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1　INTRODUCTION

Estimatingbiologicalparametersofvegetationcoveris

animportantelementofthestudyonforestecosys-

tems.Phytoindicationmethodsusedinremotesensing

arebasedonidentifyingthelinkagebetweenspectral

characteristicsoftheimageandbiologicalparameters

(suchasthereserveofphytomass, andspeciescom-

position) parametersofforeststandsandseasonalvar-

iabilityofthespectralradiancecoefficient.

Indeterminingbioparametersandidentifyingterrestri-

alsurfacestructures, high-resolutionmultispectralim-

agesareconsideredmostappropriate.Itisamatterof

commonknowledgethatspectralcurvesofnaturalob-

jectsaredeterminedbythreespectralregions:green,

red, andnearinfrared.Existingmethodsforprocess-

ingmultispectralimagesarerepresentedbylinear

combinationsofspectralbandswithcoefficientsob-

tainedfromfieldmeasurements, andwithratioinde-

xesofspectralbandbrightnesseswhichareusuallyre-

ferredtoasvegetationindexes.

Tomapandmodeltheregenerativeandagedynamics

oftaigaforestsweuseddifferent-qualityinformation

derivedfromspace-basedresearch, cartographicdata,

ground-levelresearchfindings, archivaldata, and

GISdatabases.Theentiredatasetincludes1 ) high

resolutionsatelliteimages( LandsatTM, Landsat

ETM +, andASTER/TERRA);2 ) topographic

mapsatascaleof1∶100000, and1∶200000;3) data

ofnationalforestreserveinventories, andforestas-

sessmentdescriptions;and4) fieldroutesurveymate-

rials.

Theground-basedobservationsweremadeaspartof

theroutesurveys, withvisual, descriptiveandphoto-

graphicfixingoflandscapestoverifyimageinterpre-

tationresults.Thedataobtainedwereprocessedusing

differentmethodswiththepurposeofcomparingthe

imageprocessingresultswithfieldinvestigationsto

generatethelandscapemap, themapofforesttypes,

andpredictivemapsofthedynamics.
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2　METHOD

Computer-aidedinterpretationofimagesdoesnottake

properaccountofthegeographicalprinciplesofinves-

tigations:theterritoriality, integratedcharacter, multi-

factoriality, ambiguity, uniqueness, concreteness, in-

dividuality, accountforlocalconditions, etc.Theim-

ageismorefrequentlyregardedasawhole, ratherthan

asaterritorialsystemofheterogeneousobjects.Conse-

quently, itisnecessarytoswitchovertothelocal

analysisofgeoimageswherenotthemethodsofstatis-

ticalprocessesbutofmathematicalanalysisaremostly

used, includingnumericalmethodsofanalysiscaptu-

ringheindividualcharacterofgeographicalreality.

Theinterpretationprocedureiscustomarilydividedin-

tosequentiallogicalstages, themainofwhichare

recognition, interpretation, anddecision-making.At

therecognitionstage, ananalysisismadeoftheinter-

pretationattributestosolvetheproblemofestablishing

thedepictedobjects, phenomenaortheirproperties.

This, mosteasilyformalizable, stagehasreceived

wideacceptanceinrasterimageprocessingprograms.

Thematicinterpretationisperformeduponcompletion

oftherecognitionstageandinvolvesconstructinga

modeloffactorsinfluencingthestateandclassifica-

tionpositionofinterpretationobjects.Anobjectisas-

signedtoaparticularclassificationgroupusingaset

ofrulesthatnotnecessarilyfollowfromtheproperties

andcharacteristicsoftheremotelyobtainedimage.

Interpretationuseslogicalcategoriesbasedoncorrela-

tivelinksbetweengeosystemscomponents.Decision-

makinginthematicinterpretationismainlyassociated

withtheprocedureofgraphicallyidentifyingacurrent

object.Theapparentsimplicityofthedecision-mak-

ingstageinpracticeinvolvesoneofthemosttedious

andnon-technologicalproceduresofestimatingthe

degreeofreliabilityoftheinterpretationreferenceat-

tributesforacurrentobject.

Intheprocessofinterpretingsatelliteimages, thefol-

lowingproblemsaresolved:recognizingthebounda-

riesofnaturalobjectsdepictedonimages, establis-

hinginterrelationshipsbetweenindividualobjectsand

characteristicpropertiesoftheirspatiallocation, and

recognizingandrecordingdynamicalnaturalprocesses

andphenomenathatoccuranddevelopovertheterri-

toryencompassedbysatelliteimagery.

Analysisofgeoimagesindelineatingtheecosystemsis

basedonrepresentingitasasystemofdata, i.e.

suchasetofqualitativeandquantitativecharacteristics

fortheterritory, eachofwhichisuniquelyinferable

fromtheothersusingone-typerelations.Inthiscase,

astudyofthesystem' spropertiesrevealsagreatdeal

ofnewfundamentalpossibilitiesthatarecommonly

referredtoasidentifiability.Inanabstracting-theoret-

icaltreatment, thenotionofidentifiability(parametric

atleast) isaparticularcaseofobservability(apossi-

bilityofindirectlydeterminingthequantities, based

onmeasuringsomeotherquantitiesandusingapriori

information).Parametricidentifabilityimpliesapos-

sibilityofdeterminingtheparametersofamathemati-

calmodeloraprocessfrom observationsspanning

sometimeinterval
[ 1]
.

