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Aerosols exist in the atmosphere as a natural origin Aerosol

Without aerosols there would no be clouds!

“Solid and liquid matter suspended in a gas”

exemple: spray (l+g), dust (s+g), smoke (s+g),
vapor (l+g)

Atmospheric aerosol

“Solid and liquid matter suspended in the

exemple:atmosphere (g+l+s), cloud (I+g),....
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WMO OMM  Global Atmospheric Watch Programme

As the WMO/GAW indicate, “knowledge of aerosol radiative properties is needed for
the evaluation of effects of aerosol particles on climate and air quality (visibility)”

“The fundamental quantity of interest for these applications is the aerosol particles
cross-section for light extinction per unit volume of air”

0.5 um Sunlgiht
A,
Ext=Abs+Sct Ab " 1 "5},,))
T o . s sorption: P f
(aerosol) particle light extinction coefficient ottt o @O% L,
(o)
e Scattering: redirect the G'@o/
In the atmosphere: aerosol particles can scatter and €neray to different Uy A
directions
absorb solar and infrared radiation altering air <
temperature and the rates of photochemical reactions. o
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Introduction

Observation: size and composition

Microphysical properties: concentrations, size distribution
Optical properties: absortion and scattering
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Particle Diameter, Dp (Wm)

In terms of Air Quality:= Particulate Matter PM

PM10 mass concentration (pg/m3) of all aerosols smaller than 10 um (particles with @ < 10 pum) FINE BEACH SAND
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Size: 1nm -100pm (10° —10* m)

> A

<1lnm:

> 100um: =>» does not remain in suspension

€PM25
Combustion particles, organic
compounds, metals, etc.
<2.5um (microns) in diameter

HUMAN HAIR
50-70um

(microns) in diameter

© PM1o
Dust, pollen, mold, etc.
<10 um (microns) in diameter

90 um (microns) in diameter

Image courtesy of the U.S. EPA

PM2.5 mass concentration (pg/m?3) of all aerosols smaller than 2,5 um (particles with @ < 2,5 um)
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Introduccion

Observation: size and composition

Microphysical properties: concentrations, size distribution
Optical properties: absortion and scattering
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AAC 2014-2020 o
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Sources and sinks ATMOSPHERIC AEROSOL
SOURCES SINKS
Extraterrestrial
dust o
Marine Continental i
aerosol aerosol n-cloud
(N<10° ml) (~10"-10° mI") )5_:> scavenging
- nuc ke ation
- brownian
diffusion
Volcanoe . i
Gas-to-particle phoresis
reactions
Lral // /// .
Precipitation /
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CCN fa /!
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S02 Fores] diffusion
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Introduction

Sources and skins J FS . MAC 2014-2020
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Natural @ ® @ Anthropogenic mmmmm Primary mmmmm Secondary

- Solid Particulate Matter
in the Atmosphere

Sulfate
(volcanic a
biogenic), 78

EEEE N

SOA (biogenic), 25

Mineral dust

o e

®
1600 . *
2 : L
Sulphates
Biogenic, 35 . "
S ’
L o (J‘.
g o o
Fine volcanic ash Industrial dust < ()
200 y 100 8 0 = )

POA (biomass burning, POA (combustion of
combustion of biofuels), 54 fossil fuels), 4

Absorbing components: Non-absorbing components:
- Smoke (partially Black Carbon) - Seasalt
- Dust = Sulphates
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Introduction

Dust optical depth at 550 nm. Avergae value 2003-2015

oe sy A Wea P itoals oA
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OPCIMICUS  picture: WMO SDS-WAS  WMO AIRBORNE DUST

Ratio between different chemical
components:

X

key for studing dust sources
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Introduction

Not only natural dust sources (deserts), -
/," LMel interreg m o maczouzze (€3

but also anthropogenic sources:
From unpaved road

From crop land

From industry

™™
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Introduction

Effects of Aerosols on Climate Change
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Top of the
\ atm‘;sphero \ \ \ ; \

O = -
O GO o O = ==
O
OO OO a0 “ _O
- g Indirect effect, - - _. _-
oniceclouds _ _~ _ _
Surface and contrails 2
Scattering & Unperturbed Increased CDNC Drizzle Increased cloud height Increased cloud Heating causes
absorption of cloud (constant LWC) suppression. (Pincus & Baker, 1994) lifetime cloud burn-off
radiation (Twomey, 1974) Increased LWC (Albrecht, 1989) (Ackerman et al., 2000)
\Dlrect effects j Cloud albedo effect/ @ud lifetime effect/ 29 indirect effect/ Albrecht eﬂey \Seml-direct eﬁect}
715t indirect effect/

Twomey effect

IPCC report, 2007

A
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Introduction

Aerosol-cloud interaction (extension) AT
AL Mel interreg B S Mac2014200
“Clean” air.. Without particles, there would be not clouds
N A
A — A |
e >
Y AR 7 —
m B A
A A ¢ A
¢ ¢ Precipitation
“Polluted” air... (with the same amount of water...)
\ .. 3 (] A A n A A u
n mEg NG [ '..l é i|‘. .,..,'. n é ..‘. .,..'.. =
"o .....'.1..' "ow - .‘. l....l U | D ". I....I
A R 0 [ ", A ® o A ® o

No Precipitation
Longer residence time

Influence on radiative forcing
the presence of particles decreases the size of the drops

C MACCLIMA of the clouds and increases the life of these




Introduction

Effects of Aerosols on Air Quality
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OROPHARYNGEAL REGION
= (mouth and nose)
Health effects: — (T
TRACHEA techear lungs > -
RONCHIAL { . boehs - Pulmonary inflammation
BRONCHIOLAR /("r 4 = 5] ay feve r
REGION e e 8 . :
210 pm <,_-;"‘ . - Eyes infection

- Respiratory symptoms
bronchiole ? Alveoli

\ - Skin allergy
Fronchus /é’ > ﬁ Alﬁ\é}é?(l;ﬁR )
\-.-bronchiole At S
Visibility effects: could lead in cancellation of flight operations

Santa Cruz Tenerife rife North Airport (Canary Islands)

PM,,>60ugm-3

>~ b
vy MACCLIM
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Introduccion
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ow “to observe” dust...?

