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Discussion Topits:

What are Geographical Infforna&iiion
Systems?

Exploration of GlSData Types

Key components for visualization of GISData
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Three Key Words:

1. GEOCRRARPHIAAL

+
2. INFORMIATION
+
3. SYSTBEM

What do these words mean???
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What are Geographical Information Systems?

1. GGEGGRAPRICAY ) # !
@G eography of or relating to the natural features of the
AAOOE OGS O cofdsEnbisvbibioRer 2014)

Geography is at the root of all things ébdrdapRidai® E E A

But what is Geography???

Geography -O4EA OOOAU 1 A& OEA
the earth and its atmosphere, and of human activity as
EO AEAAAOO Al A (&l pichndledBlid O
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What are Geographical Information Systems?
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What are Geographical Information Systems?

2. OnfdrEitient AOET 1 6

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

Data - raw, unorganized or unstructured facts

Infanmatidon is - ata that are (1)accurate and timely , (2)
specific and organised for a purpose, (3presented
within a context that gives it meaning and relevance, and
(4) can lead to anncrease in understanding and
decrease in uncertainty 8 6 (Business Dictionary.com, 2014)
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What are Geographical Information Systems?

x|
= £ 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 |:ords _v_l
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glﬂyers

=M

Barbados
Elevation (In Metres)
[0-26
[127-61
[162-95
[196-130
[1131 -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?

= £ lLayers
2
PARISH
[ Christ Church
I Saint Andrew
[ Saint George
[ Saint James
I Saint John

= Layers
&
Elevation (In Metres)

[0-26
[127-61
[162-95
[]96-130
131 - 165
[ 166 - 200
[ 201 - 234
[ 235 - 269
[ 270 - 304
[1305-339

I Saint Joseph
[ Saint Lucy
M Saint Michael
I Saint Peter
1 Saint Philip
[ Saint Thomas

MedCof Training Workshop 2015

Attributes of BRB_adm1 N =

Shape * ID | 1SO | COUNTRY | ADMN_LVL PARISH

¥ | Polygon 1 |BRB |Barbados | Parish Christ Church
Polygon 2 |BRB | Barbados | Parish Saint Andrew
Polygon 3|BRB | Barbados | Parish Saint George
Polygon | 4 | BRB | Barbados | Parish Saint James
Polygon 5 | BRB |Barbados [ Parish Saint John
Polygon & |BRB | Barbados | Parish Saint Joseph
Polygon 7|BRB | Barbados | Parish Saint Lucy
Polygon 8 |BRB | Barbados | Parish Saint Michael
Polygon 9 | BRB | Barbados | Parish Saint Peter
Polygon 10 | BRB | Barbados | Parish Saint Philip
Polygon 11 | BRB | Barbados | Parish Saint Thomas

.

ot o T ol

Show: [ All_selected



What are Geographical Information Systems?

0 25 5 10 15 20
Kilometres

Elevation (In Metres)

| | | \ l | B | J

|

0_'16 1 oM _9% 420

(3] I\ 2 &9 ok 29
% &2 o - \3‘\‘« ,\56’?' z 2'3,6’2 210’3 305‘3

20\ ”

Figure 1¢ Map showing parishes with the highest elevations
in Barbados

By processing and

= VX ] organizing the elevation

and administrative data
for Barbados, we may

now convey meaningful
or useful imifarmadicnn.
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What are Geographical Information Systems?

3.85ys@3"UOOAI 6
What is a System?
Ol OAO T £ OEET CO x| OEET C
mechanism or an interconnecting network; a
Al 1 Pl AD woxkad pidtioAriss, 80183) 0

O! OAO 1T &£ AiT1AAOAA OEEI

7z N\ Pal L d ~ ~ N
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What are Geographical Information Systems?

The &8st Q" MnAGISds made up of the following:

1 -People 5 _ Software
104 s T T I Hardware

ORACLE ‘{f‘ GeoServer -

Postg reSQL tGIS

4 - Processes

- T
-
v
e =
_.—-h:_.-.';,
.
- .
~— 3
_ i
i <
=
B ==
DVD-R = e
| |
X DVD
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What are Geographical Information Systems?

—-

y 4

People Hardware, Software and Processes

s R g A== 1+

I onacrosi
aMOPSOrvor @ Geoserver Spacie s Q F‘:

Real z -
World ;{; i e G &K
Problems . A GIS g Maplinfo , ) Microsoft

People Data

Skilled GIS professionals, end-users, Allforms of spatial, aspatialand temporal datain
decision makers, digital and paper-basedformats
researchers, analysts and all others

Mt = 2 #

= , Adapted from Aronoff (1990) and
2 http://www.countygp.ab.ca/EN/main/community/
S maps-gis.html

13
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What are Geographical Information Systems?

