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Helping you do your job better: 



Housekeeping 
•  Tweet with us: Follow @govloop and use #gltrain to share what you learn. 

•  Get answers: Submit you questions using the "Ask a question" box on the console. Our experts will take your questions 
at the end.  

•  Need help: If you have any technical difficulties during the training click on the “Help” button located below the slide 
window. 

•  Learn more: Check out the Resources Section for additional information (including this slide deck) on GIS.  

•  On-Demand: We will email you a link to the on-demand version of this training so you can view it again or share with a 
colleague. Plus your GovLoop training certificate. 

•  Be a VIP: By attending the live training you’ve earned 1 credit towards GovLoop’s VIP program. Get to 5 and we’ll send 
you awesome swag.  

•  Take our survey: Help us, help you! Take our brief evaluation to let us know what you liked about this training.  
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Societal drivers of science are key. 

How the Earth  
should LOOK.  

How we should  
look AT the Earth.  

       Increasing fundamental  
scientific understanding 

Enabling stewardship  
of the environment 

Promoting  
economic vitality 

Protecting life  
and property 

How the Earth works.  

Esri View of Science 
                esriurl.com/scicomm 



How the Earth works….  How the Earth should look …. 
   How we should look at the Earth…. 
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Geographic 
Information Science / 
Computer Science 
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Universities 
• domain science depts 
• geog/GIScience depts 
• CS depts 
• research facility  
  infrastructure 
• platform for integration,  
  science strategy 
• research offices 
 
 

 
 
 

Natl Govt 
Science 

NOAA  
NASA 
USGS 
BLM 

BOEM 
EPA 

USDA Forest Service 
US Fish & Wildlife 

GEOSS, ESA 
 

 

State/Local 
Government 

Cities & Counties 
Flood Plain Managers 

Coastal Planners 
State GIS Offices 

State Fish & Wildlife 
State Forestry Programs 
Water/Sanitation Districts 
State Geological Surveys 

 
 
 

NGO/
Conservation/ 

Env Consulting 
TNC 

Conservation Intl 
SCGIS 

World Resources Institute 
Audubon 

Land Trust 
exactEarth 

Stone Environmental 
CSA Ocean Sciences 

Cal Academy of Sciences 
etc. 
 
 

relationships w/ professors, labs, science orgs, cooperative institutes 

NSF 

Serve Science Community 

Foster Innovation 

Esri CEO, 
Chief Sci 

Esri Dev 
CTOs 
R&D 

ArcGIS  
Tech 

Sensor Tech 
(Partners) 

Big (Geo)Data 

Earth 
Science 

Social  
Science 

 

-  Internships for students 
-  Sabbaticals for faculty 
-  Esri Development Centers at universities 
-  Summits: Dev, Geodesign, Ocean, Health, etc. 
      (UC Science Symposium coming in 2016) 
 
 
 
 

-  Informal MOUs with labs/orgs 
-  Esri Press Research Monographs 

-  Software stacks (e.g., MultiD, SciPy, R integration) 
-  Data stacks (e.g., ArcGIS Online content, Living Atlas 
-  Resource web sites (blogs, use cases, webinars) 
-  Esri Press research monographs 
-  App challenges/Design competitlons 
-  Informal MOUs with labs/orgs 

Program Components 
Chief Scientist, National Government Science Team, Esri Education Team 

 

Energy Company 
Research Units 

RPS, Shell, Kisters, etc. 
 
 
 

Esri Science Community Program 
 



• Python 
• OPeNDAP (Open-source Project for a Network Data   
                        Access Protocol) 
• R (the R Project for Statistical Computing)  

 

 

Software Stacks for the Scientific Community 



• Pandas – provide high-performance, easy-to-use data 
structures and data analysis tools for working with tables 
in Python 

 

• SciPy - supports our goal of being a comprehensive 
geospatial platform for science by expanding the number 
and type of analytical methods available to the science 
community 

• netCDF4 - provides programmatic access for a 
popular scientific data format 

 

 

Inclusion of Additional Python Packages 



•  The OPeNDAP protocol has become the de facto 
standard for streaming scientific data 

•  NOAA and NASA have extensive data collections 
available via OPeNDAP 

•  New ArcGIS geoprocessing tool for reading 
OPeNDAP data 

•  Makes a raster layer from data stored on a remote 
OPeNDAP server 

Mean temperature (C) : 1950-2010 

Support for OPeNDAP Data Sources 



New R – ArcGIS Bridge and Community 
•  R is the most widely used, fastest growing statistical analysis software 
•  Many organizations using ArcGIS also use R 
•  High interest in our existing R integration 
 
•  Who is this for? 

