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Use GIS to Calculate Nearby Neighbor Statistics & describes a technique that calculates the
proximity to all of the surrounding parcels of a similar vegetation type

Use GIS to Analyze Landscape Structure & discusses the underlying principles in landscape
analysis and introduces some example landscape indices

Get to the Core of Landscape Analysis & describes techniques for assessing core area and
edge characterization

Use Metrics to Assess Forest Fragmentation & describes some landscape indices for
determining richness and fragmentation

Note Most of the processing and figures discussed in this topic were deriveda&RidArcinfo softwareSome of the
processing and figures were derived usitgpCald™ software. Sewww.innovativegis.corio downbad a free MapCalc
Learner version with tutorial materials for classroom and-dirning map analysis concepts and procedures.

<Click here> right-click to download a printefriendly version of this topic (.pdf).
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Use GIS to Calculate Nearby Neighbor
Statistics

(GeoWorld, May 1999, pg. 26-27)
(return to top of Topig

AsGlISapproaches itodés fourth decade, some of the
rediscovered within practical contexts. Landscape structure metrics fall into this catégeiry

theoretical underpinnings have been around for years but it took asefgof resource

management and a couple of executive/legislative mandates to move the consideration of shape,
pattern, arrangement and fragmentation into an operational context.

|l tds windshield common sense tchrinuouslysalketng a | and
the makeup of our landscapes. Most natural resource applications of GIS have focused on the
mapping, geayuery and modeling of independent vegetation parcels. Summaries used in
decisionmaking typically are generalized aggregatiohthese data. However, while two

watersheds might have the same overall proportion of white birch (a generalized statistic), their
relative grouping of the individual parcels could result in dramatically different ecological

interactions.
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Landscape sticture analysis provides insight into the spatial context of pérdels e fApi ece s 0

t he | andssacwa ppeu zizjlieg. O Most GI S applications 1in
implementing traditional approaches based on manual map analysis procedures. duotiegnf
to the theme of this column, there must be so

that can help us better understand landscape structure.

The spacing between neighboring parcels of the same type is an important thread in landscape
analyss. Earlyvectobased sol utions for determining the
the Pythagorean theorem to calculate centt@identroid distances to all of its neighbors, then

selected the smallest distance. More realistic approaches user-drass ed fApr oxi mi t yo
algorithm for considering edge-edge distances.
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—
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Figure 1. Processing steps for calculating Nearby Neighbor metrics.

Both approaches reflect traditional map processing and can be manually implemented with a

ruler. Figurel, on the other hand, depicts an eigtelp spatial analysis procedure without a

paper map legacy. The approach ymesimity surfaceanalysis o i dent i fy equi di s
bisecting a set of forest parcels (stegs),lthen evaluates the intparcel distances along the
ridgestodetermm it s nearest neighbor and a host of o
8).

The process begins by identifying the set of polygons defining a class of interest, such as all the

white birch stands in this examplgtép ). A proximity map Step2) is generated that identifies

the distances from all locations in the study area to the nearest polygon. Thibaaster
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operation is analogous to tossing a handful of rocks into adpepl&sh, splash, splash
efoll owed by ser i #atcoatinue e magand until they cotlide pvithleacts
other.

The area surrounding eawdVv i ygoinl damthdnent cce i thief |
area that i s analogous to a watershedbs regio
area are closer to its source polygon than any of the oBieqs §.

At this point, we know how far away every location is to its nearest polygon and which polygon
that is. Step 4isolates theidgesthat bisect each of the neighboring polygoriss tletermined

by passing a spatial filter over the source map and noting the number of different catchments
within a 3x3 windowd oneidentifies interior locationgwo identifies locations along the

bordering ridge, anthreeidentifies ridge intersecti@ Once the bisecting ridges have been
identified the proximity values f or Stepthe gri d

NN aslected clamas ‘B’

Proximity Surface with
Equi-Distant Ridges

Figure 2. Proximity Surface with draped bisecting ridges.

The 3D plot of the proxinity surface for white birch ifigure2 might help to conceptualize the
process. Note that the polygons in @lassinset align with the lowest points (basins)tba
surfacé® zero away from the nearest polygon. As distance increases the surface rises like the
seats in a football stadium.
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TheRidgesnset aligns with the inflection points where increasing distance values from one
polygon start a downhill slideto another. A pair of distance values anywhere along a ridge
identifies how far it is to both of the neighboring polygons. The smallest pair (deepest dip in a
ridge) identifies the closest point between two neighboring polygons; the largest paist(highe
sweep along a ridge) identifies the most distant point.

