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A b s t r A c t
By means of  the GAM technique it is possible to create detailed maps of  the 
potentialvegetationforregionsthataredifficulttoaccess.Thisisparticularlyim
por tant for wide mountain areas of  Northeast Asia, where such maps have never 
beencreated.HighresolutionDEMspermitincreasedpredictionaccuracyand
modelingof complexvegetationpatterns.Mostvegetationtypesintheareaare
con trolled mainly by the moisture regime and by regimes of  sediment transport 
andaccumulation.Therelativelysmallamountsof rainfallinthecontinentalcli
matearedistributedspatiallybyrelief elements.Thiscreatesawiderangeof soil
moistureregimes:fromverydry,withaprolongedperiodof moisturedeficit,to
wet,withoutmoisturedeficitduringthegrowingseasonatall.Therefore,mois
tureappearstobeacriticalresourceinthisclimaticregion,anditisamaindif
ferentiatingfactorforthevegetation.Themapof potentialvegetation,obtained
satisfactorily,reflectsaltitudinalzonationandinterzonalpatternsof vegetation
distribution.Theareaoccupiedbysomevegetationcommunitiesisoverestimated,
however,duemainlytoinsufficientDEMresolution.
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Омелько А.М., Крестов П.В., Яковлева А.Н. Модель растительного 
по  крова Ланжинских гор на основе топографических переменных
Показана возможность создания подробных карт потенциальной расти
тельностидлятруднодоступныхрегионовспомощьютехникиGAM.Это
особенноважнодляобширныхгорныхрайоновСевероВосточнойАзии,
длякоторыхтакиекартыдосихпоротсутствуют.Высокоеразрешениема
трицывысотпозволяетувеличитьточностьпрогнозированияимоделиро
ваниясложноорганизованногорастительногопокрова.Большинствоти
поврастительностиврайонеконтролируетсярежимамиувлажнения,атак
жесклоновойаккумуляцииитранспортировкиматериала.Относительно
небольшоеколичествоосадковвусловияхконтинентальногоклиматарас
пределяетсявпространствепоэлементамрельефа.Этосоздаетширокий
диапазонрежимовувлажненияпочвы:оточеньсухого,сдлительнымпе
риодомдефицита влаги, дохорошоувлажненногобезпериодадефици
тавлагивтечениевегетационногосезона.Такимобразом,влагавданном
регионепредставляетсяважнейшимресурсомислужитосновнымдиффе
ренцирующимфакторомдляраспределениятиповрастительности.Карта
потенциальной растительности, удовлетворительно отражает закономер
ности высотной зональностиираспределение азональныхрастительных
комплексов.Площадь, занимаемаянекоторымитипамирастительныхсо
обществ,слегказавышенаиззанедостаточногоразрешенияDEM.
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A topography-based Model
of the Vegetation cover
of the Lanzhinskie Mountains
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Relationships between vegetation and environmental
factors,andtheir interdependence,arefundamentalprob
lemsthatprovideanimportantcomponentforthemetho
dologiesof manydisciplinesrelatedtovegetationscience.
Changes in vegetation cover in relation to climatic changes, 
ontheonehand,andinrelationtoecologicalfactorsderi
ving from terrain characteristics, on the other hand, are of  
greatinterestatalargescale.Sincethe1990s,researchteams
involvedinstudiesof vegetationenvironmentrelationships
obtainedapowerfultoolforquantificationintheformof 

generalizedadditivemodels(GAMs),avariantof semipa
rametricregressionmodels(Hastie&Tibshirani1990).

ResponsecurvesinGAMsareestimatedwithsmooth
functions(usuallycubicsplines),allowingawiderangeof 
responsecurvestobefit(Yee&Mitchell1991).Thisiscon
si dered by some authors to be important progress, since 
species only rarely present bellshapedor linear response
curves along environmental gradients (Austin & Smith
1989,Austin2002).Generalizedadditivemodelsconstitute
powerful explanatory and predictive tools (Austin 1999,
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Overtonetal.2002),andmanyapplicationsinthefieldof 
distribution modeling have been reported (Guisan et al.
2002,Lehmanetal.2002,Cawseyetal.2002,Clarksonet
al.2004,Schimer&Lehmann2004).

Inmountainregions,topographyappearstobeanim
por tant determinant of  various local conditions, including 
mic roclimate, soil properties, disturbance regimes and others 
(Brown1994).Useof topographicvariablesderivedfroma
digitalelevationmodel(DEM),asasubstituteforfieldmea
su red environmental variables, becomes a common practice 
inspatialmodelingof mountainvegetation(Brown1994,
delBarrioetal.1997,Hoerschetal.2002,Dirnbocketal.
2003,Hörsch2003,VanNieletal.2004).Theadvantageof 
usingaDEMisitsspatialcontinuityandavailabilityatno
costfortheentireworld(Jarvis2008),eventhoughnotal
waysattherequiredspatialscale.Wheneverdirectclimatic
and other environmental measurements are available, such 
as climatestation data or data from vegetation surveys,
DEMs can be used effectively for interpolation of  these
discrete measurements (Zimmerman & Kienast 1999,
Dirnbrocketal.2003,Krestovetal.2008).Inareas,where
di rect environmental data are not always available at local 
level,asformostof theterritoryof NortheastAsia,DEMs
can serve as the only tool capable of  generating the relative 
va lues for several ecologically relevant environmental 
variables.

