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Learning objectives

* Define map algebra.

* Explain the differences between and provide
examples of local, focal, zonal and global map
algebra operations.

* Construct a model diagram that captures the
steps of a map algebra analysis.
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The general idea

* Layers
Input(s)
Output(s)

* Operators

* Functions

More complex
combinations of
operators & layers
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4 kinds of map algebra operations
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Local Operations

Operates on a cell-wise

basis (pixel by pixel).
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Arithmetic, Statistics, Relations, Trigonometric,
Exponential/logarithmic, Reclassity



Focal Operations

Operates on a cell using
information from
neighbours (window)

Examples: low-pass filter, slope, aspect



Zonal Operations

Performs an
operation on a
cell based on cells

within a zone that
contains that cell. Example: calculate the

maximum value in that zone.
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Global operations

An operation on an
individual cell depends upon
the values of ALL cells

example: 1

Fuclidean
Distance

operation
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Prerequisites for Map Algebra

* Raster pixels need to line up across layers
* Map projection needs to be the same
» Spatial resolution needs to be the same

* Handling No Data values:
* No Data + 1 = No Data
*0+1=0



Examples
(from Berry’s Tutorial Map Analysis Package)

LANDSLIDE SUSCEPTIBILITY

LANDSLIDE HAZARD SUBMODEL —- fn(Slope,Soils,Cover)

ELEVATION SL_BINARY

B Not Susceptible
1 Susceptible

SO_BINARY L_HAZARD

CO_BINARY "Logical Combination"

A simple landslide susceptibility model might involve
a "geo—search" for cexrtain slope, so0oils and covenr
combinations thought to be less stable. This approach
could be implemented in a Desktopr Mapping system
rrovided a slope map was available.

This model can be executed using the Press Esc key to exit
PMAP Tutorial system by entering Press 4+ to éduance
CMD: read tu—-lslide.cmd Press t to reuviem

0*1*1=0




Still working with binary data, but
adding instead of multiplying

LANDSLIDE SUSCEPTIBILITY

Slope, Soil and Cover are interpreted for binary CONot Susceptible
maprs of B= Not Susceptible, 1= Susceptible... OSusceptible

ELEUVATION SL_BINARY

a
1

A Binary Model
multiplies the
maps for a two
SO INARY state solution

11%1= 1 Sus.

7, 1

A Ranking Model
adds the maps
CO_BINARY for a range of
susceptibility
a 1 B+0+0= O Low
1+1+1= 3 High

OB Factors
O 1 o2 O 3

Slide 2 Press Esc key to exit
Press 4+ to advance
Press * to review




Rankings instead of binaries

LANDSLIDE SUSCEPTIBILITY

Slope, So0il and Cover are interpreted for
relative maps of susceptibility... SIMPLE AVERAGE

ELEUVATION SLOPE Rating Model

The ratings on
the relative
maprs can be
simply averaged
for an overall
susceptibility
level

All weights= 1

WEIGHTED AVERAGE

A weighted .
average can be

used for varying

influence among

the factors

SL= 10
S0= 6

co- 1 'i'
1 2 3 4 5 6

7 8
O 0000 oO0om.E O
Low —— Moderate —— High

Slide 4 Press Esc key to exit

Press 4+ to advance
Press * to review




Adding in proximity analysis (bufters)

Press Esc key to exit
Press + to advance
Press t to revieu




And make those buffer sizes depena
on slope

LANDSLIDE SUSCEPTIBILITY
"Heighted

LANDSLIDE RISK SUBMODEL -- fn{(Roads) L_HAZARD Buffer"

R_HPROX R_HWBUFFER L_HWRISK

FRICTION
R_HWPROX R_MWBUFFER L_HAZARD

L_MWRISK

FRICTION
The FRICTION may has
values from 1 (steep)
to 10 (gentle) which
forces a greatenr
reach around roads
for low friction areas.

The result are variable—-width buffers around roads
which reach farther in steep areas. In gently sloped
areas landslide threat is less, thereby width is less.

See gCON Digital Slide Show DIST.EXE Press Esc key to exit

for more information on weighted distance. Press + to advance

Press t to revieu




Map Algebra Inputs

Find 'best’ campground location
1) Gentle slope
2) Near roads

3) Near water
)
)

Elevation

2500 feet
2300 feet
2100 feet
1900 feet

1700 feet
1500 feet
1300 feet

4) Good views of water -

5) Westerly aspect

Water Roads

43 43 Intersection
41 41 Intersection
32 32 Intersection
3131 Intersection
2121 Intersection
5 Bridge

4 Heavy Duty

3 Medium Duty

2 Ligt

1 Poor Road

0 No Road

1 Spring
0 Ory Land
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Derive criteria from inputs

SIopemapi

Elevation
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&

2500 feet
2300 feet
2100 feet
1900 feet
1700 feet
1500 feet
1300 feet
1100 feet
900 feet

700 feet

500 feet

Aspectmapi

I




Derive criteria from inputs

Roads

Water

43 43 Intersection
41 41 Intersection
32 32 Intersection
3131 Inersection
2121 Intersection
5 Bridge

4 Heavy Duty

3 Medium Duty

2 Light Duty

1 Poor Road

0 No Road

T

1 Spring
0 Ory Land

10.7

il 1l

Proximity_, oads{

101

10.7

canwANDNB®

0.4

canwaNO NG



Derive criteria from inputs

Elevation

Water

2500 feet
2300 feet
2100 feet
1900 feet
1700 feet
1500 feet
1300 feet
1100 feet
900 feet

700 feet

500 feet

[T

1 Spring
0 Ory Land

Exposure_wateﬂ

121
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Combine
preferences
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Not too close to the road Constraints

I 1 Avaliable
I o Constrained
I 1 Available
I 0 Constrai
NO_sIopei
N 1 Available
.

Not on slopes over 50%



Constraints]
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Final
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Summary

* Map algebra takes multiple map layers and
combines them using mathematical and logical

operations.

* Pay attention to raster data requirements
(same map projection, same spatial resolution).

* Multistep analysis with map algebra can build
powerful models to solve multicriteria spatial
problems.
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