Geographical + Infformadidon + System

Geagraphical Infonmationn Systems(GIlS)are connected
components (consisting of PEQRLIEHARDWARESOFTWARE,
PROCESSEShd DATA) that work together to aid knowledge
and understanding through accurate, timely, organised and
contextualised data.

Knowledge and understanding gained from GlSare generally
related to the physical features of the earth, the atmosphere
and any related human activities that may impact these (i.e.

7z Y Pl N — 7
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What are Geographical Information Systems?

Geagraphical Infonmatioon Systems(G1S)are usedto
study and solve earthly problems through
CAPMURESTORAGEH? ROCESSIN ¢ )SUALIZATION,
ANALYSISand DISTRIBUMI@ONof data (spatial and
non-spatial) to support decision making .

MedCof Training Workshop 2015 15



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 Latest Headlines [health six steps

Geospatial Revolution Project | AP... | =

I)l—,\\lilﬁgui Follow Us @ . .

BLIC
OADCASTING

Geospatial Revolution

YD vimeo

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.

i+ Conceptual Data Models
U+ Logical Data Models

U Physical Data Models

MedCof Training Workshop 2015 17
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Exploring GIS Data Types

Spatial Data Models

Conceptual Modelllhee - There are two paths to conceptual modelling

1. The Field Based Appiaacih

U Represents the variations in the spatial distribution of earthly
phenomena asfinite tessellations of space

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

2. The Object Based Appiaacih

U 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 BASHDERXAWPEE

Accumulated rainfall levels
for a finite region
conceptualised as a
continuous surface with

regularised intervals

U Intervals represent localized rainfall values

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

MedCof Training Workshop 2015
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Exploring GIS Data Types

Spatial Data Models
OBNEC BB NIE XA XRP | E

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

MedCof Training Workshop 2015 21



Exploring GIS Data Types

Spatial Data Models

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

GIS useveclois; and rasienss to represent these conceptual
characteristics as logical constructs

Vector Raster
A . poin‘rs '_’__?E'[]'Ef’ 'ls R

(Bolstad, 2002)
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Exploring GIS Data Types

Spatial Data Models

Vector

. points

W Vectors
C Logical Models

C Discrete geometric constructs
C Best used to model object-based phenomena (discrete)

Raster

> Rasters
C Logical Models

C Grid/surface based constructs

C Bestused for modelling field - based concepts (finite continuous
phenomena)

MedCof Training Workshop 2015 23



Exploring GIS Data Types

Spatial Data Models

Examples of abstract and physical entities modelled by
Vectors and Rasters

Point/Location features Area-based features

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

MedCof Training Workshop 2015 24



Exploring GIS Data Types

Vectors

U Points are the most basic form of vectors

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

® (x1,y1)
e (X2,y2)

° (X3,¥3) o (x4,vy4)

® (x5, y9)
® (x6, yb6)

MedCof Training Workshop 2015 25



Exploring GIS Data Types

Vectors

U In a GISlihnean features are stored as a list of nodes and
veriites

U+ Nodesare the locations that represent the start and end of a
feature

U+ 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)

MedCof Training Workshop 2015 26



vertex (x3, y3) L

node (x1, y1)

In a GIS polygons are
a list of nodes and

verthes

Polygons are closed
objects z sothe start
and end nodes are
always at the same
location

vertex (x6, y6)

MedCof Training Workshop 2015 27



Exploring GIS Data Types

Vectois

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

= SWINE FLU Texas - ArcMap - ArcView

Elo Edt View Bockmarks Insert Selection Tooks Window belp
@ @B|ERB & B o |= = | s
DSRE & X |0 o $|ie3seus vl 2| & @ O 3= A2 | corGaminMeou ¥ Open ORGamn

08
o)

(¢
7

= ERERN SETE X~ AR R Tk i

T

1 ]
(I
0

Py
88222283
NDND RSV NS

FiL]
¥

secs 1o o5 [ o]

‘J o

-102.618 27.586 Decimal Degrees
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Exploring GIS Data Types

Vectois

0 The characteristics or attributes associated with  vectonr
objects are listed in tabular columns

U Each row in the table represents a unique spatial feature
within the vectol data set

