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Abstra ct

This Paper is concemed with a new mehod formapp ng taga forests usng h€h reso uton mmotely sensed

dat and mathenaticalmodels New techno pgies are suggested forprocessing ace acqu jred inages Mappng results {or

the norfem Jrkutsk reg 'pr( U st [lin sk distric§ are presen teq
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1  NIRODUCTIDN

Estimatng hiological param eters of vegetatpn cover s
an inportant elanent of He study on forest ecosys
tems Phytoindication methods used n ranote sensng
are hased on identifyYing the |inkage peween spectral
characteristics o f the image and b D pPg cca] Paran eters
( uch as the resewe of phymas§ and species can-
position) paran eters Oof {orest stands and seasona] var
jability of the Pectra] mdiance coefficient

In detem ining hioparam eters and identify ing terrestry
a] surface stuctures hLigh resoutpnmulgspectra] in-
ages are cons‘dere(i most approp riatg It isamatter of
canmon know ledge that spectra] curves of natura] oh.
jects are detem mned by three spectra] region§ greeg
red and near pfrared EXistin€ methods for process
ing’g mulgspectra] mages are represented by [linear
camhmnatons of spectra] hands w ith coeffeients oh
taned fram {eld m easuran ents and with @t inde
xes o f spectra] band bhrigh nesses which are usually re
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[T ote sens pg forestm app lng mathanatcal models

ferred 1o as vegetatpn indexes

Tomap and mode] the re€eneratve and age dynam ics
of ni€a forests we used differentquality infomation
derived fram space hased researc},l carp8rapPhic da@

ground. Jeve]| research f'nd'ng’s arch val dagl and
GIS dawbases The entire data set includes 1) high
resojutpn sate||ite 'mageS( ] andsat M ] andsat
EIM +  and ASTER/TERRA); 2) w©Pographic
maps ata scale ofy 3100000, 4nd1 200000 3) daw@
of natjona| {orest reserve invemorie;s and forest as
sessmentdescription:% and4) fied moute survey mate
rials

The 8mound pased opservations were made as part of
the oute survey’s with ViSU%l descriptive and Photo
graphic fX ng€ of hndscapes 10 verify mage nempre
fation results The dat@ ohtained were processed using
differentmetods w it the pumpose of canparing te
mage processng results w ik feld mvesti8atons 1o
generate the 1andscapemap themap of forest tqus

and predictivemaps of the dynan jcs
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2 METHOD

Canputeraded mterPre@aton of inages does not take
proper account of fe geographica] PrinciPles of mves
tigation:s the territorialiry ntegrated characte’r mu |ty
factorg|ity ampi€ui®y unijJueness concreteness i
dividua]ié’ account f70r 1oca1con({itpn§ etc T};e m_
age smore frequently regarded as a who Le rather than
as a terrjtorja] systan of heterogeneous Oh jecp Conse.
QUently 1t 1S necessary to switch over t0 e pca]
analy s;s of geoinageswhere not e methods of statis
tica] processes hut ofmathanatcal analysis are mostly
used ncuding numerjcalmethods of analysis captuw
rng he individua] character of geographica] realjty
The interPretation procedure is custamarjly divided m
t0 sequentja] logical stagqs the man of which are
recognjtion pemreaton and decispnmaking At
the recognition Stagg an analysis ismade of the mter.
Pretation attrhutes 10 solve the Poh m of estah]shing
the depicted object’s Phenomena or their propertie§
Thi,S most easily fomalizabl’e staige has receved
w de acceptance jn raster jnage processing program s
Thanate interPretation s Perfomed upon canpleton
of the recognition stage and mvolves constuctng a
mode] of factors nfluencing the state and chssifica
tion positpn of interPretation ohjects An ohject is as.
signed © a pargcular classification group usng a set
of mles that notnecessarily follow fram the propertes
and characteristics of fe ramotely obtained inage
InterPretation uses Jogjca] categorges hased on corre
tive links bew een geosystans canponents [)eciSion
making n hanatc nterpretation smanly assocated
w ith the Procedure of 8raPh ca]ly iden4fyng a current
obect The apparent smplicity of the decsionmak
ng stage jn pPractice jnvolves one Oof the most ted pus
and non technologica] procedures of estimatng the
degree o f reliahility of the nepreatpn reference at
tributes {or a currentohject

In the Process of mterPreting sate]]ite Jinage’s the ol
low g proplem s are solved recognizing the hounda
res of natura] ohjects depicted on 'rnage§ estahlis
hing mnterrelationshipPs heween nd v gual opjects and

recognizing and recordng dynam jca| natura| processes
and Phenom ena fat occur and devepp over the terry
01y encanpassed by sate]lie inagery

