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Downlink Speed

Petabytes 10"

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

Turnlng Observations into
giknowledge Products

i2
Terabytes 10 _
! Gigabytes 10’ Megabytes 10°
Calibration, Transformation . €gda €S
To Characterized Geo- Interaction Between

; Modeling/Forecasting Interactive Dissemination
physical Farameters and Observation Systems and Predictions




Data Acquisition to Data Access

Flight Operations,
Data Acquisition Data Capture, Initial
Processing & Backup

Tracking & Archive
Data Relay
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& Mission
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Polar Ground Stations
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Data
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Use in Earth
System Models

Science ' - Benchmarking
Teams Measurement DSS
Teams

TECHNOLOGY




Where Can We Research/Play

WitheaRBit=Rata-Rroblems ?

 lan Foster talked about data processing workflow all

More data, more complexdata
Ad-hocsolutions

Inadequate software, hardware
Data plan mandates

data but there is a tremendous challenge. (I can’t even

@" do it at one NASA center).




®Rrecursors and Development History

" 1999 | TOPS

2000-02 IDU (AERO)

(Planning and Scheduling, SOA)

REASON
2003-0? (Automated data acquisition, first external user = NPS, NEED: Web Interface, Data summarization) =3
<
- 3
(NEEL: FIeX|_b_I(_e Il (NOAA, EPA, 20+ partners) (OGC, Web-based maps) (0»)
| capabilities) | L
7
| ARRA/NTOPS/Water
2009-11 AIST Social Network, Big Data, Technol
(Anomaly Detection and Analysis Framework) (e AN 2l ’ata, fechnology
| prototyping)
2012-15
AIST (1) NASA Earth Exchange R&A(11)
(Workflow Capabilities) NEX CMS, NCA, LCLUC,CC,TE, IDS

(Community, Supercomputing,
Collaboration)

HECC (2)

(NEX Infrastructure)

(Data and tool management) (ECOFOR, WATER)

ACCESS (1) ‘ Applied Sci. (9)




RESEARCH AREAS  PROJECTS  RESOURCES ABOUT

Access to models/analysis tools

Climate, weather, carbon, hydrology

Access to workflows
_ - to build upon
T (VisTrails)

]

Pk = e bagarmn of e code -
o sppropra chmsley =t

Aemn g, ot B O
e

iftegration:for th

Ready for sophisticated users, needs proper




EARTH SCIENCE
COMMUNITY USERS

» Access to Portal

NEX SCIENCE USERS
e Access to Compute resources

NEX HPC USERS
e Access to NAS
puting resources

K Portal \ Sandbox / NAS HPC \
Point of entry to NEX collaborative Virtualized NEX Environment for

environment compute environment Computing at scale
« Project Information 4 Domain Platform ) e Execution of Jobs migrated
. Collabor_atlon and Social . Workflow Management from Sandbox _
Networking . Provenance e Storage of results in NEX Data
: [R)Zgglr::ir;t;eubulg:sagon « Rich semantic search Management environment
. d » Data/Model/Tool access (API)
* Data Discovery
\_ /
\ J/ ( Infrastructure Platform )
Runs on NAS + Virtualization Support Runs on NAS
web servers « Model and Analytic Tool supercomputers and
Execution storage
\_ /
(" Data Management )
» Data acquisition and pre-

? processing

» Data storage

omponent & y
hitecture .

Runs on dedicated NEX

servers and storage




\NFX Portal

Wbt | NAGA biom
I scorch

RESEARCH AREAS  PROJECTS RESOURCES ABOUT

. Add New Resources  [8 Create New Project Buinvite Others  Q Feedback

j llaborative tool i ini ) itie
Dashlink is a public collaborative tool for data mining communities » Explore DASHLink
who are interested in aviation systems health }
g { pu—
- -

Search capabillities

Who is doing what where

Science network through
abstracts and papers

how do 1 start? ronanicaman Who's the expert

» Register or kogin using your nasa account o ,‘ : oot
Browse and Download free algorithms your o h I . LXINIXNE ; Workfl OWS

: F. ‘,dﬂ,ltj,ﬂ ; “‘:,I m who is DASHLInk for? 2 0 07 h A d A
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ta set added by Tyler D

e - - Reporting capabilities

‘ Annual reports

" Highlights

?ata Set Algorithm M PUbllcatlonS

ion Battery Aging Datasets Li-ion Battery Aging Datasets

Spatial distribution of funding

Tags: this that and al
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Virtual Institute

MR &

* Following the lead from
Astrobiology and NASA
Lunar Science Institutes to
create a virtual institute, and
offer

« Summer short courses
e Seminars
 Conferences
 Presentations

 Have each funded project
do one or two seminars
that can be archived
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Science 2007

Amazon Forests Green-Up
During 2005 Drought

Scott R. Saleska**t Kamel Didan,** Alfredo R. Huete,” Humberto R. dz Rocha®

erge-scale numerical models that sim-
ulate the nteracions between changing
ka)bal climate and terrestrial vezetation
predict susstantial carbon less from tronical
osystems (1), ncluding the d.mught-mdu:u]
collapse of the Amazon forest and

