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Layout 

 Haboobs and modeling/remote sensing synergies 

 Introduction to atmospheric modeling 

 Numerical modeling applications 

 HYSPLIT exercise  
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Aerosols from Natural Sources 

Sea salt Volcanic ash 

Dust Biomass burning 
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Desert Dust Emissions 

Long Range Transport Local Sand/dust storms (haboobs) 
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Generation of “haboobs” from Mesoscale Convective Systems 

Density currents and associated mobilization of dust is also a common feature 

for the Middle East and Arabian Penisnula (MSG/SEVIRI images). 
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Dust – Haboobs 
Very complex systems – Synergistic efforts between 

land/atmospheric remote sensing and advanced modeling   

Generation of haboobs by Mesoscale Convective Systems 

(MCS) MSG-SEVIRI dust product 
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Dust - Haboobs 

Clouds 

Dust 
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Dust – Haboobs 
Atmospheric Density Currents 

Schematic diagram of a density current 

formation 

Model reproduction of a density current 

formation and elevated dust concentration in 

RAMS  

Adopted from Knippertz et al., 2007, JGR Adopted from Solomos et al., ACP, 2017  
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Generation of a Saharan haboob south of Atlas Mountains 

Potential temperature ζ (K) and rain 

mixing ratio (g/kg), RAMS simulation 31 

May 2006, 0.8×0.8 km grid space 

Potential temperature (red contour lines in K) and 

dust concentration (color scale in κg m-3), RAMS 

simulation 31 May 2006, 0.8×0.8 km grid space 

Panoramic photographs of 

the density current 

approaching the SAMUM 

measuring site Tinfou on 

31 May 2006 

Knippertz et al., 2007, JGR 
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Dust production along the propagating front (cold pool) 
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(a) 

(b) Streamlines and dust concentration (color scale 

in κg m-3 for a reference frame relative to the 

propagating speed of the haboob.  

 Upward motions in the head of the system (dust wall) 

 Reversal of flow at the lower levels - Kelvin Helmholtz billows on top 

 Dust concentration constantly increasing inside the system Solomos et al., ACP, 2012  

Potential temperature ζ (K) and rain mixing 

ratio (g/kg), RAMS simulation 31 May 2006, 

0.8×0.8 km grid space 
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Severe convective downdrafts over the mountainous areas of East Turkey and  North 

Iran resulted in mobilization of dust over Middle East and East Mediterranean. 

MSG / SEVIRI Satellite RAMS model 

A record-breaking Middle East haboob  

6-13 September 2015 

Mamouri et al., 2016, ACP; Solomos et al., 2017, ACP 
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A) Landsat 8 natural color images of Aleppo region, Syria shows changes of 

cultivation patterns and drying of nearby Al Jaboul lake (e.g. the bright areas of the 

Al Jaboul Lake  - dry parts of the lake - increased from 2013 to 2015) 

B) Landsat 8 NDVI index images in the region of Hawija, Kirkuk Province, Iraq 

reveal that large areas remained uncultivated in 2015 (e.g. the 2013 map shows 

many more green spots - agriculturally used areas - than the 2015 map); 

Examples of land use changes in 2015 

A record-breaking Middle East haboob, 6-13 September 2015 
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MODIS NDVI (Normalized Vegetation Index) Hawija 2000 - 2016 

A record-breaking Middle East haboob, 6-13 September 2015 
Changes in Landuse affect dust emissions  

Limassol PollyXT Lidar and 

RAMS-ICLAMS comparison 
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Cold pool vertical structure 

Total condensate mix.ratio (g/kg) and w (m/s) Total condensate mix. ratio (g/kg), dust 

concentration (μg/m3), and Streamlines 

Solomos et al., ACP 2017 
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Cold pool formations and comparison with SEVIRI and CALIPSO 

SEVIRI Dust RGB 

product 

Optimized CALIPSO dust 

product 

RAMS-ICLAMS RAMS-ICLAMS 

Modeling and remote sensing analysis reveal the extraordinary nature of this 

event 
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Aerosol Monitoring - Models 

Cloud scale models:

Large scale  

models (i.e. GCM, 

climate models): 

Integrated Limited area 

models:Cloud scale models:Cloud scale models:

Large scale  

models (i.e. GCM, 

climate models): 

Large scale  

models (i.e. GCM, 

climate models): 

Integrated Limited area 

models:

Integrated Limited area 

models:

 Explicitly-resolve cloud    

properties 

 Explain mechanisms 

and 

Interactions 

 Assume isolated clouds  

 Resolve cloud properties with    

    adequate detail  

 Describe the regional 

atmospheric circulation and air 

quality properties 

 Depend on boundary 

conditions from external source 

(Reanalysis, larger scale model, 

emission inventories)    

 

 Sufficiently describe   

atmospheric circulation  

 Use semi-empirical    

parameterizations for 

several sub-grid processes 

(e.g. convection) 
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In situ measurements  

 Are very sparse (airborne)  

 or at surface stations with little relevance for tropospheric aerosol 

layers 

 Limitations at measuring sizes 

 Dry particle  measurements 

 

Models 

 Rely on external initial and boundary conditions 

 Computational errors 

 Misrepresentation of physical processes 

 