2.1　Jacobi' sdeterminant

Goodresultsfrom processingmultibandimagesare

providedifJacobi'sdeterminant, theJacobian, is

used
[ 2, 3]
.Thereexistssomeinvariantpropertyofthe

ecosystemthatretainsitsvaluewithinanaturalcon-

tour, andwithinthiscontourbrightnesscharacteristics

ofsatelliteimagesarerelatedbyadefinitefunctional

correlationthatvariesontheboundary.Ifthebright-

nesscharacteristicsofsuchimagesarespecifiedpara-

metricallyxi(x, y, t), where(x, y, t) arespatialcoordi-

natesofapixel, andtheobservationtime, thenJacobi's

determinantD, whichisdecomposedintominors, is

0, isthecharacteristicsxi(x, y, t) areinterrelated.
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whichparticulartypeofmodels) thiscorrelationholds

forallmodelsofthedescriptionofobjectsdoesnot

matter.Dinducesthepresenceorabsenceofsuch

correlation.Thereappearsanobjectivecriterionfor

identifyinghomogeneousD=0 andheterogeneous

D≠0 ecosystemareas.TheproximityofDto0deter-

minesthedegreeofhomogeneity(spatialhomogenei-

ty) ofecosystems.

Comparisonofroutesurveyresultswiththefindings

frominterpretingsatelliteimages(NDVI, andidenti-

ficationoftheboundariesofforestecosystemsusing

Jacobi' sdeterminant( Fig.1) ) inordertodelineate

thenaturalboundariessuggestthattheautomatically

identifiedboundaries(byJacobi' scriterion, theexist-

enceofafunctionaldependence) correspondmainly

toregionsofrelieflineinflection ( edges, water-

sheds, lowerpartsoftheslopes), aswellasindica-

tinganabruptchangeinthestructureofbiogeocoeno-

ses. Foreach ecological-geographicalsituation,

whichonimagesisrecordedasanindividualofthe

ecosystem, typicallyhasitsownlinkagesystemofpa-

rametersofthetreestand, surfacecover, andsoil,

influencingthesingle-typecharacterofthedepend-

enceofimagecharacteristicsindifferentsurveychan-

nels, andthisisactuallyrecordedusingthecriterion

selected.

Fig.1　Resultsfromprocessingspace-acquiredimages

(a) NDVI(LandsatETM+);(b) EcosystemboundariesdelineatedusingJacobi' sdeterminant(ASTER/TERRA).

2.2　Generatingalandscapemap

Toexplaintheobjectiveidentificationofthelocations

andoftheirsubsequentstandardization, adigitalmod-

elforthereliefwasconstructed.The1∶25000 land-

scapemapattheleveloffacieswascompiledonits

basisfrom fieldobservationresultsusingspace-ac-

quiredinformationandresultsfromitsautomaticpro-

cessingwiththeuseofJacobi' sdeterminant(Fig.2).

Thedynamicalaspectwasreflectedinthelegendto

themap:thenameoflandscapefaciesisfollowed(in

brackets) byitsdynamicalstate: ( N) —native,

(IN) —imaginarynative, (S)— serial, and(SL)—

stablelong-derivative, transformed( disturbed), of

differentvariability.Themapshowsalsothegeotech-

nicalsystems, andthecharacterofanthropogenic

transformations:anthropogenicallytransformed, and

anthropogenicallydisturbed.Theformer, uponcessa-

tionoftheanthropogenicimpact, canreverttoastate

closetotheoriginalstate, and, ontheotherhand,

thechangeshavealongorirreversiblecharacter.

Legendofthelandscapemap:

A.ARCTIC-BOREALNORTH-ASIAN.

A1- SUBAREALPLAINS-UPLAND TAIGA-FOR-

ESTSHARPLY CONTINENTAL MODERATELY

WETANDDIFFERENTTHERMALCONDITIONS

(MIDDLE-SIBERIAN)

A1I.Plainssouthern-taiga
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Fig.2　Landscapemapforthekeyarea

