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Abstract

This paper deals with quantitative eation of Riparian zone$and cover and landse data
set for Bulgariasupported by Copernicus Program&fands This verification taskis a part

of a project ofthe European Environmental Agencihe methodologyis based ornvisual
inspection of sample polygons on top of referetia& setsThe webbased ACO-Wiki tool

is used for theverification based orlevels 1 to 4of MAES (Mapping and Assessment of
Ecosystems and their Servige®menclatureTypical classencoding errors andlelineation
drawbacksare groupedand analysed aseveral problentypes Detailed scores andceuracy
estimates are providedupported by appropriateisual examples.Class code confusion
appears mostly in classesissing orwith rare ocarrencein Bulgaria In general,the
delineation is correct with some predominance of unnecessary parts inclusion in the sample
polygons arealheRiparian zoneproductprovides very good thematic and spatial detail and
can be of value for many applicat®

Keywords Copernicus, local component, thematic accuracy, land cover, samyknyg,
High Resolution{VHR) satellite image, visual interpretation.

1. INTRODUCTION

Digital image data obtained fronfcarth observatiorsatellites are nowadaysvedely used
source of informationnvolved in the production of land covddnd use (LC/LU) maps.
Accuracy assessment amandatory part of the work aseriving LCLU information from
remotely sensed dataith a strong relation to its further us€dqody, 2002; Caano et al.,
2005.

The Local Component th€opernicus Land Monitoring Servigg€opernicus, 2018)
deliversthoroughLC/LU information on specific areas of interest, so called "hotspotss
explordion of thesderritories,sensitiveto unfavorable natutaand anthropogenic impagis
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divided to threemain studyareas andealised inthreeprojectproducts urban areas (Local
Componentirban Atlag, protected areas (Local Compondlatura2000 andhydrographic
or coastal areas (Local Componé&tparian Zne9. Based on very high resolutigVHR)
imagery (2.5 x 2.5 m pixelsICopernicusLocal Componenproductshave a high level of
spatial and thematic detgffom 1ha to 0.25 hinimum Mapping Unit(MMU), applicable
for limited specific areas of interedthis distinguishes them froffanEuropean component
(CLC7T CORINE Land Cover)which refers tdarger territories at national and regional level
but with a lower spatial resolutio2% ha Minimum Mapping Unit (MMU), High Resolution
Layers (HRLs) 1 ha gid).

The RipariarzonesLC/LU product provides a detailed thematic and spatial description
for areas along a buffer zone of selected rivers in member and cooperating countries of the
European Environmental Agen¢iEA). TheRiparianzonesmapping has as am objective
to support the Mapping and Assessment of Ecosystems and their Services (MAES), as part of
the EU Biodiversity Strategy to 2020he developed ecosystems typology of MAES aims to
harmonize the approaches and methods of inventory and evalustiomties of the
ecosystems in the EU countriasd Bulgaria joined the MAES process in 20Medkov et
al, 20B).

The Riparian zones LC/LU product like the otherlocal componerst has passed
independenvalidation for theRiparian zonegoverage forall the 43 Delivery Unitsat Pan-
European leMe(EEA, 2017. In parallel membeicountriesof the EEA have completed
verification of the Riparianzonesdatafor their own territory. For Bulgaria, thisverification
task is a part of a project, managed by A in the frame ofCopernicusProgrammeand
realised througiBulgarianExecutive Enviramental Agency (EEA).

The main goal of thistudy is toassess the accuraggentify and explain the possible
reasons for some typical errpnsaccuracies and omissisin RiparianzonesLC/LU dataset
in Bulgaria at level 4 of MAES nomenclatureln addition to accuracy statisticspecific
features and problems found during visual photointerpretatioexaexted to besvealed.

2. METHODOLOGY

In general, the methotbgy proposed by EEAMauchaet al 2017)is followed for the
Riparianzonesverification fulfilment. As a first step, the input and the reference data sets are
prepared. TheRiparian zoned C/LU input data set is formed bglipping and merging
proceduregor the four catchmertbased delivery units for Bulgaria. Next, a stratified random
sampling of polygons is realizedlo have all the classes represented for the complex
Riparian Zone& C/LU product, anap layetased stratificatiors applied(Congalton 1991)

Table 1.Reference data used for verification

Dataset Riparian Zone status layer 2012
GioLand/VeryHighResolution2012 image mosaic
GoogleEarth Imagery

Bing imagery

World Imagery basemap from ArcGIS online
OpenStreetMap

Resolution: 0.4 m National Ortophoto database
Reference years: 2042011 (partial coverages)

