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Figure 6. Urban sprawl in Milan between 1991 and 2006 on soil quality map 
 
Table 2. Statistics for transition of soils of different quality into sealed area for Milan* 
soil quality class Area of 

soil class 
(ha) 

Share of soil 
class in total area 

[%] 

Area 
converted 

(ha) 

Percent 
converted 
[% of soil 
class area] 

Transition 
index (TI) 

high quality 2031 39.6 169 8.3 1.18
medium quality 2944 57.3 108 3.7 0.52
low quality 160 3.1 87 54.3 7.66
* The newly sealed area may differ from the provided in Table 1 since Table 2 refers to the area 
covered by the soil map while Table 1 to the total area presented on Fig. 6. Similar note refers to the 
other cities 
 
 
3.2. Bratislava 

The share of sealed surfaces does not exceed 27% in Bratislava area. It increased by 

approximately 370 hectares since early nineties (Table 3). Greater increase concerns areas of 

commercial or industrial facilities. Sealing process was purely at the expense of arable lands – 
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almost 440 hectares were lost within urban development process. There was a slight 

increment of green recreational area which was equal to semi-natural area loss. Surfaces used 

as dump and mineral extraction sites noticeably increased within last 15 years which likely 

was a cost of development of waste management systems. As indicated by the applied 

assessment methods the area of dispersed residential area increased by near 20 hectares but 

still covers not more than 1.2 % of total city area. Arable lands currently cover approximately 

35% of total area that in combination with forest and semi-natural areas become a substantial 

soil reservoir performing a number of functions. 

Despite that the high quality soils covered as much as 47 % of available soil resources they 

were effectively protected within last 15 years. The share of high quality soils in new sealed 

area was 5 times smaller than their contribution to whole available soil pool (TI =0.2).  

Only 0.5% of high quality soils were transformed into construction within 15 y period.  

Low quality soils were much more intensively taken for urbanization purposes (Table 4). 

 

Table 3. Summary of land use changes in Bratislava 
area in 2007 area in 1992 difference Land use class 

[ha] 
% of     

total area [ha] 
% of     

total area [ha] % 
continuous residential areas 6346.8 17.3 6192.2 16.9 154.6 2.5
commercial and industrial areas 2189.2 6.0 1973.4 5.4 215.8 10.9
green urban areas 625.0 1.7 609.2 1.7 15.8 2.6
airports 325.0 0.9 325.0 0.9 0.0 0.0
sports and leisure facilities 352.1 1.0 352.1 1.0 0.0 0.0
dump and mineral extraction sites  138.5 0.4 93.6 0.3 44.8 47.9
arable land 12881.1 35.1 13318.7 36.3 -437.5 -3.3
grasslands 28.7 0.1 28.6 0.1 0.0 0.0
wooded areas (forest or 
seminatural) 11094.1 30.2 11109.5 30.3 -15.4 -0.1
discontinuos residential areas 447.6 1.2 426.2 1.2 21.4 5.0
water bodies 1733.5 4.7 1732.7 4.7 0.8 0.0
transport facilities 553.0 1.5 552.6 1.5 0.4 0.1
total area 36714.7 x 36713.9 x x   
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Figure 7. Urban sprawl in Bratislava between 1992 and 2007 on soil quality map 
 
Table 4. Indexes for transition of soils of different quality into sealed area for Bratislava 
soil quality class Area of 

soil class 
(ha) 

Share of 
soil class 
in total 

area [%] 

Area 
converted 

(ha) 

Percent 
converted 
[% of soil 
class area] 

Transition 
index (TI) 

high quality 7911 46.9 39 0.5 0.21 
medium quality 5908 35.1 209 3.5 1.53 
low quality 3033 18.0 143 4.7 2.03 
 
 
3.3. Wroclaw 

Continuous urban fabrics cover 35 % of total area of the city and surroundings 

enclosed in Wroclaw LAU-2 region. Areas able to fulfill soil functions other than surface for 

construction consist with arable lands, semi-naturally covered lands, grasslands and forests – 

their share in total area is 22, 14.5, 11 and 7.7 %, respectively, which together exceeds 55% of 
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total area (Table 5). The area of continuous sealed area increased by over 500 hectares within 

the period of interest. Most of this change can be referred to residential areas. Discontinuous 

residential zones did not expand recently - they cover approximately 6 % of total area. Such 

areas with dispersed pattern of buildings may perform soil functions in certain extend due to 

substantial share of uncovered surfaces and undisturbed soil profiles. The statistics of soil 

consumption for urbanization indicate preferential use of high quality soils in Wroclaw 

(TI>1.3, 3.6% of high quality soils consumed). Share of the weakest soils in newly sealed 

area was much smaller than their share in total resources despite that their supply is 

substantial (Table 6). 

