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Watershed Sciences 4930 & 6920
Advanced GIS

WEEK TWO - Lecture 3
Data Types

Joe Wheaton

Some slides in this lecture adapted from
content from Matt Baker & Paul Bolstad



http://gis.joewheaton.org/assignments/reading-assignments-spring-2011/gis.joewheaton.org
http://creativecommons.org/licenses/by-nc-sa/3.0/deed.en_US

HOUSEKEEPING

e 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?

e Quiz1

Good Housekeeping

— 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...

e But fundamental knowledge
for building appropriate GIS
fit for purpose

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

e Actually interesting in an
(admittedly) geeky sort of

way...




WHAT SHOULD GIS REPRESENT?

If the world is infinitely complex, but computer systems are fy f /

n Y ¢ = r "i“‘. T | m /

: : N . sptia‘lﬂlle_c'ic»ation:
attention to the questions U R W . 756035.35
« WHAT should be represented?.  .¢ 3

Al E Y: 127844.94
[ EhTH Y Bt e

Associated Data:

Attributes (non-spatial)¥

Type Color LastFix FlowRate Repair
Fire Hydrant Red 6/23/03 200gpm No

< .
WATS 4930




CHOICES FOR DIGITAL REPRESENTATION

- Throw away or ignore non-
essential information

* Lose detalil

« BUT, cover broader
areas

 Discrete Objects vs.
Continuous fields?

or

< .
WATS 4930 S




REPRESENTING THE REAL WORLD

Two most common spatial models for storing
geographic data:

vector data model
geographic data
is stored as
coordinates

raster data model

a matrix of square
cells represents
geographic
information

v

v

UtahStateUniversity
Fs (THR™



Smart Vector—Pavement polygons

DUM B IMAG ES 0ID | FEA_C| Area_PC FEA t:uDE____j o
o 165 2 557509 | Paved Drivevsay - / S / v/ /{
1| 165 0177534 |Paved Driveway {1/ /J7 =7 / /4 o
& SM ART GIS D ATA 2| 161|  404B64113|Paved Road E (5301 [ / S
3 165 25091809 | Paved Driveway i e | O /.{ [ Jis \
4| 169]  11.185954 |Grass or Planted Meu:l]/ '—?‘/ / /~‘l£‘,_ '/,'/
5| 165 95809233 | Paved Driveway RS
6| 163|  27.941142 Public Sidewalk & | o Lo/ /) e /8
7 165 104299646 | Paved Driveway | /) |
a 165 35484622 | Paved Driveway !
9 165 80215827 | Paved Drivewvay
10| 183 17.667767 |Public Sidewalk
11 165 147 BRERRZ [Paved Driveway
12 165 78181746 | Paved Driveway
13 165 193456338 | Paved Driveway
(-
Smart Raster—5 feet grids
Yalue Count FEA_CODE Prct_tran | Prct_land
160 62306 | Paved Alley E.05E571| 1.622552
161 441326 |Paved Road 35.816712| 11.492865
162 350 | Unpaved Road 0.028405 0.009115
163 70285 | Public Sidewalk 5.704123| 1.830339
164| 532582 |Paved Parking Lot 43.222773| 13.869323
165 96854 | Paved Driveway 7.060354| 2522240 M
166 £119|Paved Trail 0.496600] 0.159349| &
167 £513 | Bridge 0528576 0.169609
163 11518 |Paved Madian 0.934767| 0.299348
169 4326 | Grazs ar Planted Median 0351085 0.112656
tes

What makes data smart?