Analysis of 8eoinages n delneatng the ecosystan s is
based on repPresenting it as a Ystam Of datz’i 1e

such a £tof qualiative and quantjtative characeristics
for the tenritory each of which 1s unfuely mferaphle
fram the oers using one type relatons In this case

a study of the systan’ s Propertijes reveals a great dea]
of new fundamen®] Possihilites that are canmonl]y
referred 10 as identifiability Tn an abstracting theoret
ical tream ent the notion of 'dentifiability( Param e tric
at leas‘g 1S a partjcu ar case of observabi]iﬁ'( a Possy
bility of indirecly detem ining the quantities based
onmeasuring sane other quantjties and using a priorj
nfomaton =~ Parmmetric identifability mPles a pos
shility of deem ining the paraneters of amathanat
cal mode] or a process fran oOhservations spanning

same time ntervalll
21 Jacobi sdetemn nant

(Good results fram Processing multhand images are
provided if Jacohi s detem 'nan,t the ]acobiar’l S
used>?  There exists same jnvarjant property of the
ecosystan hat retajns its vajue wihmn a natura] con
tOu,r and w tthin this contour hrg8hness characterstics
of sate]lite inages are related by a defnite functiona]
correlaton that vares on the poundary If the br&ht
ness characteristics of such images are specified pPara
metrically X( X y 1)’ WhGI’E( X }7 } are spatia] coordi
nages of apixe’l and he ohservatpn t'mg then Jacob i s
deteminantD which © decanposed imominor§ s

Q 1S the characteristes X,( Xy ) are nterrejated

ax Ix  IX
ax Jy It
Jx I% 9%
D=17% v [0
¥ I% 9%
Cox 9y at
IX  Ix aIx Ix I¥ I¥

Jax JY| Ix ax  JY| I¥ Ix  JY| IX

=0
g x| Jt | oy ax| It | ax Iy It
Jax Iy ax Iy ax  JYy

characteristic propertes of their spatjal pcat'pr} and More 'mportant[}” the way n WhiCh( or n tems of
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w hich Particupr ype ofmode]g this correJation holds
for a]lmodels of the descriPtpn of ohjects does not
mater D induces the Presence or apsence of such
correlatpn There appears an opjective crierion {or
dentify ng hanogeneous D= ( and heterogeneous
D ecosystam areas The Proxin ity of D 10 deter
m mnes the degree of hanogene ity( spatia] homogeneyp
65 of ecosystm s

Camparison of mute survey results with the find ngs
fram interpretng sate]lite mages NDV] and denti
fraton of the houndaries of forest ecosystams usng
Jaoobi s detem inant Fig 1)) n order v delneate
the naumr] houndaries suggest that the auvmatically

dentif ed boundarie§ by Jacobi s criterior,l the exist
ence Oof a functona] dependence) correspond majmnly
0 reg pns of relief line inflction ( edge§ water
shed§ low er parts of the s]opeS)’
thg an ahupt change in {e structure of hOgeoco eno

as we]| as ndica
ses For each ecologicalgeographral Situatiop

which on inages 1 recorded as an ndividual of te
ecosystan typically has its own |inkage & stam of pPa
rameters of the tree s‘and surface cover and soi]

influencing he sngl type character of the dePend
ence of mage characteristes in different survey chan

nels and this 1s acwally recorded usmg te criterion
selected

1.0 0 0.1 02 03 04

(a)

050607080910

(b)

F‘g 1 Resu Its fram processing space acquired i ages
(8 NDVJ LandsatETVH-), ( by Ecosyswm boundaries delineated using Jacobi s detem inang ASTER/ TERRA),

2 2 Generatnga Jandscapem ap

To explain the ohjective identification of the locatpns
and of their supsequen t slandardizatiop adgitalmod
e] for the relief was constucteq Theq @5000 land
scape map at the leve] of facies was campPiled on its
basis fran field observation results using space ac
quired mfomaton and resu]ts fran {ts autamatic pro.
cessing w ith the use of Jacohi s detem inan‘( Fig 2).

The d¥Ynam jca] aspectw as refected in the le€end ©
the map the nan e of Jand scape facies 18 {ol]owed( i
bracke&) by its dynan ica] s@ate N)_ native

( N)_ nagmnary native ( 53_ seriq] and( SL)—

stable 1ongderivative transfomed ( disturbed)’ of

different variahility Themap shows aJso he geotech
and the character of anthropogenic
an f opogenically tlansfonned and

nical sYst&n§
tIanS{onnation:s
an fropogenjcally disturbed The fom er upon cessa
ton of the anthropogenic 'rnpac’t can revert t0 a state
close 10 the orignal state and on the other hand
the changes have a [ong Z)r ine,versible character ,
legend of the 1andscapemap

A ARCTIC-BOREAL NORTH-A SIAN

A~ SUBARFAL PIA NS-UPLAND TA GA-FOR-
EST SHARPLY CONTINENTAL MODERATELY
WET AND D FFERENT THERMAL COND II'IONS
(M DDLE-SIBER AN)

A'] Phins ouhem niga
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Fi€ 2 Landscapemap for e key area