Land Parcel Identification Systelnand Cover data (LPIS LC)

Minimum Mapping Unit MMU): 0,1 ha or less in case of agriculturaas
Specific nomenclature focused on LPIS applications

Reference years: 2042011 (partial coverages)

Reference data
provided centrally

In situ data used

European Journal of GeographySSN 17920 341 E Al |l rights reserved 151



European Journal oGeographyolume 10, Number 2:156@70, June 2019
E Association of European Geographers
EUROGEO

Forest management plans
Imperviousnessligh Resolution(HR) layer

Hydrographic network data

Topographic maps, 1:50.000 scale, scanned
Software usd LACO-Wiki, ArcGIS10.3,

for verification GoogleEarth, OpenStreetMap

The sample design is realised by interactively specifying the required parameters in
LACO-Wiki tool (LACO-Wiki, 2018), e.g. number of samples per class. LA@W@i tool
creates two wetor layers: Layer of randomly selected sample polygons and Layer of sample
points (one sample point inside each sample polygon). These sample data sets are then used
for verification through visual interpretation of polygons and points on top of reference
imagery (satellite and aerial photos) and othesiin data (table 1). The smlled enhanced
plausibility approach is applied in LAC@W/iki and in a local GIS software. The
interpretation is not blind and class codes of polygons are displayed. Ex@dutsteseveral
characteristics of sample polygons: CorrectnesE@LU code around the sample point;
Correctness of delineation; Comments as free text are added, if necessary. Finally, an
evaluation of results of the verification is accomplished, basdtieonontingency tables and
the sample polygon attributes, generated during the sample interpretation. Thus, a
scientifically sound estimate of the thematic accuracy and of some geometric characteristics
of theRiparian Zoneslata set is obtained.

3. CASESTUDY

The Riparian Zones in Bulgaria cover 815494.52 ha, which constitutes 7.6% of the
country's territory(Figurel.) andinclude 74 valid classes appearing according toN#&ES
(Mapping and Assessment of Ecosystems and their Sermicegnclaturglevel 1i 4.

In accordance with the project requirements Riparian zoneslocal component,790
representative sample ggbnsare selected including 12 &8 samplesfor each class with
some exceptions. Some classes are represented by fewer ppbigens tle fewer number
of polygonsof the given class or becausehe class isot availablein Bulgaria. Correctly
interpreted samples are 58&hich results in 83.5 % weighted overall accuragigh
confidence i n, whetheadrgetadcurallyisi8s 0 3 5 4
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Figure 1. Overview figure Riparian zone status laydBulgaria

The verification process of the incoming database includes accuracy assessment in two
main aspectsl) thematic accuracy correctness of LCLU code arn®) correctness of
delineationby 3 criteriai correctness of delineated area, detail of delineation and positional
accuracy.

3.1. Thematic accuracy investigations

The thematic accuracfTA) verification is carried outin accordance witlRiparian zones
legend(1-4 level), general mappingules (Minimum Mapping UnifMMU) 7 0.5 ha, and
Minimum Mapping Width(MMW) i 10 m) andutilising additional data sources.

The verification results for the 74 classes of the Riparian zones in Bulgaria show 100%
user'sthematic accuracy for 19 of them (Tak®), for 30 classes this indicator is between
75% and 92% and for the rest 25 classes it is from 0% to Bigrée?2).

A comparative analysis of thelasscode correctness in the verification with another
LC/LU componeni Natura 2000 in the same projesihows some coincidence of the ckss
with 100% user'sthematic accuracy(Tepeliev et al 2017). This correspondence refers
mainly to urban classes, as well as to some types of water bodies. For the most part, these are
linear objects to which anothetassof the MAES nomenclature can hardly be attributed:
Road networks and associated land, Railways and associated land, Lines of trees and scrub
and River banksThis group also includes objects, which have interpretation features,
specific for the respditve classthat cannot be found in another class of the nomenciature
Continuous urban fabric (@isitu based orimperviousness DensityiIM.D.) >80-100%),
Airports, Nonirrigated arable land, Greenhouses, Mesic grasslands with fress Cover
Density(T.C.D) O 30 %) , Per manent Intersivelymamdgedish tpands b o d i
and Marine (other).
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Somewhat this circumstance confirms the spectral clarity ensuring easy recognisability
of the typical land characteristics of these classes in the referenciesaalgery.