A

-Ilm UtahStateUniversity | | - } '; f_"_" / ‘ (i\
e = ATS 4030 S5



TODAY'S PLAN

I. Basics of GIS Data
I. Attribute Data and Types

II. Vector Data Models
I. Topology
II. Attributes

III. Raster Data Models
IV. Comparison of Raster vs. Vector Data
V. Data & File Structures




ATTRIBUTES

e Non-spatial
properties or
characteristics

e Attribute tables
store

— Different attributes
in columns

— Different objects in
rOws

Object: Spatial data:
fire hydran‘r hydl"GI’ITS in a district

Y Rt

-\
/:

Attribute data:
properties of hydrants

ID | Flanges | Color Rating
1 3 red high
2 3 red high
) 2 green low
4 3 red mid

From Bolstad (2008) Figure 2-9

e UtahStateUniversity
" R N




VECTOR ATTRIBUTES

Options Menu

o Power of discrete vector | ssec reistea recorss

Select by Attributes

data is in attributing it Suitch Selection

Clear Selection Editable Fields are

¢ In ArCGIS, the attrlbUte Zoom to Selected Displayed in White
table is whereyoucan [ | ||| |7

. 3
view, search, query, Y- B b B O o x e
SO rt a nd ed it attri bUte Flarc *| Property ID * | Landuse Code| Parcel ID | Residential | Zoning Simple |

u 1542 254211 3893  Mon-Residential| Commercial
data \ H 1543 25431 3300 Residential Residential

u 1545 254511 3302 Mon-Residential| Commercial

r 1545 2h4E |1 EEme ] Rezidential Besidential

u 1547 2547 1 3904 |  Mon-Residential| Commercial

u 1548 254811 3305  Mon-Residential| Commercial

u 1543 254511 3306  Mon-Residential| Commercial

u 1550 255001 3907 Residential | Fesidential

u 1551 255111 3308  Mon-Residential| Commercial

u 1552 25521 3309 Residential | Fesidential

u 1863 E553 |0 7910 Mon-Residential | <Mull:

n 1555 25551 32| Mon-Residential | Institutional

u 1556 255611 3913 Residential | Fesidential

1557 2557 11 3914 Mon-Residential | Commercial b
£ >

T 1487 » M E # {2012 out of 3523 Selected)
v 4 ]

Edit-Mode Icon

Show Selected Records

Show All Records

Selected and Total
Record Count

Tahle Mavigation Contraols

UtahStateUniversity



SELECT BY ATTRIBUTES

Select By Attributes Elb_(l
Laver. B> LISA Counties - ¢ Very pOWerfUI query
|| Oriby zhows zelectable lapes i this list =
I e ; methods for selection...
"HaME" L
"GTATE_MAME™
“POP2000"
"POP2005"
“POPOD_SQMI"
"POPOE_SOMI 3
(= (o] (tne) | atens -
L2 J|o=] [And] | ieara’
|_ P J m [ o J EE%; Select By Attributes
L (o] o v Lot [ ush coures B =]
[ 1 Only show selectable lvers in this kst

E] Ga Ta:

SELECT * FROM counties WHERE:
"STATE_MAME" = Talfornia'

Method | Craste a new selection v

:'STﬁTEEh Add io eueienl selechon
ORI Fieanowe from cmmlﬁh_n:lim
“EOE08 Sebact om cument zelection

“POPO0_SOMI™
“FOPOS_SQMI"

| Clea || wveiy || Heo || Losd. || Save. | <> | [Like | | Mabama’

ok J[ seoy | [ Cos |

UtahStateUniversity - . . e i et | . WATS 4936{!\\.‘;



RASTER ATTRIBUTES

YALUE|COUNT TYPE AREA |CODE

OID
0 1 g Forest land | 8100 |FLO1O
1 2 5 Wetland | 4500 |WLOO1
2 3 e, Crop land | §100 [CL301
3 4 11 Urban 9900 | UL040

MoData

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

e Categorical rasters, can have or be linked to
attribute tables...

UtahStateUniversity & http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#//009t00000008000000.ht



TODAY'S PLAN

I. Basics of GIS Data
I. Attribute Data and Types

II. Vector Data Models

I. Topology
II. Attributes

III. Raster Data Models
IV. Comparison of Raster vs. Vector Data
V. Data & File Structures




VECTOR DATA TYPES

A single x,y coordinate that paints |
_ represents a geographic feature too )
» Point  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

» Line

» Polygon A two-dimensional closed ‘l_';"'gl {Jrr |
figure with at least three — | j
sides that represents an " | -
area. L




ACCURACY AND PRECISION OF VECTORS?
PRECISE ACCURATE

dhwdah
v

Repeatability o

Pptentially Closeness to a
biased true or target
value




VECTORS IN ARC...

