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@obal climate change significantly affects desert ecosystems The I\/Iedrterranean pbasin IS increasingly impacted by desert dust
altering their structure, function, and services due to rising outbreaks from Northern Africa, with the Eastern Mediterranean
temperatures, reduced rainfall, and higher CO, levels. While local Region (EMR) affected by three main Sand and Dust sources: the
weather patterns can occasionally lead to "greener deserts® through Middle East, Northern Africa, and the Sahel. When this particulate
Increased sea evaporation and precipitation, these changes also matter (PM) combines with anthropogenic pollution from human
threaten desert-adapted species—especially endemics—by reducing activity, air quality in the region deteriorates significantly. As a
suitable habitats. Moreover, climate impacts Iin deserts extend beyond result, efficient air quality and PM monitoring in desert areas Is a
their boundaries, as windblown dust carries pollutants across countries high priority—not only for the desert areas per se, but also for

~\and continents, depositing particles far from their source. nearby and even distant regions.

For specific parameters such as temperature and reIatlve humrdrty, ground -based observational networks are typically more reliable and can

support efficient monitoring. However, desert areas are typically undersampled due to the harsh local conditions that do not favor the
operation of local networks and hence monitoring Is performed, if at all, making use of satellite-derived datasets. Such datasets are inevitably
associlated with Iare blases, complicating thus nerformance testing and calrbratron of numerrcal models
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CIROCCO Project, targets efficient air quality monitoring In In CIROCCO, the Weather Research and Forecasting model
undersampled, hard-to-reach desert areas through an integrated = coupled with Chemistry (WRF-Chem) simulates dust activity,
sensing system that combines cost-effective In-situ nodes, data  enhanced through assimilation of MIDAS satellite-based Dust
fusion, remote sensing, and assimilation modelling using satellite  Optical Depth (DOD) data. This custom assimilation process
products. Aerosol assimilations Integrate Aerosol Optical Depth  enhances atmospheric dust modeling, reveals dust distribution
(AOD) and Particulate Matter (PM) data from low- and mid-cost patterns, and supports two downstream services. one for
sensors to refine atmospheric models and better represent aerosol - forecasting impacts in vulnerable regions, and one for generating
flelds. Reference-grade optical particle counters ensure periodic  a dust deposition database for biochemical studies. The model Is
recalibration to correct seasonal and performance variations. Data are  configured as follows: 12h assimilation window, 12 km x 12 km
fused and calibrated with satellite observations, while communication resolution, output every 3h, AFWA dust scheme, RRTMG
relies on local Wireless Sensor Networks and satellite links for edge  (shortwave, longwave) radiation scheme and Purdue Lin
device retrieval. microphysics scheme

n A

w\ Ww WA
N 3 "..‘

AN AN

SO
% M A

o

.'Jr‘ : ; 3 "I 8 ~ . 4 2B 4

CiROCCO
Streamhandler

MIDAS DATASET l_
\

N
D\ i
Module - sensors
= ss Y\ == !
' ' MEDIUM-COST . Evaluati o
Fig.1: Low-cost sensing node Fig.2: Higher quality mid-cost Fig.3: Portable AOD devices g
(designed for the Project) station (off-the-self solution) (off-the-self squtlon) Frg 4: Assimilation system flowchart
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ﬁdicative results for hindcast simulations for 05.09.2021 are The assimilation process notably enhances the model's AOD
_| presented below: forecast and also supports a better representation of dust
concentration and dust deposition fields.

WRFE,

Overall, these results support improved services related with ocean
biogeochemistry, as well as solar power forecasting and
Renewable Energy Systems Planning, air quality early warning
system for human health, land use and ecosystem
management and modelling of GHGs and particles emissions,
as separately addressed by the four Project Pilots.

Future steps Include further evaluation using ground-based
Fig 7: WRF DOD after assimilation megsurements (AOD, PM, s, PM,,) from CIROCCO in-situ sensors.
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