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1 S1. Associated r egression plot to the correlation plot s of Figure 1 .
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4  Figure S1.NCEP monthlyregressiorplot between the revised NAFDI and the geopotential
5 height at 700 hP#or August months for the period 192013
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1 S2. NAFDI values corresponding to June, July and August for each year of the
2 period 2003 -2012.

3
Jun Jul Aug
2003 1.0513 0.9276 -0.2049
2004 0.6771 0.0567 -0.7104
2005 1.3763 -0.6829 -0.2388
2006 -0.4246 0.7543 -1.5468
2007 -1.6420 0.8123 -1.1226
2008 0.1713 0.0841 1.0161
2009 0.7721 1.3567 -0.3572
2010 -3.0921 0.3913 0.5185
2011 1.0197 -1.2401 0.2967
2012 2.2938 1.494 2.2919
NAFDI > +0.4
NAFDI < -0.4
4 -0.4 < NAFDI < +0.4
5 TableS2 Monthly-mean NAFDI values corresponding to June, July and August for each year
6 of the period 2002012. In blue and red are markedhd selected monthselected to group
7 AOD and meteorological data during positive and negative NAFDI are marked in blue and
8 red, respectively.
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1 S3. Summer wind anomalies (700, 850 and 925 hPa) for negative and positive
2 NAFDI.

3
a)Wind anomaly 700 hPa. Summer. NAFDI<-0.4 b)Wind anomaly 700 hPa. Summer. NAFDI>0.4
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6 Figure S3Monthly averages dECMWF wind vectorand speed anomaliésr summerin the
period 20032012at 700, 850 and 925 hPa, for positive and negative NAFDI phases.
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S4. MODIS and MACC AOD anomalies in summer for  negative and positive
NAFDI.
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Figure S4 Averagel AOD anomaliesrom MODIS and MACCin summerfor positive and
negative NAFDI phaseswithin the period 2002012. Theseplots were obtained by
averaging theAOD anomaliedor each month and eaghaseof the NAFDI (from MODIS

and MACC, respectively)and then calculating a weigll averageof the anomalies for

summer perio@JuneAugust)for each phasef the NAFDI.



1 Sb5. Regression plots between NAFDI and 700 hPa zonal (for the Atlantic) and

2 meridional (for the Mediterranean) wind components for the period 1980 -2013.
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4  FigureS5 NCEP egression plots between NAFDI and 700 hPa zonal (for the Afjamtjer
5 pane) and meridional (for the Mediterranedower panel wind components for the period
6

198062013
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S6. Correlation plots between NAFDI and 200, 500, 700, 850 and 1000 hPa
geopotential height in July and August, for the period 1980 -2013.
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Figure S6.NCEP worrelation plots between NAFDI and 200, 500, 700, 850 and 1000 hPa
geopotential heiglstin July (left column)and August(right column) for the period 1980
2013.



1 S7.Wind direction and speed at 93 hPa monthly averages forJune, July and August
2 with positive and negative NAFDI phases, in the period 2003012.

3
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5 Figure S7.Monthly averages of ECMWF wind vector and speed at 925 hRar summer
6 months(June, July and Augustyith positive and negative NAFDI phasdsr the period
7

20032012
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S8 Geopotential 700925 hPa depthanomaliesfor positive and negative NAFDI phases,
in the period 20032012.

Geop. depth anomaly 700 hPa / 925 hPa. June. NAFDI<-0.4 Seop. depth anomaly 700 hPa / 925 hPa. June. NAFDI>0.4
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Figure S8 Monthly averages of ECMWFF00-925 hPageopotentialepth anoralies for June,
July and Augustfor positive and negative NAFDI phasegthin the period 2002012.



