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What is GIS? \\\\ \\Q

» “GIS” stands for “Geographic Informafn N
Systems”, although the term Geograp .
Information Science” Is gaining populanty OO

* A GIS is a software platform for storing,
organizing, viewing, querying, and O
transforming spatial data models.

* Two most prevalent software platforms are
the expensive commercially licensed ESRI
ArcGIS®" and the free and open-source
GRASS GIS platform. (Guess which one | use?)
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~ Whatis a Q@ s%\ N
GIS data is di\sr\)\la\yed@%\manhahﬁte(t%\
SO\

map Layers. SO

N

W\ AN X
Layers can be thought of\lﬁé RN
N\

transparencies on an overh\eack\R@éctC\m

They can be stacked for displgy, or Cambg :
used as variables in mathematic quaﬂbns N

Data layers in a GIS are stored in either N\
N \ \

Vector or in Raster formats. O

N
N\
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VectcmDatas \%\ N
Discreet geometrical objects wh|ch aréemer po® n\es 6\\\

polygons (areas) O\ \
Composed of a list of Vertices (X/Y bairs N\ AN \\\ \
Points have one vertex . N \

Lines are composed of two or more vertm:e%, are OJQC
according to geometrical functions (straight lines, arcs)

Polygons are closed geometric shapes ComposeQ\%permckete\
lines enclosing an internal area, potentlally associated with a
centroid (in GRASS, but not other GIS’ S) *
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Graphic Display of Vector Object

Table of XY coordinates

Vector “line” of line vertices
‘ 4753456 623412
‘ 4753436 623424

4753462 623478
4753432 623482
4753405 623429
4753401 623508

O 4753462 623555
O 4753398 623634
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Vector Data \\\ N
Discreet | et wh \ ithe \\ \ \

geometrical objects which are either points, lines, %\
polygons (areas) O\ \ \
Composed of a list of Vertices (X/Y pairs) \\ AN \\\ \
Points have one vertex O\ N\

AN
Lines are composed of two or more vertices are jo’\eo\ \\
according to geometrical functions (straight lines, arcs) N\

Polygons are closed geometric shapes composed of perimeter
lines enclosing an internal area, potentially associated with a
centroid (in GRASS, but not other GIS’s) O\
Each vector object can have one or more associated Attr‘ibu\tes\\
Attributes are stored in a database, facilitating multidimensional
data connections N
Easy database editing with your favorite spreadsheet software
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Vecto \Dalas \\\ N

“~ | N\
Discreet geometrical objects which are either po@g lines, %\\
polygons (areas) O\

Composed of a list of Vertices (X/Y pairs) \\ \\ \\\\\
Points have one vertex O\ |

AN
Lines are composed of two or more vertices are joig\aq\\ \\
according to geometrical functions (straight lines, arcs) N

Polygons are closed geometric shapes composed of perimeter
lines enclosing an internal area, potentially associated with a
centroid (in GRASS, but not other GIS’s) N\

Each vector object can have one or more associated Attribﬁtes )

AN
Attributes are stored in a database, facilitating multidimensional
data connections ;\

Easy database editing with your favorite spreadsheet software\
Data can be displayed thematically for easy visual analysis
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RaeteY DQiEk\ \\\
e ontinuous data (a matrix O va ues \

Conti data (a matrix of values) \\\\\

* Each layer has a maximum of 3 5 dlmen5|0r% o%lata

-- X, Y, Z, and Label \\ NN i
* Multiple layers can be stacked to represent many dimen ions ¢ \ot
data AN
. \\ \\ \\
NN
. \\
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Graphic Display of Raster Matrix

Raster “line”

Matrix of numbers

0000000000000000
0000000000000000
000 0000000000
0:0:0000' 00000
001000000000
0000000000000
0000000000000
0001:000:000000'0
001000010000000
0:1100:00000000
0000™ 11000000000
0000000000000000
0000000000000000



Raster Colored by Raster Value
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RaSteY DQ*&\ \\
« Continuous data (a matrix of valuesl\\ \\\\\

* Each layer has a maximum of 3.5 dimensions o%lata\
-~ X, Y, Z, and Label \\ NN N

* Multiple layers can be stacked to represent many dimen ions ¢ \o}
data \
BRNNN
* Display of data can be adjusted by ranges for ahalysus AN
\ L
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Display by Range

GRASS CIS Layer Manager
GRASS GIS Map Display: 1 - Location: Spearfish60_test B i + & F g T oso® = A

2D view )
Display 1
: ¥
.F',.’,

Map layers for each display Command output

d.rast [display, raster]

'7. Displays and overlays raster map layers in the active display frame
on the graphics monitor.
Required Selection Optional Manual il
Invert catlist (i)
[multiple] List of categories to be displayed (INT maps): (catlist, string)
1300-2000

[multiple] List of values to be displayed (FP maps): (vallist, string)

P o

Coordinates

d.rast -o map=elevation.dem@PERMANENT catlist=1300-2000




Continuous data (a matrix of values NN \

Each layer has a maximum of 3\.“5\d§nensior¥§ oNata\\%\

- X, Y, Z, and Label N \‘\

N
Multiple layers can be stacked to represérﬁ\many G@ne\\xsioniﬁ
data N DN

Display of data can be adjusted by ranges fo\paQ\a\lygs N\ \\

Complex statistics and matrix math (map algebra) can bﬁ\
calculated at each pixel or between pixels of single or mt Iﬁple N
layers. NN

