Vegetation of permafrost ecosystems:
use of GIS and remote sensing for
classification and mapping.

Areas of permafrost distribution

150 X
- 120 Dol 2 0 3]0

YCIOBHBIE 3HAKH

\ Q) ) Obnactit pacnpeicscnms /
\a \. i WA e i N MCPUIOTHRIX TOPOt: o L o
pRORE — = == \ ” NSRS CESE, W .0 SR t/ $ v
P \ ) }"_ \ j_.‘ r MHOTOICTIEMEP3 =~ |-
==X b\ ABIX LA 7
» \ \ V) \ B / i
\, \ .}1 {\ L_‘J TOPHOIO  THNa
N \\ ) \ |
\ \, \)} - \ CCIONNOMEPIILIX
R \ Gly
\ 1800 xn

30 @ 120 150 180 150

} ety
W0 A O
\ X G
NEDNE i oo O
— liﬁ 120 20 o 30 0




Permafrost distribution on Russia territory
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Permafrost distribution, % of area (Brown et al., 1997)
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PacnpocTtpaHeHne MHoronetHemep3nbix nopoa (MMI1) Ha
'reppuTopvm CCCP (Ky.qpﬂBu,eB ] p,p ,1978).
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1 — 30Ha PE/IKOOCTPOBHOTO, OCTPOBHOIO M MACCUBHOOCTPOBHOTO pacripocTpaHeHust MMI co cpeaHe
rofoBbIMM Temnepatypamm Tep 0T —1 40 3°C 1 MoLHOCTLI0 Mepanon Tonwm M ot 0 Ao 100 m;

cﬁnacm 2,3,4,5 BXOI:lﬂT B 30Hy CMIOLIHOTO pacrnpocTpaHeHust MM, npudem 3HaueHns Tt M B HUX MEHSIOTCS
oT -1 8o -3°C, ot 50 go 300 m; oT =3 o -5°C, ot 100 go 400 m; oT -5
no —9°C ot 200 no 600 m; Huxe —9°C, ot 400 go 900 m;

6 — rpaHuLbl 30H MMTT; 7 — (0XHas rpaHnLa KpMONMTO30HbI.
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Study area
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KpynHobyrpuctbie 60n0THble KomnneKcbl (bog complexes)

Northern taiga
Spruce (Picea obovata) / larch(Larix sibirica) / small shrubs (Vaccinium myrtillus,V.

uliginosum, V. vitis-idaea) / feather moss (Pleurozium schreberi, Hylocomium

splendens) stands on flat elevated sites of river terraces
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Northern taiga
Larch/lichen (Cladonia sylvatica, Cl. rangiferina) stands on steep and moderately
steep stony slopes and watershed crests

Central taiga

Scots pine (Pinus sylvestris) /small shrubs(Vaccinium myrtillus, V. uliginosum,

V. vitis-idaea) / feather moss (Pleurozium schreberi, Hylocomium splendens) and
lichen (Cladonia sylvatica, Cl. rangiferina) stands on sand podzolic soils




Central taiga
Scots pine/ lichen (Cladonia sylvatica, Cl. rangiferina) /red whortleberry
(Vaccinium vitis-idaea) stands on sand podzolic soils
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Southern taiga

Spruce (Picea obovata) [fir (Abies sibirica) /short herb (Dryopteris linneana,

Oxalis acetosella, Linnea borealis) /feather moss (Pleurozium schreberi,

Hylocomium splendens) stands in low mountains
% F i ES 5.



