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LO. I~ODUCI’ION

From the be~”nning of scientific in~;~y, Iumankind has sought a greater

knowledge of the Emth. Yet il is only. mar the close of the 20th centuy that
we have begun to understand the interconnected unity of our planet and
have become able to probe its many intricirte processes on a global scale.

Earth System Science: A Closer View, 1988

1.L NEED FOR AN EARTH OBSERVING SYSTEM

Since space exploration began in the late 1950s, space technology has been
used to investigate the other planets of the solar system, exploiting the
opportunity provided by satellites to learn about worlds far distant from our
own. Now, that same technology provides the globaI perspective needed for
an integrated, long-term, scientific investigation of our home planet.

Why is this “Earth Observing System” so important? In addition to the
broader goal of learning about the Earth as part of the continuing scientific
enterprise, this mission is driven by the need to understand human-induced
changes on the Earth system. We know from the geologic record that the
Earth has undergone significant alterations in its physical configuration since
the planet was formed some 4.5 billion years ago. Indeed, the entire history of

- the Earth is a dynamic continuum, with changes on all time scales. This
evolving character of the Earth makes its scientific study both interesting and
difficult. What is disturbing, however, is evidence that the rates of change for
several key components of the system are increasing dramatically, and that
human activity is responsible. Within the span of a single human lifetime,
we can detect significant differences in ecology, atmospheric chemistry,
terrestrial and oceanic ecosystems, and water quality.

Whether human society affects the Earth system is no longer a question The
questions have now become, “How severe is that effect, and what can be done
~bout it?”

-,
---.-

INEVITABILITY OF GLOBAL CHANGE ....

Continued change in the Earth system is inevitable. Increases in atmospheric
concentrations of carbon dioxide can be tied directly to combustion of fossil
fuels, deforestation% and other human-instigated sources. Without saentific “
evidence documenting the consequences of human actio~ repercussions
such as the doubling of atmospheric carbon dioxide remain the subiect of
debate.
choices,

Decisionrn&ers need ~aentific guidance to make sound poficy
thereby altering human behavior and protecting the environment.

— —
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Without a firm understanding of how we affect the world, present conduct
could go unchecked. The following <actors serve as typical agents of human-
induced global change: ,! I

“ Increases in world population &e strong assoaation between standard
of living and energy consumption; and economic factors linked with
the abundance of fossil fuels suggest that carbon emissions into the
atmosphere will increase for the foreseeable future.

‘ Even if the countries of the world agreed today to freeze emissions of
carbon dioxide at current amounts, the atmospheric concentration
would continue to increase. Stabilizing atmospheric C02 at the current
level, which is 25 percent above the pm-industrial concentration,
would require an unrealistic 80 percent reduction of carbon emissions.

● Population increases define land use changes and agricultural
production in ways that contribute to global change. For example, rice
cultivation and cattle production are significant sources of methane
and other important radiatively active gases in the atmosphere.

● Chlorofiuorocarbons (CFCS) manufactured for refrigeration and air
conditioning break down when they reach the stratosphere, and
produce the chlorine radical that destroys ozone. The chlorine radical
has a 100-year residence time in the upper atmosphere, so we are only
beginning to see the ramifications to stratospheric chemistry.

Enhanced quality of life must be tempered with a realization of the
- consequences imposed upon the environment; unfortunately, future global

changes will not be limited to the cimsal factors saentists have already
identified. Subtle, yet significant, changes that are now undetected will also
occur. Thus, the inevitability of global change and the prospect of
Unantiapated modifications of the global environment add urgency to the
need to understand the operation of the Earth system.

The societal implications of human-induced global change are enormous.
Global climate models predict that a doubling of carbon dioxide
concentrations in the abnosphere, as compared to pre-industrial
concentrations, will result in a 2 to 4°C globally averaged warming of
temperatures in the @oposphere. The last global temperature change that
large-a decrease instead of an increas~ccurred during the Ice Age advance
and retreat, and brought glacial ice within the boundaries of what is now the
United States. However, the Ice Age advance/retreat took place over tens of
thousands of years, whereas present-day temperature fluctuations are
projected to occur within a century. Atmospheric C02 will rise to
concentrations substantially greater than any in the last 160#00 years, as
evidenced by measurements in air bubbles trapped in ice cores from
Antarctica and Greenland.

2



Global warming is not the only corqequence of changing atmospheric
composition. The altered circulatio~ assoaated with shifts in atmospheric
temperature will also affect water balances. Some climate simulations show
an increased frequency of drought in. many mid-latitude continental regions.
Such droughts would reduce water availability and quality for industry,
agriculture, and human consumption. Warming may also melt portions of
the polar ice sheets and cause the sea level to rise, threatening coastal sties
and environments.

If researchers can improve predictions of the plausible consequences of future
change, that will provide soaety the opportunity to adapt to and mirhize
negative effects. Worldwide recognition of the challenges presented by
anthropogenic global change has led to a major intermtional effort known as
global change research The United States participates through the U.S.
Global Change Research Program ~SGCRP), which coordinates the efforts of
numerous Federal agenaes under the guidance of the Committee on Earth
and Environmental Sciences {CEES).

The National Aeronautics and Space Administration (NASA) leads the U.S.
contribution to the international Global Change Research Program (GCRP)
via its Mission to Pianet Earth (MTPE), with the Earth Observing System
(EOS) serving as its centerpiece. This NASA-initiated concept uses space- and
ground-based measurement systems to provide the saentific basis needed to
address global change issues. Interagency and international collaborations-

“ MTPE Phase I—precede the EOS flight segment, establishing and continuing
the baseline data sets needed -to document tiends. They furnish observations
on a global scale that are needed to monitor environmental change, and to
initialize and verify models of the Earth system.

The space-based component of the MTPE Program includes EOS, Earth Probes
dedicated to observations of spmific phenomena, operational and research
satellites, and future geostatiomry platforms. No single orbit permits the
gathering of complete information on Earth processes. These platforms will
provide a constellation of satellites to monitor the Earth from space.
Sustained observations will allow researchers to monitor climate variables
over time to determine trends; however, space-based monitoring alone is not -,
sufficient. A comprehensive data and information system, a community of ~ - =
scientists performing research with the data acquired, and extensive ground ‘ ‘:
campaigns are all important components. More than any other factor, the
commitment to make Earth saence data easily available to the research
community proves critical to mission success.

[Insert Figure L NASA’s Mxssion to Planet Earth]

L3. NEED FOR INTEGRATED MEASUREMENTS
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Predictions of global change show enormous potential for climatic, biological,
and hydrological consequences as a $esult of human activity. Unfortunately,
given the critical observational limitations now faced by researchers, even the
most comprehensive models produce answers that are hedged with
uncertainty. EOS wiIl monitor environmental changes to advance
understanding of the entire Earth system, developing a deeper
comprehension of the components of that system and the interactions among
them. To quantify changes in the Earth system, EOS will provide systematic,
continuous observations from low Earth orbit for a minimum of 15 years. By
enhancing understanding of the processes involved, EOS wi,U help
dis criminate anthropogenic and mtural changes.

Saentists need long-term, consistent measurements of the key physical
variables that define the shifts in state and variability of Earth system
components —that is, the atmosphere, hydrosphere, cryosphere, oceans, and
land surface. Lacking these measurements, predictions of the complex
responses of the Earth system to human activities and natural variations lack
an adequate baseline to determine trends. The scientific community agrees
that space-based observations hold the key, because satellites provide the only
means of capturing a global perspective.

To date, remote sensing of the Earth system largely has consisted of disapline-
oriented missions focused on a narrow range of physical phenomena and

- problems. While the current approach has led to significant gains in
understanding the atmosphere, hydrosphere, and biosphere, it does not
provide enough information about the coupling of these systems. The fluxes
of mass (i.e., water, C02, and other trace constituents), heat, and momentum
between the land and atmosphere and between the ocean and atmosphere
cannot be quantified using data from this discipline-specific approach
Furthermore, current computer simulations include only primitive models
of these interactions. These very interactions drive important changes in the
Earth system. .

To determine the magnitudes and spatiaI variations of global change,
consistent global measurements are needed over a long enough period so that ~ .
mtural variabilities assoaated with seasons and other cyclical or periodic ,*

events can be analyzed. The duration of the observations must be at least 15 ‘ “
years, to span a solar cycle and several El Nifio events. These observations
must characterize the whole planet and its regional variations, and emble
quantification of the processes that govern the Earth system The full set of
required observations requires many instruments on satellites in different
orbits. Moreover, certain detailed measurements can only be made in situ.
To obtain global coverage, satellites must be placed in both polar and inclined
orbits-the former because equatorial or near-equatorial orbits do not view
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the entire planet, and the latter for sampling the diurnal cycle or for speaal
studies at lower latitudes.

‘?

[Inseti Figure Z Orbits-Required to Establish a Global Perspective]

Scientists have begun to look at the Earth”as a complex, integrated system.
This multidisciplinary vision requires comprehensive data collection
spanning the geosphere, hydrosphere, atmosphere, cryosphere, and
biosphere, and the processes that govern interactions among these
subsystems. Indeed, an interdisciplinary approach must be embraced if we are
to understand the Earth’s systemic behavior.

1.4 CHALLENGE FOR EARTH SYSTEM SCIENCE

3n addition to inte~ated measurements of Earth system processes, researchers
must also adopt an interdisaplinary approach in analyzing the collected data
and disseminating the resulting information. In the past, the diverse
disapIines that comprise the Earth saences developed independently, and
scientists and engineers tended to pursue discrete research objectives and
strategies. Advances in observational methods, theories, and models in the
fields of meteorology, oceanography, bioclimatology, ecology, geochemistry,
geomorphology, and hydrology remained unique. Now, however, three

~ forces

1)

2)

3)

These

have combined to alter the modes and focus of researcix

Disapline studies have matured to the point that investigators are
reaching the limits of traditional research, blurring the distinction
between disciplines.
The perspective of Earth from space encourages an integrated approach,
which views the planet as a system.
The growing awareness and apprehension about the effects of human-
induced global change maJces interdisciplinary methods essential.

three forces have led to the definition of several central problems that
require the unified perspective now known as “Earth System S-uence” (Earth
System Science Committee, 1988): -- _--.

● The greenhouse effect assoaated with increasing concentrations of “ ----

carbon dioxide, methane, CFCS, and other radiatively active gases
● Ozone depletion in the stratosphere, resulting in a significant increase

in the uhaviolet radiation reaching the Earth’s surface
● A diminishing supply of water suitable for human use
● Deforestation and other anthropogenic changes to the Earth’s surface,

potentially affecting the carbon budget, patterns of evaporatio~
precipitation, soil erosion, and other components of the system

5
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“ Changes in photosynthesis, respiration, transpiration, and trace gas
exchange both on the land and in the ocean

● Decline in the health of vegetation due to long-term changes in the
chemistry of the atmosphere; precipitation, runoff, and groundwater.

For those who make observations of the Earth system and develop models of
its operation, Earth system science means the creation of interdisaplinary
models that couple elements from such formerly disparate saences as ecology
and meteorology. This approach mandates a remote-sensing strategy to
ensure collection of the data sought by the saentific community.

EOS satisfies the dual requirements of an integrated approach to Earth
observation and the development of meaningful products to aid global
change researchers in their investigations. The EOS Program will address
high-priority science and environmental policy issues in Earth system science
by flying instruments on intermediate-sized and srnder spacecraft. The
program also includes a data and information system (i.e., EOSDIS) that W~
allow Earth scientists to study processes and develop better models.

Experience has demonstrated the need for a functional data system to collect,
process, mamge, and distribute Earth saence data, particularly sateIlite
remote-sensing data. This comprehensive information system proves critical
to mission success, considering the wealth of data that will be generated by the

.= EOS satellite series, the missions of our intematioml partners, and ground
campaigns —all of which need to be processed, archived, and made readily
available. With” inpiits from the user community, EOSDIS will evolve
through several versions. User needs for EOSDIS will become more clearly
understood as researchers work with and respond to early versions of the
system. User needs will change over time; to succeed, EOSDIS must be
responsive to change. Its design and the implementation process must
facilitate upgrades, while supporting ongoing operations and user services.

& alluded to above, EOS is part of a larger international partnership, referred
to as the International Earth Observing System (IEOS). New data will be
provided by a suite of U.S,-provided and intematioml missions:

“ NASA EOS missions
● Japan’s Advanced Earth Observing System (ADEOS) missions
. NASA and the Natioml Space Development Agency (N-DA)

Tropical Rainfall Measuring Mission (TRMl@ and follow-ons
“ European Space Agency (ESA) Polar-Orbit Earth Observation Mission

(POEM) satellites
● National Oceanic and Atmospheric Administration (’NOM) Polar-

Orbiting Operatioml Environmental Satellite (POES) series.

. ... .--r--



Chapter 3 provides detail about the platforms and payloads to be provided by
the IEOS partners; Chapter 2 gives, @formation about the instrument
complements that make up the EOS datellite series. Refer to the “1993 EOS
Reference Handbook” for indepth c!overage of the EOS Program elements
(Asrar and Dokken, 1993).

Other satellites not considered part of IEOS provide valuable Earth saence
data. Though not ail-inclusive, the following list represents present-day
inputs into the data and information systems of the responsible countries:

●

●

●

●

●

European Remote-Sensing SatelIite-1 (HIS-l), which was launched in
the summer of 1991
Upper Atmospheric Research SatelIite (UARS), which was launched in
the fail of 1991
Japan’s Earth Resources Satellite-1 @RS-l), which was launched in the
winter of 1992
Ocean Topography Experiment (TOPEX)/Poseido~ which was
launched in the summer of 1992
Sea-Viewing Wide Field Sensor (SeaWiFS), to be launched in 1994.

By 1998, EOSDIS will be fully operational, linking the data hokiings of the
partner mtions and agencies. Assets will be physically distributed, but the
system wiIl appear completely integrated to users and will provide
researchers with the complete set of capabilities needed for global change

“- science and mission operations. In addition, archived data sets are being
transferred to more stable media and are being reprocessed in standard
formats to ensure compatibility with future observations. By enhancing the
utility of present holdings, the EOSDIS Program assists global change
researchers now, rather than waiting for the launch of the first EOS platform.

,

By the end of this century, a powerful observing system will be in orbit. This
system will provide remarkably broad coverage of the Earth in a wide variety
of spectral bands, both optical and microwave, with active and passive
techniques being used in an unprecedented effort to understand the whole
Earth system.

L5. THE EARTH SYSTEM TWO WATER-COUPLED SUBSYSTEMS “ ~u; -

To understand the strategy that underlies desired observations, it is important
to grasp the essential features of the Earth system that are being studied. The
Earth system is complex, and important manifestations of globaI change occur
in all its components over a range of spatial and temporal scales. Earth is
unique among the planets in its abundance of water in all three Dhases,
which is a cofiequ&nce of the Earth’s radiative
is strongly affected by global biogeochemistxy.

7
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Incompatible gases such as oxygen .&d methane coexist in the Earth’s
atmosphere, and the resulting disequilibrium for periods longer than the
residence time of the gases means m atmospheric composition and climate
are intimately tied to biological processes. Moreover, as water transitions
through its gaseous, liquid, and solid phases, it acts as a carrier for chemicals
and nutrients. As such, understanding even the simplest aspects of the Earth
system requires knowiedge. of geophysics, geochemistry, and biology.

The Earth system can be regarded as two subsystems-physical climate and
biogeochemical cycles-linked by the globaI hydrologic cycle @e Figure 3).
h examination of these subsystems and the Ii&ages between them helps to
define the critical questions that are being addressed by EOS.

. .. .

[Inseti Fi~e 3. The Earth System—Two Subsystems
Connected by the Hydrologic Cycle]

..

1.5.1. PhvsicaI Climate Subsvste m

The physical climate subsystem is sensitive to modifications in the radiation
balance of the Earth. These modifications can be caused by increasing
atmospheric concentrations of radiation-absorbing gases (Ramanathan et al.,
1989). Moreover, it now is apparent that the perturbations to the planet’s

“ radiative heating mechanism caused by human activities have begun to rival
or exceed naturally induced changes.

According to the Intergovernmental Panel on Climate Change (IPCC),
increases in radiatively active greenhouse gases (primarily C@, CEU, and

CFCS) between 1765 and 1990 have caused a radiative forcing of 2.5 W m-2
(IPCC, 1993). This increased trapping of infrared radiation by the Earth’s
atmosphere represents only about 1 percent of the globaIly averaged emission
of infrared radiation by the Earth system. While this appears to be a small
amount, IPCC says that if there is no policy response to this trend, emissions
of greenhouse gases will cause a rate of increase of global mean temperature
during the next century of about 0.2 to 0.5°C per decade. This range in the %“
estimate of global warming rates reveals the uncertainty surrounding global . ‘ ~ “
CIirnate models, caused primarily by knowledge gaps in quantifying cloud
generation and radiative processes.

Not all expected warming will be realized irnmediat&y, because of the
enormous heat-absorbing capacity of the oceans. Turbulent mixing of the
added heat within the top 50 to 200 m of the oce~ and large-scale lateral and
vertical mixing by circulation in the deeper layers, may delay some of the
warming for more than a century. Much more needs to be known, however,
about the precise effects of oceanic heat absorption.

8
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The need for accurate observation, rnpdeling, and prediction of the effects of
anthropogenic changes in the Earth’s Wirnate subsystem leads to the following
specific questions that need to be ariswered if we are to prepare for future
conditions:

● How might the roles of clouds and aerosols in the Earth’s radiation and
heat budgets change with increased atmospheric C02 concentration?
What are other radiative feedback mechanisms, and how do they lead
or respond to changes in climate?

● How do the oceans interact with the atmosphere in the transport and
uptake of heat, and what role do they play in global and regional
climatic variability?

Q How do atmospheric and oceanic circulations affect the mass balance of
ice sheets, glaaers, and ice caps, and what is the effect on sea level?

-ering these questions alone is a challenge, but they are only the
beginning of the list, which lengthens with a cursory examination of the
other major subsystem.

L5.2. Bio~eoche~caI Cvcles.

In the past 100 years or so, fundamental elements of the biogeochemical cycles*
of the Earth have been substantially altered; however, the physical
manifestation of these changes is not known. For example, since 1850,
atmospheric carbon dioxide has increased by 25 percent and atmospheric
methane by more than 100 percent (Dickinson and Cicerone, 1986). It also
appears that the capacity of the troposphere to oxidize trace constituents has
decreased during the same period.

