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samplers of PM;, and PM, ; room of conditioning and weighting filters

1 month in summer (30 days) sampling
1 month in winter (30 days) sampling
at each station
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samplers of PM;, and PM, 5
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QUALITY CONTROL
SAMPLER | PM monitor

airflow accuracy
calibration of the sensor

leaks
cleaning
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Tabla 1. Recopilacicn de ecuaciones obtenidas en intercomparaciones de analizadores de PM10.

GOBIERNO
DE ESPANA
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AEMet
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Estacion Fecha Periodo T, P Y=a-x R? ¢VALIDA? | Y=a-x+b R? éVALIDA? N
°c hPa

LA HIDALGA 21/02/2009 — | INVIERNO 202 972 y=0.798x 0.995 Sl y=0.820x 0.997 Sl 28
24/03/2009 + (-1.530)

LOS 27/04/2009 — | PRIMAVERA | 24 4 993 y=0.711x 0.982 Sl y=0.760x 0.987 Sl 34

GLADIOLOS 09/06/2009 +(-1.425)

TOME CANO 04/08/2009- | VERANO 287 995 y=0.952x 0.850 Sl y=0.896x 0.878 Sl 44
17/09/2009 +(0.989)

MERCADO 17/11/2009- | INVIERNO 251 1015 y=1.275x 0.961 Sl y=1.191x 0.969 Sl 49

CENTRAL 23/01/2010 +(2.928)

MERCADO 09/01/2001- | ANUAL 248 y=1.285x 0.872 Sl y=1.142x 0.893 Sl a8

CENTRAL 28/12/2001 +(7.151)

PARQUE 05/03/2010- | INVIERNO 225 | 1003.8 y=1.032x 0.875 Sl y="1.062x 0.876 Sl a7

REHOYAS 21/04/2010 +(-0.561)

LOS 24/05/2010- | PRIMAVERA | 258 | 1004.3 y=0.778x 0.931 Sl y=0.896x 0.951 Sl 39

GLADIOLOS 07/06/2010 +(-3.8461)

TOME CANO 14/04/2010- | PRIMAVERA | 22.2 | 1007 .6 y=0.773x 0.871 Sl y—D T47Tx 0.872 Sl a7
29/05/2010

LA HIDALGA 11/06/2010- | VERANO 238 | 93851 y=0.702x 0.757 0.776
29/07/2010

MERCADO 23/06/2010- | VERANO 267 | 10147 y=1.172x 0.901 Sl y=1.240x 0.911

CENTRAL 01/08/2010 +(-1.694)

PARQUE 20/09/2010- | VERANO 270 10007 | y=1.017x | 0.839 Sl y=1.125% | 0.849 | 61

REHOYAS 17/10/2010 +(-3.067)

CIUDAD DEP. 26/08/2010- | VERANO 252 | 10109 y=1.085x 0.922 Sl y=1.042X% | 0.923 | 34

ARRECIFE 08/10/2010 +(0.832)
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Tabla 2. Recopilacién de ecuaciones obtenidas en intercomparaciones de analizadores de PM2.5. N: nimero de muestras validas usadas.

Estacion Fecha Periodo T, °C P Y=a-x R? (VALIDO? | Y=a-x+(b) R? {VALIDO? N
hPa

LA 21/02/2009 — INVIERNO 202 a72 y=0.650x | 0.9554 Sl y=0.7033x | 0.9637 | 28
HIDALGA 24/03/2009 + (—1.4673)
LOS 27/04/2009 — PRIMAVERA 24 .4 993 y=0657x | 0.8367 | y=09285x | 09285 Sl 33
GLADIOLOS | 09/06/2009 +(-3.1282)
MERCADO 17/11/2009- INVIERNO 251 1015 y=0.865x | 0.6707 | y=0.7552 0.8939 Sl 45
CENTRAL 23/01/2010 +(1.519)
PARQUE 05/03/2010- INVIERNO 225 1003.8 y=0.768x 0.582 NO, y=0.908x 0.597 NO 37
REHOYAS 21/04/2010 Conc = +(-1.0521) Conc =