- R users who want to work in R with easy, efficient access to ArcGIS data 
- R users who want to provide R analysis capabilities to ArcGIS users 
- ArcGIS users who don’t know R 



Resource Centers / Case Studies / Blogs 

- Data and models can be downloaded 
- Analysis and tools are defined by the question - outlined 

at the start 
- Processes shown, results are interpreted  

• Analysis from exploration to decision-making demonstrated by 
example 

esriurl.com/ocnres 

esriurl.com/case 



esriurl.com/analyticalstories “Once upon a time …” 



New Esri Press Books for Scientists 
esripress.esri.com 



Access 
Summary Blog Post: esriurl.com/scicomm 

 
2015 Road Map: esriurl.com/sci2015 

 
Personal Web: esriurl.com/dawn 

 
Email: dwright@esri.com 

  
Twitter: @deepseadawn 

 
Elsewhere: road bike, movie theater  

 
 
 
 



Improving  the  Accessibility  and  Use  
of  NASA  Earth  Science  Data

	  
Brian	  Tisdale,	  Booz	  Allen	  Hamilton	  (BAH),	  brian.e.4sdale@nasa.gov	  
NASA	  Atmospheric	  Science	  Data	  Center	  (ASDC)	  
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Agenda:	  
1.  The	  ASDC	  at	  a	  Glance	  
2.  ASDC	  Geospa4al	  Architecture	  
3.  Use	  Case	  -‐	  POWER/SSE	  
4.  GDAL	  Enhancements	  for	  ESDIS	  (GEE)	  

2015	  June	  18	  -‐	  GovLoop	  -‐	  SIMPLE	  WAYS	  TO	  DO	  MORE	  WITH	  YOUR	  SCIENTIFIC	  DATA	  



Radia0on	  Budget	  -‐	  The	  radia4on	  budget	  takes	  into	  account	  the	  
sum	  of	  all	  radia4on,	  transferred	  in	  all	  direc4ons,	  through	  the	  
Earth's	  atmosphere	  and	  to	  and	  from	  space.	  	  
Instruments:	  CERES	  

Clouds	  -‐	  A	  visible	  aggregate	  of	  minute	  water	  droplets	  and/or	  ice	  
crystals	  in	  the	  atmosphere	  above	  the	  Earth's	  surface.	  	  
Instruments:	  CALIPSO,	  MISR	  

Aerosols	  -‐	  Suspension	  of	  par4cles	  of	  condensed	  ma^er	  (liquid,	  
solid,	  or	  mixed)	  in	  a	  carrier	  gas	  (usually	  air).	  	  
Instruments:	  CALIPSO,	  MISR,	  SAGE	  III	  

Tropospheric	  Chemistry	  -‐	  Measurements	  of	  chemical	  
cons4tuents	  in	  the	  atmosphere	  including	  the	  major	  (non-‐H2O)	  
greenhouse	  gases	  (CO2,	  CH4,	  O3,	  N2O).	  	  
Instruments:	  MOPITT,	  TES	  
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•  Provides	  data	  services	  for	  over	  44	  
science	  projects	  

•  Primary:	  CERES,	  MISR,	  CALIPSO,	  
ISCCP,	  SAGE	  III,	  MOPITT,	  TES	  

•  Distributes	  300+	  unique	  science	  
products	  

•  In	  2014,	  624	  Terabytes	  of	  data	  
were	  distributed	  to	  over	  165,000	  
customers	  in	  158	  countries	  

•  3.5	  Petabytes	  of	  data	  are	  in	  the	  
archive	  as	  of	  January	  2015	  

•  Over	  58	  million	  files	  (1,537	  TB)	  on	  
high-‐speed	  disk	  for	  quick	  access	  