Southern taiga

Spruce/fir/boreal herb (Calamagrostis arundinacea, Carex macroura,
Equisetum sylvaticum) stands on sod-podzolic and grey forest soils in a high
accumulative plain
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Llenb pabotbi:

Pa3paboTka aBTOMaTU3MpPOBaHHbIX NOAXOA0B K
cMcTEeMaTU3auMm U KaptorpagpupoBaHuio 6MopasHoobpasus
M BOCCTAHOBUTE/IbHOW AMHAMMKM NIECHbIX IKOCUCTEM HA
ocHoBe TUC, A3 1 HazeMHbIX AaHHbIX

OCcHOBHbIe 334a4u:

1. WHBeHTapu3auuA U KNaccuPuKaLumua CyLLecTByIOLLEero
pa3Hoo6pa3unA necHOro NOKPOBa C y4eToM 3aKOHOMEpPHOCTel ero
€CTeCTBEHHOW M aHTPONOreHHOW AMHAMUKKN

2. PaspaboTka u peanusauuma aNropuTMa aBTOMaTU3MPOBAHHOIA
cucTeMaTvsauuu U KaptorpadupoBaHUA 1eCOPaCTUTENbHBIX
ycnosui

3. Pa3paboTtka u peanusaums aAropuTmMma aBTOMaTU3MPOBAHHOIO
AewndpupoBaHMA KOCMUYECKUX CHUMKOB

4. dopmupoBaHUE KapT €COPACTUTENbHBIX YCI0BUI U
BOCCTaHOBUTE/NIbHOW AUHAMMUKM JIECHOWN PACTUTE/IbHOCTU

Research objectives:

* Classification and inventory of the current
diversity and regeneration dynamics of forest
ecosystems

* Development of automated technique of
classification and mapping of vegetation cover
dynamics

* Development of a GIS-based maps of forest site
conditions and forest ecosystem dynamics
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Study areas

Bioclimatic zones:
| — forest-tundra

Il = northern taiga

11l - central taiga

IV — southern taiga
[] test areas

— Boundary of
Krasnoyarskiy
region

JlegHUKOBblE aKKYMYNATUBHbIE MI0CKME U NOIOFOBOIHUCTbIE PaBHUHDI C

MHOrOYUC/IEHHBIMM TEPMOKAPCTOBbIMU 03epamu ¢ 6epe30B0-e10BbIMU A0ATOMOLLHO-
charHoBbIMU U OCOKOBO-KYCTapHUYKOBbIMM PEAKONECbAMM U TPABAHO-NULIANHMKOBO-
moxoBbiMu 6on10Tamn

P
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lMnockue 1 BONHUCTbIE TeppacupPoBaHHble PaBHUHbDI C 5&pe3OBO-QHOBbIMM n
6ep83030-ﬂMCTBEHHM‘4HbIMM OCOKOBO-KYCTapHUYKOBbIMU U NULWAHUKOBO-
MOXOBbiMU pEAKOCTOFIHbIMVI Niecamm, y4aCTkamm MOXOBbIX 6onot

MnaTo cToN0BO-CTyNEHuYaTble, ry60KO pacuneHeHHble, CIoXKeHHbIe 3¢ dy3MBHbIMU
nopogamu (6a3anbTbl) C NMCTBEHHNUYHBIMM JIMLLIANHUKOBbIMU PEAKONECbAMM,
nepexoaALLMMM BbiLLE MO CKIOHAM B PeUHbI U NATHUCTbIE NLIANHMKOBO-
KYCTapHUUYKOBbIE TYHAPbI
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Mnato xonMUcTble, pacuneHeHHble, CTyneH4YaTble, C 0CTaHLO0BbIMU BO3BbILEHHOCTAMM U
APYrUMU CTPYKTYPHbIMU pOpMamMMm, COXKEHHbIE TePPUreHHO-KapboHaTHbIMM

nopoAamMm ¢ e10BO-TMCTBEHHUUYHBIMM U IMCTBEHHUYHBIMU PeAUHAMU U PeaKONecbaAMU
B COYETAaHUM C KOYKAPHbIMU OCOKOBO-MOXOBbIMM TYHAPaMMU