Attributes of JAM_DrainageBasins_WGS84_0620... "= (=,
FID | Shape* | ISO | 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| 92879149 | 114.4415458
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 | Palvann AAM 29 3310537 0475931
T 1 | L
Record: ﬂi] 21 _rl:l Show: W Selected :I I
— — —
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Exploring GIS Data Types

Rasters

U A Rasteris 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 RARARE RN LN SR B BN LA B
slefalafefalz]a]a]s
IAERRENE VR YASE 2l .
111111141|Cell Property :Coll color
Source: Bolstad (2002) 1l7l1tsJr] 1  Treecover  Brown
1lalr ]|l 2 | Golf course  Green
1 ‘! 1 3 Lake Blue
U Rasters store information in a N iy o
matrix -like structure. This ARl SLEL L A 2l

Information is translated into colours and/or shades for visualisation

purposes
MedCof Training Workshop 2015 30



Exploring GIS Data Types

Rasters
U Attribute data are held within the cells of Fasiens

U Each rasteir cell may be referenced to alocation defined by Cartesian
coordinates in space

U+ Rasters are not implemented in GISby storing the locations of every cell

Drigin (%) Columns

T Ui Cell locations are referenced implicitly by
; checking their position in the matrix relative to
Rows 3 the origin, whose position is known .
il
i mm
|
{1,3)
Width
IHeight
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Exploring GIS Data Types

Rasters
Cell Spacingis defined as the
—™ 10m [ —»  20m — ) . .
dimensions of the portion of the
ground represented by a raster cell.
Spatial resoelutionn is defined as
the size or dimensions of the
A =400 m? .
PO smallest resolvable object on the
A A O Cshrtace
l 16 cells 4 cells l
u Smaller cell size u Larger cell size
U Higher resolution U Lower resolution
U Higher spatial accuracy U Lower spatial accuracy
U Slower processing U Faster processing
u Slower rendering U Faster rendering
U Larger file size u Smaller file size
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Exploring GIS Data Types

Rasters

i The data within the cells of aOA O Ogﬁud)s‘irm:ture are
categorized or layered in what are called Q34arAld”. A O 6

U Bands are dimensions within araster, that associate each
cell with one or more categories of data values.

U Single-band rasters contain one category of data

U Multiple -band rasters assign two or more categories of
data to each cell

MedCof Training Workshop 2015



Exploring GIS Data Types

Rasters

U Single-Band rasters may be illustrated in a GISusing three methods:

Grayscale Display colormap
image image Colormap

red green blue

o MO

513 2 4

s 2 2 ] 255 | 255 | 0
£ & 5 533 z 64 | 0 | 128
KN =z ENER = 256 | 32 | 32
(a]afali|1|E 0 |255] o
: A5 s o | 0 |2ss

(Source: ESRI)
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Exploring GIS Data Types

Rasters

U 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

mize
MedCof Training Workshop 2015 35
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Exploring GIS Data Types

Vectoirs veisius Rasters

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

U Nodes and vertices must U Cells are stored and
all be stored and referenced referenced implicitly

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

Vectoirs veisius Rasters

Spatial Accuracy U Usually higher U Usually less reliable

U Limited only by positional U Positional generalisation

measurements occurs in low resolution
rasters
Suited Applications t Can model continuous U Can model discrete data
phenomena
U Best suited for continuous
U Best suited fordiscrete data
data
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Exploring GIS Data Types

Vectoirs veisius Rasters

Category

Speed of Analysis U High structural U Generally faster
complexity and storage
constraints impact speed

U Generally slower than
rasters

Quality of Visualisation U Good aesthetics at high U Goodaesthetics only at
and low resolutions high resolutions

U Unaffected by map scale U Affected by map scale

U Generally better than
rasters U Generally weaker
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U Before Vector and Raster data can be processed in a
GIS,they must be rendered using:

G COORDNNATESYSTHIAS

C DATUMS

C PROIHETTORINS
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Visualization of GIS Data

Coordinaie: Systems, Datums and Projjeitiviss

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

U Two types of coordinate systems used in GlSare:
1. Geographic Coordinaie: Systems

2. Projected] Coordinaie: Systems
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Visualization of GIS Data
Coordingie: Systems, Datums and Projpcitiviss

U A Geographic Coordinaie: System is a method for describing
the position of a geographic location in angular degrees using
what are known as O$tAGQ.O1 6

0 A Datumm 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, WGS84, NAD 27 and more

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

Coordingie: Systems, Datums and Projjpeitiniss

U A Projectedl Coordinate: System Is defined in a flat, two-
dimensional surface.

