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TRENDS & TOPICS 

• Big data 
• Cloud GIS (ArcGIS Online/Google Maps Engine 

Lite/Google Earth Builder) 
• Augmented Reality 
• Mobile GIS 
• Open Source GIS 
• Open Standards & Interoperability 
• Geodesign (enabling technologies for planning 

built and natural environments in an integrated 
process using GIS) 

…main source: ESRI… 



There has been a huge increase in data volumes. In 2012, every day 2.5 quintillion bytes of 
data (1 followed by 18 zeros) are created. This vast amount of digital data would fill DVD 
stack reaching from the Earth to moon and back. The amount of data created this year is 
expected to be about 60 percent greater than last year. According to some estimates, the 
"stack of DVDs" will reach Mars by the end of the decade. 
Variety includes tabular data, documents, e-mail, video, images, audio, financial 
transactions and more… 
Velocity involves streams of data. It means both how fast data is being produced and how 
fast the data must be processed to meet demand. 

 
 

IBM characterizes Big Data 
by its volume, velocity, and 
variety or simply V3 

D A T A  I N F O R M A T I O N  K N O W L E D G E 



• In geoscience, big data is normal data. The 
acquisition of data from a 3D survey can easily 
require 10TB (10,240GB) or even 100TB of storage. 
The data must be written, read, processed, and re-
written dozens of times during processing, then 
delivered, loaded, and interpreted.  

• About 99% of IT leaders are not working on 
problems in geosciences. They are mainly 
interested in games and the web. 

• But there will be insight and technology that will 
benefit geoscience industry. 

Math Hall, www.agilegeoscience.com 



The Relative Size of Internet Data 
 

http://www.youtube.com/watch?v=CsVYID9rMGE 
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Milestones... 

• WWW was created in 1989 
• By 1995, mapping services began to appear 

(TIGER Mapping Service, government-run service) 
•  University of Minnesota’s UMN MapServer (the 

first free, open-source web mapping software 
that has been widely used ever since) 

• In 1996, Geosystems Global Corporation released 
MapQuest (the first commercial service) 

• GIS companies (ESRI and MapInfo) recognized the 
potential of the Internet and released server 
software 



How Google Earth changed the world… 

•Google Earth is a virtual globe, map and geographical information program that was originally called 
EarthViewer 3D, and was created by Keyhole, Inc, a CIA funded company acquired by Google in 2004. 
•It maps the Earth by the superimposition of images obtained from satellite imagery... 



What’s good about Google Earth? 

1. Easy to use 

2. Lots of data 

3. Base map always there 

4. Large user community 

What’s bad about Google Earth? 

1. Lacks the analytical ability of a GIS 



Five Cool Things You Can Do in GE 

• View an image of any place on Earth ( Search 
button          ) 

• You can tour the world (Sightseeing Tour) 

• Get driving directions from one place to 
another 

• View historical imagery for locations (Clock 
button       ) 

• View 3D terrain of a place 



KML – Keyhole Markup Language 

<Placemark> 
          <name>Beowawe Power Plant</name> 
          <description><![CDATA[<p>Beowawe Power Plant</p><p><a 
href="http://geoheat.oit.edu/directuse/all/dup0432.htm">Summary 
Statistics</a> </p>]]></description> 
          <LookAt> 
               <longitude>-116.6180078756207</longitude> 
               <latitude>40.55517650229375</latitude> 
               <altitude>0</altitude> 
               <range>226.1473943623671</range> 
               <tilt>2.210892478024477e-011</tilt> 
               <heading>0.9500232593827314</heading> 
               <altitudeMode>relativeToGround</altitudeMode> 
          </LookAt> 
          <styleUrl>#msn_geothermal</styleUrl> 
          <Point> 
               <coordinates>-
116.6172302139466,40.55490949500392,0</coordinates> 
          </Point> 
     </Placemark> 

•The KML is an XML notation for specifying a set of features 
(place marks, images, polygons, 3D models, textual 
descriptions, etc.) for display in Google Earth. 
•Extensible Markup Language (XML) is a markup language that 
defines a set of rules for encoding documents in a format that 
is both human-readable and machine-readable. 



