
 
INTRO TO GIS: 
DATA, DATA STORAGE, 
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IGME 384 Week 2



DATA MODELS
• A  GIS data model is the way that geographic‐

scale features or phenomena are 
represented in a digital manner.  

• Digital representations ultimately reduce  to bin
ary 1 and 0s.  

• Reducing geographic reality to 1 and 0s is pro
blematic and many of the nuances, subtleties, 
and idiosyncrasies are lost in digital representat
ions 

• For example: 

• How does one represent the shifting nature 
of an eroding shoreline?  

•  Thus, GIS data models have been developed t
o address these representational issues in a vari
ety of ways 



GIS DATA TYPES
• Two Main Types of GIS Data 

• Vector 

• Points 

• Lines 

• Polygons



VECTOR DATA
•  Discrete, vertex‐based shapes  
•  Each vertex in a vector shape is refere

nced to a specific XY cartesian point 
or  geographic coordinate location.  

• By using a discrete, vertex‐
based approach, the vector data  
model is generally advantageous for 
representing geographic features that 
have discrete 
boundaries or edges or can be reduce
d to representation as a single XY 
coordinate pair  

•  Points, lines and polygons: 
discrete edges or boundaries



VECTOR DATA
In addition to the spatial location, the 
record (attribute table) can include a 
variety of non-spatial attributes (e.g. 
population count) 

The specific data of the point, line, or 
polygon is typically hidden from 
ArcMap-user. 

But, using text-based data formats (XML, 
KML, or GeoJSON), the user can view 
specific vector vertices and coordinates. 



SHAPEFILE(CONTINUED)
The shapefile is the most common 
geospatial file you’ll come across (industry 
standard but also very outdated). 

Each shapefile contains three mandatory 
files: 
SHP (feature geometry) 
SHX (shape index position, allows GIS 
systems to find features quickly) 
DBF (attribute data) 

Optional: 
PRJ (projection system metadata) 
XML (associated metadata) 

Has a Parody Twitter Account @shapefile 

                                

https://twitter.com/shapefiie


OTHER TYPES OF VECTOR DATA THAT 
YOU MAY SEE:
• KML stands for Keyhole Markup 

Language. This GIS format is XML-based 
and is primarily used for Google Earth. 
KML was developed by Keyhole Inc which 
was later acquired by Google. 

• KMZ (KML-Zipped) replaced KML as being 
the default Google Earth geospatial 
format because it is a compressed version 
of the file. KML/KMZ became an 
international standard of the Open 
Geospatial Consortium in 2008. 

• The longitude, latitude components 
(decimal degrees) are as defined by 
the World Geodetic System of 1984 
(WGS84). 



GIS DATA TYPES
• Two Main Types of GIS Data 
• Vector 
• Points 
• Lines 
• Polygons 

• Raster 
• Aerial Imagery 
• Weather Radar Imagery 
• Elevation Data 
• Lots of other types

Raster data is not the same as 
OSM or Google Maps tiles 
Those are rasterized versions of GIS 
Projects to display faster, but do 
not have the same data 
characteristics as the original 



RASTER DATA 
• The raster GIS data model represents geographi

c features and phenomena as a grid of individu
al cells.  

• Used for modeling geographic  
entities that are continuous 
in nature and have no discrete 
boundaries or edges.  

• Examples of continuous phenomena include te
mperature and elevation.  

• Raster data is also the format used for imagery r
anging  from   aerial photography to space‐
based images that can be can be   
incorporated into GIS  software.  



SPATIAL RESOLUTION
• Spatial resolution is of utmost 

importance in raster data: 
fineness of detail of a raster dataset  

•  It is based on the size of each cell wit
h the grid 

• For example, the smaller each grid c
ell, the finer 
the spatial resolution of the raster  
dataset.  

• This idea is no different than that of  
• digital camera picture pixel resolutio

n.



RASTER FORMAT EXAMPLES
•  GeoTIFF (Geographic Tagged Image 

File Format) 
• The GeoTIFF has become an industry 

image standard file for GIS and satellite 
remote sensing applications.  

• GeoTIFFs may be accompanied by 
other files: 
• TFW is the world file that is required to 

give your raster geolocation 
• XML optionally accompany GeoTIFFs 

and are your metadata 
•  AUX out auxiliary files store 

projections and other information.



RASTER FORMAT EXAMPLES 
(CONTINUED)
• JPEG 2000 (Joint 

Photographic Experts Group) 

• JPEG 2000 typically have a 
JP2 file extension. 

• The JPEG 2000 GIS formats 
require a world file which 
gives your raster 
geolocation. 