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

Projected| Cooidinaie
Systems are created from
Geographic Coordinate
Systems

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

Coordinaie: Systems, Datums and Projjpaitinss

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

U 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

Coordinaie: Systems, Datums and Projjpeitinss
U The Earth is curved, maps are flat. 3-D A 2-D

U The process of flattening the earth onto a flat piece of
paper or computer screen is a mathematical process
called a (Projectioimo 8

PrARY
(fed 0| 2,
W

N

i3

¢

H""-\-\_\__,_,-'-""-

&

Graticule
on sphere

*
Y

-y

!

Projected
graticule

(Source: Penn State
University)

C Projpciionss can distort certain elements of the map

MedCof Training Workshop 2015
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Visualization of GIS Data
Coordinaie: Systems, Datums and Projjeitiviss
CONFORMALITY- Are the shapes accurate?
DISTANGCE- 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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0 What types of Maps are there?

¢! Politicall Maps

¢! Physical /Topographic c Maps
¢! Climate: Maps

¢! Road Maps

And More...

MedCof Training Workshop 2015
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Visualization of GIS Data

Maps

Political map of Australla (obtained from hitp://www.4shared.com)

j=s) TP ¢
/ Q G" H‘r"xh—_n AUSTRALlA
BﬂNlﬁSEﬂa 'ﬁﬂ E} POL'T'CAL
G SUNDA
FLORES @ SEA =2 :,9'0 o N
SEA (-;::;:gjw‘a
Eﬁsﬂﬂgp@ .
INDIAN e g ‘3}1,;&?
OCEAN NORTHERN oD
TERRITORY o . .
d\ fog SN RN, T
. < NEW g -
rry bR e WLEENALSND CALEDQR‘ ’
N T I I 4‘1{JQ - it o £ F =":7..-.
- i (Fr.)
WESTERN PACIFIC
) AUSTRALIA . OCEAN
o
b
1y In
INDIAN - .
W—Lm:ala 0 C‘ EAN a- .ﬁgS 5T. T A S M A N NOGRTH Li(
* Country Capital TABMAHI{;‘ S E A ISLAND )
ST.-Strait 3
ral NEW ZEALA/LpI &
Gf.Of. Bon.-Gulf of Bone SOUTH
ISLAN
)

Copyright @ Compare Infobase Pvi. Lid. 2003-04.
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Topographic Map of Mount Cameroon (obtained from
WWW. mappery com)
SCALE ::soo,ooo l' wr "’ (’“*v"\\‘ 2 M

TF"" (rnwa
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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

¢l Reference Maps

QG Thematic Maps
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Visualization of GIS Data

Maps
Reference Maps 7 ex. Geographic

maps

Many bits of information on one map, focusmg on no speC|f|c

aspect of information.

Septiles.
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\ - . - ) ,
A v = s
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Visualization of GIS Data

Maps
Themaiitocmeanss focus on specific aspects of information
unlike Reference maps

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

CGoal: $O0Ax OAAAAOOG6 AOOAT OEI 1
C Challenge: What is the most effective way to get the

message across without getting lost in
geographical details?
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(Source: SEDAC)

Population Density

Global

PLACE | @@

Landscape, and Climate Estimates

Fobinson Projection

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: Conter for Inkmaticeal Eadn Scionco information Network (CIESSN).
11251 Coumbia Unkarsity, Popubition, Landscapo, and Glimate 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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Visualization of GIS Data

Plant Hardiness Zone Map

(obtained from www.imageboard.co)

TR A Ay S
Average Annual
Min Temperature

S Sl i ———
wyow.thegdora.com/aps
O SN 0 R [

/
/ {
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Visualization of GIS Data

What Makes a Good Map?

¢ Does the map telll a clear stony?
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?

ClAre younrdataasuitablée well IStyled and éxplained?
|s 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 Nap?
What elements do a good map have?

C North Arrow

C Scale Bar

C Legend

C Title

C 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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Indiana 24 - Hour Rainfall Totals

Lake Michigan
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Kentucky
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(Obtained from http://www.weather.gov)
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(Obtained from http:// www.jamaicaclimate.net )
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Gulf of Mexico
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Haiti - Agro Ecological Zones
(February 2010) ' i
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Steelhead Assessment and Recovery Opportunities in Southern Santa Barbara County, California




(Obtained from
http://gis.stackexchange.com)
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