(\ 'Landbiinadarhaskéli islands

| &
> Agricultural University of IceIU CRAICC _/ Laboratoire de % li UNIVERSITY OF ICELAND
: (3 mﬂ:m;séque et Chimie A
o Y
e

@ | N gl @Yd mgde 'Environnemen t
p—

-/ -

WINTER AND HIGH-ALTITUDE DUST SIZE
DISTRIBUTIONS WITH BALLOON-BORNE
LIGHT OPTICAL AEROSOL COUNTER (LOAC)

PAVLA DAGSSON-WALDHAUSEROVA

J.-B. RENARD, V. DUVERGER, D. VIGNELLES, H. OLAFSSON \
N

o~
9 |
THE 31ST NORDIC METEOROLOGICAL MEETING \/

REYKJAVIK, 20.6.2018 | ;

et



=4 ~
—ICELAND — NATURAL OR ANTHROPOGENIC DESERT?

S—

* 800 YEARS AGO: DESERT AREAS WERE VEGETATED AND AT LEAST 25% OF THE
COUNTRY WAS A FOREST

* 100 YEARS AGO: WOODLANDS WERE REDUCED DUE TO MEDIEVAL
AGRICULTURAL METHODS TO ALMOST TOTAL ELIMINATION

* COLD CLIMATE AND MASSIVE EROSION CAUSED A COLLAPSE TURNING
VEGETATED ECOSYSTEM INTO DESERT

* TODAY ICELAND EXPERIENCES >130 DUST DAYS

ANNUALLY AFFECTING THE AREA OF > 500,000 KM?
* DUST EVENTS FREQUENTLY OCCUR IN THE WINTER

AND DURING SUB-ZERO TEMPERATURES
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SEASONAL VARIABILITY OF DUST EVENTS
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Typical dust storm (“‘orange horizon’’)
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\/ AIR BORNE MEASUREMENTS WITH LOAC 2013-2016

(LIGHT OPTICAL AEROSOL COUNTER) "/

LOAC can determine aerosol concentrations in 19 size classes (0.2 and 100 um) and to estimate their typology
(Renard et al., AMT, 2016)

* Measurements at 2 scattering angles :

~12°, insensitive to refractive index of the particles (mainly diffraction) => accurate size determination and counting
~60°, strongly sensitive to the refractive index of the particles => indication of the nature of the particle (typology)
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”) AIR BORNE MEASUREMENTS WITH LOAC 2013-2016
(LIGHT OPTICAL AEROSOL COUNTER)
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% AIR BORNE MEASUREMENTS WITH LOAC 2013/2016
(LIGHT OPTICAL AEROSOL COUNTER)

N/
SIX FLIGHTS — FOUR detected dust
Time of Launch location Altitude Tropopause | Dust event
measurements (TU) range (km) (km)
7 Nov. 2013 11:23 — 12:01 64.127°N, 21.911°W 0.1-11.2 8.0 Yes
28 Jan. 2015 10:43 — 12:48 64.346°N, 21.436°W 2.8 -32.6 Not measured No
9 Jan. 2016 15:08 — 16:12 63.856°N, 20.229°W 0.1 —14.6 10.5 Yes
10 Jan. 2016 12:11 - 13:44 64.329°N, 21.652°W 0.1 —26.5 11.5 Yes
11:33 — 12:47 64.337°N, 21.614°W 0.1 -18.9 9.0 Yes*
10:34 — 11:40 64.337°N, 21.615°W 0.1 -14.6 8.0 Yes™
&

*not detected by LOAC
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Only one LOAC found
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MODIS 01.11.2013 13:25 Nattdruleg litmynd
generated with HDFLook

Meters AGL

4

NOAA HYSPLIT MODEL 4
Backward trajectories ending at 1200 UTC 07 Nov 13
GDAS Meteorological Data

Source » at 64.13N 2191 W
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Job 1D: 124745 Job Start: Tue May 15 19:08:58 UTC 2018
Source 1 lat.:64.127000 lon.:-21.8911000 height: 6000 m AGL

Trajectory Direction: Backward ~ Duration: 132 frs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 1 Nov 2013 - GDAS1
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Vedurstofan/Harmonie : MsLP,
indur (10m), T850 og Urkoma (mm/LkIst)}
IT: Sun 10. 01. 2016 06Z

~ [VT: Sun 10.01.2016 12Z (+6 h)
~
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Cloud-Aerosol Lidar and
Infrared Pathfinder

Satellite Observations
(CALIPSO)

Cloud-Aerosol Lidar with
Orthogonal Polarization
(CALIOP) instrument that
operates at two
wavelengths (532 nm and

1064 nm)

Aerosol Subtype UTC: 2016-01-13 13:53:48.3 to 2016-01-13 14:05:41.8 Version: 4.10 Standard Daytime
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Lat 31.59 37.66 43.70 49.72 55.68 61.58 67.36 72.91
Lon -7.40 9.12 -11.07 -13.36 -16.17 -19.84 -25.02 -33.15
N/A = not applicable 1 =marine 2 =dust 3 = polluted continental/smoke 4 = clean continental 5 = polluted dust 6 = elevated smoke

8 = PSC aerosol 9 = volcanic ash 10 = sulfate/other

7 = dusty marine
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Particle Number Concentrations

Clean profiles PNC < 5 particles cm™  Clean Arctic conditions
Polluted profiles PNC > 250 particles cm™ Dirty Saharan dust layer

Particle sizes

Surface up to 20 Um

00 m submicron + few 10 Um (or aggregates)
3,5 km <5 Um

6 km submicron
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- CONCLUSIONS

®* WINTER DUST STORMS OCCUR FREQUENTLY AT HIGH LATITUDES SUCH AS ICELAND

* DUST SOURCES SUCH AS SEDIMENTS FROM JOKULHLAUPS ARE IMPORTANT

* FIRST HIGH ALTITUDE VERTICAL AEROSOL DISTRIBUTION PROFILES IN ICELAND

* LOAC WORKED WELL IN HARSH CONDITIONS AND DURING MAX-LEVEL WIND SPEEDS FOR LUNCH
* VOLCANIC DUST IS FINE, OFTEN OF SUBMICRON SIZE

* DUST PROFILES IN ICELAND SHOWED SIMILAR CONCENTRATIONS AS MEASUREMENTS DURING
SAHARAN DUST OUTBREAKS

QUESTIONS — HOW COULD POLAR VORTEX AFFECT THE AEROSOL SIZE DISTRIBUTIONS?
- EFFECTS OF LOCAL TOPOGRAPHY ON DUST DETECTED IN HIGH ALTITUDES? \/
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COMPARISON WITH LIDAR AND SUNPHOTOMETER MEASUREMENTS (LESS THAN A FEW

TENS OF KM IN DIFFERENCE FOR THE LOCATIONS)

LOAC DATA CONVERTED TO EXTINCTION AT 350 NM (MINERAL PARTICLES
N=1.66+0.061), AND TO INTEGRATED VOLUME CONCENTRATIONS

GOOD AGREEMENTS
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