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abstract: Increasing urbanization results in constant enlarging of the artificial area closed to water infiltration. In 
2006–2008, the Soil Sealing Enhancement (SSE) database was the part of the GMES Fast Track Service on Land Monitor-
ing. The accuracy of the final product set by the authors should reach at least 85%. Orthorectified high resolution aerial 
photos of Poland were used to develop reference data constituting 20,000 random samples around the country. In each 
sample, the points were classified into three possible surface classes: natural, artificial and semi-sealed. Comparison 
of reference data to original project statistics revealed the values of accuracy, commission and omission errors in the 
SSE dataset. Although, SSE accuracy in Poland fulfils the criteria set by SSE authors with overall accuracy of 99.5%, 
the individual analysis for each category reveals many weaknesses. Preliminary interpretation of mistakes leads to 
the conclusion that the spatial resolution of pictures used in the SSE project is insufficient. In several cases, validation 
proved that omission errors were made in relation to construction sites or recently constructed buildings. It should be 
stated that the accuracy of SSE product for Poland should be treated as the maximum value of impervious surfaces. 
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Introduction

Developing urbanization and increasing ac-
quisition of green areas for construction purposes 
results in constant enlargement of artificial areas 
closed to water infiltration. Estimation of impervi-
ous areas is an important issue, for it is an indicator 
of the level of human pressure on the natural en-
vironment and informs of the water flow capacity 
in the hydrological cycle of an area (Flinker 2010).

One of the effects of the soil sealing described 
in literature is the perturbation of natural outflow 

of rainwater (Klosterman 2012). This tendency 
seems problematic, especially after storms that 
release grand amount of water in a short period 
of time. When falling on natural surfaces, water 
percolates and the outflow is meagre. In built-up 
areas, however, almost all rain water resources 
need to be held in the sewage system, the capaci-
ty of which is limited. Furthermore, these conse-
quences lead to an increase of flood risk, by wast-
ing soil under the artificial surfaces and pollution 
of water resources (also potable) by addition 
of the substances coming from anthropogenic 
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infrastructure, such as calcium, sodium, chloride, 
heavy metals, i.e. nickel, chromium, copper and 
zinc. The effects mentioned above change the nat-
ural environment in the region, its microclimate 
and the state of natural fauna and flora (Brabec 
et al. 2002, yang et al. 2003, Weng 2007, Flinker 
2010).

The subject of soil imperviousness has been 
capturing attention since the 1990s. In 2002, 
the European Commission (EC) acknowledged 
soil sealing as one of the major threats for soils, 
along with erosion, salinity and land sliding 
(Tóth 2006). General information on soil sealing 
in Europe was first published by the EC in Soil 
Sealing Guidelines treating about causes, results, 
and possible mitigation practices of the soil seal-
ing (European Commission 2012a). Studies for 
the current imperviousness situation in Europe 
in this report were based on CORINE Land 
Cover (CLC) project information. The purpose 
of CLC was to create an international database 
with land cover information. Until now, several 
editions of the database were created (European 
Commission 2012b).

Creating databases of impervious surfaces is 
a novel idea supporting the management process 
of impervious surfaces and land development 
plans. The first database containing information 
on soil sealing was the United States National 
Land Cover Database from 2001 (Maucha et al. 
2010). A couple of years later, a similar data-
base containing a layer of impervious surfaces, 
was derived, basing on CLC project for Europe 
(Prokop 2012).

SSE project is a part of the GMES-FTS 
LM (now: Copernicus – The European Earth 
Observation Programme) created between 2006 
and 2008 (Kopecky, Kahaba 2006). To produce the 
Soil Sealing Layer (SSL), satellite images coming 
from SPOT 4 HRVIR, SPOT 5 HRG (around 3000 
images altogether) and IRS-P6 LISS III (around 
800 images) were used. All the pictures were 
taken in 2006 ± 1 year (European Environment 
Agency 2006). The product of the classification 
of Soil Sealing Layer (SSL) is the database, and 
two maps: SSE2006 with 20 m × 20 m spatial res-
olution and a generalized image called SSE100, 
based on the first product with a spatial resolu-
tion of 100 m × 100 m.