In addition, ozone concentrations in the stratosphere have decreased, most
notably above Antarctica and the Antarctic Ocean, and potentially in the mid-
latitudes of the northern hemisphere, while tropospheric ozone
concentrations have increased in both rural and urban areas worldwide.

Cycles of essential elements within ecosystems have been greatly affected by ‘- =”=
changes in land use and management and by the changing atmosphere. T& “ “:-
same shifts have taken place in the interactions between terrestrial
ecosystems, the atmosphere, and the hydrosphere. Preapitation chemistry . .

~ has also changed over widespread areas, and the com@tion of surface water .
and groundwater continues to be altered, in response to land use and .,. ..,.. . . .

industrial development practices. ..

Global change researchers must address the following specific questions about
the Earth’s biogeochernistry to shed light on the above processes

9. ... . .



“ What roles dotheocetic and, temestiid biospheres play ktie
changing global carbon budget? How are these roles shifting as a result
of increasing atmospheric C@?.

● How are changes ti- the phys&l/chemical climate system linked to
changes in the processes of photosynthesis and evaporation? What are
the principal anthropogenic sources of carbon dioxide and methane,
and what are the contributions from fossil fuels, biomass burning and
changes in land use versus natud sources?

“ &e the atmospheric lifetimes of key radiatively and chemically active
gases being altered as a result of changing chemical composition of the
troposphere? What determines the oxidizing capacity of the
troposphere, and how are biological and industrial processes affecting
:&9

Q =t are the likely effects on mtural and managed ecosystems of
increased carbon dioxide, aad deposition, shifting rainfaIl patterns, and
ozone depletion?

● What are the feedback mechanisms and Iinkages between climate,
atmospheric fluxes to the ocean, and primary production in the ocean?

c What are the magnitudes, locations, and frequenaes of volcanic
eruptions, and what are their effects on climate? How do changing
patterns of CIimate and land use affect the flux of aerosols into the
atmosphere?

L5.3. H@rdom (JLU
.

1

The physicaI climate and biogeochemical cycles subsystems are linked by the
hydrologic cycle, which functions across a wide spectrum of temporal and
spatial scales. The hydrologic cycle affects the global circulation of the
atmosphere and ocean; phase changes of water on Earth involve storage and
release of latent heat, which drives atmospheric circulation and globally
redistributes both water and hea~ Water’s effiaency as a solvent also allows
for low-temperature biogeochernical processes. Thus, the hydrologic cycle is
the integrating process for the fluxes of water, energy, and chemical elements
among components of the Earth system (Committee on Opportunities in the
Hydrologic Saences, 1991). -.---.-

.-

Researchers are striving to delve into water’s role in regulating physical,
chemical, and biological processes in circumstances where human activity has
become indistinguishable from natural events. To understand how global
change may influence global water balances, we must know more about
spatial and temporal variations in the storage of water in its various
reservoirs and the magnitude of transfers between these reservoirs. In
addition the regulation of these water transfers by physical and biological
processes and their influence on cIimate needs more detailed investigation

10
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,

Specific questions about the hydro19@c cycle to be asked by the Earth science
community include the following: +

c How wiII atmospheric ‘variabili& and &mate change affect patterns of
water vapor, preapitation, evapotranspiratiow and soil moisture-as
wdl as distributions of liquid water, snow, and ice-on the Earth’s
surface? How will these changes influence the atmosphere?

● What are the mechanisms for the transfer of water among the
hydrologic reservoirs, and what are the assoaated directions and
magnitudes of transfer? How wiIl the global distribution and fluxes of
water change as a result of human activities and climatic variability?

. How does soil moisture vary in time and space, and what are the
mechanisms controlling minfall in arid and semi-arid regions? How
does this variability affect the hydrology, geomorphology, and ecology
of such regions, and how do these variations translate into regional
fields of carbon exchange?

c How does climatic change affect the cryosphere?

These questions, and many more, must be answered before we can hope to
predict and adjust to future global changes in the Earth system. EOS has been
designed specifically to provide the opportunity for saentists and
policymakers to address these questions. Chapters 4 through 10 focus on the -
specific answers to be sought via EOS observations..>

.- ... .. ...” .-.~.,
----- 7 .”------ --
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Specific questions about the hydrologic cycle to be asked by the Earth saence
community include the following:

c How will atmospheric variability and climate change affect patterns of
water vapor, precipitation, evapotranspiration, and soil moistur+as
well as distributions of liquid water, snow, and ic~n the Earth’s
surface? How will these changes influence the atmosphere?

● What are the mechanisms for the transfer of water among the
hydrologic reservoirs, and what are the assoaated directions and
magnitudes of txansfer? How will the global distribution and fluxes of
water change as a result of human activities and climatic variabili~?

● How does soil moisture vary in time and space, and what are the
mechanisms controlling rainfall in arid and semi-arid regions? How
does this variability affect the hydrology, geomorphology, and ecology
of such regions, and how do these variations translate into regional
fields of carbon exchange?

“ How does climatic change affect the cryosphere?

These questions, and many more, must be answered before we can hope to
predict and adjust to future global changes in the Earth system. EOS has been
designed specifically to provide the opportunity for scientists and
policymakers to address these questions. Chapters 4
specific answers to be sought via EOS observations.

through 10 focus on the

-,_.-.. -
.-..

. .. .-
,... .* .-;-.. . ,-------- ..-,,-.?’- ---
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2.0. AN OVERVIEW OF EOS

There is concern that human activities may be inadvertently chang”ng the
climate of the globe through the enhanced greenhouse eject. ...

Scientific Assessment of Climate Change, Intergovernmental
Climate Change, 1990

2.1. SCIENCE PRJORITTES FOR EOS

Panel on

The purpose of the Earth Observing System is to determine the extent, causes,
and regional consequences of global climate change. The extent—the change
in average temperature and the ‘tie scale”over which it will occur-is
presently unknown. The causes can be either natural or human-induced; to
separate the mtural from anthropogenic effects, we must understand and
model the mtural events and processes. Regional and global consequences

..

(i.e., changes is preapitation patterns, length of growing season, severity of
storms, sea level, etc.) must be understood if we are to detefie those
aspects of climate change that prove most detrimental and those requiring
adaptation if we cannot avoid them.

The behavior and evolution of the climate system is determined by complex
processes within and interactions among the Earth system components-
atmosphere, oceans, biosphere, water, and snow and ice. There are many
important questions to be asked about giobal change, but finanaal constraints
prevent any research program from addressing them all. With this in mind,
the EOS Program has been designed through priorities established by research
and policymaking bodies, and the investigators who wiIl be amiyzing the
remotely sensed observations.

The objectives of USGCRP were articulated by CEES in a document that
accompanied the President’s FY91 budget submission (CEES, 1990), describing
the broad priorities that should be pursued in order to yield the most relevant
knowledge about global change (see Figure 4). The development of this
saence strategy involved a mandate to support the overall objectives of the
broad U.S. and international global change saentific effort, keeping in mind ,, - ~~~--
finanaal Ii.mitations while still encouraging full participation by the entire
Earth science community. As Figure 4 illustrates, emphasis has been placed
on global climate change, stressing interactions between disciplines.
Werdisaplinary saence and process studies provide the best opportunity to
understand and discrimina te between natural and human-induced changes.
Ultimately, knowledge gleaned from the seven prioritized categories will
yield integrated conceptual and predictive models, and provide policymakers
the guidance needed to make sound environmental poIicy deasions.

12
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[Insefi Figure A USGCRP Science Priorities]

The goals established by CEES remain central to the work of EOS; however,
policy questions and funding restrictions dictate that these broad areas of
research be more explicitly ranked. IPCC-a joint effort of the World
Meteorological Organization (WMO) and the United Nations Environment
Program (UNEP)-has been a leader in shaping saentific knowledge of the
Earth system into information useful for policymakers. As such, IPCC has
targeted several key “saentific uncertainties” that must be addressed in order
to understand how human activities change climate:

● Clouds-Primarily cloud formation, dissipation, and radiative
properties, which influence the response of the atmosphere to
greenhouse forcing

“ Oceans—The exchange of energy between the ocean and the
atmosphere, between the upper layers of the ocean and the deep ocean,
and transport within the ocean, all of which control the rate of global
climate change and the patterns of regional change

“ Greenhouse Gases-Quan&ication of the uptake and release of
greenhouse gases, their chemical reactions in the atmosphere, and how
these may be influenced by climate change

c Polar Ice Sheets—Predictions of future sea levels and sea state.

IPCC added that studies of land surface hydrology and of impact on
ecosystems are also important (Houghton et al., 1990).

The uncertainties cited by IPCC, supplemented by studies by other agenaes
such as the Environmental Protection Agency (EPA) and by the EOS
investigators themselves, have been embodied in a set of seven priorities that
have now been accepted by much of the Earth science community as the most
important goals for EOS (Moore et al., 1991). If we are to understand climate
and how the human speaes modifies it, we must develop a quantitative
understanding of the following key issues:

1) Clouds, Radiation, Water Vapor, and Preapitation
- Cloud formation, dissipation, and radiative properties, which

influence the response of the atmosphere to greenhouse forcing ~.: :
- Large-scale hydrology and moisture processes, including ..

preapitation and evaporation
2) Productivity and Circulation of the Oceans, and Air-Sea Exchange

- Exchange of energy, water, and chemicals between the ocean and
atmosphere and between upper layers of the ocean and deep ocean

3) Sources and Sinks of Greenhouse Gases and their Atmospheric
Transformations

. ..— .-

13
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- Links to the hydrologic cycle and ecosystems, transformations of
greenhouse gases in the atmosphere, and interactions with climatic
change

4) Changes in Land Use, Land Cover, Primary Productivity, and the
Hydrologic Cycle
- Improved estimates of runoff over the land surface and into oceans
- Sources and sinks of greenhouse gases
- Exchange of moisture and energy between the land surface and.

atmosphere
- Changes in land cover

5) Glaciers and PoXar Ice Sheek, and Sea Level
- Predictions of sea level and global water balance

6) Coupling of Ozone Chemistry with Climate and the Biosphere
- Chemical reactions, solar-a~osphere relations, and sources and

sinks of radiatively important gases
7) Role of Volcanoes in Climate Change

- Volcanoes as sources of atmospheric aerosols and gases
- Role of volcanoes in the sulfur cycle.

COMPONENTS OF EOS

EOS supports these seven priorities for Earth system saence through four
distinct mission objectives:

1)

2)

3)

4)

Create an integrated scientific research program that will support the
study of the Earth’s climate system, hydrologic cycle, and
biogeochemical cycles
Acquire and assemble, over a 15-year period, a global database of
established quality and reliability, mainly from remote-sensing
measurements
Develop a comprehensive data and information system to serve the
needs of saentists from a variety of disciplines studying planet Earth
Improve predictive models of the Earth system, focusing on interaction
of system components such as air-sea coupling or biologkal effects on
climate. -._-.-

The EOS mission combines observations and interpretation of data with a
.-..

saentific research effort. The approach can best be characterized as creating an
information system that provides the geophysical, chemical, and biological
information necessary for an intense study of planet Earth In combination . -
with the MTPE Phase I missions, the highly focused Earth Probes satellites,
future geostationary platforms, and supporting ground campaigns planned by
the U.S. and its international partners, EOS will provide a vast library of data
and products for access by the user community (see Figure 5). EOSDIS will
encourage interdisaplinary research and assist in breaking down the

—---—- ... . — —



intellectual barriers between the traditional disciplines of Earth saence by “
offering an integrated view of environmental data.

[Insert Figure 5. EOS and Earth System Modelingl

22L Eos Instrument~

To provide continuous observations of global climate change, flights of the
principal EOS spacecraft will be repeated on 5-year centers to ensure adequate
coverage for at least 15 years (see Table 1). The names of the spacecraft series
initial launch date, launch vehicle class, and disaplinary focus follow

●

●

●

●

●

●

EOS-AM (June 1998; IELV)-Characterization of the terrestrial and oceanic
surfaces; clouds, radiation, and aerosols; Earth’s radiative balance; and the
role of volcanoes in climate
EOS-COLOR (1998, SELV)-Ocean color and productivity .

EOS-AERO (2000, SELV)-Atmospheric aerosols and ozone
EOS-PM (2000, IELV)-Clouds, precipitation, and radiative balance;
terrestrial snow and sea ice; sea-surface temperature; terrestrial and
oceanic productivity; and atmospheric humidity and temperature
EOS-ALT (2002, IvIELVjOcean circulation, ice sheet mass balance, land:
surface topography, and cloud height
EOS-CHEM (2002, IELV)-Atmospheric chemical species and their
transformations.

.,.

[Inseti Table 1. EOS Satellites and Payload Configurations]

Payloads of the follow-on EOS spacecraft could change, depending on the
evolution of saentific understanding and the development of technology.

The EOS Program includes &e intermediate-sized spacecraft-three of
which wiJl be morning sun-synchronous (EOS-AM series), three afternoon
sun-synchronous (EOS-PM series), and three sun-synchronous polar (EOS-
CHEM series). The three smaller spacecraft that comprise the EOS-ALT series -
wiIl be placed into a sun-synchronous polar orbit, and five very small -.
spacecraft will have a 57” inclined orbit (EOS-AERO series). A one-time data ‘- - ‘=
purchase mission (EOS-COLOR) will be placed into a near-polar, sun- . “=

synchronous, descending orbit by a small expendable launch vehidle.

The EOS ins&urnents will provide essential observations of the interactions;’* ~‘
between Earth system components. The EOS science program will comb= “‘“
the measurements from the assembled suite of .instruments, using some
instruments to correct the measurements of others or to provide data
products from more than one instrument. This strategy permits the
extraction of parameters that cannot be reliably measured with observations
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from a single instrument. Observations from the EOS platforms will be fed
into global and regioml data assimilation models that function as part of
EOSDIS, with these models helping to provide continuous calculations of the
principal fluxes between components.

Each instrument Team Leader or Principal Investigator is supported by a team
of saentists and engineers to help build the instrument @ to provide the
expertise for processing the acquired data to retrieve geophysical and
biological information from the signal. The instruments chosen as part of the,
EOS Program will address the key scientific issues idenfied above, as
highlighted in Table 2. To ensure that the desired measurement objectives
are met, the instrument teams work closely with the Interdisaplinary Science
Investigation teams (see Section 2.2.3).

[Insert Table 2. EOS Linl& to Areas of Scientific Uncertainty]

Brief descriptions of the EOS instruments are offered below; for more
information, refer to the “1993 EOS Reference Handbook” (Asrar and Dokken,
1993): .

“ Instruments in Early EOS Period (1997-2000)
- Atmospheric Infrared Sounder/Advanced Microwave Sounding

Unit/Microwave Humidity Sounder (AIRS/AMSU/hlHS)-
$mergistic package that provides temperature and humidity
sounding with much better accuracy than current sensors, with
temperatures measured to lK accuracy at l-km vertical resolution
Team Leader: Moustafa Chahine/NASA Jet Propulsion Laboratory.

- Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER)-Yields high-resolution images of land
surface, water, and clouds from visible through thermal infrared
wavelengths; one stereophotograrnmetric band to enable
production of digital elevation models. Team Leaders: Hiroji
Tsu/Geological Survey of Japan and &me Kahle/NASA Jet
Propulsion Laboratory.

- Clouds and Earth’s Radiant Energy System (CERES)-Flies on
multiple satellites in morning, afternoon, and inclined orbits to
measure Earth’s radiation balance. PMcipal Investigator Bruce

-... -

Barkstrom/NASA Langley Research Center. ..-

- EOS Ocean Color Instrument (EOS-COLOR)-Observes ocean color
and productivity to provide continuity of SeaWiFS measurements;
data purchase mission involving a single launch Prinapal
Investigator: To be chosen by NASA.

- Lightning Imaging Sensor (US)-Flies in an inclined orbit on
TRMM in 1997, providing global observations of lightning
distribution and its variability. Prinapal Investigator Hugh
Christian/NASA Marshall Space Flight Center.
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Science Category

Sourcesand sinks of greenhouse gases,which affectpredictionsof
their future concentrations

Clouds and radiative balance,which strongly influence the magnitude
of ctimaiechange ai global and regional scales

Oceans,which infiuence ihe timing and paiierns of climaie change

land surface hydrology, which affecis regional climaie change and
water availability

Polar icesheeis,which affectpredictionsof global sea level changes

Ecologicaldynamics,which are affectedby ond respond io ctimaie
change

EOS Instrument Complement “

AIRS/AMSU/MHS,ASTE~ INNS, MIML W, MODIS,
MOP~ HSCATIL SAGE11[,SOLSTICE1[,ancfTES

‘!!?
ACR AIRS/AMSU/MHS,CERES,EOSt MIM~ ~
MOD , andSOLSTICEII

CERES,MiM&MK~ MODIS,tKAT 11,SSAU,T@ and
EOS-CO1OR

AIRS/AMSU/MHS,ASTER,MIMR,MISR,andMODIS

DORIS,GUS, MIMR,andSSAU

AIRS/AMSU/MHS,ASTER,MIS~ MODIS,andEOS-COLOR



MuMfrequency Imaging Microwave Radiometer (~)- “-
Measures preapitation, cloud water, sea surface temperature and
roughness, snow and ice extent, snow water equivalence, and soil
moisture. Team Leaders: ROy Spencer/NAsA Marshall Space
Flight Center and an internatioml counterpart to be chosen by ESA.
Muhi-hgle Imaging Spectroradiometer (MISR)=Globally maps
the planetary surface and surface albedo, aerosols, and vegetative
properties; provides low-resolution stereophotogrammetic data.
Prinapal Investigator: David Diner/NXA Jet Pqwion
Laboratory.
Moderate-Resolution Imaging Spectroradiometer (MOD?.S)-Ffies
in both morning and afternoon orbits to discern comprehensive
global geophysical and biological processes for the land, ocean, and
atmosphere. Team Leade~. Vincent Salornonson/NAsA Goddard
Space Flight Center.
Measurements of Pollution in the Troposphere (MOpm)-
Measures carbon monoxide and methane. Prinapal Investigator
James Drurnm end/University of Toronto, Canada.
NASA Scatterometer II (NSCAT II)-Slated to fly on”ADEOS IIa in
1999, as reciprocation for the as yet to be mmed Japanese
instrument on the EOS-CHEM series, generates global profiles of
wind speed and direction and sea surface stress. PrinciP~
Investigator: Michael Freilich/Oregon State University.
Stratospheric Aerosol and Gas Experiment III (SAGE III)-Generates
global ~rofiles of aerosols, clouds; temperature, and presswe in the
stratosphere. Prinapal Investigato~ M. Patrick McCormick/NAsA
Langley Research Center.

