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Goals for the NASA Sea Level Change Portal

* Provide scientists and the public with a “one-stop” source

»  Provide current sea level change information and data

» Provide interactive tools for analyzing and viewing regional data
»  Provide virtual dashboard for sea level indicators

* Provide latest news, quarterly report, and publications

+  Provide ongoing updates through a suite of editorial products

Requires
* Interdisciplinary collaboration
» Connect disciplines and evaluate dependencies

Sea Level Change Portal facilitates

» Easy interdisciplinary data comparison

+ Access to latest news and information

+ Collaboration (data and information exchange)

NASA Sea Level Change Portal

Global Mean Sea Level

SATELLITE DATA: 1993 PRESENT

EA LEVEL CHANGE

GRACE satellites end
15-year science mission

Research and Resources

Data Search Data Tools
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Social Media

372,000
monthly page
views

170,000
sessions

143,000
users
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Sbservations from Spa

Infographic: Sea Level Rise
Weknow seas arerising and we know
why. The urgent questions are by how
much and how quicky
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nderstanding Sea Level

eeps track of sea level change and its causes from space. find out

this complex topic. Analyze NASA data here.
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2000 km

Analysis

Create analysis charts, such as a time series or time average. Place a p
or select an area on the map 10 get started. Then select a data set and
operation to create a chart for the selected region.

Q@ DropPin

D Draw Box

& Draw Profile Line
@ Select Basin

Primary Data:

Pressure: dbar

Availability: Jan 2004 - Dec 2017
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Take the driver’s seat on sea

level science Climate Experiment (GRACE)

levels to regional ice
melt

GLOBAL MEAN SEA LEVEL (
3.4:% Desktop 9" (otisétvations from spce Smart Phone
sealevel.nasa.gov

The Gravity Recovery and Climate Experiment
A simulation by VESL of Columbia Glacier, Alask: 2dit: NASA/JPL (GRACE) twin satellites, launched 17 March 2002, are
Research and Resources making detailed measurements of Earth's gravity field

and improving investigations about Earth's water
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User Stories
« UI/UX assessment
* NASA Sea Level Science Team
+  User feedbacks
Internal team review before each new development cycle
Categorize
Prioritize
Project Management Approval
Schedule
Weekly development team review

Blink(28)

NASA Sea Level Change Portal

2016
N-SLCT Meeting
Norfolk, VA

Requirement
Management
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+ Team Lead: Ben Hamlington, Old Dominion University Research Foundation, New NASA-Sea Level Change Team
Norfolk, Virginia
and team leader announced

* Selected investigations:
https://sealevel.nasa.gov/news-features/sea-level-news

+ Identifying, quantifying, and projecting decadal sea level change,
Benjamin Hamlington, Old Dominion University Research Foundation

* Understanding current and projected sea level change with multi-
satellite observations, modeling and climate system assimilation, Sophie
Nowicki, NASA Goddard Space Flight Center, Greenbelt, Maryland

» Understanding and predicting coastal sea level variability around the
United States, Manoochehr Shirzaei, Arizona State University, Tempe

+ Using satellite measurements to improve regional estimates of the
impacts of sea level change, Robert Nerem, University Of Colorado,
Boulder

+ Global interconnections of cryosphere and solid Earth, sea-level change

Left: Higher Pacific sea levels increase coastal flooding risks. Credit: Flickr user Alan

and ice mass balance, Erik lvins, NASA Jet Propulsion Laboratory (JPL), Grinberg, "Coming Ashorel", CC BY-NC-ND 2.0.
. . Middle: One of many Greenland glaciers losing mass and contributing to sea level rise.
Pasadena, California Credit: NASA/OIB.
. Right: Part of Massachusetts, a victim of nuisance flooding brought about by sea level rise.
+ A NASA web portal for sea level change, Carmen Boening, JPL Astronaut photo ID: ISS028-E-9967.

