertical profiles (α) in: (a) the lower layer
L1 (from surface to the MBI); (b) the upper layer L2 (from the MBI upwards). The central horizontal green line indicates the median, and
the bottom and top edges of the box indicate the 25th and 75th percentiles, respectively. The whiskers extend to the most extreme data points
(outliers not shown). The percentage contribution of L1 and L2 to the total AOD is also included in the upper part of the graphs.

in L2 , except for July and August, and two secondary peaks in March and November. Regarding the contribution of each layer
40

to the total AOD (shown numerically labelled at the top axis of Figs. S2 (a) and (b)), the lower layer L1 contributes more than
40% throughout the year, with the only exception of August. In wintertime (December, January and February), we observe a
contribution ≥ 60% of L1 to the total AOD.
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Figure S3. Cumulative histogram with the number of events with non-African origin (ARTI = 0 and with African origin (ARTI > 0) at (a)
Santa Cruz level and (b) Izaña.
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S3

We have included in this Supplement a version of Fig. 2 that includes relative humidity (RH) (Fig. S4), which will be used
to detect the increase in the RH profile, with a maximum of 47% at 5.2 - 5.5 km height, as well as the mid-level clouds under
summer-SAL conditions detected after the peak in RH (45%-50%) associated with the SAL layer.
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Extinction profiles and vertical thermodynamic profiles for Saharan scenarios including RH
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Figure S4. Extinction profiles (mean and median) and vertical profiles (median) of temperature (T ), potential temperature (θ), equivalent
potential temperature (θe ) and relative humidity (RH) for (a) summer-Saharan and (b) winter-Saharan scenarios. Black horizontal broken
line represents the IZO height. Blue and orange solid lines represent the MBI and STI top, respectively, detected from vertical soundings.
Green horizontal line indicates the average 0◦ C (isozero) level extracted from vertical soundings. The grey shaded area is bounded by the
20th and 80th percentile values of lidar total extinction at each level. 2D field of wind profiles with arrows (wind direction) and magnitude
are also presented on the right.
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Composites of average potential temperature from the NCEP/NCAR Reanalysis
NCEP/NCAR Reanalysis
Potential Temperature (K) Composite Mean

(a)

July to August: 2007 to 2019 20N to 30N

NCEP/NCAR Reanalysis
Potential Temperature (K) Composite Mean

(b)

November to January: 2007 to 2019 20N to 30N

Figure S5. NCEP/NCAR Reanalysis composite (Kalnay et al., 1996) for Potential Temperature calculated between 20◦ -30◦ N and 16◦ W0◦ W for (a) summer (July and August 2007-2019) and (b) winter (November-January 2007-2019).
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Cloud observations from direct observations

In the classical approach, cloud observations in the time period 2007-2018 from two strategically located meteorological
stations on the island of Tenerife have been used: the meteorological station at Tenerife North airport (WMO 60015) at 600
meters above sea level, excellent location to record low clouds (stratocumulus), and the Izaña meteorological station (WMO
60010) at 2400 m above sea level, permanently free of low clouds and therefore a very good site to observe middle (generally
altostratus and altocumulus) and high clouds (cirrus). These two stations are 8 and 31 km away, respectively, from SCO.
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Climatological and routine observations performed at 13 UTC from Tenerife North airport provide the determination of oktas
from trained staff, while an automatic determination of oktas around 13 UTC with a total sky camera was performed at Izaña.
Using these two pieces of information we ensure that we can observe medium and high clouds when the low clouds do not
allow us to see the first ones from the Santa Cruz station (SCO), at sea level, where the MPL is located.

Figure S6. Frequency of occurrence (%) of low and middle/high clouds from the oktas analysis for Tenerife Norte Airport and Izaña
Observatory for (a) winter and (b) summer.
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S6

Total attenuatted backscatter from the Cloud–Aerosol Lidar with Orthogonal Polarization (CALIOP)

(a)

(b)

Figure S7. Total attenuated backscatter (in km−1 sr−1 ) at 532 nm measured by CALIOP (Winker et al., 2009) for a portion of a nighttime
scene on (a) 20 August 2015 and (b) 22 August 2015.
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Comparison of the extinction coefficient profiles retrieved with DREAM and MPL and DREAM mass
concentration in a case study

Figure S8. Extinction coefficient profiles (α in km−1 ) retrieved with DREAM and MPL at 523 nm in addition to DREAM mass concentration
(in µg m−3 ) in a case study on August 21 10:54 UTC.
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Figure S9. Dust mass concentration (in µg m−3 ) predicted by DREAM over Tenerife in the 5-day dust event between 19-24 August 2015.
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