.y Visibility!
'y In-Situ measurements!

INDEX ¢ ' \u Remote sensing!

Ground based observations

-

* In-situ dust estimations (Visibility)

* In-situ dust measurements {
* Ground base remote sensing of dust
Satellite observations Dust forecast products...
S Dust-SFC-extinction =2 visibility
Some verification tools Dust-SFC-Concentration = health

DOD = column total concentration — radiative information

<) MACCLIMA
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INDEX

Ground based observations
* In-situ dust estimations (Visibility)
* In-situ dust measurements
 Ground base remote sensing of dust
Satellite observations

Some verification tools

&) MACCLIMA
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INDEX

Ground based observations
* In-situ dust estimations (Visibility)
* In-situ dust measurements
 Ground base remote sensing of dust
Satellite observations

Some verification tools

<) MACCLIMA




Visibility
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SR P Day: Sun & sky
Visibility reduction Night: Moon & city lights

WMO - visibility

The greatest distance that a black object
of “suitable dimensions” situated near the

ground, can be seen and recognized when
observed.

Target
Day: Black
Night: Light

Ground

Fig. 11-1 Visibility reduction by scattering.

aerosols are the main cause of visibility reduction

e Operational surface synoptic weather station reports from Global Telecommunication System (GTS)

e Station reports include past & present weather, visibility (km), temperature (°C), dew point
temperature (°C), wind direction (°), and speed (knots)

&) MA




Visibility
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Measurement of visibility — transmissometer
* It measure the extinction coefficient of the atmosphere

e A light source with one or two light detectors at fixed distances from the source
» Detectors are designed to receive light only from the source direction

e Often located along and parallel to a runway (runway visual range; RVR)

<) MACCLIM

Transmissometer
10 i Dual Beam
09 Baseline=75m

Baseline = 450 m

Dectector
]

Light Beam

0 1 2 3

7 8 9 10

4 5 6
Visibility (km)

Fig. 11-3 Transfer function for a transmissometer.

Visual range (km) =3.912 / & ext (Mm-1)

Koschmieder (1924) relationship (TOTAL
AMBIENT light extinction coefficient)
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Visibility
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WMO- World Wide Watch Global Surface Meteorological Network
2 7'-;*."'- d ? B e 7 W‘# oty

STATION STATISTIC:

Total # of Stations: 9731 f . .

Discarded by Filter: 2582 i o g
Discarded Manually : 29 g} .
Stations Used : 7120
"(
Data Source : NCDC Global Surface Summary of the Day . . .
Web Access : www.ncdc.noaa.gov/ol/climate/online/gsod.html %

o
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0 0.001 0.01 0.02 005 0.1 0.2 03 04 05 06 0.7 0.8 09 1.
Mahowald et al. (2007) Atmos. Chem. Phys.; Global trends in visibility: implications for dust sources

Location of visibility stations with more than 30 years of data

Coloured contours show the fraction of surface extinction from desert dust

+ show stations dominated by desert dust

* show other locations AEMET, Agencia Estatal de Meteorologfa 21
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Visibility
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Empirical equations to estimate dust concentration
(PM10 or TSP in ug/m3) using visibility (V in km) obtained by several authors within the dust belt.

25°N

>+ MAC 2014-2020

LO0PeracuOn emuna

1ZO-Eq

20°W  15°W  10°W  5°W 0° 5°E  10°E
°..5 Vs f Dust Observations
Authors Code Empirical equation :Fs’mooP
A AERONET
D'Almeida (1986) DA-Eq PMyp = 914.0 V-9 11903
Ben Mohamed et al. BM-Eq TSP — 1339.84 v~2-%7
(1992)
Shao and Wang (2003) SH-Eq TSP — 3802.29 V-984. v - 3.5 km
TSP = e 011V47.62, y > 3.5 km
20°wW  15°wW 10°W 5°W 0 5E 10°E
Dayan et al. (2008) DAY-Eq  PM,y = —505In(V) + 2264
~
)
=
Jugder et al. (2014) JU-Eq PM;o = 485.67V-%776 CD
=
S
o
=
o

Camino et al. (2015)

1Z0-Eq PM, =

1772.24 11

DA-Eq
BM-Eq
SH-Eq
JU-Eq
® Observed PM10

5 10

o
) MACCLIMA
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Camino et al. (2015) Aeolian Res.; An empirical equation to estimate

mineral dust concentrations from visibility observations in Northern Africa

Visibility (km)

15 20 25 30 35 40 45 50 55 60 65 70 75
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Visibility
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Problems with station visibility estimates

1. Human observations are inherently subjective.

2. No all reductions of visibility are due to dust (fog, biomass burning...)

3. Judgment in distinguishing visibility beyond 10 km / lack of geographical references
4

No obligation to report when reduced-visibility is reduced is > 10km.

1. Reports are abundant and widespread over land. There is information in
remote areas (deserts)

2. There are some standards

3. Human detected visibility has been correlated well with surface extinction
analyses (Husar et al., 2000)

4. Estimations of PM are possible

&) MACCLIMA
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INDEX

Ground based observations
* In-situ dust estimations (Visibility)
* In-situ dust measurements
 Ground base remote sensing of dust
Satellite observations

Some verification tools

<) MACCLIMA




In-Situ techniques

AT Ml intevegm g mcziaze €
From estimation of dust concentration from visibility
- : . . = In-Situ techniques
information to dust concentration observations...
How can we measure dUSt concentration....?
Because what we have in fact is a mixture of dust and others...

