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Fish that suffocated from a red tide wash up on Florida’s coast.

plex because of their proximity to land and, by extension, to
the humans who inhabit the coastlines. This proximity sub-
jects coastal ecosystems to variations in materials carried
in river and groundwater flow, along with varying stress
from human activities.

The value of coastal ecosystems and the pressures on
them motivated, in part, the National Research Council
[2007] to recommend in their Earth science decadal sur-
vey that NASA develop a satellite mission to monitor
coastal stressors. In particular, the National Research
Council recommended the Geostationary Coastal and Air
Pollution Events (GEO-CAPE) satellite mission, which at
the time was in its early planning stages and was formally
initiated in 2008 (see http://bit.ly/GEO-CAPE). In addi-
tion to focusing on pollution events, GEO-CAPE would
observe dynamic coastal ocean processes and variability
in atmospheric composition across the United States.

Atmospheric objectives are described by Fishman et al.
[2012]. Here we describe the coastal ecosystem part of the
mission, which would investigate science questions cen-
tered on short-term biogeochemical processes, exchanges
between land and ocean, the effects of climate change and
human activity, the effects of airborne materials, and epi-
sodic pollution events and coastal hazards. By imaging the
same regions repeatedly throughout the day, GEO-CAPE
would offer an unprecedented look at these short-term
phenomena.

The GEO-CAPE Mission

In 2008, two science working groups that focused sepa-
rately on the ocean and the atmosphere convened to
address land, ocean, and atmospheric processes and their
interactions across terrestrial and aquatic interfaces.
Members of these working groups, who were chosen from
university experts and NASA personnel, began to formu-
late the specifics of GEO-CAPE.

GEO-CAPE has preformulation status. This means that
NASA is funding efforts to create robust mission plans and
instrument designs but is waiting on these plans and
designs before setting a launch date, pending future fund-
ing. The original science working groups have defined sci-
entific questions and continue to advise NASA on the spa-
tial, spectral, temporal, and radiometric attributes for the
GEO-CAPE mission.

Critically, GEO-CAPE would conduct remote sensing
from a geostationary orbit, which would provide the neces-
sary perspective for repeated observations of geographic
regions of interest throughout the day. This orbit is a key
factor in how GEO-CAPE would be different from the pres-
ent suite of low-Earth-orbit ocean color satellites.

To reduce mission risk and cost, the working groups
have endorsed the concept of phased implementation, or
separate launches, of the ocean and atmospheric Earth-
observing instruments, using hosting on commercial sat-
ellites. Although GEO-CAPE has an unspecified launch
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date, NASA has invested nearly $20 million to advance the
science and technology of the mission. GEO-CAPE would
be a two- or three-instrument payload mission with a dis-
tributed architecture to reduce risk and cost.

GEO-CAPE’s Ocean Color Sensor

Ocean color information can aid in identifying algal
blooms, colored dissolved materials, particle loads, and oil
spills. Ocean color can also provide information on land
use and coastal features and reveal changes in response to
storms and other disruptive phenomena. Thus, GEO-CAPE
would track phytoplankton, water quality, and biogeo-
chemical parameters across northern and southern lati-
tudes in the Western Hemisphere.

To achieve its scientific goals, the GEO-CAPE team
developed the concept for an ocean color sensor uniquely
designed to capture the evolution of algal blooms and
monitor phytoplankton physiology, growth rates, and
shifts in phytoplankton community composition. The sen-
sor would also resolve coastal features, fronts, eddies, and
upwelling and help to estimate biogeochemical fluxes and
land-ocean-atmosphere exchanges at subdiurnal and
multiday scales. The sensor would feature a hyperspectral
ocean color radiometer that senses energy emanating from
the coastal ocean in the ultraviolet, visible, and near- and
shortwave-infrared spectral ranges.

Geostationary orbit would keep the sensor at a fixed
location approximately 36,000 kilometers above the Earth
(Figure 1). This would allow frequent imaging within its
fixed field of view of North and South America’s vast
coastal regions and the Laurentian Great Lakes, providing
frequent measurements that would revolutionize scien-
tific understanding of coastal dynamics and dramatically
increase the societal value of coastal observations from
space.

Current ocean color sensors on polar orbiters can make
measurements of the coastal ocean only once every 1-2
days. Because of cloud cover and other limitations, valid
ocean color retrievals over coastal waters occur weekly, on
average, which is inadequate to quantify coastal ocean

Proposed applications include
tracking harmful algal blooms,
managing fisheries, assessing
water quality, quantifying large
oil spill thickness and extent, and
improving disaster response.

dynamics. GEO-CAPE’s high-frequency measurements
(every 1 to 3 hours) would resolve rapidly changing condi-
tions in coastal waters, making it possible to monitor and
quantify ecosystem processes and to reduce measurement
uncertainties (Figure 2).

By focusing on coastal environments, GEO-CAPE is
poised to advance not only ocean science but also terres-
trial ecosystem science, which would greatly increase the
number of cloud-free observations of diurnal and seasonal
changes in coastal vegetation. This improvement would
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Phytoplankton swirls off the coast of New England in the eddy field
between the Gulf Stream and the Gulf of Maine. This 7 October 2016
image is from the Aqua satellite’s Moderate Resolution Imaging Spectro-

radiometer (MODIS); GEO-CAPE plans to collect similar images every
1-3 hours off all coasts along North America.

enable new applications for studying agricultural produc-
tivity and stress, tidal inundation, disturbance of natural
ecosystems, and responses to ephemeral phenomena such
as storm events.