Remote Sensing 

 Sparse networks 

 Retrieval algorithm errors 

 Lidar near surface overlap 

All methods have limitations - Synergies 

A synergistic use of available methods can provide more 

insight on specific atmospheric processes 
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Introduction to Numerical Weather Prediction 

(NWP) 
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Introduction to Numerical Weather Prediction (NWP) 

Lagrangian Description of Flow 

 

 We follow individual fluid particles 

(tracers) 

 As the particles move their positions 

and velocities change with time 

 The physical laws apply directly to 

each particle 

Eulerian Description of Flow 

 

 We define a finite space grid 

 The properties of each grid cell 

change with time  

 The physical laws are reformulated to 

an Eulerian format 
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Introduction to Numerical Weather Prediction (NWP) 

 Practically speaking we need at least 10 grid points to describe a physical 

phenomenon. 

 For example in order to resolve the development of a 20 km diameter convective 

cloud (Cb) this yields a model grid  resolution of 2 × 2 km 

 Sub-grid parameterizations for small scale effects 

 Convective parameterization remains the biggest problem in atmospheric models 
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Introduction to Numerical Weather Prediction (NWP) 

 Most of the important development of primary atmospheric physical 

processes in NWP models was accomplished by 1990 

 Currently we describe everything we know about atmospheric processes 

(actually, models have mostly caught up with our ability to observe the 

atmosphere) 

 Most important NWP development in past 15-20 years: Cheap computer 

power (PC, Workstations, Supercomputers) and Multi-processing 

 Higher resolution improves model topography, coastlines, treatment of 

physical processes  
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 When using coarse resolution (> 10 km), important weather events 

(e.g., thunderstorms) are not simulated explicitly 

 Need of “parameterizations” 

 If a parameterization gives an indication that a forecast 

thunderstorm occurred in a 10x10 km grid cell, and it actually 

happened, it was considered a good forecast 

 With high resolution (100 m), if a thunderstorm is forecast to occur 

200m west of a road, but it actually occurred 200m east of the road: 

• good forecast? bad forecast? 

Introduction to Numerical Weather Prediction (NWP) 
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Dispersion Modeling – PBL Considerations 

High PBL top - Deep mixing 

layer 

Low PBL top - Temperature 

Inversion 



EARTH SYSTEM SCIENCE 

MSc in Space Science Technologies and Applications 25 

ACEMED flight 

FLEXPART backward 

run 

FLEXPART forward 

run 

Airborne – Satellite –Model combination 
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Modeling - Remote Sensing Synergies 

Kokkalis et al., 2018, Remote Sensing 

1. Station measurements (e.g. ASERONET) 

2. HYSPLIT backtrajectories cluster 

3. Result analysis to identify source apportionment 



EARTH SYSTEM SCIENCE 

MSc in Space Science Technologies and Applications 27 

Hybrid Single-Particle 
Lagrangian Integrated 

Trajectory model  

WHAT?? 

Slides from the internet 
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I think I’ll call it  

HYSPLIT 

What?? 

https://ready.arl.noaa.gov/HYSPLIT.php 

https://ready.arl.noaa.gov/HYSPLIT.php
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What HYSPLIT Does 

Modeling tool used for computing : 
• wind trajectories in three dimensions  
• complex pollutant dispersion, deposition patterns 
• can be used online or downloaded and used on your 

computer 
• can provide short-term forecasts for pollutant 

dispersion, or wind trajectories using forecast 
meteorological data 

• can help us predict air quality and explore existing 
pollution episodes in near-real-time, and increase 
understanding of past pollution episodes 
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To Find Out Where is it Going 

Proscribed burn 
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And Where it Came From 
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We are looking at 8 August 2017 
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We are looking at 8 August 2017 
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We are looking at 8 August 2017 
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We are looking at 8 August 2017 
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Find the location of 

the air mass at 

12:00UTC   

12 AUG 2017 
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Sheveluch Volcano 

56.55 N 

161.3 W 

8 – 16 August 2017 

British Columbia Fires 

53.72 N 

127.64 W 

14-15 August 2017 



EARTH SYSTEM SCIENCE 

MSc in Space Science Technologies and Applications 41 

Περιοχή 1 

Sheveluch Volcano 

56.55 N 

161.3 W 

8 – 16 August 2017 

Περιοχή 2 

British Columbia Fires 

53.72 N 

127.64 W 

14-15 August 2017 

1. Να εμεταστεί ε πξνέιεπσε τσλ αεξίσλ καδώλ πνπ αληρλεύνλταη σε ύςνο 2, 

4, 6, 8 θαη 10 km στν σταζκό τεο Φηλνθαιηάο στελ Κξήτε γηα τηο 25 Μαξτίνπ 

2019, 12:00 UTC 

 

2. Να εμεταστεί αλ γηα θάπνηα σπγθεθξηκέλε εκεξνκελία κεταμύ 15-25 

Απγνύστνπ 2017 ππάξρεη πηζαλότετα λα σπλππάξρνπλ αέξηεο κάδεο 

πξνεξρόκελεο από τηο πεξηνρέο 1 θαη 2, θαζώο θαη σε πνην σεκείν στελ 

ατκόσυαηξα κπνξεί λα σπκβαίλεη απτό. 