A1I1.Dark-coniferousdenudationplateau-plains

1.Interfluveofelevatedplains, fir-stone-pinewith

undergrowthofhoney-suckeandjuniper, grass-green

moss, onsoddy-taigasoils( N);2.Dome-shaped

topsofwatersheds, fir-spruce-larch, withunder-

growthofhoney-suckle, grass-green-moss, onsoddy-

taigasoils(IN);3.Valleyandfloodplainspruce-fir

large-grassonhumusandhumus-peatysoilscombined

withalluvialsoddy(S);4.Bottomsofcreekvalleys

andnarrow rivervalleys, fir( withstonepineand

spruce), large-grass, onhumusandhumus-peaty

soils, combinedwithalluvialsoddy(S);5.Bottoms

ofcreekvalleysandnarrowrivervalleys, fir-spruce,

fir, onhumusandhumus-peatysoilscombinedwith

alluvialsoddy(S);6.Slopefooting, fir-stonepine

withtheinvolvementoflarch, withmixedunder-

growth, forbs, withpatchesofgreenmosses, onsod-

dy-taigasoils(IN);7.Gentlyslopingweaklydissec-

tedsurfaces, dark-coniferousgrass-greenmoss, on

soddy-taigasoils(IN);8.Slopesofmoderatesteep-

ness.Fir-spruce-larchgrass-green-moss, onsoddy-

taigasoils( IN);9.Slopesofmoderatesteepness

dark-coniferouswiththeinclusionoflarch, grass-

shrubs, withpatchesofgreenmosses, withmixedun-

dergrowth, onsoddy-taigasoils( IN);10.Steep

slopesdark-coniferouswiththeinclusionoflarch,

grass-shrubs, withpatchesofgreenmosses, with

mixedundergrowth, onsoddy-taigasoils(IN);

Anthropogenically-disturbed

11.Gentlyslopingweaklydissectedsurfacespine

withtheinclusionoffir, forbsonsoddyforestsoils

(SL);12.Slopesofmoderatesteepnesspinewith

theinvolvementofdark-coniferousspecies, forbs,

withundergrowthofspiraeaandmountain-ash, on

soddy-taigasoils(SL);

Anthropogenicallymodified

13.Leveledareasofwatershedsaspenprogressivese-

ries(withlarchandstonepineasundergrowth) with-

mountainashandalderasundergrowth, sedge-forbs,

onsoddy-taigasoils;14.Flatweaklydissectedsur-

facesbirchprogressiveseries(withfirandstonepine

asundergrowth) shrubforbsonsoddyforestsoils;

15.Flatweaklydissectedsurfacesbirchprogressive

series(withspruceandfirasundergrowth) forbs, on

soddyforestlow-thicknessloamyandlight-loamy

soils;16.Gently-slopingweaklydissectedsurfaces

birchprogressiveserieswiththeinclusionofdark-co-

niferousspeciesshrubsforbsonsoddyforestsoils;

17.Bottomsofsmallcreekandrivervalleys, birch

(withstonepineandfirasundergrowth) forbson

soddy-forestsoilscombinedwithalluvialsoddy;18.

Slopesofmoderatesteepness, birchprogressiveseries

(withfirandspruceasundergrowth) shrubsforbson

soddyforestsoils;19.Slopesofmoderatesteepness

aspenprogressiveseries(withfirandstonepineas

undergrowth) with honey-suckle in undergrowth

sedge-forbsonsoddyforestsoils;

A1I2.Light-coniferous-taigadenudation-erosionplat-

eau-plains

20.Leveledareasofwatershedspinefoxberry-forbs

withmixedundergrowthonsoddy-taigasoils(N);

21.Loweringsofwatershedsandgentlenear-water-

shedslopeslarchwithspruceandfir, grass-shrub,

withpatchesofgreenmossesonsoddy-taigasoils

(IN);22.Gentlenear-valleyslopeslight-coniferous
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withspruceandstonepine, grass-greenmoss, on

heavy-loamysoddy-forestsoils( IN);23.Gently

slopingofweaklydissectedsurfaceslarchwiththein-

clusionofpine, grass-moss, onsoddy-taigasoils

(IN);24.Gentlyslopingofweaklydissectedsur-

faceslarchshrub-mossonsoddy-taigasoils(IN);

25.Slopesofmoderatesteepnesspinesedge-forbs

withmixedundergrowthonsoddytaigasoils(I);

A2.SUBBOREALMOUNTAINANDMOUNTAIN-

VALLEY TAIGA OF WET AND CONTRAST

THERMALCONDITIONSOFINLAND MIDDLE

MOUNTAINSANDHIGHPLATEAUX

A2I.Mountain-taigalight-coniferoussouthern-Siberia

type

A2I1.Piedmontelevationslight-coniferousofoptimal

development

26.Gently-slopingweaklydissectedsurfacespine

fox-berry-forbswithsparseundergrowthofdogrose

andalderonslightlyloamysoddygreyforestlow-hu-

micsoils(N);27.Floodplainandterracebirchgrass

withpatchesofgreenmossesonfloodplain-layered

low-thicknesssoils( S);28.Slopesofmoderate

steepnesspinewithlarchwithmixedundergrowth,

forbs., onsoddygreyforestsoils(IN);29.Slopes

ofmoderatesteepnesspinefoxberry-forbsonsoddy-

taigasoils(S);

Anthropogenicallymodified

30.Gently-slopingweaklydissectedsurfaces, aspen

progressiveserieswiththeinclusionofpinewithun-

dergrowthofalderandhoney-suckle, forbs, onsoddy

forestsoils.;31.Gently-slopingweaklydissected

surfacesbirchprogressiveserieswiththeinclusionof

light-coniferous, forbs, onsoddyforestsoils;32.