• GPS Data (GPX format) 
• ESRI Shapefiles (.shp) 

 

• GoogleMaps/Earth has made the idea of web 
mapping informal (natural)!  

• Google Earth combines the power of Google 
Search with satellite imagery, maps, terrain 
and 3D buildings. 

• GE is not a GIS, but a mapping tool 

• Integration of GE and GIS data can help us 
increasing our knowledge and understanding 
dynamic changes of our environment 



Worldwind 

World Wind, released in 2004 by NASA, is an open-source virtual globe and the open 
source community for use on personal computers. Old versions relied on .NET 
Framework, which only ran primarily on Microsoft Windows. The more recent Java 
version, World Wind Java, is cross platform. 



Data-Driven Documents (D3) 
•  is a JavaScript library to display digital data in 

dynamic graphical forms 

– http://bost.ocks.org/mike/nations/ 

http://bost.ocks.org/mike/nations/


describes research environments that support 
advanced data acquisition, data storage, data 
management, data integration, data mining, data 
visualization and other computing and information 
processing services distributed over the Internet 
beyond the scope of a single institution. 

 

Cyberinfrastructure (e-Science) 



• Supercomputers (1950s) vs. Grid computing 
(1990s) 
– Grid computing combines computers from multiple 

administrative domains to reach a common goal, to 
solve a single task. 

– Grid computing links disparate computers to form one 
large infrastructure, harnessing unused resources. 

– Grid -- > computers connected to a network 
– Supercomputer -- > many processors connected by a 

local high-speed computer bus 

• Now cloud computing! 



Cloud comes to GIS 

Cloud computing is a large group of 
servers pooled together to deliver 
scalable computing power over the 
internet. 

...from webGIS to serviceGIS (powerful GIS capabilities)... 



http://www.youtube.com/watch?v=H12teRzulW0&feature=youtu.be  

http://www.youtube.com/watch?v=H12teRzulW0&feature=youtu.be


ArcGIS Explorer 

ArcGIS Explorer is a free, 
lightweight application 
that can supply access to 
and visualize GIS 
information served by 
ArcGIS servers. 



The increased use of GIS creates a demand for new, high 
resolution visual information and spatial databases. The 
technological developments, combined with this demand, are 
rapidly changing the way in which ground data are collected… 

• Sensor Web is a distributed 
sensing system in which 
information is globally 
shared and used by all 
networked platforms. 

 
Networks of wireless sensors 



Wearable GIS and Augmented Reality 
• Augmented reality (AR) is a combination of the real scene viewed by the 

user and a virtual scene generated by the computer. 

GIS are used in a static environment in which computing is the main task. 
However, there are many application areas like maintenance, archaeological 
excavations, hiking, and tourist excursions, where spatially-related information is 
very useful, but not the main task.  



http://www.youtube.com/watch?v=PLh7EyiKvm4 
 

http://www.youtube.com/watch?v=PLh7EyiKvm4


 
Desktop loses its dominance 
Variety of computing appliances: palmtops on up 
 
Computers act rather than just process 
Old model: human enters data, computer processes it, human receives and acts 
New model: data from sensors & transducers, computer processes, computer acts to 
get job done 
 
Data and computation become real time 
Old model: processing archived data to guide future action 
New Model: processing current data to control current action 
 
Information and its processing at any and every place 
Mobile and wireless dominate over fixed and wired 
Info access no matter where I am, where data resides, what its format 

OPERATING ENVIRONMENTS: COMPUTING TECHNOLOGY 



OPEN SOURCE GIS 

• “Open source” refers to a program in which the 
source code is available to the general public for 
use and/or modification from its original design. 

