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What You Will Learn in This Lecture

m Understaond buffers over raster data an different
vector primitives.

m Understand design decisions when selecting buffers,
e.g., when to nest buffers or dissolve their boundaries.

m Learn about examples of proximity analysis.

m Review terms such as the scope of operations or
moving windows.

m Understand the basics of map algebra and how to
apply it to several use cases.
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Some Common Types of Overlays (Recap)

input overlay output

-« X 08
erase @ g
intersect ©—> @
union © e

Fig. 8.4. Polygon overlay operations and
results. Union and intersect join the attributes of
the two input layers. Clip and erase do not.

Analysis, Buffers and Map Algebra K. Janowicz



Introduction
ooe

Dissolve Operation (Recap)

Before dissolve

Analysis, Buffers and Map Algebra

After dissolve

m Creation of

aggregated
polygons based on
merging adjacent
polygons that
share a common
attribute value

In this
neighborhood
example, adjacent
polygons are
merged when they
belong to the same
class.
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Buffers in GIS

m A buffer is a feature or zone surrounding a input
feature (or zone) that is generated using some distance
(and distance measure).

m This distance can also be measured in time (or other
costs).

m Buffers around vector geometries, e.g.,, points and
polygons, are very common, but buffers can also be
computed for raster datasets.

m Buffers are areas.

m Buffers can be combined when their borders are
adjacent or when the buffers overlap.

m Buffers can be nested based on different distance bins.

m A common example for the usage of buffers is
excluding zones, e.g., around a nature preserve.
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Buffers Distance Methods

World - Mercator 1,000 km Buffer

Euclidean

The Geodesic buffers (using a geographic coordinate
system) the Euclidean buffers (using a projected

coordinate system) are computed around the same cities;
notice how they differ.
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Vector and Raster Buffers

Vector buffer

Raster buffer

buffer
distance
<«—>

buffer
distance

input

input
feature

feature

output

output
buffer

buffer ‘AAAAAAAJ
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Vector Buffers

Vector buffers

points lines polygons

input - O
source .
features . ] QS Q
output Q O
buffer O
features O O Q

Note how all vector buffers are polygons.
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Point Buffers

. b) simple buffer
a) point layer ove&lap dissolved

O
O
QQ)

¢) compound buffer, d) nested buffers

overlap idenfified@

Note how c) translates to densities.
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Line Buffers

Line features
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Buffer

outside buffer

enclosed
area

inside buffer
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Variable buffer size based on river size
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Variable-Distance Buffers

river_identifier buffdist|
mississippi 100
missouri 50
arkansas 50
ohio 75
tennessee 75

st. croix 75
illinois 75
wisconsin 75
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Raster Buffers
Buffer distance = 15 units

distance from nearest u&?rs

+—

target cell

Second buffer

Target cell

¢
.

within target

buffer cell-0
distance

outside

buffer
distance  distance

I reclassed reclassed reclassed
as out asin asin
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Raster Buffer Example

Quantum GIS 1.8.0-Lisboa - osmdata
Fle Edit View Layer Settings Plugins Vector Raster SDA4PP Database Web Help
TEEd e RRPEFPL SR 1.0 N0 S BORNBRIERNAD
ayers L]
o 2
o ¢ [l distance_250 I gﬂ = 1
> @

24 ucsb_iv points
¥ @ OCM Landscape

What can be asked of such raster buffer layer; when to use them?
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Point-Based Vector Buffer Example

Raster SDA4PP Database Web Help

File Edit View Layer Settings Plugins Vector
CRRPPPPFIUR 7 Ho

L) = >

= @ o selection_grass \

selection_grass3
© sclection_grass2
# heatmap

© selection_grass ENNVANYa
4 Simple Noise Example

Identify Results

°© Feature v value
& simple_noise_kriging ) school_buffer_250_nd
:u selection § name Waldorf School of Santa Barbara
® hun 4 (Actions)

(Oerived)

%2 ucsb_iv points.