Referred to as features.

e Feature Class
e Feature Dataset
e Shapefile

Lﬁ Feature Dataset

Collection of feature classes

il I ]
@ Topology

2] Terrain

Network Dataset
ﬂ& Geometric Network
NL7

Parcel Fabric

Data Type

Coverage

Feature Type

Paint
Line
Polyzon

(container)
Point

Line
Polygon

Point
Line
Polygon

EEEQ HEEE

B EH Y

UtahStateUniversity
M (T



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




SPATIAL RELATIONSHIPS

Intersection or
Over/Underpass?

Manage /\
Overlap — T ——
— T T T ——

Containment

SRS sy ol S5,

Adjacency




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 a8

multiple attributes - RN

- Every place must be exactly " '

within one area, or on a EEEE
bounda ry T

MUTUALLY EXCLUSIVE

UtahStateUniversity

UTAH

SWReGAP
LANDCOVER

o

<, 3
WATS 4930



NON-TOPOLOGICAL PROPERTIES

.- If a map is stretched and distorted, some
properties change: ‘
 Distances
* Angles
 Relative proximities




TOPOLOGY

What does that mean to us?

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

Topology allows us to:
eManage shared geometry —

_—Shared
Edge

eDefine and enforce data Parcel A | Parcel B
integrity rules

eSupport sophisticated =
editing tools that enforce
the topological constraints ‘

of the data model

eSupport sophisticated

Poly A Polygon “A” CONTAINS

query tools “ points F and D but NOT C
A
UtahStateUniversity » ~




TOPOLOGICAL PROPERTIES

Other properties (fopological properties) remain constant
after distortion:

« Adjacency
« Containment
« Connectivity

« Areas remain areas, lines remain lines, points remain
points




(SOME) TOPOLOGY RULES

Must not overlap

Polygons must not
overlap within a
feature class or
subtype.

Polygons can be
disconnected

or touch at a point or
touch along

an edge.

Polygon errors are
created from areas
where polygons
overlap.

Use this rule to make sure that no polygon overlaps another

polygon in the same feature class or subtype.

SN S AS
A, JUGA

A voling district map cannot

have any overlaps in its coverage.

Must be covered by feature class of :

The polygonsin

the first feature class
or subtype must be
covered by the
polygons of the
second feature

class or subtype.

=
o

Use this rule when each polygon in one feature class or subtype should

Polygon errors are
created from the
uncevered areas of
the polygons in
the first feature
class or subtype.

be covered by all the polygons of another feature class or subtype.

Boundary must be covered by

Polygon boundaries
in cne feature class or
subtype must be o 1

covered by the lines

1 1 1 1
of another feature 1 1 ] 1
class or subtype, 1 [] 1
1 M i
U ]
1
1

A

Line errors are
created where
palygon
boundaries are
not covered by a
line of another
feature class or
subtype.

Use this rule when polygon boundaries should be coincident

with another line feature class or subtype.

#AN UtahStateUniversity

' s

States are cavered by
counties.

J_I_

Major read lines form part of
ourlines for census blocks.

Must not have gaps

Falygons must not
have a void between

them within a
feature class
or subtype.

Line errors are created
from the outlines of void
areas in a single polygon
or between palygons.
Polygon boundaries that
are not coincdent with
other polygon
boundaries are errors.

=

- (=

g

[
&
7@\%\

Use this rule when all of your polygons should form a continuous Soil polygons cannot include gaps
nor form voids—they must form a

surface with no voids or gaps.

Contains point

Each polygon of the
first feature class or
subtype must contain
within its boundaries
at lzast one

point af the seconed
feature class or
subtype.

D

Polygen errors are
crzated from the
polygons that do not
contain at least one
point. A pointon
the boundary of a
polygon is nat
contained in that
polygon.

Use this rule to make sure that all polygons have at least one
point within their boundaries. Overlapping polygons can share a

point in that overlapping area.