AI L D ark_ coniferous denudation Plateau_plams

1. Interfluve of elevated p]ain’s fir stone.pmne w iH
undergow th o { honey_sucke and jmipe’r grass green
moss on soddy-tai€a s ( N); 2. Dame shaped
tops of Watershed§ fir spruce_ pmh w ith under
grow th of honey_suck1§ grass. gmemnos§ on soddy-
t@Ba soils¢ Ny, 3 Valley and fpodplain spce fir
larBe_grass on humus and hunus peaty soils canpmned
w ith alluvial soddy ( S); 4 Botams of creek valleys
{ ir( with stone Ppmne and

on hunus and humuspeaty

and narrow ryver VaﬂeY’S
spruce)’
soils  combied with allvial soddy( §); 5 Botans
of creek valleys and narrow river Vaﬂey’s fir spuce

1a]gegras,s

fir on hunus and hunuspeaty soils canhmned w it
aluvia] soddY ( S); g Slope footing  fir sone pine
w ith the mnvolvement of 1arcb with m xed under
growﬂg f01b§ w 1th Patches of greenmossqs on sod-
dy-ta8a sois( Ny, 7 Genty sppmngw eak]y dissec.
ted surfacqs datk_coniferous grass green moss on
soddY-taiga soils( N); g Slopesofmodere steep.

ness Fir Puce arch grassgmen.mos§ on soddy-

ta;ga SOﬂS( N); 9 Slobes of moderate seepness
datdk coniferous with the nclusion of prch grass
shmp s w ith Patches o f greenmosses withm xed un
der8rowty on soddy-@Ba soils ( N), 10 Steep
slopes dark coniferous with the mnclusion of 1a1cb
glassshrub§ with Patches of Sreen mosses w ith
m ixed undergrow §y  on soddy- aiga SOﬂS( Ny,
Anthropogenically_ d sturbed

1. Gently sloping weak]y dssected surfaces pine
w ith the inclusion of f;r {forhs on soddy forest 0 ils
( SL); 12 SlopPes of moderate steepness pine w ith
the mvolvement of datk coniferous specie§ {orhs
w ith under8row th of spjraca and mountajn asb on
soddy-taiga soils ( SL,

Anthropogenica [[y modified

13 ]eveled areas of watersheds aspen Progressive se
rieS( with larch and stone Ppne as undergrwvh) w ith
mountajn ash and alder as undelgrowb sedge forb,s
on soddy-taga soi];, 14 Flatweakly dissectd sur
faces b rch pProgressive serieS( w ith {ir and stone Ppne
as undelgrow&l) i {orhs on soddy {forest soi];
15 Flatweak]y dissected surfaces hirch pProgressye
ser'ﬁS( w 1th sPruce and fir as undelglowth) fOIb’S on
soddyY forest Jow_thickness Joamy and ]i8ht loamy
solgs 16 Gentlysoping weak]y dissected surfaces
birch progressive seriesw ith the inclusion of dark co
niferous species shmuhs {foihs on soddy forest soi];,
17. Bottans of sna]| creek and river Vaﬂey’s birch
(Wih stone Pmne and fir as undelgrwvth) forhs on
soddy-forest soils cambined with alluvial soddy 1§
Slopes of moderate steepnes§ birch Progressive series
( with fir and sPruce as undelgrowrh) shmups forhs on
soddy forest soi]’s 19. SbPes of moderae seepness
aspen Progressye series ( with fir and stone pPme as
undergrowth) w ith honey_suckle n undemBrow th
sedge forhs on soddy forest soi];,

A 1. Li8htconiferous @aiga denudation erosion plag
eau Plajns

20 Leveled areas of watersheds Pine {oxperty_foihs
withm ixed undergow t on soddY- @i8a soip ( Ny,
21. Lowerngs of watersheds and gentle nearwater
shed slopes Jarch w iy sPruce and fi,r grass_shrub
with Patches of €reen mosss on soddy-taga s

( N); 22 Gentle nearvalley slopes [ight conjferous
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w ith sPruce and stne ping grass green rnos§ on
heavy. pany soddY- forest soils( N); 23 Genty
sloping of weak|y dissected surfaces Jarchw ith the in
on soddY-iga soils
( N); 24 Gently spoping of weak]y dissected sur
faces Jarch shrupmoss on 0ddYy. taiga soﬂs( ]N);

cluspn of pPjne Lrassmoss
b b

25. Slobpes of moderate steepness pPine sed€e {orhs
w ith m xed undeBrow th on soddy taiga soib( I);

A, SUBBOREAL MOUNTAIN AND MOUNTA IN-
VALLEY TALGA OF WET AND QONTRAST
THERMAL CONDITDNS OF NIAND M DDLE
MOUNTAINS AND H GH PLATEAUX

