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Discussion Topics

What are Geographical Information
Systems?

Exploration of GIS Data Types

Key components for visualization of GIS Data
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What are Geographical Information Systems?

Three Key Words:
1. GEOGRAPHICAL
+
2. INFORMATION
+
3. SYSTEM

What do these words mean???

MedCof Training Workshop 2015 3



What are Geographical Information Systems?

1. “GEOGRAPHICAL’

“Geography of or relating to the natural features of the
earth’s sur f ace” (Collins English Dictionary, 2014)

Geography is at the root of all things “Geographical”
But what is Geography???

Geography - “The study of the physical features of
the earth and its atmosphere, and of human activity as
it affects and is affected by these...” (0xford Dictionaries, 2014)

MedCof Training Workshop 2015 4



What are Geographical Information Systems?
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What are Geographical Information Systems?

2. “Information”

Data are at the core of Information
But what are Data???

Data - raw, unorganized or unstructured facts

Information is - “Data that are (1) accurate and timely, (2)
specific and organised for a purpose, (3) presented
within a context that gives it meaning and relevance, and
(4) can lead to an increase in understanding and
decrease in uncertainty.” (Business Dictionary.com, 2014)
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What are Geographical Information Systems?

%

= £ layers
E . B
PARISH Attributes of BRB_adm1 =ates

B Christ Church
I Saint Andrew Shape* | ID | 1SO | COUNTRY | ADMN_LVL PARISH
[ Saint George ¥ | Polygon 1| BRB |Barbados | Parish Christ Church

g Polygon 2 | BRB |Barbados | Parish Saint Andrew
[T Saint James Polygon 3 | BRB | Barbados | Parish Saint George
M Saint John Polygen 4 |BRB |Barbados | Parish Saint James
I Saint Joseph Polygon S |BRB |Barbados | Parish Saint John
[B Saint Lucy Polygon 6 | BRB | Barbados | Parish Saint Joseph
M Saint Michael Polygon 7 | BRB |Barbados | Parish Saint Lucy
B Saint Peter Polygon 8 | BRB |Barbados | Parish Saint Michael
M Saint Philip Polygon 9 | BRB | Barbados | Parish Saint Peter
[ Saint Thomas Polygon 10 | BRB | Barbados | Parish Saint Philip

Polygon 11 | BRB | Barbados | Parish Saint Thomas

1

|
|
Record: _l_ﬂ _4J 1 _d ﬂ Show: W Selected |
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Elevation (In Metres)
[J0-26
[127-61
[]62-95
[]96-130
7131 -165
I 166 - 200
I 201 - 234
[ 235 - 269
[ 270 - 304
[]305-339
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What are Geographical Information Systems?

In which parishes of Barbados can the highest
elevations be found?

- x
= £ lLayers
5
PARISH Attributes of BRB_adm1 N =
M Christ Church
M Saint Andrew Shape * | ID | ISO | COUNTRY [ ADMN_LVL] __ PARISH
8 Suint George ¥ | Polygon 7[BRB | Barbados | Parish Christ Church
' 5 Polygon 2|BRB | Barbados | Parish Saint Andrew
Dsaf"' James Polygon 3 |BRB | Barbados | Parish Saint George
I Saint John Polygon 4| BRB | Barbados | Parish Saint James
e I Saint Joseph Polygon 5|BRB | Barbados | Parish Saint John
X [ Saint Lucy Polygon 6| BRB | Barbados | Parish Saint Joseph
=% Layers M Saint Michael Polygon 7|BRB | Barbados | Parish Saint Lucy
| Saint Peter Polygon 8 |BRB | Barbados | Parish Saint Michael
= Barbados M Saint Philip Polygon 9 |BRB | Barbados | Parish Saint Peter
Elevation (In Metres) ] Saint Thomas Polygon | 10 |BRB | Barbados | Parish Saint Philp
Y Polygon | 11| BRB | Barbados | Parish Saint Thomas
[J0-26
[]27-61 P ]
[162-95 Record: 14] 4| Tov[m|  show:[Al selected
[]96-130 ===
131 - 165
I 166 - 200
[ 201 - 234
235 - 269
[ 270 - 304
[]305-339
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What are Geographical Information Systems?

By processing and

-\ | organizing the elevation
« and administrative data
for Barbados, we may
now convey meaningful
———i———| or useful information.

