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3AOAHUE Ne5. METPUKU TAHOLWADPTHOIO PASHOOBPA3UA

LIEJ1b: nosHakoMuTbCA € NOHATUEM "pa3Hoobpasne”
(buornornyeckoe, naHawagTHOE) U METOAAMWN EI0 OLIEHKN
N0 KOCMWUYECKMM CHUMKaM.

B 3aJjlaHNN NCNONb3YTCA KnaccudmKauMoHHbIe
N300paxxeHuns1, nonyveHHole npu BoinosiHeHUn NPNe4

1. mnopT knaccndmkaunoHHOro n3odbpaxeHusa n3 SAGA
B FragStat;

2. PaccuutaTtb naHawagTHble METPUKMU;
3. Buayanusunposartb U MHTEpPNpPEeTUpoBaTh
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OCHOBHbIE NMOHATUA

METPUKUN NAHOLWA®D®THOIO PASHOOBPA3UA
(landscape metrics) — konuyecTBeHHas Mepa
pasHoobpa3us TeppuTopumn

BbIMNCIAKOTCA OJ1A.

* Mo3auku (landscape) — knaccudurkaymoHHoe
n3obpaxeHne, obpazoBaHHOE MO3anKON OBYX
nnn donee Knaccos.

* knacc (class) — Tvn naHgwadgTHOro NoKpoBa,
NonyyYeHHbIN NpU Krnaccugukauymm
OVUCTaHUNOHHOIo n3obpaxeHust 3eMHOM
(neca, nons, BogHble 06bEKTLI U T.M). OBbIYHO
pa3buT Ha BonbLuee NN MeHbLLEE YNCTIO
N30NNPOBaHHbIX OparMeHTOB.

* dpparmeHT (patch) — rpynna nukcenemn
O[HOro Knacca, obpasyrLmx ogHOpPOAHbIN
y4acToK KnaccngmkKaunoHHOro n3odpaxeHus.

* JNOKaJibHbIX OerCTHOCTeﬁ Kaxgaoro
nUKcens

(bparmeHr,
Y4acCTOK, MSATHO)



FRAGSTAT

FRAGSTAT — nporpamma pacyeta
Mep pa3Hoobpasus naHawadTHOro
NOKPOBa MO ero pacTpoBbIM
N306paxxeHnaMm.,

PaspabatbiBaetca ¢ 1995 B
nabopatopumn naHgwadTHON
aKonornn YHmMBepcuTeTa wwtaTa
Maccauycetc (r. AmxepcT, CLLUA)
noa pykosoacTtesomM KeBuHa
Maklapurana (Kevin McGarigal).

Multivariate Statistics
MEASURING for Wildlife

LAN DSCAPES and Ecologv Research
. w% g 0

5""

KeBuH Maklapuran
(Kevin McGarigal)
h Index 17

PacnpocTpaHsieTca csoboaHo ("as is" ). icuepnbiBatole obecrneyeHa cripaBoyHOM
OOKYMEHTauMen (TemaTtmyeckme ctatbn, pyKoBOACTBO NONb3oBaTeNs, CApaBoOYHUK MO

METpUKam pasHoobpasus).

[Tocne nepuoga 3atnwbs (2002 — 2012) obHoBEHUA
BbIXOOAT perynapHo — hitp://www.umass.edu/landeco/

About Fragsta

Pragitats 42

research/fragstats/downloads/fragstats downloads.html

A Snatial Pattarn Analysis Brogram for Categarical Maps

Fragstats v4.2.589 [buil on 2013-11-04]

Tekywas Bepcus 4.2 ot 04 Hos6ps 2013 roaa

OdomumanbHas ccbifika Ha NporpaMmmy:

Authors: Kevin Mcgarigal & Eduard Ene

Copyright 2013 Kevin Mcgarigal & Bduard Ene

McGarigal, K., SA Cushman, MC Neel, and E Ene. 2002. FRAGSTATS: Spatial Pattern Analysis Program for
Categorical Maps. Computer software program produced by the authors at the University of Massachusetts,
Amherst. Available at the following web site: http://www.umass.edu/landeco/research/fragstats/fragstats.htmi


http://www.umass.edu/landeco/research/fragstats/downloads/fragstats_downloads.html
http://www.umass.edu/landeco/research/fragstats/downloads/fragstats_downloads.html
http://www.umass.edu/landeco/research/fragstats/downloads/fragstats_downloads.html
http://www.umass.edu/landeco/research/fragstats/downloads/fragstats_downloads.html
http://www.umass.edu/landeco/research/fragstats/downloads/fragstats_downloads.html

FRAGSTAT

&l unnamedl EIE

File  Analysis  Help

5 7 E B »

MNewy open Save  Saveas  Run

Input lavers | analysis parameters Area - Edge |Shape | Core area I Contrast I Agaregation
Biatch management i ‘ [ Select al | [ De-select all ] [ Irwvert selection
Lavers File bvpe T Patch mettics - -

HE : Class-Lewvel Deviations Landscape-Level Deviations

R 3 Do
o ceun Skandard Percentile Standard Percentile
Column count T Deviation (CS0) (CP3) Deviation (LSDY  (LPS)
Cell size R [CIPatch Area (AREA)
Class metrics
Background walue @ - -- Patch Perimeter (PERIM)
Band Lo . Radius of Gyration (GYRATE)
Mo data value Voo
Landscape metrics
[ add laver. .. ]
| Edit laver info. .. |
| Remove layer | 1 Results
| Femove all layers |
| Export bakch | Ackivity log
Welcome to Fragstats we.2 | -
. |I| - [ Import babch ] 11/18/13 17:42:10: Cateqgarical analysis session skarted.

Caommon tables

Class descriptors Browse
Edqe depth Browse

] Use fixed depth | | T

Edge contrast Browse

:




1. AMNOPT KNACCUPUKALIMOHHOIO N3OBPAXEHUA

1.

2.

QkcnoptupoBatb B SAGA knaccudunkaymoHHoe nsobpaxenue B GeoTiff

yepes GDAL

MnopTupoBaTh knaccuukaumoHHoe nsobpaxenume B oopmate GeoTiff B

FragStat (Add Layer...)

Select input dataset

Daka type seleckion

Lib... Datatvpe

built-in- Raw ASCII grid

built-in - Raw 3-hit integer grid

built-in  Raw 16-bit integer grid

built-in - Raw 32-bit integer grid

built-in - ESRI grid

GDAL  GeaTIFF grid {.HF)

GDAL  WTP binary kerrain format grid
GDAL  ESRI header labelled qrid (. bil)
GDAL  ERDAS Imagine grid {.img)
GDAL  PCRasker grid {.map)

GDAL  5AGA GIS binary Format grid (.x

14 | m | b

=

Input a dataset of type GeaTIFF grid (G EF) [ GDAL ]

Dataset pame:  DiipptiRemotesensinglsamples) 11 clgz_fuzmelocl, -

Row count () | 100 Background value : 999

Column counk (x| 100 Cell size | 25.500

Mo daka wvalue @ | -99999

[ oK ] [ Cancel

napameTpbl
n3obpaxeHus
onpenenarcs
aBTOMaTUYECKN



2.1 PACHET METPUK NAHOWA®THOIO PABHOOBPA3UA

Ha Bknaake Analysis parameters BKIOUNTb pacyeT MeTpUK Ans doparMeHToB,
KNaccoB U MO3aunKW.

BbliOpaTb xapakTepucTnkn pasHoobpasmsa (naHgwadgTHble METPUKN):
a. ansa dparmeHToB: Patch Area (AREA), Patch Perimeter (PERIM)
b. ana knaccos.: Total Area (CA/TA), Percentage of Landscape (PLAND),
Number of Patches (NP)

c. ana scen mo3aukm: Number of Patches (NP), Ha Bknagke Diversity - Patch
Richness (PR), Shannon's Diversity Index (SHDI)

Input Iayersl Analysis parameters I Area - Edge |Shape | Caore area | Conkrast I F\ggregation|
eneral options ﬂ [ Select all ] ’ De-select all ] ’ Invert selection
7 Use 4 cell neighborhood rule @ Use 8 cell neighborhond rule il rrlies