Must not have dangles

The end of a line must
touch any part of one
otherline or any part

of itself within a
feature class ar
subtype.

Use this rule when you want lines in a feature class or

subtype to connect to one another.

Point errors are
created at the end
of aline that does
not touch at least
oneother line

or itself.

continuous fabric.

Parcels must contain at
least one address point.

A street network has line segments that

connect. If ssgments end for dead-end roads or
cul-de-sacs, you could choose to set as
exceptions during an edit session.

ATS 4936\\




NETWORKS AND TOPOLOGY

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

streams ;

If a spill occurs in the
lower section of segment
4 3, what other segments
will be impacted?

What nodes will be
impacted?

Topology allows us to
understand FROM and
TO nodes.

Segments:
3,6,7

Nodes:
€ g, h

UtahStateUniversity
P s N



NO TOPOLOGY PLANS FOR NOW...

e For now we don't have any = =
topology lab exercises = Bl =
planned. =_I ]

e However, this could be H ==
something you want to O S
teach yourself for your T
projects

(http://training.esri.com/acb2000/showdetl.cfm?DID=
6&Product ID=793)

e See for more info:

http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html#
/An_overview_of topology in_ArcGIS/006200000001000000/

UtahStateUniversity

o1
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http://training.esri.com/acb2000/showdetl.cfm?DID=6&Product_ID=793
http://help.arcgis.com/en/arcgisdesktop/10.0/help/index.html

TODAY'S PLAN

[. Basics of GIS Data

I. Coordinate Data
II. Attribute Data and Types

II. Vector Data Models
I. Topology

ITII. Raster Data Models
IV. Comparison of Raster vs. Vector Data
V. Data & File Structures

=

ATy,
WATS 4930 &



RASTER DATA MODEL

e Each location represented Grid Extent
by a cell (pixel)

e Cells organized as a ) Grid
matrix of rows and 2 Cell
columns called a grid =

e Each grid cells contains 231 gz:ﬂe
numeric values that ~ Resolution| Y
represent some kind of Columns
geographic phenomenon Y

I cell dimension

i
Lcoordinm'es of lower-left cell

UtahStateUniversity
FdeT




RASTER DATA

e May represent either:

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

— discrete features with
categorical values
(classes)

WATS 4930




RASTER DATA

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

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

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

Lpper-left carner Cell Size
. e

WaEue Fire Spread

Cray 1
Cray 2
Cray 23
Cray 4
Cay 5

Y vy

Tttt

th o L R =

Fows  Columns

UtahStateUniversity

o1
s " e



RASTER LIMITATIONS...

I -I Raster data
—_2+f generalizes the
L[ ™ real world.

UtahStateUniversity
et N



RASTERS: NOT PRECISELY REAL

o 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)

iadll UtahStateUniversity
‘Wre’



RASTERS: THE MIXED PIXEL PROBLEM

Largest share rule

N\

Central point rule

=

<
WATS 4930 &



RASTER RESOLUTION & THE N2 PROBLEM

Camp Williams 1988 SAVI, 30 Meter TM Data Camp Williams 1988 SAVI, 80 Meter MSS Data

100 meter, 4 cells 50 meter, 16 cells 25 meter, 64 cells

ATS 4930'“\%*



RESOLUTION TRADEOFFS

USG5 30 m grid DEM Survey Grade 2.75m DEM

30 m

[ Barder
Suwey DEM [FL)
n Eaaﬁ. A- AT 4
UBEE LE cm :g-j:ﬁ-: N
I - Eﬂ&}l-‘l--!ﬁl:ll
Eum m? :I:;?: dgﬁd ¥ ¢
w E ..:99.: a3.4
E 4851 3 — IRES 3

-m: qugu

. Coarser resolution = Ioss 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

UtahStateUniversity
Fa Fru
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10 m DEM

vs. 1 m DEM (LiDAR)
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RASTER TERMINOLOGY

e All rasters have the following
primary properties

ﬂ
— 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) \ :

e From which the following
secondary properties can be
derived:

— Width & Height

UtahStateUniversity
& s



ORTHOGONALITY

e Orthogonal rasters
must: I

— Share exact same grid I
resolution

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




CONCURRENCY

e Grids are orthogonal
and:

— Share exact same
extents

Top

—_—
Layer Properties ‘ t sl
| General ‘ Source | Extent I Display | Symbology| q) @
| " —
Property Value o m
Pyramids level: 1, resampling: Mearest Meighbor
Compression None
Status Permanent I M
E  Extent =|
Top 4951633.223 M
Left 715469.6149
Right 715565.9149
Bottom 4951477.423
=] Spatial Reference MAD_1983_UTM_Zone_10M -
Data Source
Data Type: File System Raster -
Folder: C:\Docs\ProfessionalManuscripts\Geomarphology\BeaverDamFailures
\analysis\GCD Inputs\Boundary Nov 09 Mov 10%
Raster: Nov03_cc_dem1.img

— -~
-r.'.‘ Utahs. tateUniversity ATS 493&




MASKED EXTENTS

e Rasters that have the
same masked extents,

Input Mask Toal

simply have the same I —

nodata cells

Left Right
715469,000000 715566,000000

e The mask can be P

Snap Raster

d e rlved fro m a po Iyg O n | C:\Docs\ProfessionaI\Manuscripts\Geomorpholog)r\Bea\rerDamFaiIures\AnaI)rsis\GCDS_Joe\Bndy_Eﬂ

¥ XY Resolution and Tolerance

or a raster

¥ 2 Values

¥ Geodatabase

e A concurrent raster ¥ Geodatabase Advanced

¥ Fields

mask is the most

¥ Cartography

accurate: el
e NoData Cells allow S )

Mask

S pa rse ra Ste rs | Bndy_2009-2010_JMW\DoD\2010_Nov_DEM - 2009_Nov_DEM\2009-2010_DoD_Uniferm_95 | m

¥ Raster Storage

¥ Genstatictiral Analusic

Ok ” Cancel ][ Show Help == ]




TO DO MAP ALGEBRA, RASTERS NEED TO
BE COMPATIBLE (i.e. Concurrent)
o Compatibility defined
by orientation, origin
and resolution

cell A

LAYER_1

iput] q(

} | biww
Map algahraaparaﬂan|".__ P ey g cell size

)

CIIItEIIt ] .

i
Output cell center /

identifies the input value I




SAME NUMBERS & ROWS, BUT...

. Same resolution, different
" orientation, different origin &
“‘ extents (but same width &

" height)

Same resolution, same
orientation, different origin
& extents

Different resolution, same
NOT CONCURRENT orientation, same origin

WM UtahStateUniversity
AU e g



EVER SEEN SOMETHING LIKE THIS?

e The consistent
horizontal and vertical
bands are systematic
errors!

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

e They are artifacts of
resampling a raster to
extents that were not
orthogonal to the o _"L“ it

eds_Area

original raster T Low 1289

———JKilometers

f UtahStateUniversity



ARC HIDES USER FROM THIS UGLINESS

o If you give ArcGIS two overlapping but
non-orthogonal rasters, it just lets you
do the raster algebra... 9ITE

e It does this by a combination of using \@

— Environment settings to select extents  [RRERLIENEL
and a grid resolution; &
— Resampling to make concurrent grids so Qegl s

raster algebra can be done
e The result is the geoprocessing tool

usually works... and the user has no .
idea what it did behind the scenes




RASTERS: SUMMARY

e Grid provides inherent location information

e Features lose spatial identity as aggregations

o All features treated same way

e Often not very precise, depends on cell size

e Simple computations

e Usually many-to-one cell to attribute table

e Areas of inadequate info receive NODATA

e Accuracy depends upon representative sampling
e Are overlapping rasters orthogonal or concurrent?




TODAY'S PLAN

[. Basics of GIS Data

I. Coordinate Data
II. 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

S

<
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REPRESENTING GEOGRAPHIC FEATURES

e The raster data model can represent discrete
features but...

