Proceedings of thEOSSYGRASS Users Conference — Bangkok, Thailand, 12-14 September 2004

Classification Analysis of LANDSAT Images of Mixed
Coniferous and Deciduous Riparian Forest in Nature
Conservation Zone Using GRASS/PostGIS Link

Mikhail Gromyko*, Alexander Shevlakov**

*Sikhote—Alin State Biosphere Reserve, Terney, Primorskii Krai, Russia, 692150,t.+7(42374)31368
Email:gromyko_m@mail.ru
**Free Software and GIS Consultant, Moscow, Russia, t.+7(916)1739952,
Email:alex.shevlakov@motivation.ru

Abstract

Several patternsof riparian forestsin the Sikhote—Alin BiosphereReservein

Northern Primoriye were classifiedfrom two LANDSAT imagestakenin two
different seasonswith various tree composition from dark coniferous forest
throughmixedto deciduoudorests.The seasonathangesn thereflectanceof the
forested terrain were studied to use one of the two images for the forest
classification.The GRASSunsupervisealassificationwasusedto createseveral
mapswith differentnumberof initial classesThe automatedspatialRDBMS link

was usedto searchfor the correlationsof the different classified patternswith

groundinformation andto selectcombinationsof parametersvhich haveeffects
onsunraysreflectance.

1. Introduction

It has beenin the field of interestfor decadesto apply the remote sensing
techniquesn forest classification.The coarseresolutiongrid imagesobtainedin
earlyyearscanbe usedto separateegetatiorfrom un—forestedands,or to assess
large—scaleconditionsthat influence on the forest, while the higher resolution
grids makepossibleyet more preciseanalysisof the images,ncluding the species
compositionanalysig2,3].

In areaswith complextopographyreflectanceof the forestcovershouldbe taken
in account,while for the plain areasthe task of classificationis more simple.
Varioustechniquesge.g. , preprocessinghe satellitebands,make possibleto yet
increasethe accuracyof classification.The robustcomputationausingthe forest
inventory dataas well as remotely obtaineddatahelp to produce modelswith
predictionof foresttypes.

2. Vegetation in the Study Area

The vegetationcoverof theriparianvalleysin the middle courseof streamf the
easterrslopesof the Sikhote—Alin variesmuchin structureand composition[1].
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Theforestsareof deciduousmixed andconiferoustypes.Thefollowing different
foresttypesoccurin theareaof study:

1. The deciduousforest standson narrow sandand pebble—stonébanksof the
streamswith dominanceof chosenigChosenia arbutifolia ) areoftenaresult
of catastrophicfloods. Thesechoseniastandsare characteristian their fast
growthandmono—-dominancén early maturity. Othertree speciesare present
in older standssuchaspoplar(Populus maximoviczi ), Japaneselm (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 higherterraceghanthe choseniasstandsThe alderstandsarefound
at the dampedpartsof the river valleys, their compositionmay alsoinclude
broadleaf white birch (Betula plathyphylla), larch (Larix dahurica); the
undergrowth is with other deciduous species, eg., Amur corktree
(Phellodendron amurense ), false spiraea(Sorbaria sorbifolia ), bird cherry
(Padus asiatica ), buckthorn(Ramnus dahurica ).

3. The deciduoudoreststandswith elm, mapleandashin dominanceare mostly
found on the first riparian terracesand estuariesorientedto the south. The
dominant speciesare Japaneseslm and cut-leavedelm (U. japonica, U.
laciniata’), Manchurian ash—tree(F. mandshurica) and mono maple (A.
mono ); the accompanyingspeciesare poplar (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 deciduousforestshad beenmost commonin the
areaof studybeforetheindustrialloggingwasin practiceherefrom 1909until
1935, the yearthe naturereservewas created 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 terracesthey are typically composedf 3 or 4 Koreanpine
treesandto 5 (of 10) deciduousspeciesin the upper storey, with typical
singlepoplar(P. maximoviczi ), up to 160cmin diameter.The understoreys
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 and covers
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—tregMalus pallasiana ). These
pine standsarefoundratherseldomandoccurasfragmentsnsidethe "damp”
pinestands.

6. The"pine with dark conifersandtilia" standscanconsistof to 7 pinesandto 3
tilia (of 10); they mostly occur in the same conditions as the "damp” pine
standshoweverin morenarrowvalleysof streamsThe understoreys mainly
composedf EasternSiberianfir (Abies nephrolepis) with admixtureof pine
andspruce.

7. The "pine with fir and silver birch" standsare found on the upper riparian
terracesadjoiningthe northernslopes;the dominantspeciess Koreanpine (to
8 treesof 10). Theunderstoreynostly consistof conifers(pine,sruceandfir).