Table 2. Riparian zone classetiowing100%user's accurachighlighted classes corresponding to Natura
2000 classes with 100% true codes)

Riparian zones classes Description Number of
samples
1111 Continuous urban fabric (isitu based or IMD. >80-100%) 12
1113 Industrial or commercial units 13
1211 Road networks and associated land 12
1212 Railways and associated land 12
1214 Airports 12
1411 Green urban areas T. C 12
2111 Nonrirrigated arable land 13
2121 Greenhouses 12
3000 New Classification 3000 Urban Atlas: Woodland and forest 12
3131 Other natural & semi natural broadleaved forest 13
3412 Lines of trees and scrub 12
6213 River banks 12
6222 Burnt areas (except burnt forest) 2
7121 Inland saline marshes without reeds 1
9000 Urban Atlas: Rivers and lakes 12
9111 Permanent interconnected running water courses 13
9211 Permanent natural water bodies 13
9214 Intensively maaged fish ponds 12
10111 Marine (other) 12

Source: Riparian Zones and Natura 200fchl Componentiatabase

High TA [l 100 % (19 classes)
Middle TA [l 75 %-92 % (30 classes)
Low TA 0 %—67 % (25 classes)

/

Figure 2. User's thematiaccuracy (TA) byRiparian zoneslasses

During the visual inspection, however, some interpretation specificity and auesnof
detected code errors and omissions can be deduced.

In the present study the erronedhematicencoding of the sample polygogSP)is
exposed and systematized in three main groups, whuslrate the general problem fields
and causes of the amg code interpretation. The examples presented for each of the problem
fields demonstrate typical errors in the interpretation of the classes and arguments about the
correctness of the changed wrong codes in the verification process.

3.1.1 Particularities of spatial distribution of the Riparian zones classes in Bulgaria
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Greater encoding errors with lower percentage sf etheénatic accuracy (TA) occur in
the classes divided into three mgimoups

Aclasses without presence in the couniffpr 2 classes Olive groves (2SPi 0.0%
TA) and Agroforestry (8 SP 0.0% TA);

Aclasses with rare distribution in the countr{for 5 classes): Broadleaved swamp
forest (2 SH 0.0% TA), Broadleaved evergreen forest (12iSI0% TA), Forest damaged
by fire (3 SPi 0.0% TA), Alpine and subalpine grasslands without trees (I SB.0%
TA), Sclerophyllous vegetation (7 SR11.7% TA);

Amixed classegfor 5 classes): Irrigated arable land and rice fields (11 3B.4%
TA), Complex patterns of irrigated and nongated arable land (11 SP8.3% TA),
Agriculture areas with significant areas of natural vegetation (6 8¥0% TA), Low stem
fruit trees and berry plantations (10 $P16.7% TA), Annual crops associated with
permanent crops (5 SP16.7% TA).

{ << J Validation # : 53

Classification:

[[]2.3.4.1 Agro-forestry T.C.D. = 30% (2341)

!

| 3.4.1.2 Lines of trees and scrub (3412)
'm 3.5.1.1 Forest damaged by fire (3511)
' =] 3.5.1.2 Other damaged forest (3512)

i

\
i New CI4.0.0.0 Urban Atlas: Grasslandassification (4000} ]
| PRER] Managed grasslands with trees and scrubs ‘

(T-C.D. = 30%) (4111)

|
4.1.1.2 Managed grasslands without trees and scmbs

1 (T.C.D. < 30%) (4112)

. 4211 Drygrasslandswﬂh(rees(TCD = 30%)(42\1) g{

4 2.1 2 Me_sxc gmsslands wnh trees (T.C.| D >30% =

| @212)

4.2.2.1 Dry grassiands without trees (T.C.D. < 30%)
(4221)

4.2.2.2 Mesic grasslands without trees (T.C.D. < 30%)
| (4222)

i 4.2.2.3 Alpine and subalpine grasslands without trees
| (T.C.D. < 30%) (4223)

5.0.0.0 Urban Atlas: Heathland and scrub (5000) ‘

5.1.1.1 Heathlands and Mooriands (5111) ] -

Delineated area Correct

progress in Total: (D 63.5% (502 / 790) Detail of delineation Correct El

Positional accuracy =Correct B

Comment

Figure 3.Incorrect classification 2.3.4.1 Agloor estry T. C. D. O 30%.s42h®e correc
Dry grassland with trees. (SW Bulgaria, Struma river region, Blagoevgrad district).