A ] Mountin taga [ight coniferous southem Siberia
type

A2 1 Piednont elevations ]i8ht coniferous of optmal
developm ent

26. Gently-spping weaklV dissected surfaces Pine
fox_hery_{foihs with Parse undelgrow f of Jog rose
and alder on s|Bhtl loamy 0ddY 8ry {orest Jow_hw
m iC soi1S( N); 27 FbodpPlain and terrace hirch grass
w ith Patches of green mosses on floodPlai J|ayered
low_thickness SOilS( S); 28 Slopes of moderate
steepness pjne w ith larch with m xed undelgrowﬁ;l
forb:s’ on soddy 8rey forest soi]s( ]N); 29, Slopes
of moderate steepness pne foxheny_{orths on soddy-
@aga soils( §,

Anthopogenjca]ly modified

30. GentlyY-spp ng wedk]y dissected mrface§ aspen
progressive seriesw ith he mclusion of pine w ith un
deBrow th of alder and honey,suckl’e {o1b§ on soddy
31, Gentlysopng weakly dissected
surfaces b rch progressive seres with e incluspn of
forb’s on soddy forest soi]’s 32
Flatweak Y dissected surfaces hirch Progressive series
( w 1th sPruce and larch as undergrowﬁq)’ forbsglas§
on soddy forest hck loany and s|BhtlY loamy soils
B GEOTECHNICAL SYSTEMS

33, Res'dentia;l 34, Transport technica]

forest soils,

11i8ht coniferous

2 3 (Geographica]analysisof forest ecosystams

A definite natura] re€me of functioning and develop.
ment corresponds 10 each facies W thi a facies {or
est regeneratjve jn cut over and purned_over areas {0l

low s a certajn sequence of Hiocoeno s succession O

fom a c]limax ooenosiS( regenerative and age serie§
succession). A change of states emhodies tine differ
ent manifestatpns of the changes n ecosystans
caused n particula,r bY m e teo_energetic factor§ and
bY the succession age dynam cs of the biotgl both
nawura] and associated w ity human activity*

ASs B kl’lOWl”l different ecosystam s are characterjzed
by different inpacts of naura]y_occurring destruc
tpnson the ©i€a and its different sensitvity to natura]
and an f, opogenic ef{ect’s as we]| as by a different
course of its restoratpn (Geograph ca] Patterns of he
dYnam ics of fese processes deserve study in the ner
ests of ratpnal utjlizatpn and oonservatiop mprove
ment and puild up of he regorr s taga forests On
the other hand an understanding of the dynam ic’s
disuthances and Iestoratior} succession and age chan.
ges of the forest ;n refard t0 key types of landscape
units and in different Jandscape regpns is of great scp
entific ineregt specifically for developing a theorety
caly we]lgrounded and Practicabl ecological gea
8raphica] chpssificaton of @iga hnds estmathg he
coefficients for Predictive models of the wi€a {orest
dynam jcs w ith due regard for Jandscape stmucture
Inportant mPpPlcatons for the geographical analy sis of
forest ecosystans cane {fran te reg€eneratjve and age
dy¥nam ics that detem jes the short €m changes n
forest cover and the changes mtioduced bY natural
and anthropogenic destructive mpacts which make it
possihle 10 exppre and assess the poentia] Possibili
tes that the forest cover would recover its future
properties and econam ic signif 'panqe and the changes
assocjated with geosystms transformation Processes
that are responsile {or the possple fomation of hio
geo coenoses n the new evolving environmenta] cond i
tons The first wo tYPes of changes lead 10 restora
ton and s@bilzaton of forest cover and the thid
pe of dynan ics is characterzed as a trans{om ing

one

3 RESULTS

3 1 InterrelationshiP bheween {oresttypopgica]

and landscape geograpPh ical un its

The dea of a reconcid classification of the veSeta
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tion cover fram the Jandscape geograpPhical standpPoint
was put forward bY V B Sochava®
accordmg t0 the characer of forest veget
tion condition§ correPond © epmennr’y ndividuals

Forest hiogea

coenoses
b

of a partjcular land scape faces

The study of the re€enerative and age dynam ics of
canmunities has a png L story and received a rater
clear justification pn forest hiogeocoenojogy n con
nection w th the development of the enetic approach
0 forest ypojogYy bY B P Kolesnkov 78 Also he
fomulated e concept of the forest fom ing pr’ocess
as a specjalized version of te genera] and historical
concept that Ieﬂect’s under Present Condition§ the
characterjstics of emer8ence fomation destuucton
and transfomatpn of fore;t cover a7s well as the
changes n forest vegetation conditions and of te en
tire systtm oOf mterrelatonshiPs of the natura] cam-
Plex The forest tyPe is regarded as a cerajn temporma]
stage of the {orest fom ng Process characteristic for a
particular ype of hndscape conditons Forest types
of a genetic chssification refct 10 a different extent
the spatalorgraPph ¢ differentjation of forest veget
tion oonditiOHS( the conditons of grow 1ocatior,1

the Jandscape stmucture of the territory), and the
changes n grow ng vegetatpn assocjated with the
process of settlemen’t emergence and fomaton of
forest oomrnunitie’s and ther functioning across t'rng

