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Abstract: Production of high resolution layers (HRLs) is an essential part of the pan-European
component of Copernicus programme’s land monitoring service. In the frame of the initial operations of the
service five HRL were created by a number of service providers from multi-sensor and multi-temporal satellite
images for the reference year 2012: imperviousness, forests, grasslands, wetlands and permanent water bodies.
This paper is focused on the implementation of verification task for forest and permanent water bodies HRL
products for Bulgarian territory. The purpose of the verification is to identify systematic classification errors
suitable for further correction. It is carried out through visual inspection of stratified samples in the HRL using
reliable reference data sets. Verification activity includes three steps, the first two — obligatory: general overview
of data quality, look-and-feel verification and statistical verification. Stratification scheme and evaluation grades
for Forest and statistical accuracy estimates for PWB HRL are presented. Results show that Forest and PWB
HRL products meet the 85% accuracy requirements.
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Pe3rome: Cb3dasaHemo Ha crioegeme C eucoka pasdenumersiHa criocobHocm (pesonoyusi) (CBP) e
cbujecmeseHa Yacm om rnaH-espornelicku KOMIOHEHM Ha ycrlyeama 3a MOHUMOPUHE Ha 3eMsima Ha rpoepamama
-KonepHuk”. lpu HavYanHomo ¢hyHKUUOHUpPaHe Ha ycilyzama HSIKOJSIKO docmasyuka Ha ycilyau cb3fasam rem
CBP om MynmuceH30pHU U pa3HOBPEeMEHHU CTbMHUKO8U u3obpaxeHusi ¢ bazosa 2oduHa 2012: ,CmeneH Ha
HenpoHuyaemocm”,” lopu”, [lacuwa u nueadu”, ,BnaxHu 30HU" u [locmosHHU 800HU mena”. To3u doknad e
¢hoKycupaH 8bpxy U3Nb/IHEHUEMO Ha 3adayama 3a eepughukauyus Ha CBP “I'opu” u “[locmosiHHU 600HU mena’
3a mepumopusima Ha bvneapus. Llenma Ha eepugpukayusima e 0a omKpue cucmemamuyHume epewku om
Knacucpukayusma, noddasawju ce Ha rocnedsaw,a Kopekyus. T ce usebpwea 4Ype3 susyasiHa Mpoeepka Ha
cmpamuguyupaHa u3dsadka npobu om CBP c u3non3saHemo Ha HadexOHU pegepeHmHU MHOoXecmea om
OaHHU. Pabomama o eepuchukayusima ekoyea mpu cmuriku, mbpgume 0ge — 3adbiixumernHu: obw npeaned
Ha KadYecmeomo Ha OaHHume, 8u3yajiHa fpoeepka Mo npuHyuna ,2nedal u 4yyscmeal” u cmamucmu4yecka
sepucgpukayus. lMpedcmaseHu ca cxemu 3a cmpamucbukauyusi U OUEHBYHU CmereHu 3a aopume, Kakmo u
cmamucmu4Yecku OUEHKU 3a MocmosiHHume 600HuU merna. Pesynmamume nokazeam, 4e CBP “fopu” u

“NMocmosiHHU 800HU mena’ nocmueam u3uckeaHama moyocm om 85%.

Introduction

The Copernicus programme, (formerly Global Monitoring for Environment and Security -
GMES) combines satellite-borne earth observation, in-situ data and services to provide value added
information, necessary for monitoring the environment. The initial operations phase of the land
monitoring service (GIO land) produces more detailed complementary information in parallel with the
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updating of CORINE Land Cover (CLC) for the reference year 2012. Five high resolution layers (HRL)
describing main land cover characteristics are currently in production: imperviousness, forests,
grasslands, wetlands and permanent water bodies [1] HRLs are created through applying
sophisticated analysis algorithms at pixel level of multi-sensor and multi-temporal satellite imagery
with spatial resolution of 20x20 m. These so called intermediate products set up the input for
verification and enhancement, which are implemented by separate countries. As a result enhanced
final products of countries are created.