MNaTo KPYTOCKNOHHbBIE, C LUIMPOKUM Pa3BUTUEM OCbINen, CI0XKeHHble 3ddy3nBHbIMMU
nopoaamm (6a3anbTbl) € IMCTBEHHUYHbBIMU IULIANHUKOBbLIMMU PeAKONECbAMM,
nepexoAAL MMM Bbille MO CKAOHAM B peAUHbI U NATHUCTbIE NLIAIHUKOBO-
KYCTapHUYKOBbIE TYHAPbI
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FOpHble KAMEHWUCTbIE TYHAPbI

OcHOBHbIe 3Tanbl paboTbi:

AHanus uccnegyemoi TeppUTOPUM C UCNOJIb30OBaAHUEM
LLMP, TemaTUYECKUX KapT, IMTEPaATYPHbIX AaHHbIX U
MaTepuanioB Ha3eMHbIX UCC/IeA0BaHUI, pa3paboTka
npeABapuUTeNbHbIX KnaccupuKkaumim

CuctemaTtursauma 1eCopacTUTENbHbIX YC/I0BUIA
uccneayemom TeppuTopun Ha ocHoBe aHanusa LMP,
dopmupoBaHMe KapTbl NOTEHLMANbHbIX
JlIecopacTUTesibHbIX YC10BUM

ABTOMAaTU3UPOBaHHOE AelwndpupoBaHNEe KOCMUUYECKOro
CHUMKa

Pacno3sHaBaHue M UHTepnpeTauusa NONYYEHHbIX KNaccoB,
dopmurpoBaHue KapTbl pacTUTENIbHOCTU, BepuduKauma
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The main steps of the work

1. An analysis of thematic maps, literature and field
data to develop a preliminary vegetation
classification

2. An automated classification and mapping of
potential forest growing conditions of a test area

3. An automated classification of a multi-band
satellite images.

4. Development of forest vegetation series and
maps of forest regeneration dynamics

Step 1. Preliminary vegetation cover classification

.

MpuHyuneLl GUHaMUYECcKo20 MoOX00d K KadccuguKayuu ecHo20 MNoKpoea
(KonecHukoes, 1956)

Pa3Hoobpa3sue necos noHUMAemcs KaK COB0KYMHOCMb onpedesneHHbIx cmaduli
niecoobpasosamesnbHo20 npoyecca.

Bedywjumu necoobpazoeamesnbHbIMU hakmopamu npusHaomces ycaosus cpedol u
6uonozuveckue ceolicmea OpesecHbIX Mopood.

Bce pa3Hoobpa3ue Hacax3oeHuli cucmemamu3supyemcs He o U3MeH4Yu8bIM 8HeWHUM
npusHakam (Hanpumep, eudoeoii cocmas), a no cxodcmey ycaosuii
Mecmonpou3pacmaHus, MPOUCXOHOEHUIO U HaNpaeaeHHoCMuU pa3eumus AecHbIX
coobwecme.

Yuacmku meppumopuu, cXo0Hble 0 mornozpagpuvecKomy rosaoHEeHUIo U CoO4eMaHuUio
¢opm u anemeHmoe penvegha, xapaKmepu3syromcs Ka4ecmeeHHO 0OHOPOOHbLIM PEHUMOM
KomnseKca npupooHbIX hakmopos (KaumamuyvecKux, opo2paghudecKux, moYeeHHo-
2udponozuvecKux), obycaoenusaroujux 00HopodHbIli necopacmumenscHbiii 3¢hgpekm.

Bce HacaxOeHus e npedesnax omHocumesnbHO 0OHOPOOHOI M0 Mornono2u4yecKkomy
M0/10}#(EHUI0 MeppPUMopuU paccmMampuedaomcs KaK 603pacmHsie cmaduu XapaKkmepHo20
015 amux ycnoeuli KOpeHHO020 Haca}OeHus.

KopeHHble u npou3eodHble mumnbl HACaX(OeHuli 2pynnupyromcsa 8 60CCMAHOBUMEbHbI
pA0 pacmumenbHOCMuU — murn secd, 0CHOBHYI0 eOUHUYY OUHAaMuUYecKol Kaaccugukayuu.