; \
N \
N\

N
N



Map Algebra

Mapcalc operators Mame of new map to create
Insert e ng map

Hion@PERMAMENT

Insert mapcalc Funckion

fation@PERMAMNEMT > 1500, i
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Rasﬁe}' De@ak\ _ \\s

Continuous data (a matrix of values) \\
Each layer has a maximum of 3. 5\d|ﬁ1en5|on§ oNata\\\

-- X, Y, Z, and Label

Multiple layers can be stacked to represgntmany d}messmns O\Q
data \\

Display of data can be adjusted by ranges for ana{y*s{s \

Complex statistics and matrix math (map algébfa) can be
calculated at each pixel or between pixels of single or rrKItlpIe
layers.

This allows for complex data transformation and S|mulat|on of \
phen?mena that cannot be practically measured/observed in .
real life NN

\
Can be used to model complex 3-D surfaces.



Various 3-D displays of a Raster DEM

Original Raster File
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Rasﬁe}' De@ak\ _ \\s

Continuous data (a matrix of values)
\\\\

Each layer has a maximum of 3. 5\d|ﬁ1en5|on§ oNata\
-- X, Y, Z, and Label

Multiple layers can be stacked to represgntmany d}messmns O\Q
data \\

Display of data can be adjusted by ranges for ana{y*s{s \

Complex statistics and matrix math (map algébfa) can be
calculated at each pixel or between pixels of single or rrKItlpIe
layers.

This allows for complex data transformation and S|mulat|on of \
phenomena that cannot be practically measured/observed in
CEITE NN

\
Can be used to model complex 3-D surfaces.

Raster surfaces can be interpolated from discreet data (ie.
vector points)
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So Which Tyae of Da@@o kﬁ@e

AN \
Vectors are better for assocLatlng data t
ologic

with one spatial object (ie. archaeol Is“te
locations, farm fields, sampling Iocatlons etc |n one

file | \\\ \\ \\
Vectors can only be used to represent dlscreet
phenomena, but can be used to represent truly ecale- \

less complex geometry : N
Easy to create informative thematic maps (nlce for \\
publication figures!) ARN

Great for cartography and making printed maps



me s%actl

dlgltal
\Ke%m

~ Surface Qe\rspect

3 . B dlgltaW stored as
3 ..ﬂ-l.ﬂﬂﬂ

raster matrix
N

SN

Vector format preserves shape, but no mapélgebra

AN



So Which Type @f Da\taJDo kﬂé@’? \\\

U\
N \\\\
Raster's are better at representlng ma%swe amounts
of spatially continuous data ERNNRNN \\ Q
They are also better for doing mathematlcal\ AN
operations on that data AN \\

They can only represent one dimension per Iayer and
are subject to resolution constraints - NN

Rasters can be used for modeling (eg. of surfaces
complex systems, cellular automata, etc.)

s
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Vector Elevation Data
(Contour Map)

Raster has no gaps in data, but has a specific scale
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BEIE! me%\form moak\ \\\
* You are not stuck V\nﬂ*ﬁane or t %}otl@\

you can transform betWeen thew;w a{\ \
types \\ (\ \\
* Direct transformation \\\\\\ \\\\
O N
AN O
AN \
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Data Tran‘sﬁ‘ormaﬁloa\\ \\s

* You are not “stuck” with bne or the otl\é(\\\

you can transform between theﬂ;wo da{g \
- AN
types \ Q AN
* Direct transformation \ \\\ \ \\

* Simplification from raster to vector OO\
NN
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N
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Data Transformation:
Simplification

X\ r.contour nae X| GRASS 6.1.cvs - Monitor: x0 - Location: spearfish60_valencia

| Produces a GRASS hinary vector map of specified contours fro

Mame of an existing raster map (string, required):
> ||elevation.10m

TName of output vector file (string, required):

[cuntoursZDrri

| List of contour levels (float, optional):

| Minimum contour level (float, optional):
o
| Maximum contour level {float, optional):

Increment between contour levels (float, optional ):
|20
.Minimum number of points for a contour line (0 -> no limit) {int
5 S e
| Suppress progress report & minfmax information

Suppress single crossing error messages

r.contour input=elevation. 10m output=contoursZim m
inlevel=0 step=20 cut=0

|Reading data.

|Percent complete:

|FPRange of data: min = 1061. 064087 max = 1846.
743408

Minimom level will be 10280, 000000

Mactimum level will he 1840, 000000

| Displacing data.

|Peccent complete:

ITotal levels: 39 Current lewvel: 1 2

ol R o sl e e e e bl
16 17 18 19 20 21 22 23 24 25 25 27 28
20 30 31 32 33 34 3B 3/ 37 3/ W

|Building topoloow . ..

el cose Raster DEM Output: Vector Contour Map
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Data Transforma\tlo&\\\ \\s

You are not “stuck” with one or the otme(\\\

you can transform between theiwo dat@ N
types NN
Direct transformation OO \\

Simplification from raster to vector RN
Interpolation from vector to raster N \

N



Data Transformation

Output: Continuous Data

Interpolation

ity Surface

il

Density Probab

Input: Discreet Data

int Densities

fact Po

Arti
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