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HOUSEKEEPING

• Labs?

– IGNORE URL submission form on Lab page

– Submit URL on CANVAS!

– Are they going okay?

– How long did you spend on Lab 1?

– Learning anything?

– Do you know how to get help?

– Do you know where to turn it in?

• Quiz 1

– Who has a good map/bad map they’d like to share?



TODAY’S PLAN

I. Basics of GIS Data

I. Attribute Data and Types

II. Vector Data Models

I. Topology

III. Raster Data Models

IV. Comparison of Raster vs. Vector Data

V. Data & File Structures



SNOOZER OF A TOPIC…

• But fundamental knowledge 
for building appropriate GIS 
fit for purpose

• You need to know what 
type of data your dealing 
with to determine what you 
can do with it

• Actually interesting in an 
(admittedly) geeky sort of 
way…



Spatial Location:
X: 756035.35
Y: 127844.94

No200gpm6/23/03RedFire Hydrant

RepairFlowRateLastFixColorType

Associated Data:
Attributes (non-spatial)

WHAT SHOULD GIS REPRESENT?

• All GIS applications require clear 
attention to the questions of:

• WHAT should be represented? 

• HOW should “it” be represented?

If the world is infinitely complex, but computer systems are finite…



CHOICES FOR DIGITAL REPRESENTATION

• Throw away or ignore non-
essential information

• Lose detail

• BUT, cover broader 
areas

• Discrete Objects vs. 
Continuous fields?

or



REPRESENTING THE REAL WORLD

Two most common spatial models for storing 
geographic data:

vector data model

raster data model

a matrix of square 
cells represents 
geographic 
information 

geographic data 
is stored as 
coordinates 



Smart Raster—5 feet grids

Smart Vector—Pavement polygons

DUMB IMAGES
& SMART GIS DATA

What makes data smart?
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ATTRIBUTES

• Non-spatial 
properties or 
characteristics

• Attribute tables 
store

– Different attributes 
in columns

– Different objects in 
rows

From Bolstad (2008) Figure 2-9



VECTOR ATTRIBUTES

• Power of discrete vector 
data is in attributing it

• In ArcGIS, the attribute 
table is where you can 
view, search, query, 
sort and edit attribute 
data. 



SELECT BY ATTRIBUTES

• Very powerful query 
methods for selection… 



RASTER ATTRIBUTES

• If rasters are categorical, as opposed to 
continuous they will be integers

• Categorical rasters, can have or be linked to 
attribute tables…
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► Point

► Line

► Polygon

A single x,y coordinate that 
represents a geographic feature too 
small to be displayed as a line or 
area at that scale

A shape having length and 
direction but no area, connecting 
at least two x,y, coordinates

A two-dimensional closed 
figure with at least three 
sides that represents an 
area.

VECTOR DATA TYPES



ACCURACY AND PRECISION OF VECTORS?

Repeatability

Potentially 
biased

Closeness to a 
true or target 
value

PRECISE ACCURATE



VECTORS IN ARC…

Referred to as features..

• Feature Class

• Feature Dataset

• Shapefile
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Manage 
Overlap

Adjacency

Containment

100 
meters

Proximity

Intersection or 
Over/Underpass?

SPATIAL RELATIONSHIPS



PLANAR ENFORCEMENT

• Objects used to describe 
spatial variation must obey 
several rules:

• All space on a map must be 
filled

• Two areas CANNOT overlap 
(must be in single plane)

• However, one area may have 
multiple attributes

• Every place must be exactly 
within one area, or on a 
boundary



• If a map is stretched and distorted, some 
properties change:

• Distances

• Angles

• Relative proximities

NON-TOPOLOGICAL PROPERTIES



A GIS topology is a set of rules and behaviors that 
model how points, lines, and polygons share geometry.

•Manage shared geometry

•Define and enforce data 
integrity rules

•Support sophisticated 
editing tools that enforce 
the topological constraints 
of the data model

•Support sophisticated 
query tools

Topology allows us to:
Shared 
Edge

Parcel A Parcel B

=

Poly A

F
D

C

Polygon “A” CONTAINS
points F and D but NOT C

=

What does that mean to us?

TOPOLOGY



Other properties (topological properties) remain constant 
after distortion:

• Adjacency

• Containment

• Connectivity

• Areas remain areas, lines remain lines, points remain 
points

TOPOLOGICAL PROPERTIES



(SOME) TOPOLOGY RULES



NETWORKS AND TOPOLOGY
Topological relationships allow us to manage networks 
such as roads, tracks, electrical lines, delivery lines, and 
streams

d

Topology allows us to 
understand FROM and 
TO nodes.

FROM

 TO

a

b

c

e

g

f

h

1

2

4

3

5

6

7

If a spill occurs in the 
lower section of segment 
3, what other segments 
will be impacted? 