Knaccugukayusa pacmumenbHOCmMu U secopacmumesbHeix ycnosuli aensaemcs
conpsyeHHoU.
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A topogenetic approach (genesis — is the Greek for “origin”) that is,
classification of forest sites originated under similar topographic
conditions)was developed by B.A. Ivashkevich (1916, 1927, 1933) and
B.P. Kolesnikov (1956) for mountain forests of the Russian Far East

The principles of the topogenetic approach to classification of forest cover

* The major factors controlling forest development are site conditions and
biological properties of woody species

* Forest ecosystem diversity is considered to result from consecutive phases of
forest development

* The entire diversity of vegetation communities is classified based not on
continuously changing external characteristics, but on similarity of site
conditions, genesis, and development trends of forest communities

Sites of a similar topography, which are characterized by the same mesorelief
are considered to have the same environmental effect on vegetation
development

All stands that grow within a relatively uniform area are common in genesis,
they are considered as the age stages of a major forest stand

A regeneration series built of major and secondary stand types and called
“forest type” is the core unit of the topogenetic classification of the forest
cover

Forest cover classification units

EpuHuubl reorpado-reHeTMUYecKoi KnaccupuKauymm
(MBawkesunu, 1927, 1933; KonecHukos, 1956)

Tun Haca)kgeHuii (Tun necHoro 6uoreoueHosa no B.H.
CyKaueBy) - y4aCTKu1 neca, NpuHagaexaiwme K
onpegeneHHbIM CTaguaM BO3PACTHbIX UK
BOCCTAaHOBUTE/IbHbIX CMEH U O4HOPOAHbIE NO COCTaBy
ApPeBecHbIX NoOPoA, U APYrUX APYCOB PacTUTE/IbHOCTU

Stand type (age stage)

Tun neca - pAA reHeTu4yeCKu CBA3aHHbIX U nocnenoBaTte/ibHO
CMeHAlwunxea Haca)Kp,eHuﬁ, Pa3BUBalOLWNXCA B npeaenax
onpeaeneHHoro Tuna 1eCopacTtuTe/ibHbiX ycnosuﬁ

Forest type — series of genetically linked successive vegetation

communities developing under certain type of a forest site
conditions
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Tun necopacTUTeNbHbIX YCAOBUIA — Y4ACTKU TEPPUTOPUM,
npuHag/ieXaliue K CXogHbIiM no Tonorpadpuueckomy
NoaoXKeHue U NpoucxoxaeHuto popmam penbeda u
XapaKTepusyoLwmeca Ka4ecTBeHHO O4HOPOAHbIM PEXMMOM
KOMNIeKCa NPUPOAHbIX GaKTOPOB (KNIMMATUUECKUX,
oporpaduyeckux, NOUBEHHO-TMAPOOrMYECKUX),
06ycnoBAnBaloOWMX OAHOPOAHDI NecopacTUTeNbHbIN 3P eKT
(KonecHukos, 1956)

Forest growing condition type - sites similar in slope,
aspect, and hydrological regime

Post fire regeneration series

A topogenetic approach allows to build forest classifications that
reflect regeneration dynamics of vegetation communities in different
site conditions.

[\ \ Vi VIl Vi
regeneration serie

I - VIIl — age stages

The stands of different ages currently existing under relatively similar site
conditions are grouped into a temporal series, which is analogue to an age series
and allows to track stand regeneration in a fairly long time interval.

The key criterion for combining stand types into regeneration series is similarity
of site conditions.
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Analysis of orographic territory structure by topological
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Fragment of conjugate classification of forest growing conditions
and vegetation of test area
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conditions based on topological transects crossing the study area

i

Identification of Geomorphological complexes of growing

Fragment of preliminary forest cover classification

(forest types in a range of growing conditions)

Scots pine/ tall grass/forb stands supported by dark-colored sod forest soils
anfdt Iark-grey loamy forest soils occur in watersheds and on the adjacent very
soft slopes.

