Map Algebra



How does Map Algebra work?

 Map Algebra uses math-like expressions
containing operators and functions with raster
data. Map Algebra operators, which are
relational, Boolean, logical, combinatorial, and
bitwise, work with one or more inputs to develop
new values. Functions perform specialized
tasks, such as computing slope from elevation,
and they usually return numeric values.

* You don't have to be a programmer to know how
to use operators and functions effectively, you
just have to be taught how to use them.



Map Algebra

Map Algebra is an analysis
language based loosely on the
map algebra concepts presented
by Dr. Dana Tomlin in his book
entitled Geographic Information
Systems and Cartographic
Modeling (Tomlin, 1990). Map
Algebra is a high-level
computational language used for
performing cartographic spatial
analysis using raster data.

Simply put, Map Algebra is math
applied to rasters, a practice that's
possible because rasters are
geographically referenced arrays
of numbers. If you stack rasters on
top of each other as if they were a
mathematical sandwich, you can
perform simple arithmetic to the
rEost sophisticated algorithms with
them.

Lettuce

-+

Sandwich =

|| [Lettuce] + [Beef]
| + [Tomatoes]

Sandwich

You probably know more about Map
Algebra operators than you think.
Map Algebra operators are generally
the same operators found on
scientific calculators. The operators
used most often (arithmetic,
relational, Boolean, and logical) are
also the simplest. Two less
commonly used operators are
combinatorial and bitwise.



Map Algebra Arithmetic operators

* Arithmetic operators allow
addition, subtraction,
multlpllcatlon and
division. For example,
three rasters measuring
three different types of
fire risk could be added to
create an overall risk
analysis raster.

* Arithmetic operators can
also be used to convert
values from one
measurement to another
(e.g., feet x 0.3048 =
meters).

Arithmetic Operators

Addition
Subtraction
* Multiplication
/. DIV bivizion
MOD Modulus
- Unary minus




Map Algebra Relational operators

» Relational operators allow
you to build logical tests,
returning values of true (1)
and false (0). For example,
this type of operator can be
used to find vegetation
"equal to" Sierra-type mixed
coniferous forest.

* You can ether use the
Relational Operator (=,<,>)
of the Abbreviation (EQ,LT,
GT)

Relational Opemtnr:

==, EQ}  Equal
=z, ¢», NE Mot equal
¢, LT Less than
¢z, LE  Less than or equal
¥, =1 zreater than
»=, GE  Greater than or equal
|




Map Algebra Boolean operators

« Boolean operators such

Boolean Opcmfnr-:

as "and"’ "Or"’ and "nOt" “, MOT Logical complement

allow you to chain logical s A ﬁg;gg: And

tests. Like relational 1, XOR Logical Xor

operators, Boolean —

operators return values of I o
true and false. For Slope Elevation
example, you could find

all slopes that are 65 | 21 AND 5500|6500
"greater-than" 45 degrees | 55 | 46 7500 | 4000

"and" that have an
elevation that is "greater-
than" 5000 meters. 110




Map Algebra Logical operators

« The logical operators DIFF, IN, and
OVER, also allow you to build
logical tests on a cell-by-cell basis,
but are implemented with specific
rules.

— A DIFF B: If a cell value in raster A
and raster B are different, the cell
value in raster A is returned. If the
cell values are the same, the value
zero is returned.

— A IN {value list): If a cell value in
raster A is in the value list, the cell
value in raster A is returned.
Otherwise, NoData is returned.

— A OVER B: If a cell value in raster
A is not equal to zero, the cell
value is raster A is returned.
Otherwise, the cell value in raster
B is returned.

Logical Operators

DIFF Logical difference
IM {list} Contained in list
OVER Replace




Understanding logical values

Logical values simply keep
track of the values, true and
false. In Map Algebra, any
non-zero input value is i
considered to be a logical

true, and zero is considered
a logical false. Some Map
Algebra operators and
functions evaluate input cell
values and return logical 1

values (true) and |09iCa| 0 In this example, cells are evaluated as to whether their
ValueS (fa|Se)_ The re|ati0na| value is greater than 15. The value 1, or logical true, is

assigned to those cells that are greater than 15. The

and BOOlean 0perat0r3 a” value 0, or logical false, is assigned to all other cells.
return logical values.

Slope > 15

Steep slopes



Map Algebra Combinatorial
operators

« Combinatorial operators

combine the attributes of

Combinatorial Operators
multiple input rasters. CAND  Combinatorial And
These operators find all aaig o
unique combinations of
values and assign a - —

unique ID to each, which
Is then returned to the
output grid. The output
VAT will have the Value
fields from all the input
grids.



