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( Spatial Analysis > SA )

The Heart of the GIS

' :I @i—? J ( vector and raster )
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GIS Works: Vector Data Structure

MAPS AS DATA -- a GIS map is an organized set of numbers

MAF (Template)

A data hase can be ’‘searched’
for map compartments with
certain requirements (large,
youny, Douglas fir stands on
Cohassett s0il); a map is
produced locating these areas
(repackage; display).

Feature #2:

" WHAT tHEMATIC ATTRIBUTES

Linked by ID#

X,y

Yy DATA BASE

XY WHERE ID | SIZE |COVER| SOIL | AGE | ETC,

: #1 65 | MDH | ALY M -
MAP FEATURES w2 | 123 FF | COH | 6@ _

#2 | 206 PP | SRF | 55 =

Tenplate maps can be summarized #a | 119 | DF | cod 5 -

for tuypical charvacteristics

(average slope for each mapping #3 67 PP SRP 33 -

compartment) and new fields are

added to the database (create #6 _ _

new spatial information).

...Vector|data is ideally suited for Computer Mapping and Spatial Database Management

GIS Works: Raster Data Structure

AAPE AS DATA —— raster data is an organized set of cells

MATRIX
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iy Linked bu ool il
H.¥ TN BAEE
: WHEEE col18]] 10 [ 2128 [covER] so1L | ack
MAF FEATURES i il &S MDH | nLY >
2 L3 B3 MDH ALY r _
#3 ([t | AR5 | MDM | L | o3
fn wmaginary grid 18 used o
inply a set of contiguous crlls L LI B3 MIH | ALY b
covering anm area. Each cell i= LE] L B3 MDH | ALY 2>
Aatloned a valwe indicating ite = Bl _ _
thenatic chearactevristic.

...Raster data is ideally suited for GIS Modeling
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¢ Coordinate system is implied

¢ Neighborhood functions can be used (cells
analyzed with respect to the cells around them)

¢ Accommodates discrete data such as soils as well
as continuous data such as topography

¢ Processing algorithms are more efficient than
vector routines

¢ Scanned data is inherently in a raster data
structure

¢ Compatible with other data collection and
manipulation software (e. g., remote sensing)

Raster/Grid/Cell Data Model

= LAMD COVER

ROADS
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¢ Functional category

— Local operation
* Recode/ mathematical transformation ......

— Focal operation

* Neighborhood filtering/ terrain analysis/ .......
— Zonal operation

* Zonal shape/ zonal statistics .......
— Global operation

* Spatial statistics....

P HL AL

¢ Bird’s eye view — layer based ( human )
¢ Worm’s eye view — location based ( computer )

g

53 E.a’% 13

Figare B4 Moo rorl-meeemdon szedd 21 Opsmda TE AT ore
Uk paLk L e et il b des ez s e e

e .n.......-.. B e iyt
Fa SR, e -0 TAEES IGEAE, T 1% S TSR




<
]
)
&
; S
¢ =31
~~ i ~~ RS
— - 8 &
— : et o o
4 7 =8 FEsanees
i = s. FEE
.ml. p < w Ea mum.ﬂ.,nw.":;»
h —_— ) o p— L o e ;&_:,ﬁ,»wm E eSS 2
) d 1 h s ST S R R s Bt
C . +— /) R AR R R R R SRR S AR B R
n 2 o . ] 2 = %
o .© B mEametiaainan = S g
‘= $= R fe s e e o v 8 §
t a . p— o y— n Ln“u. 0
oo Q W.c N SR =
O = 3 -— 0 8 9 &
—_— O O g = —=
o = X
S R = — S
5 O o IR o
p— d O (@) o = =
o p—t > ©» a = o O =
= o v— A oy =h) @w £ g
a o -~ A < <
o = | < © & ° &
— |
) e




Spatial Analysis Kernel

LI I T I B O Yig | g | Vg (A B I A

1 1 4 |1 1 X Y9 | Yig | Yo = 1 1 1 1
1 1 1 1 1 1/9 1/9 1/9 1 1 1 1
1 1 1 1 1 1 1 1 1
Input image Fiiter weights Output image
Kernel,
Template or
Filter

Spatial Relationships(I1I)

¢ Area

— A group of locations that are bounded in a
specified area
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— Single layer
— Pairs of layers
— Multiple layers
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RECLASSIFYING MAPS -- 'Becoloring Maps'
DRYLAND
@ HATER
1 LAND

Newmap values a function of values on a single existing map; no
new spatial information is created.
aY _, (&Y
) o

o Position -- %cale, Projection, Rotation, Coordinates

COUERTYFE

1 HATER
2FIELD
3 FOREST

»

o Initial VYalue —- Relakeling, Aggregating, Heighting,
Constant Math, Contouring

o %Size -- Humber, Length, Perimeter, Area, Volume

o $Shape —- Spatial Integrity, Boundary Configuration

o Contiguity -- Clumps

Reclassify operations merely ’repackage’ existing map information
such as genepating a binary land/water map from a covertupe map.