What nodes will be 
impacted?

Segments:
3, 6, 7

Nodes:
e, g, h



NO TOPOLOGY PLANS FOR NOW…

• For now we don’t have any 
topology lab exercises 
planned.

• However, this could be 
something you want to 
teach yourself for your 
projects 
(http://training.esri.com/acb2000/showdetl.cfm?DID=
6&Product_ID=793)

• See for more info: 
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#
/An_overview_of_topology_in_ArcGIS/006200000001000000/

http://training.esri.com/acb2000/showdetl.cfm?DID=6&Product_ID=793
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html
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RASTER DATA MODEL

• Each location represented 
by a cell (pixel)

• Cells organized as a 
matrix of rows and 
columns called a grid 

• Each grid cells contains 
numeric values that 
represent some kind of 
geographic  phenomenon



• May represent either:

– spatially continuous data 
with integer or decimal 
values (DEM)

– discrete features with 
categorical values 
(classes)

RASTER DATA



RASTER DATA

• Because the raster data model is a regular grid, 
spatial relationships are implicit

• No need to store spatial relationships, simple 
data structure, many-to-one

• Every cell has a value, so size a function of 
extent and resolution



Raster data 
generalizes the 
real world.

RASTER LIMITATIONS…



RASTERS: NOT PRECISELY REAL

• Rasters are generalizations of reality

– impossible to sample every location in a landscape to 
measure values (e.g., elevation, rainfall, images)

– An alternative is to sample at fewer locations, and then 
interpolate (estimate between) or generalize values for 
the rest of the surface 

– every raster generalizes across each cell

– some generalize across many cells according to specific 
rules (e.g., Inverse Distance Weighting, Spline, Kriging)



RASTERS: THE MIXED PIXEL PROBLEM



RASTER RESOLUTION & THE N2 PROBLEM



• Coarser resolution = loss of data
• Larger cells results in more aggregation, faster analyses

• Saves storage space, but compromises detail

• Finer resolution = more accurate information
• Smaller cells are more accurate, capture detail

• Takes up more storage space, slower analyses

RESOLUTION TRADEOFFS



A 100 m DEM…
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100m DEM?
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10 m vs. 100 m DEM

38



10 m DEM vs. 1 m DEM (LiDAR)

39



RASTER TERMINOLOGY

• All rasters have the following 
primary properties

– Number of columns & rows (must 
be integers)

– Cell resolution (grid size)

– Type (integer, floating point 
precision)

– Lower left coordinates (x,y) or Top, 
Bottom, Right & Left coordinates 
(i.e. extents)

• From which the following 
secondary properties can be 
derived:

– Width & Height



ORTHOGONALITY 

• Orthogonal rasters 
must:

– Share exact same grid 
resolution

– Share the exact same 
grid centers (i.e. aligned 
in both easting and 
northing)



CONCURRENCY

• Grids are orthogonal 
and:

– Share exact same 
extents

Top

Bottom

L
e
ft

R
ig

h
t



MASKED EXTENTS

• Rasters that have the 
same masked extents, 
simply have the same 
nodata cells

• The mask can be 
derived from a polygon 
or a raster

• A concurrent raster 
mask is the most 
accurate!

• NoData Cells allow 
sparse rasters 

From:



TO DO MAP ALGEBRA, RASTERS NEED TO 
BE COMPATIBLE (i.e. Concurrent)

• Compatibility defined 
by orientation, origin 
and resolution



SAME NUMBERS & ROWS, BUT…

Same resolution, same 
orientation, different origin 
& extents

Same resolution, different 
orientation, different origin & 
extents (but same width & 
height)

Different resolution, same 
orientation, same originNOT CONCURRENT



EVER SEEN SOMETHING LIKE THIS?

• The consistent 
horizontal and vertical 
bands are systematic 
errors!

• They are minor 
enough, most people 
ignore them, but they 
are unnecessary

• They are artifacts of 
resampling a raster to 
extents that were not 
orthogonal to the 
original raster



ARC HIDES USER FROM THIS UGLINESS

• If you give ArcGIS two overlapping but 
non-orthogonal rasters, it just lets you 
do the raster algebra…

• It does this by a combination of using 

– Environment settings to select extents 
and a grid resolution; &

– Resampling to make concurrent grids so 
raster algebra can be done

• The result is the geoprocessing tool 
usually works… and the user has no 
idea what it did behind the scenes



RASTERS: SUMMARY

• Grid provides inherent location information

• Features lose spatial identity as aggregations

• All features treated same way

• Often not very precise, depends on cell size

• Simple computations

• Usually many-to-one cell to attribute table

• Areas of inadequate info receive NODATA

• Accuracy depends upon representative sampling

• Are overlapping rasters orthogonal or concurrent?
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REPRESENTING GEOGRAPHIC FEATURES

