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.1 Earth Observation (EO) Data Characteristics vs. GIS User Needs

e GES DISC EO Data Characteristics
* Challenges for Handling EO Data in GIS

e @IS User Needs from EO data

u EO Data Service in GIS
Use Giovanni to explore and transform EO data to GIS tools
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 ArcGIS Related Support: Data Recipe, Image Service, upcoming ArcGIS
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GES DISC - Big Data Archive Nass

sss EARTHDATA  Find a DAAC ~ (7}

Gespisc « e o) Archives total volume > 2.3 Petabytes consisting of
>110 million data files covering >2500 public and
restricted collections, distributes >23 Petabytes

DRSO e : - Multi-disciplinary data holdings include observations
S and model data of atmospheric composition, water/
energy cycles, climate variability

_ 1 These include for example Aqua AIRS, Aura HIRDLS/

MLS/OMI, TROPOMI, SORCE, TOMS, TOVS,
TRMM/GPM, UARS, LDAS and MERRA/MERRA-2.

1 Through various available tools and services, the
GES DISC provides users with multi-sensor and
model visual comparisons and data access for a
number of projects spanning several disciplines.
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1200+ data collections being curated

Atmospheric composition missions:
Nimbus 1-7* BUV, SBUV, TOMS
Shuttle SBUV*

UARS*

Aqua AIRS

Aura HIRDLS*, OMI, MLS

ACOS*

SNPP Sounder, OMPS

JPSS-1 Sounder, OMPS
GOSAT(ACQOS)/0C0-2/0C0-3
Copernicus Sentinel 5P (TROPOMI)
TOVS Pathfinder*

Water cycle/precipitation missions:

e TRMM*
° GPM
e SMERGE

Climate variability/solar missions:

e SORCE
e TCTE

e TSIS

e CAR

Model data:
e MERRA*/MERRA-2
e NLDAS, GLDAS, FLDAS, NCA-LDAS

Research-derived data:
[ MEaSUREs
e CMS

Near-real time:
™ AIRS
. M LS MERRA-2 MZ\Gblvﬁl'\N.:A‘ !en‘ﬂal Height at 20 hPa

Future assigned missions:

e TROPICS
e Copernicus Sentinel 6
e GeoCarb

polar vortex from MERRA-2

* end-of-mission/project

> DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov



Outline

J Who Are We
* GES DISC: Multi-Disciplinary Data Archive and Service Center

. Earth Observation (EO) Data Characteristics vs. GIS User Needs

* GES DISC EO Data Characteristics
* Challenges for Handling EO Data in GIS

e @IS User Needs from EO data

. EO Data Service in GIS
 Use Giovanni to explore and transform EO data to GIS tools

* GES DISC OGC Services
 ArcGIS Related Support: Data Recipe, Image Service, upcoming ArcGIS

services

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov



GES DISC Earth Observation (EO) Data Characteristics:
Multi-spatiotemporal Datasets

=> Instrument type: Remote sensing, in-situ, modeling
=> Measurement Resolutions:
¢ Spatially:
O Global grids (raster) with spatial resolution up to 4-km
O Higher resolution swath (feature points) data (e.g., 2.2-km)
¢ Temporally:
o Half-hourly, 3-hourly, daily, monthly satellite measurements
Hourly, 3-hourly, daily and monthly modeled products
Monthly ground observation archives
Composite Climatology (yearly, monthly)
Near-real-time (NRT) products

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov
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1. Complex Data
Format: HDF,
HDF-EOS,
netCDF