Kilometres

Elevation (In Metres)

| | \ | I [ l |
.95 420

.2 .6\ &° o0 ol &9 ok 29
0 2 62 % - ‘\’5'\'\ '\66’?' 20'\’?' 2’55’2 210’3 '3,05'3

Figure 1 — Map showing parishes with the highest elevations
in Barbados
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What are Geographical Information Systems?

3. “System”

What is a System?

A set of things working together as parts of a
mechanism or an interconnecting network; a
complex whole...” (Oxford Dictionaries, 2014)

A set of connected things that work together for a
particular purpose” (Macmillan Dictionary, 2014)
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What are Geographical Information Systems?

The “System” in GIS is made up of the following:

1 -People 5 _goftware |
}*i”ﬁ éMapInfo Gy Wmersecer o5 3 pordware

t{‘;« GeoServer
ORACLE Linux

PostgreSQL  [pociGIe
S Q ®
4 - Processes

| \
X DVD
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What are Geographical Information Systems?

——

y 4

People Hardware, Software and Processes

s 4R g =" 1=

B MopServer @ Geoserver ey g Informix Q ’]:

Real
World I e wsA G A
Problems . &’ ‘ 1% .MMapinb b

People Data
Skilled GIS professionals, end-users, Allforms of spatial, aspatialand temporal datain 3 "
decision makers, digital and paper-basedformats g =,

researchers, analysts and all others

Adapted from Aronoff (1990) and
http://www.countygp.ab.ca/EN/main/community/
maps-gis.html
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What are Geographical Information Systems?

Geographical + Information + System

Geographical Information Systems (GIS) are connected
components (consisting of PEOPLE, HARDWARE, SOFTWARE,
PROCESSES and DATA) that work together to aid knowledge
and understanding through accurate, timely, organised and
contextualised data.

Knowledge and understanding gained from GIS are generally
related to the physical features of the earth, the atmosphere
and any related human activities that may impact these (i.e.
earth’s physical features and its atmosphere).
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What are Geographical Information Systems?

Geographical Information Systems (GIS) are used to

study and solve earthly problems through
CAPTURE, STORAGE, PROCESSING, VISUALIZATION,

ANALYSIS and DISTRIBUTION of data (spatial and
non-spatial) to support decision making.
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What are Geographical Information Systems?

'Eile Edit View History Bookmarks Tools Help

|

(‘ S JEOS| revolution.psu.edu/trail @“ D ﬁ E 4 f =

|2} Most Visited { Getting Started |3 Latest Headlines [health six steps

Geospatial Revolution Project | AP... | ==

Phwi’glh‘,‘;g“i Follow Us () @ @

BLIC
OADCASTING

Geospatial Revolution

Yuumﬁa _Qinieo

Episode 1 Episode 2 Episode 3 Episode 4 Trailer
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Exploring GIS Data Types

Spatial Data Models

One of the primary objectives sought by Geographical
Information Systems (GIS) is to accurately model phenomena
of the real world.

3 categories of interrelated data models are used to
represent earthly objects and phenomena.

» Conceptual Data Models
» Logical Data Models

» Physical Data Models
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Exploring GIS Data Types

Spatial Data Models
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Exploring GIS Data Types

Spatial Data Models

Conceptual Modelling - There are two paths to conceptual modelling
1. The Field Based Approach

»> Represents the variations in the spatial distribution of earthly
phenomena as finite tessellations of space

» Uses as two or three-dimensional surfaces covering a finite
area, with no gaps or overlaps

2. The Object Based Approach

» Earthly phenomena are conceptualised as discrete entities in
space with distinct locations and/or boundaries

MedCof Training Workshop 2015 19



Exploring GIS Data Types

Spatial Data Models

FIELD BASED EXAMPLE
Accumulated rainfall levels
for a finite region
conceptualised as a

continuous surface with

regularised intervals

» Intervals represent localized rainfall values

» Variations in the spatial distribution of rainfall for
temperature can be represented with this concept

MedCof Training Workshop 2015 20



Exploring GIS Data Types

Spatial Data Models

OBJECT BASED EXAMPLE

A set of parishes or provinces in a
country, such that each division is
conceptualised as a discrete object

occupying a unique portion of

Space.