The subject of the work is to assess the accu-
racy of SSL product for Poland. Determining the 

SSL for country is an important issue for man-
aging spatial planning and conducting environ-
mental policies. SSE project enables to provide an 
overview of the whole territory of Europe, and 
therefore assessment for each country is helpful 
to improve updates of the project. Similar studies 
have been undertaken for some other countries 
(e.g. Czech Republic and Slovakia), but the terri-
tory of Poland is bigger and has a significant part 
of the natural surfaces. These features can lead to 
more specific conclusions of the general assess-
ment of SSE. 

Methodology and data used

SSL accuracy assessment for Poland was 
made according to the method proposed by 
Hurbánek et al. (2010). Their solution consisted 
of a comparison between SSL data and reference 
data. Reference data consisted of 2,000,000 refer-
ence points in 20,000 samples randomly placed 
around the territory of Poland. Areas where the 
orthophotomap was not within the interval of 1 
year older and newer than the SSL, were omitted 
in order to minimize the dissimilarities in land 
cover.

According to the method of Hurbánek et al. 
(2010), each analyzed point (of 2,000,000 points 
in the whole dataset) were classified by the user 
into three classes, obtaining values: 0 – natural 
surfaces, 1 – sealed surfaces and 2 – semi-sealed 
surfaces. Points with value 2 were subject to the 
additional interpretation. It was decided at the 
later stage of the study to assign them value 0 – 
natural surfaces. This approach came from the 
uncertainty in class definition as well as the exact 
procedure of the identification of sealed surfaces 
in the SSL production. The whole study was un-
dertaken with the use of ArcMap 10.1 software 
with a VBA plug-in, which was created for the 
case of this analysis. The used orthophotmap was 
derived from the National Registry of Poland 
(Polish geoportal). 

The survey did not comprise the whole territo-
ry of Poland due to the lack in the national resourc-
es of the orthophotomap fulfilling the selected cri-
teria Figure 1, ie. areas where the orthophotomap 
was not within the interval of 1 year older and 
newer than the SSL. The Polish geoportal provid-
ed the basemap in the PUWG 1992 projection. For 
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the purposes of the project it was transformed to 
LAEA by ArcMap, in which SSL was applied.

The following step was to sum up the sealing 
value in each sample and compare it with corre-
sponding data from the SSE project. 

Reference data samples had exactly the same 
size and location as samples derived from SSE 
data. Subsequently, sealing values from refer-
ence data and original product were compared to 
designate the accuracy of the product. 

After completing the comparison, both data-
sets were divided into 6 intervals based on the im-
perviousness level: 0%, 1–29%, 30–49%, 50–79%, 
80–99%, 100%. These levels were established on 
the basis of the methodology of Hurbánek et al. 
(2010). In each interval, the following statistics 
were calculated using confusion matrix: commis-
sion and omission error, user’s accuracy, produc-
er’s accuracy; for the whole dataset, overall accu-
racy and Cohen’s-Kappa coefficient (Congalton, 
Green 1993).

All statistical indicators were calculated for 
two cases depending on number of intervals, in 
the first case it was two (<80% of sealed surface 
in the cell as non built-up area and 80–100% of 
sealed surfaces in the cell as built-up area), the 
second case consisted of six intervals described.

Results

When two intervals were taken into consid-
eration, only 130 cells (0.65%) in the survey area 
were classified as sealed, moreover this number 

was even smaller in the reference dataset: 25 cells 
(0.13%). The number representing natural, non 
built-up class was significantly bigger: SSL clas-
sified 19,870 cells as natural (99.35%), whereas 
reference data allocated 19,975 cells (99.87%) to 
this class. The disproportion between two classes 
is notable and influences user’s and producer’s 
accuracy results.