[¥] Total Area (CAJTA) [] Total Edge (TE)
[ automatically save results D Percentage of Landscape (PLARDY [T1Edge Density (EDY
[[]Largest pat Activity log
55 mekrics

Sampling strategy Qe
i Welcome to Fragstats w42 |
@) Mo sampling i Distribution star| 11418713 17:42110: Categorical analysis session started.
ke metrics 11/18/13 158:44:33: Warning: Units nok specified, meters assumed,
11/18/13 19:01:08: Checking model consistency

lass metrics Landscape metrics 11/158/13 19:01:08: Error: Mo level selected For the analysis, please select at least one level.
andscape metrics | patch 111813 19:01:08: Error: Aukosaving resulks requires a base file path,
1 Radius of Gyra| 11/18/13 19:01:08: Model cannot run in current configuration,
[] Generats patch 10 file 1118713 19:01:19: Checking model consistency
—_— HOTE 11/18/13 19:01:19: Error: Mo level selected for the analysis, please select at least one level,

) 11/18/13 19:01:19: Madel cannat run in current configuration,
Radius of Gyratl 41 115/13 19:01:38: Checking model consistency
11/18/13 19:01:33: Model consistency check: Ok
b 11/18/13 19:01:46: Skarting run 1.
- 11/18/13 19:01:46: Analyzing file; 0:pptRemoteSensing samplest 1caz_fuzme 10c) kif
Run Ha4arno pacquOB 11/18/13 19:01:46: Fun 1 ended.
11/18/13 19:01:46: Run completed in 0,355, please review the resulks,

[MoapobHoe onucaHue "naHawadTHLIX" METPUK CM. B CripaBo4dHOU cucteme FragStat.




3.1 BUSYAIIUSALUUA W UHTEPINPETALUUA

Ha atom BoamoxxHocT FRAGSTAT 3akaHuymBatoTcA.

CopoepkaTenbHbl aHanm3 TpebyeT nepeHecTn pesynbraTbl BbIYUCIIEHUN B
cneumaneHble nporpammbl (Excell, Statistica n T.n.). [ins atoro Tabnuubl C
pes3ynbrataMu Hy>XHO COXpPaHUTb B TEKCTOBbIWM dpann KHonkon Save Run as...
3agaeTca ToNbKoO MMA doanna-pesynsratoB, paclMpeHne nporpaMmma 3agacTt cama
(*.patch - gnsa ctatucTnku pparmeHToB, *.class - ctTaTucTuka no knaccawm, *.land —
obLasn cTaTuCcTMKa No pacTpy). TekcToBble Tabnuubl pe3ynsratoB MOXHO OTKPLITh B
brniokHoTe, Excell, Statistica u ckonupoBaTtb Ha criangbl OTYETHOM NPE3EHTALMUIO.

Mnowans PparMeHThI
Cp. Cp. paguyc.
Knacc = PLE’ND ”‘;\'f;“’ nnowaae, | (GYRATE. MN),
c/x 3emnu 30.5 3.8 2 15.3 169.5
XBOWHbIA Nnec 224 3| 276 138 1.6 40.1
cCMmelaHHbIh nec  |231.3| 28.5 76 3.0 47.7
Betposansl 158.0] 19.5 76 2.1 37.9
gepxoeoe bonoto [168.1 20.7 2 84.1 412.5

KpaTkui BbIBOA: CaMbll OAHOPOAHbLIN KNAacc — BEPXoBoe
60MnoTOo, caMblit hparMeHTUPOBaHHbII — XBOMHbLIX NECoB

OHTponua LLeHoHa = 2.1323




2.2 PACYHET METPUK NAHOWA®THOIO PASHOOBPA3UA

BbINONHUTL BblYMCIIEHME TeX Xe "naHawadTHbIX" MeTpuk ons

cKkonb3silero okHa 3x3 nukcens. [1nga atoro B okHe Set Run
Parameter B rpynne Analysis Type Bbi6paTb: 1) Moving window

(ckonb3see OkHO), 2) Round (kpyrnoe), 3) 3agaTb paanyc OKHa B

MeTpax, 4yTb OOSbLLIMIK MONOBUHbLI CTOPOHbLI KBagpaTta 3x3 nNukceng.

|Input |ayersl Analysis parameters l

oving window

Class metrics
Landscape metrics

@ Round with a radius of 100,00 meters, E]

Accept windows with a maximum 0,00% of border [ nodata, E]

() Square with & side length of 100,00 meters.