ThesmallLanzhinskieMountainmassif,locatedonthe
northwestern side of  the Sea of Okhotsk coast, was se
lectedasamodelingarea for this study.Thisarea ischa
racterizedby themost contrasting climatic conditionson
theNortheastAsiancoastandhasveryhighvaluesof con
tinentality (Krestov et al. 2008), as compared with other
coastalareas.Thevegetationof  theregion is represented
by poorly known continuous Larix cajanderi forests that 
change,athigherelevation,tothethicketsof Pinus pumila 
and,furtherup,toalpinetundravegetation.

The combination of  high climatic continentality and
proximity to the seacoast affects the structureof  theve
getation cover, changing considerably the zonal patterns
that become complicatedwithmany kinds of  azonal ve
getation.Thus,thevegetationof theLanzhinskieMts.isa
complex systemof zonal andazonal elements, thedistri
bu tion of  which is controlled by a unique combination of  
environmental factors. In addition to the climatic factors
actingatregionallevel,thereareimportantlocalfactors.

Thisstudyaimstomapthepotentialvegetationof the
Lanzhinskie Mountains using statistical modeling of  the
relationshipbetweendifferentvegetation types and topo
graphicvariables; italsoattemptstoidentifythemainva
riablesandrelatedenvironmentalfactorsthataffectthecur
rentvegetationpatterning.

M A t h e r i A L  A n d  M e t h o d s

study area
The Lanzhinskie Mts., a small system of  ridges, are

locatedontheSeaof Okhotskcoast,betweentwo larger
mountain systems, the Dzhugdzhurskii Mountains to
the south and the Oymyakonsky Plateau to the north
(59°19.3’–59°33.3’N and 143°18.7’–143°37.6’E). To the

south,theLanzhinskieMts.descendtotheSeaof Okhotsk,
whileonthewestandeasttheyareboundedbytheKuchtui
andBolshoiMarekanriversflowingtotheSeaof Okhotsk.
Theareaof theLanzhinskieMts.isabout370km2.Thisis
a relatively isolated mountain range, the closest mountain 
systemsbeingabout30kmfromtheLanzhinskiefoothills.
Themaximumelevationof thesemountainsis530m(Mt.
Njaura);averageelevationisabout300m(Fig.1).

Theclimateof theregionischaracterizedassubarctic
(Vitvitskii1961),withmeanannual temperatureof –5°C;
Kira(1977)warmthindexof 19.4°Candcoldnessindexof 
–138.9°C;36°Cdifferencebetweenthemeansof thecol
destandwarmestmonths (continentality); averageannual
precipitation of  364 mm; and precipitation of  116 mm
inmonthswithnegativemeantemperatures(Anonymous
19661971).Theclimateof thestudyareaischaracterized
by the largest annual temperature range of  any coastal area 
intheworld(Nakamuraetal.2007,Krestovetal.2008).

The high degree of  continentality is connected with
such phy siologically important climatic characteristics as 
very low winter temperatures and shallow snow cover.
Thesefeaturesof climateleadtoseveresoilfreezingand,
consequently, to the exclusion of  plant species characteristic 
of  suboceanic climate, which are common to regions where 
thesoilisprotectedinwinterbydeepsnow(Krestov2004).
Another con sequence of  the continental climate is relatively 
high sum mer temperatures and generally low precipitation, 
whichleadstoamoisturedeficitduringthegrowingseason.
Per ma frost compensates substantially for the moisture 
deficit in northern Okhotia, but only a few plant root
systemsareadaptedtowateruptakeatlowtemperatures.

Thewinterinthisregionlastsaboutsevenmonths(lat
terhalf of October to latterhalf of May).Ratherstrong
continental northwest winds are prevalent in winter and 
resultsinlowwintertemperatures.Themeandailytempe
raturefromDecembertoFebruaryremainsbelow–20°C.
The coast of  the Sea of Okhotsk is far from the tracks
of wintercyclones,sothisterritoryhas lowprecipitation.
Temperaturesriseonlyslowlyinspring.OnlybylatterMay
does the snowcovermelt away.Favorable conditions for
thevegetationbegintwoweekslater,whenthedangerof 
latefrostispast.SouthandsoutheastwindsfromtheSea
of  Okhotsk are usual fromMay to August. During two
months, JulyandAugust,daily temperaturesexceed10°C
(butdonotreach15°C).