Resclution ‘maging Spectromdiomzter (MODIS)
is a compositz of leaf arca and chlorophyl
content tha: does not saturste, even over dense
ferests. Proper’y filtered to remove aimospleric
acrosol and cloud effects, EVT tracks variatons

savanne (2).

in cmop, & confirmed by cco-

Y P
system £ux measurements on the ground (3, 4).

and C). Much of the smaller arca exhibiting
declire is heavily affected by haman activity or
consists of citferent vegetation types (Hg. S2)
Increesed greerness s irconsisent with ex-
pectaion if gees ar: limited by water but bllows
frem incrcascd availability of sunlight (Juc to de-
creased cloudin vhen water 15 not | f,
fir comla tems 2 sl o s ok mu

Would have taken less than a
week in NEX, Instead of one

[+
qu. 1. Spat\a pettem of July to September 2005 standardized anomalies (3} [2.03
in (A) precipitation (derived from Trop|ca Rainfall Measuring Mission satelite
abservations during 1998-200€) and in (B) forest canagy “greenness”
derived from MUDIS satellite observations during 2000—2006). (C) Hrequency
distribution of EVI anamalies from intact forest areas in (B1 that fall within the 091
drought area [red aeas in (A), see fig. 521, signifiantly (P < 0.001) (3)

seevied toward grzenness.

Model-simulated forest collepse is a con-
seyuence wol only of dlivate clange—ndacal
drough: but also of amplification by the phys-
inlogical response of the forest: Weter limited
vegetation responds promptly to initial drought
hy redicing tmanepiration (ane photesynthesis),
which n tirn exacerhates the drovght hy it
terrupting the supply of water that would
atherwise contributz to the recycled compe-
nent of precipitatian (2). This physiological
feedback sm siould be observable es
shot-term redctons in transpiraton and photo-
synthess in response to drought under current
chmates

We used sawellitss 10 observe whether an
Awazon dought in Fot talused wholecanopy
phowsynthesis (3). The enbanced vegetation in-
dex (EVI) from the Term satell 1e’s Moderale

26 OCTOBER 2007 VOL 318 SCIENCE

EVI Anomaly 4
awtribution n|
o ht
(the VI |00z s i
s
7
a
] 2 48
Standard deviation 9

A widespread droaght oxcurred in the Ama-
2ou i 2005 (3), e st such iatic auoualy
since the launch of the Term MODIS sensor in
1999, providing a unique opporunity fo compare
actual forest drought resporse to expoctation al
Targe serles

Drought imensity pesked diring dry season
onset (July ‘0 September’, primarily in southwest
and cenral Amazénis (Fig, 1A) [the drught's
temporal evolution is depicted in (5)]. IF drought
had the expected nagative effect on canopy
photosynthesis, it should have been especially
observable during this peried, when anomalous
mterannual drought comeided wih the already
seasonally low precipitaton. The observariors of
intac forest cawpy “grocess” in e af
arcas, however, are dominsted by a signifizant
increase (P £.0001) (3] net o decline (Fig. 1, B

tion

it (8), such as may be

Materials

B

Supparting Onlinz 2
e scencemag org:
Maarids and Mathe.

Figs. 57 10 53

18 June 2007 e
Puttished orline 20
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year it took to repeat the
analysis

Efficient use of resources
‘Lowering barriers to entry
Interdisciplinary work
~Transparency, repeatability,
‘extensibility
Cost reduction
Travel

Hardware

IT personnel
Data acquisition
Network costs

Benefits
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GEOPHYSICAL RESEARCH LETTERS, VOL. 37, L05401, doi:10.1029/2009GL042154, 2010

Amazon forests did not green-up during the 2005 drought

Arindam Samanta_ Sangram Gangulv Hirofumi Hashimoto,® Sadashiva Dcvadiga,"

y of Amazon rainforests to dry-season

ality and forest fires on one hand, and
preening on the other. Here, we report
results of large-scale greening of the
d from an earlier version of satellite-
n greenness data - Collection 4 (C4)
on Index (EVI), are irreproducible, with
ersion as well as the improved, current
g to inclusion of atmosphere-corrupted
Its. We find no evidence of large-scale
ct Amazon forests during the 2005
imately 11%-12% of these drought-
smckcn forests display greening, while, 28%-29% show
«hunge, and for the rest, the data are not
v to characterize any changes. These
not unique - approximately similar
ved in non-drougkt years as well.
z solar irradiance are contrary to the
viously published rzport of enhanced
during the 2005 drought. There was
ween drought severity and greenness
ﬂntrary to the icea of dmug]n nduced

to, 8. Devadign, E. Vermote, Y. Knyazikkin,
. B. Myneni (2010), Amazon forests did not
drought, Geoplys. Res. Lett,, 37,L05401,

rests store significant amount of car-
s as much as 100 billion tons [Malhi
woody biomass. Should these forests
stress in a progressively warming cli-
replace them, as some studies have
v et al., 2004; Salazar et al, 2007;
08], the carbon released to the atmo-

raphy and Environment, Boston University.
‘es Research Center, Moffett Field, California,
ace and Environmental Policy, Califomia State
+, Seaside, California, USA.

