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Abstract

Severalpatternsof riparian forests in the Sikhote−Alin BiosphereReservein
Northern Primoriye were classifiedfrom two LANDSAT imagestakenin two
different seasons,with various tree composition from dark coniferous forest
throughmixedto deciduousforests.Theseasonalchangesin thereflectanceof the
forested terrain were studied to use one of the two images for the forest
classification.The GRASSunsupervisedclassificationwasusedto createseveral
mapswith differentnumberof initial classes.TheautomatedspatialRDBMS link
was usedto searchfor the correlationsof the different classifiedpatternswith
groundinformationandto selectcombinationsof parameterswhich haveeffects
onsunraysreflectance.

1. Introduction

It has been in the field of interest for decadesto apply the remote sensing
techniquesin forest classification.The coarseresolutiongrid imagesobtainedin
earlyyearscanbeusedto separatevegetationfrom un−forestedlands,or to assess
large−scaleconditions that influence on the forest, while the higher resolution
gridsmakepossibleyet morepreciseanalysisof theimages,includingthespecies
compositionanalysis[2,3].

In areaswith complextopographyreflectanceof the forestcovershouldbe taken
in account,while for the plain areasthe task of classificationis more simple.
Various techniques,e.g. , preprocessingthe satellitebands,makepossibleto yet
increasethe accuracyof classification.The robustcomputationsusingthe forest
inventory dataas well as remotely obtaineddatahelp to producemodelswith
predictionof foresttypes.

2. Vegetation in the Study Area

Thevegetationcoverof theriparianvalleysin themiddlecourseof streamsof the
easternslopesof the Sikhote−Alin variesmuchin structureandcomposition[1].
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Theforestsareof deciduous,mixedandconiferoustypes.Thefollowing different
foresttypesoccurin theareaof study:

1. The deciduousforest standson narrow sandand pebble−stonebanksof the
streamswith dominanceof chosenia(Chosenia arbutifolia ) areoftena result
of catastrophicfloods. Thesechoseniastandsare characteristicin their fast
growthandmono−dominancein earlymaturity.Othertreespeciesarepresent
in olderstands,suchaspoplar(Populus maximoviczii ), Japaneseelm (Ulmus
japonica ), Manchurianash(Fraxinus mandshurica ), Yeddo spruce(Picea
ajanensis ), Manchurianalder(Alnus hirsuta ), monomaple(Acer mono ) and
theKoreanpine(Pinus koraiensis ).

2. The poplar standsare found mainly in broad valleys of large rivers and are
locatedon higherterracesthanthechoseniastands.Thealderstandsarefound
at the dampedpartsof the river valleys, their compositionmay also include
broadleaf white birch (Betula plathyphylla ), larch (Larix dahurica ); the
undergrowth is with other deciduous species, e.g. , Amur corktree
(Phellodendron amurense ), false spiraea(Sorbaria sorbifolia ), bird cherry
(Padus asiatica ), buckthorn(Ramnus dahurica ).

3. The deciduousforeststandswith elm, mapleandashin dominancearemostly
found on the first riparian terracesand estuariesorientedto the south.The
dominant speciesare Japaneseelm and cut−leavedelm (U. japonica , U.
laciniata ), Manchurian ash−tree(F. mandshurica ) and mono maple (A.
mono ); the accompanyingspeciesarepoplar (P. maximoviczii ) and Korean
pine (P. koraiensis ). The understoreyis composedof Manchurian lilac
(Syringa amurensis ), bird cherry (P. asiatica ) and Amur corktree (Ph.
amurense ), especially succeedingafter forest fire. The undergrowth is
typically composedof Manchurian honeysuckle(Lonicera mandshurica ),
mock orange(Philadelphus tenuifolia ), Siberian ginseng(Eleutherococcus
senticosus ).

The mixed valley pine and deciduousforestshadbeenmost commonin the
areaof studybeforetheindustrialloggingwasin practiceherefrom 1909until
1935,the yearthe naturereservewascreated.Besideslogging, fire hasbeen
the other forest deterioratingfactor. Currently,only limited numberof areas
are occupiedby theseforestson riparian terraces,on well−developedand
moistenedsoils.