User’s and producer’s accuracy for the non-
sealed class amounts to almost 100%, the corre-
sponding commission error amounts to 0.01% 
and the omission error – 4%. In the sealed class, 
however, the obtained results were different. 
While the producer’s accuracy remains very high 
(96%), the user’s accuracy drops (18.46%). This 
situation is caused by the overestimation of the 
sealed class where SSL data found 130 cells be-
longing to this interval, while the reference data 
classified there amounted to 25. Underestimation 
of imperviousness appeared in only one case, 
which resulted in 4% omission error.

In the undertaken survey the number of 
cells in sealed classes is overestimated by SSL 
data. In both databases, natural surfaces are the 
most numerous group. Moreover, the validation 
proved that the number of samples in this class 
was overestimated (18,557 cells in SSL in com-
parison to 16,457 cells in reference data). For the 
second interval (1–29%) 812 samples in SSL data 
were classified as non-sealed while validation as-
signed 3,230 to this class. The underestimation is 
observed only in the second interval, the follow-
ing classes are characterized by overestimation of 
SSL data over the reference data. The difference 
between the SSL and reference data decreases 
proportionally to the number of samples as-
signed to each class, but inversely to the level of 
sealing. In the validation no cells were classified 
as fully sealed, whereas SSE assigned 21 cells into 
this interval. 

Improperly assigned cells are distributed pro-
portionally around the classes where they be-
long. The SSE classification results in substantial 
number of errors in the first sealed class. In this 
case, misclassified cells were assigned to non-
sealed class. The omission of 2,418 cells indicates 
an important weakness of the classification. 

SSL overestimated the level of impervi-
ousness in the classes where the number of 
samples were underestimated (with the ex-
ception of the first class described above)  

Fig. 1. Location of 20,000 random samples.
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is usually smaller than the number of overesti-
mated cells. Decreasing number of mistakes is 
related with the increasing percentage of imper-
viousness. The distribution of errors proves over-
statement of the imperviousness level in the Soil 
Sealing Enhancement classification. 

The non-sealed class (0%) is characterized by 
high user’s and producer’s accuracy (respectively 
88.06% and 99.30%), low omission error (0.70%) 
and a relatively small commission error (11.94%). 
It is however important to point out the grand 
preponderance of this class compared to the other 
classes – in the reference dataset, these cells com-
prise 82% of all samples. Very high accuracy of 
this class combined with its high number can lead 
to the misinterpretation of the overall picture. 

The following interval (1–29%) is incompara-
ble with the described natural class as far as the 
quantity is concerned. We can observe a high rate 
of user’s accuracy (84.85%), but very low pro-
ducer’s accuracy (21.33%). This last result comes 
from the underestimation of that class. In SSE 
data 104 cells from 1–29% class, containing small 
sealed surfaces, were classified as natural surfac-
es. The number of underestimated cells in gener-
al in this interval was constituted 89.6% mistakes 
in this class.

Omission error in this class is the highest in 
all classes: 78.67%. On the other hand, the com-
mission error is rather low. This situation comes 
from the preponderance of the samples classified 
as natural (2,207 cells) to the samples in which 
imperviousness was overestimated (332 cells 
altogether). 

The following imperviousness interval (30–
49%) has also been overestimated: validation as-
signed 192 samples, whereas SSL data classified 
293 cells into this class. Both user’s and produc-
er’s accuracy rates are low (respectively 17.06% 
and 26.04%), while omission and commission er-
rors, which are inversely proportional to accura-
cy values, are rather high. 

96 cells were validated to the fourth class (50–
79%), whereas in the SSE data this interval con-
tains 208 samples. As observed previously, user’s 
and producer’s accuracy rates are low (12.02% 
for user’s accuracy and 26.04% for producer’s ac-
curacy). The mistakes are distributed similarly to 
the previous interval: in 182 cells the impervious-
ness level is overstated effecting in high commis-
sion error; 62 samples, which actually belonged 

to this interval, were put in the next sealed class 
(80–99%), causing high omission error (underes-
timation appears in 9 cases). 