@0 [N "
L s - T T Gene atd
PM; s = fine particles S [ Conhitsien -
,-E. o l/'
2 s /
§
PM, ¢.4o> coarse part. =4 -
I
g a
3
PM,o 3 ‘
./'\‘|
.’ |
/I
T
0.001
Particle Diameter, D, (um)
ultrafine acumulation coarse
<0.1 pm 0.1-1pum 1-100 pm
[ !
sea salt: [ o E——
sulphate: |__
nitrate: I » _
organic matter: S —— |

‘black carbon: :

<) MACCLIMA




In-Situ techniques
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people live in cities and breath a

cocktail dust + pollutants
aerosols, a cocktail of chemicals: . /. O O

: .‘ ‘u:‘ “'o.&l(\
X . ¢ b Gl >

sulphate
nitrate
=9 organic mater

black carbdn (soot)
metals (Ni, As, Cd, V, Co...)
__sea salt

o
\,» MACCLIMA
AEMET, Agencia Estatal de Meteorologia
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In-Situ techniques

In air quality, aerosols:

t' A —-_—
//‘u [ Mel lnterreg H : MAC2014:2020

PMo: mass concentration (ug/m3) of all aerosols smaller than 10 pm - inhalable particles

PM; 5: mass concentration (ug/m?3) of all aerosols smaller than 2.5 pm = alveolar particles

PMio: + sea salt + (sulphate + nitrate + organic matter + black carbon + Yo

PM, s: + sea salt + (sulphate + nitrate + organic matter + black carbon + TS

PM, composition in the SAL (Saharan Air Layer)

PM:  47.3 ug/m3

dust (AL, Fe, Ca, Ti..)
none ammonium-sulfate
ammonium-sulfate
ammonium

nitrate

organic matter
elemental carbon

dust

none ammonium-sulfate
ammonium-sulfate
ammonium

nitrate

organic matter
elemental carbon

dust

none ammonium-sulfate
ammonium-sulfate
ammonium

nitrate

organic matter
elemental carbon

91% 1 42.6
2.2%[] 1.0
1.2% 0.5
0.4l o.2
1.9% [l 0.9
3.8 1.8
0.2% [ 0.0
7
PM10 42.0 ug/m3
91% [ 38.3
2.2%[ ] 0.9
1.2% o.5
0.4% 1 0.2
1.3% [l 0.6
3.4% 10 1.4
0.2l 0.0
7
PM, 5 18.5 pg/m3
85% [ 15.8
3.0%[ ] 0.6
2.7% 0.5
1.0% [l 0.2
1.1% [l 0.2
ol oM 0.0
vy MACCLIMA
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Images courtesy from “Grupo de Geoquimica Ambiental del Instituto de
Diagndstico Ambiental y Estudios del Agua”, CSIC
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In-Situ techniques

PM,, and PM, - measurements in air quality networks /A' r{ MQT- wterreg @ S MAC 2014:2020

1. Reference method: gravimetric method

(W2-W1)
M= ug/m?3

Volume

/ Sampled filter

Conditioning
RH (50+5%) y T(20+1°C) 24-h

Blank filter \
Conditioning

RH (50+5%) y T(20£1°C) 24-h

- Filter weight (W1) - Filter weight (W2)

Exemple of reference method: EN 12341:2014
“Ambient air. Standard gravimetric measurement method for
the determination of the PM,, or PM, 5 mass concentration

-
vy MACCLIMA Pump  of suspended particulate matter”




In-Situ techniques

TSP, PMy,, PM, 5, PM;: aerodynamic diameter

~ n
) MACCLIMA

31/5/21

[ R TS T
rel St V S B, N R W = a0

D_, = particle cut-point diameter centimeter

Stlkc = Stokes number = 0.23
p, = particle density (g/cm?)

Q = volumetric flow rate (cm?/s)
C Cunningham slip correction

MAC 2014-2020

OOPeracHONn 1emuna

=1 +2.492 4/ Dy, + 0.84 L/Ds, exp(-0.435 D5y /M)

A = gas mean free path
I = gas viscosity (dynees/cm?)
W = nozzle diameter (cm)

The Stokes number is a dimensionless parameter that

encia Estatal de Meteo characterizes impaction.

29
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In-Situ techniques

Impactor efficiency /‘, [ Mel ™ lnterreg M S mas2ouzze €

100
X
>
R 50
=
=
L

experimental
0 ideal

0.1 10 15
A
«.y MACCLIMA d,, M
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In-Situ techniques

t' A —-_—
//‘u [ Mel lnterreg H : MAC2014:2020

balance, LVS resolution >= 5 digits (0.00001g)
balance, HVS resolution >= 6 digits (0.000001g)

-specific normalised method recommended
(e.g. EN12341:2014)

SO\

Room for \ vE%htihg the filtersé 3
RH =50% (30 %) and 202C

¥

24h pre and post conditioning
L) MACCLIMA - PM, . PM, No data available until some days...

AEMET, Agencia Estatal de Meteorologia 31
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In-Situ techniques

r A -
/Au M Interreg : MAC 2014-2020
PM1° PM10 PM10

Blank filter sample urban air

Filters: Quartz, Teflon, Cellulose
(depending on the use after collect it...)

o
) MACCLIMA
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Bulk dust mass concentrations

In-Situ techniques

PM, composition in the SAL (Saharan Air Layer)

PM;  47.3 pg/m?

r A -
/ /‘I M witerreg H F MAC2OM2020

Bulk chemical characterization is the most widely

91% 42.6 dust (AL, Fe, Ca, Ti..) . : oo pp—

g o e used technique for identifying and quantifying the
1.2% 05  ammonium-sulfate presence of dust.

0.4% 0.2 ammonium

1.9% [l 0.9 nitrate

.8% i organic matter \ . :

o2xl] 05  elemental carbon Typical mineral elements are Si, Al, Ca, K, Na, Mg,
PM,, o - Fe, K and P (as major elements) and Ti, V, Cr, Mn, Co,
91% 38.3 dust .

o i i Ni, Cu, Zn, As, Sr, Cd, Sn, Sb and Pb as trace
1.2% 0.5 ammonium-sulfate elements

0.4% 0.2 ammonium i

1.3% ] 0.6 nitrate

3.4% 1.4 organic matter

AEME  sSomeRe Variability in dust composition is often used to identify

PM, 5 18.5 pg/m?

dust sources.