4. The "damp" (or "humid") pine standsoccur in broad valleys on raisesof
modernriparian terraces;they are typically composedof 3 or 4 Koreanpine
treesand to 5 (of 10) deciduousspeciesin the upper storey, with typical
singlepoplar(P. maximoviczii ), up to 160cm in diameter.Theunderstoreyis
composed of the deciduous species mixed with conifers. The dense
undergrowth consistsof Manchurian hazel (Corylus mandshurica ), mock
orange(Ph. tenuifolia ). The grassstoreyis up to 60−70cm high andcovers
100percentof thesoil surface.
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5. The "wet" pine standsoccupy the lower terracesand sub−terraceparts, in
summer they are often flooded. They are composedof Korean pine (P.
koraiensis, to 3 trees), poplar, ash−treeand Manchurian basswood(Tilia
amurensis ), and single Mongolian oak (Quercus mongolica ), silver birch
(Betula costata ). The understorey includes conifers (to 3 of 10 trees),
Manchurianalderandlilac, andPallas’sapple−tree(Malus pallasiana ). These
pinestandsarefoundratherseldomandoccurasfragmentsinsidethe"damp"
pinestands.

6. The"pine with darkconifersandtilia" standscanconsistof to 7 pinesandto 3
tilia (of 10); they mostly occur in the sameconditionsas the "damp" pine
stands,howeverin morenarrowvalleysof streams.Theunderstoreyis mainly
composedof EasternSiberianfir (Abies nephrolepis ) with admixtureof pine
andspruce.

7. The "pine with fir and silver birch" standsare found on the upper riparian
terracesadjoiningthenorthernslopes;thedominantspeciesis Koreanpine(to
8 treesof 10).Theunderstoreymostlyconsistsof conifers(pine,sruceandfir).

8. The"spruceandfir" foreststandsarefoundat theuppercoursesof thestreams,
andlessoften at the middle courses.The accompanyingspeciesin the upper
storeyarepineandlarch. In the understorey,the fir andspruceareequal,and
only few alder,pine,Ukurundumaple(Acer ukurunduense ) treesoccurthere.

9. The "white birch" standsare secondaryforeststhat replacethe primary ones
(i.e. , the pine, spruceandfir) asresultof repeatingfires. They are found on
terraces of various levels and differ between in composition of the
understorey,dependingon the moistureof the soil. Birch, oak, andalsobird
cherry(Padus maximoviczii ), maple(Acer spp.),larch andtilia occur in the
upperstorey. The understoreyafter 60−80yearsconsistsof pine,spruceand
fir, especiallyin thestandsthatborderconiferousstands.

10. The "larch" standsare seldomfound in the study area,they can occur on
various level terraces;as well as birch stands, these are the secondary
formations growing on post−fire territory. The sparseupper storey also
includespine, spruce,fir andbirch. In the understorey,the dominantspecies
arebirch, fir andalder.

3. Methodology

A rectangularscene15 x 15 km, i.e. , 500x 500pixels,wasselectedasthestudy
area.The slopesof all expositionsweremaskedandremovedfrom this scene,as
well asareaswithout vegetation,leavingonly forestedplain areasof the riparian
valleys(12.7%of thescene,or 31,823pixels).

The GRASSunsupervisedclassificationmodulei.cluster wasusedto createthe
signaturesof the classificationmapswith the 2,3,5,7and9 classes,basedon the
combination of bands 1,2,3,4,5 and 7 of LANDSAT 7 ETM+ images. The
maximum likelihood algorithm was used to produce classes(i.maxlik ). The
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classifiedmapswereexportedto GRASS5.3 sites(r.to.sites ) andthento vectors
(s.to.vect ). The result was then exported to spatial databasePostGIS with
v.out.shp (GRASS)andshp2pgsql (PostGIS).

The PostGIS point entities representingpixels were processedwith GEOS
function "within" to find the number of pixels containedwithin eachof the
polygonson the forest standsmap (scale 1:25,000)exportedto PostGISfrom
GRASS5.3 with v.to.pg module[4]. Giventhatareasof thepolygonsvary from
0.5 hectaresto 136hectares(mean= 18.36hectares,st.dev.= 18.37hectares),the
RMS error during the coordinatetransformationequalto 1 pixel, only polygons
with areaof 70 pixelsandmore(i.e. , thoseof over6.3hectares)wereselectedfor
analysisso that the areaoverlapof circle palettewould be 85% had the palette
centerbeenshiftedby 1 pixel.

Therewerethereforeselectedfor analysis105polygonsof 156,i.e. , 93.5%of the
total area (mean= 25.49 hectares,st.dev.= 18.58 hectares).The forest stands
were groupedinto a numberof various classesproducedfrom the databasein
orderto assignthegrouplabelsto polygonson themap,basedon thetreespecies
composition,suchas percentof eachspeciesin the stand.As example,in the
assessmentof the deciduousto coniferousforests classification accuracy,two
groupswereformedon thedatabaseof foreststandsby a specificquery,andthey
werecomparedwith the resultof the N−classesunsupervisedclassificationwith
assignmentof the label to a polygon as that of the classhaving 50+ percentof
pixels within the polygon. Then thoselabelswere generalized:label ’Conifer’
assignedto polys with certain (m) classesand ’Deciduous’ to the other (N−m)
classes.A polygonis considered’correctly classified’whenits classificationlabel
assignedin this way coincides with the label assignedthrough the specific
databasequery, grouping polygonsby the dominantforest speciescolumn and
numericvalueof speciescompositioncolumn(cf. Table1).