Stepd n the process identifies an individual pol
values surrounding that polygo8tép §J. The smallest value along the ridge represents the

polygo n 6 s t rNeadestiNeighborDistanée [[2 * Min_Value] + .5 * CellWidth]. Step 8

finalizes the process by summarizing the values along the proximity ridge and stores the

resulting indices in a database table that is inherently in the GISby tlie@olyd s | D number
this point, the process loops to consider the other polygons in the®iaps ), then recycles

to Step 1to select another set of polygons defining the next class to investigate.

There are a couple of things to note aboist $omewhat unfamiliar approach to deriving the

very familiar metric of NN distance. First,
than the common brute force technique of calculating distances from each polygon and checking
wh o 6 s dcbuncheseo$separate polygon distance calculations versus just one per class.

More importantly, NN distance is only a small part of the information contained in the proximity
ridges. The proximity values along the ridges characterize all of theaistemthe surrounding
polygon® Nearby Neighborsnstead of just the nearest neighbor. The largest value identifies
how far it is to the most distant surrounding neighbor. The average indicates the typical distance
to a neighbor. The standard deviataord coefficient of variation provide information on how
variable the connectivity is.

| f ani mals want to Ajump shipodo and move from
onset the closest edge cell for departure and the distance/bearingéarbst neighbor.
Characterization of the set of linkages to all surrounding neighbors provides a more realistic
glimpse of the relative isolation of individual polygons.

It also provides a better handle for assessing changes in landscape stttiongef the

polygons is removed (e.g., by timber harvesting or wild fire), the nearest neighbor approach only
tracks one of the myriad effects induced on the matrix of interconnected neighbors. The nearby
neighbors approach not only contains informabartraditional NN_distance but a wealth of
extended metrics summarizing the connectivity among sets of interacting polygons.

By thinking spatially, instead of simply automating an existing paypegy paradigm, an

approach that is both efficient (muclstiar) and effective (more comprehensive information) is

Aredi scoveredo by i mplementing gener al GI'S th
couple of decades ago. | wonder whether Nearby Neighbor metrics might be useful in

Competition Analysisammog super stores scattered throughot
to think animal habitat analysis might be analytically linked to shopper habitat!

Aut h or BAsPowedoirg presentation describing this approach in nu@il is available. Nearby Neighbor
metrics plus numerous other indices of landscape structure are contained in FRAGSTATS*ARC software used in
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preparing this column. Both the presentation and a description of the software can be reached via linkst posted
WWW. i hnovativegis.com/ basis, select AColumn Suppl ement

Use GIS to Analyze Landscape
Structure

(GeoWorld, June 1999, pg. 26-27)
(return to top of Topi¢

Last mont hdéds col umn des c proabhdod calaufating statisics abeut i n g
neighboring polygons. The technique upeakimity ridgesto identify all of the surrounding

polygons of the same type as a given polygon, then summarize the minimum, maximum, average
and variation of the distance$.he r esult was a set of metrics t
every polygon to iteearby neighbors Further summary provides insight into the relative

isolation of each polygon to others in its class and, at another level, the isolation occithiimg w

one vegetation type compared to that of other types.

In practice, this information can help resource professionals better understand the complex
ecological interactions among the puzzle pieces (forest polygons) comprising a forested
landscape. Aere is growing evidence that habitat fragmentation is detrimental to many species
and may contribute substantially to the loss of regional and global biodiversity. How to track
and analyze landscape patterns, however, has been an ecological prbbteamideal

opportunity for GIS technology.

Al t hough the fAnearby neighborso #ypesteveiique i s
the elegance of the bazaar logic), it serves as a good introduction to an entire class of map
analysis operatioidslandscape structure metricsMany of the structural relationships can be
expressed by indices characterizing the shape, pattern and arrangement of landscape elements,
spatially depicted as individuphtcheg(e.g., individual vegetation polygorglassesf related

patches (e.g., polygons of the same type/condition), and Emtdscapesets (e.g., all polygons

within an area).

Two additional concepts relating to map scale complete the systematic view of landscape
elementd extentandgrain (see figurel). Extentrefers to the overall area used in an analysis.
Grain refers to the size of the individual patches. It is important to note that these criteria define
the resolution and scaliependency of a study.

For example, boththegai n woul d be coarser and the extent
territory than that for a finch. A single mix@ebods patch of 25 hectares as viewed by the hawk

might comprise the entire extent for the finch with smaller parcels of wetland, birchrand sp

forming its perceived patches. In turn, the extent for a butterfly might be defined by the wetland
alone with its grain identified by patches of open water, reeds and grasses of a fraction of a
hectare each. The @ p araotand aphigwoald resalninesenfnerdo f or
grained maps
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Extent identifies the overall area of the mosaic

Girain identifies the size of the elements forming the mosaic

Al
Landscape ...
Class similarity can be T
defined by forest type, L.
A A Sintilar

mixture, age, stocking ﬁ!ﬂﬁﬁ
or other forest Polygons
inventory
Jactors Single

Patch pre,
Ladybug %
Ant %#‘v
Aphid ;
;zfc.

