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DTIC and HDIAC

The Defense Technical Information Center (DTIC) preserves, curates, and shares knowledge
from the U.S. Department of Defense’s (DoD’s) annual multibillion-dollar investment in science
and technology, multiplying the value and accelerating capability to the Warfighter. DTIC
amplifies this investment by collecting information and enhancing the digital search, analysis,
and collaboration tools that make information widely available to decision-makers, researchers,
engineers, and scientists across the Department.

DTIC sponsors the DoD Information Analysis Centers (DoDIAC), which provide critical, flexible,
and cutting-edge research and analysis to produce relevant and reusable scientific and
technical information for acquisition program managers, DoD laboratories, Program Executive
Offices, and Combatant Commands. The IACs are staffed by, or have access to, hundreds of
scientists, engineers, and information specialists who provide research and analysis to
customers with diverse, complex, and challenging requirements.

The Homeland Defense & Security Information Analysis Center (HDIAC) is a DoDIAC
sponsored by DTIC to provide expertise in eight technical focus areas: alternative energy;
biometrics; chemical, biological, radiological, and nuclear (CBRN) defense; critical infrastructure
protection; cultural studies; homeland defense & security; medical; and weapons of mass
destruction. HDIAC is operated by SURVICE Engineering Company under contract
FA8075-21-D-0001.

Tl Research

A chief service of the DoDIAC is free technical inquiry (TI) research limited to four research
hours per inquiry. This Tl response report summarizes the research findings of one such
inquiry. Given the limited duration of the research effort, this report is not intended to be a deep,
comprehensive analysis but rather a curated compilation of relevant information to give the
reader/inquirer a “head start” or direction for continued research.
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Abstract

The Homeland Defense and Security Information Analysis Center was asked to provide
information on quantifiable impacts or even potential impacts that atmospheric dust particulates
have on climate. The primary focus is on atmospheric dust that centers around the northern
Africa region and the regions of the Atlantic Ocean in close proximity, but any global information
is also of interest. This report contains findings for which organizations have detection and
cataloging capabilities for atmospheric dust particulates, as well as which organizations have
been performing climate-related research as it relates to trends in the presence of atmospheric
dust over time.
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1.0 TI Request

1.1 Inquiry

Can an annotated bibliography be provided on atmospheric dust globally or emanating from
and/or affecting Africa?

1.2 Description

The Homeland Defense and Security Information Analysis Center (HDIAC) was asked to
provide information on research to date for trends in atmospheric dust and its relation to
climate-related trends. Of particular interest is information centered around the northern Africa
region and the regions of the Atlantic Ocean in close proximity, but any information on these
topics globally is also of interest.

2.0 Tl Response

A literature search was performed on the Defense Technical Information Center’'s Research and
Engineering Gateway and on open-source platforms. Additionally, a call for information was
sent out to HDIAC’s member network to seek contributions on this topic. This research is
important to the U.S. Department of Defense (DoD), as ensuring a strong military posture and
the protection of critical infrastructure are impacted by military sensing capabilities, which
exceed thresholds in atmospheric particulates and might impact some sensing capabilities.
Additionally, climate-related considerations are a key factor in many regional decisions for

U.S. forces and allies.

2.1 National Aeronautics and Space Administration (NASA)

NASA coordinated with HDIAC to provide information on the Observations of Aerosols Above
Clouds and Their Interactions (ORACLES) investigation [1], as well as the Global Reference
Atmospheric Model (GRAM) platform [2] and the Global Positioning System Occultation
Analysis System (GOAS) [3]. Additionally, NASA’s Jet Propulsion Laboratory developed the
Earth Surface Mineral Dust Source Investigation (EMIT) tool, which is “an imaging spectrometer
that records a full spectrum of solar-reflected light at each pixel in an image” [4].