• The Open Source Initiative 

• The Free Software Foundation 

 

• GRASS http://grass.ibiblio.org/index.html 

• Quantum GIS (QGIS) http://qgis.org/ 

 

http://www.opensource.org/index.php
http://www.gnu.org/
http://grass.ibiblio.org/index.html
http://qgis.org/


• The Open Geospatial Consortium (OGC) is an international 
industry consortium of 483 companies, government 
agencies and universities participating in a consensus 
process to develop publicly available interface standards. 
http://www.opengeospatial.org/ 
 

• ISO/TC 211 is a standard technical committee. Standards 
may specify, for geographic information, methods, tools 
and services for data management (including definition and 
description), acquiring, processing, analyzing, accessing, 
presenting and transferring such data in digital/electronic 
form between different users, systems and 
locations.http://www.isotc211.org/ 

Standardization in the field of digital geographic information 

http://www.opengeospatial.org/
http://www.isotc211.org/


Issues 

• Privacy will become a critical issue for GIS 

• Metadata (data about data) and standards 

• Spatio-Temporal GIS (4D GIS) 

– Real-time GIS (...real time collection of data, and 
the sharing of that data in real time with GIS) 

• Forecasting, modeling and simulation 



Surface Representation in GIS 

• Surfaces involve a third  'z' dimension 
(elevation) in addition to x,y planimetric 
location.  

• Any type of continuous data can be 
represented as a surface such as elevation, 
pressure, rainfall, population density, sales 
intensity, income, crime rates, etc. 

 



3 basic methods for representing a surface 

DEM (digital elevation model): set of regularly spaced sampled ground points 
in the x and y dimensions accompanied by an elevation measure (z 
dimension). The DEM terminology was introduced by USGS. Two concepts 
used for determining elevation at points within the grid cells: 

  Lattice: each point represents a value on the surface only at the 
center of the grid cell 

  Surface grid considers each sample as a square/rectangular cell with 
a constant surface value. 

 
TIN (Triangulated Irregular Network)  a set of adjacent, non-overlapping 

triangles with x, y coordinates and z vertical elevations for their vertices, 
along with topological relationship between the triangles and their 
adjacent neighbors. 

 
Contour lines: lines of equal elevation, drawn at a given interval 



Contour (isolines) Lines 

Advantages 
• Familiar to many people 
• Easy to obtain mental picture of surface 

– Close lines = steep slope 
– Uphill V = stream 
– Downhill V or bulge = ridge 
– Circle = hill top or basin  

Disadvantages 
• Poor for computer representation: no 

formal digital model 
• Must convert to raster or TIN for analysis 
• Contour generation from point data 

requires sophisticated interpolation 
routines, often with specialized software 
such as Surfer from Golden Software, 
Inc., or ArcView Spatial Analyst 
extension  

ridge 

valley hilltop 

 Contour lines, or isolines, of 
constant elevation at a specified 
interval,  



Grid centered ?   Node centered? 



• AKA 

– Digital Surface Models (includes buildings and vegetation) 

– Digital Terrain Models (a somewhat more accurate term) 

 

 

http://en.wikipedia.org/wiki/File:DTM_DSM.png


TIN 

The Data 

The  
Triangulation 

The  
Surface 

3D View 

Aerial photography and 
Lidar/InSAR data collection 
collect DEM information 
using various digital 
techniques. 

Contour lines 



DEM sources:  global    GTOPO30 ~1993  1km  

http://edc.usgs.gov/products/elevation/gtopo30/gtopo30.html 

http://edc.usgs.gov/products/elevation/gtopo30/gtopo30.html


SRTM    (Shuttle Radar Topographic Mission):  90 metre pixels, 60ºS-60ºN 



• Interpolation predicts values for cells in a 
raster from a limited number of sample data 
points. It can be used to predict unknown 
values for any geographic point data, such as 
elevation, rainfall, chemical concentrations, 
noise levels, and so on. 

Easier to see spatial patterns 
and trends in surfaces then 
raw discrete data... 

