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Operational risks of sand and dust storms
In aviation and solar energy: the DustClim

approach

Sand and dust storms (SDS) entail short- and long-term operational threats for aviation
and solar energy production. The ERA4CS DustClim project is assisting these sectors in
understanding and reducing SDS-related risks, by producing a state-of-the-art reanalysis
climatology and a set of specialized impact analysis products with industry partners.
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Sand and dust storms (SDS) are an
important threat to health, property,
equipment, and the economy in many
countries, whereas the scales of the
threat can be considerable (Fig. 1). In
many cases, the risks include loss of
lives, substantial disruptions of activ-
ities and operations, and economic
losses. Some of the risks are expected
to increase due to a combination of cli-
matic, social, and technological trends.
DustClim (Dust Storms Assessment for
the development of user-oriented Cli-
mate Services in Northern Africa, Mid-
dle East and Europe) aims to provide
reliable information on SDS for devel-
oping dust-related services for the air
quality, aviation and solar energy sec-
tors. In this paper, we present our ap-
proach to developing purpose-specific
products that help the aviation and so-
lar energy production industry in un-
derstanding and reducing SDS-related
risks. We finish with a brief overview of
the products.

DustClim is producing a state-of-
the-art dust reanalysis over the domain
of Northern Africa, the Middle East,
and Europe at an unprecedented high
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FIG 1: A sand storm developing over Camp Bastion in Afghanistan, May 2014

(source: Cpl Daniel Wiepen)

spatial resolution (10km x 10km) us-
ing the state-of-art NMMB-MONARCH
model and its advanced data assimila-
tion capabilities (Di Tomaso et al. 2017)
as well as quality dust satellite prod-
ucts and their respective uncertainties.

The resulting reanalysis is at pres-
ent the most advanced basis to under-
stand the long-term risks of operating
in risky sand and dust environments.
To exploit this potential in a way that
better covers the needs of aviation
operations and solar energy produc-
tion, we identified SDS-related ‘objec-
tive threats’ by referring to operation-
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al manuals, regulations and standards,
scientific literature, and other tech-
nical documentation, the results of
which have been in a continuous in-
terplay with the development of the
SDS reanalysis climatology, including
the evaluation of uncertainty. This al-
lowed to give the necessary focus to
both the envisioned products and rea-
nalysis setup. Next, we initiated an on-
going dialogue with industry partners,
aiming to expose our product concepts
to flexible, expert peer-review, and po-
tential co-refinements of the products.
Our development methodology (Fig. 2
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top) has ensured that the products
are (a) grounded in state-of-the-art
science, (b) are motivated by risks en-
countered by operations and regulatory
standards, and (c) are critically modi-
fied into case-relevant knowledge for
end-users. Fig. 2 (bottom) summarizes
the first round of products.

SDS affect aviation operations main-
ly through reduced visibility and me-
chanical effects. Reduced visibility af-
fects mainly navigation and approach/
landing/take-off, route planning, and
ground support operations. Mechanical
effects include the scouring, corrosion,
erosion, or abrasion of aircraft surfaces,
instrumentation, and engines and have
implications for safety, certification
standards, and maintenance schedules
and costs (Baddock et al. 2013; Clark-
son and Simpson 2017). We address
visibility effects through products that
indicate (a) exceedances of instru-
ment flight rules, visual flight rules, and
low-visibility procedures thresholds for
14 flight levels and various temporal ag-
gregations and (b) implications for air-
port closures according to their current
instrument approach capacity. We ad-
dress mechanical effects by providing
measures of the accumulated exposure
of aircraft and engine to particle con-
centrations for approx. 70000 flight
routes and 14 flight levels, which is pri-
marily related to engine abrasion.

In solar energy production, SDS re-
duce the capacity of solar panels to pro-
duce energy through two main chan-
nels: by reducing the incoming solar
irradiance directly (through absorption
and scattering) or indirectly (through
dust-induced cloud formation and/or
cloud modification) and by depositing
material on the solar panel. Deposi-
tion affects all three main solar energy
technologies: photovoltaics (PV), con-
centrating solar power (CSP), and con-
centrating photovoltaics (CPV). Dust

FIG 2: Pillars of DustClim’s product development process (top) and overview
of products (bottom) for aviation and solar energy

deposited on transparent or glass ma-
terials decreases transmissivity capac-
ity, whereas dust deposited on mirror
materials decreases reflectance (Sarver
et al. 2013; Mejia et al 2013). These ef-
fects relate to simple blockage of the
incoming irradiance, but also to chem-
ical interaction with the panel’s surface
material, which, in addition to block-
age, has corrosive effects (Sarver et al.
2013). We focus on deposition effects
on solar PV panels, providing products
that (a) indicate dry and wet deposition
on panel surface, (b) subsequent en-
ergy output reduction communicated
as a soiling index, (c) optimal cleaning
frequency for operating with profit, and
(d) investment risk per location.
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