Scots pine/forb stands on sod-slightly podzolic, sod acidic forest, and grey
loamy forest soils are limited to soft (1-32) slopes.

Scots pine/forb/whortleberry (Vaccinium vitis-idaea) stands on sod-podzolic
soils and light-grey forest loamy sand on moderately steep (3-52) slopes.

Mixed Scots pine/dark conifer/feather moss/grass stands on lightly loamy
podzolic soils in convex watersheds.

Fir/spruce/tall 7rass/forb stands supported b;/ dark-colored sod forest, dark-
grey, and double-humus-horizon moderately loamy sod-podzolic soils on flat-
topped elevations and the adjacent soft slopes of an accumulative high plain.

Mixed fir/spruce/’?rass stands on sod-podzolic and grey forest soils on an
accumulative high plain slopes.

Mixed fir/spruce{jeather moss/short grass stands on sod-podzolic loamy soils
on flat u;ats‘r,;he s and soft slopes in the low-elevated part of the mountain
range (1-3¢

Mixed fir/spruce/feather moss/forb stands on sod-podzolic loamy soils on
various slopes in the low-elevation part of the mountain range
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Step 1. Preliminary vegetation cover classification

Step 2. Automated classification and mapping of
potential forest growing conditions

Land cover classes similar in morphometric parameters
(elevation above sea level and s::)pde). Classification by ISODATA
metho

92'00°
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Land cover classes similar in climatic parameters (July mean
temperature and average annual precipitation)
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Land cover classes similar in morphometric parameters (elevation
above sea level and slope)
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Expert classification of morphometric and climatic parameters for
developing Geomorphological complexes of growing conditions by
Knowledge Engineer module /ERDAS Imagine
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Map of potential growing conditions of study area
(layer of geomorphological complexes)
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Morphometric parameters of geomorphological complexes of

growing conditions classes

Class parameters

GM Elevatio Mean Elevat Slope
C n elevati ionm Slope Mean Slope
class masl. onm asl interval, slope, STD,
num as.l. STD deg. deg. deg.
ber
| 184-225  204.8 20.74 0.08-2.66 1.37 1.29
1 241-273 257.15 16.25 0.46-2.12 1.29 0.83
Il 203-268 235.83 3245 0.00-6.29 3.13 3.16
IV 296-337 3164 20.9 0.57-2.95 1.76 1.19
V  320-409 364.27 4451 1.30-7.42 4.36 3.06
VI  158-269  213.6 55.72 0.00-4.70 2.19 2.51
VII  293-377 3351 41.83 0.75-4.97 2.87 2.11
VIIl  106-162 1341 2811 0.15-3.23 1.69 1.54
IX 473-561 516.63 43.96 1.66-6.80 423 2.57
X  208-269 238.45 30.8 1.06-3.27 2.16 1.11

A fragment of potential growing conditions map
(layer of growing conditions types)
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B0 NO0 @O0 DO Weg

GMK | / slope 0-1
GMK | / slope 1-3
GMK | / slope 3-5

GMK 1/ slope 0-1
GMK 1/ slope 1-3

GMK I1I / slope 0-1
GMK I1I / slope 1-3
GMK |11 / slope 3-5

GMK IV / slope 0-1
GMK IV / slope 1-3
GMK IV / slope 3-5

GMK V / slope 0-1
GMK YV /slope 1-3

[] GMK VI/slope 0-1
[0 GMK VI/slope 1-3
I GMKVI/slope 3-5
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Geomorphological complexes of forest growing conditions
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ymy [ (abc. BeIC. 0-58

M) nonoro: Tble, C

cToKa, M1 "

KOTNOBMHaMM, 6yrpaMM ny4yeHusi, NO NOHMXeHUAM

3abonoyeHHble.

n

TNecotyHap yMy ]
ymy AeHY pi (a6c.