Flatweaklydissectedsurfacesbirchprogressiveseries

(withspruceandlarchasundergrowth), forbs-grass,

onsoddyforestthickloamyandslightlyloamysoils;

B.GEOTECHNICALSYSTEMS

33.Residential;34.Transport-technical.

2.3　Geographicalanalysisofforestecosystems

Adefinitenaturalregimeoffunctioninganddevelop-

mentcorrespondstoeachfacies.Withinafacies, for-

estregenerativeincut-overandburned-overareasfol-

lowsacertainsequenceofbiocoenosessuccessionto

formaclimaxcoenosis(regenerativeandageseries,

succession).Achangeofstatesembodiestime-differ-

entmanifestationsofthechangesin ecosystems

caused, inparticular, bymeteo-energeticfactors, and

bythesuccession-agedynamicsofthebiota, both

naturalandassociatedwithhumanactivity
[ 4, 5]
.

Asisknown, differentecosystemsarecharacterized

bydifferentimpactsofnaturally-occurringdestruc-

tionsonthetaigaanditsdifferentsensitivitytonatural

andanthropogeniceffects, aswellasbyadifferent

courseofitsrestoration.Geographicalpatternsofthe

dynamicsoftheseprocessesdeservestudyintheinter-

estsofrationalutilizationandconservation, improve-

ment, andbuild-upoftheregion' staigaforests.On

theotherhand, anunderstandingofthedynamics,

disturbancesandrestoration, successionandagechan-

gesoftheforestinregardtokeytypesoflandscape

unitsandindifferentlandscaperegionsisofgreatsci-

entificinterest, specificallyfordevelopingatheoreti-

callywell-groundedandpracticableecological-geo-

graphicalclassificationoftaigalands, estimatingthe

coefficientsforpredictivemodelsofthetaigaforest

dynamicswithdueregardforlandscapestructure.

Importantimplicationsforthegeographicalanalysisof

forestecosystemscomefromtheregenerativeandage

dynamicsthatdeterminestheshort-term changesin

forestcover, andthechangesintroducedbynatural

andanthropogenicdestructiveimpactswhichmakeit

possibletoexploreandassessthepotentialpossibili-

tiesthattheforestcoverwouldrecover, itsfuture

propertiesandeconomicsignificance, andthechanges

associatedwithgeosystemstransformationprocesses

thatareresponsibleforthepossibleformationofbio-

geocoenosesinthenewevolvingenvironmentalcondi-

tions.Thefirsttwotypesofchangesleadtorestora-

tionandstabilizationofforestcover, andthethird

typeofdynamicsischaracterizedasatransforming

one.

3　RESULTS

3.1　Interrelationship between forest-typological

andlandscape-geographicalunits

Theideaofareconciledclassificationofthevegeta-
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tioncoverfromthelandscape-geographicalstandpoint

wasputforwardbyV.B.Sochava
[ 6]
.Forestbiogeo-

coenoses, accordingtothecharacterofforest-vegeta-

tionconditions, correspondtoelementaryindividuals

ofaparticularlandscapefacies.

Thestudyoftheregenerativeandagedynamicsof

communitieshasalonghistoryandreceivedarather

clearjustificationinforestbiogeocoenologyincon-

nectionwiththedevelopmentofthegeneticapproach

toforesttypologybyB.P.Kolesnikov
[ 7, 8〗
.Also, he

formulatedtheconceptoftheforest-formingprocess

asaspecializedversionofthegeneralandhistorical

conceptthatreflects, underpresentconditions, the

characteristicsofemergence, formation, destruction

andtransformationofforestcover, aswellasthe

changesinforest-vegetationconditionsandoftheen-

tiresystemofinterrelationshipsofthenaturalcom-

plex.Theforesttypeisregardedasacertaintemporal

stageoftheforest-formingprocesscharacteristicfora

particulartypeoflandscapeconditions.Foresttypes

ofageneticclassificationreflecttoadifferentextent

thespatial-orographicdifferentiationofforest-vegeta-

tionconditions(theconditionsofgrowthlocation,

thelandscapestructureoftheterritory), andthe

changesingrowingvegetationassociatedwiththe

processofsettlement, emergenceandformationof

forestcommunities, andtheirfunctioningacrosstime,

destruction, andsubsequentrestoration.Early in

stage, thedynamicalaspectreflectedacombination,

inasingleforesttype, ofnativeandderivative(po-

tentiallynative) communitiesofthedemutationseries

butledsubsequentlytoaneedforaspecialstudyof

theregenerativeandagedynamicsorassessmentof

forestcommunitiesintermsoftheirdynamicalstate.