10pg/m?® 10pg/m?®
LOS 24/05/2010- VERANO 258 10043 y=0.684x 0.686 NO, y=0.941x 0745 NO, 39
GLADIOLOS | 07/06/2010 Conc < +(-2.462) Conc =

10pg/m?® 10pg/m?®
LA 11/06/2010- VERANO 238 9851 y=0.474x 0680 | NO evalua, | y=0.559x 0.699 NO evalua, 39
HIDALGA 29/07/2010 Conc < +(-1.254) Conc =

10pg/m?® 10pg/m?®
MERCADO 23/06/2010- VERANO 267 10147 y=0.2825 0.858 | y=0.7454 x | 0.868 Sl 35
CENTRAL 01/08/2010 + 0912
PARQUE 20/09/2010- VERANO 270 10007 y=0797x | 0489 [ NO evalua, | y=1.192X 0.553 NO evalua, 61
REHOYAS 17/10/2010 Conc < +(-3.243) Conc <

10pg/m® 10pg/m®
CIUDAD 26/08/2010- VERANO 252 10109 y=0.650x 0627 | NO evalua, | y=0.558X 0.635 NO evalua, 34
DEP. 08/10/2010 Conc < +(0.564) Conc <
ARRECIFE 10pg/m?® 10pg/m?®

Y=ax+b
rz >0.8

=) PM,, (grav.equiv)=a-PM,, (automatic)+b
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Model validation with standardized
PM,, Y PM, - data in the network
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Model validation with standardized
PM,, Y PM, - data in the network
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Model validation with standardized
PM,, Y PM, - data in the network
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dust air quality

1. PM,, and PM, ; levels

-method-01: reference - manual gravimetry
-method-02: automatic
Manual gravimetry automatic

advantage: reference method high time resolution, 1h

disadvantage: poor time resolution, 24-h average Needs validation
manual work
takes 3 days to know PM,,

we recommend to use the two methods:
-automatic, continuously
-gravimetric: intercomparisons - 1 month summer, 1 month winter
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Dust and climate
Radiative Forcing:

e aerosol dust- radiation interaction

light scattering and absorption

negative forcing

e aerosol dust- cloud interaction

droplets and ice clouds formation
clouds optical properties

negative forcing
magnitude (?)

Dust deposition:

-fertilization (P and Fe) of the ocean
implications on CO, budget
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Outline

long term variability in the Saharan Air Layer.....

-dust

-dust mixing with pollutants
-dust composition

Ground based observation of:
Mineralogy

Composition

Mixing with pollutants

Size distribution

Key properties

in-situ techniques
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-North Africa: 50-70% of global dust emissions
Aerosol Index
-dusty Saharan Air Layer 5N -
A) summer
40N 12 -
-summer: 30N %
-activation of subtropical Saharan sources 208 Q“‘:?.q.xw
-max dust emissions aon {7 A
Qj/ 27U

-SAL is exported 1- 5 km.a.s.l. to subtropic —
Aerosol Index

dust

24
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Izana: 30 years aerosol observations view from AN
1987 - 2016 regular dust-free conditions

aerosol chemistry 1987

aerosol physic

number concentration 2006
size distribution 10nm - 20 ym 2008
scattering total- and back- 3 A 2008
absorption 1 A 2007
aethalometer 7 A 2012

-above the marine stratocumulus
-night-time free troposphere



sample collection on filter

PM,, and PM, s

Gravimetry, 20°C 30-35% HR

Elements: Al, Fe, Ca, Mg, Na, Mn, Ti,
Salts: SO, NO;~ NH,* and CI-
0OC, EC

Lab chemical analysis
IPC-AES, -MS

HPLC

TOT

...=> dust

|
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Quartz filters

_— *\7,:77
e ——————— e e
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Summer lzana is within
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PM, composition in the Saharan Air Layer

PM,, 42.0 pg/m3
91% 38.3 dust

2.2%[ ] 0.9 none ammonium-sulfate
1.2% 0.5 ammonium-sulfate
0.4% 0.2 ammonium

1.3% ] 0.6 nitrate

3.4% 1.4 organic matter

0.2% | 0.07 elemental carbon

PM, s 18.5 pg/m3
85% 0 15.8  dust

3.0%[ ] 0.6 none ammonium-sulfate
2.7% 0.5 ammonium-sulfate
1.0% 0.2 ammonium

1.1% ] 0.2 nitrate

5.8% 1.1 organic matter

0.4% | o0.07 elemental carbon

Quartz filters

dust = Al,0, + SiO, + CaCO;+....