2.1.1 ORACLES

The ORACLES investigation is a 5-yr research effort that is designed to study key processes
that determine climate impacts of African biomass burning (BB) aerosols [1]. With its focus on
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the Africa region, this investigation is used to study the “aerosol-cloud interactions in the
southeast Atlantic,” with the goals of determining the impact that BB has on the region and
better understanding various radiation interactions that BB could have on a global scale [1].

2.1.2 GRAM

The GRAM platform is an “engineering-oriented atmospheric model that estimates mean values
and statistical variations of atmospheric properties for planetary destinations” [2]. Key
parameters that GRAM can generate include: atmospheric density, temperature, pressure,
winds, and chemical composition [2].

2.1.3 GOAS

The GOAS “processes atmospheric and ionospheric occultation data obtained from
low-Earth-orbiting Global Positioning System transmission receivers” [3], which can be used to
provide information on atmospheric density, temperatures, pressures, refractivity, and bending
angles of signals vs. altitude up to 30 km from the Earth’s surface [5].

2.1.4 EMIT

The EMIT tool is an imaging spectrometer developed at NASA’s Jet Propulsion Laboratory,
which was launched to the International Space Station on 14 July 2022. This spectrometer
records a full spectrum of solar-reflected light to map mineral-dust-forming regions at a global
level to better inform research on dust composition and related radiative-forcing effects in the
presence of these mineral-dust regions [4].

2.2 DoD

The DoD has performed atmospheric-dust-related research across various components.
Information on the research to date is detailed in Sections 2.2.1 and 2.2.2.

2.2.1 U.S. Army

The Army has performed research in atmospheric dust tracking and compared the generated
data with climate-related phenomena over time. The U.S. Army Engineer Research and
Development Center (ERDC) published its findings pertaining to four dust-related events in the
Africa region from 2017 to 2021 [6]. ERDC suggested that further research in this field be
completed, as “a recent study found that the Godzilla dust event of June 2020 could have
contributed to an increase in tropical cyclone activity in the Atlantic Basin due to a net warming
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of sea surface and air temperatures over the Atlantic Ocean” [6]. Similarly, dust and
atmospheric analysis reports are being conducted for additional regions [7].

2.2.2 U.S. Navy

The Navy has been committed to studying the operational impacts of aerosolized particulates to
DoD operations for multiple decades [8]. Navy agencies, such as the Naval Research
Laboratory and the Office of Naval Research, have partnered with the Johns Hopkins University
Applied Physics Laboratory team “for end-to-end prediction of dust impacts on DoD operations,
with a focus on visibility; [intelligence, surveillance, and reconnaissance] ISR; and
directed-energy electro-optical systems.” To achieve this end-to-end capability, the Navy
developed:

e The U.S Navy Aerosol Analysis and Prediction System Reanalysis tool
e International Cooperative for Aerosol Prediction Multi-Model Ensemble
e Multi-satellite sensor and observation holdings

e Extensive field campaign dataset holdings

e Adiverse network of subject matter experts in the scientific community

2.3 Other Agencies

Many additional agencies have been researching the presence or origin of dust particulates in
the atmosphere, or the impact that those particulates have on climate. The information in this
section is not a fully inclusive list of information available on the topic but instead reflects what
can be published in this report. For additional information, please follow up with the HDIAC
team.

2.3.1 University of Georgia

The University of Georgia has partnered with the National Science Foundation, Texas A&M
University-Corpus Christi, and additional partners to perform research to further understand the
effects that atmospheric particulate deposition into marine environments has on regional
climates [9]. This research focuses on the impacts that the deposition from dusts originating in
the Saharan region has on microbes found within the Atlantic Ocean by relating the trends of
dust present in the atmosphere with temporal trends of measurable concentrations in
biogeochemical and microbial responses in the subtropical Atlantic.
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2.3.2 Institute for Defense Analyses (IDA)