ration, at NASA Goddard Space Flight Center,
raphy, University of Maryland, Collsge Perk,
Branch, NASA Ames Research Center, Moffen

Copyrizht 2010 by the American Geophysiczl Unicn.
1094-8276/10/2009GLO421 54505.00

poorly understood, with reports of

uri K.nyulth Ramakrishna R. Numam, and Ranga B. Mynum

2009: aecepted 26 Tanary 2010; published 5 March 2010

sphere will act to accelerate plobal climate changes signif-
icantly [Cox et al., 2000]. However, the drought sensitivity
of these forests is poorly understood and currently urder
debate. Extreme droughts such as those associated with the
El Nifio Southern Oscillation (ENSO), when the plant-
available soil moisture stays below a critical threshold level
for a prolonged period, are known to result in higher rates of
tree mortality and increased forest flammability [Nepstad er
al., 2004, 2007]. The drought of 2005, however, was unlike
the ENSO-related droughts of 1983 and 1998 - it was
especially severe during the dry season in southwestern
Amazon but did not impact the central and eastern regions
[Marengo et al., 2008]. There are varying reports of forest
response to this drought - higher tree mortality and decline
in tree growth from ground observations [Phillips et al.,
2009] and more biomass fires [Aragao et al, 2007], on
the one hand, and excessive greening from satellite ob-
servations [Saleska et al., 2007, hereafter SDHRO7], on the
other. Reconciling these reports remains a priority.

[3] The availabiliy of a new and improved version of
satellite-derived vegetaticn greenness data set - Collection 5
(C ) Enhanced Vegetaticn Index (EVI) - facilitates a con-
ciliation of the aforesaid reports for two reasons. First, the
C5 EVI data were generated from significantly improved
algorithms and input-data filtering schemes related to clouds
and aerosols that otherwise corrupt EVI data [Didan and
Huete, 2006) - acrosols from biomass burning are wide-
spread in the Amazon during the dry scason [c.g., Eck et al.,
1998; Schafer et al., 2002], and aerosol loads were signifi-
cantly higher, compared 0 other years, during e dry sca-
son of 2005 [Koren et al., 2007; Bevan et al, 2009].
Second, this data set spans a longer time peniod (2000
2008). Our analysis here is focused on answering the fol-
lowing five questions: (a) are the results published by
SDHRO7 reproducible with both the current and previous
versions of EVI data? (b) What fraction of the intact forest
area impacted by the drought exhibited anomalous greening
in year 20057 (c) Is there evidence of higher than normal
amounts of sunlight during the 2005 drought, which may
have somehow caused the forests to green-up, as speculated
by SDHRO7? (d) If drought caused the forests to green-up,
is there a relationship between the severity of drought and
the spatial extent or magnitude of greening? (e) Are
greenness changes during the 2005 drought unique com-
pared to chanpes in non-drought years?

2. Data and Methods

[+] Detailed information on data and methods is provided
in the auxiliary material.” “Amazon forests” in this report

uxillary materials are available i the HTML. doi:10.1029/
2009GL0O42154.

L05401 1ofs
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Big Data Metric?
il ...

Space-time-resolution metric
(higher spatial resolution, larger extent,
longer time-series studies)




In a first application of NEX,
a research team from
around the U.S. used the
environment to adjoin and
atmospherically correct a
mosaic of 9,000 Landsat
Thematic Mapper scenes
and retrieve global
vegetation density at a 30-
meter resolution.

The entire processing of the
nearly 340 billion pixels in
the composite took just a
few hours on the Pleiades
supercomputer, allowing the
team to experiment with
new algorithms and
products within just a few
days.

A EX Experiments Demonstrate Value of

- Collé Ironment

NEX'’s collaboration and knowledge-sharing platform for
the Earth science community combines
supercomputing, Earth system modeling, workflow
management, and NASA remote sensing data feeds to
deliver a complete work environment for users to
explore/analyze large datasets, run modeling codes,
collaborate, and share results.

POC: Petr Votava, petr.votava@nasa.gov, (650) 604-4675;
Ramakrishna Nemani, ramakrishna.nemani@nasa.gov,
(650) 604-6185, NASA Ames Research Center




Future Work

SF & SNy

 Data Management

oHow to load and offload data in a multi-
tier storage environment?

oDistributed Multi-site Analytics?

 Workflow Reuse

oWhy create your own if a similar
analytics was done before?

oUse workflow to capture the data
provenance?

 Workflow Discovery

oWhy not mine the literature to uncover
the workflow?