 
Table 5. Summary of land use changes in Wroclaw 

area in 2006 area in 1991 difference Land use class 

[ha] 
% of     

total area [ha] 
% of     

total area [ha] % 
continuous residential areas 5697.6 19.8 5322.2 18.5 375.4 7.1
commercial and industrial areas 2093.9 7.3 1946.3 6.8 147.6 7.6
green urban areas 697.7 2.4 697.7 2.4 0.0 0.0
airports 237.8 0.8 237.8 0.8 0.0 0.0
sports and leisure facilities 228.0 0.8 228.0 0.8 0.0 0.0
dump and mineral extraction 
sites  34.4 0.1 34.4 0.1 0.0 0.0
arable land 6406.4 22.3 6619.4 23.1 -212.9 -3.2
grasslands 3145.0 11.0 3242.4 11.3 -97.4 -3.0
forest 2207.4 7.7 2207.4 7.7 0.0 0.0
seminatural 4163.0 14.5 4387.3 15.3 -224.3  -5.1
discontinuos residential areas 1777.7 6.2 1781.8 6.2 -4.1 -0.2
water bodies 767.1 2.7 751.4 2.6 15.7 2.1
transport facilities 1248.6 4.3 1248.6 4.3 0.0 0.0
total area 28704.8 x 28704.8 x x   
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Figure 8. Urban sprawl in Wroclaw between 1991 and 2006 on soil quality map 
 
Table 6. Indexes for transition of soils of different quality into sealed area for Wroclaw 
soil quality class Area of 

soil class 
(ha) 

Share of 
soil class 
in total 

area [%] 

Area 
converted 

(ha) 

Percent 
converted 
[% of soil 
class area] 

transition 
index (TI) 

high quality 7377 48.6 266 3.6 1.33 
medium quality 2259 14.9 42 1.8 0.68 
low quality 5547 36.5 105 1.9 0.69 
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3.4. Prague 

Continuous urban fabrics increased by 780 hectares in Prague between 1990 and 2006. 

Most of the increase refers to residential areas that currently cover approximately 37% of total 

area (Table 7). The urban built up sprawl was entirely at the expense of arable lands. Arable 

lands, however, still constitute substantial part of land resources (30% of total area).  

No significant increases were detected for such land use types as parks, sport facilities, 

transport infrastructure or dispersed residential zones. 

The soils classified as the most valuable (chernozems) were preferentially taken for 

urbanization within 1990-2006 period (TI>1.8) (Table 8). This process can be partly 

explained by the fact that chernozems are homogenously and exclusively located in northern 

part of the city. Thus any urban development in this zone would cost loss of these soils.  

Most of urbanization as measured by absolute values took place on medium quality soils 

which represent 66% of area taken for calculation (with soil information and not covered by 

forest or construction). Low quality soils were relatively omitted in the urbanization process – 

their share in newly urbanized area was twice smaller than the share in total area of soil 

resources (Table 8). 

 
Table 7. Summary of land use changes in Prague 

area in 2006 area in 1990 difference Land use class 

[ha] 
% of     

total area [ha] 
% of     

total area [ha] % 
continuous residential areas 18471.4 37.2 17883.1 36.1 588.3 3.3
commercial and industrial areas 2158.2 4.4 1965.2 4.0 193.0 9.8
green urban areas 499.1 1.0 499.1 1.0 0.0 0.0
airports 995.0 2.0 995.0 2.0 0.0 0.0
sports and leisure facilities 313.0 0.6 313.0 0.6 0.0 0.0
dump and mineral extraction 
sites  140.0 0.3 113.2 0.2 26.8 23.7
arable land 14892.2 30.0 15780.9 31.8 -888.7 -5.6
grasslands 0.0 0.0 0.0 0.0 0.0 0.0
forest 6976.8 14.1 6913.7 13.9 63.1 0.9
seminatural 3350.8 6.8 3336.4 6.7 14.4 0.4
discontinuos residential areas 527.8 1.1 527.8 1.1 0.0 0.0
water bodies 645.7 1.3 645.7 1.3 0.0 0.0
transport facilities 630.3 1.3 627.3 1.3 2.9 0.5
total area 49600.1 x 49600.2 x x   
 