Partial sampling

() User provided points

5 - Ha4aJio pacyeToB

[MoapobHoe onucaHue "naHawadTHLIX" METPUK CM. B CripaBo4dHOU cucteme FragStat.

Patch metrics

L

Class metrics

Landscape metrics

ﬂ

Resulks

Area - Edge |Shape | Core area | Conkrast I F\ggregation|

[ Select all

] ’ De-select all ] ’ Invert selection

[¥] Total Area (CAJTA)
Percentage of Landscape (PLARDY
[T Largest Patch Indesx (LPT)

Distribution Statistics

Mean  Area-Weighted  Median  Range  Standard
(M)

Patch Area (AREA_T)
Radius of Gyration (GYRATE_?) ]

MOTE

[] Total Edge (TE)
[T1Edge Density (EDY

D ok count any background § boundary interface as edae, E

Coefficient of

Mean (AM) (MDY [{zF:3] Deviation (S0} Variation (V)
[ [ & [ [l
O O [ O O

Radius of Gyration Area-wWeighted Mean {GYRATE_AM) is equivalent to Correlation Length {CL) as used in the literature.




3.2 BUSYAIIUSALUUA U UHTEPINPETALUUA

Pe3ynbsrathl BblYUCIEHUW ByayT COXpaHEHbI B nanke ¢ UMeHEM

[Mma_uncxogHoro dannal+ MW1. dopmaT nsobpaxeHns cCooTBETCTBYET hopmaTy
ncxogHoro dpamna. Ero Hy>kHo npoumnopTtmpoBaTh B SAGA yepe3 GDAL 1 nonoxuTtb
CBEpPXY UCXOOHOro KraccudumkaunmoHHOro n3obpaxeHus. Npu aTom HYXXHO 3aaaTtb
Kog, nponycka = -999 n HWXHIOK rpaHnuy amanasoHa — 0. NanuTpy BbibpaTb Ha cBOM
BKYC.

=)

Lo L T L L | B~ T I
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USMEPEHUE PASHOOBPA3UA
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OLEHKH
Beenenne
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2.2, lenemmu eckoe pasnoodpas ne
2.3, Buaosoe pmnoodpazne
23 1. Juaavmea BHI0BOr0 pmpoodpasns
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133 Jiaanmga BHADEOTO DorarcTea no I AHHEIM
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3.1, Hasenmapuszannonaoe 1 audep enunpyiome e pasnoodpas ne
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FAQ Welcome To FRAGSTATS!
FEAGSTATE 15 a computer software program designed to
Links compute a wide vanety of landscape metrics for categoncal map
patterns The onginal software (version 2) was released in the public
Werkiogs domain durmg 1295 m association with the publication of a TTSDA

Forest Serwvice General Techrical Eeport (MciFargal and harls
1995,

since then, hundreds of professionals have enjoyed the use of FEAGETATE. Due to
itz growing populanty, we have completely revamped the program. The purpose of this
web site 15 to faciitate dissemination of the new software (version 2) and to faciditate
cotmuncation among FEAGSTATS users.

