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Introduction:

Aerosols transport in climate models.
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Abstract Aeolian dust is a key aspect of the climate system. Dust can modify the Earth’s energy budget,
provide long-range transport of nutrients, and influence land surface processes via erosion. Consequently,
effective modeling of the climate system, particularly at regional scales, requires a reasonably accurate
representation of dust emission, transport, and deposition. Here we evaluate African dust in 23 state-of-the-art
global climate models used in the Fifth Assessment Report of the Intergovemmental Panel on Climate Change.
We find that all models fail to reproduce basic aspects of dust emission and transport over the second half of
the tasnticth century. The models systematically underestimate dust emission, transport, and optical depth,
and year-to-year changes in these properties bear little resemblance to observations, Thesc findings cast doubt
on the ability of these models to simulate the regional climate and the response of African dust to future
climate change.

5. Conclusions

Based on the results presented here CMIP5 models are unable to capture any of the salient features of
northern African dust emission and transport|The exact nature of the biases are not elucidated here butare
likely to be related to a variety of sources, including the dust size distributions and atmospheric and surface

processes. We conclude that there is no reason to assume that the projections of dust emission and
e eSSl De spite highlighting deficiencies in the representation of
the multitude of land and atmospheric processes that govern dust emission, these results also cast doubt on
the representation of other features of coupled Earth system that are affected by aeolian dust, including
regional land and ocean surface temperatures [Evan et al., 2009], precipitation and cloud processes [Kaufman
et al., 2005a; Yoshioka et al, 2007], coupled equatorial processes [Evan et al, 2011], and terrestrial [Das et al.,
2013] and oceanic biogeochemistry [Mahowald et al., 2010]. EHKEHNaHHCICDICseNatoe S Tl
models can be improved by increasing the number and quality of observations of dust emission and
atmospheric mass concentration in order to improve understanding of the processes affecting dust emission.



Introduction: Aerosols transport in dynamical-chemical

models.

GEOS-Chem model driven by MERRA re-analysis meteorology & using a
new dust source activation scheme:

reproduces the observed DAOD trend from 1982 to 2008.
quantify factors contributing to this trend & observed variability
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Climatological (1982 - 2008) monthly surface dust concentrations at Ragged Point in
Barbados; the baseline GEOS-Chem model & GEOS-Chem model with sub-grid wind

parameterization and Koven dust source map.

Black line :monthly mean; red and orange shading 25™ - 75th & 5th - 95th quantiles

D. A. Ridley, C. L. Heald, and J. M. Prospero, What controls the recent
changes in African mineral dust aerosol across the Atlantic? Atmos. Chem.
Phys., 14, 5735-5747, 2014 ,doi:10.5194/acp-14-5735-2014



AERONET sun photometers in the region.

AERONET stations operative 2015
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Station Lat. Long. Elev. Station Lat. Long. Elev.
1.Ragged_Point 13.2 -59.4 40.0 | 1.Dakar 144 -17.0 0.0
2.6uadeloup 16.3 -61.5 0.0 2.Capo_Verde 16.7 -22.9 60.0
3.La_Parguera 18.0 -67.0 12.4 | 3.Calhau 169 -249 40.0
4.Camaguey 21.4 -77.8 122.0 | 4.Izana 28.3 -16.5 2391.0
5.SP_Bayboro 27.8 -82.6 5.0 |5.Sta_Cruz _Tenerife 28.5 -16.2 52.0
6.Site_CSI 6 28.9 -90.5 32.7 | 6.La_Laguna 28,5 -16.3 568.0
7.UH_Coastal_Center 29.4 -950 5.0
8.Univ Houston 29.7 -95.3 65.0




Caribbean Test-bed for Saharan Dust

Long and Short Range Transport.
Caribbean Testbed for Saharan Dust.

AERONET stations with more than 3 and 5 years of data
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Blak: More than 3 years of data

Magenta: More than 5 years of data

Current lidars

Caribbean

African Coast

University Miami (MPL)
Barbados

MPI Ramman lidar
Natal - Brazil (mobile)

Izafia Observatory

(MPL), Spain

La Laguna University
Canary Islands, Spain




Cuban Test bed for Saharan Dust.

Broadband AOD:
Derived from hourly

direct solar radiation
measurements under
NO cloud presence

in the line of sight

(High resolution)

(" Servicio de Diagnéstico de Radiacion Solar para Cuba )
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Actinometer-Galvanometer Proposals for a New Lidar Already submitted:
Lidar Lab, Anhui Institute of Optics and Fine
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Mechanics, China
NPOTayfun, Obnisnk, Russia
NSF, Switzerland

Looking for a Ceilometer



Example of long range transport study .