8. The"spruceandfir" foreststandsarefoundatthe uppercoursef the streams,
andlessoften at the middle courses.The accompanyingspeciesn the upper
storeyarepine andlarch. In the understoreythefir 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
understoreydependingon the moistureof the soil. Birch, oak, andalsobird
cherry (Padus maximoviczi ), maple(Acer spp.),larch andtilia occurin the
upperstorey. The understoreyafter 60—80yearsconsistsof pine, spruceand
fir, especiallyin the standghatborderconiferousstands.

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 understoreythe dominantspecies
arebirch, fir andalder.

3. Methodology

A rectangulaiscenel5 x 15 km, i.e. , 500x 500 pixels, wasselectedasthe study
area.The slopesof all expositionswere maskedandremovedfrom this sceneas
well asareaswithout vegetation Jeavingonly forestedplain areasof the riparian
valleys(12.7%of thescenepr 31,823pixels).

The GRASSunsupervisectlassificationmodulei.cluster wasusedto createthe
signaturef the classificationmapswith the 2,3,5,7and9 classespasedon the
combination of bands 1,2,3,4,5and 7 of LANDSAT 7 ETM+ images. The
maximum likelihood algorithm was usedto produce classes(i.maxlik ). The
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classifiedmapswere exportedio GRASS5.3 sites(r.to.sites ) andthento vectors
(sto.vect ). The result was then exported to spatial databasePostGIS with
v.out.shp (GRASS)andshp2pgsgl (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
GRASS5.3with v.to.pg module[4]. Giventhatareasof the polygonsvary from
0.5 hectarego 136 hectaregmean= 18.36hectaresst.dev.= 18.37hectares)the
RMS error during the coordinatetransformationequalto 1 pixel, only polygons
with areaof 70 pixelsandmore(i.e. , thoseof over6.3 hectaresjvereselectedor
analysisso that the areaoverlapof circle palettewould be 85% had the palette
centerbeenshiftedby 1 pixel.

Therewerethereforeselectedor analysis105 polygonsof 156,i.e. , 93.5%of the
total area (mean= 25.49 hectaresst.dev.= 18.58 hectares).The forest stands
were groupedinto a numberof various classesproducedfrom the databasen
orderto assignthe grouplabelsto polygonson the map,basedon thetreespecies
composition,such as percentof eachspeciesin the stand.As example,in the
assessmenof the deciduousto coniferousforests classification accuracy,two
groupswereformedon the databas®f foreststandsby a specificquery,andthey
were comparedwith the resultof the N—classesunsupervisedlassificationwith
assignmenof the label to a polygon asthat of the classhaving 50+ percentof
pixels within the polygon. Then thoselabelswere generalized:label 'Conifer’
assignedo polys with certain(m) classesand 'Deciduous’ to the other (N-m)
classesA polygonis consideredcorrectly classified’whenits classificationlabel
assignedin this way coincides with the label assignedthrough the specific
databasejuery, grouping polygonshby the dominantforest speciescolumn and
numericvalueof speciexompositioncolumn(cf. Tablel).

4. Results and Discussion

It is worth to notethatwe cannot decidein advanceon how the classificationis
relatedwith the compositionof any forest stand,but we ratherare looking for
standsthat show good correlationsbetweenthe databaseinformation and the
classificationanalyzethesecorrelationsandon this basisassignspecificlabelsto
the classesMoreover,the numberof classeswith which the correlationsshow
maximum predictability of 'correct’ classificationis not known. We alsotakein
accountthe high level of variety of the stand speciescompositionwithin any
stand, where patchesof various dominant speciesoccur, and the average
compositionin thedatabasés relatedwith thewhole stand.

It is clear that in our study areathereis 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 classification schemethat
correlatesstronglywith someof groundinformationin the databasewhereaghe
numberof classess submittedby theuser.

The comparisonof the resultsfor the two images showsthe image takenin



Mikhail Gromyko, Alexander Shevliakov

autumn (October 29, 2001) to be more homogeneoushan the one taken in

summer(July 13, 1999)(cf. Tab.1),the numberof polygonscontainingover 50
percentof the sameclassbeingaboutthreetimesasmanyasfor summer for the
7-classunsupervisectlassification.This conclusioncanbe further supportedoy
the classseparabilitymatrix values,calculatedoy GRASS5.3 modulei.cluster ,

e.g., for 2—classesasethosewerel.1lin autumnand0.8in summerlt is possible
to concludethat the autumnimage has better separability of two forest type
groups,i.e. , deciduousrersusconiferous(cf. Tab.1),thefactthatcanbetakenin

accountthat by October29, treesin almostall deciduousspecieqexceptoak) of

themacro-regiorhavedroppeddry leaves.

Summer Autumn

N classes N, (50+) N, % of N, (50+) N, % of

area 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
imagegakenin differentseasons.

N, (50+) = numberof polygonswith 50 percentor moreof oneclass;N,, — numberof 'correctly
classified’ polygons. Here 'classified correctly’ means’those whose post-classificationlabel
coincideswith thelabelassignedhroughthe databaseguery’.