About the Authors

The onginal version of FRAGSTATS, published m 1595, was developed by Dr.
Eevin MecGarigal and Barbara Marks of Oregon State University, Me. Marles was
the programmer and pnmary technical support person for the ongmal release. She now
woths for Hewlett Packard and no longer prowides technical suppott.
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(2) From Anthropocentric to Organismic/
process-centered Landscape Patterns




(3) From Static to Dynamic
Models of LLandscape Patterns

i Matural Fira -Year 20 =
5 el Late-seral Conifer Forest
: Class Metrics

'i'l Malural Flre rear 40

vear 20  vear 40  vear 60
35.92 34.58 2771
0.42 0.57 0.95
24.24 23.35 24.46
7026.15 6150.38 3761.56
3989.52 371076 3070.01
2.02 1.97 1.97
2320.54 182537 267931
137.55 13696  129.61
96.21 95.93 94.61
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(3) From Categorical to Gradient-
based LLandscape Patterns




Fragstats 3.3 (ArcGrid disabled} - BezbiMARHBIA
File Fragstaks Tools Help
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NAHOWADPTHBIE METPUKA
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(L37) Simpson's Diversity Index

Vector/Raster

m
SIDI = 1-Y P} |
i=1

Units: None
Range: 0=SIDI=<1

SIDI = 0 when the landscape contains only | patch (ie., no diversity). SIDI approaches | as the number of
different patch types (ie., patch richness, PR) increases and the proportional distribution of area among
patch types becomes more equitable.

Description: SIDI equals | minus the sum, across all patch types, of the proportional abundance ofeach patch tvpe
squared.

patch

—

(bparmeHr,
y4acToK,
NATHO)
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\

Lo,
i 0
e
i %
- 1
N
A B
LID NCVEG LID NCVEG LID NCVEG
PID 104 PID 400 PID 200
TYPE MLS TYPE CcOS TYPE MGF
AREA 51.33 AREA 16.83 AREA 18.59
LSIM 48.80 LSIM 762 LSIM 841
PERIM 6230 PERIM 1922 PERIM 1907
EDGECON 16.96 EDGECON 4202 EDGECON 80.05
SHAPE 2.45 SHAPE 1.32 SHAPE 1.25
FRACT 1.33 FRACT 1.26 FRACT 1.25
CORE 8.46 CORE 235 CORE 462
NCORE 2 NCORE 1 NCORE 1
CAl 16.48 CAl 13.94 CAl 24 87
NEAR™ 25.00 NEAR* 15508 NEAR™ 21691
PROXIM* 200 .34 PROXIM*® 238 PROXIM* 0

Figure 4. Example of FRAGSTATS patch indices for three sample patches drawn from a sample landscape. See
text and Appendix 3 for descriptions and definitions of the metrics. Indices with an asterisk were computed from
the raster version of FRAGSTATS.



MEPbI PABHOOBPA3UA:

AQHTpoONUA (OT rpey. EVIPOTTia — MNOBOPOT, NpeBpaLleHme)
B TepMoAuHaMnke — mMepa HeobpaTMMOro paccenBaHUsS 3HEPIUN.
B CTaTUCTUYECKOU (pU3nKe — mMepa BEPOSATHOCTU OCYLLECTBIIEHUA KaKoro-
MO0 MaKpPOCKOMUYECKOTO COCTOAHUS;
B TEOpUM MHOpMaUUN — Mepa HeornpeaeneHHOCTU UCTbITaHUA, KOTOPbIN
MOXET MMETb pPa3sHble UCXOoAab!;

ENTROPY IN THE KITCHEN

A raw egg exemplifies the asymmetry of time: a fresh one breaks easily,  the simple reason that there are more ways to be broken than not. In
but a broken one does not spontaneously put itself together again, for physics jargon, the broken egg has a higher entropy.

Myriad ways
Y . Several ways to be to be fully smashed
slightly cracked

)

One way to
be pristine




U3MEPEHUE PASHOOBPA3UA?