Eary n
stage the d¥Ynan ica] aspect reflected a anbinatior,l

desuuct‘pp and supsequent restoration
n a single forest ‘ryp’e o f natjve and derivative( Pa
tenta]ly native) canmunjties of the deanutatpn serjes
but led supsequently to a need for a specpg] study of
the regeneratve and age dynan ics Or assessnent of
forest canmunjities m ems of their dynam jca| stage

Territoria] characterjstics o f re€enerative and age dy-
nam jcs of \iga ecosystans can he revealed by nfer
g the changes in the structure of tree stands Hough
diversity pattems of their canpositpn The ahove ap.
proach © identifyng the dynamics s pstifed by the
fact that te distribution of vegetation cover of the
successon Or demutation series @ space can o 1re
spond 0 heir sequentja] changes across tiné9], and
by relevant concepts suggested bY N V  Tretiakov
that n studYing the course of rowth it 1s advisabk ©

comh he different ag8e S‘Land’s having a sin jlar hiso 1y
( o f{ the sane {orest t}’pf), nto a single nauralgenet
ic series of developm ent'%

The d¥ynam c¢s of forest canmunities over tine s also
revealed throug8h a matanatcal statjsteal analyss of
For this
purpos§ assessnent descrptons of fe areasmusthe
classified according t0 forest types hy avera€ ng as

sessnent charceristics over age classes However
. b

the assessnment data on the forest reserves

geographica] ntePretation requjres canparing classifi
catpn caggories of Si]ViCS( thtoooenosi’s {orest
oommuniﬁ: biogeocoenose’s assessmen t areg {orest
vbe and the tyPe of regeneratyve oonditiong and

landscape studieg elmentary individual faciey,
3 2 Progressive serjes of {orest types

The Processes of regeneratve and age dynam €s Oh.
served in the [kutsk reg iop have heen brough; apout
mosty by forest fires and 0 a signifcant extent by
The other factors fat destroy
tree stands or ntroduce dranatc changes mto the en

viomenta] conditons nm Han have a very mnfre
9

contnuous fellng'!

quent occurrence over this €rjory

The trend o f re€enerative and age dynam ics of forests
1S detem ned bY he terrftory s Jandscape structura]
featureS( forest vegetation cond itiong_ n smal] are
as the differences of this Process depend on soils and
positpn rehtive 0 relief elments And 10 a lesser
exent this Process is also f {luenced bS” clinatic fac
n different parts of the Trkutsk re

giop even atplaces with sin jar soi]s and re]ie’f he

013 therefore

regenerative and age dynam c¢s of the forests is Pro
ceed ng m a different fash on

In the Tkusk region the follow ing progressive series
of forest types are rather clear]y gdentified according
© 1,V Popoy FB 3)!"

I Series of dark conjferous taga on s0ddy-Podzolic
and soddy. forest ferrug€inous pany soifs of drajned
watersheds and slopes

I Series of dark coniferous taj€a on Oddy- Podzolic
and soddy- forest fermug€ nous joany and clayey soils of
flatw atershed s and wet slopes

11 Series of pine stands on soddy-Pod zolic and sod-
dY- forest ferrugmous sojls with mntem jttent fires
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Larch |———————rrrrrz7777,
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Fir
Siberian Fir
. Pine Siberian
2 ] @ZZZZZZ " Pine
é Spruce .g Spruce B — > . o
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100 200 100 200
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(9 (9

Fig3 DYnanm cs d@8mams of Pecies canpositon of tree stands O Progressive series
(8 T (b (o VI (d X (9 X

IV Series of pine stands on soddYy-Podzolic and
podzolic soils of |i€htmechanijca] camposjton

V. Series of pine stands on sandy podzolic < ils of the
w atersheds and upper terraces of river valleysw ith
tem jtent gound fires

V1 Series of [i€htconjferous forests on soddy-calear
eous sOis with [ong Jasting perjods hew een fires
VII Series of [ightconiferous forests on soddy- cal
careous s0i]s w ith frequent sw eeping ground fires
VII Series of pine stands on soddY-Podzolic and
sodd Y- forest ferrug€nous and clayey soils of the north
em partwith nem jttent fires

IX Serges of spruce stands of the [ower part of the
hillsides w ith soddY-Podzolic and soddy- forest ferrugi
nous sojls

X Series of hrch stands on the hillsides w th soddY-
pPodzo]ic and 0ddYy- forest fermugmnous lJoany and clay-
ey soifs

X1 Series of sone Pine stands n pw_ [Ying w ater.
sheds w ith 0ddY- podzolic soils

A classification of progressive sries as suggested by

IL V Popov for the suhzone of the Souhem w@iga of
theM iddle Siberia is [aige]y s ilar 10 a classification
of landscapes for his terrip1y as identified by V B