2. Non-Grid
format:
swath data

3. Need
additional
analytics for
long data
records

Data Side

GES DISC Earth Observation Mission Data Timeline

\ Challenges for Handling EO Data in GIS

NOW,

Atmospheric Composition
UARS 1978~1997

1980 1990 2000

| UARS |

TOMS 1978~2005

Nimbus-7, NOAA-19,Meteor-3, EP

NOAA SBUV/2 1970~1998

Aqua AIRS 2002~

Aura HIRDLS, MLS, OMI 2004~
Suomi NPP ATMS,CrIS,0MPS 2011~

Sentinel 5P TROPOMI 2018~
Water & Energy Cycles

TRMM 1988~2016

GPM 2014~

Climate Variability (Model)
MERRA-2 1980~

LDAS

2010 2020

NOAA 9,11,14,16,17,18,19 SBUV/2

Aqua AIRS |

Aura HIRDLS, MLS, OMI |

| ATMS,Cr1S,OMPS |

TRMM PR,TMI, VIRS |

| GPM DPR, GMI

MERRA-2

GLDAS 1948 ~

| NLDAS 1979~

FLDAS 1982~

NCA-LDAS 1979~2016

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov

4. Multitude of
applications

5. Cross-
disciplinary
applications
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User Side




Goddard Eadh Sciences
Data and{pfofiation

Servicegeater

GIS User Needs from NASA EO data

Can | plug in model data

ArcGIS with or satellite
your EO data? data? Which

N /
LOUSTOLY, WE LAVE

il
o
:

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov



Potential GIS Applications from GES DISC Data

(Extreme Weather Events, Climatic Anomaly , Public Health ...etc)

® Precipitation (TRMM/GPM)

e Hydrology (Land Data Assimilation System data (LDAS) with
numerous land parameters)

e Modern Era Retrospective-Analysis for Research and Applications
data assimilation data (MERRA/2), with numerous land, ocean and
atmospheric parameters

® Atmospheric Compositions
© Volcano Eruption (SO2: AIRS/OMI/TROPOMI/OMPS/MEaSURES)

O Air Quality/Public Health (AOD/AI/NO2/PM: TOMS/OMI/OMPS/
MERRA-2/TROPOMI...etc)

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov
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Giovanni -- a simple and intuitive way to visualize,

analyze, and access vast amounts of EO data

&

@ Giovanni

c @ @ @ https://giovanni.gsfc.nasa.gov/giovanni/ e @ ¢ | Q search

Q Most Visited @ Getting Started El Swimming El Golf El Education “‘! Shop Through Chase El Camera

“« EARTHDATA Data Discovery

GIOVANNI The Bridge Between Data and Science v 4.30

Select Plot

© Maps: Time Averaged Map * ~

Select Date Range (UTC)
YYYY-MM-DD. HH:mm

- - M3 : to
Valid Range: 1948-01-01 to 2019-07-10

Select Variables

¥ Disciplines

~ Aerosols (188)

| Atmospheric Chemistry (76)
Atmospheric Dynamics (424)
Cryosphere (13)

~ Hydrology (1209)

~ Ocean Biology (59)
Oceanography (62)
Water and Energy Cycle (1272)

¥ Measurements

NASA

Aerosol Index (6)
Aerosol Optical Depth (88)
~ Air Pressure Anomaly (1)
~ Air Pressure (58)
Air Temperature Anomaly (2)
Air Temperature (105)
~ Albedo (25)
| Altitude (8)
Angstrom Exponent (20)
Atmospheric Moisture (122)
~ Black Carbon (5)
_ Buoyancy (2)

NASA Official: Angela Li Privacy
Web Curator: M. Hegde

DAACs

~ Comparisons:

Number of matching Variables: 0 of 2007 Total Varia

Keyword :

Powered By A

Community Science Disciplines

Select... ¥ Vertical: Select... ¥ ~ Time Series: Select... v Miscellaneous: Select... ¥

Select Region (BoundindlCEEE RN UL

Format: West, South, East, N¢ Hovmoller, Longitude-Averaged
Longitude-averaged Hovmoller, plotted over the selected time and latitude ranges

* Guest user limited to 4 time steps
Details...
_ Hovmoller, Latitude-Averaged

Latitude-averaged Hovmoller, plotted over the selected time and longitude ranges
* Guest user limited to 4 time steps
Details...
Area-Averaged Differences
Time series of area averages of differences between two variables at each spatial grid point
* Guest user limited to 4 time steps
Details...

© Area-Averaged
Time series of area-averaged values
* Guest user limited to 4 time steps
Details...