+ 21st century regional sea level projections due to land ice mass losses
and geodynamic adjustments using 3-D Earth models, Regine Hock,
University Of Alaska, Fairbanks

* Quantifying and reducing uncertainty in future global and local sea-level
estimates: linking physics, observations, and risk analysis to inform
climate adaptation, Isabella Velicogna, University Of California, Irvine

NASA Sea Level Change Portal 8
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Suite of Interactive Simulation Tools for Glaciers, Ice Sheets, Sea Level, and Solid Earth
Simulation Service on Amazon Cloud

@ ISSH. 5o vt chang or

[ e I

Haig Glacier

@ ‘ ISST sentov cramgepore

Eustatic Sea Level Local Sea Level Greenland Steady-State-Friction

NASA Sea Level Change Portal
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Understanding Sea Level — A redesign to facilitate teaching and

Jet Propulsion Laboratory
California Institute of Technology

public education on NASA Sea Level Science

THDATA

SEA LEVEL CHANGE

NASA o
- Observations from Space

ADMIN  News&Features UnderstandingSealevel ~ScienceTeam Data Resources FAQ | Q&

Undersianding Sea Level

Overview  Global Sealevel ~ Regional Sealevel By the Numbers  Key Indicators
ICE MELT
Satellite Gravimetry Satellite Gravimetry

Greenland & Antarctica

The adygat.af oo

Aborne Measurements
Radar Interferometry
Paleo Observations
Satellite Altimetry
Modeling Ice

iew  Global Sealevel  Regional SeaLevel By the Numbe: Key Indicators

UndersiandingSea evel

ICE MASS LOSS
GRACE

Overview Global Sea Level Regional Sea Level By the Numbers Key Indicators includir
of groul

mass ct ' i

Gravity's Fingerprints. Gravity’s Fingerprints
Gravimetry
Earth's seas are rising, a direct result of a changing climate. Ocean Earlyat  Glaciers & ce Caps

water b

ON THIS PAGE
Introduction temperatures are increasing, leading to ocean expansion. And as four-ye:
Contributing Factors ice sheets and glaciers melt, they add more water. An armada of to conar
IceLossiVersiis recipitation’ increasingly sophisticated instruments, deployed across the oceans, :::::i
on polar ice and in orbit, reveals significant changes among globally Recent

interlocking factors that are driving sea levels higher.

+more

Green

Contributing Factors

milimetors

fallng sea levels ac

seto chan NASAJPLICaltech

The masses of ice around Earth's poles exert their own gravitational
pull—one that can alter the mass balance of the oceans. These
gravitational changes have come to be known as sea level

Global Sea Level Regional Sea Level

NASA Sea Level Change Portal 10
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Sea Level Data Analysis Tool 2.0 - Alpha
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e ONE-StOP Search

https://sealevel.nasa.gov

EDGE

OpenSearch

L Data Aggregation Service

Granule

Faceted

Search

<<Solr Slave>>
Geospatial Metadata

Repository

Build on Free and Open Source Solutions
Master-slave architecture to prevent data
corruption

Extensible architecture to support various
metadata standards

Embrace OpenSearch, Faceted browse,
and Unified Metadata Model for
Collections (UMM-C)

CMS Site <<Solr Master>>

\ » I
PostgreSQL Contents Repository
Solr
Indexer

Metadata
Staging

il

NASA Sea Level Change Portal

—-

https://search.earthdata.nasa.gov

Data Center

Metadata

Y \4
NASA Common Metadata Repository (CMR)

o o i
AP g e
= @& e
T

Metadata
(Dataset)

@ EOSDIS

Metadata —

12



National Aeronautics and
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Cloud-based Sea Level Analytics Platform

The JPL engineering team collaborated with Apache
Software Foundation and established the open source
Science Data Analytics Platform (SDAP)
https://sdap.apache.org

New analytic architecture is based on the the SDAP
architecture

Deployed under Amazon Web Service (AWS)
commercial cloud platform

Same programming language neutral web service
interfaces, Applications can interact with the Sea Level’s
cloud-based analytics platform using any programming
languages (e.g. JavaScript, Python, Java, C/C++, IDL,
MATLAB, etc.)

Fast in-memory parallel analytics (currently 5x
performance speedup)

- Jupyter SLCP AVHRR Time Series Example Last Gheckpoint: an hourago  (unsaved changes) [ Logout
File Edit View Insert Cell Kernel Widgets Help Trusted ‘ Python3 O
B+ % @ B 4+ ¥ MRin B C W Code ¢ @

In [32): import requests
import json
import matplotlib.pyplot as plt
import datetime

#New AWS backend

url = 'http://ec2-54-184-139-61.
url += 'ds=AVHRR OI-NCEI-L4-GLOB-v2.0

url += '&minLat=-20.48390911430773&m: =-19.287254629966725smaxLat=-6.968752585279951smaxLon=0.5631315220428235 "
url += '&startTime=1199221237&endTime= ]5]9862400&1'“3 k=3slowPassFilter=FalsesseasonalFilter=false'

us-west-2.compute. amazonaws . com: 32139/nexus/timeSeriesspark?