Experience in working with one of the HRL already exists in Bulgaria, as in 2006-2008 the Soil
Sealing HRL was evaluated as a part of the GMES Fast Track Service [2], [3]. The European
validation of the soil sealing layer was further performed in 2011 using a dedicated methodology for
statistical evaluation and calculation of quantitative accuracy figures for soil sealing data [4].

This paper is focused on the implementation of verification task for forest and PWB HRL
products for Bulgarian territory. The verification has to identify systematic classification problems
suitable for further correction checking for commission and omission errors against reliable in-situ
spatial data sets.

Data used

Several data sets were involved in the verification process. By their origin they could generally
be subdivided to space borne and in-situ data. The space borne group was formed from country-wide
data sets representing part pan-European satellite image coverages or their derivatives, namely:

o satellite images from different sensors;
e HRL layers;
e CLC2006.

In-situ data comprises all non-space borne georeferenced data at European and national level

used in the project activities.

Satellite images

Satellite image data are the basic source for HRL production. Overview of the satellite imagery
used in the project is presented in Table 1.

Table 1. Overview of the satellite data sets

Feature/Satellite IRS LISS IlI RapidEye IRS AWIFS SPOT-5
(coverage-1) (coverage-2) pan-sharpened
No. of bands delivered 4 5 4 3
Channels green, red, NIR, blue, green, red, green, red, NIR, green, red, NIR,
SWIR red-edge, NIR SWIR

Ground sampling

. 235 6.5 56-70 250r10
distance (m)
Bit depth 7 up to 12 10 8
Delivered resolution 20m 20m 60 m 2.5

Two pan-European satellite image coverages — 1 and 2 form the core image data set. Image
data from IRS-P6 satellite are the same used by the service providers to produce the HRL multi-date
image coverage of the country’s territory is delivered ensuring two or more images at every location.
Pan-sharpened SPOT 5 image data with three spectral bands were used instead of colour infrared
aerial photos, needed for forest type layer. All images were acquired during the period 2011-2012.

High Resolution Layers

In the following text only most important definitions and outline parameters of forest and water
bodies HRLs are provided. More detailed description and technical specifications of all five high
resolution layers can be found in [1]. The required classification accuracy for HRL is at least 85%.

HRL data set for the forest includes two products: Tree Cover Density and Forest Type. The
latter consists of two raster layers: Dominant Leaf Type and Additional Support layer. Orchards, forest
nurseries and transitional woodlands are included in the tree cover density product. On the other
hand, non-forest trees are excluded from Forest Type product, following the FAO forest definition. This
is achieved through the Support layer which maps trees under agricultural use and in urban context
only, while the Dominant Leaf Type layer maps all the trees irrespective of their use.

Figure 1 gives an impression of forest HRLs through an example which represents a situation
of a turn of the road in a forest area. On Figure 1 a) a semi-transparent Forest Type raster layer is
overlaid on aerial photo with dark-green pixels corresponding to coniferous forest and light-green ones
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corresponding to broadleaved forest. On the right-hand image (Figure 1 b), the Tree Cover Density
layer of the same area is shown where darker colour means higher density.

a) Forest Type b) Tree Cover Density

Fig. 1. Example of Forest product HRLs

In the case of PWB HRL in order to detect the permanent presence of surface water image
data for three reference years were used: 2006, 2009 and 2012. Seasonal AWIFS data were involved
for the 2012 reference year to separate temporary water from permanent water bodies.

In-situ data

In-situ data comprise all non-space-borne data with a geographic dimension. They are divided
to ancillary and reference data, at European and national level. Collecting national level in-situ data is
the responsibility of the countries. Primary use of in-situ data the project is for providing a reliable
reference for HRL evaluation. Working on the forest and water bodies HRLs the following in-situ digital
data sets were used: forest inventory database, physical blocks of the Land Parcel Identification
System, river network, digital orthophoto map, polygons of settlement, topographic maps, National
cadastre layer, CLC2006 and RAMSAR sites layer. In addition, the web-based tools Google Earth with
StreetView and OpenStreetMap were used when necessary.

Methods

The GIO Land tasks, assigned by project’s terms of reference, were further detailed in
comprehensive Guidelines for verification [5], which served as a methodological and technical basis in
our work. On the other hand, the local technical team had the freedom to make decisions on the
specifics of methods’ implementation.