GIS MAPS ARE CREATED IN LAYERS OF 
DATA



GIS DATA TYPES, EXAMPLE



OTHER COMMON GIS DATA FORMATS: 
COMMA-SEPARATED VALUES (CSV)
• Simple: read by almost any 

program including the Excel or 
Google Docs. 

• Text file where columns are 
separated by commas and rows 
are separated by line breaks.  

• When used in mapping, two 
extra columns are added to 
hold the x and y, or lat and lon. 

• The downside of the CSV is that 
they are very easy to break. Just 
one comma in the wrong place 
and the file becomes 
unreadable.



OTHER DATA FORMATS: 
LAYER DATA
•  LYR (Layer) 

• Layer files are used for displaying a set of symbology in a map. 
It doesn’t contain the geographic data itself, layer files simply 
specify how the data will be displayed. 

• When you share a vector or raster data set, a layer file ensures 
the same symbology will be displayed in another map.  

• Layer files can represent polygons, polylines, points or raster 
data sets



OTHER DATA FORMATS : 
OPENSTREETMAP (OSM)
• OpenStreetMap is the 

largest crowdsourcing 
GIS data project of the 
planet Earth. 

• The GIS format .OSM is 
OpenStreetMap’s XML-
based file format 

• Effectively a vector 
format but served in a 
tile image service



OTHER DATA FORMATS :  
FILE GEODATABASE
• “A file geodatabase is a collection of files in a folder that can store,  

• query, and  manage both spatial and nonspatial data.” 

• Esri created the file geodatabase to be a container for storing 
multiple attribute tables, vector and raster data sets. 

•  File geodatabases offer structural and performance advantages.  

• They have fast performance, versatile relationships, compatible 
storage for rasters, data compression, customizable configuration 

• Within a geodatabase, shapefiles are referred to as feature classes. It 
can store more complex data such as networks, raster mosaics and 
feature data sets.



PARTS OF A GEODATABASE
• Feature Class  

• Feature Dataset  

• Standard Tables 

• Relationship Classes 

• Attribute Domains



FEATURE CLASS AND FEATURE DATASET
• A feature class is the primary storage unit 

for spatial data in the file geodatabase.  
• Features within a feature class all share 

the same spatial representations (e.g. 
roads are lines) 

• Feature datasets contain spatially related 
features (organization container for 
feature classes) 

• Standard Tables are collections of non‐
spatial data  observations  

• organized by rows and columns 
• Each column has a data type 

(numerical, text)	



GEODATABASES (CONTINUED)
• Attribute domains are the idea of a
 predetermined list of values that 
can be used for populating records 
in a feature class or table. 

• Example: online shopping list of 
states/countries can be used for  
populating records in a feature cl
ass or table. 

• Benefits: Standardization when 
creating new feature classes/
tables. Helps to reduce 
inconsistencies (e.g. typos)



MAP PROJECTIONS REVIEW



WHAT IS A MAP PROJECTION?
• A method of representing 

the earth's three-dimensional 
surface as a flat two-
dimensional surface. 

• Mathematically convert 
geographic  

• (latitude and longitude) 
coordinates into planar 
Cartesian (x,y) coordinates
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WHAT IS A MAP PROJECTION?
• A method of representing 
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surface as a flat two-
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DECIMAL DEGREE COORDINATES ARE A WAY TO REFER 
TO LAT/LONG COORDINATES IN NUMERICAL/DECIMAL 
FORMAT

• 1 Degree is equal to 60 Minutes  

• 1 Minute = 60 Seconds  

• Using 43°4’ 31”  as an example, how is this coordinate the same as
 43.0753  

• The first step is to convert seconds to minutes, or divide 31 seconds
 by 60 to get 0.5166 minutes  

• The second step is to convert the minutes to degrees, 
where you first add the minutes from step 1 which were 0.5166  wit
h  4 and divide that  
combined value of 4.5166 by 60 to get 0.0753degrees 



DIFFERENCE BETWEEN GEOGRAPHIC COORDINATE 
SYSTEMS AND PROJECTED COORDINATE SYSTEMS

• A global or spherical coordinate system such as latitude-
longitude. These are often referred to as geographic 
coordinate systems (how data are stored in 3D*) 

• A projected coordinate system such as universal transverse 
Mercator (UTM), Albers Equal Area, or Robinson, all of which 
(along with numerous other map projection models) provide 
various mechanisms to project maps of the earth's spherical 
surface onto a two-dimensional Cartesian coordinate plane.  

• Projected coordinate systems are referred to as map 
projections. (how data are displayed in 2D, ArcMap 
transforms according to equation)



WHAT YOU REALLY NEED TO REMEMBER 
ABOUT COORDINATE SYSTEMS:
• A horizontal datum (based on a reference ellipsoid and control points) is used to
  mathematically define the earth’s shape and provide a re-
ference for latitude and longitude  (or spherical) coordinates;  
• Most common is WGS 84 

• A map projection mathematically translates a 3D representation of     
the earth into a 2D  representation which unavoidably creates some  distortion.  