ts = json.loads(str(requests.get(url).text))
dates = []
means = []
for data in ts['data']:
means.append (data[0][ 'mean’])
dates.append (datetime.datetime.fromtimestamp((data[0][ time'])))

# plot the extracted means
plt.figure(figsize=(10,
lines = plt.plot(dates,
plt.setp(lines, col

dash_capst:

dpi=100)
ans)

ewidth=1.0, linestyle='-
, marker='.', markersize=10.0, mfe='r')
plt.grid(b=True, which='major', color='k', linestyle='-')
plt.xlin(dates[0], date

plt.ylabel (
plt.show()

i * i r
Iad R i /3 ?
26 1 ) el P i oy (1)
Y & S IR . * (A \ X
VoPe L It i\ i b !
| ; (A A R o A
2251 ? * I v 1 ¥
v 1 | I | L4 * I
E] i H Y i i } \ i
[ i | ! i * \ |
§ 20 ———+—4— . e ‘ :
L N I { \ ¢ Lo
s v I T e | AR I
R 11 ¢ 4 | Vo
31— +— — h— — $
1R Jo o ) t
LA V4R V(RN IR Y Y
2 L] ¢ ir] » [ ) T
3 B T % ‘
.
¥
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Time

Compute time series with SLCP Cloud Analytics Platform
using Python

NASA Sea Level Change Portal 13
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New open source web-based
visualization solution

Significant loading and
visualization speedup

New 3D visualization

Provides more flexible Ul
customization

-7 A
A SEA LEVEL PORTAL | DATA ANALYSIS TOOL 2.6 o <

#
g SR x)
Sea Level Anomaly (MEaSURES)

-0.3m ® Squash 0.3m

0
— Orange 1

. .

= B sl
y v ~o0
Global Blended Sea Surface Temperature

o o @ Squash 3213
o
16.06

Time Series SN Default

Global Blended Sea Surface Temperature (GHRSST) vs. Sea
Level Anomaly (MEaSUREs)

Source: NCEI
15.7937N, 83.5857W - 36.5862N, 52.4992W
Jan 2010 - Dec 2017

ius)

Global Blended Sea Surface Temperature
(GHRSST) (C

(s1919W) (STUNSTIN) AlRwouy 2127 eas

2012 2014 2016

Global Blended Sea Surface Temperature (GHRSST)
- Sea Level Anomaly (MEaSURES)

Jan
2015

NASA Sea Level Change Portal

Analysis

alysis charts, such as a time series or a time average. Place a pin
't an area on the map to get started. Then select a data set and

operation to create a chart for the selected region.

o Drop Pin
E] Draw Box

Primary Data:

Global Blended Sea Surface Temperature (GHRSST) 4
Sep 1981 - Mar 2018

Comparison Data:

Sea Level Anomaly (MEaSURES)
Qct 1992- Jul 2017

Operation:
Start Date:
End Date:

Create Chart

14
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@& Chrome File Edit View History Bookmarks People Window Help ! 100% B3 Sat Dec 8 10:55 AM ThomasHuang Q @
® ® ® .. NASASealevelChangePorta X =

« @
My Data

Select data layers to add to the map in the panel below. Expand each item

1o set the layer transparency, and view the legend for the data. You can
drag layers in the list to change the order.

D Map Q 3D Globe

Active Layers
No data has been added. Add data from the product catalog

Available Data

Parameter Mission/Project
Data Search,

Ice

Mass Flux

Freshwater Flux

Ocean Temperature

Sea Surface Topography

Mixed Layer Depth

Heat Flux

Salinity

NASA Sea Level Change Portal
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Dynamic Color is a new
DAT 1.0 capability — in
production

DAT 2.0 — user can change
layer color in 2D and 3D
mode and to
saturate/eliminate color
range

& Chrome File Edit View History Bookmarks People Window Help

# NASA Sea Level Change Port

X

= o 100% G SatDec 8 1:45PM ThomasHuang Q @

) My Data

Select data layers to add to the map in the panel below. Expand each item
10 set the layer transparency, and view the legend for the data. You can
drag layers in the list to change the order.