»> Physical configurations of parish boundaries and spatial
relationships (in reality) can be captured by the use of
discrete objects

» Each object would be readily distinguishable from another
by location
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Exploring GIS Data Types

Spatial Data Models

Earthly objects/phenomena of all categories may be described as
having point, linear or area-based characteristics.

GIS use vectors and rasters to represent these conceptual
characteristics as logical constructs

Vector Raster

yA , points ::::?:E[]'Eg lls FHH

(Bolstad, 2002)
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Exploring GIS Data Types

Spatial Data Models

» Vectors e
O Logical Models

 Discrete geometric constructs

1 Best used to model object-based phenomena (discrete)

Raster

» Rasters
1 Logical Models

O Grid/surface based constructs

d Bestused for modelling field- based concepts (finite continuous

phenomena)
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Exploring GIS Data Types

Spatial Data Models
Examples of abstract and physical entities modelled by
Vectors and Rasters
Locations of cities Streams Geo-political boundaries
Population density Rivers Water bodies (lakes,
lagoons, ponds, etc.)
Weather station locations Roads Agricultural land parcels
Locations of wells Network paths Flood zones
Storm intervals Storm trajectories Temperature and

Precipitation distribution
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Exploring GIS Data Types

Vectors

» Points are the most basic form of vectors

» Points are synonymous with discrete locations (Cartesian
coordinate pairs) in GIS

® (x1,y1)
e (x2,vy2)

° (x3,y3) e (x4, vy4)

® (x5,y5)
® (x6,y6)
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Exploring GIS Data Types

Vectors

> In a GIS linear features are stored as a list of nodes and
vertices

» Nodes are the locations that represent the start and end of a
feature

» Vertices are the locations at which the path of the feature

changes
vertex (x4, y4)

vertex (x2, y2)

/ vertex (x3,y3)

node (x1,y1) node (x5, y5)
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Exploring GIS Data Types

Vectors

vertex (x3, y3)

In a GIS polygons are
a list of nodes and
vertices

Polygons are closed
objects - so the start
and end nodes are
always at the same

location
node (x1,y1)

vertex (x6, y6)
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Exploring GIS Data Types

Vectors

Tables provide a valuable means of interaction with vector
data in GIS.

= SWINE FLU Texas - ArcMap - ArcView

Blo Edt Wew Bockmorks [nsert Selection Yook Window Help
2@ 3|2 & & 2 RICHCRITS
DER& - B X | o o | & |[ve3se2s vl 2| & @ O 3= A2 | corGaminMeou ¥ Open ORGamn

o
[2]

(¢
7

S EERERN ST X-F AR R Tl

| 153 [0 [ 1 [ D [ ) ()
- alelZ |5
@ ol @
B BIE

secs 1o o5 [ o]

Display [ Sourcs | Selection] LD RO _']l]

-102.618 27.586 Decimal Degrees
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Exploring GIS Data Types

Vectors

> The characteristics or attributes associated with vector
objects are listed in tabular columns

» Eachrow in the table represents a unique spatial feature
within the vector data set

Attributes of JAM_DrainageBasins_WGS84_0620... '= (=)

FID | Shape* | 1SO | BASIN_ID | PERIM_KM | AREA KM | »
»| 20| Polygon JAM 22 | 160.894962 | 1155.78384
21 | Polygon | JAM 23| 73.548967 | 170.524747 |_|
22 | Polygon JAM 24 | 66.169366 | 133.727906
23 | Polygon JAM 25| 92.879149 | 114.441548
24 | Polygon JAM 26 0.176925 0.001581
25 | Polygon JAM 27 0.205055 0.002491
26 | Polygon JAM 28 0.198251 0.001675
27 | Palvnon 1AM 29 2310537 0475931
I m | *
Record: I_i_l‘i_] 21 _'_l.’l] Show: W Selected _VJ
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Exploring GIS Data Types

Rasters

» A Raster is a grid-based construct, consisting of a finite number of
rows and columns, that can graphically convey real-world phenomena