The fifth interval’s (80–99%) statistics are 
slightly changed in comparison to other classes. 
In SSL data, 109 samples were assigned to this 
class, while in ground truth only 25 cells be-
longed there. User’s accuracy is low (10.09%), 
but producer’s accuracy rate is higher (44%) than 
in the fourth class. Consequently, the omission 
error is lower than in the fourth class (56%), but 
commission error is high (89.91%). In SSE dataset 
13 samples belonging to this interval were classi-
fied as completely sealed (100%).

Reference data classified no samples as fully 
sealed, but SSE data assigned 21 cells into this 
class. Due to this, the statistics of this class are fal-
sified: 100% of producer’s accuracy comes from 
lack of omission error. User’s accuracy is the indi-
cator showing better representation of this class 
(0%). 

Results of overall accuracy for both cases (two 
and six intervals) are high and above the level 
set initially by the authors of the project (Table 
1). The last indicator counted was the Cohen’s-
Kappa coefficient. The result presented above 
(Table 1) suggests a low compatibility of two 
datasets.

Table 1. Overall results of the classification.
Overall accuracy (two intervals) 99,47%
Overall accuracy (six intervals) 85,58%
Cohen’s-Kappa coefficient (two intervals) 30,82%
Cohen’s-Kappa coefficient (six intervals) 37,24%

Fig. 2. Impervious surfaces misclassification (small 
buildings, narrow roads). Impervious surfaces 

marked with black dots, natural surfaces with white 
ones. SSL – 0%, GT – 12%.
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The most probable cause for the vast majority 
of mistakes is low ground resolution of satellite 
imagery used in the whole process of automat-
ic classification (20 m × 20 m). It resulted in the 
generalization and skipping of small areas of im-
pervious surfaces (marked with black spots), like 
small buildings, narrow roads, etc., which were 
omitted and treated as natural surfaces (Fig. 2).

Low ground resolution and generalization 
could also result in the opposite misclassification 
where small natural surfaces were omitted and 
sealing level was overestimated (Fig. 3).

Overestimation due to pixel size also ap-
peared in other sealing classes: in 50–79% in-
terval, 5 samples were classified as completely 
sealed, and 4 of those omitted small natural are-
as, such as tree crowns. In cities where trees grow 
in little spaces among pavements or parking lots, 
the branches actually cover mostly sealed areas, 
which also has led to the misclassification. 

Another problem observed in couple of sam-
ples is the confusion of two classes: impervious 
and semi-sealed. The classification algorithm 
does distinguish the category classes, especially 
in industrial areas (Fig. 4).

Another important factor increasing the pos-
sibility of low coherency between datasets is the 
time gap, despite the fact that the methodology 
applied was to avoid mistakes coming from land 
cover changes. 

Discussion

A preliminary assessment of the SSL product 
was undertaken throughout the duration of the 
project. The evaluation was made in regard to 
Image 2000 and United States Geological Survey 
(USGS) datasets and proved that only 5% of the 
images didn’t pass internal quality inspection 
(Müller et al. 2009a, 2009b). 

Accuracy of SSL database was already calcu-
lated using Land Use/Cover Area-frame Survey 
(LUCAS) in 2010 for 11 countries, including 
Poland. The average value of sealing in SSE da-
tabase was 3.15%, but the LUCAS results were 
different: 5.7%. Taking this outcome into con-
sideration, it may be concluded that the SSE un-
derestimates the level of imperviousness. In the 
more detailed analysis, the accuracy results of 
the particular classes proved similar to this study 
results: the classes with low degree of soil seal-
ing present a grand underestimation, the middle 
classes proved to be more accurate, but the sealed 
class is overestimated by SSE. Spatial distribu-
tion of the underestimation and overestimation 
in comparison to CLC2000 was elaborated. The 
terrain of Poland is characterized by a significant 
underestimation of sealed areas (Gallego 2010).