CAND Operator

i Raster Calculator ed |
Layers:

Calculation m _

Calculation? i 2 J B @ |||
Elevation

G oodFarm i 4 5 G > ¥= Or
Hillzhade

E‘mﬁzﬁf’ 11 2| 3 < | <= | wor

+ ] . [ 1 I ok

[GoodFarm] CAND [Soil] =]

About Building E:-:pressicnnsl Evaluate I Cancel | rr |

B Attributes of Calculation3 =10 x|
ObjectiD Yalue Count Calc4 Hrsoil
» 0 0 160367 0 ]
1 1 2893 1 20
2 2 126 1 204
3 3 2817 1 40
4 4 1208 1 402
Recard: EILII 1 _Plil Shu:uw:l All Selectedl Recaords [0 out of 5 Selacted.) Dptions -|




Map Algebra Functions

The term "functions" might sound Iike programmers' speak,
but whether you realize it or not, you've probably already
used them. In the previous module you derived hillshade,
slope, and aspect rasters using choices on the Surface
Analysis menu. These choices are simply dialogs that
iImplement Map Algebra functions—programs that perform
specific tasks, such as calculating slope.

While you can do a lot through the Spatial Analyst user
interface, many more functions are available through Map
Algebra. Functions are the major element of the Map
Algebra language, and there are over a hundred of them.

The ArcGIS online help system provides a listing of all of the
functions and a help topic for each. Here is where you can
find a description of what the function does, as well as its
syntax.

Most of the functionality available from the Spatial Analyst
toolbar are also available as Map Algebra functions.



Map Algebra Functions Examples

ASPECT: identifies the direction of maximum rate of change in z value from each cell.
BOUNDARYCLEAN: smoothes the boundary between zones by expanding and shrinking the boundary.
CON: performs one or more conditional if/else evaluations.

EQUALTO: evaluates, on a cell-by-cell basis, the number of times in an argument list that the input grid
values are equal to the value specified by the first argument.

GREATERTHAN: evaluates, on a cell-by-cell basis, the number of times in an argument list that the input
grid values are greater than the value specified by the first argument.

HILLSHADE: creates a shaded relief grid from a grid by considering the sun illumination angle and
shadows.

INT: converts input floating-point values to integer values through truncation.
ISNULL.: returns ‘1’ if the input value is NODATA, and ‘0’ if it is not.

LESSTHAN: evaluates, on a cell-by-cell basis, the number of times in an argument list that the input grid
values are less than the value specified by the first argument.

MEAN: uses multiple input grids to determine the mean value on a cell-by-cell basis.

MERGE: merges multiple, possibly non-adjacent input grids into a single grid based upon order of input.
MOSAIC: merges multiple adjacent continuous grids and performs interpolation in the overlapping areas.
NIBBLE: replaces areas in a grid corresponding to a mask, with the values of the nearest neighbors.

REGIONGROUP: records for each cell in the output the identity of the connected region to which it belongs.
A unique number is assigned to each region.

SETNULL: returns NODATA if the evaluation of the input condition is “TRUE’; if it ‘FALSE’, returns the value
specified by the second input argument.

SLICE: ‘slices’ (or changes) a range of values of the input cells by specified ranges, zones of equal area, or
zones with equal intervals.

SLOPE: identifies the rate of maximum change in z value from each cell.
ZONALAREA: calculates the area of each zone in the input grid.



Building Map Algebra Expressions

* You build expressions in the Raster Calculator by typing
directly into the expression box, clicking layers in the
Layers list, and clicking buttons on the keypad. When
you click an element it is added to the expression in the
expression box.

 If you specify an output grid name in your expression
(e.g., NewElev =), a permanent grid will be created in
your working directory. If you do not specify an output
name, a grid will be written to your working directory, but
the grid will be temporary.

» Qutput grids are either integer or floating point,
depending on the expression



Raster Calculator

i Raster Calculator 2 xl
i 4
Spatial Analyst k| o
: 0] Bbl_el )
Spatial analyst v | Layer: [BbLveg Bk R O N B S 3
Calculation
Distance | 3 Elevation 4 | 4 | 5 | E | > | >=| Or |
Kp_elew
Density. .. kp_veg | 1 | 2 | 3 | ¢ | <=| Xorl
Interpolate to Raster 2 . 0 | _ | [ | | | Notl
Surface Analysis 3 =
Cell Skatistics. ..
Meighborbood Statistics. ..
Zonal Skatistics... =]
Rﬁ;lassihr"_ About Building E=pressions Evaluate Cancel | >3 I
% st = mlboy ol
Raster Calculator... i Raster Calculator e |
;um-'art } Lavers: — Arithmetic — Trigonaometric
T = | 7 | B | 9 | - | < | Andl Abs | Int Sin | ASin
Options aulmon
Elerwation ! | 4 | 5 | E | B | >=| Drl Ceil Float Coz ACos
kp_elew
Kp_veg - | 1 | 2 | 3 | ¢ | <=| ><c.r| Flaor | Ishul Tan | ATan
+ | 1] | . | [ | 1 | Notl — Logarithms - Poweers
Exp Log Sart
| & |
Exp2 | Log2 | Sar |
Expl0| Logl0 | Pow
[ -]