Seasonal
Seasonal (inter annual) time series

* Guest user limited to 4 time steps
Details...

https:/Igiovanni.gsfc.nasa.gov/giovanni

Contact GES DISC m Plot Data

htf;;s://disc.gsfc.nas; go;/ -

vy IN 0O ©

Q

Feedback Help  Login




Use Giovanni to create a Story Map

“‘Bomb Cyclone” and Midwest Flood of March 2019

M2T1NXFLX MERRA-2 Bias-Corrected Total Accumulated Precipitation
Time: 2019-03-12 00:30:00

L
3 <
=

N ™~

Accumulated Precipitation (kg / m*2)

20.0 40.0 60.0

Animation of MERRA-2 accumulated bias-corrected precipitation over the Midwest
from March 12-15, 2019. Bomb cyclone rainfall starts from March 12-14, with heavy
downpours in Nebraska and South Dakota along the Missouri River
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Spatially averaged hourly time series plots of: a) bias corrected total
rainfall (mm/hr) from MERRA-2; b) snow water-equivalent (kg m-2)
derived from NLDAS NOAH; c¢) air temperature at 2m (oC) from NLDAS
Primary Forcing ; d) soil moisture total column (kg m-2) 0-200 cm from
NLDAS NOAH; and e) runoff (kg m-2 hr-1) from NLDAS Mosaic acquired
from March 1-20, 2019.

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov




GES DISC OGC Services

Transform EO data to be GIS interoperable using OGC services (WCS/WMS)

st
9 DISASTERS am
nye o )

Layer List >

Operational layers

(Global Landside Nowcast(updated every 3 hours)

" Flood Detection 1 Obsenvation Image, Dadly, MODIS
Flood Detection 2 Observations Composite, Daly, b
Flood Detection 3 Observations Composit, Daly, M

" Flood Detection 3 Obsenvations 14 day Composite,

Re‘atw Soil Maoisture, Top 10cm *CONUS Only* - D

—Evaporative Stress Index - Weekly (NASA SERVIR)

- Ocean Sea Surace Temperature (NOAA and NASA S

e NASA GSFC Transboundary

Water Management Data e NASA Disaster Program
e NASA GES DISC AIRS NRT NASA LaRC Power Data Viewer Explorer J Response Viewer
Data V.lewer e Contain GES DISC’s e Contain GES DISC’s TRMM e Contain GES DISC’s TRMM/
e Contain GES DISC’s AIRS MERRA-2 data PN OMITROPOM! data
NRT L1/L2 data SPtM, GLDAS, FLDAS, NLDAS J
ata

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov



GES DISC ArcGIS Data Recipe

GES DISC B How-To's~  arcais i I Feedback

Atmospheric Composition, Water & Energy Cycles and Climate Variability (v}

Click “Feedback”
How-To's showing 1 -9 of 9 how-to articles associated with arcGIS Sortby: ' Relevang to te” US Wh at you

How to Import MERRA Surface Product Data into ArcGIS
This recipe shows how to correctly import native grid MERRA data into ArcGIS. The data products contain Geographic Information ... n e e d '
H

attribute that defines the NoData (filling/missing) pixels may not be correctly interpreted by ArcGIS

How to Import Gridded Data in NetCDF Format into ArcGIS

Satellite observation and climate model data become more and more widely used in GIS. ArcGIS is one of the dominant software ...

How to Define and Visualize Time Dimension in ArcGIS

How to Import IMERG GPM Precipitation Data in HDF5 into ArcGIS with Arcpy Script
Integrated Multi-satellite Retrievals for Global Precipitation Measure (IMERG) data products provide global high spatial and temporal ...
How to Import Gridded Data in NetCDF Format into ArcGIS te

p-by-

How to Define and Visualize Time Dimension in ArcGIS
Most satellite data, including those served by NASA GES DISC, are time-stamped, meaning each data value is explicitly associated with ... S t e

dimension in Gridded data describing how to define time, enable, and visualize temporal grid data in ArcGIS
How to Import Satellite Swath Data in NetCDF Format into ArcGIS

u
Satellite observation and climate model data become more and more widely used in GIS. ArcGIS is one of the dominant software ...
2012.07.10.043.L2.RetStd.v6.0.7.0.G13037113109.hdf.nc 2) Import data into ArcGIS

How to Import HDF5-formatted IMERG GPM Precipitation Data into ArcGIS
Integrated Multi-satellite Retrievals for Global Precipitation Measure (IMERG) data products provide global high spatial and temporal ...

Adding the data into ArcGIS: Start ArcGIS Application, ArcMap

How to Correctly Import GRIB Data into ArcGIS
ArcGIS supports direct import of GRIB data files. However, the data imported is not geometrically correct, with a shift of ...