85% 15.8 dust
3.0%[ ] 0.6 none ammonium-sulfate

b ium-sulfat v ) . .
T 05 ammonum Al is included as soil dust tracer (clay mineral). = ratio
;'53. 1012 glrtgr;rfiecmatter of each element (X) to Al (X/Al) is used to know the
0:4%. 0:0 elemental carbon

-Rodriguez et al. (2012) A review of methods for long term in situ characterization potentlal source contribution (for exemple Ca/Al' Fe/Al'

of aerosol dust (http://dx.doi.org/10.1016/j.aeolia.2012.07.004) etc.)
-Rodriguez et al. (2019) Rapid changes of dust geochemistry in the Saharan Air

Layer linked to sources and meteorology

(https://doi.org/10.1016/j.atmosenv.2019.117186)

Ve
) MACCLIMA
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In-Situ techniques

Al LMCT- ierrey = s MAC 2014-2020 e
1. Reference method: gravimetric method

e Advantages:

- Recognized reference method

- Low capital cost

- Possibility to “identified” different types of

Aerosols in terms of chemical composition...

(bulk dust mass concentration)

e Disadvantages:

- Limited time resolution (typically 24-hr)
- Long turnaround times (pre&post-conditioning)
- Labor intensive

5: MACCLIMA Gravimetric lab maintenance/cost
) 4




In-Situ techniques

e .
AT MEL interreg M G maszovamo

2. Automatic methods

[\

1

1. Impactor PM,,/ PM, . =2 same as gravimetric method

2. RH reductor / heater

3. Sensor (Beta-radiation Attenuation Method —BAM or Tapered
Element Oscillating Microbalance-TEOM) -2 instead of weighting filters

(:O 4. Pump / Flow meter = same as gravimetric method

- Continuous measurements of PM (PM4y, PM; 5, PM; or TSP)
Wy MACCLIMA




In-Situ techniques

ALMEL interesm g wczovane @
2. Automatic methods: BAM (Beta) - TEOM

1 il

TEOM

More info at the end of the

> MACCLIMA presentation...
L 5)




In-Situ techniques

ALMEL interesm g wczovane @
2. Automatic methods: BAM (Beta) - TEOM

e Advantages:

- On-line measurements
- Long time stability (> 1 year)
- Good correlation with gravimetric method

- US-EPA has adopted it has reference method

e Disadvantages:

- Possible dependency of the aerosol chemical composition (BAM)
- Filters not useful for later chemical analysis (not possible to identified dust composition)
- Use of radiative sources could need special permission in some countries (BAM)

-  Temperature dependency (volatile losses; seasonal and regional dependencies)

t‘ MACCLIMA (not in the case of a TEOM-DFMS)
) 4




In-Situ techniques

Automatic versus the reference gravimetric method /AI LMC?L Interreg M

Conversion of the ‘automatic PM;y and PM, : ‘ data to GRAVIMETRIC EQUIVALENT data

BO - - e m e e

= EAAC 2014-2020

OOPeraCHON 1emuona

Intercomparisons

y=0.96x + 088
R =0.96

ME 50
£ A) PM10
o9 40 4 v=07111x 72t
X R*=0.9822
o4
S 304 v=o76x-14257 g
S R*=0.9874 E 3|
o &
20 4 =
£ s
N =
> S
é 10 + g %
g
O % R
3
U L] L] : L] L] L 43‘0
s %}
0 10 20 30 40 50 60 70 2
30 16 +
T B} PM2.5 g |
< v=06573x
oh R®=0.8367 o
=+ 20 o
- y=09285x-3.1282 0
3 R®=0.9327
c Park et al., 2001
]
£ 10 -
>
& o
O o t i
0 10 20 30
;?\ TEOM, ug/m?
oY MmALLLIMAT 3 = o 3 o o o o3 o3 o3 o4 o3
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In-Situ techniques

e .
AT MEL interreg M G maszovamo

2. Automatic methods: Low Cost Sensors

Low Cost Sensors (LCS)
Tomorrow...
A summary available on
https://library.wmo.int/doc_num.php?explnum id=9881
(published 2018, an update available soon)

&) MACCLIMA
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INDEX

Ground based observations
* In-situ dust estimations (Visibility)
* In-situ dust measurements
 Ground base remote sensing of dust
Satellite observations

Some verification tools
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Ground base remote sensing

T' A _
/A; M nterreg Ml S MAC20142020

From in-situ dust observations to ground base remote sensing...

... total atmospheric column observations
(passive remote sensing, based on photometry techniques)

... vertical resolved observations
(active remote sensing, based on lidar techniques)

~
) MACCLIMA
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Ground base remote sensing

T' A _
/Al M wterreg S MAS2014.2020

The intensity of sunlight at the top of the earth's atmosphere is constant.

1. Photometry

While the sunlight travels through the atmosphere, aerosols can dissipate the energy by scattering
(Rayleigh and Mie) and absorbing the light. More aerosols in the atmosphere cause more extinction and

less energy transmitted to the surface.
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Ground base remote sensing

1. Photometry

More aerosols in the atmosphere cause more
extinction and less energy transmitted to the surface.

Beer’s Law

t.' A -
/Al L./Vl interreg Il S MAC20142020

A

N
A g

>
<
£ ’

&

2
|=|0'e Sun

TOA top of the
atmosphere

IO
Atmosphere L C, a

SFC surface

© N\
Sunphotometer Extinction coefficient (Oext): eC

Path length (L)

molar absorptivity of the absorber (g)

aerosol particles cross-section for light
extinction per unit volume of air

concentration of absorbing species in the material (C)

&) MACCLIMA




Ground base remote sensing

;/‘ T'" | — -
st - ~ t’!-cApcc:r 30.] f“.I 0'21 .92':9
1. Photometry ANLMel interreg = e

Sun Photometers measures direct sunlight energy with photodetectors (passing a interference filter with a
certain bandwidth), convert the intensity into a quantified voltage =2 to measure aerosols in the atmosphere.

Exemple: Cimel T318

Sensor head Z.enital motor

Filter wheel for polarisation model

©®

black 1020

e 940
340

A(nm) 870

o 380 670
440 500

t‘; MACCLIMA More info: http://pages.usherbrooke.ca/cimel/index.php/Accueil

More info at the end of the
presentation...