 
 



 

 19

 

 
Figure 9. Urban sprawl in Prague between 1990 and 2006 on soil quality map 
 
Table 8. Indexes for transition of soils of different quality into sealed area for Prague 
soil quality class Area of 

soil class 
(ha) 

Share of 
soil class 
in total 

area [%] 

Area 
converted 

(ha) 

Percent 
converted 
[% of soil 
class area] 

transition 
index (TI) 

high quality 2901 10.3 136 4.7 1.42 
medium quality 14359 66.1 490 3.4 1.03 
low quality 4466 23.6 92 2.1 0.63 
 
 
3.5. Stuttgart 

The applied assessment method revealed that the urbanization process between 1992 

and 2006 captured over 215 hectares of land – approximately 190 hectares were converted 

into continuous sealed area (Table 9). These absolute numbers may differ somewhat from the 

official statistics data – our assessment was aimed at recognition of spatial trends. Residential 
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area increase was considerably responsible for the urban sprawl – it included both continuous 

zones and areas of dispersed separate buildings. Discontinuous residential zones cover over 

7% of total area – these lands still perform some environmental functions including retention, 

filtering or temperature increase mitigation. The increment was observed in such land use 

types as airports, transport facilities, sport infrastructure but also green parks.  

The urbanization took partly place on arable lands but mainly on semi-natural areas such as, 

for example, abandoned former fruit tree orchards.  

No clear preferential trends in consumption of particular soil quality classes were observed. 

They were rather taken for urbanization proportionally to their contribution to the total area 

covered by the soil map (TI 0.9-1.2) (Table 10). Low quality soils were less consumed which 

might be explained by the fact that they cover only 6% of total soil resources and are not 

evenly distributed over the city area (Figure 10). The recorded urbanization data leads to the 

conclusion that the most valuable soils have not been efficiently protected in Stuttgart.  

 
Table 9. Summary of land use changes in Stuttgart 

area in 2006 area in 1992 difference Land use class 

[ha] 
% of     

total area [ha] 
% of     

total area [ha] % 
continuous residential areas 7400.3 35.6 7309.8 35.2 90.5 1.2
commercial and industrial areas 898.2 4.3 849.2 4.1 49.0 5.8
green urban areas 630.7 3.0 619.3 3.0 11.4 1.8
airports 49.8 0.2 39.7 0.2 10.1 25.4
sports and leisure facilities 459.2 2.2 435.7 2.1 23.5 5.4
dump and mineral extraction 
sites  32.6 0.2 29.4 0.1 3.3 11.1
arable land 3008.0 14.5 3043.7 14.6 -35.7 -1.2
grasslands 187.2 0.9 170.5 0.8 16.7 9.8
wooded areas (forest or 
seminatural) 4988.3 24.0 5193.1 25.0 -204.8 -3.9
discontinuos residential areas 1490.8 7.2 1465.4 7.0 25.4 1.7
water bodies 217.5 1.0 220.4 1.1 -2.9 -1.3
transport facilities 1423.5 6.8 1410.0 6.8 13.6 1.0
total area 20786.2 x 20786.2 x x   
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Figure 10. Urban sprawl in Stuttgart between 1992 and 2006 on soil quality map 
 
Table 10. Indexes for transition of soils of different quality into sealed area for Stuttgart 
soil quality class Area of soil 

class (ha) 
Share of 
soil class 
in total 

area [%] 

Area 
converted 

(ha) 

Percent 
converted 
[% of soil 

class 
area] 

transition 
index (TI) 

high quality 3614 54.4 86 2.4 0.91
medium quality 1523 39.2 48 3.1 1.21
low quality 169 6.4 4 2.5 0.97
 
 

3.6. Salzburg 

Equal increase of continuous residential and commercial/industrial area was observed 

in Salzburg area between 1991 and 2007. The total sealing area exceeded 160 hectares  
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(Table 11). The new urban fabrics were located on arable lands (3/4 of changes) and likely 

semi-natural wooded areas (1/4 of changes). 

The available satellite images for Salzburg and, subsequently, land use maps did not fully 

cover the Salzburg region. However it did not substantially affect the assessment.  

Areas behind the land use maps are mostly covered by forests and no substantial land use 

changes would be expected there. 