1% 5 #r(Buffering)

o PHEETAIP I X - o R I 25 [P
£ BN (Buffer)
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o 5t F&' 73 PrOverlaying
¢ Map algebra
¢ Map calculator ( in Arcview )
— Arithmetic
— Logical
— trigonometric
— Logarithmic

— Power

OVERLAYING MAPS -- 'Light-Table Gymnastics'

COVERTYPE

1 HATER
2 FIELD

3 FOREST 11 WATER - WESTOH
12 WATER - EASTON
» 21 FIELD - HESTON
22 FIELD - EASTON
TOMNS 32 FOREST - EASTON
1 HESTON 31 FOREST - WESTON
2 EASTON

l P-B-P *'Spearing’
&4 R-H'’'Lacing’
‘ M-H * Plunging’

Hewmap values a function of

values on two or more existing
maps; new spatial information ’
is created.

o Point-By-Point -- Arthmetics, Averaging, Selection, Masking,
Pepmutation, Diversity, Proportion, Logical

o Region-Hide -- Some Aprithmetics, Permutation, Diversity, Logical
o Map-Hide -- Map (Nariakle), Point {(Case), Value (Measurement}

Map overlay uses P-B-P, R-H and M-H procedures to create new
spatial information by combining two or more maps. The COMBINED
map above identifies COUVERTYFE for both TOWNS as unigque numbers.
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Measuring Distance As “Waves” (spiash)

1414
. Diagonal

7T

/ 6
/7

0 —f—0

1.0GS

0.0 5 Orthogonal

Simple Distance — orthogonal step
(1.0); diagonal step (1.414); concentric
rings (waves); retain minimum distance

Weighted Distance — half steps times
the impedance factor (friction); absolute
barriers have infinity assigned; relative
barriers are expressed as friction values

...like all movement, it starts somewhere (starter cell) and moves through

geographic space by steps (wave front)
(Berry)
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Establishing Optimal Paths

Surface Flow Confluence ~ Stream - likea
raindrop, the “steepest

downhill” path
identifies the optimal
path. If the surface is
a proximity map, the
optimal path identifies
the shortest (not
necessarily straight)

Ealwged Sxciod  poute between any
wifeepast downiull paih location on the
fndizates surfice flow surface and the closest
Elmadion Surfice starting cell (point,

{ir i) .
line or area).

Drain — accumulates the optimal paths from many locations. Higher “Drain”
values indicate locations that have numerous optimal paths passing through it.

(Berry)

S 55 A

UISUAL EXPOSURE -- line-of-sight contact

from location{s} to everuywhere

*wisual exposure density surface’
notes how of ten each location

is seen from a set of viewer
locations

Viewer LELT L

Screens

Surface

Eeen Hot Seen

"Wiewsheds" chavacterize the inter-visikility among locations.
Etraight lines in 3-dimensional space connect locations
forming the viewshed from viewer location(s).

(Berry)
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Calculating Visual Connectivity

Tangent= rise/run G
All directions P

Viewshed

Elevation
Surface

e
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Seen if new tangent exceeds all
previous tangents

Radiate — visual
exposure is calculated
bay a series of “waves”
that carry the tangent to
beat.

Simply — viewshed
Completely — number of
“viewers” that see each
location

Weighted — viewer cell value
is added

...like Spread, it starts somewhere (starter cell) and moves through geographic

space by steps (wave front)

(Berry)

] (#57) I

Interpolation Techniques (Inverse Distance, Kriging, MinCurve)
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Sample Col Row

—#1 5 5 @
2 18 5 8
3 15 5 33
4 2B 5 68
5 5 1@ [
& 1@ 1@ 4
7 15 1@ a2
8 2@ 1@ 87
9 5 15 9
18 1@ 15 2
11 15 15 22
1z 2@ 15 a3
13 20 4
12 1@ 28 25
15 15 28 I
16 2@ 28 16
FIELD SAMPLED DATA
N 2 3 4
r L3¢ e e e
5 ? 8
- R R SAMPLED DATA
9 L 12 ,1553€§
. - - y_,____d__;__e——————————‘f
B
13 5 16 =
[ ° o
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What 1s Interpolation?

¢ Interpolate from sample points

¢ Procedure to estimate values at unsampled locations within sampled
region

+ Example: Terrain, pH value, water quality

+ Based on the principle of spatial autocorrelation or spatial dependence

— Spatial autocorrelation — measures degree of
relationship/dependence between near and distant objects

D]

BRI

T

¢ Implements Tobler’s First law of Geography:

“everything is related to everything else, but close things are closely related”

Elements of interpolation

¢ The known points (samples)

— Sample factors - size, limits, location ,outliers

¢ The unknown points (interpolated values)
— Interpolation models:

* Deterministic - create surfaces from measured points, based on
either the extent of similarity (IDW) or degree of smoothing
(Trend).