The vegetation of  the region is represented by con
ti nuous Larix cajanderi forests that can be related to the 
continentalsectorof themiddleborealsubzone(Krestov
2003,Nakamura et al. 2007).Altitudinal zonation iswell
expressed in themountain systems.Larix cajanderi forests 
belongingtotheorderLedoLaricetaliacajanderiErmakov
etAlsynbayev2004occupy the lowervegetationbelt, ex
tendingfromsealevelto400–600mabovesealevel(a.s.l.).
Upwards,theforestvegetationchangestoabeltof Siberian
dwarfpine thickets (VaccinioPinetalia pumilae) and then
toabeltof shrubbyalpinetundra(LoiseleurioVaccinietea).
Forestvegetationoccupiesabout24%of theareastudied,
with the rest of  the territory covered mainly by tundra and 
Siberiandwarfpinethickets.
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Zonalvegetationisconsiderablypatternedwithazonal
ve getation complexes, most important of  which are Betula 
er manii forests in the forest belt; dry dwarfpine thickets
with lichens belonging to LoiseleurioVaccinietea in the
subalpinedwarfpinebelt;anddryDryas punctata and Carex 
ru pestristundrabelongingtotheclassCariciKobresieteain
thealpinetundrabelt.Gentleslopetailsandrivervalleysare
coveredbyauniquedynamictundraforestcomplex,con
t rolled by interrelations of  permafrost and very intensive 
alluvialprocesses.

data
Fieldworkduringsummer2008produced152fullrele

véscoveringavarietyof vegetationtypesinthestudyarea.
Inadditiontophytosociologicaldata,239plotsinthemain
vegetationtypesweredescribedmorebrieflyfor interpre
tationof satellitederivedimagery.

A digital elevation model (DEM) produced by the
Shuttle Radar TopographyMission (SRTM) (Jarvis 2008)
and land images from the Landsat Enhanced Thematic
Mapper (ETM) (from NASA’s Global OrthoRectified
LandsatDataSet,Tuckeretal.2004)wereusedforidenti
ficationof vegetationspatialdistributions.TheDEMhada
resolutionof 90m,andtheLandsatderivedimageshada
resolutionof 14.5m(28.5mforbands15and7and14.5
mforpanchromaticband8).BoththeLandsatimagesand
DEMweregeoreferencedby the supplier.Theelevation
valuesof theDEMwereroundedtointegers,resultingin
1meterintervals(Jarvis2008).Thereportedspatialaccura
ciesof orthorectifieddatawere<50mrootmeansquare
errorfortheLandsatdata(Tuckeretal.2004),and<9m

geolocationerrorand<6mheighterrorfor90%of the
SRTMDEM(Rodriguezetal.2005).

data processing
TherelevéswereclassifiedassuggestedbytheBraun

Blanquet methodology (MuellerDombois & Ellenberg
1974),takingintoaccountanumberof conceptualapproa
ches to the allocation of  higher vegetation units in major 
publishedclassificationsof NortheastAsianborealforests,
made byErmakov (2003,Ermakov&Alsynbayev 2004),
Miyawaki(19801989)andKrestov(Krestov&Nakamura
2002,Krestovetal.2009).

Thenumberof fieldrelevéswassufficientforvegeta
tionclassificationbutnotforstatisticalmodels,becausethe
re levé points did not cover the whole range of  variation of  
the topographic variables.With the aid of  239 plots ob
tainedforspaceimageinterpretation,additionalpointsfor
the main vegetation contours were obtained by deciphering 
theLandsatETM+ images.Asa result, for the statistical
model,weused1800additionalpointsfromthemainvege
tationcontours.

TheDEMhadsomemissingvaluesoverlandandne
ga tive values over water bodies, and it contained terraces, 
pro bably caused by rounding of  elevation values during 
preprocessingbytheprovider(Wood2003).These"badva
lues"andterraceswereremovedbycreatingelevationisopleths
fromtheDEMwithstepsof 5mandsubsequentlycreating
ahydrologicallycorrectDEMfromthesecontourlines(Hut
chinson1989).ThefinalDEMresolutionwas30m.

TheDEMwasusedtocreatedistributionmapsfor18
en vironmental variables, which describe microclimate and 

Figure 1Locationof thestudyarea.Greyshadingindicatesal
ti  tude: higher altitudes represented by lighter shades on the main 
map, and darker shades on the insetmapof RussianFarEast.
Elevationdataused:inset,GTOPO30(USGS,2000);mainmap,
SRTM(Jarvis2008).
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other environmental conditions, created and transformed 
byrelief (Table1).ForthispurposeweusedILWISsoftware
version3.4(Hengletal.2003).Environmentalvariablesare
of fourtypes:morphometric(elevation,aspect,slopeand
so on); hydrological (compound topographic index, sedi
ment transport index and stream power index); climatic
(potentialinsolationandwindexposure);and,finally,gene
riclandforms.

Maggini et al. (2006) showed that incorporating the
ge ne ral spatial trend and local autocorrelation in models 
allowssignificantimprovementinmodelperformanceand
stability.Muchof thevegetationontheLanzhinskieMts.,
however,wasaffectedbyhumanactivity(mainlyrepeated
fires and logging). Thus, for this territory, we could not
create the relevant maps of  spatial trends and the local 
autocorrelationswouldnotbeincludedinmodels.

statistical models
Statisticalmodelswerefitbygeneralizedadditivemodels

(GAMs,Hastie&Tibshirani1990).GAMsrepresentafur
therdevelopmentof generalizedlinearmodels(Nelder&
Wedderburn 1972), which represent a generalization of 
well known multiple regressions. The generalized linear
model(GLM)differsfromthemultipleregressionintwo
major aspects: first, the distributionof  the dependent or
responsevariablecanbenonnormalanddoesnothaveto
becontinuous(forexample,binomial);second,thevalues
of thedependentvariablearepredictedfromalinearcom
bi nation of  predictor variables, which are “connected” to 
thedependentvariablebyalinkfunction

gi(μY)=β0+β1X1+…+βnXn, 

in which μY stands for the expected value of  Y, X1 through 
Xn represent the n values for the predictor variables, β0 
through βnaretheregressioncoefficientsestimatedbymul
tiple regression, and gi iscalledthe linkfunction.Agene
ralization of  the multiple regression model would be to
main tain the additive nature of  the model but to replace the 
simple terms of  the linear equation βiXi with fi(Xi), where fi 
isanonparametricfunctionof thepredictorXi.