1 S9. Statistics pointing out the SHL is indeed more intense during its East
phase, using a definition of SHL intensity equivalent to that of Lavaysse et al.
(2010a).

w

The geographical points used in the paper to define the daily SHLWEDI were selected using
the locations of the maximum and minimum of the dipolar pattern that corresponds to the
EOF of the SHL location obtaideby Lavaysse et al. (2013¥ee their Fig. 5c)Lavaysse et

al. (2015)showin their Figure 1 the mean occurrence probability of the heat low detection
during the summer season (20 Juing7 September) from 1979 to 2012 (using both LLAT
and 850 hPa tempature). Based on that figure, we have selected the poifitV2Z5°N as

© 00 N o o1 b~

10 having the maximum (or near the maximum) occurrence probability of SHL detection. As a
11 rough proxy for the daily SHL intensityve have used: 1) the mean 8#@a temperature for

12 the ponts 25N, 12.5W (Western centre of the mentioned dipolar pattern) anti\2.25°N

13 (maximum probability of SHL detection), when the SHL is in3Mghase; 2) the mean 850

14 hPa temperature for the points°BQ 7.5°E (Eastern centre of the dipolar patternjl 2:5W,

15 25°N (maximum probability of SHL detdéion), when the SHL is in Eaphase. For the

16 period 19862013 20 Juné 17 September, the mean SHL intensitaifslard deviation) is: 1)

17  300.9K (1.54 K) when the SHL is in Weghase (SHLWEDI>0); and 2802.0K (1.39 K)

18 when the SHL is in Eagthase (SHLWEDI<O0). Théollowing table shows statistics about the

19 distribution frequency of the SHL intensities.

20
Condition West phase  East phase
> 300 K 76.206 91.%%
>301 K 51.%% 77.9%
>302 K 24.9% 51.2%
> 303K 7.3% 26.0%0
> 304 K 0.7% 7.0%
> 305K 0.0% 0.5%

21 Table 1. Fraction of SHL West (East) phase days for which the indicated condition on the
22  SHL intensity holds, for the period 192013 20 Juné 17 September. Thtal number of
23 days with Wesphase is 1773, whereghere are 1287 days with Ea$tase.
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S10 Analytical relations, equation that describes the Omega field associated to
the Rossby wave in terms of the Geisler and Dickinson (1975) eigenvector , and

empirical relation with the vertical shear of the zonal flow

Geisler and Dickinson (197%btained solutions for external Rossby modes on afiate

with realistic vertical wind shear. They assume an atmosphere isothermal in the vertical
directionbut with a latitudedependent temperaturg(y). Therefore, they havthermal wind,

that is, an altitde-dependent zonal flowug(p). They use the log pressure coordinate
z=In(p/p), where p; is a reference pressure at the ground. However, for easirfiess o
presentation here, we are going to use the pressure as vertical coordinate except for the
function y(z) that isintroduced latter. They consider small perturbations to the background

flow in the form (we use geopotential instead of geopotential height)

13
é, /2
F(xy,2zt)=f, pfg y (2)exdi(kx+ly - K&)] (Equation S1),
(; —_—
15

where the left had side is the perturbed geopotentifl,is the Coriolis parameter at a
reference latitudek is the longitudinal wavenumbdris the latitudinal wavenumber, akdis

the Eulerianangular frequency (i.e., they perform Fourier analysis in the latitudinal and
longitudinal coordinate as well as in time). In the absence of vertical shear of the background
zonal wind, the functiony(z) is equal to a constant. They introduce this fofrthe perturbed
geopotential into the perturbed qugsiostrophic potential vorticity equation (considering
appropriate boundary conditions) and reduce the problem to an eigenvalue problem for the
eigenvectory(z) with a set of two ordinary differentiadquations inz, which they solve

numerically.

From the perturbed geopotential height, all the perturbed variables can be obtained using the
guastgeostrophic relations (e.ddolton, 1992 in a straightforward way. For example, this is

the equation thatdids for the perturbed zonal flow:

28

/2

y(z)exp{l(x+ly lag)] (Equation S2)

Qo
|- aDOL.

u(x,y,zt) =-ilg"

O
©
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Using the perturbed quageostrophic energy equation (e.g., $éaton, 1992, we have
obtained the following equation for the perturbed omega:

3

. o 2
wxy,zt)=—n e( Uy (p)k - kc) #ij +ky %%g exdi(kx+ly- k)] (Equation S3),

L
ps(p)e Ky
5

whereRis the gas constant for dry air,

s(p)=- RMM (Equation S4),
p dp
andqpis the potential temperature of the unperturbed atmosphere. The thermal wind relation

for the unperturbed atmosphere is given by:

fO% - R, (Equation S5)