» Geostatistical - based on statistics (Kriging) with advanced
prediction modeling, includes measure of certainty or accuracy
of predictions.

¢ Different interpolation methods will (almost
always) produce different results.

15



Sampling a surface .-~ |

measurements

¢ Therefore samples
need to be
significant and
random, if possible

.15‘-\.'. 'I.
¢ Perfect surface e
requires infinite O
number of o

¢ Error increases -
WL __';'a;\
away from sample T N
points ERets

Linear interpolation

¢ Interpolation of cell values
— A best estimate between samples
¢ May consider:
— Distance
| — Weight
¢ Used for:
— Predicting

Known Values

Forecasting

1 1125| 125 | 1.375| 1.5 | 1.675

1.875

Describing

Understanding
Calculating
Estimating

Analyzing

Explaining

16



Controlling sample points for
interpolation

¢ IDW, Spline & Kriging support
control of sample numbers
¢ Sample methods:

— Nearest neighbors — you choose how
many

— Search radius — variable or max
distance

¢ Returns NoData if insufficient
samples

IR T P

o BHETRR T T
S JEMIS[Is IR RS 5 (4
DBMS)

- AT LRI B T (O
SPSS ~ SAS ~ S-PLUSZ")

- g‘[ SR fﬁET ﬁ‘/ﬁ'ﬁ ( summarize ) %z
— PYZRIGE] }ﬁ% ( geo-coding ) == Pyl
(address matching )

¢ —k“ J]JT’—?
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O & table with adedresses Salect an addrese locator and sel Following the national postal
specify the address fiaids. spelling sensitivity. conventions, positiens are found
Atkargss b san nein o e vt for each address and points arm
SR st hour mcktragn e created In a new feature class.

table wilh bwo address fislds L e i Standardized addreszes are
e e aptionally written to a fiskd.

R R E L
byl perime

labia wilh sidrassas

12 Eukin Fd 43508 |
=51 LenaCr 2 0ol S 3 Moiching 20dreams can ha ST s
170 Wachasl & [RI0710 o M;‘é“jhl:ﬂ'"' bezause o spolig eroes And incomgies
by k. addrosses. STor oo have proosssasd an
andress lana, yo  wil fioa 8 sencaEgs ol

POl el b wisich Cu paition waes
ermaind. Vi e poapeoteie s missng
adciesmas And oo el tam

Agprani deia ther has
and greel "ame e o
Sakct it 3y, b, v vl iy B

table with four address fields

20 Franckis &wa 132112 vt Pt ﬁ. E.
e J Arkhaas panges or point i

'— B 58 3
/
/////;,77//

Y
HpFE A

B = bk 4515 6 o F Y

18



Specify a tabde with
ZIF Codes,

A point feature class is crealed with
points Tor every Input ZIP Code,

£

Select a ZIP Code lacator that spacities
.5, ZIF Code reference data

Finsutlii 7IP Coda e e
makch s canmaide el L~ | -7 e T
TIF otk pelyora, - ; e g i
Ve il §
[ .-.? £ |.. i bl:\

lakd with 212 {!&:\t!l:J

i _.r". R
AR
A1l AIF Code laoins e the same U5, address.
I k data, but Z17+4 coces praduce amone
L pracise lxcaton

TP e ranges -7 L7
nealdr I e s piecsn -
[l i

LI cocee e In

£l el prHcEe
i,

Seth vl gl ZIF Do
Taldl Wil sl ZIF«2 ranpe
bek woih gscord ZIR4A

~finding ZIP Co

fram-latt
address

slreal narme

address ~ from-rig b &

streel reference data with right and left ranges

fidn right-her dghis poeie
g hpise peele ireel | mheml | ehesl | oeulfx Iull
nere | fgn (dection zone

TR | MAITORT FUTOET QrectkaT s

Prognndiationg Whesser Nolos i maaderlery.

[ Popudaling thessa Nslds & aptonal

stree! reference data with one range

to Streets

Matching Addresses :
[LI< oo | P

rumber| sumber|dr

| Peanlafng e faleg (& mandaion
| ['eoplasng mesa lelos & opiong
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tab
1049

le with addre

T — Finding Building Addresses

m

Mortezuma

115

Montezuma

121

and street name

reference d

field with house number |

The standard
address locator
uses these fields in
the building

@ : B, B
" - 8121 Montezuma |
; @@1]‘5 Montezuma

; 111 Mantezuma
3 e A A
1 109 Montezuma

building reference data

ata.

| Populating these fields is mandatory.

2] Populating these fields is optional.

20