Territorialcharacteristicsofregenerativeandagedy-

namicsoftaigaecosystemscanberevealedbyinfer-

ringthechangesinthestructureoftreestandsthrough

diversitypatternsoftheircomposition.Theaboveap-

proachtoidentifyingthedynamicsisjustifiedbythe

factthatthedistributionofvegetationcoverofthe

successionordemutationseriesinspacecancorre-

spondtotheirsequentialchangesacrosstime
[ 9]

, and

byrelevantconceptssuggestedbyN.V.Tretiakov

thatinstudyingthecourseofgrowthitisadvisableto

combinedifferent-agestands, havingasimilarhistory

(ofthesameforesttype), intoasinglenatural-genet-

icseriesofdevelopment
[ 10]
.

Thedynamicsofforestcommunitiesovertimeisalso

revealedthroughamathematical-statisticalanalysisof

theassessmentdataontheforestreserves.Forthis

purpose, assessmentdescriptionsoftheareasmustbe

classifiedaccordingtoforesttypesbyaveragingas-

sessmentcharacteristicsoverageclasses.However,

geographicalinterpretationrequirescomparingclassifi-

cationcategoriesofsilvics( phytocoenosis, forest

community, biogeocoenoses, assessmentarea, forest

type, andthetypeofregenerativeconditions) and

landscapestudies(elementaryindividual, facies).

3.2　Progressiveseriesofforesttypes

Theprocessesofregenerativeandagedynamics, ob-

servedintheIrkutskregion, havebeenbroughtabout

mostlybyforestfiresand, toasignificantextent, by

continuousfelling
[ 11]
.Theotherfactorsthatdestroy

treestandsorintroducedramaticchangesintotheen-

vironmentalconditionsinthem, haveaveryinfre-

quentoccurrenceoverthisterritory.

Thetrendofregenerativeandagedynamicsofforests

isdeterminedbytheterritory' slandscapestructural

features(forestvegetationconditions).Insmallare-

as, thedifferencesofthisprocessdependonsoilsand

positionrelativetoreliefelements.And, toalesser

extent, thisprocessisalsoinfluencedbyclimaticfac-

tors;therefore, indifferentpartsoftheIrkutskre-

gion, evenatplaceswithsimilarsoilsandrelief, the

regenerativeandagedynamicsoftheforestsispro-

ceedinginadifferentfashion.

IntheIrkutskregion, thefollowingprogressiveseries

offoresttypesareratherclearlyidentifiedaccording

toL.V.Popov(Fig.3)
[ 12]
.

I.Seriesofdark-coniferoustaigaonsoddy-podzolic

andsoddy-forestferruginousloamysoilsofdrained

watershedsandslopes.

II.Seriesofdark-coniferoustaigaonsoddy-podzolic

andsoddy-forestferruginousloamyandclayeysoilsof

flatwatershedsandwetslopes.

III.Seriesofpinestandsonsoddy-podzolicandsod-

dy-forestferruginoussoilswithintermittentfires.
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(a) (b) (c)

(d) (e)

Fig.3　Dynamicsdiagramsofspeciescompositionoftreestandsforprogressiveseries

(a) II;(b) III;(c) VIII;(d) IX;(e) X

IV.Seriesofpinestandsonsoddy-podzolicand

podzolicsoilsoflightmechanicalcomposition.

V.Seriesofpinestandsonsandypodzolicsoilsofthe

watershedsandupperterracesofrivervalleyswithin-

termittentgroundfires.

VI.Seriesoflight-coniferousforestsonsoddy-calcar-

eoussoilswithlong-lastingperiodsbetweenfires.

VII.Seriesoflight-coniferousforestsonsoddy-cal-

careoussoilswithfrequentsweepinggroundfires.

VIII.Seriesofpinestandsonsoddy-podzolicand

soddy-forestferruginousandclayeysoilsofthenorth-

ernpartwithintermittentfires.

IX.Seriesofsprucestandsofthelowerpartofthe

hillsideswithsoddy-podzolicandsoddy-forestferrugi-

noussoils.

X.Seriesoflarchstandsonthehillsideswithsoddy-

podzolicandsoddy-forestferruginousloamyandclay-

eysoils.

XI.Seriesofstonepinestandsinlow-lyingwater-

shedswithsoddy-podzolicsoils.

Aclassificationofprogressiveseriesassuggestedby

L.V.PopovforthesubzoneoftheSoutherntaigaof

theMiddleSiberiaislargelysimilartoaclassification

oflandscapesforthisterritoryasidentifiedbyV.B.

Sochava
[ 4, 12]

.Forinstance, theseriesofdark-conif-

eroustaigaonmedium-podzolicandsoddy-forestfer-

ruginousloamysoilsofthedrainedwatershedsand

slopesisrealizedwithintheboundariesofthesouth-

ern-taigadark-coniferous-forestclassoffaciesoffixed

elevations.Theexistinglinksofthefacialstructures

oftheterritorywiththedynamicsoftreestandsper-

mit, ontheonehand, landscapesonaterraintobe

moreeasilyidentified, and, ontheother, theforest

dynamicstobeinferredataparticularpointofspace

fromlandscapemappingresults.