BbIC. 59-128 M), BONHUCTLIE, NONOro-BONHUCTLIE U

XOnMucTeie, C NoX6uHamm cToka, Gyrpamm

nyveHwms, IMU KOT! no

TyHap
aKKyMyNATMBHbIE U aKKYMYNSATUBHO-
AeHyAaUUOHHbIe paBHUHBI (a6c. Bbic. 129-226 M)

Nonor Tble, Tble U TO-
rpAAoBbLIe, C NOXGMHAMKU CTOKa,
p p W KOT
Py v nnarto
HU3Koropum (a6c. Bbic. 227-335 m),
yMmy A s
p P: no nol
,C M1 ¢
nnato Ty Tble, TO-
y nonoroy b
Teppur p THbIMU Nop c

VHTPY3USIMM TPannos.

TyHApPOBO-peAKonecHbIe NNaTo HU3Koropuia (aée.
BbIC. 336-458 M), AeHYAaLUMOHHO-3PO3UOHHbIE,

c [] -CTy Tble, FyCcTO

p acppy3uBHO-
0Caf0Y4HbLIMU NOpPoAamMM (naBbl).

Statistic characteristics of the units of forest growing conditions

Knaccol TMK Npeo6napatowy MopdomeTpuyeckue napameTpbl KNaccos Knaccbl
Ty ne Knaccbl Ty
rmy A6CONIOTHAA BbICOTA, M YKNOH NOBEPXHOCTH, rpag. YKNOHbI
WHtepsan CpepHee | STD Wutepsan | Cpeagree | STD
[ 1 (65%) 19-53 36 17 0-1,1 0,5 06 )
2(31%) 67-117 %2 % 0422 |13 0,9 ‘;;
25
1 1 (52%) 3163 47 16 0-0,9 04 0,5 )
2 (44%) 72-118 %5 23 018 09 09 ‘;;
25
m 1(47%) 27-63 45 18 0-1,1 0,5 06 )
01
2 (47%) 75-129 102 27 0-2,1 1,0 11 1-2
2-5
Y 3 (48%) 182-260 221 39 0,133 17 16 01
4(35%) 325-437 381 56 0,8-4,8 2,8 2,0 13
6 (15%) 494592 543 49 12-54 33 2,1 ::
Vv 3 (10% 189-269 229 40 0,3-4,7 2,5 2,2 0-1
4(22%) 337-447 392 55 1,6-6,2 39 a5 1-3
6 (47%) 520-662 591 71 2,06,2 4,1 2,1 3-5
7 (13% 679-803 741 52 3391 62 2,9 i‘:
7 3 (10%) 172-264 218 a6 0,6-6,0 33 2,7 0-1
13
3-5
5-8
815
>15
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Step 1. Preliminary vegetation cover classification

Step 2. Automated classification and mapping of
potential forest growing conditions

Step 3. An automated classification of multi-band
satellite images

Landsat 5 TM space images for study area
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Results of Landsat images classification by MAXLIKE
method

[ aspen_birch_30_40 (pine)
I 2sven_birch_60_80 (fir)

[ tirch_aspen_10_40 (fir)

23'8.4
I birch_aspen_20_40 (pine)
[ virch_aspen_40_60
[ birch_80_100_fir_spruce_60_s0 [ birch_aspen_40_80 (fir)
[ birch_aspen_40_80_pine_>90 [ ] boloto_forest

[ birch_aspen_<5

[ birch_fir_pine_10_20

[ agricuturemoloto

] birch_aspen_5_15 fi) [ dork_coniter_>120
[ t_spruce_80_120_birch_80_100
fir_spruce_kedr_>100_birch_80_100

[] pine_40_80_birch_>60
[ pine_70_t00

pine_70_150_birch_>50

I rine_larix_>100

Kappa coefficient = 0.74

Forest vegetation classes interpretation

Forest vegetation chronosequence

Forest regeneration stages

Information class (major woody
species and age)