High quality soils occupy only 1/10 part of the area covered by the analysis. However, 35% of 

new urban fabrics appeared on these most valuable soils (TI=3) (Table 12). Low quality soils 

were also taken for urbanization preferentially. It must be noted that medium quality soils 

constitute above ¾ of the analyzed area. Most of land use changes took place on soils of 

medium quality when expressed in absolute values. Nevertheless, the most valuable soils 

were not protected and their pool was drained more intensively than their share in total area.  

 
Table 11. Summary of land use changes in Salzburg 

area in 2007 area in 1991 difference Land use class 

[ha] 
% of     

total area [ha] 
% of     

total area [ha] % 
continuous residential areas 4448.0 21.9 4363.5 21.5 84.5 1.9
commercial and industrial areas 1302.2 6.4 1218.8 6.0 83.4 6.8
green urban areas 50.2 0.2 50.2 0.2 0.0 0.0
airports 130.3 0.6 130.3 0.6 0.0 0.0
sports and leisure facilities 38.6 0.2 38.6 0.2 0.0 0.0
dump and mineral extraction 
sites  22.4 0.1 22.4 0.1 0.0 0.0
arable land 7709.8 37.9 7842.0 38.6 -132.2 -1.7
grasslands 4.2 0.0 4.2 0.0 0.0 0.0
wooded areas (forest or 
seminatural) 6301.0 31.0 6336.8 31.2 -35.8 -0.6
discontinuos residential areas 32.1 0.2 32.1 0.2 0.0 0.0
water bodies 221.0 1.1 221.0 1.1 0.0 0.0
transport facilities 67.9 0.3 67.9 0.3 0.0 0.0
total area 20327.8 x 20327.8 x x   
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Figure 11. Urban sprawl in Salzburg between 1991 and 2007 on soil quality map 
 
Table 12. Indexes for transition of soils of different quality into sealed area for Salzburg 
soil quality class Area of soil 

class (ha) 
Share of soil 
class in total 

area [%] 

Area 
converted 

(ha) 

Percent 
converted 
[% of soil 
class area] 

transition 
index 
(TI) 

high quality 768 12.1 30 3.9 3.01
medium quality 4810 75.5 38 0.8 0.61
low quality 791 12.4 15 1.9 1.45
 
 

3.7. Vienna 

Most land use changes in Vienna took place in northern-east part of the city (Fig. 12). 

The substantial increase in commercial/industrial area was observed since 1991 which was 

greater than sprawl of residential urban fabrics. However residential zones cover up to 40% of 

total area. Total increase in sealed area exceeded 300 hectares. Most of this enlargement was 
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located on arable lands – their share lowered from 13.8 to 13.2% of total area within 16 years 

(Table 13). 

Soils of high quality are most significant part of the soil resources and constitute 67% of total 

area for which the soil map is available. Most of new sealing took place on these soils and 

they were even taken slightly preferentially (TI=1.3). Low quality soils cover less than 1/10 of 

all soils and they were hardly used for urbanization (Table 14). It must be noted, however, 

that zone of the recent city expansion is located in northern-east direction where the valuable 

soils are predominant. 

 
Table 13. Summary of land use changes in Vienna 

area in 2007 area in 1991 difference Land use class 

[ha] 
% of     

total area [ha] 
% of     

total area [ha] % 
continuous residential areas 16441.3 39.9 16314.2 39.6 127.1 0.8
commercial and industrial areas 3862.6 9.4 3682.0 8.9 180.6 4.9
green urban areas 1811.1 4.4 1811.1 4.4 0.0 0.0
airports 183.7 0.4 183.7 0.4 0.0 0.0
sports and leisure facilities 347.4 0.8 347.4 0.8 0.0 0.0
dump and mineral extraction sites  125.7 0.3 125.7 0.3 0.0 0.0
arable land 5431.1 13.2 5698.7 13.8 -267.6 -4.7
grasslands 530.9 1.3 530.9 1.3 0.0 0.0
wooded areas (forest or 
seminatural) 9918.0 24.1 9963.7 24.2 -45.7 -0.5
discontinuos residential areas 1377.5 3.3 1377.5 3.3 0.0 0.0
water bodies 703.2 1.7 697.5 1.7 5.7 0.8
transport facilities 497.6 1.2 497.6 1.2 0.0 0.0
total area 41230.1 x 41230.1 x x   
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Figure 12. Urban sprawl in Vienna between 1991 and 2007 on soil quality map 
 
Table 14. Indexes for transition of soils of different quality into sealed area for Vienna pilot 
area 

soil quality class Area of 
soil class 

(ha) 

Share of 
soil class 
in total 

area [%] 

Area 
converted 

(ha) 