MO Py
In case there is no thermal wind (i.e., the zonal velocity is constant in presg(@g),
becomes a constant, whereas for the external Rossby modes obtair@edistar and
Dickinson (1975)when thereis thermal wind(see their Figure )0y (z) has a sigificant
maximum in the lower, middle and/or upper troposphere. That is, the vertical shear of the
zonal wind allows the free Rossby wave to have a very significant amplitude in the middle
and lower troposphere. We expect from Eq. S3 that the perturbeghaha given level will
be very roughly proportional to the value jofz) at such level. Based on these results, we use
in the paper the Omega at 500 hPa as a tracer of the capacity of the free barotropic Rossby
wave to go deep in the lower tropospheré/e use the term fAgo dee
t r opospheindhe red atmasphere we expect the free Rossby waves to transport
longitudinally their energy along the upper troposphere (the lower troposphere has a less
zonal flow, i.e., it has a significagbntribution of the meridional flow that changes a lot in
longitude) and that the Rossby wave is noticed more or less in the lower troposphere
depending on the vertical shear of the zonal wind. In the next paragraph, we prove

numerically that this relatoholds.

In order to test the relation between the amplitude of O500 (defim&kction 3.4of the
papej and the vertical shear of the background zonal wind, we have obtained NCEP daily
zonal wind time series at 25 and 32.8N for the levels 500 hPal¢noted as ZWB500) and

12
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200 hPa (denoted as ZWB200). Since indeed we do not have the amplitude of O500 but its

instantaneous daily value, we compute the correlation using only days for which the absolute

value of the NAFDI is greater thantlreshold (we gxect the instantaneous value of O500
approaches the O500 amplitude as the threshold grow§upplement $5, we show the
mean zonal wind (averaged also in longitude frofWL.Qo 1CE) for a latitudinadvertical

crosssection during the period JuBugust19832013. In some sense, tE&V/B200 value is

by itself representative of the mean vertical shear of the background zonal wind, due to the

fact that the wind speed is much smaller near the ground than at 200 hPa. The correlation

between the daily ZWB200nd O500 time series for days in which the absolute value of the
NAFDI is larger than 1.3, is 0.251; whereas if the NAFDI threshold is set at 2.6 (3.9) the

correlation becomes 0.297 (0.335). These correlation values do not decrease significantly if a

15day or 29day running mean is applied previously to the ZWB200 time series. The
correlations of the time series ZWB200 minus ZWB500, with O500 are smaller but

significant (e.g., 0.194 for a NAFDI threshold of 3.9).

However, to describe in a more accurate ey propagation of these Rossby waves in the

real atmosphere, a much more sophisticated (and difficult) mathematical model would be

necessary (not done in the literature according to our knowledge): a background zonal flow

depending fAstrand!l hwei ght | aandudepending
perturbation problem for such background flow would lead to an eigenvalue problem with

Partial Differential Equations depending on latitude and height simultaneously, combined

with a WKB method in théongitudinal direction and Fourier analysis in time.
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S11. NCEP monthly correlation and regression maps between the monthly
NAFDI for August months of the period 1980 -2013 and the zonal wind,

meridional wind, or omega
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Figure S11-1. NCEP monthlycorrelation and regression plots ween the zonalvind at
different pressure levels (70, 100 and b%&) and the monthly NAFDI for August months of
the period 1982013
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Figure S11-2. NCEP monthly correlation and regression plotsweein the zonalind at

different pressure levels (200, 250 and B®&) and the monthly NAFDI for August months

of the period 1982013
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Figure S11-3. NCEP monthly correlation and regression plotsweein the zonalvind at
different pressure levels (400, 500 and &F&) and the monthly NAFDI for August months
of the period 1982013
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Figure S11-4. NCEP monthly correlation and regression plotsweein the zonalvind at
different pressure levels (700, 850 and &) and the monthly NAFDI for August months
of the period 19862013
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