How to Import HDF5-formatted IMERG GPM Precipitation Data into ArcGIS

How to Define Vertical Dimension in ArcMap
Some satellite data, including data served by the NASA Goddard Earth Sciences Data and Information Services Center (GES DISC), include a ...

How to Define and Visualize Time Dimension in ArcGIS

How to Display and Remote Access Data in GDS with GrADS
GrADS is able to access data remotely through GrADS Data Server (GDS, formerly known as GrADS-DODS Server). Performance is much improved ...

ArcGIS

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov




Setting up ArcGIS Image Service for long term
data record

= Long term data analysis through image service
O GES DISC data usually contain long time data records, e.g., 40
years of hourly data
O A single mosaic is not feasible for long time series
O Hierarchical mosaics: daily, monthly, yearly, multi-year
O Services can be set up at different hierarchical levels

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov
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TRMM/GPM Precipitation Missions

® GES DISC is the official TRMM/GPM data archive and distribution center
e Complex mission datasets: 178 Products through data holdings (
https://disc.gsfc.nasa.gov/datasets?project=GPM)

Source: Precipitation Measurement Missions (PMM), pmm.nasa.gov

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov



Image Services for Precipitation Data

O ArcGIS Server Manager
0GC Services

B ’E‘ : orvice 7 ‘ Publish Service ’ ‘E’

KML Network Links Sharing

GPMHHE2019 # (Image Service) @ Ad»r X
Image service for GPM Half-hourly precipitation for year 2019

Status: Started

Instances Running: 1

S Instances in Use: 0
R a7/ % Maximum Instances: 2

@ SoilMoisture

Site (root)

@ FamineEarlyWarningSys...

GPMHHE_all # (Image Service) @ A o " X
i System Image service for GPM Half-hourly precipitation with global coverage at 0.1-degree spatial

resolution
i TEST - Status: Started Time Info:

Instances Running: 1
@ Utilities Instances in Use: 0 Start Time Field: StdTime

Maximum Instances: 2 End Time Field: StdTime

Time Extent:
[2014/03/12 00:00:00 UTC, 2019/05/01 23:30:00 UTC]

Time Reference: N/A

Pixel Size X: 0.09999999660727316

Global Precipitation with 30-minute temporal and Pixel Size Y: 0.09999999660727316
10km spatial resolution from 2014 to present.

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov



nature

NEwWs 20 wsscs 20 Use GPM Half-hourly Precipitation

Why Cyclone Idai is one of the Southern - PP yPrER T SEPN ) Cyclone Idai
Hemisphere's most devastating storm

ﬁ Global Precipitation Measurem: X 2 Global Precipitation Measurem: X +

The catastrophic storm has affected nearly 2 million people in ¢ @ ® & https:/fgs6102dsc-arcgis gesdisceosdis.nasa gov:7443/arcgis/appsfwebappviewerfindexht:  ++ @ | | Q Search YIND @ =
& Global Precipitation Measurement | NASA
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Potential Issues of Image Service for EO Data

Separate statistics and fillvalues for different variables served in one
Image service

Unit information be included in science variable

Multi-level folders for easy grouping for variables from multiple
sources (currently only one-level folder)

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov



Upcoming GIS Data Support

= Add data layers products based on users demand
= Experiment ArcGIS Feature Service (for non-gridded swath data)

= User community/theme/event portals

o Perform hotspot mapping to identify hotspots of extreme events

O Identify the Spatial and temporal shift

= Experiment ArcGIS Geoprocessing Service
O Spatial auto correlation or clustering to identify climate regions and spatial

dependency

O Zonal statistics which can summarize data at specific administrative level

O Time series analysis and rate of change of temperature

|Tell us know what you need!

https://disc.gsfc.nasa.gov

vices Center



Please help us to help you!

e Videos on Tube iubscribe “NASAGESDISC”
o Twitter B= @NASA_GESDISC, @NASA_Giovanni

e How-To's

Download II Case Study II Visualization II

e Feedback: Feedback

e Help Desk: gsfc-help-disc@lists.nasa.gov

GES DISC Goddard Earth Science Data and Information Services Center
https://disc.gsfc.nasa.gov