Sochava* ' For nstance the series of dark-conif
erous #i€a on medium_podzolic and soddy- forest fer
mgnous loany s of the dramed watersheds and
slopes is realized within e boundaries of the south
em. @ i8a dark coniferous {orest class of facges of fixed
elevations The ex;sting links of the faca] structures
of the terrjtoy with the dynam cs of tree stands per
mit on the one han(j
more easjly identif‘ﬁd and on te othe’r the forest
dynam ics 10 he mnferred at a particular point of space

fram Jandscape mapping results

landscapes on a terrajn tO he

3 3 Canparjon of the JandscaPe structure and

progressive series of the forest type

W ihin the boundaries o f each faciqs the sinplest va
riant of directonal or fluctuatpnal dynam ics s real
ized TFram start 1 ﬁnish 8 Process is evolving

unidirectionaly and a]] elamnents pnvolved fully reach
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their fina] state corresponding to a given facies
In ths case each of the d¥ynam s stages characterjzes
the fomation tine of the canmunity during which its
canposition s dam mated by a defin jte forest producer
or a generation of a tree stand that has an edificatory
and regulav1y effect on the mntracoenotC environ.
ment and on h pgeocoenotic Pro cesses'
Based on our research IESJIT,S twas estah [ished that
defnite progressyve series Of the forest type corre
spond to different facies and Progressive series of the
key areq Tablq),

Tablel Comparison of facies and Progressyve sers

r forest types

Proogressive
[andscape fac ijes .
series

hterfluve of elevated p]ainf fir sone pjne with un
dergowth of honey_sucke and junipe’r grass green 11
moss on soddy-taiga soilsnierfluveof elevated Plains

Dome.shaped t©OPs of Watershed§ fic spruc&lan:b
with undergmow th of honey_ suckLe 8rass green.moss 11

on soddy- @ai€a ©ils

Valley and floodPlain spwce_ fir Jar€e grass on hunus

X
and hunuspeaty soils combined with aljuvial soddy
Bottoms of creek valleys and namow river Vallcy§ fir
( w ith stone pine and spmcg’ 1a1gagras;% on hunus X
and hunuspeaty soils combined with alluvial soddy
Bottoms ofcreek valleys and narow river Va[ley§ fir
spxucs: fi,r on humus and humus peaty sojls com- X

bined with aljuvial soddy

Slope [ooting firstone pinew ith the mvolvement of
1arc};l w ith m xed undergow 1},1 f()rb;% w ith Patches 11
of green mosses  on soddy- @iga soils

Gently slopngw eakly dissected sur[ace§ dat conif

erous grass green moss - on soddy- tajga sojls 11
Slopes of modermrte Stee})neS§ firspruce_larch grass
grenmoss on soddY-ta8a soils II
Slopes ofmodemte steepness dark coniferous with the
ncluson of Jarch grass shruhs with Patches of

. ’ 11

gren mosses W ith m xed undergow ﬂ? on ©Oddy-
aiga soils

Steep slopes dak-coniferous with the ncjusion of
1arc}:1 gmssshrub;% w ith Patches of green mosses 1
withm ixed wdegrow y on soddy- @iga soils

Gently sloppng8weak]y disected surfacespinew ith the

ncluson of fir foibs on soddy brest soils =

Slopes o fmoderm te steePness Pnew ith the nvolvement

of datk coniferous spec ie;% foxb§ w ith underow th of 11
spirmea and mountan asb on soddy- @aiga soils

[ eveled areas of watersheds aspen progressive series
(Wih larch and sone pine as undegrowthy with-
mountapn ash and alder as undergow 11—’1 sedge prb;%
on soddy- @aga ©ils

Contnue

[andscape fac jes

Progressive

series

F latweak]y dissected surfaces hirch Progressive series
(Wilh fir and stone pijne as urﬂergxowth) shmuh foths
on 0ddy forest sojls

F latweak]y disscted surfaces hirch Progressive series
(With spruce and f{ir as undergrozvth) 1arge;gras1§ on
soddY forest thick loany and [8ht loamy soils

Gently-slopmngweak [y disected surfaces hich progres
sive series with the inc Jusion of dark conifeous spec jes

shrubs foths on soddY forest ©ils

Bottans of sna]] creek and river va Hey;s birch( with
stone pne and fir as undergxowth) forhs on soddy-for
est soils comhned with allw ia] soddy

Slopes of moderate SteepneS§ birch Progressive series
( with firand sPmuce as undergrONth) shruhs forhs on
soddy forest sojs

Slopes of moderte steepness aspen Progressive series
(Wilh fir and stone pine as undelgltwrh) with honey_
suckle in undeBwow t sedge orhs on soddy forest soils

Leveled areas of watersheds Pine foxhemrY forhs with
m xed wndeowth on saddy-taiga soils

Loverngs of waterqeds and gentle nearwatershed
slopes Jarch with sPmuce and ﬁ7r grass. shrub with Pat
ches of greenmosses on s0ddy. t@aig€a soils

Gentle nearvalley slopes [ight coniferous wity sprce
and stone ping' gras&gleenmos;% on heavy loany sod-
dY- forest soils

Gently sloping ofweak |y dissected surfaces |arch with
the incluspon ofping gras&moss; on soddy- taga soils