vap (G 3D Giobe

Active Layers

By @~

ed. Add data from

Available Data

Parameter Mission/Project

Data Search

I1SSM

Ice Shelf Mass Balance

ECCOv4r1

ECCOv4r2

ARGO

Grace

OpenStreetMap

Altimetry

GHRSST

NASA Sea Level Change Portal 16
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Projection tools
+ Sea Level predictions from models (e.g. Nerem, Kopp et al)
* Nuissance flooding at tide gauge locations (e.g. Thompson et al)
» Coastal sea level attribution
In-situ data comparison in DAT (e.g. tide gauge data)
New Data Analysis Tool 2.0
New Cloud-based Sea Level Data Analytics Platform
VESL updates
Continued dataset support (e.g. GIA, vertical land motion, ice shelf melt
rates)
Continued NASA Sea Level Change Team publication highlights
Integrating data from new/recent missions (e.g. OMG, GRACE-FO,
Jason-3, ICESat-2) and supporting visualization, analysis and
easy access

NASA Sea Level Change Portal

Location

Honolulu, Hawaii

Flooding days during the 21st century

Annual projections

Flooding Threshold 35 cm above MHHW
B ———C)
20 30

Decadal projections Analysis

The following figure shows the number of days per year that sea level in Honolulu, Hawaii will exceed 35 cm above MHHW.

Based on local mea

Flooding days per year

350

300

n sea level projection:

NOAA Sea Level Rise Scenarios

NOAA Intermediate

ranges (17-83%)

2020

2025

2030

2035 2040 2045 2050
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NASA Sea Level Change Portal

Sea Level Change Portal Team
Carmen Boening (PI/JPL)

JPL Team

Hugh (Pat) Brennan, Daniel Delany, Kevin Gill,
Frank Greguska, Ben Hamlington, Thomas Huang,
Nga Quach, Holly Shaftel, and Victor Zlotnicki

MooreBoeck Team
Andera Boeck, Bergen Moore, and Justin Moore
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e ANAlyze User Interactions
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Guide website layout
New vs. Returning

Determine effectiveness of articles and contents

Returning

Total

|dentify popular media outlines

Referrer

New and returning users —

sealevel.nasa.gov

climate.nasa.gov

washingtonpost.com
d iweb Sie bata - google.com
wove P — facebook.com

230,2016-Aug 29,2018 ot
grace.jpl.nasa.gov

politics.ie

nasa.gov

outlook. office.com

students. keele.ac.uk

earthdata.nasa.gov

prnewswire.com

- ] =
= terradaily.com
B Other
. Total
Time of Day
4 y Name

05:00 PM-05:30 PM

10:00 PM-10:30 PM

oy

vasa SEALEVEL CHANGE
Observations from Space

Time to Click

06:30 PM-07:00 PM

Pacific sea level predicts global temperature 06:00 PM-06:30 PM

05:30 PM-06:00 PM

. changes 07:00 PM-07:30 PM
By Mari N.Jensen, University o Arizona College of Science. 11:30 PM-00:00 AM
Read the study: 04:00 AM-04:30 AM

07:30 PM-08:00 PM

—f Newsletter

04:30 PM-05:00 PM

53999 B35% 20407 B380% 13 000052

03:30 PM-04:00 PM
04:00 PM-04:30 PM
09:00 PM-09:30 PM

Other
Total

NASA Sea Level Change Portal
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Understand how and for what purposes users
obtain sea level change data and information

Describe users’ pain points and unmet needs
for extracting, visualizing, comparing and
analyzing sea level change data

Investigate users’ current practices, interests
and preferences for engaging in interaction
with other sciences and the public about sea
level change

Identify opportunities for enhancing cross-
disciplinary collaborative activities on the web
portal.

Data Analysis Tool - Alpha Version

NASA Sea Level Change Portal

\ass SEALEVELCHANGE

Ice Sheet Analysis Tool - Alpha Version

21
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w1 1Aditional Method for Analyze Satellite Measurements

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Depending on the data volume (size and number of files)

It could take many hours of download — (e.g. 10yr of
observational data could yield thousands of files)

It could take many hours of computation
It could require expensive local computing resources

Download Often after result is produced, purge downloaded files
Observations

Traditional methods for data analysis (time-series,
distribution, climatology generation) can'’t scale to handle
large volume, high-resolution data. They perform poorly

Compute . ,
2 Performance suffers when involve large files and/or large Time 3

collection of files

A high-performance data analysis solution must be free
from file I/O bottleneck

Temporal spatial
Arrays

THUANG/JPL © 2017. Al rights reserved. NASA Sea Level Change Portal
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OceanWorks is to establish an Integrated Data Analytic Center
at JPL by bringing together several big data technologies
developed under the NASA ESTO/AIST program

THUANG/JPL © 2017. All rights reserved.