—A linear feature as a series
of connected cells

—A point feature is
represented as a single cell

—An area feature as a group of
connected cells

—Uniformity facilitates mergers




VECTORS VS

e Best for Objects
e Can do surfaces (TIN)
e Complex Structure

o Efficient Storage

e Slow Processing

e Precise at all scales

RASTERS

e Best for Surfaces

e Can represent objects
e Simple Structure

e Large (compression)
e Rapid Processing

e Precision depends on
cell size relative to
features




MORE COMPARISON (FROM BOOK)

Characteristic Vector Raster
Storage Small for most data sets Large for most data sets w/o
Requirements compression

Analysis Preferred for network Easy for continuous data, simple
analyses, many other spatial | for many layer combinations
operations more complex

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

3L UtahStateUniversit
L . ATS 4930 J



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

WATS 4930 <&



VECTORIZED DATA

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

e Variety of acceptable formats:
Ascii text (*.txt or *.asc or *.dat), tab or comma deliminated (*.csv),
excell (*.xls), or shape files (*.shp and *.shx).

|
(=]
3
Ed

B 1121 T

B 65 €3

2004pts.csv - WordPad =& _1aE

File Edit View Insert Farmat Hel (i

e ! e dnser orma el File Edit Wiew Insert Farmat Tools Data  Window  Help

DEH SR A 1 B B To Important to

- i A »

| Foint Id, Northing, Easting, Llevation,jd Quality,Date | | 0= = Ib. g ¢ 0. = Zl [ﬂ % T -

1.79201F 2 RS7, 2E4307 6477, 552 . 397, 0. 0125, 07/19/2004 N9:38:29 Tl @ 2 » have a
1,793080.139,2584354.2008, 349.65865,0.0151,07/19/2004 11:23:55 K T

,792881.1023,2584319.2929,351.7596,0.0202,07/20/2004 09:16:45 o - B I
,792987.3826,2584349.7517,350.6851,0.0179,07/20/2004 09:20:30

A s header &
,792912 .4397,26845310.0751,352.1273,0.0142,07/21/2004 09:35:21 m E -

,793088.161,284417.6764,350.1415,0.0153,07/21/2004 09:45:42 E5 - # 293 River Bottam =
,792556.6511,2564358.15687,356.317, 0, 0234, 07/22/2004 10:18:05 ‘ & B c D E 1 knOW unlts
,792692.1368,264338.2991,353.9163,0.025,07/22/2004 10:19:21 1 |PointhMurkelFesting  Morhing  Flevation Desorifion | — |

, 7925693
,793116.2
,792636.7
792646, 7
,793116.%
,792865. 1
,792555.7
,7I2E7LLE
, 792516,
,793074.5
,792911.°
, 793073,
, 792881,
,792987.
, 792912 .

,79305?.£ Y (northing) .' Faie” '. *
et} Irregularly distributed
: X (easting)

, 793115,
, 792636,
, 792648,
,793115.§
,792865.1153,254378.782,351.4505,0,01595,07/23/2004 09:44:05

point data

LR R R R S R N

1| 1 i 2002PPAD1_PENZD metric [« T T T b
.792555.789.204409.321. 354. 6453.0.0236.07/27/2004 03:40:27 ) | N = = [T [ I

For Help, press F1 MUM Ready

A 54

WA UtahStateUniversity



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:

dem_0500cm.asc - WordPad B@
File Edit Wiew Insert Format Help
el &k 4 [i= 5
ncols zz32 H
nrows 2220
xlloorner 1950303 .054778
vlloorner 586341.562278
cellsize 5
NODATA value -9339
-9999 —9995 -5995 -5980 -999g lgosg -g
P i N N [ N o [ o Y o [ [ [ — o999 g
-9999 -9995 -5995 -9999 -9999 D = E % & ﬂ @5 L9asg -3
-9999 -9995 -3995 -9999 -9999 Lgasa -a
-9909 -9995 -5995 -9999 -9999 loooa -0
-9999 -9993 -g995 -9993 -9999 ncols 2232 Loags -
-9999 -9995 -3995 -9999 -9999 Loasa -a
-9999 -9999 -5995 99959 -9999 nrows 2z2z0 logge g
-9993 -3995 -3995 -3939 -9999 l999g -3
-9999 -9995 -3995 -9999 -9999 xlleorner 1550303 .034773 Loasa -a
-9999 -9995 -5995 -5980 -9999 vlloorner 585341 .562278 Loggg -g
-9993 -3995 -3995 -3939 -9999 l999g -3
-9999 -9995 -5995 -9999 -9999 cellsize 5 L9asg -3
-9999 -9995 -5995 -5980 -9999 Loggg -g
-0999 -9999 9999 -9999 -9999 NODATA walus -59399 oggo -9
-9999 -9995 -5995 -9999 -9999 L9959 -3
-9999 -9995 -3995 -9999 -9999 9953 -59353 -3353 -3353 -3333 999'—9999 -3
-9909 -9995 -5995 -9999 -9999 —-g9999 —9999 —-9999 -—-9999 —-99993 -999¢o00 o
-9993 -3995 -3995 -3939 -9999 9999 -3
-9999 -9995 -5999 -9999 -9993 -99399 -9900 -0589 —9008 -95595 -O000 -0098 -0095 -5990 -0o50 -0900 -5989 -9989 -9

<L 2]

—-9999 -9999 -g999 -999g -0999 -9999 -9999 -Qgo9 -9999 -9999 -95g9 -9999 -9999 -0995 -0o09g -9999 -9999 -Qgoo -9
—5993 -5335 -59593 -995% -9933 -99359 -95933 -95993 -359595 -9593 -55335 -9335 -5993 -58335 -9993 -9935 -9993 -5555 -9
-9993 -3333 -3J339 -99399 -93393 -9933 -9933 -9933 -3999 -9999 -9599 -3333 -9339 -9935 -39933 -9993 -9993 -9933 -3
—-9999 -9999 -g999 -999g -0999 -9999 -9999 -Qgo9 -9999 -9999 -95g9 -9999 -9999 -0995 -0o09g -9999 -9999 -Qgoo -9
—5993 -5335 -59593 -995% -9933 -99359 -95933 -95993 -359595 -9593 -55335 -9335 -5993 -58335 -9993 -9935 -9993 -5555 -9
-9999 -3333 -393939 -99399 -99339 -9933 -993939 -9993 -3399 -9399 -39599 -39333 -93933 -9935 -9933 -99939 -9993 -5533 -3
—Q998 -0Q998 -0Q999 -99949 -99949 -99849 -99949 -994949 -99Q4q -9QQQ 99494 -9QQ4q -9QQQ -9QQQ -9QQQ -QQQg -—QQQg -QQQg —Q[v]

For Help, press Fi MUM
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COMMON FILE TYPES (Beyond ASCII)

Type & Source

Extension

Characteristics (R=Raster, V=Vector,

DLG, USGS

*.opt, *.ddf, *.dbf

A=Attribute, I=image)
Digital Line graph Data (V,A)

DXY, AutoDesk

*.dxf

Drawing exchange file, an ASCII or binary file for exchanging
spatial data (V)

* Native binary file used by AutoDesk to store drawings in
DWG, AutoDesk .dwg R
Interch ange, 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
! e MaplInfo (V,R)
DT Spatial Data Transfer Standard, specifies spatial objects,
S S’ US Gov fielns attributes, reference system, data dictionary, and other info
(R, V, A)
X Hf X Hi An extension for geo-referencing Aldus-Adobe public domain
GeoTIFF, Workgroup tif, *.tiff e
DEM, U.S.G.S. * dem ASCII text format used ot distribute elevation data (R)
Imagine ERDAS * img Multiband-cpabale image format (R)
7 .




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




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?

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

il UtahStateUniversity



LAB 2 — COORDINATE DATA, PROJECTIONS &
TRANSFORM

vHandheld.

Overview of Bear Valley Creek Studysite locking upstream (Photo ©
2010 by Sara Bangen)

Crew members recording information at s transect during a habitat
survey at Study Site (Photo © 2010 by Sara Bangen).