Ground base remote sensing

-
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1. Photometry

A measure of attenuation of the light passing through the
atmosphere due to scattering and absorption by aerosol particles.

is the fractional depletion of radiance per unit path length (also
called attenuation). It has units of km L.

"Aerosol Optical Depth” (AOD) is the degree to which aerosols prevent the
transmission of light. The aerosol optical depth or optical thickness (t) is defined as
the integrated extinction coefficient over a vertical column of unit cross section.
z=toa
A0D = [0, (2)dz = -

0

- Gext- L
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Ground base remote sensing
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1. Photometry P IL.MCY‘— witeries E ’&‘ COOPOracion 161rtons o

Typical AOD ranges

Sky conditions Green channel Red channel
Extremely clear 0.03-0.05 0.02-0.03
(pristine)

Clear 0.05-0.10 0.03-0.07
Somewaht hazy 0.10-0.25 0.07-0.20
Hazy 0.25-0.5 0.20-0.40
Extremly hazy >0.5 > 0.4

Note that red AOD values are typically less than green AOD values. This is due to the
fact that typical aerosols scatter green light more efficiently than red light.

&) MACCLIMA




Ground base remote sensing

A A S+ MAC 2014-2020
1. Photometry ALMel nieregm g wervaze @

An exponent that expresses the spectral dependence of AOD with the wavelength of
incident light (A). The spectral dependence of aerosol optical thickness can be approximated
(depending on size distribution) by:

AOD > 1, Ta:ﬂ-ﬂ_a

where a is the Angstrom exponent (B = aerosol optical depth at 1 um)

0%,
034 940

0.9 5 0
: 0.9—: A(nm) 870
0.8 \ . gg jan ggj v e 25 Jan 17:54 0380 670
] R N 1 28 Jan 18:34 440 500
0.7—: —Cimel 0.7 +——Cimel e
0.6 06— -
A ] 1 ]
_ s ]
9 U S 0.5
a=1.3 1 ag=02
i . = V. Desert dust \E\
- Biomass burning e
> 03 ) J ) : ' J ; ' ' D By ra,  —&a 03- : T y T : T T . T | L R D |
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Ground base remote sensing
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1. Photometry / IL.M.C?“ il e 0
Aerosol Type with diagram AOD-a
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Ground base remote sensing
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Aeroso! Type with diagram AOD-a
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Ground base remote sensing
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1. Photometry FESI=T" ¢ i ey
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]ll\g g
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q

"\ L
https://sds-was.aemet.es/forecast-products/dust-obse

o
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https://sds-was.aemet.es/forecast-products/dust-observations

Ground base remote sensing
GAW-PFR AOD Network
/ Al }:-MC?L iterres L s MAC 20142020 o

" , X TR} -
2 : s

U - | - 2 h Ve ‘ '\. 3
BRI o Sl

-

il

Classic extinction measurements at the recommended 4 WMO wavelengths 368, 415, 500 and 862 nm using
Precision Filter Radiometers (PFRs).

Continuous sampling at a 1- minute frequency by automated systems.

Data products: AOD and the Angstrom coefficients alpha and beta (no inversions).

Hourly mean AOD archived at the World Data Center for Aerosols (WDCA). Data with a 1-minute resolution are
a/\LaiIabIe from WORCC upon request.

vy MACCLIMA
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http://ebas.nilu.no/

Ground base remote sensing

A A S+ MAC 2014-2020
1. Photometry P IL.MCY“ WIteTreS E ’Q-‘ COOPOrSCION IeMTItHNna o

GAW-PFR provides:

» long-term high-accuracy AOD and Angstrom Coefficients

> GAW-PFR provides AOD Dust in near real-time

&) MACCLIMA




Ground base remote sensing

AERONET Aerosol Robotic Network-
More than 25 Years of Obs. and Res.

— ~ B
P s . L
B S X : 3 - ;
B .S o =B
£ Ny » - Fd
3 0> R L e
. \* g

t.' A ~
AT MEL interreg M G maszovamo

The AERONET program is a federation of ground-based
remote sensing aerosol networks established by NASA
and LOA-PHOTONS (CNRS) and has been expanded by
collaborators from international agencies, institutes,
universities, individual scientists and partners.

>7000 citations

>400 sites

Over 80 countries
http://aeronet.gsfc.nasa.gov

AERONET provides a long-term, continuous public
database of aerosol optical, microphysical, and radiative
properties for aerosol research and characterization,
validation of satellite measurements, and synergism with
other databases.

ACTRIS




Ground base remote sensing

AERONET

PR o - |
1. Photometry: AERONET / lL./Vl_CTL wterreg M S NAGZONEN

* The Cimel Electronique 318-T spectral radiometer is a solar-powered, weather-hardy,
robotically-pointed Sun, moon and sky spectral photometer.

* A sensor head points he sensor head at the sun/moon according to a preprogrammed
routine.

 The Cimel controller, batteries, and the optional Vitel satellite transmission equipment
are usually deployed in a Weatherproof plastic case:

DAYTIME. NIGHTTIME

-

v.) MACCLIMA




Ground base remote sensing

1. Photometry: AERONET
Aerosol Climatology from AERONET

AERONET Inversion Products

o
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Ground base remote sensing

>+ MAC 2014-2020
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1. Photometry: AERONET |£MCY- nterreg W

Santa_Cruz_Tenerife (Spain) - February 2020

NRT evaluation using AERONET data
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Aerosol Optical Depth (AODssp), Dust Optical Depth (DODssp) and Angstrom Exponent (AE)
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Ground base remote sensing

1. Photometry: AERONET

NRT evaluation using AERONET data
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Aerosol Optical Depth (AODssg), Dust Optical Depth (DODssg) and Angstrom Exponent (AE)

VL Mel interres m

Dakar (Senegal) - December 2019
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Ground base remote sensing

1.
1. Photometry A 1M lnterreg H s MAC 2014-2020
- cil e — T 000 T
.8 AERONET level 2.0 | 1 / 5
F eve i f & :4.
14 | . R?tfa‘)rrﬁagﬁ'iooﬁ?gc?%?h e e i /’/

00 02 04 06 08 10 12 14 16
NOAA AOD
Correlation between AERONET AOD@440 nm and NOAA AOD@500 nm
(since 1994) for time coincident data (within 15 minutes) at Tamanrasset
GAW Station (Algeria). The AERONET level 2.0 data (light green) cover the

period from October 2006 to February 2009. Correlation coefficient= 0.981
(Guirado et al., 2014)

Stable for, at least, 8 years

e
) MACCLIMA
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Ground base remote sensing

/Au L Mel interreg B G Mac201:200
1. Photometry: Calitoo handheld sun photometer

Reconsidering hand-held sunphotometers for reporting dust AOD?

