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A 1928 Dirigible Tragedy
Saving a Pagodaʼs Dome
How to Measure the Worldʼs Sand

SATELLITE
RECON
Scientists are using remote sensing from orbit
to hunt for underwater volcanoes, predict allergy
seasons, and even plan better cities.
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Eyes in the Sky
Improve Pollen
Tracking
Physicians, public health oﬃcials, and experts
in remote sensing and ecology are identifying ways
that satellites, webcams, and crowdsourcing
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could help them manage asthma and allergies.
By Ghassem R. Asrar, Yuyu Zhou,
Theresa M. Crimmins, and Amir Sapkota
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very year, plants around the world
burst into bloom, producing a
spectacular display of color—and
releasing an abundance of pollen.
For people with asthma and other
respiratory ailments, springtime
heralds the beginning of a season of misery.
Asthma affects more than 319 million
individuals globally. In the United States,
nearly 8% of the population currently suffers from asthma, costing more than
$80 billion annually in treatment and loss of
productivity [Nurmagambetov et al., 2018].
Despite this high health care cost and the
real suffering of those with allergies, pollen
monitoring in the United States, which
could help reduce necessary treatments and
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lost time, remains limited. However, satellites that monitor plant activity are poised
to play a major role in a coordinated effort
to generate localized pollen forecasts, which
could help millions of people breathe easier.

Pollen Information from Three Sources
The U.S. federal Interagency Working Group
on Climate Change and Health concluded
that climate change will likely amplify
existing environmental triggers of asthma,
resulting in more severe and frequent exacerbations, particularly among vulnerable
populations [Portier et al., 2010]. Although
pollen is one of the leading risk factors
known to worsen asthma symptoms, pollen
monitoring in the United States is often
undertaken by a private network of physicians with no governmental support.
Because of the high labor cost associated
with pollen counting, there were only

82 National Allergy Bureau–certified pollen
counting stations in 2012, translating to one
pollen monitor for every 3.4 million Americans.
Recent advances in Earth observations
could support human health interventions
by addressing the paucity of information on
pollen presence, makeup, and concentration. Satellite-borne sensors, such as those
on the Landsat missions, have the potential
to provide remotely sensed information
regarding the annual variability, spatial
extent, and seasonality (start, peak, and
end) of pollen patterns. Proxy data related
to pollen dynamics generated from this
information can also be used to identify the
onsets and durations of seasons for important types of pollen.
In addition, near-surface images collected hourly from cameras on towers
in the PhenoCam Network, currently comprising hundreds of sites worldwide, can

Satellites that monitor plant activity are poised
to play a major role in a coordinated eﬀort
to generate localized pollen forecasts, which
could help millions of people breathe easier.
In particular, our recent work has shown
that satellite-based phenology data can
reveal information about the likelihood of
asthma hospitalization risk at the local level
[Sapkota et al., 2020], which is projected to be
further exacerbated by climate change. This
work highlights the substantial potential
benefits of integrating these data sets and
delivering information to clinicians, public
health practitioners, and the public to
improve decisions regarding management

of pollen allergy symptoms, especially for
vulnerable segments of the population.

Bridging Gaps Between Science
and Health
Researchers recently convened a workshop
involving physicians who treat allergic diseases, public health officials, and experts
in remote sensing and ecology. The goals
of the workshop were to assess the poten-
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supplement satellite-derived data. The
thousands of observations collected and
reported on a daily basis by participants in
crowdsourcing programs like the USA
National Phenology Network’s Nature’s
Notebook program can provide still further
information on the life cycle status of plants
across the country, verifying information
provided by satellite- and tower-based sensors.
These different types of observations are
complementary and, combined, offer pictures that are both overarching and locally
detailed. Together these resources would
also provide more insight than we can currently gather into the taxonomy, or identities, of plants that contribute pollen during
different life cycle stages (i.e., greening,
flowering, senescing) over the course of the
pollen season.
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tial to bridge information gaps among scientists, health care professionals, and the
public using Earth observations and to
gauge interest in joining collaborations to
address this multidisciplinary scientific
and technical challenge. Participants confirmed their interest in working together
and agreed on the need for better information about seasonal pollen patterns, including on the start of pollen season and the
timing of peak pollen levels. This information could dramatically improve the timing
of advice that clinicians and public health
practitioners can provide to individuals
suffering from pollen-related allergies
and asthma, such as about updating prescriptions, purchasing over-the-counter
medications, and modifying outdoor activity.
Participants also agreed that several
important shortcomings exist in currently
available information, including the lack of
reliable near-real-time pollen measurements and data-driven short-term projections of pollen concentrations for use in
advising patients. However, there are
opportunities to leverage existing data
sources to improve allergy warnings and
advisories in the short term (days to
months).
First, PhenoCam images and volunteer-
contributed, ground-based phenology
observations could be used to develop a
simple location-specific indicator for the
pollen onset and severity. Such an indicator
could help fill gaps in pollen information at
local to global scales; however, the PhenoCam Network is still evolving and adding
new stations, so it may take time before its
full potential for generating high-resolution
data at a global scale is realized.
Second, existing satellite observations
could be leveraged to estimate the start and
timing of peak concentrations for the most
allergenic taxonomic groups, including trees
in spring and, to a lesser extent, grasses in