The work on forest and water bodies HRLs verification is based on three main methods:

e stratified sampling
e computer-aided visual interpretation of samples
e geospatial data editing.

The purpose of the verification is to identify systematic errors in a HRL that allow further
correction. It is carried out through visual inspection of selected samples on in-situ data, checking for
commission and omission errors. The verification for all HRLs includes three steps (the first two
obligatory): general overview, look-and-feel verification and statistical verification.

General overview of data quality aims to provide a general impression on the HRL and in-situ
data and to reveal problematic areas for detailed checking in the next step. During this phase
considerations for stratification to be applied in the look-and-feel verification phase are collected.

Both look-and-feel and statistical verification rely on sampling. Samples are evaluated by an
expert using relevant in-situ data. Look-and-feel samples should be chosen in such a way which
ensures areas of potential classification errors to be checked. Knowledge about the territory and
classifier's performance is necessary to be able to define such problematic zones. Due to all the
above conditions, look-and-feel sampling could not be random. Sufficient number of samples should
be provided both for commissions and omission errors, therefore appropriate stratification is applied.
As a result of sampling and interpretation of HRL, evaluation on five grades is provided for each
stratum: excellent, good, acceptable, insufficient and very poor.
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Statistical verification provides quantitative accuracy results that are comparable between
HRLs and countries. The sampling is random. The problem of ensuring reasonably low number of
samples for the omission strata is solved through adequate stratification. In the case of commission
error the estimation uncertainty, expressed as percent of the commission error, depends on the
number of samples, but is independent from the area of the HRL class. Thus, if 250 valid samples are
taken in the commission stratum the maximum uncertainty is +3.16% [5]. The commission stratum is
the mapped HRL itself. The commission error is calculated by the ratio (1):

— Area error

(1) Ecomm (HRL) —

)
Area yq)iq

where

Ecomm(HRL) — COmMmission error,

Areagrror - area of erroneously classified samples,
Areayglig - area of valid samples.

The omission error is estimated through the commission error of the non-HRL class, formula
(2). If stratification is applied for omissions, then instead of “non-HRL” we should consider the term
and entity “omission stratum”.

— _ Area torql — Area ppy
(2) Eomis (HRL)™ Ecomm (non —HRL) —

Area HRL

where

Eomis(HRL) — Omission error

Ecomm(non-HRL) — commission error of the non-HRL class
Areayota) — the whole country area classified.

AreapyrL — area of the mapped HRL.

Results of the verification are presented in the form of Verification Report and data set to be
used in the enhancement task.

Results and discussion
Verification of Tree Cover Density and Forest Type

For the look-and-feel verification of forest layers maximum 15 thematic strata and 5-10
samples in each are required, which means 75-150 samples in total. The list of strata, number of
samples selected and evaluation grades per stratum for the Tree Cover Density layer are presented in
Table 2.

Table 2. Sampling results of look-and-feel verification for Tree Cover Density layer

Ne | Name of the stratum | No. of samples | Evaluation grades
COMMISSION
1. Transitional woodland-shrub 10 acceptable
2. Land principally occupied by agriculture, with 10 acceptable
significant areas of natural vegetation
3. Moors and heathland 9 insufficient
4. Wetlands 10 insufficient
5. Grasslands 9 acceptable
OMISSION
6. Urban vegetation (trees in parks, cemeteries...) 10 good
7. Trees in sport and recreation areas 9 acceptable
8. Orchards 10 insufficient
9. Lowland forests, broadleaved 10 good
10, Lowland forests, coniferous 7 good
11| Mountain forests, broadleaved 10 good
12| Mountain forests, coniferous 10 good
13, Forest along rivers & lakes 10 good
14, Coastal forests 5 good
15/ Agricultural areas with scattered small forest 8 good
patches (if 2 0.5 ha)
Overall evaluation good
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As a result of the analysis of errors found during the look-and-feel verification the following

comments are formulated the Tree Cover Density layer:

Commission errors occur in areas of grassland with shrubs in CLC 324 polygons, as well as in
CLC 243 polygons with forested patches.