Sun photometer Saharan Dust AOD at Camagiiey & coincident AOD from
MODIS & forecasted by SKIRON show big differences.

Daily Mean AOD Differences

CMG sunphotometer vs. MODIS (Aqua)

04
0.3 Mean AOD Differences

g 02

AOD

0.1

0

AQ n':‘.l' G

017

=0.2;

5 10 15 20 25 30
Days of July 2009

Daily AOD differences (blue). Daily A0D differences
Daily AOD sun-photometer (green). '

SKIRON:
-Better agreement: Daily AOD (sunphotometer) & SKIRON forecasted AOD.

*SKIRON lacks of a climatological values of AOD
- SD forecasted AOD in SKIRON overestimates Camagiiey measured AOD.

MODIS:
‘Better agreement: Daily AOD (sunphotometer) & aerially AODfrom MODIS.

*Areal AOD from MODIS underestimates Camagliey measured AOD.

Antufia, J.C., V. Cachorro, R. Estevan, A. de Frutos, B. Barja, Y.Benouna, B. Torres, D.
Fuertes, R. Gonzdlez, C.Toledano, G. Kallos, S. Cristos, 2012, Characterizing aerosol
optical depth measurements and forecasts of Saharan dust events at Camagiiey,
Cuba, during July 2009, Opt. Pura Apl. 45 (4), pp. 415-421



Meters AGL

Example of short range transport study

(In progress: cooperation with Dr. Olga Mayol-Bracero, Univ. PR at Mayaguez.)

NOAA HYSPLIT MODEL
Forward trajectories starting at 1300 UTC 06 Dec 12
GDAS Meteorological Data
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Forward trajectories starting at 1200 UTC 19 Jan 09
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This & ot & NOAA product. Fwas produced by a web
Job ID:

user’
Start: Wed Jun 12 03:50:37 UTC 2013

Source 1 Iat 18.380833 lon.: 65 61777 hgts: 1000, 2000, 3000 m AMSL
Traccwry Diraction: Forward  Duration:

96 hrs
ertical Motion Calculation Method: Model Ve tical Velocity

Meleurulvgy 00007 15 Jan 2009 - GDAS1

Yearly Frequency ()

18.38 N 65.62 W

Source % at

Meters AGL

Monthly 1requency( j
100

NOAA HYSPLIT MODEL
Forward trajectories starting at 1200 UTC 30 Nov 10
GDAS Meteorological Data

8000
6000
4000
*
%8§8 Py e « 2000
950
18 00 06 12 18 00 06 12 18 00 06 12 18 00 06 12
Job 1D: 1 Job Start: Sat Jul 6 20:30:53 UTC 2013
Source 1 Ial 18.380833 lon.: -65.617770 hgts: 1000, 2000, 3000 m AMSL
Trajectory Direction: Forward  Duration:
Vertical Motion Calculation Method: Mndel Vemcal Velocity
Meteorology: 0000Z 29 Nov 2010 - GDAS1

Frequency of Distances (**)

@
=

2

Frequency (%)

s 8

2009 2010 2011 2012
Year

Freq. Dist. per Level (")

z P ;

5 80f i -
_ H
£ H :
: g oof 3
: g
= P 8.0
H ] A
£ 3

H

E

£

o

P &
wls B H
ol==
100 200 300 400 500

Month Distance to CMW (km)
(") Days (™) Individual trajectory points

Freq. Dist. per Days Age (**)

0
JFMAMJJASOND

Cummulative Frequency (%)

L]
100 200 300 400 500
Distance to CMW (km)

100

Cummulative Frequency (%)

0
100 200 300 400 500
Distance to CMW (km)




Space coincident forward trajectories.

Time Diference (Hours)
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Caribbean Test-bed for Saharan Dust

Long and Short Range Transport.
Caribbean Testbed for Saharan Dust.

AERONET stations with more than 3 and 5 years of data
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Blak: More than 3 years of data

Magenta: More than 5 years of data

Current lidars
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African Coast

University Miami (MPL)
Barbados

MPI Ramman lidar
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Solar Radiation: Actinémetro Balanzémetro

Rescate de Datos.
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Results: Cloudiness, global irradiance & Broadband AOD
Cloudiness ‘h"ends A
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Espesor Optico de Banda Ancha para todo el periodo 1981-2013
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