It turns out that the two classes without presence in the country anesednivith a
variety of actual LCLU classes. For example, the land cover of the 8 sample polygons in
2341 Agref orestry T.C.D. O 30% does not corresf
This category is |l imited t o cavkecdclassesrpro@osed an a
are differenti 3.4.1.1 Transitional woodland and scrub, 4.2.1.1 Dry grasslands with trees
(T.Cc.D. O 30%), 4.2.2.1 Dry grasslands witho
semi natural broadleaved forest and 4.1.1.2 &dad grasslands without trees and scrubs
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(T.C.D. < 30%).Figure 3 presents one of the above classes and the interpretation of the
visual characteristics in code correction by means of the LMGK) web-based software
tool.

One general mistake discovered @ssigning to 12 polygons the code 3.1.4.1
Broadleaved evergreen forest (12 $P0.0% TA). In fact, small areas of evergreen
Mediterranean oak (Quercus coccifera), mostly shrubs and rarely trees, can be found only at
the southwest border of Bulgaria witkereece. The problem is that the aboventioned 12
polygons are not located there. In 10 of out of these 12 cases the code 3.1.3.1 Other natural &
semi natural mixed forests should be assigned, while for two of them the correct class is
4.2.1.1 Dry grasshad with trees.

Another ofen mistaken class withare spatal distribution is 5.2.1.1 Sclerophyllous
vegetation. This class is not typical for the country and occupies partiallyssartievestern
parts of Bulgariai the Struma river valleyfFor 7 outof 12 such polygonshe following
correct codes are proposei4.1.1 Transitional woodland and scrub, 4.2.1.1 Dry grasslands
with trees (T.C.D. O 30%), 4.2.2.1 Dry gras:
Other natural & semi natural coniferousdst. An example is given figure4.

Figure 4. Incorrect classificatioas5.2.1.1 Sclerophyllous vegetation. The correct coti@.1.1 Dry grasslands
with trees (T.C.D. O 30%) has been proposgsied (SW Bul
GioLand/VeryHighResolution2012, rightWorld Imagery).

Other typical mistakes are connected withxed classesDifferent spatial combinations
of agricultural types have a specific territorial distributidhis is the case with the polygons
coded 2.3.1 Land principally occupied by agriculture with significant areas of natural
vegetation (12 SR 50.0% TA). This class applies to areashere parcels of annual or
permanent cropland (< 75%) are combined with natural vegetation. The combination of
gras$and and natural vegetation is excluded from this class. Out of 12 such polygons for 2 a
correct code 4.2.1.1 Dry grasslandisdltl th tr
Managed grasslands with trees-44h2 Maaged ubs (
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grasslands without trees and scrubs (T.C.D. < 30%), fol3#.1.1 Transitional woodland
and scrub and foril 3.2.3.1 Other natural & semi natural coniferous forest.

As a result, in the erroneous coding for this class, misclassification casedasgls of
grassland areas are predominant. Example for such a mis@iken inFigure5. According
to Bulgarian LPIS database and the reference imagery, the polygors @veas with
grassland and natural vegetation.

Figure 5. Incorrect class 2.3.1. Land principally occupied by agriculture with significant areas of natural
vegetation. Correct class is 4.2.1.1 Dry grasslands
Veliko Tarnovo districtLefti GioLand/VeryHighResolution2012, rightWorld Imagery.

Another characteristic of mixed classegsisingcode confusion is the spatial distribution
density ofthe respective types of objectkhis is the case with 2.1.4.1 Complex patterns of
irrigated and notirrigated arable land (11 SP8.3% TA).

Figure 6. Incorrect class 2.1.4.1. The mandatory rice fields not present. Correct class is 2.4irtidatéal
arable land (SW Bulgaria, Hadzhidimovo, Blagoevgrad district. iL&fioLand/VeryHighResolution2012, right
T World Imagery).

Permanet irrigated arable land areas in Bulgaria exclusively consist of rice fields, which
have limited spatial distribution (principally in the Upper Thracian Plain). In this way, the
participation of irrigated lands in this mixed class, as well as in clask R Itrigated arable
land and rice fields comprises irrigated arable lands occupied only by thisFogope 6
gives an example of incorrectly classified area as 2.1.4.1 Complex patterns of irrigated and
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norvirrigated arable land. In the reference aermmabges rice fields and elements of an
irrigation system and activities are not detected. The proposed correct code is 2.1:1.1 Non
irrigated arable land.