Interpolation is a critical component for raster 
surface creation... 



Interpolation types vary... 
Different interpolations give different results... 

Spatial Interpolation 
•Nearest Neighbor 
•Inverse Distance Weighted 
•Trend 
•Spline 
•Kriging 



Inverse Distance Weighting (IDW)  

• assumes that each input point has a local 
influence that diminishes with distance, which 
is achieved by  weighting the points closer to 
the processing cell greater than those farther 
away.  

• more distant locations have less influence... 



• ArcGIS extensions 

– Spatial Analysist 

– 3D Analysist 

– ... 

Spatial Analyst creates raster datasets composed of grid cells to 
display data that is distributed continuously over space as a 
surface... 
ArcGIS 3D Analyst enaqbles 3D display and processing of maps. 3D 
viewing can provide insights that would not be apparent from a 2D 
mapof the same data... 



• ArcGIS offers two 3D visualization environments in which to 
work—ArcGlobe and ArcScene—which allow you to display, 
analyze, and animate your 3D or 2D data in a 3D space. 

• ArcGlobe is part of the ArcGIS 3D Analyst extension. This 
application is generally designed to be used with very large 
datasets and allows for seamless visualization of both raster 
and feature data. It is based on a global view, with all data 
projected into a global Cube projection. 

• ArcScene is a 3D viewer that is well suited to generating 
perspective scenes that allow you to navigate and interact 
with your 3D feature and raster data. Based on OpenGL, 
ArcScene supports complex 3D line symbology and texture 
mapping as well as surface creation and display of TINs. 

ArcScene & ArcGlobe 



ModelBuilder 

• Spatial data processing often requires several 
steps and geoprocessing tools to produce 
desired results. 

• ModelBuilder is an application for creating 
macros –custom programs that document and 
automate geoprocessing workflows. 

• After you build a model, you can run it once, 
or save it and run it again using different input 
parameters. 



From ArcMap -- Geoprocessing menu – ModelBuilder 
From Model interface -- Insert – Add Data and Tool 
From ArcMap – Windows menu – Search – Tools – Data Management Tools – Drag and 
drop the tool to the model page 
When you complete your model, save and run it! 



http://xkcd.com/ 

webcomic created by Randall Munroe 



Cartographic elements that are 
commonly found on a map layout! 

• Maps are the primary tools by which spatial 
relationships are visualized. Maps therefore 
become important documents.  
– Data Frame 

– Legend 

– Title 

– North Arrow 

– Scale 

– Citation (metadata) 

www.gislounge.com 



Colorbrewer: Color advice for maps 

Colorbrewer 2.0 is an online tool designed to help people select good 
color schemes for maps and other graphics. 



• Data collection by hand-held GPS 

– Waypoints (A waypoint is a reference point in 
physical space used for purposes of navigation.) 

– Tracks (a track is the record of a driven trip) 

– Route (a route is a list of waypoints) 

GPS satellites circle the earth twice a day in a very precise orbit and transmit signal 
information to earth. GPS receivers take this information and use triangulation to 
calculate the user’s exact location... 



Checklist for Field Procedures 

• Check that you have extra batteries  
• Check receiver settings. Lat/Long coordinates should be in 

decimal degrees and map datum in WGS84  
• When collecting data, it is important to be as centered as 

possible and within relatively open space in order to pick 
up clear satellite signals  

• Check that the handheld unit has locked into at least three 
satellites before recording your position  

• Wait for accuracy after you turn on your unit (a couple of 
minutes). To mark a WAYPOINT, wait at least one minute 
before recording the position. The mean position calculated 
after a one minute interval gives better results and allows 
for identifying possible  irregularities  





PRESENTATIONS 

• Hande 

– Use of GIS to Identify Optimal Settings for Cancer 
Prevention and Control in African American 
Communities 

• Pedram 

– PARKAGENT: An agent-based model of parking in 
the city 


