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Three Decades of Scientific Progress

> Made significant progress on observing,
understanding, and modeling of Earth system.

»Established major observation networks, in space
and on Earth’s surface, for atmosphere, oceans and
terrestrial systems.

» Accomplished major advances in development of
coupled Earth/climate system models.

» But, much work remains to be accomplished on all
fronts, especially on Earth-Human system
Interactions.

» Equally important now is access to scientific

knowledge for/by decision makers. @ o
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First Decade

» Enabled collection and use of multiple observational
streams (in situ and remote sensing) that could capture
Earth system processes for a wide range of time and
space scales.

» |dentified the need for managing quality and quantity of
observations, and their stewardship and continuity.

» Recognized the need for developing coupled Earth system
models.

» Fostered interdisciplinary research, and scientific
assessments.

> Su%loorted educational opportunities for undergraduate,
graduate, and post-doctorial students to pursue Earth
system science research and teaching.
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Major Field Experiments

Goal: Improve our MULTISCALE MEASUREMENT
STRATEGY IN BOREAS

understanding of the —
interactions between the /T .

Study Area

SSA 130 km wide x 90 km
NSA 100 ks wide x 50 km

boreal forest biome and the
atmosphere, clarifying their
roles in global change

Modeling Sub Area

SSA 50 km wide x 40 km
NSA 40 km wide x 30 km
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Personal Research Contribution

NDVIvs LAI

AVERAGE GREENNESS

Image credit: Huete et al.

05 1 15 2 25 3 35 4
Leaf Area Index (LAI; m*/m?)

The contrast between red and near-infrared reflectance of vegetation is exploited
by the greenness index, NDVI, as [(nir-red)/(nir+red)].

NDVI is negative for water bodies and snow, is close to zero for barren areas and
gradually increases with leaf area, but saturates in the case of dense vegetation

canopies.
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Decadal Analysis of Satellite Data
Analyses of space-based observations for the period 1981 to 1994 revealed -

SPATIALLY AVERAGED NDVI (> 45N)
P I Ay Y B B O

- NDVI averaged over the peak boreal
growing season months of July and August
increased by 10%

- The timing of spring green-up
advanced by about 6 days.

The satellite data are concordant with an increase
in the amplitude of the seasonal cycle of
atmospheric CO2 exceeding 20% since the early
1970s, and an advance in the timing of the draw-
down of CO2 in spring and early summer of up
_ ‘ . } to 7 days (Keeling et al., Nature, 382:146-149,
a1 N . Y T O R I 2 Y O O 1996}
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DAYS OF THE YEAR

Myneni et al. (Nature, 386:698-701, 1997)
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Second Decade

» National scientific initiatives such as the US Global Change Research
Program supported the research priorities identified during the
previous decade.

» Educational programs supported training and development of next
generation of scientists, and Earth system science education.

» The National investment for research and education programs grew
from several hundred million dollars in late 1980s to more than two
billion dollars by late 1990s.

» Major scientific research initiatives sponsored by NSF:
Interdisciplinary Global Change Research Centers; DOE:
Atmospheric Radiation Measurement Program; NOAA: Climate
Change Data and Modeling Centers; and NASA: Earth Observing
System and Data Management System Centers and Interdisciplinary
Research Program initiatives.

» International scientific research programs such as Earth System
Science Partnership, Earth Observing System of Systems emerged
with support from scientific community and organizations such as
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Global Earth Observing System

Vantage Points Capabilities

LI/L2/HEO/GEO
Sentinel satellites for

Far.g
Pace continuous monitoring

Permanent

Suborbital

In situ measurement
in research campaigns
& validation of new
remote sensors

A
-
-

Surface-Based Networks

Ocean buoys, air samplers,
strain detectors. ground
validation sites

Deployable

Terrestriy

Information Systems

Data management, data
assimilation, modeling
& synthesis
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Data Acquisition, Management and Access

Data Acquisition Flight Operatior.rs-, Data Science Data Processing, Distribution, Access,
Data Ca.pture, Initial  rransport Data Mgmt., Data Archive |nteroperability & Reuse
Processing & Backup 5 paACs & Distribution

Archive

Tracking & Data
Relay Satellite

Spacecraft

. EOSDIS Science
ey Data Systems
Data T omacy)
| . NASA
RS Processing &
: o Integrated
Mission Services
: Control Network
(NISN)
= el Mission
Ground ) w Services
Stations ey«
2 «—>
Science \
Teams Measurement -

(SIPS) Teams

UNIVERSITY OF




Earth System Models

EARTH SYSTEM-MODELING FRAMEWORK
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Third Decade

Major National and International scientific programs facilitated
progress and coordination of observations, research, modeling and
assessments at the national and international level.