Gently slopingofweakly disected surfaces larch shruh.
moss on soddy-taiga sojls

Slopes of moderate steepness pne wdge oihs with
m xed wmdeBovt on saddy taiga soils

Gently sjopng weak [y dissected surface§ Pine foxhermy-
foxb§ with sParse undergrow t of dog rose and a]de’r on
light loany soddy 8rey frest Jow_humic soils

F loodPlain and terrace hirch frassw ith Patches of freen
mosseson floodPlan Jayered low. thickness soils

Slopes of maoderate steepness pine with larch with
m xed ndeowfy fihs on soddy ey forest soils
Slopes of modemte steePpness Pine foxhery_foihs on
soddY taiga sojs

Genty_sjoping weak [y dissec ted surface§ aspen pra
gressive series with the inclusion of pne wity under
gowth of alder and honey_sucklz? prb§ on soddy for
est sojls

Gently-spoping weak [y disected surfaces hirch progres
sive series with the ncluson of [ight coni{erm;< {01b§
on Oddy forest sojls

F latweak]y dissected surfaces hirch Progressive series
( with sPuce and larch as undergrozvth), fO]b&gI‘aS§
on 0ddy forest hick loany and slghtly loamy soils

X

VIII

VI

VII

VI

VIII

VIII

VII

I
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3 4 Prognostic dynam jcalmaps of forest types

Based on he data {for progressive series of forest types
and on canparmng then w ith te facial S‘[IUCtUIB( e
Tablel), the landscapemap( see Fig 2), and forest
assessmentdatg itwas possijple 10 create themap for
the Present state of forest ﬁ'peS( Fig 4), and the
pPrognostic.d¥ynan jcalmaps {or {orest types {or a perg
od of50 andjpp Years( Fig 5 andg),

Zhelernodoroghnyi
settlement

Ust-Ilimsk Reservoir

Courrent state

Forest Type mumq [ 8 i BN EE0 EE24 |
) NS o 3 )7 N2 .S
N, e B0 B Lolis 22 W26
ey M, N, HN; 19 N2y 27
i J

| 0 | km

Fg 4 Map for forest tYpeS( Present statg

1 Stne Pine fir stands w ith unde@rowt of honeysuckle and juniper
graisgremmos*,! 2 Ficspruce Jarchw ith undei8row t, of honey- suck
1(; grass green moss 3 Spruce. fir lage gras’s 4 Fir ( w ith stone
pine and spucey  Jarge grss 5 Fir spuce fern g Stone pine fir
with he nvolvanentof Jarch withm xed undegrov forhs with pat
ches of green mosses 7 Dark oonifexou§ grass green moss g Fir
spruce 1amh grassgreenmos§ 9 Dak conifeous with the incluspon
of Jarch 8rass dwarf shuly with Pacches of 8reenmosses 1 Pine
standswit the nvolvenent of dak_coniferous specie§ fo1b§ 11 Asp-
en. tree standS(W ith larch and stone pine as under_gmwﬂl) W {thmoun
@i ash and alder as undel8rowdy sedge forhs 12 Birh standswih
the incluspn of dak coniferous species shrubs foihs 13 Birch stands
(W ith stone pine and fir a undegow th), forb§ 14 Birch standS( w ith
{fir and spmce as undelgrowth),

ity fir and sone Pine as undegrov fy Wi i
¢ VV( Eh )ﬁlr()%lf" -2((1)15 | lr(lelial lsnlzl\ Ae cf\"é’ el% 1‘3 11112 urna

shiubs orbs 15 AsPen tree stands

gow ) sedge {orb§ 16 Larh stands wity spruce and fir grass
shtub§ with Patches of 8reen mOSSe;S 17 L Bht coniferousw it spruce
and stone ping: grass.greenmos§ 18 Larch stands w ith the incluson
ofping grassmoss 19 larch stand§ shmbsmos§ 20 Pmne stand§

sedge f01b§ with m xed underglowth 21 Birch stand§ gras§ w ith
Patches of 8reen moses 2 Pine standsw ith larch w ithm ixed under
gow {y foihs 23 Pine sends foxpery. Prhs 24 Aen wee stands
with the incluson of pnew jth under g&ow th of alder and honey- suckLe

forb’s 25 Birch standswit the inclusion of [ight conijferous specie§

forb;s 26 Birch stands pogres sive serieS(W ith sPruce and larch as un.

der@rowthy  forbs8rass 97  Anthopogenic structures

Zhelermodorozhnyi ‘&
settlement ¢

Ust-llimsk Reservoir

50 years
ForestType gy mEEe EENY NN BEN) S B
e N4 N7 N0 B3 @6
e R BNz o D0
| 0 1 km