Raster DEM

Detailed view of
raster cells

645 | 650 | 654 658 | 653 | 648

664|666 | 670|672 | 668 659

678|682 684 693 | 689 | 680

703l 708) 714 | 721 | 719 | 716

T728| 732|738 744 745 732

730| 739| 744 749 | 748| 735 o AR RN L RN BE RN LA K
AR nonangne
IAERRENENRYAFEFD :
111111111 |Cell Property Cellcolor
Source: Bolstad (2002) alrl1leji] 1  Treecover  Brown
1lal1 ]| 2 | Golf course  Green
flefejefe] 3 Lake Blue
» Rasters store information in a T T re s e
matrix-like structure. This —

information is translated into colours and/or shades for visualisation

purposes
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Exploring GIS Data Types

Rasters
» Attribute data are held within the cells of rasters

»Each raster cell may be referenced to a location defined by Cartesian
coordinates in space

» Rasters are not implemented in GIS by storing the locations of every cell

Columns
\\ 1 2 3 4 5 B
L ]

Origin {x,y)

R »Cell locations are referenced implicitly by
; checking their position in the matrix relative to
Rows 3 the origin, whose position is known.
il
e mm;
|
(3,3)

Width

IHeight
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Exploring GIS Data Types

—™ 10m M— —

Rasters

Cell Spacing is defined as the
dimensions of the portion of the

20 m o

ground represented by a raster cell.

&:
100 m?

Spatial resolution is defined as
the size or dimensions of the

i smallest resolvable object on the

l 16 cells

»Smaller cell size
»Higher resolution
»Higher spatial accuracy
»Slower processing
»Slower rendering

» Larger file size

earth’s surface

4 cells l

» Larger cell size
»Lower resolution

» Lower spatial accuracy
» Faster processing

» Faster rendering
»Smaller file size
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Exploring GIS Data Types

Rasters

» The data within the cells of a raster’s grid structure are
categorized or layered in what are called “Bands”.

> Bands are dimensions within a raster, that associate each
cell with one or more categories of data values.

» Single-band rasters contain one category of data

»Multiple-band rasters assign two or more categories of
data to each cell
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Exploring GIS Data Types

Rasters

» Single-Band rasters may be illustrated in a GIS using three methods:

(Source: ESRI)

Grayscale Display colormap
image image

o MO

Y <+ | =

rJ H L0 IR I H

H SR T[] T

Iy — | =

ra H L g E Cad
H — | &= IS S
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Colormap
red green blue

255 | 255 | 0
2 64 | 0 | 128
256 | 32 | 32

o |255] o
5 0] 0 255
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Exploring GIS Data Types

Rasters

» The cells of a multi-band raster provides two or more categories or
layers of information at each cell location

Fed
band

composite
ﬂ ﬂ
1
[]2EE
W
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Exploring GIS Data Types

Vectors versus Rasters

Structural Complexity > Geometrical composition > Matrix composition is
makes vectors complex structurally simpler

»Nodes and vertices must > Cells are stored and
all be stored and referenced referenced implicitly

explicitly
Storage Requirements  >>Stored as a list of »Memory required for
coordinates with each cell
instructions
»Larger storage
»Smaller requirements requirements
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Exploring GIS Data Types

Vectors versus Rasters
Spatial Accuracy »Usually higher »Usually less reliable
»Limited only by positional > Positional generalisation
measurements occurs in low resolution
rasters
Suited Applications » Can model continuous »Can model discrete data
phenomena
»Best suited for continuous
»Best suited for discrete data
data
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Exploring GIS Data Types

Vectors versus Rasters

Category

Speed of Analysis

Quality of Visualisation

»High structural
complexity and storage
constraints impact speed

» Generally slower than
rasters

» Good aesthetics at high
and low resolutions

» Unaffected by map scale

» Generally better than
rasters

MedCof Training Workshop 2015

» Generally faster

» Good aesthetics only at
high resolutions

» Affected by map scale

» Generally weaker
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Visualization of GIS Data

Coordinate Systems, Datums and Projections

» Before Vector and Raster data can be processed in a
GIS, they must be rendered using:

J COORDINATE SYSTEMS
J DATUMS

d PROJECTIONS
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Visualization of GIS Data

Coordinate Systems, Datums and Projections

» Maps consist of geographic data which are encoded
with coordinate systems.

» Two types of coordinate systems used in GIS are:
1. Geographic Coordinate Systems

2. Projected Coordinate Systems
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Visualization of GIS Data

Coordinate Systems, Datums and Projections

» A Geographic Coordinate System is a method for describing
the position of a geographlc location in angular degrees using
what are known as “Datum”.