1. Scots pine/ tall grass/forb stands
supported by dark-colored sod forest
soils and dark-grey loamy forest soils
occur in watersheds and on the
adjacent very soft slopes

initial regeneration stages of light conifers

birch_aspen_initial_stage

young and middle-aged deciduous stands, which
replaced light conifers

birch_aspen_5_20 (pine)
birch_aspen_20_40 (pine)

40-80-yr-old mixed light conifer/deciduous stands

pine_40_90_birch_60-80
birch_aspen_ (40-80) pine >120

80-120-yr-old light conifer stands

pine_80_100
pine_80_120_birch_>50

over 120-yr-old light conifer stands

pine_ larix _>120

4. Fir/spruce/tall grass/forb stands
supported by dark-colored sod forest,
dark-grey, and double-humus-horizon
moderately loamy sod-podzolic soils
on flat-topped elevations and the
adjacent soft slopes of an
accumulative high plain

initial regeneration stages of dark conifers

birch_aspen_initial_stage

young and middle-aged deciduous stands, which
replaced dark conifers

birch_fir_10_20
birch_aspen_10_40 (fir)
aspen_birch_20_40 (fir)

40-80-yr-old mixed light conifer/deciduous stands

fir_spruce_60-80_birch_60_90
birch_aspen_ 40-60 (fir)
birch_aspen_60_80 (fir)

80-120-yr-old dark conifer stands

fir_spruce_80_120 birch_70_100

over 120-yr-old dark conifer stands

spruce_fir_>120
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Landsat 8 19/07/2013
RGB

- KpacHbid:  Layer_6
I senenwii: Layer_5
- Cunwia: Layer_4

Results of Landsat images classification by MAXLIKE method
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Step 1. Preliminary vegetation cover classification

Step 2. Automated classification and mapping of
potential forest growing conditions

Step 3. An automated classification of multi-band
satellite images

Step 4. Development of forest regeneration series
and a GIS-based maps of forest regeneration
dynamics
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Decision tree expert system for classification and mapping of

growing conditions and forest regeneration dynamics by
Knowledge Engineer module /ERDAS Imagine
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Fragments of the study area forest dynamics map
(layer of forest types)
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Fragment of two-layer forest regeneration dynamics map
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Forest dynamics map of the southern part of near-
Yenisei Siberia (layer of forest types)
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Forest dynamics map of the southern part of near-Yenisei
Siberia (layer of age regeneration stages)
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Fragment of conjugate classification of forest growing
conditions and vegetation (a base of the map legend)

Forest growing conditions

Predominant vegetation

conditions (GMC)

Geomorphological complex of forest growing

Number and mean
parameters

Description

Type of forest growing
conditions

Native forest types

Secondary vegetation

11. Elevation above
sea level, m:
257,15+ 16,25
Slope, deg.:
1,29+0,83

Elongate-elevated or rolling,
elevated and flat denudation,
and denudation-erosional
plains made up by eluvial-
deluvial and alluvial-deluvial
brown heavy loams, brown
loessed clays and loamy
sands on river terraces. The
soils are dark-colored sod-
meadow, sod-gley, forest
grey and double-humus-
horizon dark-grey and sod-
podzol.

Watersheds and
adjacent very soft
slopes

1. Scots pine/
tall grass/forb stands

Soft and moderately
steep slopes of river
terraces

2. Scots pine/forb
stands

3. Scots pine/forb/
whortleberry
(Vaccinium vitis-idaea)
stands

Flat-topped elevations

4. Fir/spruce/tall

and the adjacent soft grass/forb stands
slopes of high plain (0-

1%

Soft slopes (1-3°) 5. Mixed fir/

spruce/grass stands

IV. Elevation above
sea level, m:

213,6 +£55,72

Slope, deg.:
2,19+2,51

Hilly-ridged or rolling soft
sloping, low slightly dissected
plateau made up by eluvial-
deluvial and alluvial-deluvial
brown heavy loams The soils
are grass sod-podzolis (grass
sod-deep podzolic), forest
grey.