GAMsareveryflexibleandcanprovideanexcellentfit
inthecaseof nonlinearrelationshipsandsignificantnoise
in thepredictorvariables. It shouldbe stressed,however,
thatbecauseof thisflexibility,onemustbeextracautious
nottooverfitthedata,i.e.toapplyanoverlycomplexmo
deltodatasoastoproduceagoodfitthatlikelywillnot
stand up in subsequent validation studies. Another issue
per tains to the interpretability of  results obtained from 
GLMsvs.GAMs.Linearmodelsareeasilyunderstoodand
summarized.GAMsarenoteasilyinterpreted,inparticular
whentheyinvolvecomplexnonlineareffectsof someor
allof thepredictorvariables(and,of course,itisinthose
instancesthatgeneralizedadditivemodelsmayyieldabetter
fitthangeneralizedlinearmodels).

For model fitting we used the GRASP version 3.3b
package(Lehmannetal.2002)forSPlus8.0StudentEdition
(InsightfulCorp.,Seattle,WA,USA).TheoriginalGRASP
wasenhancedspecificallyforthepurposeof Magginietal.
(2006),anditnowincorporatesnewselectionmethodsand
the possibility of  dealing with interactions among predictors 
aswellasspatialautocorrelation(Lehmannetal.2005).The

Table 1. TopographicVariablesandEnvironmentalIndicesUsedasIndependentVariablesinGAM

Variable Description Calculation Ecological meaning

Morphometric
Altitude Altitudeabovesealevel(m) DEM Temperature,moistureCO2 pressure
Aspect Aspect(degrees) Solar radiation, wind, moisture
Slope Slope(%) Solar radiation, stability, erosion, moisture
East Aspecteastwes(от1до1) sin(aspect) Morning/afternoon solar radiation, moisture
North Aspecnorthsouth(от1до1) cos(aspect) Summer/winter solar radiation
Dist Distancetotheseashore(m) Moisture, wind
ProfC Curvature in slope direction 1=concave,1=convex Moisture, erosion/deposition
PlanC Curvature perpendicular to slope 1=concave,1=convex Solar radiation, moisture, erosion/deposition
Hydrological
TWI(CTI)§ Compound topographic index Ln(Af  / tan β)* Moisture,waterlogging,coldairponding
STI† Sediment transport index (Af/22.13)

0.6(sinβ/0.0896)1.3* Erosionpotential
SPI† Stream power index Af   tan β* Erosionpotential
Climatic
Solin‡ Potentialinsolation(%) Shaded relief** Potential incoming solar radiation
WindS‡ Southwindexposure(%) Shaded relief** Wind(summer),moisture
WindN‡ Northwindexposure(%) Shaded relief** Wind(winter),moisture
Generic landforms
glfChan Channelness(0to1) 1=channel Moisture, temperature, erosion/deposition
glfPlane Plainness(0to1) 1=plain(terrace) Moisture, erosion/deposition
glfRidge Ridgeness(0to1) 1=ridge Moisture, erosion/deposition
glfSlope Slopeness(0to1) 1=slope Moisture, temperature, erosion/deposition

*Af–specificcatchmentareadrainingtroughthepoint,β–representativelocalslopeangle.
**Sharyetal.(2002),§Schmidt&Persson(2003),†Mooreet al.(1993),‡Henglet al.(2003).
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responsevariableswerevegetationtypesthatweredefined
as binary variables. The presence of  a given vegetation
com munity in a plot automatically precludes the occurrence 
of othercommunities.Abinomialprobabilitydistribution
wasselectedfortheresponse,andthelinkfunctionwasde
signedasalogitfunction,sotheGAMequationslookslike
the following:

ln(p/(1p))=Sfi(Xi),   
 
where pistheoccurrenceprobabilityof avegetationcom
mu nity of  a certain type, the left side of  the equation is the 
logit link, and the right side is the linear predictor. Four
degreesof freedomweregiventoeachsmoothedenviron
mentalpredictor.

Themodelsandpredictorswereevaluatedas follows:
(1)statisticalevaluationusingtheareaunderthecurveof 
thereceivercharacteristicplot(ROCAUC,Fielding&Bell
1997)onthetrainingdataset(resubstitution);(2)afivefold
crossvalidatedROC(cvROCAUC);(3)thepercentageof 
explaineddeviation(D2, Guisanetal.2002);and(4)aSpear
manrankcorrelation/crossvalidatedcorrelation(rS,cv.rS).

r e s u L t s

Thevegetationof  theLanzhinskieMts.wasclassified
into15vegetationunits,of which7unitswereordersthat
couldbeshownonthemap in theirowncontoursand7
werecomposedintotwocomplexcontours.