“ EOS Instruments Bevond 2000
Active Cavity R&iiometer Irradiance Monitor (ACRIM)-Measues

.-

exoatrnosph~ric solar irradiance. Prinapal Investigato~ Richard
Willson/NASA Jet Propulsion Laboratory.
Doppler Orbitography and Radiopositioning Integrated by
Satellite/Solid-State Altimeter/TOPEX Microwave Radiometer
(DORIS/SSALT/TMR)-Syner@tic pa~ge that providesPrecision
orbit determination, ocean wave height and wind speed, ocean
surface current velocity and sea surface topography, and
atmospheric water vapor profiles. Team Leade~ To be determined “-= =
by NASA.

.r-

Earth Observing Scannin g Polarimeter (EOSP)-Globally maps

radiance and linear polarization of reflected sunlight to infer
aerosoI characteristics. Prinapal Investigator Larry Travis/NASA
Goddard Institute for Space Studies.
Geosaence Laser Altimeter System (GUS)-Measur- the
topography of glaciers and ice sheets, cloud heights, and droplet
sizes. Team Leadex Bob Schutz/University of Texas-Austin.
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High-Resolution Dynamics H Sounder @IRDLS)-Globfly
measures temperatures, water vapor, and chemical SpeCkS in the

upper troposphere and stratosphere. Prinapd ~vestigators: John
Bamett/Oxford University and John Gille/National Center for
Atmospheric Research.
Microwave Limb Sounder (IvILS)-Observes atmospheric gases
important in ozone destruction, espeaally chlorine and nitrogen
species. Principal Investigator Joe Waters/N&A Jet Propulsion
Laboratory.
Solar Stellar Irradiance Comparison Experiment II (SOLSTICE II)-
Measures ultraviolet solar &adiance. PMapal Investigator Gary
Rottman/National Center for Atmospheric Researck
Tropospheric Emission Spectrometer (TES)-Provides global, three-
dimensional profiles of .virtuaIly all infrared-active gases from the
surface to th~ lower stratosphere. Prinapal
Beer/NASA Jet Propulsion Laboratory.

222 EOS D ata and Information Svstem (EOS DISl

Investigato~ Reinhard

EOSDIS provides the infrastructure to facilitate interdisaplinary research
about the Earth system. EOSDXS will provide geophysical and biological
information, not simply radiance measurements from the instruments. As
such, EOSDIS surpasses the role of a mere data archive; rather, it must be
considered a valuable interactive resource of data and derived products
readily available to the Earth science community. T’he data system will
operate with an unrestricted data policy, so that data for research purposes can
be secured by anyone at a reasonable cost.

NASA is implementing EOSDIS using a distributed, open system
architecture. This allows EOS elements to reside at various locations to take
best advantage of different institutional capabilities and science expertise (see
Figure 6). Acting in concert, Dis&ibuted Active &chive Centers (DfiCs)
will support global change researchers whose needs cross traditional
discipline boundaries, while continuing to support the particular needs of the
discipline community. Eight D&4Cs covering various types of Earth saence ~
data have been selected by NASA to carry out the responsibilities for -. --

processing, archiving, and distributing EOS and related data, and for
.r..

providing a full range of user support ~ additional center receives funding
through NASA to act as a link between the EOS Program and the socio-
economic/educational user community.

Dm=t ~IP 6. Geographic Distribution of EOSDM-Sponsored Data Centers]

EOSDIS is the first element of the EOS Program that will be available to the
saentific community, offering useful tools at several stages of its evolutiom
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Through a precursor system (i.e., Version O), it will support research md ““
analysis with existing data, and will establish common protocoh for the
transfer of data sets. By 1994, EOSDIS will provide improved access to current
satellite data, along with ‘Tathfirder” data sets-that is, images from e*tig
operational sensors that have been converted to geophysical and biological
parameters in the prototype standard chosen for Version O [i.e., the
Hierarchical Data Format (HDF)].

By the launch of the first EOS platform in 1998, EOSDIS will provide
operatioml capabilities for information management, archive, and
distribution. Data from the EOS space component will be processed within a
few hours to a few days after observations reach the ground, depending on
the level of data desired [i.e., raw data (Level O)up to model output (Level 4)].
Researchers will then be able to cross-correlate data sets and access data easily
through an information management/data distribution system, with the
networking between DAACS virtually transparent to the end user.

.-

EOSDIS will be the most important scientific contribution to Earth system
science in this decade, even before monitoring from the EOS platforms
begins+nabling saentists to assimilate and interpret the vast amount of
existing data that are not currently being exploited. Setting the stage for the
EOS missions in the late 1990s, early EOSDS activity mayW~ lead tO .
important global change research breakthrough in the near future.

223. F~S lnterdlsc@naryrynse ln
..* . vest-

In response to the EOS Amouncement of Opportunity (AO) issued in 1988,29
Interdisaplinary Science Investigation teams were selected to develop and
refine models of Earth system processes. Interactions within and between
these saence teams will foster the development of the interdisap-
perspetive required to understanding the Earth as a system. NASA has
always funded research in specific Earth saence disaplines that contribute to a
detailed understanding of individual processes. One of the objetives of *e
Interdisaplinary Saence Investigations is to forge new alliances among
scientific disaplines and to require saentists to enter into truly -.
interdisciplinary teams that address global change issues.

.-

Each investigation is led by a PMapal Investigator and a team of co-
investigators. Some investigations have as few as four ~investigators while
others have more than 20; nine investigations are co-sponsored or solely
funded by the international partners. All investigatio~ will exploit the
newly accessible data to be generated by EOS, with research results available
through EOSDIS to enhance broad partiapation by the saence community at
large. The applicability of individual Interdisaplinary Saence Investigations
to the IPCC categories identified earlier receives attention in Chapters 4
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through 10. Titles of the 29 investigations are given below to offer a flavor of
the saence to be gleaned from EOS observations; indepth coverage is
provided in the “1993 EOS Reference Handbook” (Asrar and Dokken, 1993):

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Coupled Atmosphere-Ocean Processes and Primay Production in the
Southern Ocean—Mark Abbott/Oregon State University
Global Water Cycle: Extension Across the Earth Sciences-Eric
Barren/Pennsylvania State University
Long-Term Monitoring of the Amazon Ecosystems through EOS: ~.
From Patterns to Processes-Getdio Batista/Instituto Naaoml de
Pesquisas Espaciais (Brazil) and Jeffrey Richey/University of
Washington
Biogeochemical Fluxes at the Ocean/Atmosphere Inte$ace—Peter
Brewer/Monterey Bay Aquarium Research Institute
Northern Biosphere Observation and Modeling Expm”ment-Josef
Cihlar/Camda Centre for Remote Sensing (Canada)
NCAR Project to inte~ace Modeling on Global and Reg”onal Scales
with EOS Obsmations—Robert Dickinson/University of Arizona
Hydrology, Hydrochemical Modeling, and Remote Sensing in
Seasonally Snow-Covered Alpine Drainage Basins—Jeff
Dozier/University of California-Santa Barbara
Observational and Modeling Studies of Radiative, Chemical, and
Dynamical Interactions in the Earth’s Atmosphere-William
Grose/NXA Langley Research Center
Interannual Variability of the Global Carbon, Enmgy, and Hydrolop”c
Cycles—James Hansen/NASA Goddard Institute for Space Studies
lnterdisciplinay Studies of the Relationships between Clirnatc, Ocean
Circulation, Biological Processes, and Renewable Man-ne Resources—
Graham Harris/Commonwealth Saentific and Industrial Research
Organization (Australia)
Climate Processes Over fhe Oceans—Dennis Hartrnann/University of
Washington
Climafe, Erosion, and Tectonics in fhe Andes and Ofher Mountain
Sysferns-Bryan Isacks/Comell University
The Hydrologic Cycle and Clirnafic Processes in Arid and Semi-Arid
Lands-Yam Kerr/Laboratoire &Etudes et de Recherches en
T414d6tection Spatiale (France) and Soroosh Sorooshian/University of ‘-..-”-
&izona

.-

Global Hydrologic Processes and Clirnate-WiIliam Lau/NASA
Goddard Space Flight Center
The Processing, Evaluation, and Impact on NuM”cal Weather
Prediction of AIRS, AMSU, and MODIS Data in the Tropics and
Southern Hemisphere-John LeMarshall/Bureau of Meteorology
Research Centre (Australia)
The Role of Air-Sea Exchanges and Ocean Circulation in Climafe
Variability-W. Timothy Liu/NASA Jet Propulsion Laboratory
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●

●

●

●

●

●

●
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Changes in Biogeochemical Cycles—Berrien Moore III/University of
New Hampshire
A Global Assessment of Active Vokanism, Vokanic Ha=rdst and
Volcanic Inputs to the Atmosphere from EOS—Peter Mouginis-
Mark/University of Hawaii
Investigation of the Atmosphere-Ocean-Land System Related to
Climatic Processes—Masato Murakarni/Japan Meteorological Agency
(Japan)
Chemical, Dynamical, and Radiative Intmactions through t~ Middle .
Atmosphere and Thermosphere-John Pyle/Cambridge university
(United Kingdom)
The Development and Use of a Four-Dimensional Atmospheric-
Ocean-Land Data Assimilation System for EOS—Richard Rood/NASA
Goddard Space Flight Center “
Polar Exchange at the Sea Su~ace (POLES): The Interaction of Oceans,
Ice, and Atmosphere— Drew Rothrock/Univ,ersity of Washington
Using Multi-Sensor Data to Model Factors Limiting Carbon Balance in
Global Grasslands-David Schirnel/Colorado State University
Investigation of the Chemical and Dynamical Changes in the
Stratosphere Up to and During the EOS Observing Period-Mark
Schoeberl/NASA Goddard Space Flight Center
Biosphere-Atmosphere Interactions —Piers Sellers/NASA Goddard
Space Flight Center
Use of a Cryospheric System (CRYSYS) to Monitor Global Change in
Canada—R4jean Simard/Canada Centre for Remote Sensing (Canada)
Middle and High “latitudes Oceanic Variability Study—Merit
Srokosz/British National Space Centre (United Kingdom)
Earth System Dynamics: The Determination and Interpretation of the
Global Angular Momentum Budget Using EOS—Byron
Tapley/University of Texas-Austin
An lnterdisciplinay investigation of Clouds and Earth’s Radiant
Ener~ System: Analysis—Bruce Wielicki/NASA Langley Research
Center.

Globs Change FeIlo1 wshim proma~ _- .’.“ --

The Graduate Student Fellowship in GlobaI Change Research was established “ “’”
in 1990, to support graduate students pursuing PhD. degrees in Earth system
saence. The main objective of this program is to train the next generation of
scientists and engineers to help analyze, interpret, and manage the wealth of
data and information generated during the EOS era. NASA has received
more than 1,000 applications since program inception, and awarded 159
fellowships in its first 3 years. The original goal was to scale up to 150
graduate students prior to the launch of EOS-AM1; however, this plateau has
already been surpassed. In support of the U.S. Global Change Research
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program, NASA intends to continue supporting the current fellowship
recipients for a minimum of 3 years each, and to increase the total number of
fellowships to 200 over the next 5 years, maintaining this level throughout
the EOS mission lifetime.

2.3. SYNERGISM AND SIMULTANEITY

In the EOS science strategy, two types of synergism need to be considered—
one related to instruments and the other to saence. Ins&ument synergism
implies that instruments must be grouped together, and cannot be separated
without compromising the accuracy of some of the measurements. Saence
s~ergism means that groups of instruments flying together will satisfy
saentific objectives broader than those addressed by the same instruments
flying separately.

[Ghassem to add paragraph on science synergism-.]

Simultaneity also plays a key role in the EOS observation stra~”gy.
Understanding the Earth as a system requires measurements of many
variables over the whole Earth at appropriate spatial and temporal scales.
Many of these measurements and interpretations require simultaneous
observations of coupled phenomem. Some in.stiumen~ acqtie data
simultaneously to provide accurate measurement of states of the surface and
atmosphere; hence, multiple sensors must be placed on the same platform to
observe the same phenomena.

Within the full EOS instrument suite, sets of instruments complement one
another to produce desired observations (e.g., MODIS cloud observations
helping interpret CERES radiation budget measurements). In some instances,
certain instrument suites must generate correlative data; therefore, they must
make their measurements simultaneously (e.g., DORIS providing
ionospheric correction for SSALT measurements). These sets dictate some
minimum payload groupings, around which alternative scenarios have been
built and assessed. Chapters 4 through 10 provide more detail on these
requirements. 9 ‘.\-

The time scales for significant variations in the phenomena being observed ‘ “
define the meaning of “’simultaneous.” Two pMapal tie scales prove
important to this aspect of the observing strategy .

“ Time Scales of a Few Days-Some EOS instruments need to be in orbit
at the same time, to enable many of the variable components of the
Earth system to be characterized globally every 1 to 3 days. This
requirement spurs the extensive set of planned observing capabilities.
While many aspects of the Earth do not change on the time scale of
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days, all EOS instruments observe dynamic phenomena that do change “
rapidly.

● ‘Ilme Scales of a Few Minutes~ges in ternperatie, aerosol
concentration, water vapor distributions, and clouds can significantly
affect the atmospheric contribution to signals received by optical
instruments. This imposes simultaneity requiremenfi on separate sets
of instruments to make their observations within a few minutes of one
another and from the same perspwhive.

2A SUMMARY

EOS is a comprehensive, multi-faceted program desi~ed to reti the full
promise of Earth system saence and the global change rese=~ effofi The
EOS Program combines space and ground-based data collection and analysis
with computer models of the Earth’s interrelated processes; thus, tie program
represents a logical consequence of Earth and life saence research conducted
over the last 20 years. However, EOS assumes an even greater significance in
that it will provide a new level of information about the inte#ated mture of
the Earth system.

The Earth system is indeed tightly coupled, and all parts must be understood
before researchers can predict changes. By collecting sirnultaneow
observations of critical parameters of the ocean, land, and atmosphere,
scientists will dramatically improve current understanding of major
components of the Earth system and relevant interactions.
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3.0. EOS IMPLEMENTA~ON

primay concern to national and international
that could impact the Earth’s l~e support system.

The FY1992 U.S. Global Change Research Program,

3.1. CONTINUITY OF DATA AND EARLY MEASUREMENTS

Without a doubt, global changes have already taken place that affect the
Earth’s life support system; therefore, it is important Quit we immediately
begin to gather and process data to provide insight into the status of the Earth
system.

3.L1. ~iston “cal Data

The EOS Program has begun to address global change by extending and
improving existing data sets. Previous satellite and other data sets are being
re-assessed in order to produce a longer baseline from which researchers can
determin e the rate of global change.

Critical global satellite data that reside in Federal archives have already been
identified by the EOS Program as Paffider projects: Advanced Very High-
Resolution Radiometer (AVHRR), TIROS Operational Vertical Sounder
(TOVS), Geostationary Operational Environmental Satellite (GOES), Special
Sensor Microwave/Irnager (SSM/1), Scanning Multispectral Microwave
Radiometer (SMMR), and Land Remote-Sensing Satellite (Landsat) data sets.
The main goal of the Pathfinder Program is to make research-quality global
change data sets easily available to the Earth saence community. Certain
Pathfinder products will become available as early as the fall of 1993, though
EOSDXS Version O.

These Pathfinders follow the successful reprocessing of Nimbus-7 Total .-

Ozone Mapping Spectrometer (TOMS) data to establish ozone trends, and . - ‘~~‘-
Coastal Zone Color Scanner (CZCS) ocean productivity time series in
antiapation of the launch of SeaWiFS and the EOS satellites Both of these
reprocessing efforts were undertaken by NASA Goddard Space Plight Center.

3.1.2 JVIission to Planet Earth Phase X

NASA is responsible for Earth science missions that directly contribute to
GCRP objectives in the years prior to EOS. Precursor flights considered
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NASA elements of MTPE Phase I include, but are not limited to, ERBS,
UARS, TOPEX/Poseidon, LAGEOS-2, Earth Probes (i.e., TOMS1 NSCAT~ and
TRMM), SeaWiFS, Landsat-7, and Space Shuttle payloads. Select missions
that have direct relevance to the EOS sateIlite series are described below.

UARS was launched in the summer of 1991, carrying a payload of 10
instruments that focus on the chemical, radiative, and dynamic processes of
the stratosphere. In addition, UARS provides a limited set of companion
measurements to assess tropospheric ozone concentrations. The EOS
satellites will continue the UARS time series of data with instruments such
as MLS and HJ.RDLS. TOMS data have also proven essential in mapptig
ozone depletion, particularly the #mtarctic ozone hole. Data continuity will
be ensured through international collaborations and by a dedicated Earth
Probes mission-TOMS/Meteor-3 (Russia) and TOMs/ADEOS ~aPan)~ and
TOMS/EP94, respectively. TOMS/Meteor-3 ~ c~endy operating~ and
TOMS/ADEOS will be launched in February 1996; plans call for TOMS/EP94
to be launched in July 1994. Instruments such as SAGE III and MOPITT will
continue stratospheric and tropospheric ozone measurements during the EOS
era.

The joint NASA and Centre National d’ Etudes Spatiales (CNES)
TOPEX/Poseidon mission was iaunched h August 1992. ~ *sion uSes .
radar altimeters to provide prease measurements of broad-scale ocean surface
currents, yielding information about the complex ocean circulatory system
and its role in regulating global climate. Copies of the TOpEx/poseidon
altimeter (SSALT), microwave radiometer (TMR), and its orbit determination
system (DORIS) are slated for the EOS-ALT series.