Microtops-ll, Calitoo-Tenum...

Many observations at airports (even in remote regions)
Operated by meteorological observers
Easy data transmission through WMO GTS/WIS communication system

NRT data for model evaluation and data assimilation
NRT data for satellite evaluation
NRT data for dust nowcasting

Calitoo
(handheld sun photometer)
Tomorrow...

AEMET, Agencia Estatal de Meteorologia
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Ground base remote sensing

T' A _
/A; M nterreg Ml S MAC20142020

From in-situ dust observations to ground base remote sensing...

... total atmospheric column observations
(passive remote sensing, based on photometry techniques)

... vertical resolved observations
(active remote sensing, based on lidar techniques)

~
) MACCLIMA
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Ground base remote sensing

2. Lidar /AI LT'_MCY- interreg Il S MAC20142020

Light Detection and Ranging, is a remote sensing method that uses light in the
form of a pulsed laser to measure ranges (variable distances) to the Earth

Telescope

Laser

Taken from Matthias Wiegner’s presentation (University of Munich,

>
t’ MACCLIMA Meteorological Institute) to the SPIE 10 (International Symposium Remote
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Ground base remote sensing
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Emitted pulse

Telescope

Laser

&) MACCLIMA




Ground base remote sensing

= AT ML inierresm g wcrrvaze ©

Scattering on aerosols (and molecules)
in all directions, some photons back

Emitted pulse

Telescope

Laser

&) MACCLIMA




Ground base remote sensing

= AT ML inierresm g wcrrvaze ©

Scattering on aerosols (and molecules)
in all directions, some photons back

Emitted pulse
backscattered
photon
Telescope P

&) MACCLIMA




Ground base remote sensing

2. Lidar

Lidar-Barcelona (UPC)
Raman Lidar ‘
EARLINET Lidar-Tenerife (INTA-AEMET)
Elastic lidar

MPLNET

o 1
~

> ""‘-- -' ! vt
w.» MACCLIMA -

ALOMAR (69°N)



Ground base remote sensing

2. Lidar

Particulate matter suspended

<) MACCLIMA

ir the atmosphere ——m © -

&

Emitted
lazer beam i‘

Beam steering
firrar

by particles

| Backscattered

Pulsed Laser;
: §32 nrm & 1064 nim

|

|

}
LY

Telescope

[ ——

~ University of British Columbia

Gy -~
’ 4 M vierreg = MAC20NNZ020

\ Laser light not scattered (2)

Laser light scattered (3)
by particles

licght o partic les (1)
I

» Roofhatch
% assembly
: L Sudaealer.

Feal-fite data display
A L !

Diata acouisition

[
I
Detector signals I

&

Lidar systems retrieve vertical profiles of aerosol optical

properties

They measure backscatter and need the lidar ratio (S) to

obtain extinction profiles.

(S = gives an estimation of the ratio between light backscattered by
particles and the extinction of the atmosphere)

)

Elastic lidars:

Assuming a S constant

along the column
(determine through
photometry or
assuming a type of
aerosol...)

N\

Raman lidars:

Able to determine S
because a more
sophisticated systems

(more expensive,
more power
consuming, more
technical

requirements...)




Ground base remote sensing

= Ml interreg m 55‘ uczaaze €

bL?fspearrIE?Etsnm scattered (2) Mineral
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o | o° ’e Elastic lidars:
$ Depolarization ratio provides information on
| Backscattered sphericit
| Ilgar?tffgerln praemcles (1) p y 9 dUSt Iaye rs
Etnitted | :
laser beam | ¥ Rocf hatch )
. assembly Raman lidars:

Cargo Trailer

provide better estimations of extinction.

Beam steering

mirror Realtime data display
Pulsed Lager: "
532 nm &1064 rim X\ Ll ! .~ Ceilometer:

~ (more robust and less expensive) can potentially
~ beinstalled in remote sites.

Data acquisition

[
I

Detector signals I

o L —

-~ University of British Columbia
vy MACCLIMA
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Ground base remote sensing

’A‘ | C?“ Intery =, MAC 2014-2020 o
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2. Lidar iMel  inter 146
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G MACCLIMA https://www.wmo.int/pages/prog/arep/gaw/documents/gaw178-galion-27-Oct.pdf
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Ground base remote sensing
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MPL-Tenerife
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Ground base remote sensing

R g - .
. 3 e_?f‘ P &1 « MAC 2014-2020
2. Lidar: Ceilometers LM kcisdolbies @

25-05-2009, 21:00 - 23:00 UTC

- . . - 15 T I T l T l l
Ceilometers are built to detect clouds (running for exemple at airports).
B3 = R ey Cellometer m
i ——Polly”’ |
They work in NIR wavelenght for trying to have neglibigle signal of aerosol (in principle, o | =——Polly"” Raman |
for ceilometers areosols are a perturbation in clouds measurements). e S S
hel his | ional Id b _ | . 10 ““AOD Ceilometer =0.101 ]
Nonetheless, this low signal could be use to retrieve aerosol properties... I AAD Poly e o0
£ - AOD Polly"" Ramah =0.109.--.
| r b= i | | -
=)
(7] L 4
=
5 - =
0 P ¢ F » FAR Y o 4

0.0 0.2 0.4 0.6 0.8

BSC/Mm™'sr”

backscatter coefficient

A

vy MACCLI Desirable for desert regions !!
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Ground base remote sensing
AT ML inierresm g wcrrvaze ©

