African dust over the Canaries

Long term variablility of the summer Saharan dust export
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aerosol chemical composition at __Izafa (since 1987): dust (Al, Fe, ...), SO ,~ NO;» NH,™ Na, and CI

The two data sets

sample collection on filter were jointed for

the firs time
%SSHZé/lhggg University of Miami 1987-2014
Dust: ash method (normalized Al/dust  68%) 28 years
SQ= NO;~ NH,* CI: ion chromatography aerospl
Al, Na, Fe: INAA chemistry
PM.: | culat " in the free
cellulose MT total particulate matter troposphere

2002- up to the date AEMET + CSIC

30 m3/h
Dust: elemental composition IPC - AES, ICRMS (normalized Al/dust 08%)

SO~ NG;~, CI+ @ ion chromatography
NH,*: capillary electrophoresis, specific electrode
OC, EC: TOR

quartz microfibber filter

PM;: total particulate matter
I am

samples collected at night PM, particul ate matter d
free troposphere PM,.: particul ate matter di am




PM; 473 pg/m3
91% 42.6 dust (Al, Fe, Ca, Ti..) Al = 8% dust

2.2%[ ] 1.0 none ammonium-sulfate
1.2% 0.5 ammonium-sulfate
0.4% 0.2 ammonium

1.9% ] 0.9 nitrate

3.8% 1.8 organic matter

0.2% | 0.07 elemental carbon

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,: 185 pg/m3
85%/ " 15.8 dust

3.0%[ ] 0.6 none ammonium-sulfate
2 7% 05 ammonium-sulfate
1.0% 0.2 ammonium

1.1% Ml 0.2 nitrate

58% 1.1 organic matter

0.4% | 0.07 elemental carbon
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We have focused in summer
Why?
As the season when maximum dust emissions occurs in North
Africa due to the activation of subtropical Saharan sources

AProcesses that modulated inter -annual variability in dust
export are still unknown

scientific guestion

Which are the large scale processes that influence on long term
inter -annual variability in Saharan dust export in summer?

Awinter: North Atlantic Oscillation ( Ginoux et al., 2004)
ASahel: Monsoon rains (Prospero and Lamb, 2003)

b T M. Prospero <, O. Torres >4, M. Chin ® Joseph M. Prospero™ and Peter ). Lamb?

Environmental Modelling & Software 19 (2004) 113-128
Long-term simulation of global dust distribution with the
GOCART model: correlation with North Atlantic Oscillation

P. Gmoux

African Droughts and Dust
Transport to the Caribbean:
Climate Change Implications

SCIENCE VOL 302 7 NOVEMBER 2003
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Summer (August) mean dust; at I1zaia
from 1987 to 2014
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MDFA: Major Dust Frequency Activity

number days UV Absorbing Aerosol Index > 1

UV Absorbing Aerosol Index = sensitive to iron oxides in dust

total number of days in the month

= fraction of summertime Al>1

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

-2001)
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Summer (August) mean dust; at Izafa from 1987 to 2014
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2. Size distribution
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Saharan dust export,

1.1. large scale meteorology in North Africa
1.2. to climate variability

. interannual variability

Saharan Air Layer
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Summer (August) mean dust; at Izafa from 1987 to 2014
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connection t oé

large scale meteorology in North Africa

Summer North African meteorological scenario

Complex puzzle from the tropic to the Mediterranean:

-Harmattan ( at rade) -3PNnds 25
-ITCZ, 20°N
== -Saharan heat low, 19°N
-Tropical low monsoon, 7 -12°N
rain band, 5 -12°N
Inflow, 5 -20°N

——Subtropical hi gh pressures, N
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dust export off the
coast of Africa
1-5 km.a.s.l .

dust 0-2 km.a.s.| .