IDA has assembled a team of researchers who utilize established databases and tools to assist
in the realm of atmospheric research [10]. It has experience with reanalysis tools and projected
climate datasets to generate K-means, unsupervised, machine learning tools to generate
aerosol optical depth data, weather information, and land-type information for trend analysis.
Key reanalysis tools and datasets include:

e Reanalysis

o The European Centre for Medium-Range Weather Forecasts Reanalysis Tool v5
(known as ERAD): a fifth-generation atmospheric reanalysis capability maintained by
the European Centre for Medium-Range Weather Forecasts for global climate. This
tool focuses on atmospheric, land, and oceanic climate variables, with hourly
updates [11].

o National Centers for Environmental Prediction and National Center for Atmospheric
Research Reanalysis 2 Tool: a tool that provides daily and monthly atmospheric
modeling records from 1948 to the present [12]. This tool is updated several times a
day to provide information on air temperature, convective precipitation rates,
divergence data, downward longwave radiation flux, downward solar radiation flux,
geopotential height, ground heat flux, ice concentrations, land-sea masks, latent heat
net flux data, sea level data, orography, atmospheric pressure data, cloud data, solar
data, and more.

e Projected Climate Datasets

o Community Earth System Model Large Ensemble Community Project (known as
CESM LENS): a climate variability and climate change simulation model [13]. Its
simulations are available publicly to review.

o Hadley Centre Global Environment Model Family (known as HadGEM3): a family of
models that can provide details on both atmospheric data and Earth surface-level
information, such as dynamic vegetation, ocean biology, and atmospheric chemistry
[14].

Distribution Statement A. Approved for public release: distribution is unlimited. 4



~
Homeland Defense & Security
Information Analysis Center
References

[1] Vasques, M. “ORACLES.” ESPO-NASA, https://espo.nasa.gov/oracles, accessed on
16 October 2024.

[2] National Aeronautics and Space Administration Technology Transfer Program. “Global
Reference Atmospheric Model (GRAM) Suite.” MFS-33888-1,
https://software.nasa.gov/software/MFS-33888-1, accessed on 22 October 2024.

[3] National Aeronautics and Space Administration Technology Transfer Program. “GPS
Ocecultation Analysis System (GOAS).” NPO-30596-1, hitps://software.nasa.gov/software/NPO-
30596-1, accessed on 22 October 2024.

[4] Thompson, D. R. Personal communication. Jet Propulsion Laboratory, National
Aeronautics and Space Administration, La Cafiada Flintridge, CA, 2024.

[5] Hajj, G., E. Kursinski, S. Leroy, B. lijima, M. de la Torre Juarez, L. Romans, and C. Ao.
“Processing GPS Occultation Data to Characterize Atmosphere.” NTRS-NASA Technical

Reports Server, 20110014781, https://ntrs.nasa.gov/citations/20110014781, accessed on

17 November 2024.

[6] LeGrand, S. L., and K. H. Sparrow. “Establishing a Series of Dust Event Case Studies for
North Africa.” ERDC, https://erdc-library.erdc.dren.mil/items/cdcd0a84-1cal-4f07-a7fl-
95d15723a4ef, accessed on 3 November 2024.

[7] Letcher, T.W., S. L. LeGrand, and K. H. Sparrow. “Establishing a Series of Dust Event
Case Studies for East Asia.” ERDC, https://erdc-library.erdc.dren.mil/items/b5ee8c8e-006e-
467c-ab56-bfc279293ec?, accessed on 3 November 2024.

[8] Reid, J. S. Personal communication. U.S. Naval Research Laboratory, Monterey,
California, 2024.

[9] Borchardt, T., K. V. Fisher, A. M. Ebling, J. R. Westrich, P. Xian, C. D. Holmes,

W. M. Landing, E. K. Lipp, M. S. Wetz, and E. A. Ottesen. “Saharan Dust Deposition Initiates
Successional Patterns Among Marine Microbes in the Western Atlantic.” ASLO,
https://aslopubs.onlinelibrary.wiley.com/doi/10.1002/In0.11291, accessed on 3 November 2024.

[10] Bewley, J. Personal communication. Institute for Defense Analyses, Alexandria, VA,
2024.