OJ151 He3aBUCUMBbIX CNyYanHbIX COObITUN X
C N BO3MOXHbIMU cOCTOSHUAMU (OT 1 80 Nn)

H(z) = - ipm log, p(i)

m P =1log,(p) =0 @ P; = 0.33 log,y(p,) =-1.11 @ p; =0.11 log,(p,) =-2.21
1 p, =0.66 log,(p,) =-0.42 1 p, =0.44 log,(p,) =-0.36

H(x) =-1*(0.33*-1.11 + H(x) = -1%(0.11*-2.21 +
+ 0.66*-0.42) = 0.64 + 0.44*-0.36 +

+0.44*-0.36) = 0.97



[ EHEPAJIBHAA CXEMA
CETHU OCOBO OXPAHAEMbIX

TEPPUTOPUN

JUIA TEPPUTOPUN
IOKHOI'O YPAJIA



OcHoBHOM Marepuan: Tomorpaduueckas kapra M 1:200 000
YeThipexkaHajdbHask CIEKTpaJbHasl ChEMKa
MCY-CK c pa3zpenrenuem B 160 m 3a 20 uronst 1999 rona
JononnutensHas napopmanus: Kapra necoB Poccun. M 1:1000 000

3100000
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18400009 10500000 10808000 1070900¢




['pamanuu kayecTsa
MaKCHMaJIbHOTO
pazHo0Opaszus

80-90 %

97.5-90 %
95-97.5 %
97.5-99%
99-99.5 %
99-100 %

Wcxonnblii penbed TEpPUTOPUN U CyMMapHasi OLIEHKA €r0 TeTepOreHHOCTH
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VY3711 U CHCTEMA BKOJIOTHYECKUX KOPHIOPOB B PETHOHE.



YeThipexkaHaabHas CIIEKTpaJIbHAs
cremka MCY-CK c¢ pa3zpemrenuem B
160 m 3a 20 urons 1999 rona

Ha cimaie npeacraBiieH CUHTES TPEX
BUMMBIX KaHAJIOB.
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I'paganun kadecTBa
pa3HooOpa3us

0-0.5%
0.5-1 %
1-2.5 %
2.5-5%
5-10 %

TOMOI'€CHHbIC

97.5-90 %
95-97.5 %
97.5-99 %
99-99.5 %
99-100 %

reTePOreHHbBIC

KauecTtBeHHast orieHKka pasHOOOpa3usi MECTOOOUTAHUM, TTOJTyYeHHAs HA OCHOBE
KJIacCU(UITMPOBAHHOTO KOCMUYECKOTO CHUMKA. A — UCIIOIb30BaHHAS JIJIs1 OICHKH
Kiaccudukanus (Jierenia ta xe, 4yto y pucyHnka 17); b — CoBmenienue rpaaamnui

pPa3zHO00pa3usi C UCXOHBIM CHUMKOM



HNuTerpanbHas OLeHKa
pa3zHooOpa3us peiabeda u
PaCTUTEILHOCTH B
mpeaeiax BbIICICHHBIX
y3JIOB

6200000

6100000

I'paganuu kauecTBa

BrIcOKkoe KauecTBO

359t0 77 (463
32 5t0 389 (156)
27 5to 328 (144)
10510 27.3 (148)
S5ta105 (113
gdta 85 (19
S3ta 54 (37
2ta 83 (31)
1ta 52 (40
0 to 81 (359)

Hu3skoe xauecTBO

6000000

5300000

| o |

5800000

5700000

10300000 10400000 10500000 10600000 10700000



6200000

6100000+

10800000  1070000¢

IIpemmaraemas cxema

Pa3sMCIICHUA OXPAHACMBIX

TEPPUTOPUU

Craryc npemyaraembix OOIIT:

) samosennuk

3aIoBeIHUK (IPUPOJHBIN TApK)

B saunonansrbi napk
B opuponmsii mapk

(benepanbHbIN 3aKa3HUK

B vecrisiii sakasnnk (begepanbHbIii)

MECTHBIN KJIACTEPHBIN 3aKa3HUK
MECTHBIN 3aKa3HUK

(16)
(2)
(6)
(7)

17)
4)
(6)

(141)



[TpO1IEHTHI BBIJICJIIEHHBIX OXPAHSIEMBIX TEPPUTOPUNA

%
HHE&? i ITnomanp, ra | Ilmomaae OOIIT, ra | oxpaHsieMbIx
TEPPUTOPUH
Bces tepputopus 211 000 21 100 000 2175500 10.3
PaBHunHas yacte 146 200 14 620 000 875 900 6
I'opHas yacTh 64 800 6 480 000 1299 600 20