4. Results and Discussion

It is worth to notethat we cannot decidein advanceon how the classificationis
relatedwith the compositionof any forest stand,but we ratherare looking for
standsthat show good correlationsbetweenthe databaseinformation and the
classification,analyzethesecorrelations,andon this basisassignspecificlabelsto
the classes.Moreover, the numberof classeswith which the correlationsshow
maximumpredictabilityof ’correct’ classificationis not known. We alsotakein
accountthe high level of variety of the standspeciescompositionwithin any
stand, where patchesof various dominant species occur, and the average
compositionin thedatabaseis relatedwith thewholestand.

It is clear that in our study area there is be, at least, a coarsebut accurate
classification of two different forest type groups, i.e. , the coniferous and
deciduousgroup of types.We also hopeto find the classificationschemethat
correlatesstronglywith someof groundinformationin the database,whereasthe
numberof classesis submittedby theuser.

The comparisonof the results for the two imagesshows the image taken in
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autumn (October 29, 2001) to be more homogeneousthan the one taken in
summer(July 13, 1999)(cf. Tab.1),the numberof polygonscontainingover 50
percentof thesameclassbeingaboutthreetimesasmanyasfor summer,for the
7−classunsupervisedclassification.This conclusioncanbe further supportedby
the classseparabilitymatrix values,calculatedby GRASS5.3 modulei.cluster ,
e.g. , for 2−classescasethosewere1.1 in autumnand0.8 in summer.It is possible
to concludethat the autumn image has better separabilityof two forest type
groups,i.e. , deciduousversusconiferous(cf. Tab.1),thefact thatcanbetakenin
accountthat by October29, treesin almostall deciduousspecies(exceptoak)of
themacro−regionhavedroppeddry leaves.

Summer Autumn

N classes Np (50+) Np % of
area

Np (50+) Np % of
area

2 105 82 83.0 105 91 89.5
3 90 74 86.7 93 77 83.9
5 45 42 95.7 69 62 91.5
7 17 17 100 60 54 89.2
9 14 14 100 38 36 95.8

Table 1. Comparisonof the results of the 2−classesgeneralizationfor the 2
imagestakenin differentseasons.

Np (50+) − numberof polygonswith 50 percentor moreof oneclass;Np − numberof ’correctly
classified’ polygons.Here ’classified correctly’ means’those whose post−classificationlabel
coincideswith thelabelassignedthroughthedatabasequery’.

We lookedfor the correlationsfor variousclassesandassignedlabelsto classes
whereit waspossible(Fig.3).Thecriterionfor theassignmentof thelabelwasthe
numberof ’correctly classified’ polygonsdivided by total numberof polygons
underthe sameclass,to be over 50 percent.Otherwise,no label wasassignedto
thegroup(markedwith ’?’ on thediagram).

Case1: 2 classes
Labels "Conifer(1)" and "Deciduous(1)" were assignedwith percentageof
’correctly classified’polygons85.7(60 of 70) for theconifersand88.6(31 of 35)
for thedeciduousforest.

Case2: 3 classes
Labels "Conifer A", "Conifer B" and "Deciduous(2)" were assignedwith
percentage88.9(24 of 27), 60.4(26 of 43) and100 (all of 22), respectively.The
sub−group"Conifers" (classes1 and2) includesforestsof types3,4 and5, i.e. ,
the most commonconiferousforest in the area:deciduouselm, ashand poplar
with K. pine, "damp" and"wet" K. pine forest.This sub−groupis divided in "A"
and"B" accordingto thepercentageof deciduous− conifermix, i.e. , the"Conifer
B" includes both standswith dominant conifers (5 of 10 trees)and dominant
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deciduous(elm, ashand poplar), while "Conifer A" mostly includesconiferous
typestands.The links betweenclassesof variouslevelssignify the "inheritance",
e.g. , theplotslabeled"Conifer(1)" werelabeledasboth"ConiferA" and"Conifer
B" in the3−classescase,andthesameis trueaboutsomedeciduousstands;while
none of the "Conifer (1)" was labeled "Deciduous(2)", and none of the
"Deciduous(1)"as"ConiferA".

Figure 1. Unsupervised classification (5 classes) of the masked image
(July 13, 1999).