OceanXtremes — Anomaly detection and ocean science
NEXUS - Big data analytic platform

Data Container Studies

DOMS - Distributed in-situ to satellite matchup

MUDROD - Search relevancy and discovery — linking
datasets, services, and anomalies through recommendations

VQSS - Virtualized Quality Screening Service

Jupyter Notebook PO.DAAC Website

Extremes SOTO

OceanWorks Platform

Search
Service

Visualization
Service

Casting
Service

Discovery

i <<Quality Screening>>
Service Vass

<<Matchup>>

Remote In Situ DOMS

-

Remote OPeNDAP

Anomaly
Detection
Service

Subsetting
Service

Matchup
Service

Analytic
Services

<<Anomaly>>
OceanXiremes

NEXUS: The Deep Data Platform

ETL | Deep Data '“";g;"d
System Catalog

— . Pltiorm
Tt ~

Longterm Archive

NASA Sea Level Change Portal

23



National Aeronautics and
Space Administration N EX U S P rf .
Jet Propulsion Laboratory e O r a n Ce b
California Institute of Technology
Pasadena, California

Custom Spark vs. AWS EMR

Dataset: MODIS AQUA Daily

Name: Aerosol Optical Depth 550 nm (Dark Target) (MYD08_D3v6)
File Count: 5106

Volume: 2.6GB

Time Coverage: July 4, 2002 — July 3, 2016

Giovanni: A web-based application for visualize, analyze, and access vast amounts
of Earth science remote sensing data without having to download the data.
* Represents current state of data analysis technology, by processing one file at
atime
» Backed by the popular NCO library. Highly optimized C/C++ library

AWS EMR: Amazon’s provisioned MapReduce cluster

Area Averaged Time Series on AWS - Boulder
July 4,2002 - July 3,2016
NEXUS Performance

July 4,2002 - July 3,2016
NEXUS Performance

Custom Spark vs. AWS EMR

Custom Spark vs. AWS EMR
Ref. Speed - Giovanni: 1140.22 sec

Ref. Speed - Giovanni: 1150.6 sec

20 19 19 40 38
18 17 17 35 33
1.6
.0
m 14 - 3
@ 12 @ 25
L L
o 10 > 20
E 08 E 15
= -
0.6
1.0
04
02 0.5
0.0 0.0 16-WAY
“Custom Spark “Custom Spark 33
=AWS EMR =AWS EMR 38

THUANG/JPL © 2017. All rights reserved.

NASA Sea Level Change Portal

0.20

MODIS AQUA Aerosol Optical Depth
Global Daily Time Series

e
N

IL‘I

I h

|
|

Daily Mean AOD
°

0.12

0.10

2002-07

AreaAveraged Time Series on AWS - Colorado

64-WAY

3.1

2004-07

Time (sec)

2006-07

2008-07

2010-07
Time

2012-07 2014-07 2016-07

— mean ()

Area Averaged Time Series on AWS - Global

“Custom Spark
=AWS EMR

July 4, 2002 - July 3,2016
NEXUS Performance

Custom Spark vs. AWS EMR
Ref. Speed - Giovanni: 1366.84 sec

36.9
26.8
231
19.9
16-WAY 64-WAY
231 19.9
36.9 26.8

24



National Aeronautics and
Space Administration . "
s, FIUITICANE Katrina Study
California Institute of Technology
Pasadena, California

AVHRR Analysed SST vs RSS CCMP V2.0 derived surface
winds (Level 3.0)

Source: NCEI, TOPEX/Poseidon, Jason-1, Jason-2, Jason-3
23.50 N, 84.50 W - 24.50 N, 83.50 W
Aug 20 2005 - Sep 14 2005

Sea Surface Temperature (SST) Anomalies
Source:
23.50 N, 84.50 W - 24.50 N, 83.50 W
Aug 20 2005 - Sep 14 2005

-Day Mean
AVHRR Analysed SST (Celsius)

Difference from 5

AVHRR Analysed SST - RSS CCMP V2.0 derived surface winds (Level 3.0)

AVHRR Analysed SST vs MODIS Aqua L3 Chlorophyll a
Source: NCEI, MODIS Aqua
23.50 N, 84.50 W - 24.50 N, 83.50 W
Aug 20 2005 - Sep 14 2005

AVHRR Analysed SST vs Sea Level Anomaly (MEaSUREs)
Source: NCEI, TOPEX/Poseidon, Jason-1, Jason-2, Jason-3
23.50 N, 84.50 W - 24.50 N, 83.50 W
Aug 20 2005 - Sep 14 2005