Pollen from sunflower, morning glory, prairie hollyhock, oriental lily, evening primrose, and castor bean is seen in
detail in this scanning electron microscopic image. Credit: NASA Goddard Space Flight Center

summer and weeds in fall. These estimates
would provide health practitioners with
substantially more information than is currently available. This capability to obtain
reliable pollen information from satellite
observations has been demonstrated for
birch (Betula), a highly allergenic species,
and it has the potential to be extended to
many more plant species [Karlsen et al.,
2008; Li et al., 2019a]. PhenoCam observations and data from pollen monitoring networks and volunteer-based observations are
valuable in verifying the efficacy of these
space-based observations for deriving phenology indicators and vegetation-specific
onset, duration, and intensity of pollen production [Khwarahm et al., 2017; Li et al.,
2019b].
Third, determining the drivers of pollen
development and release opens the door to
producing real-time and short-term projections of airborne pollen for key pollen
species. These projections are invaluable to

Environmental scientists, public health
experts, and physicians must work together
to incorporate emerging technologies to tackle
scientific challenges and improve health
and well-being.
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allergy health experts and practitioners and
to public health authorities.

Pollen Dynamics and Early Warnings
Supporting the development of early-
 arning systems requires additional
w
research in several areas. First, we need to
develop predictive models for ground-level
pollen that leverage satellite data, PhenoCam observations, and crowdsourced phenology data to fill information gaps between
sparse pollen monitoring stations. Next, we
need to improve our understanding and
knowledge of the ways that different pollen
types are related to allergic asthma symptoms based on demographics like gender
and socioeconomic conditions, especially in
rapidly developing urban systems around
the world. Likewise, we need to improve our
understanding of how pollen may synergistically interact with other known risk factors of asthma—such as air pollution (e.g.,
from ozone and particulate matter) and
extreme heat—to worsen asthma symptoms.
Recent studies demonstrate the feasibility of using s
 atellite-based phenology information together with asthma allergy
hospitalization data to derive information
useful to allergy health experts, practitioners, and policy makers [Sapkota et al.,
2019, 2020]. There is an urgent need to
evaluate the efficacy of such an approach
for a wide range of systems, environmental
conditions, vegetation types, and demographic populations in urban, suburban,
and rural settings.

Finally, rethinking clinician education
and training experiences can provide additional opportunities to improve patient care
related to asthma and allergies. Allergy
experts participating in our discussion
noted the absence of environmental health
topics in medical school curricula. They
indicated that this gap impedes efforts to
incorporate considerations of environmental change–related hazards and risks in d
 ay-
to-day patient care.

Science Serving Society
There are many opportunities to use existing technologies and data sets to better
anticipate human allergenic responses to
various factors in the environment. To
ensure healthy people and a healthy planet
and in the spirit of science and technology serving society, environmental scientists, public health experts, and physicians
must work together to incorporate such
emerging technologies to tackle scientific
challenges and improve health and well-
being.
Through an initial conversation involving
public health officials and physicians who

treat allergic diseases, we set the stage for
progress on developing and delivering more
actionable information regarding the risk
for asthma and allergic responses in
humans. We are excited by the prospects of
advancing this multidisciplinary field by
bringing together experts in public health,
ecology, Earth observations, information
science and technology, and crowdsourced
science to focus on a critical challenge. We
hope to fulfill information needs for public
health and to improve quality of life for
people around the world who are vulnerable
to pollen allergies.
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CALL FOR PROPOSALS

Scientific Ocean Drilling
MSP expeditions are
planned to operate once
every other year to recover
core from targets that are
inaccessible by the other
facilities (e.g., shallow water,
enclosed seas, ice-covered
seas). MSP proposals for
any ocean are welcomed.
Completely new Chikyu riser
proposals (other than CPPs)
will not be accepted until
publication of a new post-2023 science plan.
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The JR is currently scheduled into the beginning of 2022
(iodp.tamu.edu/scienceops). Subject to ship availability,
we plan to schedule JR expeditions through the end of
2024. The JR is expected to operate in the Equatorial and
North Atlantic, Gulf of Mexico, Mediterranean, Caribbean,
and the Arctic in 2021-2023, and to complete its circumnavigation with a return to the eastern Pacific region by
late 2023, the western Pacific in 2023-2024, and potentially the Indian Ocean by the end of 2024. Proposals for
the Pacific and Indian Oceans are now needed.
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The International Ocean Discovery Program
(IODP) explores Earth’s climate history, structure,
mantle/crust dynamics, natural hazards, and deep
biosphere as described at www.iodp.org/scienceplan. IODP facilitates international and interdisciplinary research on transformative and societally
relevant topics using the ocean drilling, coring,
and down-hole measurement facilities JOIDES
Resolution (JR), Chikyu, and Mission-Specific
Platforms (MSP). Proposals are being actively
sought for all three facilities.
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Chikyu
MSP
JOIDES Resolution

We also invite proposals that involve drilling on land and at sea
through coordination with the International Continental Drilling
Program (ICDP) and a new submission and joint review process.
Investigators are reminded that the interval from first submission to
expedition scheduling is on the order of 4-5 years due to the review
process and lead time required for scheduling, and that adequate site
characterization/site survey data are critical for success. Submission
information can be found at www.iodp.org/submitting-proposals.

Submission Deadline: October 1, 2020 • More information: www.iodp.org • Contact: science@iodp.org
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