We lookedfor the correlationsfor variousclassesand assignedabelsto classes
whereit waspossible(Fig.3). The criterionfor the assignmenbf thelabelwasthe
numberof 'correctly classified’ polygonsdivided by total numberof polygons
underthe sameclass,to be over 50 percent.Otherwise,no label was assignedo
thegroup(markedwith '?’ onthediagram).

Casel: 2 classes

Labels "Conifer(1)" and "Deciduous(1)" were assignedwith percentageof
‘correctly classified’polygons85.7 (60 of 70) for the conifersand88.6(31 of 35)
for thedeciduoudorest.

Case2: 3 classes

Labels "Conifer A", "Conifer B" and "Deciduous(2)" were assignedwith

percentage8.9 (24 of 27),60.4 (26 of 43) and 100 (all of 22), respectively.The
sub—group"Conifers" (classesl and2) includesforestsof types3,4 and5, i.e.,

the most common coniferousforestin the area:deciduouselm, ashand poplar
with K. pine,"damp"and"wet" K. pine forest. This sub—groups dividedin "A"

and"B" accordingto the percentagef deciduous- conifermix, i.e. , the"Conifer
B" includesboth standswith dominant conifers (5 of 10 trees)and dominant
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deciduous(elm, ashand poplar), while "Conifer A" mostly includesconiferous
type stands.The links betweenclassef variouslevelssignify the "inheritance”,
e.g. , theplotslabeled'Conifer(1)" werelabeledasboth"Conifer A" and"Conifer
B" in the 3—classesase andthe sameis true aboutsomedeciduousstandswhile
none of the "Conifer (1)" was labeled "Deciduous(2)", and none of the
"Deciduous(1)"as"Conifer A".

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

Case3: 5 classegcf. Fig.1and?2)

Labels"Dark Conifer", "Medium Conifer" and"Little Conifer"wereassignedo 3
classeghat followed from "A" and"B" of the 3—classesxase.The "D. Conifer"
label ("Class1") was comparedagainstselectionfrom databasevith 6+ conifer
(pine,sprucendfir) treesof 10 on a stand;the percentagef '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, percentageb4.5% (6 of 11). For all 3 groups,the conifer specieswere
K.pine, spruceand fir, the deciduousspecieswere poplar, elm, ashand birch.
Otherspecieqoak, larch, alder,maple,chosenia)presentat leastas1 of 10 were
foundonly in 15.5%o0f polys.

The deciduouggroup ("Classes4 and5" ) with labels"A" and"B" differ only in
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amountof conifer:the"A" grouphasl 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 the standsn thesetwo groupsaresimilar.

%) Clasa 5
45 Clas= 4
3) Clasas 3
1) Clasa 2
13 Class 1

OfmEn

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

Cased: 7 classes

Two groupsof coniferswith 5+ treesof 10 werelabeled"D.Con. " and"D.Con.

II" havingthe samecompositionstructure with no evidentclue for splitting apart
thoseclassedy i.clusterafter queryingthe databaseThe numbersof polysin 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 deciduouglabeled’l’ and’ll’), havingsimilar compositionof birch, elm,

poplar,choseniatilia andmaple.The grouplabeled’Oak’ consistsof 1 polygon

with 5 oak-treef 10 onastand.

Caseb: 9 classes
Of all 9 classes,only two conifers could be labeled (both having similar
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compositionwith 5+ conifers)andone deciduougnamely,’Oak’), while therest
hadtoo few polygonsto decideon the characteristiccomposition;nevertheless,
speciesgiven after the '?” may have beenthe dominantfor those stands.The
statisticscalculatedfrom this classificationhadtoo few countedpolygonsfor the
analysis.

9 Classas

? (Bruah) 5+ Coen 5+ Con P[5 Cen ?(3 Con)] Pp(Birch) P(Chos *(Elm) Oak
J C_assea\ / \ / / ‘ \ \ / /
lD.Csn. L D.Camn. II . M.Con . :‘ {Con - lDec;d " Decid. II . Dak
5 Classes \\ \ / \ ‘ / \ / \ /
D.Conifer M. Conifer L.Conifer Deciduous (A) Deciduous (B
s b e N @
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‘ Decidusus [2)
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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 deciduousspeciessuchas dominantbirch, chosenia
and elm, could not be separatedn their own classesin contraryto this, forest

with the dominantoakis likely to split from otherdeciduoudorests.For conifers,

the Koreanpine, spruceandfir couldnot befoundanywheren the areaotherthan

in mixture with each other, thereforetheir classificationwas basically as one

"conifer” rangingfrom 1 to 10 treesof 10 on a stand.

Of 10 different typesof riparianforestcharacteristidor the macro-regiorof the
easternslopesof the Sikhote—Alin describedabove,types1,2,3,4,5,6and9 are
presentwith types3 and 4 being most common. Another study areamay be
selectedfor conductof a similar study andit hasto include a wider range of
different forest types,and a larger numberof polygons altogether,to calculate
betterstatistics.
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