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Earth Observation Big Data

 Earth observation data volumes are
growing exponentially

 NOAA collects about 7 terabytes of data
per day?!
« Adds to existing 25 PB archive
« Upcoming missions will generate another 5 TB

per day

« NASA's Earth observation data is e Em RN g

expected to grow to 131 TB of data per E3 B B -

day by 20222 : 5 8 &

* NISAR and other large data volume missions?3 _ . .
. . Over the next five years, the daily ingest of data into the
e Other agencies like ESA expect data EOSDIS archive is expected to grow significantly, to more
: 4 than 131 terabytes (TB) of forward processing. NASA
volumes to continue to grow EOSDIS image,

« How do we effectively explore and
search through these large amounts of

data?
Y, ATEETEEEEEEEEEEEEEEEEEEE———————v



Alternative Data

« Data which are extracted or generated
from non-traditional sources
» Social media data
* Point of sale transactions
* Product reviews
* Logistics
* |dea originates in investment world

* Include alternative data sources in
Investment decision making process

« Earth observation data Is a growing
alternative data source for investing
« DMSP and VIIRS nightlight data

Image Credit: NASA



Alternative Data for Earth Science

National Weather Service Weather Forecast O

* Are there alternative data sources in R &

Site Map News Organization Sean:l; for:
the Earth sciences that can be used
IN a similar manner?
:);gam KHUN 251754
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Social media e
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JMEAR TERM...(Rest of Today)
Issued at 982 AM CDT Mon Mar 25 2819
Radar imagery shows the initial wave of convection diminishing as it

- progresses through the Tennessee Valley thiz morning ahead of a weak
[ A rl Cu tu ra re O rtS boundary. Behind this boundary, there is a slignt clearing line that
will allow additional heating to help destabilize the atmosphere
shead of an approaching ccld front. The parent surface low is

currently situated over Kentucky will sag to the southeast into
) We at h er fO reC aStS Georgia later today as the upper level shortwave digs intoc the
Tennessee Valley and then Carolinas overnight. The second line of
storms will develop over the area around noon today and move eastward
this afternoon and early this evening. At this time, there is high

- - confidence in surface-based convection with SBCAPE values 508-1200
» Alternative Earth science data can be A EEEE Rty
uniform, as surface winds are expected to veer to westerly behind
Hss - Global Hawk #872 09.(08)'11 - 0 this initial boundary. Larger 8- km shear values over 48 ks will be
i

n place this merning through the early afternoon, which may support

some isolated supercellular convection. Lapse rates will be fairly
an a Z e O Aircraft: steep with 7.8-7.5 C/km near peak heating this afterncon.
Global Hawk #872 (See full schedule)

Date:
Thursday, September &, 2011 - Friday, September 9, 2011

* ldentify interesting events or trends =
Look for spatial, temporal or climatological s o 2011405

2011-09-08

p atte r n S The primary mission goal is to test the Scanning HIS, HAMSR, and AVAFS instruments for science data acquisition and

instrument intercomparison. The secondary goals are to test: 1) FOR and POR communications, 2) the Ku and Iridium

0]

communication links, 3) the COMPASS system for real time mission menitoring, and 4) ATC and FOR communications for

 Assist in efficiently identifying events or use

1855  GH engine start
cases in large volume datasets S
1904  AC power on
Basic Flight profile is to fly to a point off of the Ca coast (DINTY), procede directly to ~ 50N, 154W. We then tum directly
soutward and fly over Hawalian airspace to 10N. We turn eastward for a run of a few hundred km to aboul 145W and

then turn NE to return to DFRC. The plot below shows the approxi track with drop
superimposed temperatures are the NCEP AVN forecast (valid for 8,30 AM PDT on 2011-09-09 at 70 hPa)




Area Forecast DISCUSSIONS

 Weather Forecast
Offices

* National Weather Service
operates 122 WFOs

* Responsible for issuing
forecasts and severe
weather warnings

 Area Forecast
Discussions

» Written every 6 hours

« Covers most significant
weather issues facing a
WFO including a forecast,
summary of outlooks,
watches, warnings, etc

« How do we identify

iImportant information image Credit: Gus Polly
Wi t h in th ese re p 0 rtS f? Ifqigsss-.é/\;:;mmonswklmed|a.org/W|k|/F|Ie.NWS_Weather_Forecast_Of




AMS Glossary of Meteorology

« Can use the American Meteorological Society Glossary of Meteorology to
identify important information within the AFDs