The  ASDC  at  a  Glance



Improving  the  Accessibility  and  Use  of  NASA  
Earth  Science  Data  in  Geospa@al  Applica@ons

•  Many	  of	  the	  NASA	  Langley	  Atmospheric	  Science	  Data	  Center	  (ASDC)	  Distributed	  Ac4ve	  
Archive	  Center	  (DAAC)	  mul4dimensional	  	  tropospheric	  and	  atmospheric	  chemistry	  data	  
products	  are	  stored	  in	  HDF4,	  HDF5	  or	  NetCDF	  format,	  which	  tradi4onally	  have	  been	  
difficult	  to	  analyze	  and	  visualize	  with	  geospa4al	  tools.	  	  

• With	  the	  rising	  demand	  from	  the	  diverse	  end-‐user	  communi4es	  for	  geospa4al	  tools	  to	  
handle	  mul4dimensional	  products,	  several	  applica4ons,	  such	  as	  ArcGIS,	  have	  refined	  
their	  sofware.	  	  

•  Many	  geospa4al	  applica4ons	  now	  have	  new	  func4onali4es	  that	  enable	  the	  end	  user	  to:	  
•  Store,	  serve,	  and	  perform	  analysis	  on	  each	  individual	  variable,	  its	  4me	  dimension,	  
and	  ver4cal	  dimension.	  	  

•  Use	  NetCDF,	  GRIB,	  and	  HDF	  raster	  data	  formats	  across	  applica4ons	  directly	  	  
•  Publish	  output	  within	  REST	  image	  services	  or	  WMS	  	  for	  4me	  and	  space	  enabled	  web	  
applica4on	  development.	   20	  



• Web	  services	  are	  used	  to	  make	  the	  
applica4on	  plahorm	  and	  technology	  
independent	  by	  following	  standards,	  
promo4ng	  interoperability	  

•  Data	  Access	  Protocol	  (DAP)	  Service	  
• WCS	  (Web	  Coverage	  Service)	  
• WMS	  (Web	  Mapping	  Service)	  
• Webifica4on	  Science	  (w10n-‐sci)	  
•  ArcGIS	  Image	  Service	  

•  NASA’s	  Enterprise	  License	  Agreement	  (ELA)	  
with	  Esri	  allows	  the	  agency	  to	  acquire	  
access	  to	  Esri	  ArcGIS	  sofware	  at	  no	  
addi4onal	  cost	  to	  programs	  

•  Examples	  of	  applica4ons	  that	  
support	  standards-‐based	  web	  
services	  

•  NASA	  Global	  Imagery	  Browse	  Services	  
(GIBS)	  

•  NASA	  Earthdata	  Search	  
•  Group	  on	  Earth	  Observa4ons	  (GEOSS)	  
Portal	  

•  Panoply	  
•  Integrated	  Data	  Viewer	  (IDV)	  
•  ArcGIS	  
•  Quantum	  GIS	  (QGIS)	  
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Data  Discovery  and  Access  through  Web  
Services



HDF/netCDF/GRIB	  Data	  Warehouses	  
ArcGIS	  Mul0dimensional	  

Mosaic	  Dataset	  
Enable	  ArcGIS	  Pla_orm	  

•  Create	  a	  seamless	  mul4dimensional	  cube:	  	  
•  from	  files	  represen4ng	  different	  regions	  
•  from	  files	  represen4ng	  different	  4me	  steps/

slices	  

•  Spa4al	  Aggrega4on	  
•  Temporal	  Aggrega4on	  	  
•  On-‐the-‐fly	  analysis	  
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U@lizing  the  ArcGIS  PlaEorm  as  an  End-‐to-‐
End  Solu@on  for  Processing,  Analyzing,  and  
Visualizing  NASA’s  Scien@fic  Data

Aggregate	  (mosaic)	  spa0al,	  0me,	  and	  ver0cal	  dimensions	  



Modeling	  with	  Raster	  func0on	  template	  (RFT)	  

Mosaic	  Index	  

Visualiza0on	  

Spa0al	  and	  Temporal	  Analysis	  
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End-‐to-‐End  Solu@on  for  Processing,  
Analyzing,  and  Visualizing  Data