¥ & OCM Landscape amenity  school

Help

Note how this buffer is about one specific school.
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Point-Based Vector Buffer Example

File Edit View Layer Settings Plugins Vector Raster SDA4PP Database Web Help

B Ed S RRPEPPRE W i Ko

1
— =

@ 1 selection_grass £ X I 9 = > «
B = S
selection_grass3 > - i L L TN NN X . 7 LD
© selection_grass2 1§ DEZIDLEES X o A ¢
# heatmap W\ | Feature v value A N
© selection_grass o school_buffer_250_d X DN Y

A L ELE R

Layers =N
@ school_buffer_250_nd T

AN
7] ,J:‘l
AL

¥ @ school_buffer_250_nd_grass

® school_buffer_250

@ school_buffer_250_sp \STX

24 Simple Noise Example

° (Actions)

(Derived)

4= simple_noise_kriging
I3, selection amenity  school

& hul aat

%3 ucsb_iv points = Help Close

¥ '@ OCM Landscape

A

These buffers are dissolved using common feature type.
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Proximity Map

Quantum GIS 1.8.0-Lisboa - osmdata

jins Vector Raster SDA4PP Database Web Help

What do the colors mean; what are the values of these
cells?
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Proximity Maop

colormap

Color nerpalation

Nurbrofencriss o5
oy =

e

Buffers and Map Algeb

Analysi
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Map Algebra

m Map algebra is a set-based algebra introduced by
Tomlin in the 1980s. It describes how to perform (and
combine) primitive operations over 1..* geographic
(raster) data layers

m These operations often include:

m Arithmetic operations such as addition or multiplication
m Statistical operations such as means, maxima or minima
m Relational operations such as greater than or (not) equal
L] oo

B con be used to combine expressions or perform
different operations based on some conditional
statement (IF..THEN...)

m Use cases range from everything starting from data
cleaning to visualization.
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Map Algebra - Combining Cell Values

2 X
517]2]3|0%
910|467
o
9l s|8|3|4]s3s
3
774|443
-
8|7 |4]3]|2
101446 @
c|18[20]8 12|14
El 61668 |6
Al
Slu|u|s|s |6
16148 |6 | 4
(a)
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Layer_A

3*2:=6

.

L
. [1)
4' =
2
Operation §

.

Out_layer

5|72
9 |10] 4|
8|83
R4
214
olz2]3
|
710@
|| s
8106
()

""'"-', Input cells

.
.

1+42=3
-

<. Output cells
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Map Algebra - Requirements

Layerl

m Before combining
cell B cell values, both
layers must be
geo-registered and
of the same spatial
resolution.

m You may have to
resample the layer.

Layer2

cell A
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Local Functions - Boolean Operators

Input

a [i]3 1)1 o|tfo]9
ofnjz |, fofs]z[s]
Ez 5|0 ofz|nf2| ?
[o]1[n]|nN |o|-3 4|8

b) | 1]3]1 1 o|lt]ols
o(N|2]|a ols|z]s
e OR -
1. 2|50 ol2]n]2 ?
|0|1 NN 0|-34 8

c) 3011

N2

v

1
0
NOT
B

Lo]

=
=z
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Local Functions - Boolean Operators

Input Output
D sl o|l1]0 9 ofl1]o 1
0N|2]|- 05|25 o|N|[1]1
AND =
1 2|50 0lz|N|2 0 1|N]|o
lo|1|n]n |o|-34 8 [o]1]n]N
B) | 1]3 |1 1 o1 9 'SEEERE!
o|n|z]|1 o|s|z2]s o[N|1]1
— or -
1.2 0 ofz]nle 2L
|0|1 NN |0|-34 8 |0|1 NN
c) 1311 o|lofo]o
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NOT = =
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|0|1 N[N [1]o|N]N
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Introducing Conditions/ Control Statements

Output = CON (LayerA « 3, LayerB, LayerC)

LayerA
Lysytye _.--3lnput cells
0|5 2|1 = .
.- '
sl2|5]0| g-=""" £
of1]7 5] N
LayerB LayerC 'a
"
x| x|y !

M
blb|b|b
x| x| x|y a
ym’ ,l
x| x|y|y l abba’
Y el

YIY|Y -
“‘
'O. Qutput
"¢ x|bly ]|y
‘ x|b | x|y Output cells
If-Else e P
alx|bfy -

Condition
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Classify Temperature Example

(e BONBBr A Ny NM N I NDND PP EHIIN

Lavers @®
v '/I- " Temperature
vty temp L
.
Ll

overview E® ,.
a

Valuz Tool e
) Active (shift+2) [ Graph J .
Layer valve |
1/ Temperacure  [SEMIGE

h

e

Based on your personal ranking, is this a very warm/hot
temperature spot?
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Classify Temperature Example

0000000000000

Qverview

[

Value Toal

Active (ShiFt+A) [ Graph

Laver | Value
1[rorornor
I

2|Temperature |51.2088

How to create a raster map showing hot areas based on

your ranking?
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Classify Temperature Example