• The raster data model can represent discrete 
features but… 

–A point feature is 
represented as a single cell

–An area feature as a group of 
connected cells

–Uniformity facilitates mergers

–A linear feature as a series 
of connected cells 



VECTORS       VS         RASTERS

• Best for Objects

• Can do surfaces (TIN)

• Complex Structure

• Efficient Storage

• Slow Processing

• Precise at all scales

• Best for Surfaces

• Can represent objects

• Simple Structure

• Large (compression)

• Rapid Processing

• Precision depends on 
cell size relative to 
features



MORE COMPARISON (FROM BOOK)

Characteristic Vector Raster

Data Structure Usually complex Usually simple

Storage 
Requirements

Small for most data sets Large for most data sets w/o 
compression

Coordinate 
Conversion

Simple May be slow due to data volumes 
and requires resampling

Analysis Preferred for network 
analyses, many other spatial
operations more complex

Easy for continuous data, simple 
for many layer combinations

Positional Precision Limited only by positional 
measurements

Floor set by cell size

Accessibility Often complex Easy to modify or program, due 
to simple data structure

Display & Output Map-like, with continuous
curves, poor for images

Good for images, but discrete 
features may show ‘stairstep’ 
edges



TODAY’S PLAN

I. Basics of GIS Data

I. Attribute Data and Types

II. Vector Data Models

I. Topology

III. Raster Data Models

IV. Comparison of Raster vs. Vector Data

V. Data & File Structures



54

VECTORIZED DATA

• A collection of points with attrributes:
Point Number, Easting (x), Northing (y), Elevation (z), Description, etc.

• Variety of acceptable formats:
Ascii text (*.txt or *.asc or *.dat), tab or comma deliminated (*.csv), 

excell (*.xls), or shape files (*.shp and *.shx).

Important to 
have a 
header & 
know units

Irregularly distributed 
point data

Y (northing)

X (easting)
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RASTER DATA SOURCES (DERIVED)

• Elevation data on a pre-specified uniform grid
• From the header information, you have all the necessary 

information.
• Why raster? Smaller file sizes, easier computationally.
• Arc Ascii Grid is a simple example that you can read:



COMMON FILE TYPES (Beyond ASCII)
Type & Source Extension Characteristics (R=Raster, V=Vector, 

A=Attribute, I=image)

DLG, USGS *.opt, *.ddf, *.dbf Digital Line graph Data (V,A)

DXY, AutoDesk *.dxf Drawing exchange file, an ASCII or binary file for exchanging 
spatial data (V)

DWG, AutoDesk *.dwg Native binary file used by AutoDesk to store drawings in 
AutoCAD (V)

Interchange, ESRI *.e00 ASCII text file for vector and identify attribute data (V)

Shapefile, ESRI *.shp, *.shx, *.dbf, 
*.prj, etc.

Three or more binary files that include the vector coordinate, 
attribute, and other info (V)

VPF, US DoD various Vector Products Format, Defense Mapping Agency 
Distribution Specification

TIGER, US Census Tgrxxyyy, stfzz Set of files by US census areas, xx is a state code, yyy an 
area code, zz numbers for different file types

MIF/MID, MapInfo *.mif, *.mid Map Interchange File, vector and raster data transport from 
MapInfo (V,R)

SDTS, US Gov none Spatial Data Transfer Standard, specifies spatial objects, 
attributes, reference system, data dictionary, and other info 
(R, V, A)

GeoTIFF, Workgroup *.tif, *.tiff An extension for geo-referencing Aldus-Adobe public domain 
TIFF format (R)

DEM, U.S.G.S. *.dem ASCII text format used ot distribute elevation data (R)

Imagine, ERDAS *.img Multiband-cpabale image format (R)
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QUIZ!

QUIZ 2 DUE ON 
Thursday (ON Canvas)



IN LAB NEXT WEEK…

1. Do I know the difference between a geographic and a 
projected coordinate system?

2. Do I know the difference between Cartesian, polar and 
cylindrical coordinate systems?

3. What is an assumed coordinate system?

4. When is it necessary to transform my data from one 
coordinate system to another? 

5. What is the appropriate transformation method to use?

6. When I download data, how do I know what coordinate 
system it is in?

7. How do know if my data are in the right place?



LAB 2 – COORDINATE DATA, PROJECTIONS & 

TRANSFORMATIONS



LAB 2 – COORDINATE DATA, PROJECTIONS & 

TRANSFORMATIONS

Raw TS Data:
Local, Assumed, 
Cartesian Coordinate 
System

Transformed TS 
Data:
Projected in UTM Zone 
12N, real world 
coordinate system



LAB 2 – COORDINATE DATA, PROJECTIONS & 

TRANSFORMATIONS



READING FOR TODAY