» A Datum is a system that enables the
location of an object, when used with
a three-dimensional earth model.
Objects may be located using latitudes,
longitudes and altitudes.

Examples: Clarke_1880, WGS 84, NAD 27 and more

Datums have been defined for most countries in the world
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Visualization of GIS Data

Coordinate Systems, Datums and Projections

» A Projected Coordinate System is defined in a flat, two-
dimensional surface.

» It describes the location of objects using constant lengths,
angles and areas across the two dimensions using metric units.

Projected Coordinate
Systems are created from
Geographic Coordinate
Systems

Examples: UTM, Mercator...
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Visualization of GIS Data

Coordinate Systems, Datums and Projections

» Visualization of geographic data is ideal when all data sets in
the same map use the same coordinate system

> However, geographic datasets that use different types of
coordinate systems can be easily transformed to ensure

compatibility if they all use the same Datum.
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Visualization of GIS Data

Coordinate Systems, Datums and Projections
» The Earth is curved, maps are flat. 3-D 22-D

» The process of flattening the earth onto a flat piece of
paper or computer screen is a mathematical process
called a “Projection’”.

VAR !
( IL—( A A Jr'*\\ ¢ (Source: Penn State
\\\g& y Sl S = K University)
L i
Graticule Projected
on sphere graticule

1 Projections can distort certain elements of the map

MedCof Training Workshop 2015
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Visualization of GIS Data
Coordinate Systems, Datums and Projections

CONFORMALITY - Are the shapes accurate?
DISTANCE - Are the distances accurate?
AREA - Are the areas represented on the map proportional

to their true area on the Earth?

DIRECTION - Are directions between points on the map
accurately?

45
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Visualization of GIS Data
Maps

Vector and Raster data in GIS are rendered using
(Coordinate Systems, Datums and Projections)

Data are processed by GIS

Information deduced/extracted must then Dbe
presented in a meaningful manner

Maps are powerful tools for communicating this
information
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Visualization of GIS Data

Maps

» What types of Maps are there?

d Political Maps

d Physical /Topographic Maps
d Climate Maps

d Road Maps

And More...

MedCof Training Workshop 2015
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Visualization of GIS Data

Maps

Political map of Australia (obtained from http://www.4shared.com)
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Topographic Map of Mount Cameroon (obtained from
WwWw.mappery.com)

SCALE 1:500,000
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Climate Map of Australia (obtained from https://en.wikipedia.org)

Northern Territory

..........

Il Equatorial
Bl Tropical
" Subtropical
W Desert
Grassland
I Temperate
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Other categorizations of Maps

d Reference Maps

O Thematic Maps
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Visualization of GIS Data

Maps

Reference Maps - ex. Geographic maps

Many bits of information on one map, focusmg on no spec1f1c

aspect of information. i ERE e S
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Visualization of GIS Data

Maps
Thematic maps focus on specific aspects of information
unlike Reference maps

UAim: Tell a story that communicates a theme or concept
about a geographic region

Goal: Draw readers’ attention to an important message
Challenge: What is the most effective way to get the

message across without getting lost in
geographical details?
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Population Density

Global

(Source: SEDAC)

2

Population Density layers, (persons per square kilometer) for 1990
and 2000 were created by dividing the 1990 and 2000 UN-adjusted

population (POP) count grids by the land area (LA) grid (circa 2000).

The resulting grid layers, one each for 1990 and 2000, were then
aggregated to match the 12 population density cl described
below. Source Informatin: hnp ://sedac.ciesin.columbia. edu/gpw/

Copyright 2007. Tho Tiustoos of Columbla Univorsty b tha City of Now York.
Source: Center for Inkmaticeal Eadh Sciorco Information Network (CIESIN}.
HTESN Caumbia Unkarsity, Populition, Landscape, and Climate Estimates (PLACEL
™ oo Furthas informalion avaadlo at Hp:isedac.ciosin.columbla.odupiace/

Population Density 2000

[ o Persons\ Sqkm

[] 02 Persons\ SqKm

25 Persons | SqKm

[] 510 Persons\ Sq.Km

] 10-15 Persons\ SqKm

] 15- 50 Persons \ Sq.Km

2] 50- 100 Persons\ Sq.Km
[ 100- 500 Persons \ Sq.Km
I 500- 1000 Persons |\ Sq.Km
B 1000- 10000 Persons \ Sq.Km
B 10000- 50000 Persons \ SqKm
I - 50000 Persons\ SqKm
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Landscape, and Climate Estimates
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Visualization of GIS Data

Maps

Plant Hardiness Zone Map

(obtained from www.imageboard.co)

Average Annual
Min Temperature
Temperature (F} Zone
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Visualization of GIS Data

What Makes a Good Map?