F8j5 Prognostic dynam icalmap for forest ypes
( the state within 50 year§

1. Ficsone pine with the nvolvanent of larcb grass green moss
2 Firlarch standsw it the nvolvement ofsprucg grassgreenmos§
3, Fic spmce,z large gra&, 4 SpPmuce firw it he inclusion of sone ping
large gras§ 5§ Larch sone pinewith the nvolvanentof fi’r fothsw ith
patches of Zreen mosses g Stone ppne fir with the nvolvanent of
1arc},1 forhsgreen mass 7 Spmuce 1arch grass green moss
g Skhrucestone pne pine  Prhy g Birch standsw ith the ncjuson of
spmce and lardy greenmossjage grass 1 Bich sandsw it he i
cluson of fi,r green moss Jaige 8rass 11, Birch stands w ith the ncjuw
son of Pruce and fi,r greenmoss Jarge grass 12 Sone pine firw ith
the nvovenentof larcb ﬁ)rb; 13 Larch standsw ith the inclusion of
spmuce and fi,r grass shruhs w ith Patches of Sreen mosses 14, P mne
stands with the nvolvenent of 1arch pxberry,forb,s 15. Larch stands

L ash as under . with the, incusio datk_coniferous species, green moss Larch
yurnal Electronic Publlsmngﬂjl louse. gﬁfn?ﬁts reserved.  htfp://w wiv.Lkind
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stand§ green moss 17, Pine stand§ foxbenry,greenmos’s 18 An

thropagenic stucures

sy
N Z!ulemuhmtrhnyi‘ 7 \\
settlement f 2 l
= S
‘ S O

Ust-Ilimsk Reservoir

T years }

Forest Type pumyy mEEe EEN9 B2
e 7 B0 D
P - [ § [ ___J§

1 0 I km

Fi€g Prognostic dynam jcalmap for forest ¥ pes
( the state withinjgg yeary

1 Larchfirstone ping grass green moss 2 Fic 1arcb grass green
moss 3, Fic spruce w i the nvolvenent of 1arcb laie grass Zreen
moss 4, Spruce standsw ith the incluson of stone pine and 1arcb lage
grass with Patches of green moses 5 ] arch sone pin@ forhs green
moss ¢ Jarch stands with the Particpaton of sprucg @iga moss

7 SPuce sone pine_pine standswith the nclusion of Jarch herbaceou;

8 SPruce standsw ith the inclusion of hicch and 1arch green moss Jage
grass q Stoone pine fir standsw ith the incuw son of 1arc1’1 greenmoss
lage grass 1(, Pine stands w ith the involvanent of 1arc1;1 foxbelry

11 lLarch stands with the inclusion of daik coniferous specia,s green
moss 12 Pine sendsgpycamunsig 13 Anthropogenic sgucues

4 DISCUSSON AND CONCLUSIDN

The canparion of the landscape structure and Pro
gressive series Oof forest ypes reported here does of
course not reflect a]] possihle varants of regeneratjve
and age dynam ics of forests The chamcterjstc Prop.
erty of e lastof each faces is detem jned hY ecolog
ica] conditons of envixormen’t and bY the biological

properties of themajpn and accanpany ng Pecies can

posing the canmunijtes andmapnamnmng a canpPlcaked
nterPecies |hkage over the course of fe entjre cycle
of progressye successions The trend of the dynam jcs
1S often detem jned ajso by he mtensity and recurrence
of forest fires that are responsph e {or the duration of
the Stage§ species ccmpositiop and {or the appear
ance of the [ivig surface cover ()n the other hangl it
has been esthlshed that in the Process of {ornatiop

withih the poundaries of each facjes the vegetation
goes through num erus momhologically sm ila}r re
generative stages of the natjve canmun;ty

The theoretjca] framework for the cratpn of prognos
ti dYnam jca]maps for forest types is pecan ng nter
preatpn mapping where the landscape. typoogica|m ap
s used asa contourmap and as a classificatpn frane
wotk for developmng derivative cartog€mapPhic docuw
Ths appwach is best realized within the
framew 01k Of strucural dynam jca] andscape studies and
genetic si]vic’s because it s with his aPPoach that it
possiple tomanage 10 identify a spati] individual( a fa
cie’s and a biogeoooenoseg’ the re€ine nherent n it

ments®

the mtensity and sequence of dYnanigs tan pora] and
spatialdiversiry econam ic utilizatiop etcl¥

The algoritim f{or creathg prognostic_ dynam jca]l maps
for forest ypes is as folpws (1) Feld investigations
of the facia] structure and regenerative series O { forest
types for the sudy area (2) Creatpn of the land
scape_typopgicalmap on the pasis of rmotely sensed
da'@ (3) Creation of d¥ynam ics di@8rans {or species
composition of tree stands of Progressive series of for
est types (4) Referencing of {orest assessnent data
10 he hndscape rypologicalmap (5) Canparison of
the facgp] structure and pProgressive eries of the forest
ryp’e based on te data ohtajned as part of the analy_
s of forestassessment mfomation and feld opserva
t’pn§ (6) Constuction o { the Predictpn of forest de
velopment on the hasis of the landscape typological
map and dynanics dig8@rams for naura] canposijtion
of tree stand§ and entering it mto He dawbas’e and
(7) Visualization of the Predicton datapase in te
GIS envjomment
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