National and international debate on future plans and priorities
begun earnestly, resulting in major reports such as the Decadal
Survey, America Climate Choices, Global Framework for Climate
Services, Future Earth, Integrated Framework for Sustained Ocean
Observations, etc.

The National investments for the established research and
education programs stayed flat while international investments
grew significantly!
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Routine Production of Global Data Sets

0.00 0.35 0.70 1.23 1.98 7.00
Annual Average GIMMS LAI3g
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Study of Terrestrial Ecosystems

To document regional features, the forest woody biomass carbon pools were evaluated for two
periods, the early 1980s (1982-86) and late 1990s (1995-99) using a regression model between
satellite greenness and forest inventory biomass estimates.

Carbon pool changes were then evaluated as the difference between these two pool estimates,
pixel-by-pixel, and quoted on a per year basis.

- The carbon pool in the woody biomass of northern
forests (1.5 billion ha) is estimated to be 61 + 20 Gt C
during the late 1990s.

- This is comparable to the TBFRA-2000 reports (80 Gt C), but
on 2.5 billion ha of forests and other wooded land.

- The carbon sink estimate for the woody biomass
during the 1980s and 1990s is 0.68+0.34 Gt C/yr.

-- This is in the mid-range of estimates by Sedjo for
e G e e mid-1980s (0.36 Gt C/yr) and TBFRA-2000 for early and
mid-1990s (0.81 Gt C/yr).

Myneni et al. (PNAS, 98(26):14784-14789, 2001)
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Remarkable Decades of Technological
Breakthroughs

» Major progress on processing, archive,
distribution and visualization of large volumes of
data.

» Access to observations in record time, post
acquisition.

» Real-time availability of observations and
information for humanitarian assistance, national
services and applications.

» Innovative applications of observational
capabilities beyond their originally conceived
use.
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Enabling Technologies

Earth Science Information Systems of the future will
leverage three ongoing technology revolutions:

... [o enable seamless, timely, and affordable
delivery of Earth science data and information to
users.
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Enabling Technologies

* Information Synthesis: Distributed, Reconfigurable, Autonomy
* Information Infrastructure: Standards, Formats, Policies

» Access to Knowledge: On-orbit Processing, High Speed Networks

* Intelligent Distributed Systems using
optical communication, on-board
reprogrammable processors, autonomous
network control, high density storage,
automated data distribution, grid computing
and virtual organizations

 Information Knowledge Capture through 3-
D Visualization, holographic memory,
seamlessly linked models, science tools,
multi-panel visualization walls
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Earth Observation System A-Train:
Aerosol/Clouds/Radiation

The A-Train

Aqua

CALIPSO CloudSat

PARASOL

» ’ﬁ
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polarizati®
multi-angle

MODIS: cloué
AMSR: LWP
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Turning Observations into Information and Knowledge
Products

Petabytes 10"®

Multi-platform,
multiparameter, high spatial
and temporal resolution,
remote & in-situ sensing

N\

Terabytes 10"

Gigabytes 10°
Calibration, Transformation

To Characterized Geo- Interaction Between

: Modeling/Forecasting
physical Farameters and Observation Systems

Megabuytes 10°

Interactive Dissemination
and Predictions

Downlink Speed
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Training the Next Generation of Leaders

Knowledge Tools & Facilities People
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Evolving International Partnership

Earth Observation Summit Il

\ N
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Next Decade(s)

An urgent need for solutions to interrelated challenges of
environment, economy, energy and development facing the nations
and regions of the world.

Recognition of a need for science-based information by decision
makers, and to engage them in the process of knowledge
development.