0 Does the map tell a clear story?
Is there enough or too much information?

Is the information well balanced and composed on the page?

Are the map objects creating conflicts and distractions?

JAre your data suitable, well styled and explained?
Is the data too generalized?

Are the data symbols used appropriate?

Can the colour styles applied be easily be interpreted by all even those
with colour-vision impairments?

Does the Legend clearly explain what is in the map?
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Visualization of GIS Data

What Makes a Good Map?

What elements do a good map have?

North Arrow

(IScale Bar

Legend

UTitle

Text explanations (content, sources, author, etc.)

Anything else???

Are the following images examples of good maps??
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(obtained from http://norway4.wikispaces.com)
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Europe -
ANNUAL
Precipitation

Precipitation
[in mm]
P 200-400
I 400-450
450-500
500-550
| 550-600
P 600-650
B 650-700
B 700-750
B 750-800
~ 800-850
I 850-900
B 500-1000

B over 2500

B 1000-1100
B 1100-1200
B 1200-1400
B 1400-1600
B 1600-1800
B 1500-2000
B 2000-2500
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Indiana 24 - Hour Rainfall Totals

Lake Michigan

lllinois

In Inches
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Ohio

Reports are unofficial. This map
is an inter polation of actual
reported values but should be
cons idered an estimation only.
Due o the influence of temrain,
amounts may vary greathy over a
shert distance.

Kentucky

A Sources: MW S Coperative Obs ervers, ASOS, Created by the National Weather
RAWS, CoCoRaHS, Mescnets, Trained Spotters,  Service Indianapelis, Indiana
Fersonal Weather Stations, Public Created Sep 08 2012

(Obtained from http://www.weather.gov)

MedCof Training Workshop 2015 59



(Obtained from http://www.jamaicaclimate.net)
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Gulf of Mexico
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Haiti - Agro Ecological Zones
(February 2010) ' i

Secondary N ‘
'
Ared of extromn eogy
m&womMUSGS) ‘A Jou
A3 of modam-0-tegh -
Areg the exthquaks ovent USGSJ - \-.

Agro-Ecological Zones

IR Mortagno humeds 60 basses antudes
B Motagne bumede o ves hurrde
Bl Vorogne sees tumice

B Pam ande

I P sedw of som ando
Bl oo tomce
-thmwb

Vi Plare seon humde

I Powos. coine o mome seme Pumede
£ Poloou, collng, mome soc of sem ande

-m Jor erree

~

Sources. ONSA - Coondinaton Natonale de b

Ghoutd Admartace, USGS I TEWRAET,

OpenSreetiop

Authors wa&MqMM
g Rehabataton Deision (T

rmewsmw1man

FAO-Natural Resourtons, Land and Waler Divisice

TS Mo 8 ACE B BUONY Iy o INderatonsl Bourndre : (SOUI'C@.' FAO) - — e

MedCof Training Workshop 2015 62



Elevation (feet)
‘ 4782
Focal Streams
Streams
Aqueducts

Contours
(500ft intervals)

Water Bodies/Tidal Slough

Watersheds
(Focal Watersheds named)
Spot elevations (feet) PO

\X/atersheds & Topography

—

Carpinteria —
Salt Marsh

Pacific

(Obtained from http://www.stoeckerecological.com)

MedCof Training Workshop 2015

Rmcon Creek
© Divide Pk’

S Carpinteria Creek A, ‘gga
' # o
-
n )

?’l
| g

63

Steelhead Assessment and Recovery Opportunities in Southern Santa Barbara County, California




How WE TRAVEL: THE PRESSURES ON THE UK TRANSPORT NETWORK

Figure L.I7: Location of new warehouses with concentrations at motorway
intersections, 1995-2003
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(Obtained from
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Questions???
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