2. Lidar: Ceilometers

Ceilometers for aerosol profiling: potential
wor‘ld ceilomefer' network

o )' s .
mw'. Wi e ‘ Higher density of
& = .
DLs MeiCOW ASTA fipunne observations, despite
' v o ) e SICSILBISHKE K'UL?M? ?«I’A "’
\ TA HIE%6 i
i ROME D k. SAJ? 'm“’ oz ' greater uncertainty
“T‘OLL oh BATEE N H?fl wu ,\' OSAKA
MEXICO CITY. sar J"‘N LRI /ADh‘KABUL DHA’KA [ AIPEI
GUATEMALA PAR/MARIBO ARSI W MADRAS BANC &K MANILA
BOGOTA FREETO\@? ~ e CU'SANA COLOMBO f
ABIDJAN —KAMPAEA' SINGAFPRE
QUIO" CQENNE Q7ES SALAAM ' ‘
UL':APAZ LUAND#?KICALI 9 JAKARTA ol MORE
St WINDHOE?ANTAN \NARIVO
ASUNCION [PRETORIA
£ MAPUTO
MONTEVIDEO CAPE TOWN )
SANTIAGO A
: -—
NP . ,)

Courtesy of W. Thomas

Met Services are replacing cloud-base ceilometer networks by aerosol backscatter profiling

ceilometers (IR wavelenght).

Objective: To monitor MLD (Mixing Layer Depth) based on several hundred profiling

&, MACCLIMA ceilometers
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INDEX

Ground based observations
* In-situ dust estimations (Visibility)
* In-situ dust measurements
 Ground base remote sensing of dust
Satellite observations

Some verification tools

&) MACCLIMA




Satellite Observations
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/Au M Wterreg  MAC2014:2020

From ground base remote sensing to satellite observations ......

EUMETSAT RGB-Dust

IR12.0-10.8
Dust RGB (IR 12.0 - 10.8 pm; IR 10.8 - 8.7 pm, IR 10.8 pm) “* ~
ol a 4 ot
- ' -~ ¢
,‘ 13,# 4
3 : LI i

‘. ':< ) ’A. 4 ! :
- - b

IR10.8 - 8.7 pm

IR10.8
e -
«.») MACCLIMA
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Satellite Observations

Use of layers in Worldview — Earthdata from NASA /6" LT—_MCYL witerreg H = MAC 2002020
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https://worldview.earthdata.nasa.gov/
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Ground based observations
* In-situ dust estimations (Visibility)
* In-situ dust measurements
 Ground base remote sensing of dust
Satellite observations

Some verification tools
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“Verification” tools
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Air Pollutionri_n Africa: Real-time Air Quality Index Visual Map
A . . Ty = 2

SCF Concentration (PM10) — Air Quality .
Networks (or LCS alternative...)

https://openmap.clarity.io/

https://aqicn.org/map/africa/

Share: “ Air Pollution n Afcaem Ajluah[y Index Visual Map *
\mnouz\gmqgm\@M\qu\psinm\gﬁmmﬂ\énm\@\

Satellite

https://worldview.earthdata.nasa.gov/

© EUMETSAT / The COMET Proarat

<) MACCLIMA



https://openmap.clarity.io/
https://aqicn.org/map/africa/
https://worldview.earthdata.nasa.gov/
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Use of AERONET in SDS-WAS (AOD — exponente Angstrom) if available...

- AOD is the parameter that is best modeled
Better monitoring in NRT (availability, standardization and quality)
Real-time verification of the operating model (https://dust.aemet.es/forecast-

evaluation/near-real-time-evaluation v3)

( https://sds-was.aemet.es/forecast-

Real-time multi-model verification
products/forecast-evaluation)

If AQ-Networks and AERONET are not available... let’s play!

- PM10 Low Cost Sensors...
Calitoo measurements (AOD and Alpha...)
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https://dust.aemet.es/forecast-evaluation/near-real-time-evaluation_v3
https://sds-was.aemet.es/forecast-products/forecast-evaluation
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Merci!

Natalia Prats Porta
Head of the Aerosol In-Situ Group

|lzana Atmospheric Research Center - AEMET

http://izana.aemet.es
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Different high volume samplers

ATMEL nterres m G wcoaze @
Low volume methods: (PM;o, PM; 5, PMcoarse)

e High volume methods: TSP, PM,,, PM, .

High Volume Sampler
Low Volume Sampler

HVS: 68 m3/h HVS: 30 m3/h
LVS:2.3 m3/h / /
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How BAM works (1)

Berg Avtenuation: =, MAC 2014-2020
Hv m km . LOOPOracon 1emmna

2. Automatic Methods: BAM (Beta)

1. Impactor PM,o/PM, s

Ambient air is drawn
through the sample system

Dust is deposited on a filter :
continuously. The layer of dust is .

building up and this increasing dust
mass weakens the intensity of the

beta beam.

2. RH reductor / heater

-rays detector

LI T _————— Brays source(Krs)

Flow Meter\,\ ]

(1) B -
~ (] @"\Timer
inlet Port U 3
. Tkt ua [ =1,e "™

g 4. Pump and flowmeter

Paper Tape |
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How BAM works (2)

o
AT MEL interreg M G maszovamo

2. Automatic Methods: BAM (Beta)

IO » m: increasing particle mass [ug]

- » Fa: calibration factor

m = FCCLl ln T > lg beta ray intensity at empty filter
I > | beta ray intensity at loaded filter

The intensities |y and | are measured with the detector system. F_, has to be measured
directly during the calibration procedure. This is accomphished by replacing the filter
with the element having a known mass (mass calibration kit)

The mass concentration is calculated from:

PMx C —

Where:

c: concentration [pg/m?3]

F: measured air flow [m3/h]
- t: time [h]

vy MACCLIMA




How TEOM works (1)

2. Automatic Methods: TEOM

- |
ATMEL interes m g wacoiaze ©

Tappered Element Oscillating Microbalance

Flow ¢
h

pXit

T Pl
Controlle
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Sampling flow rate (16.67 |/m)