NSCAT will fly on the ADEOS satellite in 1996, providing ocean surface
vector wind information. Its follow-on (NSCAT II) is being funded through
the EOS Program, and will be frown on the ADEOS IIa platform in 1999.
TRMM, another Earth Probe, is also a cooperative venture with the Japanese.
Two EOS-funded instruments (CERES and IX) will be onboard to study
clouds, radiation, and lightning in the tropics. TRMM launch is sched~ed
for 1997.

.—, -—

Missions planned for short-term deployment on the Space Shuttle help “ - ~ -
develop new instruments, prove new technologies, continue vital data sets, “
and establish calibration for longer term observations. Shuttle missio~
planned for the near future include the Atmospheric Laboratory for
Applications and Saence (ATIXS), Iidar In-Space Technology Experiment
m), shu~e ~%@ Rad=~/x-Band SYnfietic A-e ‘d= @R-C/x-
SAR), and the Shuttle Solar BackScatter Ultraviolet (SSBUV). SSBUV
addresses upper ahnosphere ozone measurements for cross-calibration (i.e.,
via underflights of UARS), and ATLAS observes solar influences on
atmospheric chemistry.

.
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Many of the EOS instruments that fly before the launch of EOS-AM1 will
support large-scale experiments as part of the World climate Research
Program (WCRP) and the International Geosphere-Biosphere Program
(IGBP). TOPEX/Poseidon and NSCAT will provide essential data for the
World Ocean Circulation
preapitation data needed
(GEWEX).

Experiment (WOCE),
for the Global Energy

and TRMM will provide
and Water Cycle Experiment

3.1.3. I~Os pafier Mswns
. .

The space- and ground-based elements of the EOS Program are not enough to
completely sample the dynamic processes of the Earth. Understanding the
Earth system and its long-term changes is larger and more expensive than any
one nation can manage alone. EOS is part of an international research effort
that encompasses space agencies, mtional and intematioml scientific
programs, and researchers, engineers, managers, and policymakers from
around the world. The following subsections highlight the contributions of
our partners in the International Earth Observing System+pecifica.lly, the
Japanese ADEOS and TRMM missions, the European POEM satellites, and
NOAA’s POES series. Table 3 lists the missions and instruments comprising
IEOS, highlighting the elements of the various satellite payloads that are
being contributed via the partner nations and operational meteorological
agenaes. IEOS is truly an international, cooperative venture.

[Insert Table 3. IEOS: An International Partnership]

ADEOS will be launched into an 800-km, 98.6° inclined, sun-synchronous
orbit by an H-II rocket in February 1996, continuing and building upon the
Earth, atmospheric, and oceanographic remote-sensing measurements
initiated by the Marine Observation Satellite (MOS) series and JERS-1. The
sensors on ADEOS include two developed by Japan, plus six AO instruments
provided by other agencies and partner mtions. Core sensors developed by
NASDA include the Ocean Color and Temperature Scanner (OCTS) and the
Advanced Visible and Near-Infrared Radiometer (AVNIR). AO instruments
include the Interferometxic Monitor for Greenhouse Gases (IMG) developed
by the Ministry of International Trade and Industry (MITT); the Improved
Limb Atmospheric Spectrometer (ILAS) and the Retroreflector in Space @US)
developed by the Environment Agency of Japan (EAJ); the Polarization and
Directionality of Earth’s Reflectance (POLDER) provided by CNES; ~
NSCAT and TOMS provided by NASJL
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TT@IMis a joint NASA/NASDA mission with thesole objective of
measuring preapitation— undoubtedly the most difficult atmospheric
variable to quantify, and the crucial driver of the hydrologic cycle and
atmospheric dynamics. TRMM will measure diurnal variation of latent
heating and convective processes in the tropics from a 350-km, 35° inclined
orbit using the following sensors: CERES, US, Precipitation Radar (PR),
TRMM Microwave Imager (’IT@, and Visible Infrared Scanner (VIRS). Japan
provides PR and the launch aboard an H-II rocket in August 1997; NASA will
provide the spacecraft, the rest of the payload, and instrument integration

The conceptual design of an ADEOS foIlow-on-ADEOS II-is still underway.
One proposal calls for dividing ADEOS II into two separate missions (i.e.,
ADEOS IIa and IIb), with the first satellite to be launched in 1999. ADEOS IIa
would carry a global monitoring payload emphasizing the hydrologic cycle,
while ADEOS IIb would have high-resolution visible and microwave sensors.
Both satellites would have orbital specifications similar to the ADEOS
mission. AMSR and GLI will be the core global imaging sensors for ADEOS
IIa, complemented by IMG2 and NSCAT II. The entire ADEOS IIb payload—
consequently its launch date-has yet to be determined. Strong candidates for
ADEOS IIb include a next-generation version of AVNIR and a radar to ensure
continuity with SAR data provided by JERS-1.

Table 4 offers a list of the instruments to be flown by Japan, with brief ““
measurement objectives appended.

[Insert Table 4. Japanese Instwnents plmed as Part of IEOSI

Europe

The POEM satellites will make comprehensive research and operational
observations of the Earth. POEM w~ be implemented as two ~pacecraft
series-one for environmental monitoring and atmospheric chemistry
(ENVISAT), and one for operational meteorological and cIimate monitoring
(METOP). Both satellites will use-the Columbus polar platform, and both wiIl
be equipped to work with the European Data Relay SatelIite System (DRSS).

POEM-ENVXSAT has the dual objectives of continuing ERS measurements -
and contributing to environmental studies in land surface properties,
atmospheric chemistry, aerosol distributio~ and marine biology. The.
instrument package consists of five ESA-funded instruments and four
instruments to be provided by individual ESA member states. The ESA
facility instruments include the Advanced Synthetic Aperture Radar (ASAR),
Global Ozone Monitoring by Occultation of Stars (GOMOS), Mediurn-
Resolution Imaging Spectrometer (MElUS), Michelson Interferometer for
Passive Atmospheric Sounding (MIPAS), and Radar Altimeter (RA-2), which

;,—w..,.. .“ r- 27

,,



.,..,.:....,:,.,::.:..:.j.:.:::!.,:,:ti
..,,,..:,..,...... ..:.............................,..““;$g~giR@,
,{m~y

LAS
IMG
NSCAJ
POLDER

RIS
TOMS

CERES
us
PR
TMI
VIRS

IMG2
NW II

ADALT
AWIR+
E+IDAR

IMB

R-2
SUES

TERSE
TOMUIS

StrcttospMlcchemisq
TroposphericChemistry

AcheMicrowave
ViS/lRImoges

andRadbion Budget
AimosphericChemisty
stratosphericChemistry-

Altimeter

ViS/lR Images
laser RangingandSounding

VIS/lRImages

A&eMicrowuve

wosphericchemiq

TroposphericChemisiry

%atosphericchemiq

S+ “ OzmdrdaiEd@adhighw
b’badiade,dme,cnd&+pes
wdspeedtmdtio’fE!rk-

Ahspheicaerosds

Aimospheic&qctes

Daity@l&metim

R&iicm bdgef
Dis&b(mdtiddiidighb-ing wertheEcrh
Thmdiionalpdiksohmratesinthetrcpics
I%x@icm mewremb
Varialicnsofrainwk rcxmtentwiiholtibde

&diaxik, meihane,andothergreenhousegases

Oceansurbcewctorwinds

&id, oceanwuves,andpolarice
Upwe!lii mdbnceinmdiiplespecd Ixmds
#&ol&!cJoudver6cd& Lsof*v3pqandiesheet.

1 1- -
.-

Ecdogicdenvbmed~ wW@hsp&id -
la

tE$oiu60n

WAndtingofkopos$d’hdfypr
Iuee-diid-of- ●cmne CMbuiim

Wf

29L



includes a microwave sounder. The following national contributions are also-
included on the POEM-ENVXSAT manifesti Advanced Along-Track
Scanning Radiometer (AATSR), Precise Range and Range Rate Equipment—
Extended (PRAREE), Scanner for the Radiation Budget (SCARAB), and
Scanning Imaging Absorption Spectrometer for Atmospheric Cartography
(SCIAMACHY). The first POEM-ENVXSAT launch is scheduled for mid-1998,
with the launch of a second planned for 2003.

POEM-METOP will fly an operational meteorological package in cooperation
with the European Organisation for the Exploitation of Meteorological
Satellites (EUMETSAT) and NOAA. This series wilI take over morning
operational satellite coverage from the NOM P(XS system in 2000. This
collaborative venture has the current objective of operational meteorology
and climate monitoring, and a future objective of ~perational ciirnatology. A
preparatory program for METOP was approved at the November 1992 ESA
Ministerial Conference. The complete payload will be determined in 1994,
when final program approval and funding is expected. The core operational
meteorology payload consists of six instruments: AMSU-Al/2, AVHRR-3,
Data Collection System (DCS), High-Resolution Infrared Sounder (HIRS-3),
Infrared Atmospheric Sounding Interferometer (IASI), and MHS. The
operational meteorological package also includes Meteorological
Communications Package (MCP), Search and Rescue (S&R), and Space
Environment Monitor (SEM). In addition, the following instruments have
been proposed for chnatological monitoring Advanced Scatterometer
(ASCAT), AATSR, Global Ozone Monitoring Ins&ument (GOMI), MIMR, and
SCARAB.

Table 5 lists the instruments and measurement objectives proposed by Europe
as contributions to IEOS. .

[Insert Table 5. European Instruments Planned as Part of IEOS]

The National Oce anic and AtIIIOSDheric Adminis tration

NOAA conducts U.S. &il programs for operational Earth remote sensing.
The current and Euture satellites of the POES series are an essential part of : =‘=
~=, since these satellites provide valuable precursor data and will yield : ‘=
complementary observations during the EOS mission lifetime. NOW’S
long-term data record is already being used to establish baseline conditions
and to detect trends, with several NASA/NO~ Pathfinder projects ,. :’...Y,..f,.
underway (i.e., reprocessing of A- TOVS, and GOES data). ?“

The present POES Program maintains two operational satellites in polar
orbit+ne providing morning (AM) coverage and the other afternoon (PM)
coverage. The U.S. and Europe (i.e., EUMETSAT and ESA) have agreed that
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Europe will take over responsibility for the AM global coverage mission in
the year 2000, and that NOM will continue PM coverage indefinitely.
Through NOM, the U.S. will provide a suite of four primary sensors for the
European AM mission AMSU-A1 /2, AVHRR-3, HIRS-3, and SEM (see the
European section for descriptions of these ins~uments). EUME’XSAT ~d
others will reaprocate by supplying sensors and subsystems for fright on both
the NO&4-L (morning) and -K/M/N/N (afternoon) satellites.

Long-term improvements in NOAA satellite, instrument, and space
subsystem design are expected to result from technology advances assoaated
with the EOS Program. To this end, coordination in technology development
extends to NASA designating some EOS instruments as “prototypes” for
future operational environmental satellites. This means that NOAA ~d
NASA are agreeing on design features that would emble these prototypes to
be transferred to NOM spacecraft after being space-proven in NASA
research/demonstration efforts.

32 THE EOS ERA

3.2.1.hs~ uments and Measureme nt Strategy

Saentific priorities having been determined, and the strategy for addressing
them developed, implementation requires launching several suites of
instruments into orbit+ach designed to accomplish a critical portion of the
mission. Within the larger scheme of USGCRP, EOS will build on the
investments made in the Earth observations satellites comprising MTPE
Phase I, providing better measurements of critical Earth system processes.
Figure 7 provides the launch profile for the EOS series through 2005, and
Table 6 summarizes the measurement objectives of each of the EOS satellite
series.

[Insert F@re 7. EOS Mission Launch Profile here]
[Insert Table 6. The EOS Satellite Series here]

Synergistic instrument clusters have been identified that address specific
scientific problems (e.g., role of clouds in climate). To the extent that
instrument clusters can be accommodated on the same spacecraft, errors
caused by temporal variability in observed phenomem are mkimized. This
is particularly significant for removing the effects of the intervening
atmosphere from measurements of reflectance or emittance from the Earth’s
surface made by passive optical sensors.

--.-

EOS-AM
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Satellites (launch Status)

EOS-AMSeries(1998)
EarthObserving5 stem

!MorningOossing Descending)

EOS-CO1OR(1998)
EOSOceanColorMission

‘ EOS-PMSeries(20MJ)
EarthObservingSystem
Afternoon(rossing(Ascending)

EOS-AEROSeries(1000)
EOSAerosolMission

EOS-AITSeries(2002)
EOSAhimety MissIon

EOS-CHEMSeries(2002)
E05[hemisttyMission

Mission O~edives
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internationalcooperolion)
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Frenthinstruments)~

Atmospheric(hemicol(opposition*chemistry-climate
interaclion~oir-seaexchane ofchemicalsandenergy

(i’(toincludeonosyet tobe eterminedjopanese
instrument)



Measurement of the diurnal properties of clouds and radiative fluxes requires
observations in morning and afternoon sun-synchronous orbits, as well as
the inclined orbits provided by TRMM and the EOS-AERO series. bother
group of instruments on the morning spacecraft will address issues related to
the land surface-atmosphere exchanges of energy, carbon, and water-a task
that is addressed now only qualitatively by AVHRR and Landsat. EOS-AM1
will have an equatorial crossing time of 10:30 a.m., when daily cloud cover is
typically at a minimum over land such that surface features can be more
easily observed. The instrument complement is intended to obtain
information about the physical and radiative properties of clouds (m
CERES, MXS~ MODXS); air-land and air-sea exchanges of energy, carbon, and
water (ASTER, MISR, MODIS); vertical profiles of important greenhouse
gases (MOPITT); and the role of volcanoes in the climate system (AS-
MISR, MODIS). CERES, MISR, and MODIS are provided by the U.S.; MOPITI’
is provided by Canada; and ASTER is provided by Japan.

The mission includes three AM frights-EOS-AMl to be launched in June
1998, EOS-AM2 in June 2003, and EOS-AM3 in June 2008. Since the EOS-AM1
spacecraft is unique, changes in the follow-on flights have already been
scheduled. MODIS, MISR, and CERES remain onboard EOS4VQ, though
CERES will carry only a single scanner on the follow-on AM platforms.
Negotiations are still underway to accommodate MOPITT on EOS-AM2. TES
and EOSP, both of which provide tropospheric aerosol and chemistry data,
will replace ASTER, which will only fly on the EOS-AM1 satellite. With the
possible exception of MOPI’IT, EOS-AM3 is expected to have the same payload
as EOS-AM2.

EOS-PM

The EOS-PM series spacecraft will have an afternoon crossing time to
enhance collection o; meteorological data by the atmospheri~ sounders
onboard. The ins&urnent complement is designed to provide information
on cloud formation, precipitation, and radiative properties via AIRS, AMSU,
CERES, MHS, and MODIS. In concert with vector wind stress measurements
from a scatterometer (e.g., NSCAT II on ADEOS), MU@ AIRS/~/C, . z .
and MODXS will provide data for global-scale studies of air-sea fluxes of

.-

energy, moisture, and momentum. In addition, _ MODIS, and AIRS “ ‘:
will contribute to studies of sea-ice extent and heat exchange with the
atmosphere. Plight of this platform during the operational lifetime of TRMM
will allow assessment of the utility and accuracy of preapitation estimates
based on MIMR data, with MODIS and MIMR mapping the extent and
properties of snow and its role in the climate and hydrological systems. AIRS,
AMSU, CERES, and MODXS are provided by the U.S.; MHS is provided by
EUME’ISAT; and IvIINIR is provided by ESA.

30



Currently, the plan is for all EOS-PM satellites to be identical, except that
CERES will consist of two scanners on EOS-PM1 and a single scanner on the
follow-on flights. EOS-PM1 is scheduled for launch in December 2000, EOS-
PM2 in December 2005, and EOS-PM3 in December 2010.

The morning observatory is scheduled to launch before the afternoon
platform for several reasons: 1) The EOS-AM series will yield important
measurements of both clouds/radiation and surface characteristics, and 2) it is
more straightforward to execute than the EOS-PM1 observatory. The EOS-
AMl spacecraft includes only one challenging U.S.-furnished instrument (i.e.,
MODXS), whereas EOS-PM1 includes MODIS and AIRS, both of which are
technologically demanding. The balance between saentific requirements,
cost, schedule, and risk associated with EOS-AM1 versus -PM1 resulted in a
decision to launch the morning platform first.

EOS-AERO

Current plans call for the use of an internationally contributed spacecraft to be
placed into a 57° inclined, 705-km (or slightly lower) orbit to optimize
collection of occultation data in the equatorial latitudes. This series involves
five spacecraft launched on 3-year centers to provide the required K-year
coverage. The follow-on frights are scheduled for 2003,2006,2009, and 2012.
SAGE III is capable of making long-term trend measurements of aerosols,
ozone, water vapor, and clouds from the middle troposphere through the
stratosphere-important parameters for radiative and atmospheric chemistry
models.

In addition, a companion instrument ma y be added+ther EOSP to measure
sulfate aerosols, or ACRIM to measure solar irradiance at the top of the
atmosphere.

EOS-COLOR

The oceans’ role in world climate has been identified as the semnd highest . _
priority issue to be investigated by EOS. EO%COLOR involves a one-lime ‘-~ -
acquisition of ocean primary productivity observations via a data purchase, as .“
will be done for SeaWiPS, which is scheduled for launch onboard SeaStar in
19% Scheduled for launch in 1998, EOS-COLOR will provide ocean color and
productivi~ observations, with a specific focus on understanding the oceans’
role in the global carbon cycle. This mission will provide data continuity
until both MODIS instruments are fl~g. MODIS redundancy on EOS-AM1
and -PM1 will yield complete global ocean color measurements by avoiding
sun-glint over the northern oceans and the lack of illumination over the
southern oceans.
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Variations in absorption of solar radiation by oceans caused by changes in bi~
optical properties will be investigated by EOS-COLOR. Along with vector
winds from a scatterometer, these measurements will allow more accurate
estimates of ocean-atmosphere

EOS-ALT

exchanges of carbon.