In addition, the spectral range and spatial resolution
achievable with the sensor would provide data on atmo-
spheric aerosols and potentially trace gases for studies of
coastal emissions. These data would allow GEO-CAPE to
study interdisciplinary science topics, including biogeo-
chemical cycling in coastal ecosystems, carbon stocks and
fluxes from coastal wetlands, coral reef health, coupled
coastal air and water quality, the role of upwelling and bio-
aerosols in meteorology, and effects of anthropogenic dis-
turbances in aquatic environments.

Enhanced Applications

Humans benefit from coastal ecosystems economically and
in their quality of life [Wheeler et al., 2012]. To sustain
healthy coastal systems, economic prosperity, and quality
of life, we will need the ability to monitor change, assess
ecological conditions, and disseminate information to the
people who need it most.

The GEO-CAPE Ocean Working Group and NASA’s
Applied Science Program work closely with the satellite
user community, including the National Oceanic and
Atmospheric Administration, the U.S. Environmental
Protection Agency, the U.S. Navy, the U.S. Army Corps of
Engineers, the Bureau of Ocean Energy Management, and
the Gulf of Mexico Fishery Management Council. We have
compiled metrics to assess user data needs and measure-
ment requirements for specific applications concepts.

Following this assessment, proposed applications
include tracking harmful algal blooms; managing fisheries;
assessing water quality, surface currents, and underwater
visibility; improving search and rescue and navigation,
monitoring coastal and estuarine acidification; quantifying
large oil spill thickness and extent; and improving carbon
modeling, environmental forecasting, benthic habitat
monitoring, and disaster response.
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Fig. 1. The Geostationary Coastal and Air Pollution Events (GEO-CAPE)
satellite’s coverage is proposed to span North and South America. The
satellite’s geostationary view from 95°W at the equator (red dot) for the
GEO-CAPE coastal ecosystem sensor is overlain on a color map from
the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) chlorophyll a/
biosphere mission composite. The black outer circle encompassing
much of North and South America represents the 67° sensor viewing
angle, which is the approximate limit to ocean color retrievals from
95°W. The red lines extending beyond the continental landmasses rep-
resent 375-kilometer (acceptable) and 500-kilometer (mission goal) dis-
tances away from the shore (white lines). Graphic development by the
U.S. Environmental Protection Agency.

The ability of GEO-CAPE to monitor anthropogenic
emissions and smoke plumes from fires on regional
scales throughout the day would offer considerable
potential for quantifying changes in coastal air quality,
smoke plume evolution, and fire emissions, which have
direct and significant effects on atmospheric and bio-
geochemical cycles, the Earth’s radiation budget, and
human lives. Access to information on other important
abrupt disturbances—snowmelt and ice melt, river ice
damming and spring flush, storm impacts, and coastal
flooding—would also aid in resource monitoring and
relief distribution. Improved temporal, spatial, and
spectral resolution would contribute to coastal land
monitoring, including rapid assessments of storm dam-
age to coastal ecosystems, agriculture, human habita-
tion, and businesses.

Recent GEO-CAPE Ocean Activities
GEO-CAPE is on track to join the global constellation of
geostationary atmospheric chemistry and coastal ocean
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color sensors. The working group has carried out several
engineering studies and field measurements over the
past 5 years to ensure appropriate instrument designs
that meet science requirements while maintaining rea-
sonable cost and risk profiles of the GEO-CAPE ocean
color sensor.

Satellite stability is a major challenge faced by a remote
sensing instrument positioned far above Earth’s surface.
The GEO-CAPE instrument must be capable of capturing
high-resolution (~250-meter) imagery each hour. To test
stability and performance, engineering studies focused on
how to keep the instrument stable enough to accomplish
this task. These studies concluded that spacecraft distur-
bances affecting the ocean color instrument could be
resolved using existing technologies. Oceanographic
cruises in the Chesapeake Bay (July 2011) and the north-
ern Gulf of Mexico (September 2013) obtained compre-
hensive high temporal, spectral, and spatial resolution
data sets to capture patterns and scales of variability in
coastal water ecosystems. These data sets are needed to
evaluate the temporal, spatial, and spectral resolution
requirements of the sensor.

Another field experiment (May-June 2016) was
designed to collect additional measurements in the field
of view of the Korean Geostationary Ocean Color Imager
(GOCI), a pathfinder geostationary ocean color satellite
currently in orbit. This collaborative field study with
Korean scientists focused on diurnal dynamics of dis-
solved and suspended organic and inorganic materials,
with special attention given to ocean color radiometry.
These data would be used to evaluate what can be
resolved with hourly data in complex coastal environ-
ments in preparation for algorithm development for
GEO-CAPE.
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Fig. 2. Low-Earth-orbiting satellites, including Terra and Aqua, pro-
vide at best a single measurement per location per day. GEO-CAPE
is expected to provide multiple views throughout the day to mea-
sure coastal dynamics, rendering the loss of information caused by
cloud cover (e.g., at 21:00) less significant. Here GEO-CAPE data are
simulated with frequent airborne hyperspectral data showing the
movements of a potentially harmful algal bloom in Monterey Bay in
California. Times are in Greenwich mean time (+8 hours local Pacific
time). Graphic development by the U.S. Environmental Protection
Agency.

A Leap Ahead for Coastal Science

With its unique imaging capabilities and vantage point,
the GEO-CAPE ocean color sensor would do for coastal
science and applications what the Geostationary Opera-
tional Environmental Satellite (GOES) system has done
for weather prediction. GOES satellites, the most widely
used environmental satellites in the world, have led to
improved forecasts that save lives, preserve property, and
benefit agriculture and have spawned new commercial
ventures.

In a similar fashion, a quality geostationary ocean
color satellite positioned over the Western Hemisphere
would revolutionize the science of coastal processes,
allow for more precise ecosystem modeling, and deliver
products and information needed for societal health,
coastal protection, businesses, and efficient use of
Earth’s resources.
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