3.3　Comparisonofthelandscapestructureand

progressiveseriesoftheforesttype

Withintheboundariesofeachfacies, thesimplestva-

riantofdirectionalorfluctuationaldynamicsisreal-

ized.Fromstarttofinish, thisprocessisevolving

unidirectionally, andallelementsinvolvedfullyreach
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theirfinalstatecorrespondingtoagivenfacies.

Inthiscase, eachofthedynamicsstagescharacterizes

theformationtimeofthecommunityduringwhichits

compositionisdominatedbyadefiniteforest-producer

oragenerationofatreestandthathasanedificatory

andregulatoryeffectontheintracoenoticenviron-

ment, andonbiogeocoenoticprocesses
[ 12]
.

Basedonourresearchresults, itwasestablishedthat

definiteprogressiveseriesoftheforesttypecorre-

spondtodifferentfaciesandprogressiveseriesofthe

keyarea(Table1).

Table1　Comparisonoffaciesandprogressiveseries

forforesttypes

Landscapefacies
Progressive

series

Interfluveofelevatedplains, fir-stone-pinewithun-
dergrowthofhoney-suckeandjuniper, grass-green

moss, onsoddy-taigasoilsnterfluveofelevatedplains

II

Dome-shapedtopsofwatersheds, fir-spruce-larch,

withundergrowthofhoney-suckle, grass-green-moss,

onsoddy-taigasoils

II

Valleyandfloodplainspruce-firlarge-grassonhumus

andhumus-peatysoilscombinedwithalluvialsoddy
IX

Bottomsofcreekvalleysandnarrowrivervalleys, fir

(withstonepineandspruce), large-grass, onhumus
andhumus-peatysoils, combinedwithalluvialsoddy

IX

Bottomsofcreekvalleysandnarrowrivervalleys, fir-

spruce, fir, onhumusandhumus-peatysoilscom-
binedwithalluvialsoddy

IX

Slopefooting, fir-stonepinewiththeinvolvementof
larch, withmixedundergrowth, forbs, withpatches

ofgreenmosses, onsoddy-taigasoils

II

Gentlyslopingweaklydissectedsurfaces, dark-conif-

erousgrass-greenmoss, onsoddy-taigasoils
II

Slopesofmoderatesteepness, fir-spruce-larchgrass-

green-moss, onsoddy-taigasoils
II

Slopesofmoderatesteepnessdark-coniferouswiththe
inclusionoflarch, grass-shrubs, withpatchesof

greenmosses, withmixedundergrowth, onsoddy-
taigasoils

III

Steepslopesdark-coniferouswiththeinclusionof
larch, grass-shrubs, withpatchesofgreenmosses,

withmixedundergrowth, onsoddy-taigasoils

III

Gentlyslopingweaklydissectedsurfacespinewiththe
inclusionoffir, forbsonsoddyforestsoils

III

Slopesofmoderatesteepnesspinewiththeinvolvement
ofdark-coniferousspecies, forbs, withundergrowthof

spiraeaandmountain-ash, onsoddy-taigasoils

III

Leveledareasofwatershedsaspenprogressiveseries

(withlarchandstonepineasundergrowth) with-
mountainashandalderasundergrowth, sedge-forbs,

onsoddy-taigasoils

II

Continue

Landscapefacies
Progressive

series

Flatweaklydissectedsurfacesbirchprogressiveseries
(withfirandstonepineasundergrowth) shrubforbs

onsoddyforestsoils

IX

Flatweaklydissectedsurfacesbirchprogressiveseries
(withspruceandfirasundergrowth) large-grass, on

soddyforestthickloamyandlight-loamysoils

IX

Gently-slopingweaklydissectedsurfacesbirchprogres-

siveserieswiththeinclusionofdark-coniferousspecies
shrubsforbsonsoddyforestsoils

IX

Bottomsofsmallcreekandrivervalleys, birch(with

stonepineandfirasundergrowth) forbsonsoddy-for-
estsoilscombinedwithalluvialsoddy

IX

Slopesofmoderatesteepness, birchprogressiveseries
(withfirandspruceasundergrowth) shrubsforbson

soddyforestsoils

IX

Slopesofmoderatesteepnessaspenprogressiveseries

(withfirandstonepineasundergrowth) withhoney-

suckleinundergrowthsedge-forbsonsoddyforestsoils

II

Leveledareasofwatershedspinefoxberry-forbswith
mixedundergrowthonsoddy-taigasoils

VIII

Loweringsofwatershedsandgentlenear-watershed

slopeslarchwithspruceandfir, grass-shrub, withpat-
chesofgreenmossesonsoddy-taigasoils