• Based on this translation  
created through a map projection, spherical coordinates can be converted to 
planar (x,y)  coordinates; 

• A coordinate system can then be derived from an agreed upon origin point bas
ed on map  
projections optimized for a particular region and using standard units of measure
ment.



THE UNIVERSAL TRANSVERSE MERCATOR
 (UTM) COORDINATE SYSTEM
• Internationally standard  

planar coordinate system 

• 2D measurement system that locates 
distance based on an origin (0,0) 

• In the UTM system, the earth is divided up in 60 z
ones that span  
6°of longitude each or 60 zones *  6°= 360°total 
covering the entire earth and each UTM  
zone is divided into a north and south section  

• The equator (0°latitude) is used to mark the bou
ndary between    
the north and south sections of each UTM zone.  

• Although the UTM Coordinate system is very use
ful, it also has drawbacks.  

• Why? 



DATUMS
• A horizontal datum (set of reference 

points), from which we would derive X,Y coordinates, consists of two elements:  
reference ellipsoid and accurately known control points  

• However, it is important to understand the basic ideas of ellipsoids in a mapping context as  
a spot on   the earth’s surface can have different coordinate values based on the reference  
ellipsoid used to        measure the coordinates 

• Control points are accurately measured locations used as reference points in land surveying  
and for    developing datums.  

• In the United States, government organizations like the US Coast and Geodetic Survey  
physically mark control   points with a small metal disk called a benchmark. 

• Common datums you will find in GIS datsets include the North American Datum of 1983 (or  
NAD 83) and the World Geodetic System 1984 datum   (WGS84). 	
WGS 84 is the datum that is used for most Global Positioning System (GPS) receiver  coordinates



https://pubs.usgs.gov/gip/70047422/report.pdf
https://www.xkcd.com/977/


ARCGIS PRO



ARCGIS PRO STARTS WITH THE PROJECT



ARCGIS PRO STARTS WITH THE PROJECT



WHEN YOU START THE PROJECT YOU 
WILL SEE THE CATALOG PANE



THE RIBBONS AT TOP GIVE YOU ACCESS TO 
TOOLS DEPENDING ON WHAT YOU ARE DOING 



INSTEAD OF JUST SETTING LOCATIONS TO FOLDERS YOU 
HAVE THE ABILITY TO ADD OTHER LOCATIONS AS WELL.  
SUCH AS DATABASES

Favorites are a way to share 
these between projects



WHEN A PROJECT IS MADE SO ARE 
CUSTOM AREAS FOR TOOLS



WHEN A PROJECT IS MADE SO ARE CUSTOM 
AREAS A DEDICATED GEODATABASE



WHEN A PROJECT IS MADE SO ARE 
CUSTOM AREAS FOR STYLES



WHEN A PROJECT IS MADE SO ARE CUSTOM 
AREAS FOR ADDRESS LOCATORS



WHEN A PROJECT IS MADE SO ARE 
CUSTOM AREAS FOR FOLDERS



IT IS FULLY INTEGRATED WITH ARCGIS ONLINE 
AND CAN MANAGE MULTIPLE ACCOUNTS



IT IS FULLY INTEGRATED WITH ARCGIS ONLINE 
AND CAN MANAGE MULTIPLE ACCOUNTS



ALL OF YOUR ARCGIS PROJECTS ARE ACCESSIBLE 
(AS WELL AS ANY GROUP PROJECTS)



ALL OF ARCGIS ONLINE’S PUBLIC AND 
LIVING ATLAS ARE ALSO AVAILABLE



A DOWNSIDE IS NOT EVERY STYLE IS IN ARCGIS 
PRO, BUT THEY ARE JUST A FEW CLICKS AWAY
• Because of the Project Based 

Nature Of ArcGIS Pro Styles 
were not included 

• You can search all of ArcGIS 
Online (Portal) for Styles to find 
them 

• When you find the style you 
want you can right click and 
add style 

• You can Also add and remove 
other styles into your project 
through the style group 



CATALOG IS ALSO AVAILABLE AS A SIDE PANEL 
IN OTHER WINDOWS SUCH AS MAPS OR SCENES



MAPS ARE CREATED USING THE INSERT RIBBON (YOU 
CAN ALSO CREATE BASEMAPS, SCENES, AND LAYOUTS)

• All of these live within the 
project so you can have as 
many as you need 

• There is also an Import Map 
command which will bring in 
your ArcMap MXDs and 
convert them to ArcGIS Pro 