Thefewestpointswereobservedforthecommunities
of  stonebirch (Betula ermanii) forests (prevalence 2.2%).
Thisisbecause,inthestudyarea,stonebirchforestsoccu
py only small separated territories with total area up to 
only100squaremeters.Theseareasextendalongnarrow
valleys or small ridges on slopes. Such areas are difficult

to recognizeon theLandsat images,andso thestatistical
modelforstonebirthforestsisbasedmainlyonfieldob
servations.Thusweobtained9mainvegetationtypesthat
could be mapped (Table2).

All vegetation typesweremodeled successfully (Table
3).ROCAUCvaluesrangedfrom0.88(LARandPPM)to
0.99(DDT).Accordingtotheclassificationof Swets(1988)
(0.50.7: poor discrimination ability, 0.70.9: reasonable
discrimination, 0.91.0: very good discrimination), values
obtained in this study show reasonable to very good 
discriminationability.Moreover,allmodelsarestableand
the fivefold crossvalidation decreases the ROC AUC
valuesbylessthan0.02.ThebestROCAUCandD2 values 
wereobtainedforvegetationtypesALT(N=180),DDT
(N=127),VAL(N=157),andSBF(N=60).Lesservalues
wereobtainedforSCT,LTDandPPL.Theleastaccurate
modelswereobtainedfortypesLARandPPM.

Thecontributionsbythedifferentvariablesareshown
in the Table 4. The CROSS selection method retained
almost all the environmental variables except the generic 
landforms.Thecontributionof somevariables,forexample
"Aspect"or"North",however,waslessthan1percent,and,
onthewhole, themodelsobtaineddo lookabit"noisy".
Wehavetriedtoclearthemodelsandhaveomittedsome
variables,thetotalcontributionof whichwaslessthan5%
(variablesmarkedwith"+"inTable4).Weremovedfrom
twotosixvariablesfromeachmodel.Thisresultedinlittle
de crease of  the D2values (4%onaverage),but theROC
AUC and cvROCAUC values changed by less than one
percent.Insomecases,removingvariablesincreasedmodel
stability.Thesizeof allmodelsdecreasedsignificantly(by
15–36%).

Figure2 shows the overall contribution of  four variable 
groupstothepredictionof differentvegetationtypes.The

Table 2.MainVegetationTypesof LanzhinskieMountainsandthePercentageof thePointNumberinInputData

Vegetation type Code N Prevalence 
(%)

Ripariancomplexof forests,shrubs,meadows,sedgebogsandsedgecottongrasstundras VAL 157 5.8
Stonebirch(Betula ermanii)forestswithdwarf alder(Alnus fruticosa)thickets(BetuloRanunculetea) SBF 60 2.2
LarchforestswithCarex globularis and Ledum palustre intheunderstory(LedopalustrisLaricetaliacajanderi) LAR 587 21.5
Sedgecottongrasstundra SCT 442 16.2
Complex of  larch forests and shrubby tundras on sites with dynamic permafrost LTD 266 9.8
Siberiandwarfpine(Pinus pumila)thicketswithlichens(LoiseleurioVaccinietea) PPL 445 16.3
Siberiandwarfpine(Pinus pumila)thicketswithgreenmosses(VaccinioPinetaliapumilae) PPM 461 16.9
DryDryastundra(CariciKobresietea) DDT 127 4.7
Shrubbyalpinetundra(LoiseleurioVaccinietea) ALT 180 6.6

Table 3.ExplainedDeviance(D2),Degreesof FreedomUsed(DfU),ReceiverOperatingCharacteristic(ROC),Cross
Validated ROC(cvROC),SpearmenCorrelation(COR),CrossValidatedCOR(cvCOR)forSelectedModels

Test ALT DDT VAL SBF LAR SCT LTD PPL PPM

D2 0.81 0.97 0.71 0.79 0.48 0.62 0.58 0.51 0.49
DfU 36.16 44.08 28.49 40.56 36.41 36.37 36.18 40.26 44.31
ROC 0.98 0.99 0.97 0.98 0.88 0.95 0.94 0.93 0.88
cvROC 0.97 0.99 0.95 0.97 0.87 0.94 0.92 0.92 0.87
COR 0.69 0.94 0.58 0.49 0.57 0.66 0.55 0.62 0.52
cvCOR 0.68 0.91 0.57 0.45 0.55 0.64 0.53 0.60 0.50
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distribution of  most vegetation types was predicted by 
morphometricvariablesandhydrologicalindices.If theve
getation type is controlled mainly by moisture regime and 
sediment transportation/accumulation regime (valley fo
rests,tundra,dynamiccomplex),thenthehydrological in
dices have amaximum "weight" in themodel. For other
vegetationtypes,suchaslarchforestsanddwarf pinethi
ckets,theinfluenceof threegroupsof variablesisaboutthe
same.TheonlyexceptionwasdryDryas tundras, which are 
correlatedmainlywithdistancefromthesea.