Depth	  

Time	  

Temporal	  	  
Graph	  

Create	  Story	  Maps	  to	  tell	  the	  	  
story	  of	  your	  scien4fic	  data	  	  
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Mul@dimensional  Data  in  Web  Applica@ons
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NASA  ASDC  ArcGIS  Portal



 
Objective: Integrate improved environmental data, analysis and modeling for 

enhanced management of energy production and energy efficiency systems. 
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•  Limited	  graphical	  capability	  	  
•  Requires	  improvement	  to	  be=er	  

serve	  customers	  

Use  Case:  POWER  Surface  meteorology  and  
Solar  Energy  (SSE)



•  High	  quality	  viewing	  
(Desktop/Mobile)	  and	  
prin4ng	  

•  Data	  Extrac4on	  and	  
Subseong	  

•  Simultaneous	  Dataset	  
Visualiza4on	  (Swiping)	  

•  Temporal	  Visualiza4on	  
•  Custom	  Color	  Ramps	  

•  Pixel/A^ribute	  Value	  
Iden4fica4on	  at	  Selected	  
Loca4on	  
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POWER  SSE  –  GIS  Web  Applica@on  
Enhancements



	  
Image	  Displayed	  Inverted	  
	  
MOP03TM.005	  (HDF4):	  	  
Retrieved	  Surface	  	  
Temperature	  Night	  

This	  is	  the	  layer	  of	  the	  
3D	  subset	  selected	  by	  

users	  

Missing	  Geo-‐Reference	  	  
&	  Cannot	  Display	  the	  3D	  dataset	  
	  
TL3COD.001	  (HDF5):	  	  
CO	  	  

Missing	  Geo-‐Reference	  	  
&	  90	  Degree	  Rotated	  
	  
MOP03TM.006	  (HDF5):	  	  
A	  Priori	  Surface	  	  
Temperature	  Night	  	  

Before	  
Enhancement	  
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Geospa@al  Data  Abstrac@on  Library  (GDAL)  
Enhancements

Aeer	  
Enhancement	  



•  Revised	  GDAL	  HDF	  Drivers	  to	  allow	  for	  
extending	  and	  addi4onal	  func4onality.	  

•  Added	  func4ons	  such	  as	  Image	  rotator,	  
3D	  subset	  reader,	  geo-‐reference	  
interpreter,	  and	  metadata	  repairer	  to	  
set	  up	  the	  generic	  algorithm	  framework.	  

•  Customized	  framework	  with	  Data	  
product	  plugins	  that	  recognize	  file	  name	  
pa^erns.	  

•  Enabled	  image	  rendering	  and	  user	  
workflow	  with	  an	  ArcGIS	  plugin	  /	  
extension	  for	  tes4ng	  of	  effec4veness	  of	  
the	  improved	  GDAL.	  
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Geospa@al  Data  Abstrac@on  Library  (GDAL)  
Enhancements



Improving  the  Accessibility  and  
Use  of  NASA  Earth  Science  Data

Brian	  Tisdale,	  BAH,	  brian.e.4sdale@nasa.gov	  
NASA	  Atmospheric	  Science	  Data	  Center	  (ASDC)	  
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CONTACT	  US	  FOR	  BETA	  ACCESS	  



ORNL is managed by UT-Battelle  
for the US Department of Energy 

SIMPLE WAYS TO DO 
MORE WITH YOUR 
SCIENTIFIC DATA 
June 18th 2015 

Tools for Access to Scientific Data 
– Doing More with Data  
 
Suresh Vannan 
ORNL DAAC Manager 
Data Theme Lead,  
Climate Change Science Institute (CCSI) 
Oak Ridge National Laboratory (ORNL) 
http://daac.ornl.gov  

 
 

 



32 Doing more with Scientific Data 

Agenda   

• Overview of ORNL 
• Tools for scientific data at ORNL  
• Overview of ORNL DAAC 
• Tools for scientific data at ORNL DAAC 



33 Doing more with Scientific Data 

Oak Ridge National Laboratory 

Oak Ridge National Laboratory is the largest 
US Department of Energy science and energy 
laboratory, conducting basic and applied 
research to deliver transformative solutions to 
compelling problems in energy and security. 
  