AVHRR Analysed SST (Celsius)

AVHRR Analysed SST (Celsius)
(€-vw Bw) e jiAydouoly) €1 enby SIAOW

o o o o o
& & & o &
© S o S » ®
« < o & B

oY
3 )
v v E

e

AVHRR Analysed SST -~ MODIS Aqua L3 Chlorophyll a AVHRR Analysed SST - Sea Level Anomaly (MEaSURES)

A study of a Hurricane Katrina—induced phytoplankton bloom using satellite observations and model simulations

Xiaoming Liu, Menghua Wang, and Wei Shi

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 114, C03023, doi:10.1029/2008JC004934, 2009

THUANG/JPL © 2017. All rights reserved.

(5/w) (0°E [9AST) SPUIM 33B4NS PAALIDP 0°ZA dINDD SSY

(s12191) (STUNSEIN) Afewuiouy [ana1 eas

Hurricane Katrina passed to the
southwest of Florida on Aug 27,
2005. The ocean response in a 1 x
1 deg region is captured by a
number of satellites. The initial
ocean response was an immediate
cooling of the surface waters by 2

Py °C that lingers for several days.
Following this was a short intense

ocean chlorophyll bloom a few

days later. The ocean may have
been “preconditioned’ by a cool
core eddy and low sea surface
height.

The SST drop is correlated to both
wind and precipitation data. The
Chl-A data is lagged by about 3
days to the other observations like
SST, wind and precipitation.

AVHRR Analysed SST vs TRMM Precipitation L3
Source: NCEI, TRMM
23.50 N, 84.50 W - 24.50 N, 83.50 W
Aug 20 2005 - Sep 14 2005

nenddaid WINYL

AVHRR Analysed SST (Celsius)

AVHRR Analysed SST  ~- TRMM Precipitation L3

RSS CCMP V2.0 derived surface winds (Level 3.0) vs MODIS
Aqua L3 Chlorophyll a

Source: TOPEX/Poseidon, Jason-1, Jason-2, Jason-3, MODIS Aqua
23.50 N, 84.50 W - 24.50 N, 83.50 W
Aug 20 2005 - Sep 14 2005
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RSSECMP V2.0 derived surface winds (Level 3.0) (m/s)

RSS CCMP V2.0 derived surface winds (Level 3.0) - MODIS Aqua L3 Chlorophyll a

Hurricane
Katrina
TRMM
overlay SST
Anomaly
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National Aeronautics and

s NEXUS: Scalable Data Analytic Solution

California Institute of Technology
Pasadena, California

+ NEXUS is a data-intensive analysis solution using a new approach
for handling science data to enable large-scale data analysis

+  Streaming architecture for horizontal scale data ingestion
+ Scales horizontally to handle massive amount of data in parallel

»  Provides high-performance geospatial and indexed search
solution

» Provides tiled data storage architecture to eliminate file 1/O
overhead

» A growing collection of science analysis webservices using
Apache Spark: parallel compute, in-memory map-reduce
framework

*  Pre-Chunk and Summarize Key Variables
» Easy statistics instantly (milliseconds)
» Harder statistics on-demand using Spark (in seconds)
» Visualize original data (layers) on a map quickly (Cassandra
store)

+  Algorithms — Time Series | Latitude/Time Hovmoller|
Longitude/Time Hovmadller| Latitude/Longitude Time Average |
Area Averaged Time Series | Time Averaged Map | Climatological
Map | Correlation Map | Daily Difference Average

Open Source: Apache License 2
https://github.com/dataplumber/nexus

THUANG/JPL © 2017. All rights reserved.

Display Variables on Map

Chunk

Chunk

Chunk

Chunk

Chunk

Chunk

Chunk

Chunk

Chunk

Cassandra DB Cluster &

Spark In-Memory
Parallel Compute!