The instrument complement for the EOS-ALT mission remains intact
throughout the series. EOS-ALT consists of ~, ~ DORIS, and
SSALT—the former two are U.S. instruments and the latter two are provided
by France. In addition to precise orbit tracking (DORIS, TMR) and altimeter
calibration and orbit determina tion (SSALT), the EOS-ALT series will provide
measurements of sea ice and glacier surface topography, cloud heights, and
aerosol vertical structure (GLAS). Investigation of ice sheets, relevant to sea
level changes, requires accurate aldrneter measurements. SSALT is a du~-
frequency radar altimeter for accurate determination of ocean-surface
topography, from which circulation can be inferred; GLAS is a “laser altimeter
that will generate accurate profiles, which are particularly needed to establish
the changes in volume of the ice sheets in Greenland and Antarctica. DORIS
enables the precise positioning of the spacecraft needed to interpret
measurements obtained by both of these ins&uments. The EOS-ALT
missions are scheduled for launches in the years 2002, 2007, and 2012.

EOS—CHEM

The instrument complement for EOS-CHEM currently consists of ACRIM,
HIRDLS, ML& SAGE III, SOLSTICE IX,and an as yet to be determined Japanese
contribution. The latter instrument is being accommodated as reciprocation
for the flight of ATSCAT II on ADEOS II. EOS—CHEM instruments will
provide measurements of solar energy flux (ACRIM); solar ultraviolet
radiation (SOLSTICE II); ahnospheric aerosols, ozone, and water vapor (SAGE
III); atmospheric tiace gases (HIRDLS); and ozone, based on chlorine
monoxide, bromine oxide, and water vapor (MIS). HIRDLS, SAGE III, and -~
MM on the EOS—CHEM spacecraft-along with MOPITT on EOS-AM1 (and . ‘“---’-
possibly -AM2) and SAGE III on EOS-AERO-provide critical data related to “-
tropospheric and lower stratospheric chemistry and dynamics, including
troposphere-stratosphere exchanges. The EG—CHEM flights are scheduled for
2002,2007, and 2012.

Other EOS-Funded Instruments
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Other instruments funded through the EOS Program receive their flight
opportunities aboard international partner platforms. CERES and HS in an
inclined orbit on TRMM will improve diurnal coverage in conjunction with
CERES on the AM and PM polar-orbiting satellites. NSCAT II has been
selected as part of the ADEOS II payload. Refer back to the Japan subsection
above for brief coverage of these instruments’ measurement objectives.

322s EOS Sc ience Priorities

EOS is a long-term program, providing continuous observations of global
cIimate change; therefore, the planned payload scenarios for the years beyond
2003 focus on re-flying the basic clusters from the EOS-AM1 and -PM1
spacecraft at least twice, at 5-year intem-als. The payloads on the follow-on
EOS spacecraft could be modified as saentific understanding of global change
evolves and technology improves. With this in mind, the scientific areas of
importance discussed in Chapter z and their linkage to the current EOS
instruments are provided as Table 7.

[Insert Table 7. Science Questions and Instrument Priorities here]

Decisions about instruments to fly on follow-on spacecraft need not be made
immediately, but technology development efforts must continue to ensure
that such next-generation instruments are available when needed.

32.3. Using EOSDIS

EOSDIS is central to the EOS Program, because it provides the environment
in which saentists and other. users exploit EOS and other Earth observations
data and information. The design can be best characterized as flexible and
resilient, while the implementation will be incremental and evolutionary.
EOSDIS includes several distinct but interrelated components (see Figure 8):

c The Flight Operations Segment-Consisting of the EOS Operations
Center (EOC) and Instrument Control Facilities (ICI%), this segment . = =
provides mission and instrument planning, scheduling, conbol, and -.:-
monitoring. Instrument Support Terminals (XSTS) will provide
capabilities for instrument corrunand and contiol at the investigator’s
home facility; interfaces with international partners are also providecL

● The Science Data Processing Segment-This segment consists of the
Distributed Active Archive Centers (DMCS), which includes a Product
Generation System (KS), a Data &chive and Distribution System
(DADS), and an Information Management System (MS). The primary
purpose of this segment is to process higher level data from
measurements taken by the instruments for saentific investigations.
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c Science Computing Facilities (SCFS)-~S are located at investigator
sites, and are used to develop and maintain data processing software, to
produce special data products, to validate data products, and to perform
saentific analyses.

● EOS Data Operations System (EDOS)-This system processes Level O
data, archives them, distributes Level O data to the D#ACs, and
provides a command and telemetry interface to the Tracking and Data
Relay Satellite System (TDRSS), which receives the data directly from
the spacecraft.

s Communications and System Management Segment-This segment
consists of the System Management Center (SMC) and the EOSDXS
Science Network, and provides general management and coordination
of the ground system resources.

[Insert Figure 8. EOSDIS Architecture here]

Achieving the goals of the overall mission will depend on how well EOSDIS -
helps saentists access and use reliable large-scale data sets of geophysical and
biological processes under study, and on how successfully EOS”scientists
interact with other investigators in furthering Earth system science.
Currently, progress in use of remote-sensing data for science is hampered by
the need for saentists to understand too many operational details. EOSDIS,
by contrast, is committed to provide immediately relevant information to a
wide range of users, bypassing this operational bottleneck. Data availability is
also important to users; therefore, EDOS will generate Level Oproducts
within 24 hours of dbseiwation, and quick-look data 6 hours thereafter for
select instruments.

Standard data products will give the user community access to independent
measurements to validate and drive models of processes at local, regional,
and global scales. EOSDIS wiIl include algorithms for generating the
products, descriptors of data quality, and the identity of the responsible
scientists. Speaalized products created by EOS saentists in their own
computing facilities will also be archived and distributed by EOSDIS.

h EOS data processing and distribution system requires an evolutiomry,
distributed design, because needs for the data will be changin~ as will

-,---.-
.-

available hardware and software. A EOS investigator responsible for a “” ‘-
standard data product through the life of the mission will make a major
commitment to maintain algorithms and sohmre as: the instrument and

. -. environment changes, as well as to control quali~ and vali&te products
.-

The investigator must also provide additional information enabling others to
use the products. EOSDIS policy requires that alI data and derived products be
available to all users. No preferen~ will be given
will there be any period of proprietary restriction

to EOS investig~tors, nor
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Users in the U.S. and participating countries will pay only the marginal costs
for data reproduction and distribution, and must agree to publish their results
in the open literature and make available supporting information. Users in
non-participating countries may have the same access by proposing
cooperative projects and assoaated contributions. To the extent possible, the
same policies will be applied to other relevant data that are not generated by
EOS, such as observations acquired by other Federal agencies partiapating in
USGCRP or from the international partner platforms.

‘D&lCs will fulfill the processing needs of the system, except for algorithm
development and the investigations of individual saentists. Eight DAAG
will ensure that data wiIl be available indefinitely in an easily usable form.
DfiC assignments were based primarily on the current distribution of
scientific expertise and institudoml heritag-e tid capability (see Table 8). An
additional center (i.e., CIESIN) receives funding from NASA to serve the
socio-econornic and educational user community. Each of these centers will
provide instrument support software that will allow investigators to issue
commands for instrument pointing and data acquisition. The basic idea is
that multiple facilities and generic classes of data centers can best fulfill the
needs of the Earth system saence user community.

[Insert Table 8. EOSDIS-Sponsored Data Center Responsibilities]

EOSDIS will come to life with the advent of Version Obetween 1991 and 1994.
Version Owill use existing data from Earth Probes and other non-EOS data
sources to test out issues such as development of common data formats,
interoperability, and user interfaces. Version O development focuses on the
Saence Data Processing Segment described above. As EOSDIS evolves, it will
subsume the capabilities of Version O. Obviously, user needs for EOSDIS will
become more clearly understood as researchers work with and respond to the
earlier versions of the system. User needs will change over time. To succeed
over its lifetime, EOSDIS must be responsive to this change.

Version Owill provide the user community with improved access to Earth
science data without degrading their existing services. It will also serve as an
essentiaI prototyping system for further development of EOSDXS. By 1998, the
full EOSDX.Ssystem will be operational, receiving data from EOS spacecraft . “-~ ‘-
through the TDRSS satellite, while continuing to maintain and process data .-
from other missions.

Storage requirements for EOSDIS will vary according to EOS satellite, from a
maximum of 673 GB/day for EOS-AM to 2 GB/day for the EOS-COLOR
mission Processing requirements will vary similarly from 250 MFLOPS for
EO$PM to 21 for EOS-AERO, and even less for other non-EOS missions (see
Table 9). As EOSDIS becomes fully operational, it will evolve into a
significant tool, bringing Earth system science to its potential as a new field of
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study. Since the development of predictive models is at the heart of the EOS
project, the modeling capabilities supported by EOSDIS are essential. The
current focus of EOS model-builders is on creating comprehensive climate
models and carbon cycle models, consistent with the project’s emphasis on
climate-related issues.

[Insefl Table 9. EOSDIS Storage and Computation here]

3.2.4 co nductirw InterdisciDlinarv Investi~ations

Many of the important saentific questions to be studied by EOS require
analyses by interdisciplinary teams using data and information from different
combinations of the EOS instruments dnd in situ observations. Twenty-nine
investigations have been selected out of several hundred stibrnissions from
saentists around the world who responded to the EOS Announcement of
Opportunity. The interdisciplinary studies bring together highly talented
teams of experts from diverse fields to tackle specific areas of uncertainty
regarding the functioning of the Earth as a coupled system. Three examples
follow to illustrate how these studies cross traditional boundaries. For
additioml details on all Interdisaplinary Science Investigations, see the “1993
EOS Reference Handbook” (Asrar and Dokken, 1993).

One study—Global Water Cycle: Extension Across the Earth Sciences-wiIl
bring together 18 researchers under the leadership of Eric J. Barron of the
Pennsylvania State University to study the global water cycle. The goal will
be to determine the scope of the water cycle’s interactions with aIl Earth
components, and to understand how it affects change on global and regional
scales. This study will involve the conversion of patterns observed from
space into knowledge of the processes that, linked together, determine the
cycling of water in the Earth system. The research strategy involves
developing simulation models that assimilate EOS and in situ observations
to produce information on physical and biological variables and processes
rates.

The models will be tested with field studies for calibration and verification, . = ._
and wilI provide methods for resolving the presently unknown sources, . “ -
sinks, and flux rates of the global water cycle. The knowledge gained will

.:-

then be used to document significant aspects of the water cycle and to develop
the needed understanding of past variations to help predict future changes.

Another study-hzferannual Variability oj the Global Carbon, Energy, and
Hydrologic Cycles, directed by James E. Hansen of the NASA Goddard
Institute for Space Studies-will use pre-EOS and EOS data sets to investigate
the interannual variability of key global parameters and processes in the
global carbon cycle, the global therrnaI energy cycle, and the global hydrologic
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cycle. The science team will develop, analyze, and make available to other
Earth science investigators global geophysical data sets derived from pre-EOS
and EOS observations. Developing data sets will involve use of observations
in combination with global models that are already developed or currently
under development. The analysis will involve studies of several specific
interdisaplinary problems-each focused on interactions among components
of the Earth system, such as land-atmosphere, ocean-atmosphere, and coupled
chemistry-dymrnic atmosphere models. Expected near-term res~ts include
knowledge of certain Earth system processes that can be investigated using
large-scale interannual variability of observed parameters, a mini-EOS-type
collection of data sets available in convenient form to other investigators, and
improved definition of global measurement and data set needs for EOS.

The third study-lnferdiscipli?zay. ‘hzvestigation of Clouds and Earth’s
Radiant Energy System, led by Bruce A. Wielicki of Langley Research
Center—will contibute to understanding the effect of clouds on climate by
creating a consistent database of accurately known fieMs of radiation and
cloud properties. Radiative data will be provided as fluxes at the top of
Earth’s atmosphere, at the Earth’s surface, and as flux divergences within the
atmosphere. Cloud properties will be provided as measured areal coverage,
cloud altitude, shortwave and longwave optical depths, cloud particle size,
and condensed water density. The large systematic diurnal variations of
radiation and clouds will be resolved by analyzing data from three spacecraft
EOS-AM1 and -PM1 polar platforms and from the low-inclination TRMM
satellite.

The combination of these data with global climate models will allow
researchers to determine the interaction of clouds with the Earth’s climate-a
critical issue for understanding global change. Pre-launch studies of radiative
transfer models and data analysis algorithms will use existing satellite data
along with field measurements of clouds and radiation coIlected during the
First ISCCP Regional Experiment (FIRE).

The 29 EOS Interdisciplinary Science Investigations will exploit the talents
and skiIls of several hundred scientists, and the results and knowledge gained
will be made available to other saentists via EOSDIS. Taken together, these -,
studies wilI promote a comprehensive approach to the study of the Earth as a “-“ =
system.

,“ ..-

3.3. SUMMARY

Clearly, implementation of EOS will be a complex undertaking. Yet, the
entire process is held together by a simple goal-understanding how the
Earth functions as a system, with a definite focus on global climate change.
Chapters 1 through 3 have provided an overview of how the design and
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implementation of EOS wilI answer priority saence and policy questions. In
the foIlowing chapters, the process will be considered in greater detail,
looking at each priority research area in tum
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4.0. CLOUDS, RADIATION, WATER VAPOR, AND PRECIPITATION

The range of su~ace temperatures and pressures on Earfh is such that water is
pkntzj%l in its l~e-supporting liquid state and yet moves freely and
vigorously to its vapor and solid states as well. The more we ka~ abouf our
desiccated, and apparently barren, neighboring planets, the more we Wondm
f our good fortune is not a result as well as the cause of lye on the Earfh.

Opportunities in the Hydrologz”cSciences, 1991

4s. CURRENT UNDERSTANDING

The highest priority science and policy issues- confronting EOS are those
concerning potential changes in the Earth’s water and energy cycles. The
climate research community now agrees that the Earth’s climate will undergo
changes in response to the radiative forcing induced by the increase in trace
gases, such as C02, CH4, N@, and CFCS.

These changes may profoundly affect atmospheric temperature, humidity,
circulation, cloud cover distribution, and espeaally preapitation patterns.
Such changes are likely, in turn, to have significant soaetal impact. Water
central to the functioning of human society in ways that only become

is

apparent when it is absent or inadequate. In the U.S. alone, half of the $100
billion agricultural industry depends on irrigation, while 90 percent of U.S.
electriaty generation involves water in some form. Climate models already
predict an increased future tendency toward aridity and drought, particularly
in the interiors of mid-latitude continents.

The full impact of greenhouse gas forcing depends on feedbacks between
atmospheric changes and -radiative forcing terms that are inadequately
understood. For example, increased atmospheric humidity caused by greater
evaporation at the Earth’s surface is a near certainty in a warmer climate. At
present, we are uncertain about the resulting vertical redistribution of the
evaporation, which is essential to understanding the magnitude of water
vapor feedback. ---.-

The monitoring of clouds, water vapor, and the radiation budget of the Earth “ .:-
has therefore emerged as a key component of a space-based climate
monitoring system. The Earth’s radiation budget is espetiy important
because it serves as both a tracer of dirnate change and a forcing function
Understanding the deposition of radiation energy within the climate system
is essential, be-muse
atmosphere and the
radiation budget.

ti-e solar and longwave flu-& at the top of the -
Earth’s surface are primary components of the Earth’s

39
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Since the general circulation of the atmosphere and oceans is driven by the
spatial variation of the net radiative heating, changes in this heating will
cause changes in the circulation patterns as well. This will alter the
hydrologic cycle, and the distribution of preapitation over the surface of the
Earth is likely to be realigned. Changes in oceanic circulation will result in
different distributions of sea surface temperature, leading to further
atmospheric circulation shifts. There are two areas of central coricern about
atmospheric elements of the hydrologic cycle: Clouds and atmospheric
circulation.

4..1.1. Clouds

The role of clouds proves central in understanding the Earth’s radiation
balance. Clouds five a strong influence on the ra-dative energy exchange
between the atmosphere and its upper and lower boundaries. They constitute
the most important variable in determiningg the amount of solar energy
absorbed by the cIirnate system as well as the amount of infrared energy
radiated to space. The effect of cloud cover on solar radiation depends
primarily on the optical thickness of the cloud, but it also depends on particle
size and phase. The longwave effect depends primarily on cloud-top
temperature, which is a function primarily of cloud height.

Effects of solar radiation and thermal emission move in opposite directions.
Each is large, but the combined effect is small, depending on many
parameters. The balance-where the net result is the difference between two
large quantities —has led to a debate on whether clouds play an important
feedback role in climate.

While clouds appear to control the energetic of the climate system, the cloud
parameters themselves depend on the climate. The radiative effect of clouds
on climate is understood in prinaple, with gaps in present knowledge
confined to recognized problem areas. However, the dependence of cloud
cover parameters on the variables of the climate system is only understood in
isolated areas under hm.ited conditions. As such, cloud process studies need
to be performed at two levels: Cloud scale and regional scale. -,.-.-

....

4.U A~q22Qzcdabon
. . .

Atmospheric circulation acts as the conveyor of moisture when water vapor
evaporates from the ocean and land surfaces, then is transported to other
parts of the atmosphere where condensation occurs, clouds form, and
preapitation ensues. There is a net outiow of atmospheric moisture from
the tropics (where sea surface temperatures are high and the warm
atmosphere can hold large amounts of water vapor) to the higher latitudes
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(where the moisture is removed through condensation and preapitation
processes). A warmer climate will affect the hydrologic cycle, but these
prospective circulation changes are not wdl understood and have been
poorly modeled.

Water vapor strongly depends on the temperature, which determines the
total amount of water that the atmosphere can hold without saturation
Hence, water vapor amounts decrease strongly from equator to pole and with
increasing altitude. Superimposed on this general behavior are smaller
variations of water vapor amounts that determine the formation and
properties of clouds and rainfall. Generally, water amounts are slightly less
over the contients than over the oceans, and the upper atmosphere tends to
be drier than the near-surface atmosphere. Researchers do not yet understand
all the processes that transport water accurately enough to predict how
variations in water will change with temperature.

Most of the processes discussed so far relate to atmospheric dynamics;
however, the oceans are equally central in understanding the global energy
and hydrologic cycles. The role of the world’s oceans in climate change is
discussed in greater detail in Chapter 5. Ocean circulation’s role in the
hydrologic cycle is the resuit of interactions between the oceans and the
atmosphere, but it is not yet clear how this coupled system is balanced. The
scales of motion and the energy in both systems are large enough to ensure
that the flows are turbulent and non-linear, which limits the ability to make
accurate predictions.