Case3: 5 classes(cf. Fig.1and2)
Labels"Dark Conifer", "Medium Conifer" and"Little Conifer" wereassignedto 3
classesthat followed from "A" and"B" of the 3−classescase.The "D. Conifer"
label ("Class1") was comparedagainstselectionfrom databasewith 6+ conifer
(pine,spruceandfir) treesof 10 on a stand;thepercentageof ’correctly classified’
in suchway polygonswasfound 77.8%(7 of 9). The "M. Conifer" label ("Class
2") was comparedagainstselectionwith 4 − 5 coniferson a stand,percentage
80.0%(20 of 25). The"L.Conifer" ("Class3") wastestedagainstselectionwith 3
conifers,percentage54.5%(6 of 11). For all 3 groups,the conifer specieswere
K.pine, spruceand fir, the deciduousspecieswere poplar, elm, ashand birch.
Otherspecies(oak, larch,alder,maple,chosenia)presentat leastas1 of 10 were
foundonly in 15.5%of polys.

The deciduousgroup("Classes4 and5" ) with labels"A" and"B" differ only in
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amountof conifer: the"A" grouphas1 or 2 coniferof 10 treeson a stand(60%,9
of 15 stands), while the "B" group has none in 3 plots of 5. The species
compositionof thestandsin thesetwo groupsaresimilar.

Figure 2. Unsupervised classification (5 classes) of the masked image
(October 26, 2001).

Case4: 7 classes
Two groupsof coniferswith 5+ treesof 10 werelabeled"D.Con. I" and"D.Con.
II" havingthesamecompositionstructure,with no evidentcluefor splitting apart
thoseclassesby i.clusterafterqueryingthedatabase.Thenumbersof polys in the
groupswere 7 and 5, respectively,all of them having 5+ of 10 conifers. The
’M.Con’ label was assignedto the group with 70.6% (12 of 17) of 5+ conifer
stands.The last conifer group was too small to decide on its characteristic
composition (marked with questionmark, Fig. 3). The three other groupsare
mixed deciduous(labeled’I’ and’II’), havingsimilar compositionof birch, elm,
poplar,chosenia,tilia andmaple.The grouplabeled’Oak’ consistsof 1 polygon
with 5 oak−treesof 10ona stand.

Case5: 9 classes
Of all 9 classes,only two conifers could be labeled (both having similar
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compositionwith 5+ conifers)andonedeciduous(namely,’Oak’), while the rest
had too few polygonsto decideon the characteristiccomposition;nevertheless,
speciesgiven after the ’?’ may have beenthe dominant for thosestands.The
statisticscalculatedfrom this classificationhadtoo few countedpolygonsfor the
analysis.

Figure 3. Post−classification species composition analysis.

5. Conclusions

In our study, we were able to find the correlation betweenthe unsupervised
classes(N classes= 5) and the percentof conifer−deciduousmix in species
compositionof stands.The deciduousspecies,suchasdominantbirch, chosenia
and elm, could not be separatedin their own classes.In contrary to this, forest
with thedominantoakis likely to split from otherdeciduousforests.For conifers,
theKoreanpine,spruceandfir couldnot befoundanywherein theareaotherthan
in mixture with eachother, thereforetheir classificationwas basically as one
"conifer" rangingfrom 1 to 10 treesof 10ona stand.

Of 10 different typesof riparianforestcharacteristicfor the macro−regionof the
easternslopesof the Sikhote−Alin describedabove,types1,2,3,4,5,6and9 are
presentwith types 3 and 4 being most common. Another study areamay be
selectedfor conductof a similar study and it has to include a wider rangeof
different forest types,and a larger numberof polygonsaltogether,to calculate
betterstatistics.



9
Mikhail Gromyko, Alexander Shevlakov

References

[1] B.P.Kolesnikov. The Vegetation of the Eastern Slopes of the Middle
Sikhote−Alin. −− In Transactionsof the Sikhote−Alin State Reserve,V.I,
Moscow,1938,pp.25−207.

[2] G.Xiang, Zh.Zhu, M.Hoppus, M.Fleming. Application Of Decision−Tree
TechniquesTo ForestGroup And BasalArea Mapping Using Satellite Imagery
And ForestInventoryData. −− Pecora15 /LandSatelliteInformationIV /ISPRC
ComissionI /FIEOS2002ConferenceProceedings.

[3] H.Saito, Kh. Aziz Hamzah, and H.Sawada. Classification Of Forest In
Malaysia Using JERS−1SAR And LandsatTm Data. −− Proceedingsof the
AsianConferenceonRemoteSensing,1995.

[4] A. Shevlakov. GRASS Vector Data Management And Operation
EnhancementBy Using RDBMS PostgreSQL2−D Vectors.−− ProceedingsOf
The OpenSourceGIS − GRASS UsersConference2002. Trento, Italy, 11−13
September2002.