In general, the models include three of  the four groups 
of  topographic variables. By their contributions to the
models they can be ordered from hydrological va ri ables 
(TWI, SPI, STI) (highest contribution), through mor
phometric variables (ProfC, Slope), to climatic variables
(Solin,WindN,WindS)(lessercontribution).

Figure 3 shows the spatial predictions for vegetation
typesof theLanzhinskieMts.Analyzingthemapsandcom
paringthemwiththeLandsatimages,wecametothecon
clusion that the models obtained can be divided into two 
groups: models predicting the real distribution of  vegetation 
types and models predicting the occurrence of  a vegetation 
typewithinsomewiderarea.Infact,theactualvegetation
dis tribution range lies within predicted but much smaller 
insize.Thesecondgroupincludesmodelsforstonebirch
forests (SBF inFig. 3), shrubby alpine tundra (ALT) and
riparianforestmeadowcomplexes(VAL).Figure4shows
a comparison between the actual and predicted distribution 
of theshrubbyalpinetundra(ALT).

Wemappedthepotentialvegetationof theLanzhinskie
Mts. (Fig. 5) based on the spatial predictions, assigning

to the each pixel the vegetation type that had the highest 
probabilityof occurrencethere.

The riparian forestmeadow vegetation complex
occupies the wide valleys, which are characterized by
lowvaluesof SPIandSTI indicesandbyhigh insolation
levels(Solin).Lowerpartsof gentleslopesandslopetails
arecoveredby thesedgecottongrass tundrasandby the
dynamic foresttundra complex. Prediction models for
these types include almost the same set of  environmental 
variables,withsimilarcontributions.Thesetypesoccuron

Table 4.ContributioninPercentageof thePredictorsWithinSelectedModels(ModelContributioninGRASP)

Variable ALT DDT VAL SBF LAR SCT LTD PPL PPM

Morphometric
Aspect +* + ** + + + + + +
Dist + 0.39    + + 0.08 0.06
East + +  0.03 + + + + 0.02
ProfC 0.08 0.05 0.12 0.08 0.11 0.05 0.03 0.06 0.04
PlanC +   +   + + 
Height 0.05 0.05 0.13 0.08 0.19 + + 0.08 0.07
North + 0.04  + + + + + +
Slope 0.28 0.06 0.09 0.06 0.23 0.01 0.17 0.08 0.24
Hydrological
SPI 0.24 0.03 0.27 0.12 0.07 0.55 0.24 0.18 0.18
STI 0.09 0.06 0.22 0.03 0.04 0.11 0.22 0.11 0.07
TWI 0.06 0.13 0.04 0.00 0.03 0.01 0.03 0.14 0.09
Climatic
Solin 0.11 + 0.13 0.28 0.17 0.07 0.09 0.17 0.10
WindS 0.02 0.02  0.08 0.04 0.09 0.14 0.06 0.06
WindN 0.08 0.12  0.10 0.11 0.10 0.07 0.05 0.07
Generic landforms
glfChan   +      
glfPlain         
glfRidg         
glfSlope + 0.05 +  + 0.01 0.01  +

*    : predictor proposed in selection procedure but not retained in the model
**  : predictor not proposed in the selection procedure

Figure 2 Contributionof fourvariablegroupsfordifferentve
getationtypes(linearpredictorscaleinGRASP).
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siteswithrelativelylowvaluesof theSTIandSPIindices,
notaffectedbywind(WindN,WindS),andwithprofilecur
vature(ProfC)valuesof almostzero.Therefore,thereisno
sharpboundarybetweenthesevegetationtypes(infactthe
boundaryis indented),andsometimestheyformpatterns
causedby undulating slopes (Slope, glfSlope).Flat slopes
areoccupiedbythedynamicforesttundracomplex,while
wideleveltopsaremoresuitablefortundra.

Onhigherelevations,thedynamicforesttundracomp
lex changes to larch forest, which forms an altitudinal belt 
atmidslopeandoccupiesflat(ProfCvaluesnearzero),re
lativelyflatgentle (slopevalueof 025%)andmoderately
insolated(Solin)slopes.Inaddition,larchforestsmayoccur
onsitescharacterizedbynegativevaluesof ‘ProfC’(i.e.in
widevalleys)butaretotallylackingonridges(positiveva
luesof ProfC).

ThemossySiberiandwarfpinethickets(of orderVac
cinioPinetalia)occupytheupperpartsof mountainslopes
andwidesaddles,whicharecharacterizedbyhighinsolation

(Solin),relativelyhighermoisture(TWI)andlowvaluesof 
SPIandSTI.Thelichenrichdwarfpinethickets(of order
LoiseleurioVaccinietea)occupysteeperslopesandridges.

Wide,flatmountaintops,characterizedbysmallprofile
curvature(ProfC),nearzeroslope(Slope)andsmallvalues
of theSPIandSTI,appearedtobesuitablefortheshrubby
alpine tundra of  the order LoiseleurioVaccinietea. The
model,however,overestimatedtheareaforthistype.The
dry Dryastundras(CariciKobresietea)occurontheupper
partsof slopes,facingthesea(WindN,Dist).