Layers @ ®
v | [l HotOMot
v Temperature
¥ femp Medules Tree | Modules List | Browser | 8%
Module: rmapcalculator
Options | Output | Manual
E
Select alayer
.
Temperature ( Temperature@sc )
- Formula (e.g. A-B or A*C+B)
Overview @ b
F~85,1,0)
i
Value Tool @ % %ﬂ‘oruu {rnhlrmln
) Active (Shift+A) ] Graph bs
\ ~\
Layer Value I
r . L3
1| HotorNet 0 I, L
- - hd
2 Temperature  75.8282 Pis ’ N “
P ] | Run \‘ -
e ) RN
\d L3
. + ¥ ~
- ' . -
.* - " “ \‘
- - I Al Al
.
If a cell temperature value is greater than 85, set the cell value to 1, else 0
K. Janowicz
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Reclassification Operations

Input Output
in |out
u) 113]1 1 0| a x| f | x
O|NJ2|-1| Reclass ; : a |N[b|N
b =
112|5]0 ‘ra\éle 3| f X s | a
4| c
O] 1|NJ|N 5| s a| x| NJ|N
b) 1 3 1 1 in range out a b a a
0[N 2 -1 Reclass Otol5 | a ald blN
] by 151035 | b | ~ —
1{2]5]0 ranges alblcla
351010 | ¢
O |1 [N|N N d al|lbl|d]|d

Analysis, Buffers and Map Algebra K. Janowicz



Map Algebra
00000000000 e0000000000

Classify Temperature Example with 3 Classes

_ayers ®
v 4 Bl 3Classes
v 1 [l HotorNot

Overview
value Tool ®
(¥ Active (shift+A) ] Graph o

Layer Value

13Classes

How to create a raster map showing hot, warm, and cold areas ?
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Classify Temperature Example with 3 Classes

Layers
v i) B 3CIasses
v otOrot

Overview a®

]

valua Tool ®

4] Active (Shift+A) [ Graph
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The Map Algebra Realization of a Clip Overlay

Input raster

2|2|2|8|8|2|2|2
2|2/2|8/8/8|22
2|3/3/3/8/8/8/7 Clip raster
2|3/3/3/8/8/8|7 ololololil1l1 1
3/13|3|6|6[(6(7|7 ololololil1l1l1
3333\6667X00111110
3|16/3/6]/6/6]/6/6 ololtlil1il1lolo
3lelel6]6]6]6]6 olol1liTilalalo \
0|0f1]1/0|0j0|0O
o1 0|0|0000 OUTPU?V"USTET‘
ololo]olo[o]o]o olo|o|o|8|2|2|2
Q|ofojof8|8[2|2
0|0|3|3|8[/8[8|0
0|0|3|3[3[8/0]0
0[{0|3[6|/6|0|0|0
0({0|3 3/0|0|0|0
NRNNEERE
ololo]ofo]o]olo

How to use just one operator to realize an erase overlay?
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Neighborhood Functions - Moving Window

m The value for the cell in
the center of each
window is computed by
all the 3x3 neighbor cells.

m The window moves cell by
L cell for each row and
column

m Why 3x3 or 5x5 cells but
not 4x4 cells?
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Moving Windows and Neighborhood Functions

39 3 !

Mean Medl/Mmlmum
1 3

3 «— 36|66 |—>| |9
3|92

Range e

Slope / (Aspec‘r Majority

23 330 3

How would you realize the mean using map algebra?
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Kernels

Input layer y —— moving window
kernal

0] 12f13 |12 |1 \ 2

1/9(1/9] 1/9

volusl el 13/9+12/9+11/9+12/9+12/9+
10/9 +10/9 +11/9+ 9/9 = 1.1

8 1 j12 |12 j10 *

7 9 10 1 9 1/9|1/9| 1/9]
8| 9|9 |11 8 Output *
9| 10| 12| 10 |8 layer
10.2 J11.3J11.1 ')
- —
9.2 J10.4|10.2
9 |10.1| 98

A kernel is the set of constants for the cell values in a given
window.
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Different Kernels for Corners and Margins

Mean function kernels

corner margin corner example application,
R e 16 | 176 152 lower right corner
Fl I 1/6 | 1/6 | 1/6 11 0| 1|3 |er |1
: ) - g | 1|12 |12 |10
margin main margin
16| 1/6 vo |9 | 19 6| 176 79|
1/6 | 1/6 179 |18 1/9 1/6 | 146 glo|o|un|s |
1/6 | 1/6 19| 19| e /6 | 1/6 9| 10 12f 10
corner margin corner / 9%
113 1/6 | 176 | 1/6 14 ‘/
3 3 176 QHEN 1/6 il s L1+ 48+ 410+ 58293