Buiterfly Finch Hawk

Figure 1. Elements and concepts in landscape structure analysis.

Well so much for the underlying theory; now for the practical considerations. While the
procedures for calculating landscape metrics have been around for years, direct integration with
Gl S h acsrreduntil recentlys( e e a ut h dhe question odwes whether resource
managers can take advantage of their large investments in detailedfeyeaced data to better
understand forest fragmentation and develop management plans at the kuhelsslap

Eight fundamental classes of landscape metrics are generally rec@ymaed Density Edge
ShapeCore-Area Neighbors DiversityandArrangement At the heart of many of the metrics is

the characterization of the interior and edge of atpaFor exampleArea metrics simply

calculate the area of each patch, the area for each class and the total area of the entire landscape.
These measures can be normalized to identify the percent of the landscape occupied by each
class and a similarity easure that indicates for each patch how much of the landscape is

similarly classified.

While area metrics indicate overall dominaridensitymeasures consider the frequency of
occurrence. For exampleatch densitys computed by dividing the numbef patches in a class

by the total area of the class (#patches per square kilometer or mile). Similarly, the average
patch size can be calculated for a class, as well as the variation in patch size (standard deviation).
Density metrics serve as firstder indicators of the overall spatial heterogeneity in a

landscapé greater patch density and smaller average patch size indicate greater heterogeneity.

Edgemetrics, on the other hand, quantify patch boundaries by calculating the perimeter of each
patch,then summing for the total edge in each class and for the entire landscape. As with the
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previous metrics, the relative amount of edge per class and edge density can be computed. This

i nformati on c anl obvei ncgroi tsipceacli epsse.siiuecdhgeas el k and
However the nature of the edge might be importantedge contrasindex considers the

degree of contrast for each segment of the perimeter defining a patch. For example, an aspen

patch that is surrounded by other hardwood species has a nuastclintrast to its adjacent

polygons than a similar aspen patch surrounded by conifer polygons or bordering on a lake. In a
sense, edge contrast tracks fApatch permeabil
immediate surroundingshigher in&x values approaching 100 indicate more anomalous

patches.

Small Irreqular Aspen Stands

Edge Contrast for Small Irregular Aspen Stands
ID# Species Area (ha) Shape EdgeCon
[ 34] Aw 13.06 2.17 83.40
56 Aw 517 2.34 0.00
75 Aw 7.73 2.65 0.00
94 Aw 13.17 2.46 0.00
131 Aw 10.85 2.04 0.00
143 Aw 11.52 2.00 3.62
205 Aw 0.35 2.00 27.1
179 Aw 10.68 .57 0.00
282 Aw 6.64 2.28 0.00
A\ferase = 8.76 2.29 11.40

Figure 2. Results of a gequery to identify the edge contrast of the small, irregular aspen stands within a
landscape.

Shapemetrics summarize boundary configuration. A singhlapeindex measures the
complexity of a patchdés boundary by cal cul ati
[P/ (2*(i*A)°)]. Asthe shape index gets bigger it indicates increasingly irregular patches

that look less like a circle and more like an ameba. More complicated shape measures calculate
thefractal dimensiorfor an entire landscape or the mean fractal dimension of individual
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vegetation classes. These indices range from 1 (indicating very simple shapes such as a circle or
rectangle) to 2 (indicating highly irregular, convoluted shapes).

Now | et 0 sfthp landscap® metics to use. Figdishows a predominately hardwood
landscape comprising nearly a township in northern Alberta, Canada. The map was created by
the queryl) sdect forest type aspen (gold), SP1=Aw, 2) reselect small aspen staadr)
Area<15ha, and 3) reselect small aspen stands that are irregular (red), ShapeFkGable
identifies the selection criteria for each of the patches, as well as their edge contrast indices.

Several things can be noted. First, most of the small, irreguistfparcels are in the northern

portion of the landscape (9 out of 10). Most of the patches exhibit minimal contrast with their
immediate surroundings (7 out of 10). Patch #34, however, is very unusual as its high edge
contrast index (83 out of 100) ildtes that it is very different from its surroundings. While all

of the patches are irregular (shape>2.0), patches #75 and #279 have the most complex boundary
configurations (2.65 and 2.57, respectively).