Distribution Statement A. Approved for public release: distribution is unlimited. 5


https://espo.nasa.gov/oracles
https://software.nasa.gov/software/MFS-33888-1
https://software.nasa.gov/software/NPO-30596-1
https://software.nasa.gov/software/NPO-30596-1
https://ntrs.nasa.gov/citations/20110014781
https://erdc-library.erdc.dren.mil/items/cdcd0a84-1ca1-4f07-a7f1-95d15723a4ef
https://erdc-library.erdc.dren.mil/items/cdcd0a84-1ca1-4f07-a7f1-95d15723a4ef
https://erdc-library.erdc.dren.mil/items/b5ee8c8e-006e-467c-a556-bfc279293ec7
https://erdc-library.erdc.dren.mil/items/b5ee8c8e-006e-467c-a556-bfc279293ec7
https://aslopubs.onlinelibrary.wiley.com/doi/10.1002/lno.11291

~
Homeland Defense & Security
Information Analysis Center

[11] European Centre for Medium-Range Weather Forecasts. “ECMWF Reanalysis v5
(ERA5).” ECMWF 50, https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5,

accessed on 17 November 2024.

[12] National Centers for Environmental Protection. “NCEP-NCAR Reanalysis 1.” NOAA
Physical Sciences Library, https://psl.noaa.gov/data/gridded/data.ncep.reanalysis.html,

accessed on 17 November 2024.

[13] Deser, C., J. E. Kay, A. Phillips, A. Mai, C. Hannay, G. Strand, J. Arblaster, S. Bates,

G. Danabasoglu, J. Edwards, M. Holland, P. Kushner, J.-F. Lamarque, D. Lawrence,

K. Lindsay, A. Middleton, E. Munoz, R. Neale, K. Oleson, L. Polvani, and M. Vertenstein.
“Large Ensemble Community Project (LENS).” NCAR, https://www.cesm.ucar.edu/community-

projects/lens, accessed on 17 November 2024.

[14] Met Office. “HadGEM3 Family: Met Office Climate Prediction Model.”
https://www.metoffice.gov.uk/research/approach/modelling-systems/unified-model/climate-

models/hadgem3, accessed on 17 November 2024.

Distribution Statement A. Approved for public release: distribution is unlimited. 6


https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5
https://psl.noaa.gov/data/gridded/data.ncep.reanalysis.html
https://www.cesm.ucar.edu/community-projects/lens
https://www.cesm.ucar.edu/community-projects/lens
https://www.metoffice.gov.uk/research/approach/modelling-systems/unified-model/climate-models/hadgem3
https://www.metoffice.gov.uk/research/approach/modelling-systems/unified-model/climate-models/hadgem3

~
Homeland Defense & Security
Information Analysis Center
Biography

Daniel Fleming is a research inquiry analyst for the Homeland Defense and Security
Information Analysis Center. He has 6 yr of military experience and 4 yr of experience in a
clinical pharmaceutical setting. As a Marine Corps combat engineer, he used his skillsets both
domestically and internationally. During his time in the pharmaceutical industry, he served as a
lead analytical technician, executing established methods; assisting in developing site-specific
methods and programs; performing registration, storage, and testing; and ensuring accurate
reporting of tests on thousands of drug and vehicle suspensions. Mr. Fleming also executed
on-site training plans at several stages to ensure modern compliance with federal regulations.

Distribution Statement A. Approved for public release: distribution is unlimited. 7



	Report Number:
	HDIAC-BCO-2024-616
	About
	Abstract
	1.0  TI Request
	1.1  Inquiry
	1.2  Description

	2.0  TI Response
	2.1  National Aeronautics and Space Administration (NASA)
	2.1.1  ORACLES
	2.1.2  GRAM
	2.1.3  GOAS
	2.1.4  EMIT

	2.2  DoD
	2.2.1  U.S. Army
	2.2.2  U.S. Navy

	2.3  Other Agencies
	2.3.1  University of Georgia
	2.3.2  Institute for Defense Analyses (IDA)


	References
	Biography