. Sample accumalated in the filter

» Micro-oscilation of constante amplitue
GENERATOR

Frequency sensor

N~
An increase in the amount of sample

Ot

(dust) accumulated in the filter =
decrease in the oscillation frequency




How TEOM works (2)
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2. Automatic Methods: TEOM

more dust =2 lower oscillation frequency

Flow

Sarmpie / In a spring-mass system the frequency follows the equation:

f= (K / M)°

where:

hangeablke TECM

M Cowte e f = frequency (radians/sec)
K = spring rate
M = mass

Tapered
E b e

K and M are in consistent units. The relationship between mass and change in
| frequency can be expressed as:

T Fionm = dm =K, - (2)

Contrcibar

where:

dm = change in mass

K = spring constant (including mass conversions)
£, = q11t1a1 frequency (Hz)

f;, = final frequency (Hz)

Tapered
E bz vl
Drviwa

Frequency
Counter

~
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BAM vs TEOM

- - .
2. Automatic Methods: BAM (Beta) - TEOM /A' L.MCT- interreg Il S MAC2014:2020

drying of the sample in automatic Igf‘
equipment ¥

—

A i !
TEOM
RH reduce/ heater
A _ | -
b A" A . . . A - g T
l A 0 n /Wi
A .A L\

302C 502C 702

Heating of the sample can cause evaporation losses of semi-
volatile species

organic compounds
N . .
vy MACCLIMA @ ammonium nitrate




How TEOM works (3)

t.' A ~
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2. Automatic Methods: TEOM (FDMS Filter Dynamics Measurements System)

base flow mode: 6 min. —- “‘Provisional” PM10 concentration
PM10’

reference flow mode: 6 min.

,— Evaluation of changes in concentration when filter expose to

ambient air without particles, and determine such chages
APM10.

The PM10 final concentration will be then:

PM10 = PM10’ - APM10

If APM10 > 0 3 Positive artifact for gas reacting over particles on filter
PM10 < PM10’
If APM10<0 — Negative artifact due to volatilization of particles on filter

Q_‘; MACCLIMA PM10 > PM10’




Ground base remote sensing

AT, <, MAC 2014-2020
1- Photometry / ' L‘MJ_ .. .‘e' ' 63 - %‘ LOOPeracOn 1emuna

Y Vs

Direct irradiance
IFOV 1.2°

Diffuse radiance
IFOV 1.2°
1MrUv 1.4~

Principal plane

» Almucantar

Photometer

Sun/moon measurements

- Sky measurements
vy MACCLIMA
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Ground base remote sensing
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DIRECT SOLAR IRRADIANCE AT SEA LEVEL
AIRMASS = 1.5
WATER VAPOR = 2.0 em
OZONE = 0,34 cm

Tlnemsol 550nm = 0.128

T

1. Photometry

Langley plot calibration

A exponent = 0.66
(1, determination for each wavelength): ——

H0 & COy 1,0 & €O,

SOLAR SPECTRAL IRRADIANCE (W
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Ground base remote sensing

R g - -
1. Photometry s é./tflcf- lnterreg M S Maczonzze (€
ext-
1=l -€ Lnl = Lnl, - 0,,.L
Langley plot calibration

(I, determination for each wavelength): If Geyt is constant during the

observation

Pristine conditions (very low and

x 10* Langley #185 by filter constant aerosol load)
5 ; No clouds
[ ]
64 | Stable total ozone and column water
128 | vapor
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) o 256
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Ground base remote sensing

Sgsnetry: AERQUEL AT Ml intevegm g mcziaze €
AERONET Data Flows

Flux measurements
Direct - A=340, 380, 440, 500, 670, 870, 940, 1020 nm
Diffuse - A=440, 670, 870, 1020 nm (alm, pp, pol)

Calibration and processing information
Mauna-Loa and lzafia (masters)
CNRS-University of Lille and University of Valladolid (field)

Aerosol optical depth and precipitable water computations

Cloud screening and quality control

Inversion products

Volume size distribution (0.05 < size <15 um),
refractive index, single scattering albedo

) MACCLIMA (A=440, 670, 870, 1020 nm)
) 4




Ground base remote sensing

1. Photometry: 318-T (day & night)
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Ground base remote sensing

>+ MAC 2014-2020
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2 Qb EARLINET (European Aerosol

» Yloning; Research Lldar NETwork) is a network
K M _ @ Not active . . . .

g’ of advanced lidar stations distributed

EARLINET over Europe with the main goal to

provide a comprehensive,

quantitative, and statistically
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AEMET, Agencia Estatal de Meteorologia

significant data base for the aerosol
distribution on a continental scale.

EARLINET  provides independent
measurements of aerosol extinction
and backscatter, and retrieval of

aerosol microphysical properties.

Some of the EARLINET stations are
equipped also with sunphotometers
(they are part of AERONET)—> synergy.

Raman lidars
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Ground base remote sensing
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MPLNet: MicroPulse Lidar Network

523 nm MPLNET (elastic lidars)
Automatized since July 2005
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Ground base remote sensing

2. Lidar: Ceilometers - Exemple
MPL-3 - Sta. Cruz de Tenerife. Mar 31- Apr 3, 2011
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https://gawsis.meteoswiss.ch/GAWSIS/#/ GAW World Data Centres IAC 20142020

WDC-RSAT (World Data Center for Remote
Sensing of the Atmosphere)

WDCA (World Data Centre for Aerosols)

WDCGG (World Data Centre for Greenhouse
Gases)

WDCRG (World Data Centre for Reactive
Gases)

WQOUDC (World Ozone and UV Data Centre)

WRDC (World Radiation Data Centre)

Contributing Data Centres
CASTNET (Clean Air Status and Trends
Network)

EMEP (EMEP)

GALION (GAW Aerosol Lidar Observation
Network)

GAW-PFR (GAW Precision Filter Radiometer
Network)

IDAF (IGAC/DEBITS Africa)
IMPROVE (IMPROVE Optical Aerosol)

NADP (National Atmospheric Deposition
Program)

NDACC (NDACC Data Center)

TCCON (Total Carbon Column Observing
Network)
13,000 Km

L ! o mnpbox @ Maphox @ W

VIO © OpensStreetMap

- Global [ | Operational ®
o Conféadration subsn ‘ Regional @ Partly operational

S Contributing networks A Non-reporting O
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Other networks wj= Planned @
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