850 hPa, & 1 mdaxslo
700 hPa, a 3nasb 0

Tsamalis et al., 2013. Atmos. Chem. Phys., 13,
112354d11257, 2013
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Saharan dust exporit., connection toe
large scale meteorology in North Africa

Summer North African meteorological scenario Mean height of the 850hPa geopotential
Complex puzzle from the tropic to the Medi Aug. 1987-2014
. Subtropical high p res, a 38N 1560
-Harmattan ( at rade) -39PNnd
-ITCZ, 20°N 30N 1958
- -Saharan heat low, 19°N 1546
-Tropical low monsoon, 7 -12°N 20N
rain band, 5 -12°N I 1540
- Inflow, 5 -20°N 10N 1533

1526

North African Dipole
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export, connection toe
large scale meteorology in North Africa

Summer North African meteorological scenario
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700hPa geop. height 850hPa geop. height

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

40N

NOAA/ESRL Physical Sciences Division

30N
20N
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Aug: 1987 to 2012

North AFrican Dipole Intensity (NAFDI)
NAFDI = (( By =< @>y,) = (Bho =< @ >3,))
700hPa:  relevant level for dust export

In principle , NAFDI is just a measure of the geostrophic

component of the North African outflow

but, we will see it is provides additional useful
information on climate variability
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large scale meteorology in North Africa

NCEP/NCAR Reanalysis
700mb Geopotential Height {(m) Composite Mean
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Aug: 1987 to 2012

North AFrican Dipole Intensity
NAFDI =%(( @I)h}ﬁ'o —< ®>MO)_(®,§G —< @>Ba))
700hPa:  relevant level for dust export

Dy, mean geopotential height at 700hPa averaged in central Morocco
region (30-32°N, 5-7°W) in August of year ‘y’.

< @ >}, mean geopotential height at 700hPa averaged in central Moroceo

region (30-32°N, 5-7°W) averaged in August months from 1948 to
2012.

Dy, is the mean geopotential height at 700hPa averaged in Bamako region
(10-13°N, 6-8°W) in August of year “y .

< @ >3, mean geopotential height at 700hPa averaged in Bamako region
(10-13°N, 6-8°W) averaged in all August months from 1948 to 2012,
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Safharians dust e Xxporitsy connection toe
large scale meteorology in North Africa

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

- — - +3 NOAA/ESRL Physical Sciences Division
E 120 r=0.72 +2
(@)]
= +1—Z
- 80 0 >
vl T
= 40 -1 O
’ -2
0 -3
P RPRPRPRPRPRPRPRPRPERPRPERPERERPEPNNNNDNNNNNNDNDNDNDNDNDNDNDN
D OO OOOVOVOVOOVOVOVOVWOOOOOOOOOOOOOOO
VOV WOWOOOWOOOOVWOWOOOOOOOOOOOR,RFRPRP,EE
~NOOOEFRNWPAMRIITONOOOORLRNWPAMUIUIONOOOORPNWAS
A 70w 6OW S0wW 40w 30w 20w
Pearson correlation between NAFDI and the dust Aug: 1987 to 2012

at |zafia = +0.72 North AFrican Dipole Intensity
Variability in NAFDI is associated with dust export

NAFDI = —(( D}, =< D>y,) = (T, =< ©>p,))
700hPa:  relevant level for dust export

Dy, mean geopotential height at 700hPa averaged in central Morocco
region (30-32°N, 5-7°W) in August of year ‘y’.

< @ >}, mean geopotential height at 700hPa averaged in central Moroceo

region (30-32°N, 5-7°W) averaged in August months from 1948 to
2012.

Dy, is the mean geopotential height at 700hPa averaged in Bamako region
(10-13°N, 6-8°W) in August of year “y .

< @ >3, mean geopotential height at 700hPa averaged in Bamako region
(10-13°N, 6-8°W) averaged in all August months from 1948 to 2012,
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Safharians dust e Xxporitsy connection toe
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
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850 hPa geop. height 850 hPa geop. height
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Saharan dust export, connection toe
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
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700 hPa geop. height 700 hPa geop. height
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Saharan dust export, connection toe
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

Subtropical Saharan Stripe -SSS: Central Algeria to Western Saharan, 24 - 30 °N