To complete this survey of current understanding about hydrology and
energy systems, the land component must also be examined (discussed in
greater detail in Chapter 7). Here, the critical issue revolves around the
interaction of the Earth’s surface and the atmosphere. Much more needs to be
known about how energy and water fluxes are linked with the state of land
vegetation. Many of the uncertainties reflect the lack of coeval
measurements of soils, soil moisture, vegetation morphology and physiology,
snow depth, and the state of the overlying atmosphere. Direct measurements
of evaporation and transpiration are available only at local sites, so that
regional and global evaluation of this critical flux is inadequate. The
interactions of the land surface and atmosphere are incorporated in only a

-- ,.. --

primitive fashion in global &mate models.
.:-

42 IQY QUESTIONS

The key questions regarding water and energy cycles focus on clouds,
greenhouse gases, evaporation, and land surface hydrology
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1)

2)

3)

4)

4.3.

HOW will clouds, through their influence on the Earth’s radiation ‘
budget, modulate or enhance tropospheric warming caused by
increasing concentrations of greenhouse gases, espeaally water vapor?
How will tropospheric warming from inmeasing concentrations of
greenhouse gases affect atmospheric circulation patterns, therefore
regional preapitation patterns?
How will the global and regional water balance of preapitatiow
evaporation/transpiration, and runoff be affected by increasing
concentrations of atmospheric mace gases?
What are the feedbacks and interactions between the atmosphere and
land surface hydrology that will define the response to accelerated
human-induced changes in land surface characteristics?

SCIENCE ST’IWT’EGY -

During the 1990s, experiments such as the International Satellite Cloud
Climatology Project (ISCCP), First ISCCP Regional Experiment e),
Atmospheric Radiation Measurement (ARM), and Earth Radiikion Budget
Experiment (ERBE) will improve knowledge of cloud behavior, while the
Global Water and Energy Experiment (GEWEX) will address large-scale
hydrologic issues.

The Tropical Rainfall Measurement Mission (TRMM), to be launched in 1997,
will mark the beginning of improved measurements of precipitation over
regions where current data are inadequate. The TRMM mission, cofiined
with EOS instruments, will acquire crucial information on surface fluxes of
water and the transport of water vapor through the atmosphere.
Understanding the role of aerosols in moderating greenhouse forcing will be
improved by the French POLDER instrument on ADEOS.

The most important EOS instruments to be deployed in gathering
information & water and energy cycles are m, MODIS, -
AIRS/AMSU/MHS, MIMI?, and MXSR MODIS, MISR, SAGE III, and EOSP
will provide more extensive information on aerosol formation, distribution,
and diurnal variability. The combination of CERES and MODIS will allow -.
greatly improved q~tification of the large-scale and low frequency

. .-.-

variability of net incoming solar radiation and net outgoing longwave ..

radiation and their comection to cloud sticture and coverage.

In tandem with SAGE III and EOSP, MXSR and MODXS will explore the role of
aerosols in radiation balance. Understanding cloud formation processes and
radiation interaction will be advanced primarily by the AIRS/AMSU/-
instruments. In addition, MODXS and MIMR sensors together will provide
global mapping of snow cover in all weather conditions.
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Several Interdisciplinary Science Investigations focus on global hydrological -
issues, including

●

●

●

●

●

4A

Global Water Cycle: Extension Across the Earth Sciences, Eric J. Barron
Merannual Variability oj fhe Global Carbon, Energy, and Hydrolop”c
Cycles, James E. Hansen
The Hydrologic Cycle and Climatic Processes in Arid and Semi-Arid
Lands, Yann H. Kerr and Soroosh Sorooshian
Global Hydrologic Processes and Climate, William K.M. Lau
An Interdisciplinary Investigation of Clouds and the Earth’s Radiant
Energy System: Analysis, Bruce A. Wielicki.

EXPECTED RESULTS

There are many potential gains in knowledge from EOS about hydrologic and
energy systems. The following is a list of some important likely results from
pre-EOS and EOS-era measurements and improved modeling capabilities:

1) Define what types of clouds are most important in determining the
radiative energy balance of the Earth-It should also be possible to
establish the observed relationship between cloud type descriptions
based on satellite data and the top-of-the-atmosphere radiation
balance. This will provide insight into what types of clouds are most
important for the radiation balance. The understanding gained will
help discrimina te the mechanisms by which particular types of clouds
are generated. Assessing the capabilities of global circulation models
to generate similar cioud properties, scientists can then determine
how these generating mechanisms might change if the climate
warms.

2) Quantify the observed relationships among local changes in
abundance of particular cloud types, atmospheric water vapor
distribution, sea surface temperature, and large-scale circulation of
the atrnosphere-The greenhouse effect produced by water vapor is
linked with cloud radiative forcing, since clouds also moisten their
environment.

3) Determine the physical and optical fine structure of clouds on spatial -“= ‘-
scales of 1 to 10 km related to their genesis and decay mechanisms “

,:..

and to the Iarge-scale envirorunent-Researchers will be able to
evaluate how much can be learned about the genesis mechanism of
clouds and their effect on the environment by increasing the spatial
and spectral information available from Earth-orbserving satellites.

4) Determine the overall role of clouds in controlling the Earth’s
radiative balance, thus climate-EOS will determine cloud properties
simultaneously with radiative fluxes at the top of the atmosphere, at
the surface of the Earth, and within the atmospheric column.
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5) Determine the climate feedbacks between the ocean, land, biosphere,
cryosphere, and atmosphere-EOS data on clouds and radiation will
be combined with global circulation models to determine climate
feedback mechanisms.

6) Determine the radiative energy exchange between the surface and the
atmosphere-EOS measurements of radiative fluxes will permit
evaluation of the energy flows between the surface, atmosphere, and
outer space.

7) Determine the total poleward energy transport of the Earth-
atrnosphere system, and of the oceans-lhis redistribution of energy
drives the large-scale circulation systems of the planet.

8) Characterize continenta~-scale water and energy exchanges-Land-
based, airborne, ‘I’RMM, and EOS sensors of water and energy budget
variables will be used to characterize water and energy exchange
processes, leading to improved parameterization of these exchanges
in global circulation models.

9) Develop continental and regional surface hydrologic models with
expficit treatment of precipitation, runoff, and snowlice dynamics
over land areas-This will be verified with remotely sensed data
from EOS platforms and from in situ measurements.

10) Develop high-resolution, comprehensive Earth system models that
incorporate atmosphere-ocean interaction along with realistic
treatments of clouds and the hydrologic cycl~lhis will be used with
EOS and other data to assess current climate and to predict future
climate trends and variations.

-,. . -

. . .-
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5.0. OCEANS: CIRCULATION,
PRODUCTIVITY, AND AIR-SEA ExCHANGE

Accurate representation oj the ocean in climate modek...is cn”tical to
developing the ability to predict climate change.

Our Changing Planet: The FY 1993 Research Plan, 1992

5.1. CURRENT UNDERSTANDING

The oceans transport significant quantities of energy and drive long-term
changes in climate. Fluxes of energy, momentum, and freshwater between
the atmosphere and the ocean surface affect circulation and the availability of
both water vapor and energy to the atmosphere. The exchange of C@ across
the air-sea interface depends on the difference of partial pressure and wind
stiess at the sea surface.

The world ocean is also the great reservoir of the Earth’s water supply, with
fully 98 percent of the available water supply stored in the oceans and in sea
ice. About 78 percent of global precipitation and 86 percent of evaporation
occurs over the oceans [WCRP/GEWEX, 1988; Baumg*er and Reichel,
1975]. The small difference of about 10 percent between the net excess
evaporation over precipitation in the oceans is transported by the winds to
supply essential precipitation to the continents.

The oceans also serve as huge reservoirs of elements and chernical species to
which the climate system is sensitive. In particular, the 600 gigatons of carbon
present in the oceanic dissolved organic matter (DOM) pool is equal to the
total vegetative carbon reservoir on land. Oceanic DOM has a biogenic origin,
but details of its cycle are not well known Cle~ly, formation and destruction
of DOM depend on the species, hence the environmental oceanic processes
that modify the composition of species assemblages will change the quantity
of oceanic DOM.

Transfer of carbon and many other chemical species across the air-sea
interface is tightly controlled by ocean surface and atmospheric surface layer

-- ,--. -

phenomem, especially winds. The incorporation of inorganic carbon by “
“:..

marine plants and its role in carbon cycling in the ocean is important, but not
well understood on mesoscales and seasonal time scales.

Researchers do know that oceanic processes control climate change on many
levels. For example, western boundary currents such as the Gulf Stieam flow
poleward, balancing the global heat and momentum budgets. Oceanic carbon
uptake has been seen as a possible mechanism to delay the greenhouse effect.
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In general, the global system of ocean currents has been compared to a giant
conveyor belt—transporting heat, salt, and chemicals around the planet.

In order to better understand the role of the oceans in global change, saentists
need data about the physics of the upper ocean, the biological processes that
occur in the upper ocean influencing the chemical form of climate-sensitive
species, and the air-sea interaction processes that couple the atmosphere and
oceans (i.e., the Earth’s two great fluid systems).

52.

1)

2)

3)

4)
5)

6)

7)

5.3.

KEY QUESTIONS

What are the storage and transport times of heat and greenhouse gases
in the ocean? .,
What is the balance between C@ ventilation to the atmosphere in
newly upwelled water and the rate of formation of organic carbon
globally?
What is the concentration of pre-formed nutrients in source regions of
deep water formation?
What is the rate of ocean primary production and new production?
How does ecosystem structure control the rate of organic matter
transport to deep oceans?
Are nutrient-rich oceans limited by atmospheric transport of
terrestrially derived dust rich in trace nutrients?
What is the rate of production of dirnethyl sulfide by phytoplankton?

SCIENCE STRATEGY

The Sea-Viewing Wide Field Sensor (SeaWiFS) will begin to provide ocean
color measurements in 1994, from which biomass and biological productivity
can be estimated. Since 1992, the Ocean Topography Experiment
(TOPEX)/Poseidon has provided measurements of ocean topography to
improve knowledge of the circulation of the upper ocean. The NASA
Scatterometer (NSCAT) will fly on the Japanese Advance Earth Observing
System (ADEOS) mission in 1995, to measure wind stress at the ocean surface,
while also providing surface wind information for inclusion in models of the
Earth’s climate.

Continuing observations of integrated atmospheric liquid water, water vapor,
and surface wind speed by the Department of Defense (DoD) Special Sensor
Microwave/Irnager (SSM/1) are being wed to make estimates of monthly
mean air-sea fluxes of heat and water. In addition, SSM/I observations of sea
ic+along with synthetic aperture radars on the European Remote-Sensing
Satellite-1 (ERS-1), Japan’s Earth Resources Satellite-1 @RS-l), and

-’
.-

.-
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Radarsat-will be used in models of bottom-water formation and heat flux in
the high-latitude oceans.

NOAA’s Advanced Very High-Resolution Radiometer (AVHRR) will
provide high-resolution sea surface temperature in cloud-free regions.
Coupled with global field programs such as the World Ocean Circulation
Experiment/Tropical Ocean Global Atmosphere (WOCE/TOGA) and Joint
Global Ocean Flux Study (JGOFS), significant advances will be made during
this period in understanding the role of the ocean in the Earth system.

In 1998 and beyond, MODIS sensors flying as part of the EOS Program will
continue the SeaWiFS measurements of ocean color and improve the
accuracy and resolution of sea surface temperature measurements.
Subsequently, more complete spe&al rneastiernents-by sensors such as the
Global Imager (GLI) flying on ADEOS-will allow separation of
phytoplankton pigment into its critical components, thus significantly
improving understanding of ocean biogeochemical cycles.

NSCAT II on the ADEOS IIa mission will continue the essential data set for
ocean vector winds, allowing improved estimation of critical air-sea heat,
momentum, and chemical fluxes.

AIRS/AMSU/MHS will provide accurate sea surface temperatures, as well as
boundary layer temperature and moisture needed for monitoring air-sea
energy exchange. MJMR will provide information about sea ice and
atmospheric water content at a higher spatial resolution than SSM/1, and the
added 6 GHz channel will allow aL1-weather estimation of sea surface
temperature under cloud- cover. Continuous time series of TOPEX/Poseidon-
class altirnetric measurements will allow the study of critical components of
low frequency variability of basin-scale ocean circulation. The EOS-ALT series
will continue ocean topography measurements started by TOPEX/Poseidon.

Several Interdisciplinary Science Investigations are directly related to better
understanding of the oceans, including

●

●

●

●

●

Coupled Atmosphere-Ocean Processes and Prirnay Production in the . = -

Southern Ocean, Mark Abbott .-

Biogeochemicd Fluxes at the OceanlAtrnosphere Interface, Peter G. “ “:-
Brewer
Interdisciplinary Studies of the Relationships between Climate, Ocean
Circulation, Biological Processes, and Renewable Marine Resources,
Graham P. Harris
Climate Processes Over the Oceans, Dennis L. ~ann
The Role of Air-Sea Exchanges and Ocean Circulation in Climate
Variability, W. Timothy Liu
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● Investigation of the Atmosphere-Ocean-Land Sysfem Related to
Climatic Processes, Masato Murakami

“ Polar Exchange at the Sea Su@ce (POLES): The Interaction of Oceans,
Ice, and Atmosphere, Drew Rothrock

“ Middle and High Latitudes

5.4. EXPECTED RESULTS

Oceanic Variability Study, Merit A. Srokosz.

There will be many advances over present knowledge of the oceans from
both the pre-EOS and EOS-era missions. The followkg is a parti~ list of
some

1)

2)

3)

4)

5)

of the potential advances expected:

Significant improvements in the quality, coverage, and availability of
ocean data sets on a global basis-The pre-EOS era WM witness
advances in single oceanographic discipfies (e.g., biology, chemisq,
and physics), while the EOS era will focus on the interaction of these
systems. The interfaces are complex, and many of the interactions are
non-linear; however, progress in understanding the processes
controlling these linkages is anticipated.
Significant improvement in models—Toward the end of the 1990s,
coupled atmosphere-ocean models capable of assimilating complex
data fields will be developed. In the EOS era, predictive models will
become operational through a combination of experience in working
with these earlier models, the continued evolution in understanding
of the relevant processes, and the beginning of a consistent time series
of observational data accessible via the EOS Data and Information
System (EOSDIS). The models in the EOS era will contain more
processes explicitly, and the parameterizations that remain will be
better understood. Continued effort will be placed on developing fully
predictive models of ocean biogeochernistiy.
Major improvements in coupled atmosphere-ocean models—Because
the links between these two systems are so poorly understood, this may
well be the most important development in advancing global change
research.
Determine in detail the accuracy of scatterometer wind measurements
as a function of both winds and other geophysical phenomena-This
task is critical, since eventual use of remotely sensed data to force and ‘
test advanced models requires quantitative estimates of data accuracy to
allow proper assimilation and to ensure proper interpretation of
results.
Develop and test te-lques for extrapolating and interpolating
scatterometer data to regular space-tie grids and estabIish the
quantitative accuracies of the products-IJsing TOPEX/Poseidon data,
researchers expect to generate several basin-scale and regional ocean

=;.
.“ -

.“--
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wind gridded products for the Atlantic, North Pacific, Tropical Oceans,
and Southern Ocean.

6) Apply scatterometer data in severaI ocean air-sea and biophysical
interaction modeb4Qy areas of near-term study will include large
scale tropical air-sea interaction modeling, the Southern Ocean, and
biophysical modeling of the Gulf Stream region of the Atlantic.

7) Improve techniques for calculating latent and sensible heat,
momentum, and moisture, as well as greenhouse gases over the global
oceans—May need a touch of explanation here ....

8) Develop advanced techniques for the assimilation of scatterometer “
winds into GCMs-This development will have spe&al relevance to
improving medium-range weather forecasting.

. 9) Improve understanding of the wind-driven response of ocean
circulation-It is espeaally important-to-analyze how this process
controls the distribution of heat storage in the upper oceam

.
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6.0. GREENHOUSE GASES

Minor species, such as 03 and the hydroxyl radical (OH) have a major
injknce on the chernisty of the atmosphere and in fhis capacity have
become directly important to human sociefies.

Earth System Science: A Closer View, 1988

6.L CURRENT UNDERSTANDING

Human activities are changing the concentrations of trace constituents in the
atmosphere, and both chemical and dynamic responses of the atmosphere to
this forcing are occurring. Ozone (03) is the element of greatest interest,
because of its importance in preventing ultraviolet radiation from reaching
the Earth’s surface and its contribution to global warrnin gas a greenhouse gas.

In the stratosphere, large springtime ozone depletions in the @tarctic have
been shown to be related to anthropogenic chlorine- and bromine-containing
compounds. In addition, recent research efforts have detected mid- and high-
latitude ozone decreases in the northern hemisphere that exceed changes
predicted by standard models. By contrast, there have been increases in
background ozone in the troposphere, espeaally in the northern hemisphere.

Changes in tropospheric ozone maybe accompanied by changes in the
oxidizing capacity of the troposphere (i.e., its ability to react with a variety of
compounds). This in turn would affect the amounts of those compounds
reaching the stratosphere. The major gap in our current knowledge about the
troposphere is that we do not know whether tropospheric 03 is increasing,
and this is an important question for EOS to answer. The abundance of OH
controls the lifetime of chlorofluorocarbon (CFC) substitutes. If OH increases,
fewer HCFCS will reach the stratosphere; however, if it decreases, the opposite
will hold true,

62. KEY QUESTIONS -.. -..-

Four scientific issues form the focus for investigation of tropospheric
....

chemistry. Besides trace gases in the atmosphere and their role in chemical
and radiative processes, tropospheric chemistry questions are closely related
to issues in other priority domains

1) Trace gases and climate (global warming)
“ What is the source distribution of radiatively active gases with

mtural and anthropogenic origins (CH4, N20, C@)?
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● What is the mtural and anthropogenically induced variability in “‘
ecosystems caused by changes in temperature, aad deposition
rainfall, and ultraviolet radiation?

2) Tropospheric ozone and global pollution
● What is the natural variability in tropospheric ozone?
c Is tropospheric 03 increasing? Are its precursors (CO, NOx, and

hydrocarbons) increasing?
c What are the roles of convection, stratosphere-troposphere

exchange, and long-range transport in 03 formation?
● What are the magnitudes of ozone production from industrial

activity and biomass burning?
● What is the effect of 03 changes on forests, agriculture, and

ecosystems?
3) Oxidizing capacity of the- atmosphere “’~”~~- ~~

s What are the spatial distributions of OH andH202 in the
troposphere?