3.1.2. Methodological particularities and omissions in erroneous encoding of Riparian zones
AUse of alditional samplepoints in the verification process

An important specifity of the verification process is reporting encodic@rectness
around to the scalled additional samplepoints and their location within a single sample
polygon.

Sometimes imageahd characteristics in larger polygons correspond to more than one
LCLU class. In these cases, it is necessary code correctness to be checked only in the area
(MMU 71 5 ha) around the sample point. Correctness of delineation, at the same time, must be
checled and referenced according to the entire sample polygon (Maucha et al. 2017). In this
regard, often code assigning is considered as wrong. A good example is the case with
Sparsely vegetated areas (6.11158.3% TA) in Figure7.

Figure 7. Incorrect chss 6.1.1.1 Sparselggetated areas. Correct class is 6.2.2.1 Bare rocks and rock debris
(South Bulgaria, Borovitsa rér region, Kardzhali districkVorld Imagery).

In Bulgaria, this class includes areas of herbs, grass and scrub with coverage between
10% and 50 %. In many cases, this vegetation is surrounded by rocky surfaces or rocks debris
on steep slopes. This class is typical for karstic terrains in the countitye kexamplehe
area around the sample point (MMU) represents field vegetation béld 4o the correct
class is Bare rocks and rock debris (6.2.2.1.). The area around the additional point (MMU)
represents AEroded areas with I|Iittle or no
parts of the sample polygon and one just south ofddéianal point are grassland and have
to be excluded for the correctness of delineation. Other confusions of this class are with
Arable land, Broadleaved forest plantations, Grassland and Beaches.

For the same reasons, the sample polygon code 1.4.2r% @pa leisure facilities in
Figure8 is considered to be wrong (75.0% thematic accuracy for the class). In the reference
images elements of stadium are detected in the western parts of the sample polygon. The
MMU area around the additional point falltaran arable land area, which covers the eastern
half part of the sample polygon.
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Figure 8. Incorrect class 1.4.2.&ports and leisure facilitiedrable land occupies a larger part of the polygon
area. The correct class is 2.1.1.1 Noigated arabléand (SW Bulgaria, Blagoevgrad distict

AUse ofdensitylayersin the verification process

The distinction of certain classes at the fourth level of MAES classification is based on
the densityof specific land cover typesepresented by a respectiveghliResolution Layer
(GIO, 2013. Such an indicator idegree ofoil sealingvaluewhich separates urban classes
at level 4 into 3 varieties dfmperviousness DensifiM.D.): highi 1.1.1.1 Continuous urban
fabric (IM.D. >80100%), middlei 1.1.1.2 Denseirban fabric (IM.D. >380%) and lowi
1.1.2.1 Low density urban fabric (IM.D-3D%). In this respect, an additional source in the
incoming database is HR Imperviousness layer, which significantly optimize the coding and
verification of these classeAs a result, the accuracy of their coding is highet.1.1.1.7
100.0%, %, 1.1.1.2 92.3% and 1.1.2.1091.7%.

Figure 9. Incorrect class 1.1.2.1. Low density urban fabric (IM.EB0%). The correct class is Commercial unit
(1.1.1.3)(South Bulgaria, Bvdiv district). GE Street Viewto the right)showscommercial activities of the
object.To the left- shiftedpolygord eutline (World Imagery basemap

Several misclassifications are in other urban classes e.g. commercial unit (1.1.1.3
91.7% thematiclass accuracy) classified as urban faldfigre9).
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Figure 10.l ncorrect <class 4.1.1. 1. Managed grasslands wi't
4.1.1.2 Managed grasslands without trees and scrubs (T.C.D. < 30%) (SW Bulgaria, Blagoevgrad district
GioLand/VeryHighResolution2012).

Another indicator of overage density degree tisee cover density T. C. D. O 30%
T.C.D. < 30%). This is typical for defining 2 selasses in each of the classes Green urban
areas, Sports and leisure facilities. The subdivision of the Managed grasslands, Dry grassland
and Mesic grassland classes follows the same principle. Disregarding this percentage results
in an erroneous encoding. An example is the incorrect sample polygon coding as Managed
grasslands with trees ain7.0% TA) instead oflgivigcto iD . o 3
the neighbouring code in the classification sequéndel.1.2 Managed grasslands without
trees and scrubs were the tree cover density is less tharF&#e(0).