X

Gentlenear-valleyslopeslight-coniferouswithspruce

andstonepine, grass-greenmoss, onheavy-loamysod-
dy-forestsoils

VIII

Gentlyslopingofweaklydissectedsurfaceslarchwith

theinclusionofpine, grass-moss, onsoddy-taigasoils
VII

Gentlyslopingofweaklydissectedsurfaceslarchshrub-
mossonsoddy-taigasoils

X

Slopesofmoderatesteepnesspinesedge-forbswith
mixedundergrowthonsoddytaigasoils

VIII

Gently-slopingweaklydissectedsurfaces, pinefoxberry-

forbs, withsparseundergrowthofdogroseandalder, on
light-loamysoddygreyforestlow-humicsoils

VIII

Floodplainandterracebirchgrasswithpatchesofgreen

mossesonfloodplain-layeredlow-thicknesssoils
IX

Slopesofmoderatesteepnesspinewithlarchwith

mixedundergrowth, forbs, onsoddygreyforestsoils
VIII

Slopesofmoderatesteepnesspinefoxberry-forbson
soddy-taigasoils

VIII

Gently-slopingweaklydissectedsurfaces, aspenpro-

gressiveserieswiththeinclusionofpinewithunder-
growthofalderandhoney-suckle, forbs, onsoddyfor-

estsoils

III

Gently-slopingweaklydissectedsurfacesbirchprogres-

siveserieswiththeinclusionoflight-coniferous, forbs,
onsoddyforestsoils

X

Flatweaklydissectedsurfacesbirchprogressiveseries
(withspruceandlarchasundergrowth) , forbs-grass,

onsoddyforestthickloamyandslightlyloamysoils

X
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3.4　Prognostic-dynamicalmapsofforesttypes

Basedonthedataforprogressiveseriesofforesttypes

andoncomparingthemwiththefacialstructure(see

Table1), thelandscapemap(seeFig.2), andforest

assessmentdata, itwaspossibletocreatethemapfor

thepresentstateofforesttypes( Fig.4 ), andthe

prognostic-dynamicalmapsforforesttypesforaperi-

odof50and100 years(Fig.5and6).

Fig.4　Mapforforesttypes(presentstate)

1.Stonepine-firstandswithundergrowthofhoney-suckleandjuniper,

grass-greenmoss;2.Fir-spruce-larchwithundergrowthofhoney-suck-

le, grass-greenmoss;3.Spruce-fir, largegrass;4.Fir(withstone

pineandspruce), large-grass;5.Fir-spruce, fern;6.Stonepine-fir

withtheinvolvementoflarchwithmixedundergrowth, forbswithpat-

chesofgreenmosses;7.Dark-coniferous, grass-greenmoss;8.Fir-

spruce-larch, grass-greenmoss;9.Darkconiferouswiththeinclusion

oflarch, grass-dwarfshrub, withpatchesofgreenmosses;10.Pine

standswiththeinvolvementofdark-coniferousspecies, forbs;11.Asp-

en-treestands(withlarchandstonepineasunder-growth) withmoun-

tainashandalderasundergrowth, sedge-forbs;12.Birchstandswith

theinclusionofdark-coniferousspecies, shrubs-forbs;13.Birchstands

(withstonepineandfiraundergrowth), forbs;14.Birchstands(with

firandspruceasundergrowth), shrubs-forbs;15.Aspen-treestands

(withfirandstonepineasundergrowth) withmountainashasunder-

growth, sedge-forbs;16.Larchstandswithspruceandfir, grass-

shrubs, withpatchesofgreenmosses;17.Light-coniferouswithspruce

andstonepine, grass-greenmoss;18.Larchstandswiththeinclusion

ofpine, grass-moss;19.Larchstands, shrubs-moss;20.Pinestands,

sedge-forbs, withmixedundergrowth;21.Birchstands, grass, with

patchesofgreenmosses;22.Pinestandswithlarchwithmixedunder-

growth, forbs;23.Pinestands, foxberry-forbs;24.Aspentreestands

withtheinclusionofpinewithunder-growthofalderandhoney-suckle,

forbs;25.Birchstandswiththeinclusionoflight-coniferousspecies,

forbs;26.Birchstandsprogres-siveseries(withspruceandlarchasun-

dergrowth), forbs-grass;27.Anthropogenicstructures.

Fig.5　Prognostic-dynamicalmapforforesttypes

(thestatewithin50 years)

1.Fir-stonepinewiththeinvolvementoflarch, grass-greenmoss;

2.Fir-larchstandswiththeinvolvementofspruce, grass-greenmoss;

3.Fir-spruce, largegrass;4.Spruce-firwittheinclusionofstonepine,

largegrass;5.Larch-stonepinewiththeinvolvementoffir, forbswith

patchesofgreenmosses;6.Stonepine-firwiththeinvolvementof

larch, forbs-green mass; 7. Spruce-larch, grass-green moss;

8.Spruce-stonepine-pine, forbs;9.Birchstandswiththeinclusionof

spruceandlarch, greenmoss-largegrass;10.Birchstandswiththein-

clusionoffir, greenmoss-largegrass;11.Birchstandswiththeinclu-

sionofspruceandfir, greenmoss-largegrass;12.Stonepine-firwith

theinvolvementoflarch, forbs;13.Larchstandswiththeinclusionof

spruceandfir, grass-shrubswithpatchesofgreenmosses;14.Pine

standswiththeinvolvementoflarch, foxberry-forbs;15.Larchstands

withtheinclusionofdark-coniferousspecies, greenmoss;16.Larch
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stands, greenmoss;17.Pinestands, foxberry-greenmoss;18.An-

thropogenicstructures.