Latitude-Time Hovmoller Plot Aggregate Statistics
Solr DB Cluster
Meta Meta Meta Meta
Fast & Data Data Data Data
Metadata (JSON): Dataset and granule metadata,
Scalable Spatial Bounding Box & Summary Statistics

Custom

Subset Variables & Analytics

Chunk Spatially

SMAP
Slow File I/0

MODIS

Each file contains many high-resolution geolocated arrays

GRHSST JASON

30-Year Time Series of archival HDF & netCDF files (daily or per orbit)

Time 1

141

241

341

441

131

231

331

121

221

321

421

121

221

321

421
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Two-Database Architecture

Time 3

o Temporal spatial
A Arrays



National Aeronautics and
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Enable Science without File Download

NEXUS Time Ser

US%20Time%

ries%20Example.i

@ https://jupyterjpl.nasa.g:

Jet Propulsion

NEXUS Time Series Example Last Checkooint: 06/02/2017 (autosaved)

Flo  Edt  View lnset

B+ 3 abs v nmc 4| [ | Coloolbar

m (6] [T Sereis 2008/9/1 - 2015/10/1
£ warming off Mestars Canada and plot the means

smatplotlib inli
import. mlplullﬂ! -prolot s pie
import numpy

import datetime

import time

ds='AVERR_OI_L4_GHRSST_NCEI
startTime = int( date(2008,9,1 le()))
015,10,1) le()))

endTime = int( a

url = ‘hetps:/, jpl.nasa.
= +

tartTime=' + str(startTime) + 'SendTime='+ str(endTime)

print (url)

T L T AL S G2
spon:
«mm get (url).text))

tar
) trtepant) + * ssa®)

for data in ts('data’]:
pend (data[0]('mean’])
tetime. fromtinestamp((data[0]( ' time']))

dpi=100)

= plt.plot(dates, mea:
iy G U Eoeng, Mo,
syl nd, mark | marker:
I O o)
pie-xlimdacesi0) caes(-11)
plt.xlabel (' Tim
plt.. ylm(mnkmanﬁ) max(means) )
plt.ylabel ('Temperature (K)')
plt.show()

,'Linestyle='—-')

116,32

Gorirol Pane!

jpl.nasa. At
maxLat=60sm 12048tartting=12202272006endT ine- 1443657600
T tooks 2.9426212247314453 sec

OT_L4_GHRSST_NCE

[ =o

THUANG/JPL © 2017. All rights reserved.

saster: Thomas Huang

Logout

# Request NEXUS to compute SST Time Series 2008/9/1 - 2015/10/1
# for the "blob" warming off Western Canada and plot the means

ds="AVHRR_OI_L4_GHRSST_NCEI’

url = .. # construct the webservice URL request

# make request to NEXUS using URL request
# save JSON response in local variable
ts = json.loads (str(requests.get(url) .text))

# extract dates and means from the response

means = []

dates = []

for data in ts['data']:
means.append (data[0]['mean'])
d = datetime.datetime.fromtimestamp ((data[0]['time']))
dates.append (d)

# plot the result

https://oceanxtremes. jpl.nasa.gov/timeSeriesSpark?spark=me
sos,16,32&ds=AVHRR OI_ L4 GHRSST NCEI&minLat=45&minLon=-
150&maxLat=60&maxLon=-
120&startTime=1220227200&endTime=1443657600

It took: 2.9428272247314453 sec
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National Aeronautics and

Space Administration l | d T h I I d
Jet Propulsion Laboratory n e r e O O
California Institute of Technology

Pasadena, California

Data Analysis Tool
= 3 ~
SLCP CMS ¢ "’" - OnEarth

Ay

Ice Sheet Simulation

Authentication

EDGE Data Analysis
Data Aggregation (time-series,
Service a
_ raron's
Ruby on Rails i
Content <<Solr Slave>> parison, ete.)

Search/Filter

Granule

Sea‘rch

PloslngQL

Metadata

<<Solr Master>>
ial M

Repository

Solr
Indexer

M
Staging

Metadata

_Metadata _ _______ |

Data Index VM

Metadata and
Sea Level Indicator Data
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National Aeronautics and
Space Administration

Jet Propulsion Laboratory

California Institute of Technology
Pasadena, California

Rapid Deployment

= ©Bamboo vy gamboo Buid - Deploy - Repor

Build projects

Plan
Generate Harvester Script 4%

SLCPCMS Buid 1 %%

SLCP Edge Build #

SLCP Visualizations %%

SLCP Dataservices Build 12 4%

Sea Level Change Portal

Build
s
@20
@2
e

SLCP Ice Sheet System Model % @#5

SLCP Production Database Export @ #285
L4

Project wallboard | +++ +

Reason
Changes by Jon Velapoldi ¥

Changes by Bergen Moore [CR~4
Changes by Nga Quach [CR~
Ghanges by Nga Quach o
Ghanges by Daniel Cheng o
Scheduled [CR-4
Changes by Kevin Gill o

Minimal downtime between deployments

Orchestrate what changes to include for each
environment

Contents replication from Production to development
and test environments

No remote login required

Deployment preview: SIT
Select a release to doploy
naster.