Stonebirchforests(Betula ermanii)occuralongnarrow
valleys(ProfC)andoccupymoderatelysteepslopes(Slope)
withhighinsolation(Solin).

Therefore,themapof potentialvegetationreflectsthe
altitudinalzonationandinterzonalpatternsof vegetation
distributionsatisfactorily.Itshouldbenoted,however,that
contours of  the actual vegetationmay differ significantly
from those predicted. For example, larch forests on the
prediction map are shown only in the areas with highest 

Figure 3  Spatialpredictionsforvegetationtypesof LanzhinskieMountainsobtainedusingtheselectedmodels.Black
shadingindicateshigherprobabilityof occurrence.Legend:seetable2.



116 Botanica Pacifica. A journal of plant science and conservation.  (2012) 1, 109–119

Omelko, Krestov & Yakovleva

occurrenceprobability.Onecanassumethatterritorywith
occurrenceprobabilityof 50%of themaximumvaluesfor
theseareasisalsosuitableenoughforlarchforests.If such
territoryisadded,thentheareaof thelarchforests is in
creasedby3times(Fig.6).Therelativeareasfordifferent
vegetationtypes,for50%probability,willbeincreasedby
about22.5times.

Comparing the actual and predicted occurrences of  the 
larchforestsshowsthatonly54%of alldatapointsfallin
theareawith100%probabilityof larchforestoccurrence.
Decreasingtheprobabilitythresholdto50%increasesthis
valueto84%,whichcanbeconsideredamuchbetterre
sult (Fig.6).Thesametrendischaracteristicfortheother
vegetationtypes(Fig.7).Thebestpredictionresults,when
90%of datapointsfallintheareawith100%probability,
were obtained for the dry Dryastundraandthesedgecot
tongrasstundra.Thisresultcouldbeexpectedforthedry
Dryas tundra because it occurs within a narrow range of  
environmental conditions.For theothervegetation types,
about 75 % of  data points fall in the area with 100 %
probability,andabout90%of pointsfallintheareawith
50%probability.

d i s c u s s i o n
Magginietal.(2006)suggestedfiveselectionmethods

that can be used in theGRASPmodule: crossselection,
BRUTO,Ftest,AICandBIC.Thecrossselectionmethod
showedthebestresultsintermsof modelstability.Cross
se lection in this study showed certain limitations when the 
to tal contribution by a particular variable to the model is 
too low (< 5% in linear predictor scale).Removing such
variablesdoesnotdecreasemodelstabilitysignificantlybut,
at thesame time,does reducemodel sizedramatically. In
or der to achieve the best results for each new territory, it is 
pro bably necessary to test several methods of  selection and 
choosethebestone.

Inthisstudy,thedistributionof 9vegetationcommunities
of theLanzhynskieMts.wasmodeledsuccessfullyusingto
pographic predictors. Analysis of  the model of  potential
vegetation allows us to address several points: 1) the rela
tion ships between environmental characteristics and plant 
communities; 2) relations of  zonal and azonal vegetation
complexesandtheproblemof modernrefugia(Krestovet
al.2009);and3)modellimitations.

relationships between environmental 
characteristics and plant communities

This study showed thatmost vegetation types in the
area are controlled mainly by moisture regime (variables
TWI, ProfC, Slope) and regimes of  sediment transport
and accumulation (SPI, STI, Slope). The relatively scant
rain fall in the continental climate is distributed spatially 
by the relief  elements. This creates a wide range of  soil
mois ture regimes: from very dry, with a prolonged period 
of moisturedeficit;towet,withnomoisturedeficitduring
thegrowingseasonatall.Therefore,moistureappears to
be a critical resource in this climatic region, and it is one 
of thedifferentiatingfactorsforthevegetation.Sediment
transport and accumulation controls the moisture content 
of thesubstrateandalsoregulatesevapotranspiration.The
vegetation on poorly drained, well aerated substrates on 
uppermountainslopesexperiencessignificantmoisturede
ficit,regardlessof howmuchwatercomeswiththerainfall.
Also,sedimenttransportandaccumulationdependonsub
surfacepermafrostprocesses.Therefore,thedistributionof 
ve getation communities is associated withgroundfreezing
processes,indirectlyexpressedbysedimenttransport.

Altitudeabovesealevelrestrictsvegetationtypestocer
tain temperature ranges and regimes, which depend also on 

Figure 4Comparisonof spatialprediction(greyareas)andreal
distribution(blackareas)of alpinetundra(ALT).

Figure 5  Map of  the potential vegetation of  Lanzhinskie
Mountains based on spatial prediction of  vegetation types.
Legend:seetable2.
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potentialsolarradiation.Thismostlyaffectsthestonebirch
forests,astheyaremoisturedependentecosystemsandoccur
only on the warmest sites in the area and in humid habitats 
shelteredfromwinterwindandfrost.Theseconditionsare
foundonsouthfacing,wellinsolatednarrowvalleys,where
there is an accumulation of  moisture and where deep snow 
protectsthesoilfromseverefrostinwinter.