WATS 4930\\‘




LAB 2 — COORDINATE DATA, PROJECTIONS &
TRANSFORMATIONS

L g7 s g7 I
2 2 = R
Legend
TIN (unprojected)
Contours (0.5 m)
’ , Contour
—— ncex Contour
Edge type
- - — ot Ecge
— vars Edga
Elevation (m)
X 045995
o Topo Survey Points [~ o o 9949945 "o
2 2 2 e 008 2
~ —— Thalweg N ~ B 0535035 N
Hard Breakli o509
ard Breaklines [~
cp2  Control Network L
7 2\ I os0 5991
VAL, Type . 505905
& senchmark . oo
émz 6m3 /o\  Control Point M
i L il seos-oeos |
g 3 g
& T T B 2 T T Q
1950 2000 1950 2000
I T T T 1 I I I I 1
0 25 50 75 100 Meters 0 25 50 75 100 Meters
A B Unprojected Cartesian Assumed Local Coordinate System
Legend
Werted Channel
Detrended DEM
Bevation (m)
R g £ 104 314 2
B owissen a
3

Data:
Projected in UTM Zone
12N, real world

D et | S i | il |

Site in ChampMonitoring.org Google Maps Interface

coordinate system

282450

N 0 25 50 75 100 Meters

UtahStateUniversity C

Projected UTM Zone 12 N (NAD 1983) E Site in Google Earth




LAB 2 — COORDINATE DATA, PROJECTIONS &
TRANSFORMATIONS

b::rm, northing, easting,elevation

1,4962349,282436,1956
2,4962333,282449,1959
3,4962345,282457, 1958

A GPS BENCHMARKS

Converted to UTM (metric) & Overlaid on Aerial

/ 0
/
ﬁl °4BM_2

UTM SPACE

Three intervisible benchmarks,
spread out across survey area
& acquired with both GPS & TS

CHaMP

Transformation
Tool D q

UtahStateUniversity

B TOTAL STATION SURVEY:

Assumed Coordinate System (metric)

e BM_1TS

4

$BM_2TS

=
ASSUMED SPACE

1 HORIZONTAL SHIFT
Shifted TS Data to UTM Space

// 5
N
UTM™M
SPACE

2 ROTATION
Rotate around BM_3
'*% o BM_1
“ 5
;
{ A i
aler °
BM_3
e BM_2 | S
o A -7
UTM “f‘\
SPACE

AFFINE TRANSFORMATION




READING FOR TODAY

GI5 Classroom

Assignments = Reading Assignments =

Home H
_ Reading from 1/14 Lecture on Data Types
¥ About the Courses (Syllabi)
Grades posted a minute ago by Joe Wheaton
'I'.ht! 2
. Instructors 8 —
'i : Primary Learning Outcomes Follow up reading to the lecture on data types: }
Software ) +
e : - » Although Bolstad's chapter is a nice generic review, it is actually more helpful to talk specifically about the data  #
s ELLE S e formats that ESRI uses. Read through the following pages: "4
| ¥ Assignments e How a GIS represents and models geographic information Fi
o Labs (4930,/6920/6915) & Three fundamental representations of geographic information lavers &
= Project (4931/6921) « About Gepgraphic Data Formats
, N + |fyouwant more background, skim very briefly the following from Chapter Two (Data Models) of Bolstad
Reading Assignrments (2005)
Class Announcements o pp 25-30 in detail (especially part on coordinate data) GIS Fundamentals
Class Calendar o skim page 31 on Attribute Data ot Tt i ogrverne
Class Forum ¢ skim pp 32-42 on Vector Data
. o ckim pp 42-46 on Raster Data
o Lz I:;Iun:k REf"_ErEHCEE _ o skip pp 47-60 (or very quickly flip through)
} Getting Organized and Oriented o pp61-62 in detail starting with ‘Common File Formats'
Figure Preparation Guidelines
Mice Maps!
: GlI5 Class LibGuide
s Help
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