A UsfieP ootfent i al fithe eerificaéiom prdcess e 0

An important indicéor for distinguishing the 4th level of woodland and a forest efass

thef Pot ent i al .Rhispaadillanalayer ihdhe énput database is a result of the
modelling approach and is intended to separate the territories with highest probability of
recent ri parian features presence (EEA, 20

foresto from ASwamp forestd and AOther natu
methodological mapping approach, the sample polygon area has to be coveree lhlyam

60% by the APzonheontipalbducpaiinamrder to be cl
Ignoring this indicator results in incorrect classification. Relevant example is the class
Riparian and fluvial Broadleaved forest (3.1.1.6.9% TA) inFigurell. In Bulgaria this

class comprises broadleaved forests (including artificial broadleaved plantations) that fall into
the APotenti al Ri parian Zoneo. Most of the ¢
t he fAPot ent i & moreRoiboy 0% (thenhatzghimg azea) which requires a code

change to 3.1.3.1 Other natural & semi natural broadleaved forest.
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Figure 11. Incorrect class 3.1.1.1. Correct class is 3.1.3.1 Other natural & semi natural broadleaved forest.
Partially coarse daleation of dam boundary (North Bulgaria, Al. Stamboliyski lake, Gabrovo didtattti
GioLand/VeryHighResolution2012, rightWorld Imagery andPRZlayer).

Figure 12. Incorrect class 2.2.3.1. The correct class is 3.1.1.1. Riparian and fluvidldaeed forest (East
Bulgaria, Fakiyska river region, Bourgas district. LiefdioLand/VeryHighResolution2012, rightWorld
Imagery and’RZlayer).

Thein Pot enti al R ialpoaecessarnto beé takea to accourn cases of
argumentatiorior correcting awrong code. A good example is a code correctiothetlass
2.2.3.1 Olive groves (0 % TA)which has ngoresence in Bulgarid{gure12). The polygon
falls into a forest area. In addition, it represents broadleaved plantations that are located
insidethef Pot ent i al .Rhispretivates assighiagnthe mew correct code 3.1.1.1.
Riparian and fluvial broadleaved forest.

3.1.3. Misclassifications due to the Earth objects' characteristics in input imagery
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ASi mi |l arities of ch&@acterstics obj ectsd i mage

In a number of cases the class mismatch is due to the image land characteristics
similarity. Such a mismatcis avoided by using layers with additional ancillary information
from national map data: vegetation mamadgraphic map, land cev map andNature 2000
habitat maps. For example, the separation of forest classes at level 2 of MAES classification
is on the base of dominant leaf type of the forest (broadleaved, coniferous or mixed). Often,
the land features dfery High ResolutionfVHR) images do not show this indicator clearly
enough, and the reference only to them throughout the visual interpretation leads to incorrect
coding. The most common is the confusion of coniferous with broadleaved forests. In these
cases, the use of the dfany detaikedinformation for different tree species from the national
forest management plans is very advantageous. For example, the sample poFygomein
13 is coded as Highly artificial coniferous plantations (3.2i476.0 % TA).

Figure 13. Incorrect class 3.2.4.1. Highly artificial coniferous plantations. Correct class is 3.1.5.1 Highly
artificial broadleaved plantations (South Bulgaria, Zhrebchevo lake, St. Zagora distri¢tVeftd Imagery
andPRZ righti World Imagery and Forest magement plans layer).

In Bulgaria this class comprises coniferous species with artificial planting pattern and
visible rows, predominantly intended for wood production. Additionally, representatives of
this class have to be outsidetofh e A P ot eamt iZadAeceRlingta thé National
forest data the polygon area consists of artificial plantation of broadleaved species (Locust)
and only about 30% fall in th@entionedzone In a consequence, the code has been revised
to 3.1.5.1 Highly artificial broddaved plantations.

Detailed soil information from the national forest management plans gives the
opportunity to usesecondary indicatoré the verification process. That is the case with the
example inFigure 14, concerninghe particularities of codinthe class Mixed swamp forest
(3.3.2.11 50,0% thematic class accuracy). In Bulgaria this class comprises forest formations
of broadleaved and coniferous trees (including understories of shrub and bush) without the
predominance of any of them. Usually thase located on wet terrains or near moors,
swamps or marshes. In the sample polygon area broadleaved forest prevails (first indicator).
The presence of dry soils (according to Bulgarian Forest data) is a secondary indicator. The
third indicator isthéi Ptoe nt i a l R iwbich coveasrmorg loelove GD% of the polygon
area. This is necessary to distinguish these broadleaved forests from the class of Riparian
ones. These three circumstances explain the necessity the wrong code of swamp forest to be
correced to that of Other natural & semi natural broadleaved forest (3.1.3.1).
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