* Over 12,000 important meteorological terms
« Curated and domain specific

* Includes broad terms
* Hurricane, flooding, and snow

« More specific meteorological terms
 Vorticity, gap wind, etc

AMERICAN METEOROLOGICAL SOCIETY

http://glossary.ametsoc.org/wiki/Main_Page




How Did We Create an EO Alternative Dafaset?e

Created an alternative Earth observation dataset using the following
method:

Used the lowa State University, lowa Environmental Mesonet website®

to obtain AFDs

 NWS only stores last 50 version of AFDs
e Scraped each page for text

Used the AMS Glossary of Meteorology to extract terms from the AFDs
Followed a heuristic, rule-based technique to extract terms
Data includes word count, time of forecast, location

C i C =
#* Ab B Ab Ab

— — City Count Forecast Id Forecast Time = Office Term

Mew York/Upton 2 6a7oda0d-f42f-11e8-... 6/10/2009 7:30:00 AM K fog
0 | e l l | e ‘ Mews York/Upton 1  6a7f998c-f42f-11e8-...  6/14/2009 3:30:00 PM  OKX flooding
oleIo News York/Upton 1 6aS04lac-f42f-11e8-.. 6/12/2009 6:21:00 PM  OKX flooding
wa?mkl' oo Mew York/Upton 2 6ad04lac-f42f-11e8-... 6/12/2009 6:21:00 PM  OKX fog

from Noun Project




Exploratory Use Case: Hard Freeze

« Subsetted list of glossary terms to 20 for
an exploratory analysis

* This exploratory use case will focus
on the term ‘hard freeze’

« “A freeze in which seasonal vegetation is
destroyed, the ground surface Is frozen
solid underfoot, and heavy ice is formed
on small water surfaces such as puddles

and water containers” ® P
* |dentifying hard freeze events is
important to agricultural community Greated by IconTrack

from Noun Project

* Need to understand past events

 Early detection of these events as they
occur



Exploratory Use Case: Methods

« Approach: Look for temporal and geospatial statistical trends in AFD
extraction data

« Temporal analysis to identify interesting events

2 3
Explore monthly |dentify days of
counts for a interest within a
year of interest given month

1

Explore yearly
counts




Exploratory Use Case: Event ldenftification
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Exploratory Use Case: Event ldenftification
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Exploratory Use Case: Method

« Approach: Look for geospatial statistical trends in AFD extraction data
yearly and over a decade

« Spatial analysis to identify interesting events

« Based on the idea that observations are non-independent, nearby units
IN some way are associated

« Can identify spatially significant patterns in extractions from year to
year and over a decade

1 2 3 4

Sum word Join count data Check for Check for High 2

Run Hot Spot
Analysis
(Getis-Ord Gi*)

count for each to NWS spatial Low Clustering
office for each polygon autocorrelation (Getis-Ord
year shapefile (Morans 1) General G)




Explorafory Use Case: Results

Decade Hot Spot Analysis of the Usage of the Term 'Hard Freeze' (2007 - 2017)

« Hot spot analysis

* To be a statistically
significant hot spot, a
feature will have a
high value and be
surrounded by other
features with high
values as well.

» Results indicate
positive Z-scores are
iInversely related to
winter temperature
trends

Gi* or Z-Score

B 1178965 - 0.926311
[ 0926310 - -0.692101
[ | 0692100 --0.456355 7 X
|| 0456354 -0.017995 _ ‘
[ | 0017996 -0.712301

I 0712302 - 2.882867

I 2852665 - 6.589832




Exploratory Use Case: Combined Methods
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Lessons Learned

« Large volume of data
« Challenging to scrape a large number of web pages — easy
to miss pages
« Difficult to check for quality
« Broad exploratory check did not always find data gaps
 Ambiguities of human communication

« Writing styles and human perception affect analysis results
« Assumptions of relevance are made for each WFO
» Thresholds of concern for a WFO

« Hard freeze example

« Most of the U.S. experiences hard freeze conditions

« Offices which are concerned about direct impacts of a
hard freeze use the term more frequently

« These uncertainties make using the AFD data impractical
for certain scientific applications

« Still helpful for identifying events and trends

«»

Created by Gregor Cresnar
from Noun Project



Future Work and Conclusions

Possible Future Work

» Explore other terms for interesting events and
trends

 Monitor for events in AFDs In near real time

* Investigate automated techniques for identifying
events

Conclusions

« As data volumes grow, alternative Earth science
datasets offer one solution to help users more o
efficiently search for relevant data o R e 1"




Questions®e

Contact:
Kaylin.m.Bugbee@nasa.gov
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