● What is the total OH abundance?
“ Does the OH abundance change during the EOS observing period?

4) Budgets and sources of trace gases that contain carbon,-sulfur, and
nitrogen
● What are the terrestrial and oceanic contributions to the global

carbon cycle?
Q What is the anthropogenic contribution to these trace gases and

how is it distributed?
c Are there trends in the emissions of radiatively and photo-active

gases, both natural and anthropogenic?
● Is there large-scale interaction of clouds and preapitation with trace

gases?

6.3. SCIENCE STIL4T’EGY

The variables needed to answer the main questions related to the troposphere
involve measuring from space tropospheric trace gases with an intermediate
lifetime of days to months. Researchers have to infer the concentration of
short-lived trace gases from ultraviolet flux and measurement of the
intermediate lifetime gases, using an appropriate model, coupled with data ““= =
assimilation. Results are then validated by field campaigns. In addition to “ “=
trace gases, information from other disciplines such as ocean color, biomass
burning and land vegetation are neede~

Before the EOS launches begin, field campaigns and existing satellite data will
help find new information about the relationships between various
tropospheric gases and source gases. The stratospheric instruments+mch as
the Total Ozone Mapping Spectrometer (TOMS) and those onboard the Upper
Atmosphere Research Satellite (UARS)-will help saentists learn about

51



stratospheric/tropospheric exchange of trace gases. SAGE/TOMs 03
differential will help to approximate tropospheric residual ozone, providing
information on regional and seasoml mid-troposphere ozone behavior.

Surface fluxes of some land- and ocean-derived trace gases will be estimated
using Advanced Very High-Resolution Radiometer (AVHRR), Sea-Viewing
Wide Field Sensor (SeaWiFS), and four-dimensional assimilation techniques.
On the international side, the Japanese Interferometric Monitor for
Greenhouse Gases (IMG) instrument will supply global meas~ements of
long-lived trace gases in the pre-EOS era.

Less will be learned about the chemistry of the lower stratosphere from
LJ~, but aircraft campai~ ,d+g ~e.. qex:.d~c?de W~ add greaflY to
knowledge of lower stratosphe~c and tropospheric chemistry. These
campaigns will focus on specific trace gas transport and transformation
mechanisms, but will not provide global surveys of tropospheric constituents
such as ozone, ozone precursors, and other biogeochemically important trace
gaseso-

In the EOS era, TES and MOPITT will investigate the interaction and
evolution of tropospheric trace and greenhouse gases with the chrnate and
biosphere. The combination of measurements provided by SAGE III,
HIRDLS, and MIS will provide additioml data on stratospheric ozone, water -
vapor, and temperature. These instruments will help address questions of
stratospheric-tropospheric exchange, changes in upper tropospheric ozone
and water vapor (key greenhouse gases], and changes in the chemisby of the
lower stratosphere, including the role of heterogeneous processes.

EOS Interdisciplinary Science Investigations focused on the chemistry of the
troposphere and lower stratosphere include the following:

●

●

●

●

●

●

●

Biogeochemical Fluxes at the Ocean/Atmosphere Interface, Peter G.
Brewer
Observational and Modeling Studies of Radiative, Chemical, and
Dynamical Infractions in the Earth’s Atmosphere, William Grose
lnterannual Vatibilify of fhe Global Carbon, Energy, and Hydrologic
Cycles, James E. Hansen

-..-

The Role of Air-Sea Exchanges and Ocean Circulation in Climate “ -
Variability, W. Timothy Liu
Changes in Biogeochemical Cycles, Berrien Moore III
A Global Assessment of Active Volcanism, Volcanic Hazards, and
Volcanic Inpufs to the Atmosphere j%n EOS, Peter J. Mouginis-Mark
Using Multi-Sensor Data to Model Factors Limiting Carbon BaZance in
Global Grasslands, David S. Schimel
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● Investigation of the Chemical and Dynamical Changes in the
Stratosphere Up to and During the EOS Obseming Period, Mark R.
Schoeberl

“ Biosphere-Atmosphere lnferacfions, Piers Sellers.

6.& EXPECTED RESULTS

The following are some of the improvements in knowledge that can be
expected about the chemistry of the troposphere and lower stratosphere:

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

Better understanding of continued trends in tropospheric ozone
the surface and at locations of ozonesonde release

at

Better understanding. of the trace constituent distributions in the
upper troposphere -
Better understanding of the natural and anthropogenic input of trace
constituents into the troposphere
Improvements in global tropospheric chemical modeling
Better understanding of the temperature, dynamics, and
stratospheric-tropospheric exchange in the tropopause region
hnproved understanding of the trace constituent distributions in the
upper troposphere, especially for carbon monoxide and ozone
Availability of information needed for improving models of
tropospheric chemistry (especially true for-the ti-tribution of global
ozone and the hydroxyl radicaI)
Wind measur=ents h the stratosphere and high-resolution trace
constituent measurements in the upper troposphere and stratosphere
(improved studies of trace constituent budgets and stratosphere-
troposphere exchange)
Dramatically improved understanding of the relationship between
temperature, trace constituent concentrations, and formation of polar
stratospheric clouds in the high-latitude lower stratosphere
Better understanding of the transport mechanisms between the
troposphere and stratosphere.
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7.0. LAND SURFACE: ECOSYSTEMS AND HYDROLOGY

Ultirnately...shifls in the finctions of terrestrial ecosystems induce changes
the climate of the globe and the chemisty of the atmosphere and oceans.

From

7.1.

Pattern to Process: The Strategy of the Earth Observing System, 1987

CURRENT UNDERSTANDING

in

There have been few attempts to link physical climate and the terrestrial
biosphere, realistically des~bing the kt~ractions between the surface and the
atmosphere. However, the vegetated land surface includes many systems
that regulate the flux of moisture from the ‘soil to the atmosphere and *O
the uptake and release of C02. The state of the vegetation and the water-
holding properties of the soil column determine how these controls operate.

Many of the uncertainties reflect the lack of coeval measurements of soils,
soil moisture, vegetation morphology and physiology, snow depth, and the
state of the overlying atmosphere. The interactions of the land surface and
the atmosphere are incorporated only in a primitive fashion in global climate
models, through highly simplified boundary layer processes. Improved
estimates of water and energy fluxes between the atmosphere and the land
surface, and of runoff over the land surface and into oceans, are needed to
determine the exchange of moisture and energy between the land surface and
the atmosphere. This information is required for realistic climate
simulations. In addition, we need to know more about terrestrial processes,
because regioml preapitation is controlled (in part) by them.

Terrestrial ecosystems play significant roles as both sources and sinks for
greenhouse gases, and photosynthesis is the primary means of transforming”
and removing carbon dioxide from the atmosphere. Terrestrial vegetation
responds to increasing concentrations of atmospheric carbon dioxide through
increased photosynthetic carbon fixation, which could result in increased
carbon storage in vegetation and soils. Yet, increasing temperatures, which
may accompany the increasing carbon dioxide concentrations, will cause
increased rates of respiration and decomposition within ecosystems. Thus, a -. ---.
net ecosystem response to carbon dioxide is difficult to assess. T.

At present, researchers are not able to balance the global carbon budget. We
know that about half of the anthropogenically produced carbon released
annually does not remain in the abnosphere. Known terrestrial and oceanic
sinks do not account for all “missing” carbom Changes in land use and
management (especially deforestation and biomass burning) reduce the
standing stock of the terrestrial biosphere and cause the direct release of
carbon dioxide into the atmosphere. The total contribution of deforestation
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and biomass burning to atmospheric concentrations of carbon dioxide is not “
well known, and knowledge of the link between these activities and other
greenhouse gases is equally uncertain.

We also know that atmospheric methane concentrations are increasing at a
rate of 0.9 percent amua.lly, but do not know the cause. Several ‘proposed
anthropogenic sources for increasing methane concentrations in the
atmosphere involve the terrestrial biosphere. These include rice cultivation,
ruminant rearing, and biomass burning. In addition, natural wetlands serve
as a significant source of methane und~ anaerobic conditions, and regional
change caused by climate warming or increased duration .of flooding could
lead to large increases in their emissions. Climatic warming and drmg of
wetlands, on the other hand, could reduce their methane emissions. In areas
where the storage of organic carbon-in soiJs is-high, -this could lead to
increased decomposition and emission of carbon dioxide. Saentists now
have a reasonably good understanding of how these processes work in some
localized areas at particular times of year, but do not understand them on a
global scale or over long time periods.

Terrestrial ecosystems will change over time in response to changes in their
biogeochernical environment. Changes in atmospheric concentrations of
greenhouse gases are likely to lead to shifts in the species composition,
structure, and element cycling processes of terrestrial ecosystems. These “”
developments may well result in new ecosystems that respond differently to
the greenhouse gas environment. Long-term changes and feedbacks remain
unclear.

72.

1)

2)

3)

4)

KEY QUESTIONS

How will the land surface biophysical controls on the carbon,
and water cycles respond to and feed back on climate change?
GCM simulations of climate system responses to increasing
atmospheric C@ predict that there will be a warmin g of the
continental interiors. This could lead to a decrease in

energy,
Most

evapotranspiration and amplification of warmin g and drying.
How will the respiration component of the carbon cycle (particularly --- “
decomposition) change with climate change? .-

How will ecosystems change in response to climate change and
anthropogenic pressure, particularly feedbacks onto the climate system
and cycling and storage of caibon and trace constituents? The projected
changes in the physical climate system will exert pressures on
terrestrial ecosystems, in addition to local changes brought about by
human activity and natural processes.
How are a~ospheric trace gases distributed
concentrations changing over time? This is
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globally, and how are the
a question that is relevant



to other priority areas, but is also important here because of the role of “
CH4 and CO in relationship to ecosystem processes.

7.3. SCIENCE STFWTEGY

In this decade, programs such as the International Satellite Land Surface
Climatology Project (ISLSCP) and the Global Energy and Water Cycle
Experiment (GEWEX) will examine exchanges of water, energy, and chemicals
between the surface and the atmosphere. In addition, the Landsat archive
and continuing series will be used to examine historical changes in land
cover, land use, and the distribution of biomass.

Until the launch of EOS, the Advanced Very High-Resolution Radiometer
(AVHRR) will be the only source of data for global-scale monitoring of
vegetation dynamics on phonological and sub-seasonal lime scales, which is
essential for the study of the exchanges of water, energy, and carbon between
the land and the atmosphere.

Synthetic aperture radars (SARS) flying on European, Japanese, and Camdian
satellites will also monitor deforestation and surface hydrology. The ability of
SAR to penetrate cloud cover and dense plant canopies make it particularly
valuable in rainforest studies.

After 1998, the EOS instruments (particularly MODXS and MISR) will support
global mapping of the surface vegetation model exchange of trace gases, water,
and energy with the atmosphere. ASTER will provide simultaneous
multispectral, high-resolution detail to support this mapping. In addition,
MISRS ability to correct land surface images for changing atmospheric
conditions and sun-sensor geometry will qualitatively increase land
biosphere knowledge. MIMR will improve mapping of snow cover and snow
water equivalent in ail-weather conditions, along with vegetation moisture.

Interdisciplinary Science Investigations directly relevant to land surface
hydrology and ecosystems include the following

● Long-Term Monitoring of the Amazon Ecosystems through EOS:
From Patterns to Processes, Getulio T. Batista and Jeffrey E. Richie

● Northern Biosphere Observation and Modeling Experiment, Josef
Cihkir

“ Hydrology, Hydrochemical Modeling, and Rkote Sensing in ~
Seasonally Snow-Covered Alpine Drainage Basins, Jeff Dozier

● The Hydrologic Cycle and Climatic Processes in Arid and Semi-Arid
Lands,-Yann-H. K-err and Soroosh Sorooshian

“ Changes in Biogeochernical Cycles, Berrien Moore m

-- _--.

w-. .
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●

●

●

7.4#

Using Multi-Sensor Data to Model Factors Limiting Carbon Balance in “”
Global Grasslands, David S. SChirnel
Biosphere-Atmosphere Interactions, Piers Sellers
Use of a Cyospheric System (CRYSYS) to Monitor Global Change in
Canada, R4jean Simard.

EXPECTED RESULTS

The following are some of the expected results from the investigations of
land hydrology and ecosystem processes:

1]

2)

3)

Operation of four-dimensional models to provide continuous global
estimates of air temperature, humidity, wind veloaty, radiation fluxes,
shear stress, cloudiness, snow cover, and preapitation “
Global multi-temporal measurements (sub-seasonal to decadal) of
terrestrial vegetation dynamics
High spatial resolution observations of ecosystem extent and character,
allowing a better understanding of land cover changes and
community-scale changes assoaated with anthropogenic influences,
climate-forced succession, or disturbance.

.

..

.

- ‘,
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.
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8.0. GMCIERS AND POLAR ICE SHEETS

There remains the possibility that, under ihe injluence of global warming, the
West Antarctic Jce Sheet might become unstable and surge into the ocean,
causing a global rise in sea kvel. ...

Earth System Science, A Closer View, 1988

8.L CURRENT UNDERSTANDING

A central concern about global warming is that melting glaaers and ice sheets
will cause the sea level to rise, rendering certain coastaI areas uninhabitable.
A l-m change in sea level woidd translate into major shifts in shoreline, with
both economic and legal ramifications. Even 30-cm changes can be important
for coastal communities and coastal engineering practices. For all these
reasons, sea level rise, resulting from a combination of increased water
temperature and melting ice, is one pressing matter put forth by the
Intergovernmental Panel on Climate Change (WCC). Dete rrnining whether
this is a possibility requires input from the oceanography, climatology,
hydrology, and solid Earth science disaplines.

Knowledge of the motions of the Earth along ocean coastlines and near the
margins of ice sheets is needed if saentists are going to be able to determine
changes in the volumes of ice and water. These measurements require
observations from space to establish an absolute vertical reference frame for
tide gauge and altimetric measurements, and to monitor deformations of the
solid Earth near the margins of the oceans and ice sheets. Ultimately,
predictions of sea level change depend directly on estimates of the mass
balance of the ice on the Earth’s land surfaces. Changes in the mass balance of
glaaers and ice sheets are also time-integrated indicators of climate change.

3n the pre-EOS period, radar altimeter data from Seasat and Geosat for
Antarctica do not exist, and they are available for Greenland only to a latitude
of 72°N. Surface measurements of mass balance are sparse, creating an
uncertainty in the state of the Earth’s second largest reservoir of water. -’.-

Current knowledge is inadequate to assess whether the /ktarctic and
..

Greenland ice sheets are growing or shrinking. Results from field work show
that some glaciers are getting larger, while others are becoming smaller.
Extrapolations from these observations to infer the contribution to sea level
have been sticken by large errors; thus, the mass balance for the big polar ice
sheets is not known, and where reliable estimates of ice thickening/thinning
are available, we do not know why the ice is behaving as observed. For all
these reasons, we currently camot predict the response to global warmin g of
the polar glaciers and ice sheets.
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Much more also needs to be known about snow-accumulation rates, melting
rates,

82.

1)
2)
3)
4)
5)

8.3.

and iceberg calving rates.

KEY QUESTIONS

What is the current mass balance of the polar ice sheets?
ke these ice sheets growing or thinning?
What are snow accumulation and melting rates?
What are the iceberg calving rates?
Will changes in ice sheet and glaaer mass balance result in a sig.niilcant
rise in sea-level in the next cen~?

SCIENCE ST’lUITEGY

Prior to the EOS era, ERS-1 and -2, JERS-1, SARS, and Radarsat will provide
useful data, but these sensors are only going to be operating for limited
periods of time, and with limited coverage. The measurements of sea level
and ice volumes require accurate control of satellite orbits, geodetic level
measurements of the vertical movements of the land around the oceans and
ice sheets, and the establishment of a uniform global reference frame for
vertical movements.

EOS instruments that are importtit to achieving these objectives include
SSALT, DORIS, TMR, and GLAS. GLAS, the laser aldrneter, is the key
instrument for starting mass balance measurements of polar ice sheets, and
will fly on the EOS-ALT series starting in 2002. ASTER, a high-resolution
imager flying on the EOS-AMI platform in 1998, will be a powerful tool for

it

mapping glacier features, providing data from which glaaer flow rates can be
measured. MODIS-flying on both the EOS-AM and -PM series-will
provide the broad patterns of areal extent and coverage that are required.
MODXS can locate areas where changes are taking place, and these areas can
then be examined by high-resolution instruments to determine more detail.

-%
Several Interdisaplinary Science Investigations are exa

---
mining the polar . “.:- -

regions and issues related to ice sheets, glaaers, and sea level, as follow:

● Global Water Cycle: Exfension Across fhe Earth Sciences, Eric J. Barron
● Hydrology, Hydrochernical Modeling, and Remofe Sensing in

Seasonally Snow-Covered Alpine Drainage Basins, Jeff Dozier
● Climate, Erosion, and Tectonics in fhe Andes and Ofher Mounfain

Sysferns, Bryan L. Isacks
“ Use of a Cyospheric Sysfern (CRYSYS) to Monitor Global Change in

Canada, R4jean Simard
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“ Earth System Dynamics: The Determination and Interpretation oj the
Global Angular Momentum Budget Using EOS, Byron D. Tapley.

8.40 EXPECTED RESULTS

There are several major results expected from these research efforts on
glaaers and ice sheets, includin~

1) Characterization of the annual mean sea level with an uncert~ty of a
few *eters

2) I@owledge of the change in mass balance of the major ice sheets
3) Substantial knowledge of the amount, distribution, and

spatial/temporal extent of snow
4) The foundation for predicting whether global warming will lead to an

increase in sea level.

.-4
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9.0. OZONE, CLIMATE, AND THE BIOSPHERE
. .

The people of the world are conducting a continuing, inadvertent experiment
with the Earfh ’s atmosphere that is altm”ng its properties on a global scale.