Reloase v243b

Create New Release

THUANG/JPL © 2017. All rights reserved.

Deployment Log

NASA Sea Level Change Portal



National Aeronautics and
Space Administration

oy OPEN SOUICE

California Institute of Technology
Pasadena, California

Technology sharing through Free and Open Source Software (FOSS)

Further technology evolution that is restricted by projects / missions

Science Data Analytic Platform (SDAP), the implementation of NASA AIST
OceanWorks, in Apache Incubator

+  Cloud platform

* Analyzing satellite and model data

* In situ data analysis and coordination with satellite measurements

+ Fast data subsetting

* Mining of user interactions and data to enable discovery and recommendations
+  Streamline deployment through container technology

APACHE

SOFTWARE FOUNDATION

THUANG/JPL © 2017. All rights reserved. NASA Sea Level Change Portal

SDAP Docs Bog Team  Resouces  Publ

has been working

®o.
search, evaluate, downioad, and apply tools and algorithms to look
NASA'

1d Ocean Topography (SWOT) mission, schedued to launch in Apri of 2021, 20PB data for
twil no longer bo

DAAG
SDAP has. JPL, FSU, NCAR,

...........

aaaaa

g subset, iy to the relevant data. In essencs,
from left toright.

SDAP

http://sdap.incubator.apache.org
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e \What to expect in 20187

California Institute of Technology
Pasadena, California

+ A platform to transform data into knowledge

Enable information discovery through dynamic

ranking, recommendations, and linking
* Models and projections
More visualizations
Enhance support for in situ data and analysis

Enhance support for hydrological basin analysis

Enhance mobile experience
More data for user to visualize and analyze
Cloud deployment automation

Improve Information Discovery

Transforming Data to Knowledge

Analytic

Data Ingestion

Transfer
Validation
Metadata

Harvesting
Packaging

Data Providers

Data

THUANG/JPL © 2017. All rights reserved.

Data
Center Il
Data Data Distribution Analytics
Ranagemen Metadata Slatiers
Publication
Data Stewardship MapReduce
Curation Dta Push Job Management
Data Access
Catalog Autoscaling
Storags Streami
- Search Tg
OpenSearch =m0
Virtual Machine
Faceted )
Container
Ranking
Spatial
Abstractions
Readers
Access API
Information

NASA Sea Level Change Portal

Statistical
Registry

Discovery

Service

Science
‘Workflow

Center

Analytic
Services
Applied Science
Visualization
3"""" Interactive
Science
Workbench
Knowledge
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e Virtual Earth System Laboratory (VESL

California Institute of Technology
Pasadena, California

Controls NASA Sea Level Change Port x

@ NASA (National Aeronautic...pace

Fiorida v

HDATA

SEA LEVEL CHANGE

Observations from Space

NASA ADMIN | News&Features  UnderstandingSealevel Data  Resources

Basin

e m Virtual Earth System Laboratory (VESL)

[ Simulations for Cryosphere
Romove o and Earth Science
o |ma

« Forward-Looking Science
We rely on the state-of-the-art
NASA/JPL/UCI ice flow model, ISSM, for
the computations.

Modern Technology

All of the simulations are hosted on a
simple Web interface that allows easy
control over model inputs. They are

carried out live on the (Amazon EC2)

L cloud (nothing is precomputed) and rely
on the exact same software used for our
publications

Welcome to the Virtual Earth System Laboratory! Here, the Ice Sheet System Model (1S5M) Quick Links
team hosts simulations related to glaciers, ice sheets, sea level and solid earth.
Our earth science simulations fall into one or more categories, which can be reached via Know what you're looking for? Use the links.
the links below. below to launch the simulations.
Glaciers
X Columbia Glacier
Glaciers Haig Glacier
Simulations of Glacier Flow and Sensitivity to Climate Ice Sheets
Greenland Ice/Bed Conditions
Model the evolution of glaciers in Alaska, Patagonia and the Himalayan regions in
response to variations in surface temperature, snow precipitation, and other factors Sea Level
related to climate change. Eustatic Sea Level
Local Sea Level
Columbia Glacier Solid Earth
Greenland Geothermal H

Model the evolution of Columbia glacier, Alaska. Based on

Sensitivity
work carried out by Dr. Gardner and Dr. Larour.

INCH

+ Web-based 3D Simulations
» Computation on Amazon Cloud
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