About Building Expreszions

Ewaluate

Cancel | <<|




uilding Expressions Help

g? ArcGIS Dialog Help -|0O] x|

|»

1 Raster Calculator ﬂﬁl About building expressions

Use the Raster Calculator to build expressions
Layers: to weight rasters and combine them as part of
Bl clov a suital:uilitj,r rmodel, to make s_eleu:tiu:uns an

= # 7 g 3 = <@ | And your data in the form of queries, or to apply

Bbl veg matheratical operators and other functions.,
Calculation

Elevation i 4 h G ¥ r= Or - Use layers in the map or type the full
K.p_eley pathname to grid datasets an disk, for

example: —
Kp_veg : 1| 2| 3 | o= | wor "

slopeicihspatialhelevation)

o 1] [ ] Mat will use the elevation grid dataset in the
) location specified and calculate the slope.
This expressiaon:

il gridshape{[landuse])

will conwvert the grid layer landuse to a
shapefile.

- If yvour input dataset is in your working
directory, vou only need to type the name
LI of the dataset:

focalmeandingridl, rectangle, 5, 5}

About Building E=pressions I Evaluate Carnicel | Fr | ingridl resides in the working directory set
on the General tab of the Options dialog.

Reference

Map Algebra syntax and rules

Functional Reference for Spatial Analyst
functions




Building Map Algebra Expressions

Spatial Analyst - b

 Spatial Analyst | Layer. [Bbl_veg Pk
y Diskance 2
Density... i Raster Calculator 2=l
Interpolate to Raster 3 Lepsee
Surface Analysis 3 Bhbl_elew " 7 g q - o | And
Bbl wve
Cell Statistics. ..
K.p_elew d 4 4] B b F= Or
Neighborhood Statistics... k.p_weg
Zonal Statistics. .. - 1 2 3 g g= | o
Redassify... 4 0 . [ ] Mat
Rgster Calculator. .. [Elevation] * 0.3048 -]
Convert 3
[~

B hbout Building Exprezzions Evaluate Cancel B




Building Map Algebra Expressions

EE= Layers
= Calculation

High : 1005.657104

I Low : 187177673
= Elevation
Feet
High : 3299,339902

I Low : 614.099976




Building Map Algebra Functions

Spatial Analyst ]

Spatial Analyst - Layer: IBI::I_%.feg j =
| Distance 3
EgE : Raster Calculator el b
Interpolate to Raster 2
E!.lf Layers:
(-1 ﬂl‘lﬂ}-‘ii! 4
S . o T - = | o | and
Collstatince T —
. : F.p_elew ¢ 4 5 & * w= Or
Mﬂw Statistics... K.p_weq
Zonal Statistics. .. - 1 2 3 £ 2= | Hor
Reclassify... . 0 _ ( | Mot
Raster Calculator... _
SLOPE([Elevation]| =]
Convert 2
Qplions. ..
About Bullding E=pressions Evaluate Cancel b




Building Map Algebra Functions

EE= Layers
=] Calculation
<MBLLE =
0 - 6,492956373
[ 6.492956374 - 12,93591275
[]12,93591276 - 19.47586912
[]19.47886913 - 25,97182549
[[]25.9718255 - 32,46478187
[]32. 48473135 - 35,95773524
[ 35,957 735825 - 4545069461
B 45. 45069462 - 51,94365099
B S1.943651 - 55.43660736
E [ Elevation
Yalue
High ; 3299,399302

I Law : 614,099976
Bbl_weq
Kp_weq
kp_elew
Bbl_elew

HEEHEHEA
UORE




Working with NoData

« Similar to logical values,
NoData values also
influence the evaluation of +
expressions. The NoData (.4 hazard
value is the only non-zero
value that is not interpreted
as a true condition. i

* This special value indicates
that there is no information  Hazard risk
associated with the cell. In
general, a Map Algebra
expression will return
NoData for a cell if any of | .
n general, Map Algebra expressions assign the value

the Corresponding inPUt NoData to the output cell if any corresponding input cell
cells have NoData. is NoData.

Fire hazard J—




Summary

While you can do a lot from the Spatial Analyst user interface, most
of the power of the Spatial Analyst is found within Map Algebra,
which you can access through the Raster Calculator dialog. You can
construct a Map Algebra expression using the dialog buttons and
controls, or by typing directly into the expression box. The
expression processes when you click Evaluate.

Map Algebra is the analysis language for Spatial Analyst. It has a
simple syntax similar to any algebra. The inputs to an expression
may be as simple as a single raster layer or shapefile, or as complex
as a compound expression using many operators, functions, and
input data.

With Map Algebra, not only can you access functions not available
in the user interface, you can also build complex expressions and
process them as a single command. For instance, you can calculate
the sine of an input raster dataset or raster layer and add that to two
other input raster datasets or raster layers. Like all languages, Map
Algebra is defined by rules. By understanding the basic rules, you
will be able to use Spatial Analyst in new ways.
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