Theintensityof solarradiationaffectsnearlyallvege
tationtypesof theLanzhynskyeMts.,althoughdensefog
comes from the sea andmaymediate solar intensity du
ring thewhole summer.The variables expressing generic
landforms contributed only 15% to the explanation of 
vegetationdistributioninthisarea.Thiscontrastswiththe
resultsof Yakovleva(2002,2003),whofoundmuchgreater
con tribution of  geomorphological variables in a model of  
localvegetationcoverinthetemperateconiferbroadleaved
deciduousforestzoneof EasternAsia.Suchdisagreement
canbe explainedby themuch stronger relationshipsbet
ween geomorphological characteristics and temperature 
re gime, especially temperature inversions, within more 
temperatezones(Wardle1985,Sarmiento1986).

Thus, thevegetationpatternof theLanzhynskyeMts.
depends essentially on themoisture regime and the cha
racteristics of  sediment transport and accumulation. The
only exception to this rule is the dry Dryas tundra, the 
dis tribution of  which depends mostly on distance from 
the seashore (variable Dist) and wind regimes (variable
WindN).Strongnorthernwindonthecoastaffectsregimes
of  snow accumulation, drift andmelting, and a ground
frost regime that leads to formation of  a rubbly substrate, 
which issuitableforthisvegetationtype.Inaddition,fog
oftencoverstheseafacingslopesandisasignificantfactor
compensating forwater deficit on the easily drained and
aeratedsubstrates.

relations of zonal and azonal
vegetation complexes and modern refugia

As several phytogeographical studies in Asia have 
shown(Qianetal.2003,Krestovetal.2009,2010),much
biodiversity isnotrelatedtozonalecosystems(asdefined
in Pojar et al. 1987), which occupy extensive territories,
but rather is concentrated on local sites characterized by
certain local geomorphological, geochemical or climatic 
anomalies. The biota of  such areas, as a rule, differs
significantly from the regional (background) biota and
may be characterized by high levels of  endemism. This
study allowed us to conclude that communities of  Betula 
ermanii and Alnus fruticosa, dry Dryas tundras, and forest 
fragments of  the riparian vegetation complex are strongly 
connectedtoazonalhabitats,whichareabletocompensate
fortheregionaldeficitof severalenvironmentalresources,
especially moisture and heat. The species compositions
of  these communities contrast with those of  the zonal
vegetation due to the presence of  many endemic species 
and elements occurring here in certain isolation from their 
mainareasof distribution.

Model limitations
Overall,thebestresultswereobtainedforcommunities

thatwererareinthesamples.Thiswasreportedpreviously
byFranklin (1998) forshrubspecies,byGuisan&Hofer

Figure 6  Growth of  larch forest territory after addition of  areas 
with50%probabilityof occurrence.(50%frommaximumva
lue for each point).Darker areas – 100%probability (100%
frommaximumbutnotequalsprobability=1),lighterareas–50
%probability;b)empiricaldatapointsfallinareasof 100%pro
babilityof occurrence (circles),50%probability (crosses)and
outsidetheseareas(triangles).

Figure 7  Number of  the empirical data points fall in areas, 
which are occupied by communities of  different vegetation 
types.Probabilityof occurrencevariesfrom100%to50%from
maximumvalue.

(2003) andbyMaggini et al. (2006).Reasons for this are
probably related to their restricted niche breadth along 
particular environmental gradients, which are easier to 
capture in a model than are the wider niches of  widespread 
species(Magginietal.2006).

Ourmodeloverestimatesthedistributionareasforthree
vegetationtypes,namelyVAL,SBFandALT.Theareaof 
Be tula ermaniiforestsisoverestimatedbecauseof insufficient
resolutionof theDEMraster(90m).Asmentionedabove,
Be tula ermanii forests occupy relatively small territories, most 
of whichmayfitinto12rasterpixels,whichisnotenough
for localizationof  suitable environmental conditions.On
the contrary, the shrubby tundras occupy larger areas, which 
caneasilyberecognizedontheLandsatimages.Thetundra
plants, however, are very sensitive even to minor changes 
in ecological regimes and occupy small depressions in the 
overall relief,making their detection againdifficult at the
presentDEMresolution.

InthefieldandontheLandsatimages,theriparianfo
restmeadow complexwas registered in valleys only near
rivers beds. Themodel, however, predicts occurrence of 
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this complex with a high probability over the whole extent 
of thevalleys.Thiscannotbeconsideredapredictionerror.
Rivers drift continuouslywithinbroad valleys, smoothing
therelief andleadingtosimilarvaluesof hydrologicalindi
cesalongthewholevalley.Thus,inordertorefinethepo
sition of  riparian communities, additional variables such as 
distancefromanactualriverbedmayberequired.

Themap of  the potential vegetation obtained in this
studyreflectsthemainpatternsof vegetationdistribution.
About35%of theempiricaldatapoints,however,appear
outside the contours of  the respective vegetation types.
Therearethreepossiblereasonsforthisphenomenon.

First, the actual vegetation can be very fragmented 
intofinemosaics,but the90mDEMwithpixel areasof 
8100m2isnotcapableof showingthefinerscalevariation.
This ismost significant for shrubby tundra,Betula ermanii 
forests,sedgecottongrasstundrasanddynamicvegetation
complexes. In these cases, increasing the DEM raster
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