Fig.6　Prognostic-dynamicalmapforforesttypes

(thestatewithin100years)

1.Larch-fir-stonepine, grass-greenmoss;2.Fir-larch, grass-green

moss;3.Fir-sprucewiththeinvolvementoflarch, largegrassgreen

moss;4.Sprucestandswiththeinclusionofstonepineandlarch, large

grasswithpatchesofgreenmosses;5.Larch-stonepine, forbs-green

moss;6.Larchstandswiththeparticipationofspruce, taigamoss;

7.Spruce-stonepine-pinestandswiththeinclusionoflarchherbaceous;

8.Sprucestandswiththeinclusionofbirchandlarch, greenmoss-large

grass;9.Stonepine-firstandswiththeinclu-sionoflarch, greenmoss-

largegrass;10.Pinestandswiththein-volvementoflarch, foxberry;

11.Larchstandswiththeinclusionofdark-coniferousspecies, green

moss;12.Pinestandsбрусничные;13.Anthropogenicstructures.

4　DISCUSSIONANDCONCLUSION

Thecomparisonofthelandscapestructureandpro-

gressiveseriesofforesttypesreportedheredoesof

coursenotreflectallpossiblevariantsofregenerative

andagedynamicsofforests.Thecharacteristicprop-

ertyofthelastofeachfaciesisdeterminedbyecolog-

icalconditionsofenvironment, andbythebiological

propertiesofthemainandaccompanyingspeciescom-

posingthecommunitiesandmaintainingacomplicated

interspecieslinkageoverthecourseoftheentirecycle

ofprogressivesuccessions.Thetrendofthedynamics

isoftendeterminedalsobytheintensityandrecurrence

offorestfiresthatareresponsibleforthedurationof

thestages, speciescomposition, andfortheappear-

anceofthelivingsurfacecover.Ontheotherhand, it

hasbeenestablishedthatintheprocessofformation,

withintheboundariesofeachfaciesthevegetation

goesthroughnumerous, morphologicallysimilar, re-

generativestagesofthenativecommunity.

Thetheoreticalframeworkforthecreationofprognos-

tic-dynamicalmapsforforesttypesisbecominginter-

pretationmappingwherethelandscape-typologicalmap

isusedasacontourmapandasaclassificationframe-

workfordevelopingderivativecartographicdocu-

ments
[ 13]
.Thisapproachisbestrealizedwithinthe

frameworkofstructural-dynamicallandscapestudiesand

geneticsilvics, becauseitiswiththisapproachthatitis

possibletomanagetoidentifyaspatialindividual(afa-

cies, andabiogeocoenoses), theregimeinherentinit,

theintensityandsequenceofdynamics, temporaland

spatialdiversity, economicutilization, etc.
[ 14]
.

Thealgorithmforcreatingprognostic-dynamicalmaps

forforesttypesisasfollows.( 1) Fieldinvestigations

ofthefacialstructureandregenerativeseriesofforest

typesforthestudyarea;( 2) Creationoftheland-

scape-typologicalmaponthebasisofremotelysensed

data;(3) Creationofdynamicsdiagramsforspecies

compositionoftreestandsofprogressiveseriesoffor-

esttypes;( 4) Referencingofforestassessmentdata

tothelandscape-typologicalmap;( 5) Comparisonof

thefacialstructureandprogressiveseriesoftheforest

type, basedonthedataobtainedaspartoftheanaly-

sisofforestassessmentinformationandfieldobserva-

tions;( 6) Constructionofthepredictionofforestde-

velopmentonthebasisofthelandscape-typological

map, anddynamicsdiagramsfornaturalcomposition

oftreestands, andenteringitintothedatabase;and

( 7 ) Visualizationofthepredictiondatabaseinthe

GISenvironment.
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基于地理知识与数学模型以及遥感数据检测针叶林的更新和龄级动态

I.N.Vladimirov
(俄罗斯科学院西伯利亚分院伊尔库次克地理研究所 )

摘　要:　本文介绍一种利用高分辨率遥感数据与数学模型绘制针叶林的新方法, 适于处理空间影像数据 。结果绘制

出了伊尔库次克北部 Ust-Ilimsk地区的针叶林图 。本文认为对景观判读绘制成图的 GIS技术需要包括信息调查程

序 、地图综合数据和以目标为导向的景观图与知识的阐释 。应用新方法生产预测林型动态变化的分布图, 此方法使用

数学分析模型在研究区数字地图上勾绘地表组成,并根据直方图勾绘典型的地表组成 。

关键词:　遥感;森林制图;数学模型