UARS: A Program to Study Global Ozone Change, 1991

9.1. CURRENT UNDERSTANDING

The middle and upper stratosphere is the region of ozone formation, and
rapid anthropogenic chemical changes are oc curring here. Ozone loss is
assoaated with these changes, as is possible cooling of the middle and upper
stratosphere. Recent findings of ozone depletions at the poles and even in
the mid-latitudes are creating great concern about this area of research This
loss will increase the ultraviolet flux into the lower atmosphere, and more
prease knowledge of these processes is increasingly vital.

The basic method of research on this region is to validate current models and
hypotheses through long-term global monitoring of key stratospheric species
and physicaJ processes. Validation of models takes place through global
satellite observations, aircraft and balloon in s“tu observations, and ground-
based methods. The minimum requirements for this monitoring consists of “
a set of speaes that characterizes the main chernicaI cycles involving ozone,
and measurements of the basic physical environment of the stratosphere.

The minimum chemical set is determined by a radical and a reservoir from
each of the major chemical families (Ox, NOX, CIOX, HOX) and the source
gases for these families (e.g., N20 for the NOX family). The physical
environment measurement set includes temperature, wind, ultraviolet flux,
and aerosol/ cloud amounts.

94.

1)

2)

3)

4)

KEY QUESTIONS

Do we understand the evolution of stratospheric trace gas composition
during a period of large anthropogenically forced changes in the e.. z

stratosphere? .W

Can we understand/predict global ozone changes and the resulting
changes in ultraviolet flux?
How strongly will chlorine affect the upper stratosphere during the
EOS period when chlorine reaches unprecedented levels?
How will increasing greenhouse gases and water vapor affect the
chemistry and dynamics of the stratosphere?



93. SCIENCE STRATEGY

Measurement requirements will differ for different speaes and physical
processes. Continuous global measurement of temperature, winds,
aerosols/clouds, long-lived trace gases, and some radical and most reservoir
speaes are required. Long-term, high-precision, continuous monitoring of
ozone, temperature, and some reservoir gases are needed for global trends.
The Upper Atmosphere Research SateIlite (UARS) will generate the most
important data on the stratosphere prior to EOS; however, UARS is designed
to be operational for only 3 years, and no measurements of the HQ speaes
will be made.

UARS, along with the NOM SBUV-2 and the Shuttle ATLAS missions, will
continue to examine the chemical and dynamical processes of the middle and
upper stratosphere, the mesosphere, and lower thermosphere, including
high-altitude solar-atmospheric effects. SAGE II will also provide high-
precision ozone, water, and aerosol measurements. The ground-based
Network for Detection of Stratospheric Change (NDSC) will complement the
spaceborne measurements.

Starting with EOS-CHEM1 in 2002, HIRDLS, MLS, and SAGE III will monitor
the middle and upper stratosphere. SAGE III-frying in both polar and
inclined orbits-will continue and improve the high-precision ozone, water,
and aerosol record begun by SAGE I and II. HIRDLS wiIl provide high spatial
resolution daily global mapping of temperature, ozone, water, metier
CFCS, and other important trace gas species. The inclusion of MLS will
complete the minimum required trace gas measurement set with
observations of hydroxyl and halogen oxide radicals. The EOS measurements
wiIl be augmented by a suite of European Space Agency (ESA) stratospheric
instruments and the continued expansion of NDSC.

The Interdisciplinary Science Investigations most directly relevant to
questions about the stratosphere follow:

“ Observational and Modeling Studies of Radiative, Chemical, and
Dynamical interactions in the Earth’s Atmosphere, William Grose

● Chemical, Dynamical, and Radiative Interactions through the Middle ‘“--
Atmosphere and Thermosphere, John A. Pyle

“ The Development and Use of a Four-Dimensional Atmospheric-
Ocean-Land Data Assimilation System fm EOS,. Richard B. Rood

● Investigation of the Chemical and Dynamical Changes in the
Stratosphere Up to and During the EOS Observing Period, Mark R
Schoeberl.

9.4 EXPECTED RESULTS
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The distribution, causes, and magnitude of changes of stratospheric ozone
will be better understood, including improved knowledge ok

1)
2)

3)

4)

5)
6)

Continued trends of stratospheric ozone
The connection between atmospheric composition, solar inputs, and
atmospheric temperature
Distribution of trace constituents in the stratosphere and their long-
term changes with time
Distribution and properties of stratospheric aerosols and polar
stratospheric clouds
Global stratospheric models
Sgatospheric data ,assi@latiom
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10.0. VOLCANOES AND CLIMATE CHANGE

Since major eruptions...are known to influence global clirnafe for years
afterward, climate models musf include the capability of predicting fhe.
occurrence and nafure of major volcanic erupfions.

Earfh Sysfem Science, A Closer View, 1988

10.1 CURRENT UNDERSTANDING

Solid Earth processes are important to climate change, particularly in their
interactions with the hydrologic cycle and ecosystems, and more directly
through input of particulate and aerosols by volcanic eruptions and wind
erosion.

Eruptions of volcanoes, such as Mount Pinatubo in 1991, can inject millions
of tons of ash, gases, and aerosols into the upper troposphere and lower
stratosphere over a time scale of a week to several months. Assessing the
impact of these eruptions on the Earth system requires estimations of the rate
at which solid and gaseous material are ejected and measurements of the
mture and recovery time of the transient disturbances to the atmosphere, .
land surface, and/or sea surface.

Particularly in the case of volcanogenic material injected into the
stratosphere, it is the rate of conversion of sulfur dioxide to sulphate aerosols
and the residence time of the aerosols in the stratosphere that are responsible
for the duration of the regional or hemispheric cooling associated with
volcanic eruptions. The direct and indirect effects of eruptions on a wide
range of biomes, espeaally alpine or boreal biomes that are already under
stress, can last for months or decades.

While explosive eruptions are more spectacular than volcanic activity that
produces lava flows and volcanic domes, the contribution of gases released
into the a~osphere from surface activity may also have significant impact
on the Earth system. -,.-

Because of the greater volubility of sulfur in basaltic magrnas compared to “ “-
more siliac magmas, eruptions of volcanoes such as those found in Iceland
can inject many times more sulfur into the atmosphere than an eruption of
an equivalent volume of siliac magma. The 1783 eruption of Laid in Iceland
is a perfect example. Eruption of large volumes of basalt over 7 months
resulted in a volcanic fog that affected the weather in northern Europe for at
least 2 years.
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10.2.

1)
2)
3)
4)

5)
6)

10.3.

KEY QUESTIONS

What are the temperatures and morphoiogies of lavas and plumes?
What is the rate at which solid and gaseous materials are erupted?
What is the topography of volcanic Landforms?
What are the inflation/ cleflation rates of volcanic craters and rift
zones?
What is the rate of conversion of sulfur dioxide to sulfate aerosols?
What is the residence time in the atmosphere of volcanic aerosols that
have an effect on climate?

SCIENCE STIUTEGY

The primary instrument package for surface ~ging (ASTER, MODIS, and
MISR) will contribute to studies of volcanic processes as well as many other
solid Earth-related subjects. ASTER, MISR, and EOSP will examine volcanic
plumes and aerosols, and SAGE III will give additioml information on
aerosols reaching the upper troposphere and lower stratosphere.

Volcanoes pose specific requirements to detect and measure the temperatures
and morphologies of lavas and plumes. The temporal perspective of the
activity produced by the EOS sensors is critical to the analysis of both
explosive and lava-producing eruptions. Gas release during an eruption may
vary on time scales of a few hours and can be related to the segment of the
subsurface rria@a” reservoir that is being tapped at different stages of the
eruption.

In lava flow fields, magma production rates, cooling history, and spatial
distribution of activity provide important information on the internal
structure of the volcano. The high spatial resolution of the EOS sensors is
important because of the relatively small size of the phenomem. In addition,
the determination of pixel-integrated temperatures requires both high spatial
resolution and high spectral resolution. ASTER and Landsat are vital for
these temperature determina tions. MODXS will detect changes in the areas of
the volcanoes, while MXSRS ability to determine the amounts of particulate -.

in the atmosphere will also be useful in considering the effect of volcanoes on . ““.: -
climate.

..

SAGE III, TES, and MLS will determine the concentration of S02 and rate of
dispersal around the globe. Modeling of the dynamics of the eruption plume
and rate of release of S02, HCl, CO, H20, and other gases points to the
magnitude of the eruption, magma chemistry, and tectonic setting. Using
TES and MLS to monitor the abundance of gas species accompanying an
eruption allows for assessment of magma residence time and tectonic setting.
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The two Interdisaplinary Science Investigations
this topic follow:

. .

●

●

10.L

,1)

2)

3)

4)

5)

with greatest relevance to

Climate, Erosion, and Tectonics in the Andes and Other Mountain
Systems, Bryan L. Isacks
A Global Assessment of Active Volcanism, Volcanic Hazards, and
Volcanic Inputs to the Atmosphere from EOS, Peter J.

EXPECIED RESULTS

Greatly improved understanding of temperatures and
lavas and dumes

Mouginis-Marlc.

morphologies of ‘

New info~tion on lava flow fiekis, magma production rates, cooling
history of lava flows, and spatial distribu~on of volcanic activity
Plume-height measurements
Measures of topographic change resulting from eruptions
Improved understanding of the links between volcanic eruptions and
global climate.
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11.0. CONCLUSIONS

The most compelling
looking homeward at

images provided to us by the space program are those
Earth jloating in ihe void of space.

From Pattern to Process: The Strategy of the Earth Observing System, 1987

We think of exploration as being a process of humanity leaving planet Earth
to go out into the solar system and beyond. However, from the orbiting of the
first satellite to the flights of the first human beings into space, there has also
been a tendency to look back, to see the Earth from space and understand it in
a new way. This process has now led to the Earth Observing System (EOS)-a
worldwide enterprise aimed at understanding our home planet with a depth
and breadth that could not have been imagined even a few decades ago.

When we consider the number of launch vehicles, instruments,
interdisciplimry studies, disaplines, information systems, variables, and
unknowns involved in the effort, the strategy behind it may be difficult to
comprehend. However, taken as a whole, the vision that inspires the
mission is easy to grasp. It is the vision of humanity taking greater
responsibility for the Earth system, basing policy deasions about the
environment on scientific understanding of global change. It is the vision of
humanity being able to predict the effects of its own actions on the natural
system, and thereby being able to adapt to new conditions or ameliorate
negative impacts whenever possible.

EOS is an opportunity for those interested in space exploration and those
interested in preserving the environment to come together in a common
cause, using the view of the Earth from space to protect the planet and all the
living systems on it. As we approach the beginning of a new century and a
new rnil.lennium, EOS offers us the opportunity to become stewards of the
planet and its resources.
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ACRONYMS

AATSR
ACRIM
ADALT
ADC
ADEOS
AIRS
ALT
AMSR
AMSU
AO
ARGOS+
ARM
ASAR
ASF
ASCAT
ASTER

ATLAS
AT’LID
AURIO
AVHRR
AVNIR

CERES
CFc
CIESIN

CNEs
CRYSYS
acs
DAAC
DADS
DOM
DORKS

(D)PR
DRSS
EAJ

EDOs
E-LIDAR
ENVISAT

Eos

Advanced Along-Track Scanning Radiometer
Active Cavity Radiometer Irradiance Monitor ‘
Advanced Radar Altimeter
Affiliated Data Center
Advanced Earth Observing System
Atmospheric Infrared Sounder
Altimeter
Advanced Microwave Scanning Radiometer
Advanced Microwave Sounding Unit
Announcement of Opportunity
Argos Data Collection and Position Location System
Atmospheric Radiation Measurement “
Advanced Synthetic Aperture Radar
Alaska SAR Facility
Advanced Scatterometer
Advanced Spaceborne Thermal Emission and Reflection
Radiometer

-.

Atmospheric Laboratory for Applications and Science
Atmospheric Lidar
Auroral Imaging Observatory
Advanced Very High-Resolution Radiometer
Advanced Visible and Near-Infrared Radiometer
Committee on Earth ~d Environmental Sciences
Clouds and Earth’s Radiant Energy System
Chlorofluorocarbon
Consortium for International Earth Science Information
Network
Centre National d’Etudes Spatiales
Cryospheric System
Coastal Zone Color Scanner
Distributed Active Archive Center
Data Archive and Distribution System
Dissolved Organic Matter
Doppler Orbitography and Radiopositioning Integrated by --, -
Satellite

“. -

(Double) Preapitation Radar
“.-”

Data Relay Satellite System
Environment Agency of Japan .
EROS Data Center
EOS Data and Operations System
Experimental Lidar
Environmental Satellite
EOS Operations Center
Earth Observing System
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EOS-COLOR
EOSDXS
EOSP
EP
EPA
ERBS
ERos

ESA
EUMETSAT

FIRE

GCRP
GEWEX
GLAS
GLI
GOES
GOMI
GOMOS
GSFC
HCFC
HDF
HJRDLS

IASI
ICI?
IGBP
IELV
EOS
ILAS
IMB
IMG

ISCCP
ISLSCP
XST
XSTG
JEos

JGOFS
m
IAGEOS
Landsat

EOS Ocean Color Instrument
EOS Data and Information System
Earth Observing Scanning Polarimeter
Earth Probe
Environmental Protection Agency
Earth Radiaton Budget Satellite
Earth Resources Observation System
European Remote-Sensing SateIIite
European Space Agency
European Organisation for the Exploitation of Meteorological’
Satellites
First ISCCP Regional Experiment
Global Climate Model
Global Change Research Program-
Global Energy and Water Cycle Experiment
Geoscience Laser Altimeter System
Global Imager
Geostationary Operational Environmental Satellite
Global Ozone Monitoring Instrument :”
Global Ozone Monitoring by Occultation of StarS
Goddard Space Flight Center
Hydrochlorofluorocarbon
Hierarchical Data Format
High-Resolution Dynamics Limb Sounder
High-Resolution Infrared Sounder
Infrared Atmospheric Sounding Interferometer
Instrument Control Facility
International Geosphere-Biosphere Program
Intermediate Expendable Launch Vehicle
International Earth Observing System
Improved Limb Atmospheric Spectrometer
Investigator of Micro-Biosphere
Interferometric Monitor for Greenhouse Gases
Information Management System
Intergovernmental Panel on Climate Change
International Partner Operations Center -,
International SateIlite Cloud Climatology Project

---.-

Intemational Satellite Land Surface Climatology Project : ‘y
Instrument Support Terminal

Japanese Earth Observing System “ ..,.
Japan’s Earth Resources SatelIite

..

Joint Global Ocean Flux Study
Jet Propulsion Laboratory
Laser Geodynamics Satellite
Land Remote-Sensing Satellite
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LaRC
LAWS
LIDAR
m

MCP
MELV
MERE
MH’OP
MHs
MIMR
MIPAS
MXSR

MODXS
MOPITT
MOS
MSFC
MTPE
NASA
NASDA
NCAR
NDsc
NOAA
NSCAT
NSIDC

ORNL
PGs
mm
m=
POLDER
mLEs
PR
PRAREE
K
RA
RadarSat

S&It
SAGE
SAR
SBUV
SCARAB
SCF

Langley Research Center
Laser Atmospheric Wind Sounder
Light Detection and Ranging
Lightning Imaging Sensor
Lidar In-Space Technology Experiment
Meteorological Communications Package
Medium Expendable Launch Vehicle
Medium-Resolution Imaging Spectrometer
Meteorological Operational Satellite
Microwave Humidity Sounder
Multifrequency Imaging Microwave Radiometer
Michelson Interferometer for Passive Atmospheric Sounding
Multi-Angle Imaging Spectroradiometer
Ministry of International ‘Trade and Indus@
Microwave Limb Sounder
Moderate-Resolution Imaging Spectroradiometer
Measurements of Pollution in the Troposphere
Marine Observation SateI1ite
Marshall Space FIight Center . .

Mission to Planet Earth
National Aeronautics and Space Administration
National Space Development Agency (Japan)
National Center for Atmospheric Research
Network for Detection of Stratospheric Change
National Oceanic and Atmospheric Administration
N’ASA Scatterometer
National Snow and Ice Data Center
Ocean Color and Temperature Scanner
Oak Ridge National Laboratory
Product Generation System
Polar-Orbit Earth Observation Mission
Polar-Orbiting Operational Environmental SateIlite
Polarization and Directionality of Earth’s RefIectances
Polar Exchange at the Sea Surface
Precipitation Radar
Precise Range and Range Rate Equipment-Extended -. s ‘=
Quality Control
Radar Altimeter

%%..

Radar Satellite
Retroreflector in Space
Search and Rescue ..

Stratospheric Aerosol and Gas Experiment
Synthetic Aperture Radar
Solar Backscatter Ultraviolet
Scanner for the Radiation Budget
Science Computing Facility
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SUAMACHY

SeaWiFS
SEDAC
SELV
SEM
SIR-C
SLIES
SMC
SMMR
SOLSTICE
SSALT
SSBW
SSM/I
TBD(J)
TDRSS
TERSE

TIRos

TMR
TOGA
TOMS
TOMUIS
TOPEX
TOVS
TRMM
UARS
UNEP
USGCRP
VIRS
WCRP
WMO
WOCE
X-SAR

Scanning Imaging Absorption Spectrometer for Atmospheric
Cartography
Sea-Viewing Wide Field Sensor
Socio-Economic Data and Applications Center
Small Expendable Launch Vehicle
Space Environment Monitor
Shuttle Imaging Radar-C
Stratospheric Limb Infrared Emission Spectrometer
System Management Center
Scanning Multispectral Microwave Radiometer
Solar Stellar Irradiance Comparison Experiment
SoIid-State Altimeter
Shuttle Solar BackScatter Ultraviolet
Special S“ensor MicrowavdImager
To Be Determined Japanese Instrument
Tracking and Data Relay Satellite System
Tunable Etalon Remote Sounder of Earth
Tropospheric Emission Spectrometer
Television Infrared Observing SatelIite =”
TRMM Microwave Imager
TOPEX Microwave Radiometer
Tropical Ocean Global Atmosphere
Total Ozone Mapping Spectrometer
3-D Ozone Mapping with Ultraviolet Imaging Spectrometer
Ocean Topography Experiment
TIROS Operational Vertical Sounder
Tropical Rainfall Measuring Mission
Upper Atmosphere Research Satellite
United Nations Environment Program
U.S. Global Change Research Program
Visible Infrared Scanner
World CIimate Research Program
World Meteorological Organization
World Ocean Circulation Experiment
X-Band Synthetic Aperture Radar
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