Flat watersheds and
soft slopes of low-
elevated part of the
mountane range (0-3°)

6. Mixed fir/spruce/
feather moss/short
grass stands

Soft and moderately
steep slopes (3-5°)

7. Mixed fir/spruce/
feather moss/forb
stands

Watersheds and
various slopes of river
terraces

1. Scots pine/

tall grass/forb stands
2. Scots pine/forb
stands

- grass canopy (initial
forest regeneration
stage),

- young and middle-
aged birch and aspen
tall grass/forb stands,
- mixed
conifer/deciduous
stands,

- ripening conifer
stands,

- mature and old
conifer stands
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l: Vegetation cover map
of Krasnoyarskiy
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KPHBOJIECHAMH

3aknuyeHue

* CucTemaTtUsauma pasHoo6pasuA pacTUTENbHOrO NOKPOBa ABNAETCA
dyHpameHTanbHOM 3aaauei, Tak Kak KnaccupuKauma o6beKkTos aBaAeTca
BaXKHbIM 3Tanom /1t060ro ucciefoBaHus.

Pa3spaboTaHa cucTema COnpsAXKeHHOro aHa/M3a pasHOPOAHbIX AAaHHbIX ANA
NPOCTPAHCTBEHHOTO MOAENNPOBAHUA NIECOPACTUTE/NIbHBIX YC/IOBUI U
BOCCTaHOBUTE/IbHO AUHAMMUKU NECOB.

Ha npumepe TecToBOM TEPPUTOPMM HA OCHOBE CONPSXKEHHOro aHaIN3a AaHHbIX
KOCMMWYECKOI MYNIbTUCMEKTPAZIbHOW CbeMKM, b poBoi mogenu penbeda
mectHocTu (LMP) 1 HazemMHbIX UCCeA0BaHUI NOyYeHbl BEKTOPHbIE KapTbl,
oTpakaloLime TUNoaorMyeckoe pasHoobpasue 1eCHON PacTUTENBHOCTU U
BO3pacTHbIe CTaAUK ee BOCCTAHOB/IEHUA B Pa3HbIX JIECOPACTUTEIbHbBIX
ycnosusx.

CoueTaHue aBTOMATU3UPOBAHHbIX METOAOB BblAeNeHUA rPaHuL, C
3KCMEepPTHbIMU OLLeHKaMM NPU UAeHTUPUKaLUU BbiAeNEeHHbIX KNaccoB
No3BONSAET BbIABNATb XapaKTEPUCTUKMN PAaCTUTENbHOrO MOKPOBA, KOTopbie
HenocpeacTBeHHO He 0TO6ParKaloTCA Ha KOCMUYECKUX CHUMKAX, HO ABAAIOTCA
06beKTaMM TEMaTUUECKOTO KapTorpadupoBaHus (TMNbl 1ecopacTUTENbHbIX
YCNOBUiA, TUMbI 1eCa, BOCCTAaHOBUTE/IbHO-BO3PACTHbIE CTaauM).

MpenmyLiecTBOM NpeanoKeHHOro NOAX0AA ABNAAETCA BO3MOXKHOCTb
peaaKkTMpPoBaHUA U akTyanusaunmn copMmnpoBaHHbIX KapT NpU M3MEHEeHUK
pacTUTenbHOro NOKPoBa.
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Conclusions

* A systematization of vegetation cover diversity is a fundamental task of
the science because a classification of objects is the main stage of any
research

A technique of automated classification and mapping of potential site
conditions and forest regeneration dynamics involving a spatial analysis
of multi-band satellite data, a digital elevation model, and ground
measurements was developed and has been extended to other parts of
central Siberia

The combined use of automated methods and expert interpretation of
the obtained classes allowed us to show on the maps characteristics of
forest cover, directly invisible in space images, but very important
regarding thematic mapping (forest site conditions types, forest types,
age stages of forest regeneration)

The application of the proposed approach allow to obtain raster and
vector maps reflected forest regeneration dynamics in the range of site
conditions which can be a basis of mapping of different ecosystem
parameters
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