Large areas with commission errors are present in alpine parts of Rila and Pirin mountains,
mostly occupied by dwarf pine. Some commission error cases occur in treeless grassed
zones, as well.

Within the Wetland stratum marshlands or grassed parts of wetland area (mostly near the
Danube river and seashore) are incorrectly mapped as forest.

Commission errors over grasslands occur predominantly within or near forest areas.

Many of CLC2006 222 based orchards, checked on ortho-photo, look abandoned and/or
forested. Polygons with LPIS land use codes 020 and 022 were also involved to evaluate the
Tree Cover Map over orchard areas. A lot of orchards are not mapped, probably, due to
insufficient tree cover density of orchard fields. Palmette orchards are often missed, as well.

In forest areas commission errors occur, mapping included grassland areas as forest.
Classifier's performance degrades in case of appearance of non-forest features in large forest
areas, e.g. road turns, rocks, leading to minor local omission errors.

For the Dominant Leaf Type product 12 thematic strata and 85 samples respectively were

selected. Overall evaluation grades for both layers are “good”. There are some differences in the
strata list for commission errors due to the specifics of expected forest — non-forest errors (Table 3).

Table 3. Dominant Leaf Type strata, samples and grades

Ne Name of the stratum No. of samples Evaluation grades
commission
1 Major cities 10 good
2 Sport and recreation areas in urban context 7 insufficient
3 Orchards 10 insufficient
4 Moors and heathland 8 insufficient
5 Wetland 10 insufficient
omission
6 Lowland forests, broadleaved 7 good
7 Lowland forests, coniferous 7 good
8 Mountain forests, broadleaved 7 good
9 Mountain forests, coniferous 5 good
10 Forest along rivers & lakes 8 good
11 Coastal forests 6 good
12 Agricultural areas with scattered small forest 8 good
patches (if 2 0.5 ha)
Overall evaluation good

Major problems, which occurred during the look-and-feel verification of this product, are

revealed by the following comments:

Most of problems were found in commission strata.

Many of CLC2006 class 222 based orchards are abandoned and/or forested and does not
exist in LPIS physical blocks. In such cases Support layer commissions occur.

Only 30% of LPIS orchards overlap with CLC 222 polygons.

Large areas in alpine parts of Rila and Pirin mountains, covered by dwarf pine, are mapped as
forest causing commission errors. Some commission error cases also occur in treeless
grassed zones.

Treeless grassed and/or wet parts of wetland areas are often mapped as forest.

Dominant leaf type is generally correctly mapped. Young coniferous forests were found
mapped as broadleaved. Open area patches surrounded by coniferous forest could be
mapped as broadleaved.

The requirement for minimum width of 20 m for forest fields to be mapped is generally not
covered by the classifier. Windbreaks, more than 30 m wide, are simply missed or later filtered
out because of 4 connectivity requirement.

Statistical verification of PWB layer
Statistical evaluation procedure is non-obligatory one and was applied to the PWB layer only.

Two strata were defined — one for commission and one for omission errors. The commission stratum,
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as it was mentioned before, is the mapped HRL itself. The omission stratum was defined by merging
polygons related to water classes from LPIS and agricultural cadastre data sets. As recommended by
the guidelines, 280 random samples were taken in both commission and omission stratum (Table 4).

Table 4. PWB sampling results for commission and omission error

Measured quantity | Value
COMMISSION
All valid samples 280
Samples showing error 19
User's accuracy 93.21 %
Uncertainty 1.50 %
Commission error 6.79 %
OMISSION

All valid samples 280
Samples showing error 28
Error ratio 10 %
Accuracy 90 %
Producer's accuracy 94.02 %
Uncertainty 1.07 %
Omission error 5.98 %

Sampling results show low uncertainty of accuracy values, i.e., low standard deviation of error
values, which fact is a guarantee for a reliability of the estimations.

Conclusions

Overall results of this study show the good general ability of automated analysis of multi-
temporal satellite imagery to extract forest and permanent water bodies land cover data. In general,
the tree cover is overestimated by the classifier causing a prevalence of commission errors. The
attempt to extract orchards information using the above approach comes across with serious
problems. Both the qualitative and the statistical evaluation show that the Forest and PWB HRL
products meet the accuracy requirements.
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