Also, notethas ever al of the patches arenodot fdAwholly <c
10). The introduction of the map border spawns artificial edges that can bias the statistics. For
example, Patch #205 with an area of .35 hectare is likely just a tip offalarger aspen stand

and shouldnoét be used in the analysis.
Al t hough | andscape metrics sowhmphd bRBoiwe ewamsst i
or |l ess small irregular aspen stands? Do we

stands? What about the other vegetation types? In the case of landscape structure analysis we
have the technological cart ahead of the scientific Bovge can calculate the metrics, but

havendét completed the resear om Ataominimungwes | at e t
have a new tool that can assess the changes in landscape diversity and fragmentation for
alternative scenariosé we Asimplyo need to un
Next month we will tackle the other metric classksthe interim, see if you can think up some
applications for structural analysis in what you do.

A u t h NatebAsgood reference on landscape analysis is USIdRest Service Technical report PN®TR 351,
1995, by McGarigal ad Marks. This document plus additional material are online at www.innovativegis.com,
select FRAGSTATS*ARC

Get to the Core of Landscape Analysis

(GeoWorld, July 1999, pg. 26-27)
(return to top of Topi¢

The past couple of columns identified the fundamental classes of landscape structurd metrics
Area Density Edge ShapeCore-Area Neighbors DiversityandArrangement As noted, the

first couple of classeg\(eaandDensity contain several indices theharacterize the relative
dominance and frequency of occurrence of the puzzle pieces (forest polygons) comprising a
landscape mosaic. Changes in these indices indicate broad modifications in the overall balance
of landscape elements. The next couphsstsEdgeandShapé focused on the boundary
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configuration and adjacency of the polygons. Changes in these metrics indicate alterations in a
pol ygonds complexity and its contrast to its

Also recall that the metrics can be summarizedtoee perspectives of landscape elengents
patcheqindividual polygons)classegsets of similar polygons) aridndscap€all polygons

within an area). At the class level, individual patch indices are aggregated to identify differences
and similaritiesamong the various vegetation types. Landscape indices further summarize
structural characteristics for an entire project area, such as a watershedegi@to

Now the stage is set to discuss some of the advanced sisgessing landscape edge
characeristics. Core-Areametrics begin to blur the sharp edge of the pup®ees by making a
distinction between the edgefluenced area and the interior of a polygon. In figutiee dark
green lines identify a buffer of 20 meters around the foreshpat The light red portions
identify the core areas of each patch.

Mosaic of

paiches with 20
meter core area
buffers (green)

This patch contains “d;
fwo core areas E
(almost another)

L+ ]

Figure 1. CoreArea metrics summarize the interior portions of landscape patches.

Many ecosystem processes respond differently to exterior and interior locations. In fact with the
advent of modern GIS tools, an argument can be made that a new ecological element ha
surface® thepatch edge For that matter, one could argue that in the vector world of GIS there
is a new map featudepoints, lines, polygons and polygon edge, or buffered transition... sort of

a Afato boundary I ine.

Information about core areas provides a new perspective of a landscape mosaicpddesycs
flora and fauna (humans included) react differently to the interior and exterior of a forest parcel.
Simple statistics about core area can adjust for effective habitat area. The inset in figure 1
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focuses on a single parcel of 4.5 hectares oélent habitat type. But for an interimving
animal the total geometric area is reduced dramatically to just 1.6 hectares (light red), barely a
third of the original pol ygonds area.

Thatos 1 mpormanton i f youb6re a wildlife biolo
sustain a population of interidmving things. Just as important is the knowledge that the interior

area is divided into two distinct cores (and almost three). [f idhaial core areas are so small

that no selrespecting organism would occupy such small islands, then the polygon actually
contributes nothing to the habitat pool (from 4.5 to 0 hectares). A simple GIS query for the area

of all the candidate habitat parselan dramatically overestimate the available habitat as

database retrieval of the geometric area fails to consider the combined effects of parcel size,

shape and buffer extent. Similarly, management alternatives that simply consider forest type

totals cauld on the surface appear viable, but be rotten at the Gane>Areametrics provide a

means for adjusting simple geographic area to
area and number of disjoint cores.

The character of the edge can makdifference as well. Similar to tedge contrastetrics

discussed last time, the nature of the edge changes as you move along it. If an edge location is
mostly surrounded by another type, it i s more
type, or even better, interior locations.

Figure 2. Analyzing polygon edge characteristics.

Like belly-buttonst he cur ves al ong an eidegsed c(acno nbcea vcea ti engds
or dMies®d® (convex protrusion). The naanalysi® of t
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