The method of accuracy assessment, proposed 
by Hurbánek et al. (2010) was used for analogical 
research for other countries – Slovakia, Austria, 
Hungary, Switzerland, Italy and France (al-
though the studies for these countries used small-
er number of samples). The conclusions were 
similar, i.e.: overestimations appeared in larger 
soil sealing values in some countries, on the other 
hand, in most of the countries smaller sealing val-
ues were underestimated. Errors of larger mag-
nitude were less frequent than errors of smaller 
magnitude. The most significant mistake was 

Fig. 4. Impervious surfaces misclassification (industrial 
area) SSL – 100%, GT – 51%.

Fig. 3. Impervious surfaces misclassification (non-
sealed surfaces classified by SSE as sealed) SSL – 

100%, GT – 96%.
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underrepresentation of small or dispersed settle-
ments in rural areas (Hurbánek et al. 2010). 

Overall accuracy of the product that was set 
by the authors is ≥85%, along with the guidelines 
coming from European Environment Agency 
(EEA). This target value is widely used to accuracy 
assessment of remotely sensed imagery, although 
its application was sometimes undermined in 
literature (Foody 2008). However SSE data meet 
the objective, by achieving an overall accuracy of 
85.58% (counting six intervals) or 99.47% (count-
ing two intervals), the analysis proves that the re-
sults should be considered with caution. 

It is also important to remind that the sur-
vey area did not cover the whole territory of 
Poland. Warsaw and Poznań surroundings were 
among the areas excluded from the research. 
Nevertheless validation proved that only a mi-
nor area of the country is characterized by high 
level of soil sealing. One of possible reasons of 
such a small number of cells in the highest in-
terval can also be avoiding city-centres (due to 
the time gap between the SSL data and imagery 
available) while placing the random samples for 
the reference data. 

Foody (2002) suggests that accuracy target 
value and method should be individually chosen 
for each classification, including the possibility 
of accuracy assessment for each class separate-
ly. A similar conclusion was derived in accuracy 
assessment study of SSE project for other coun-
tries (Hurbánek et al. 2010). Maucha et al. (2010) 
propose implication of 30% sealing threshold in-
stead of 80% to order to achieve more precise as-
sessment. The analysis of statistics calculated for 
SSE database implies, that accuracy for each class 
differs from the overall outcome, due to a great 
preponderance of natural surfaces. 

One of the most common classification mis-
takes was made because the SSE algorithm 
confused sealed and semi-sealed classes. It was 
already mentioned in several studies, that semi-
sealed surface definition is not clearly stated 
(Hurbánek et al. 2010). 

Most project studies on accuracy have demon-
strated that surfaces with low degree of soil seal-
ing were largely underestimated. The analysis 
proves that the classification algorithm overlooks 
dispersed, small sealed surfaces. Also, the overes-
timation in high sealing level seems to come from 
the omission of small natural surfaces among the 

sealed areas. It is probably due to low ground 
resolution of the imagery, therefore, decreasing 
the pixel size in product updates might enhance 
the overall outcome.

Conclusions

The accuracy of the Soil Sealing Enhancement 
project for Poland can be described as fulfilling 
the criteria set by its authors. Nevertheless, it 
is worth noting that the classes are not equally 
numerous and that this feature affects the over-
all outcome. The natural class is characterized 
by the highest accuracy, but the intervals with 
bigger sealing level have obtained lower result. 
First sealed class contains a significant number of 
underestimated cells. Sealing level in next class-
es has generally been overestimated. Cohen’s-
Kappa coefficient proves a low compatibility 
between the reference and classification dataset 
(according to Fleiss categorization). 

Taking all the facts into consideration, the ac-
curacy of Soil Sealing Enhancement for Poland 
can be treated as the maximum value of imper-
vious surfaces. Further development of this au-
tomatic classification can eliminate causes of the 
high rate of commission errors without reducing 
precision. Using spatial imagery in greater spatial 
resolution and clearer distinction of the sealed 
and semi-sealed class can make an important fac-
tor to improve updates of the project. The small 
number of omission errors suggests that using 
higher spatial resolution may lead to more satis-
factory results. 
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