Outline

long term variability in the Saharan Air Layer.....

-dust
-dust mixing with pollutants
-dust composition
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summer dust at Izana: 1987 - 2015
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Saharan Air Layer

0.95

Izana .

0.9

0.85
0.8
0.75
0.7

Max: 133 pg/m? 2012
Min: 17 pg/m? 1997

— ) ) ) -

0.65
0.6

0.55
0.5

MDFA: Major Dust Frequency Activity

UV Absorbing Aerosol Index = sensitive to iron oxides in dust

number days UV Absorbing Aerosol Index > 1

MDFA = -
total number of days in the month

= fraction of summertime Al>1

Satellite (Earth Probe, Nimbus 7, Aura):
Total Ozone Monitor Spectrometer (1987-2001)
Ozone Monitor Instrument (2005-2012)



Summer North African meteorological scenario
Complex puzzle from the tropic to the Medi 2an:

—-Subtropical high pressures, =35°N
-Harmattan (=trade) winds 25-30 °N

-ITCZ, 20°N
-Saharan heat low, 19°N

-Tropical low monsoon, 7-12°N
rain band, 5-12°N

Inflow, 5-20°N

North African Dipole

Atmos. Chem. Phys., 15, 7471-7486, 2015

Modulation of Saharan dust export by the North African dipole
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850hPa geop
1987-2014

40N

30N 15653

1546

1540

10N

1633

1526

Atmospheric
Chemistry

S. Rodriguez!, E. Cuevas', J. M. Prospero?, A. Alastuey®, X. Querol®, J. Lépez-Solano’, M. I. Garcia'#, and and P hys ics

S. Alonso-Pérez!3°



Saharan dust export, connection to...
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large scale meteorology in North Africa
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Atmos. Chem. Phys., 15, 7471-7486, 2015

NCEP/NCAR Reanalysis
700mb Geopotential Height {m) Composite Mean

NOAA/ESRL Physical Sciences Division

B6OW 50w 40w 30w 20w
Aug: 1987 to 2012

North AFrican Dipole Intensity

NAFDI = —(( D}, =< D>y,) = (T, =< ©>p,))

700 hPa: relevant level for dust export

Modulation of Saharan dust export by the North African dipole Atmospheric

S. Rodriguez!, E. Cuevas', J. M. Prospero?, A. Alastuey®, X. Querol®, J. Lépez-Solano’, M. I. Garcia'#, and

S. Alonso-Pérez!3°

Chemistry
and Physics
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Saharan dust export, connection to...
large scale meteorology in North Africa

NCEP/NCAR Reanalysis
3 700mb Geopotential Height {m) Composite Mean
+

™ NOAA/ESRL Physical Sciences Division
E 120 2,
on +1— =
Y 0o =
5 1 ©
g 40 -2
° 3
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Pearson correlation between NAFDI and the dust Aug: 1987 to 2012
na = +0. . . .
at Izafia = +0.71 North AFrican Dipole Intensity
Variability in dust export is associated with Lo o
variability in NAFDI NAFDI = —((( Py, =< @>y,) = (Ppq =< @>5,))

700 hPa: relevant level for dust export

Atmos. Chem. Phys., 15, 7471-7486, 2015

Modulation of Saharan dust export by the North African dipole Atmospheric

Chemistry
S. Rodriguez!, E. Cuevas', J. M. Prospero?, A. Alastuey®, X. Querol®, J. Lépez-Solano’, M. I. Garcia'#, and and Phvsics
2 135 y
S. Alonso-Pérez
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Saharan dust export, connection to...
large scale meteorology in North Africa