ORNL supports these missions through 
leadership in four major areas of science and 
technology:  
 

•  Neutrons 
•  Computing 
•  Materials 
•  Nuclear 



34 Doing more with Scientific Data 

ORNL Tools for scientific data -Bioenergy 
https://www.bioenergykdf.net/  

Contact:  Budhendra L. Bhaduri 



35 Doing more with Scientific Data 

ORNL Tools for scientific data -HydroPower 

Contact:   
Shih-Chieh Kao 



36 Doing more with Scientific Data 

PlanetSense: Utilizing Open  
Source Data for Geospatial Intelligence 

•  Open source data initiative in geospatial research 

•  Pervasive availability of open source data 
–  Social media, volunteered geographic information, public 

data repository, participatory sensing 
–   Real-time, streaming, updated continuously, incomplete 

•  Contact:   
–  Budhendra L. Bhaduri, Gautam S. Thakur 

Population 
Dynamics 
• Facebook 
• Twitter 
• FourSquare 
• Flickr 

Urban 
Planning  
• Google and 

Open Street 
Maps 

• Places 
• Land use 

Descriptive 
• Wikipedia 
• Open 

Weather 
• Web 

Cameras 
• Sensors  

Open Data Sources 



37 Doing more with Scientific Data 

Workflow and applications 

Population 
Dynamics 

•  Special event 
population 

•  Occupancy 
analysis 

•  Mobility 

Spatial Research 

•  Land use 
(commercial, 
residential, and 
mix) 

•  Urban planning 

Transportation 

•  Urban mobility 
simulation 

•  Evacuation  
•  Traffic 

optimization 

Energy 

•  Energy demand 
and utilization  

•  Critical 
Infrastructure 



38 Doing more with Scientific Data 

The Oak Ridge National Laboratory Distributed Active 
Archive Center (ORNL DAAC) archives data 
produced by NASA’s Terrestrial Ecology Program in 
support of NASA’s Carbon Cycle and Ecosystems 
Focus Area. 

 
 •  1118 data sets 

• Average data set Size = 485 MB (Range 0.5 KB to 
> 10GB) 

• Average Number of granules per dataset 241 
granules (Range 1 to > 6000)  

•  5000+ Investigators 

•  50+ file formats 

Field 
Campaign Model Code 

Land Validation Regional and 
Global  

ORNL 
DAAC 



39 Doing more with Scientific Data 

MODIS Subset for Reynolds Creek Watershed, Idaho 

39 

http://daac.ornl.gov/MODIS   

Data 
Tools 

Standards 

Web service 

Visualization 

Web based  
data order 



40 Doing more with Scientific Data 



41 Doing more with Scientific Data 

Station Fire, near JPL, California 

MODIS Rapid Response System 
2009.08.30 Station Fire  

Station Fire with JPL in the foreground  
(photo courtesy of C. Miller, JPL) 





43 Doing more with Scientific Data 

MODIS Subset Visualization using R 

ORNL DAAC 



44 Doing more with Scientific Data 

ORNL DAAC Spatial Data Access Tool (SDAT) 
 
 



45 Doing more with Scientific Data 

ORNL DAAC Spatial Data Access Tool (SDAT) 
 
 



46 Doing more with Scientific Data 



Integration of Tools for Scientific 
Analysis with GIS 

Brett Rose, PhD 
brose@esri.com 

GovLoop Webinar 



Science begins with  
observations 



We use science everyday  
Cellular	  Coverage	  Analysis	  

Cellular	  Expert	  
Texas	  

Hydrographic	  Modeling	  

IntroGIS	  
Russia	  

Water	  Runoff	  	  
Modeling	  

Stone	  Environmental	  
Vermont	  

Fugro	  Palegos	  	  
Alaska	  

Bathymetric	  Relief	  Modeling	  

Hydro	  Analysis	  

IntroGIS	  
Russia	  

Crop	  Health	  

GeoSilos	  
Indiana	  

West	  Africa	  

Ebola	  Disease	  

Global	  Rainfall	  

CLIMsystems	  
Global	  



To do science we need to  
Understand where things are 

Measure size, shape and distribution  

Determine how places are related 

Find best location and paths 

Detect and quantify patterns 

Make predictions 

We can use 
Spatial Analysis 



Spatial analytics can 
mean a lot of things 



With spatial analytics we 

map à to see possible patterns 

describe à to improve understanding 

measure à to minimize subjectivity 



Tools  
in  
ArcGIS 



Spatial Analyst 

#	  This	  is	  map	  algebra	  
outRas	  =	  Raster("inraster1")	  +	  Raster("inraster2")	  

Mean Slope per Watershed 



Geostatistics  



Spatial Statistics  



Extend and integrate spatial analytics  

python 





ArcGIS + SciPy 



We use SciPy because 

• Most languages don't support things useful for science, e.g.:  
•  Vector primitives 
•  Complex numbers 
•  Statistics 