• We will create a new 
Basemap first



CREATING A BASEMAP
• Creating a basemap gives you 

the flexibility to have one 
multiple maps use the same 
reference map but you can 
customize it 

• These work the same was as the 
basemaps within ArcMap 

• You can add layers from the 
Living Atlas 

• You can also add elevation 
sources to all for 3D data 
analysis and display



CREATING A MAP
• When you Insert a New Map it 

will open the world with one of 
the default basemaps 

• Click on the basemap button to 
find your custom base map 

• Then You can start to create 
your map 

• We are going to use the census 
data from ArcGIS Online to look 
at the symbology options



ADD IN THE HOUSING DEMOGRAPHICS IN THE 2010 
CENSUS LAYER (TIP SEARCH FOR 2010 CENSUS)



ALL SYMBOLOGY IS WITHIN THE APPEARANCE 
RIBBON WHEN YOU CLICK ON A LAYER



SYMBOLOGY



LABELING IS DONE THROUGH THE LABEL 
RIBBON



SHARING YOUR MAP COMES FROM THE 
SHARE RIBBON



CREATING A FEATURE CLASS
Open the Catalog View or 
Pane 

Find your Geodatabase and 
Open It 

Inside the File Geodatabase 
(or Feature Dataset) right click 
or file new, then Feature Class



CREATING A FEATURE CLASS
• Inside the File Geodatabase 

(or Feature Dataset) right 
click or file new, then Feature 
Class 

• Enter a Name and Alias 
• Alias can have spaces and 

actual name, name is how to 
save the data in your 
geodatabase 

• Pick you feature type 
• Point, Line, or Polygon



CREATING A FEATURE CLASS

• Define your attributes or 
fields you will collect 

• For the example in class you 
will create a type text field 

• Once we get this part click 
next and then define the 
projection



CREATING A FEATURE CLASS
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1983 New York West (US Feet) 

• Click Next Through the different 
screens 



CREATING A FEATURE CLASS

• Define your attributes 

• For the example in class you will 
create a type text field 

• Once we get this part click next 
and then define the projection 

• We will use State Plane NAD 
1983 New York West (US Feet) 

• Click Next Through the different 
screens 



CREATING A FEATURE CLASS

• Define your attributes 

• For the example in class you will 
create a type text field 

• Once we get this part click next 
and then define the projection 

• We will use State Plane NAD 
1983 New York West (US Feet) 

• Click Next Through the different 
screens 



CREATING A FEATURE CLASS

• Define your attributes 

• For the example in class you will 
create a type text field 

• Once we get this part click next 
and then define the projection 

• We will use State Plane NAD 
1983 New York West (US Feet) 

• Click Next Through the different 
screens 



EDITING OR DIGITIZING
• To create data you will need to use the Edit Ribbon 

• This can be found like any other toolbar or in the main menu as the 
pencil with some dots and lines 

• To edit you need layers to edit (the vector data you are working on) 

• The editor will activate when you specify the start editing command 

• Anything you do in an edit session will be temporary until you save 
your edits



EDITING
• If you have your symboloy set before you 

start editing it will add it to your feature 
template 

• To add a new feature, click on the one 
you want to add and then draw it on the 
map 

• To finish a line feature you can either 
double click or hit f2 

• Once you have a feature you can click 
on the attribute button and type in the 
attributes into the table



EDITING
• To edit an existing feature, 

you can use the modify tool 

• Just single click to edit the 
attributes or double click to 
edit the geometry 

• Once you are done you will 
start to see your features 
appear on your map 
document



SAVE EDITS
• Make Sure to Save Your Edits



ASSIGNMENTS
• Readings 

• https://learn.arcgis.com/en/arcgis-book/chapter4/ 

• https://www.esri.com/about/newsroom/arcnews/opening-
data-to-the-people/  

• https://www.esri.com/about/newsroom/arcnews/gis-for-
refugees-by-refugees/  

• Lab 2 - Due February 1st 

• If you want more practice with ArcGIS Pro - https://
learn.arcgis.com/en/projects/get-started-with-arcgis-pro/ 

https://learn.arcgis.com/en/arcgis-book/chapter4/
https://www.esri.com/about/newsroom/arcnews/opening-data-to-the-people/
https://www.esri.com/about/newsroom/arcnews/opening-data-to-the-people/
https://www.esri.com/about/newsroom/arcnews/gis-for-refugees-by-refugees/
https://www.esri.com/about/newsroom/arcnews/gis-for-refugees-by-refugees/
https://learn.arcgis.com/en/projects/get-started-with-arcgis-pro/
https://learn.arcgis.com/en/projects/get-started-with-arcgis-pro/