Select a different kernel window for corners or margins or a
larger study area.
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Kernel-Based
Edge Detection

m Detect abrupt changes in
cell values using a kernel.
m Example:
(980*7) + (940*-1)
= 980-940
=40

Analysis, Buffers and Map Algebra
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Input Layer with “noise"

Kernel-based

. o R R [ o [ s [ [ [ [
. . = i R = = o =
High-Pass Filter e B (B =
EE]| 1025 ccz | o [t |z m..‘mlm‘m'a
leicie B === = =~
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( R o [ e [ [ o e [
= e
100 ‘100 ‘100 242 | 52z (982 [evs w1 |70 |7 msp | 22 w5 |7
- B8 o oo T o o
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100 100 100 G | R e o e e e
— ] {91]346;)' a7 [1aom | 111 1sas |70 1o | s o | 44 [340)| ezn | 0
100 ‘100 ‘100 i’ | - 0o
(-1 1151

spikes . pits D
Quput Layer

=35 7\.‘ [ | |
@) 7 513 2 |0 2 [0 0 [ |0
=
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62 (250 14 00|85 101 |80 122 D (& 0T 58 .lﬂ'a
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Using an Averaging Kernel for Smoothing

53]
v [ 3C1assesAverageKemel

AR~ H 3Classes
v ] [l HotOrNot

¥ 4 |, Temperature

OB RTAD . NN N  NEOE[Fd1d

‘ Modules Tree | Modules List | Browser |

Module: rneighbors

Outiuns| Qutput | Manual

Name of input raster map

¥ [ 3% temp
L]

I}Classss (3Classes@sc)

Neighborhood operation

IAveragE

Neighborhood size

E
Overview

'_| Name for output raster map
-
Value Tool

‘EﬂassesAverageKerneL
Active (Shift+4) ] Graph

| Layer | Value |
1‘3ClassesAveu. 0

Z‘BCLasses 1

Buffers Map Algebr
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Kernel Functions and Spatial Covariance
T o ot vaen 4T

10§ 12[f 13 |12 3|1t

Input layer

~—_ mean
8 u 12 {10 kernel
Qutput
7 9| 10|11 9 layer
8 k9 9 11 8 ‘
[ X
9 |\io| 12| 10 |8 102 11.3 111
\ /9.2' 10.4]10.2
mean / , .
kernel 9 . .

Keep in mind that kernel functions will increase the spatial
covariance of cell values. For adjacent cells, 6 out of 9 cells
used to compute the new value will be the same.
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Zonal Functions

In_Layer Out_Layer = ZoneAvg (In_Layer, Zone_Layer)
7|4 213|610
1 3 1] 4 1 9

1|4|1tj10|8]7 /_L> Out_Layer
ZoneAvg

3|11 2|7 |8]10 27|27|27)|6.6|6.6/66
2|2 | 117 |10]12 \_{ 27|27|27)|66| 66|66
2727|9266 92|66

Zone_Layer
27|66|66|6.6|92/92

27(27(66|9.2(9.2/92
66(6.6]9.2|9.2|9.2|92

b

b
a‘ucbc

b

a‘abccc

Ib‘blc cle|e

The term neighborhood may also be generalized for
regions or zones.
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Cost Surfaces As Analogy to Network Analysis

distance = V( X2+ y?) cost = distance * fixed cost factor
eg.,
eg., D= v (20%+109) cost = distance * 2

=224

souggﬁ souggﬁ
20 10y v 40 20
22";4/1.1 10 448 | 28.2 20
283 | 224 20 56.6 | 448 40
P VIR
units
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Cost Surfaces As Analogy to Network Analysis

cost = cell distance * friction output cost surface

friction surface

3 3

source|

cell Cost =
- e (B*1) source

1.
w;':' +(5*3) 50 | 20 | el

‘/‘:

sb/\ll

20

t,.b/‘ v “"-.:
d w| Cost= 39.1 | 141 10
e (5.6 % 1)
(5.6 *3)
2 1 1 (G6*1)

+(5.6*2) 423 | 224 | 20

39.1

0

10
units

units

Instead of a cost constant, costs can be modeled as cell values.

Analysis, Buffers and Map Algebra K. Janowicz



Cost Surfaces
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Row-Column Distance

ost =
row/column distance * friction output cost surface
friction surface __ Cost =
3 3 . . o
‘S T +(5*3) 50 20
i M B ~ + (5 * 3)
2 K e
A «(5*2) 55 | 40 10
2 1 1 55
45 30 20
s it ™

All edges have the same length - either 5 or 10 units.
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