• Object oriented programming isn't always the right paradigm for 
analysis applications, but is the only way to go in many modern 
languages 

• SciPy brings the pieces that matter for scientific problems to 
Python 



NumPy for numerical computation using arrays 
SciPy a collection of numerical algorithms 
Matplotlib for 2D and 3D plotting 
Pandas for high-performance data structures 
SymPy for symbolic mathematics and computer algebra 
IPython providing an interactive interface for quickly testing 
scripts and 
nose which allows you to test your Python code. 

SciPy Stack  



Spatial Analyst 



Spatial & Geo Stats 

Spatial Statistics Data 
Object and Utilities  

Data Access 
Module 



NetCDF4 
• Fast, HDF5 and NetCDF4 read+write support, 

OPeNDAP 
• Heirarchical data structures 
• Widely used in meterology, oceanography, climate 

communities 
• Easier: Multidimensional Toolbox, but can be useful 



Multi-Dimensional data  

• Multidimensional formats: HDF, GRIB, NetCDF 
• Access via OPeNDAP, vector renderer, Raster 
Function Chaining 

• An example which combines mutli-D with time 
• Multi-D supported as WMS, and in Mosaic 
datasets (10.2.1+) 



Other integration 



pysal 

• Open Source Python Library for Spatial Analytical Functions 
• ASU GeoDa Center for Geospatial Analysis and Computation 
• Luc Anselin 

•  PySpace (GeoDaSpace)  
• Sergio Rey 

•  STARS 

BSD License 



R 

• R (The R Project for Statistical Computing)  
• Over 60 CRAN sites across 30+ countries  
•  Its Free GNU GENERAL PUBLIC LICENSE  
• Base is powerful Statistics, Linear Algebra, Visualization , 

etc…  
•  Its extendible 1800+ Contributed Extensions  
•  splancs, spatstat, spdep, rgdal, maptools, shapefiles 



 
 

R  
•  Contains “cutting edge” data analysis techniques from 

a wide body of academic and applied fields  
•  Extendible  
•  Indirectly compatible  

•  Direct via RPy/RPy2 and win32com  
•  GNU  
•  Revolution  
•  esri continues to focus on improving the interaction in 

the future 
 



links 

pysal 
https://geodacenter.asu.edu/pysal  
https://github.com/pysal  

SciPy and NumPy  
http://www.scipy.org/  

R 
http://www.r-project.org  



Try for yourself 

h^p://esri.github.io/	  
	  
h^p://esriurl.com/scicomm	  	  
	  
h^p://developers.arcgis.com	  
	  
Other	  



Thank you  



Ask Us Your Questions 

Brett Rose 
Solution Engineer 
Esri 

Dawn Wright 
Chief Scientist 
Esri 

Suresh K.S. Vannan 
Manager, DAAC 
Oak Ridge National 
Laboratory 

Brian Tisdale 
Booz Allen Hamilton 



Thanks for Joining 
 

•  Learn more: Continue learning! Check out the Resources Section for additional information on GIS and 
smarter communities. All resources are saved on-demand.  

•  On-Demand: We will email you a link to the on-demand version of this training so you can view it again or 
share with a colleague. Plus your GovLoop training certificate.  

•  Be a VIP: By attending this training, you’ve earned 1 VIP credit – attend more live trainings to earn swag, 
career coaching and more! 

•  Like GovLoop trainings? Keep up with all of our online and in-person events: 
http://www.govloop.com/training/  

•  Take our survey: Help us, help you! Take our brief evaluation to let us know what you liked about this 
training.  

•  Any questions or feedback? Email us at info@govloop.com.  