Increased complexity of the scientific challenges transcending
traditional disciplines of natural and socioeconomic sciences to the
fields of engineering, technology and humanities.

Lack of capacity to accept and act on best available information and
knowledge by those nations and regions that need them most.

Continued tension between science and policy experts, and an urgent
need for how to best communicate and build trust among them.

Attracting the bright minds to pursue their career in these disciplines,
but more importantly be willing to think and act beyond their own
disciplines, nations and regions towards addressing the global
development challenges.

-...1hese challenges offer many great opportunltles for Research
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challenge/opportunity is
defined by its global
scope!




International Earth Observing Systems

SAC-D/Aquarius ACRIMSAT

EROS A1

|\
Landsat7 ‘
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The Seamless Prediction of Earth System

Ice sheets ———>
atmospheric chemistry —>

land —reisturg> vegetation>
ocean —skin> —upped> — >
atmosphere —+egion> ——glebad
1day 1week 1month 1season 1year 1 decade 1 century
| | | | | | |
| | | | | | —>

Fronts Cyclones MJO QBO PDO
Convective
systems Blocks ENSO NAO AMO

@ The University of Reading
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Seamless forecasting services

Forecast lead-time

Observations | 1 I

and past data ! Month ! Season Century
Mitigation policies
Infrastructure planning
= - ngeland & international security
- ~
- Adaptation $trategies
-
” \
P s Regulator standdrds
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7/ Financial & property portfolio ri‘k management
Climate /7
vulnerability / |
analysis / Investment strate%y
/
/ Aid agencies & international developfnent
/ /
Market trading
/ /
/ . . /
Maintenance planning /
_ /
Scenapo 1 Insurance/re-insurance I{azards
planning /
I /
Resource planning: energy, water, food
l /
\ Operations planning 7’7
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- - - 7
Disruption plannm% P
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Weather warnings ~ -
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Emergency response
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Offering Solutions- Food, Society & Environment

Reducmg yleld gap.

Reducing
Was

Modifying
Diet

New calories from closing yield gaps for staple crops

cu rrent (x108 kcal per hectare)
food 0O 05 1 15 2 25 3 35 4 45 5

Reducing
Yield gap

>

availability Red the diet
e Trade-offs and synergies: educing ‘et 9ap-

- Improve food availability
- Improve livelihoods

- Improve economics

- Improve environmental

Condltlons Potential diet gap calories
(x108 kcal per hectare)
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Offering Solutions- Food, Society & Environment

- Multiple Benefits of Addressing Climate, Human Health
and Food Security Together

Decrease in
atmospheric

forcing (W/m2) Crop production
@

increase - wheat
+rice+maize+soy

Pakistan bA
ORILY o
o's

Premature I
deaths avoided
annually

Shindell et al. Science 2012, 335:183-189
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Lessons Learned

Forging personal and professional networks and networking.

Mobilizing professional science, education, engineering and
technology communities.

Establishing new networks and capabilities, as required.
Developing and supporting common/shared priorities.

Engaging these communities in every steps for; 1) planning
and priority setting; 2) advocacy and communication; 3)
implementation,..

Focusing primarily on doing the science right!

Attending to communication and advocacy as needs emerged,
reactively not proactively.

Focusing on future plans and priorities too far down the road.
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Way Forward

» Agreeing on a our science plans and priorities that; 1) attract
the interest and support of science community; 2) appeals to
the stakeholders and users for the resulting information and
knowledge; garners support of public and sponsoring
agencies.

» Developing a compelling science, education and
communication strategy focused on Earth-human system

» Building the required new partnerships and networks that
transcend current ones to include humans, engineering and
technology.

» Mobilizing resources and funding beyond traditional sources.
> ...
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Opportunities and Challenges

» A solution-based approach to research on societal
challenges, e.g. environment, energy, economy and
development.

» Seamless approach to Human-Earth systems research,
modeling, prediction and assessment.

» Forging the required partnerships to develop and deliver
“action oriented” information for decision making.

» Maintaining and evolving the current Earth observing and
information systems, together with required modeling capabilities.

» Training the next generation of leaders for progress and continuity.

» These all can/should benefit from significant investments in global
development.
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Thank you.
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