Low NAFDI summers High NAFDI summers
1987, 1996, 1997 and 2006 1988, 2000, 2008 and 2012
-2.79, -2.04, -3.19 and -1.54 +0.68, +0.83, +1.01 and +2.29 mis
40N :
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10N & g 6
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Subtropical Saharan Stripe-SSS: Central Algeria to Western Saharan, 24 - 30 °N
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Saharan dust export, connection to...
large scale meteorology in North Africa correlation of NAFDI with...
~zonal wind
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Saharan dust export, connection to...

e dust;, pg/m3
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Saharan dust export, connection to...

large scale meteorology in North Africa correlation of NAFDI with...
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Saharan dust export, connection to...
large scale meteorology in North Africa
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Saharan dust export, connection to...
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large scale meteorology in North Africa
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Outline

long term variability in the Saharan Air Layer.....

-dust
-dust mixing with pollutants
-dust composition
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PM, composition in the SAL
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ammonium-sulfate in the Saharan Air Layer

SO, as ammonium-sulfate
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(1) air laden in Saharan dust has previously
passed over the Mediterranean and Europe
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ammonium-sulfate in the Saharan Air Layer air laden in Saharan dust has previously

passed over the
Saharan Air Layer, summer Mediterranealn and Europe
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dust mixing with pollutants & implications

dust and ice nucleation ‘

CALIMA campaigns in August 2013 and 2014
AOD

A) CALIMA 2013

Ice nucleating particles in the Saharan Air Layer

Atmospheric
Yvonne Boose!, Berko Sierau', M. Isabel Garcia®3, Sergio Rodriguez?, Andrés Alastuey®, C .
Claudia Linke®, Martin Schnaiter®, Piotr Kupiszewski®, Zamin A. Kanji', and Ulrike Lohmann' h em |Stry
Atmos. Chem. Phys., 16, 9067-9087, 2016 and Physics

Institute for Atmospheric and Climate Science, ETH Ziirich
Izafia Atmospheric Research Centre, Tenerife
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dust mixing with pollutants & implications

‘ dust and ice nucleation

ice nuclei activated at -32°C
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dust mixing with pollutants & implications

dust and ice nucleation

ice nucleating particles at -32°C

INP stdl

241K 105% RH,,

maximum number of ice crystals
per by each pg of dust

1800 a
o
900 +
® ®
®
[ ] ¢ [ ] O
@ A S, .
0‘)6 : : _ Smin
0 10 20

dust,, ug std m=

mineralogy
feldpars (?)

aged dust (?)

minimum number of ice crystals
per by each pg of dust

49



dust mixing with pollutants & implications

‘ dust and ice nucleation ‘
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dust mixing with pollutants & implications

dust, iron and ocean fertilization

We studied iron solubility in the Saharan Air Layer
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Soluble iron dust export in the high altitude Saharan Air Layer
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dust mixing with pollutants & implications

dust, iron and ocean fertilization ‘

We studied iron solubility in the Saharan Air Layer.
We found that the presence of ammonium sulphate

in the SAL is associated with a higher fractional iron
solubility
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Outline

long term variability in the Saharan Air Layer.....

-dust
-dust mixing with pollutants
-dust composition
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dust, pg/m3
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dust, pg/m3
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dust, pg/m3
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Potential Source Areas:

PSA1 rich in Ca, S, Sr, K and Mg
PSA2 rich in Na and Cl
PSA3 rich in Si, Fe and Mn
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long term in-situ aerosol dust programmes

3
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at least 4 years

‘ at least 30 years

Rodriguez et al., 2012. A review of methods for long term in situ
characterization of aerosol dust. Aeolian Research, 6, 55-74

Highlights:

deficit of multidecadal in-situ observations

Mineralogy
Composition

Mixing with pollutants
Size distribution

Key properties

complementary to satellite, models

dust microphysical properties affecting climate, health, environment