Percent 
converted 
[% of soil 
class area] 

transition 
index (TI) 

high quality 3707 66.7 184 5.0 1.29
medium quality 1432 25.8 19 1.3 0.35
low quality 418 7.5 10 2.4 0.62

 
 
4. SUMMARY OF LAND USE CHANGE AND SOIL PROTECTION EFFICIENCY IN 

TEST AREAS  

This report summarizes outputs of our analysis of relationships between current soil 

protection policies and the land use change in selected test regions of Central Europe between 
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1990/92 and 2006/2007. Land use change size and pattern usually reflects a combination of 

the geographic location, a specific setting of socioeconomic, historical and environmental 

conditions and national or regional land/soil protection policies. Therefore it is not practical to 

analyze these changes for the group of cities as a whole, but instead analyzing them separately 

since the test areas represent different mechanisms driving land conversion processes. In our 

analysis we performed analysis for 7 cities representing Germany, Czech Republic, Poland, 

Slovakia, Austria and Italy. 

It is well known that the size of conversion of agricultural land into artificial surfaces such as 

into urban and industrial/commercial units is mainly driven by population growth (both 

through natural growth and migrations) as well as GDP whereas the spatial sprawl of urban 

fabrics is partly an independent process and partly is steered by spatial planning. 

Summarizing our analysis, the area sealed within 15 y period in the test areas ranged from 160 

to 780 ha. The data provided here may be somewhat different from the official statistics that 

use different methodologies. Our study utilized satellite images for detection of land use 

changes – such a method is burdened with a dose of uncertainty. However the advantage of 

the applied approach is that it enables analysis of spatial trends of land use change and their 

linkage to soil quality information. 

The expansion of artificial surfaces took place mostly on arable lands, except Wroclaw and 

Stuttgart where semi-natural areas were also sealed substantially. New artificial surfaces 

mostly comprised with residential fabrics, however in some cities (Bratislava and Vienna) 

development of industrial and commercial constructions was predominant. 

Bearing in mind some uncertainty of land use change data and that soil data do not cover 

whole city area the analysis fills the information gap on the quality of soils lost in 

urbanization process and, thus, efficiency of soil protection approaches. 

It is evident in the light of this study that the best soils are efficiently protected in Bratislava 

(Fig. 13). The share of best soils in newly urbanized areas is in Bratislava 5 times smaller than 

their share in total area. It is assumed that the regulations present in Slovakia help to protect 

the most valuable soils. The soils classified as high quality in our assessment are covered by a 

fee payment system (1-4 classes from total 9). Transformation of these agricultural lands into 

other purposes is loaded with obligatory payment with a range of payment from 6 to 15 EUR 

per square meter. The similar system had existed in Poland until 2008. However this practice 

did not ensure the efficient protection of most valuable soils in Wroclaw (Table 6, Fig. 13). 

In Stuttgart and Milan the consumption of high quality soils was rather proportional to their 

share in the total soil pool. The assessments performed for Wroclaw, Prague, Vienna and 
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Salzburg revealed negative trends of preferential use of the most valuable soils. It must be 

noted that the analysis of soil protection efficiency refers to the period between early nineties 

to 2006/2007, thus it assesses the regulations existing within this period. It should not be 

referred to the soil management systems introduced recently. 

 
Figure 13. Indexes of transition of high and low quality soils into sealed area in the test areas. 
(“+” means presence of positive trend, “-” presence of negative trend. Positive trend is understood as 
TI <0.8 for high quality soils and/or TI>1.2 for low quality soils. The negative trend is characterized 
by the opposite observations)  
 

The similar analytical approach as presented in this report can be used for testing how 

urban growth alters degradation processes (e.g. erosion, contamination) and affects soil 

function performance (organic matter accumulation, retention potential, buffering capacity) if 

such spatial information layers are employed in the assessment. 
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A comparison of a sealing rate within last 15 years and availability of low and medium 

quality soils indicates that there is no strong conflict between soil protection goals and a city 

development needs (Table 15). Such competition may exist locally but, considering this in 

context of overall city area, the pool of available low and medium quality soils is, for most 

cities, much greater than land demand for the city development (industry, commerce, 

transport infrastructure, sport facilities, etc.). This demand is measured by the rate of land 

transformation into artificial surfaces within last 15 years. 

 
Table 15. Comparison of soil availability and land demand in the test areas. 
Test area Low quality 

soils1 
Low and medium 

quality soils2  
Land demand3 

Milan 160 3103 364 
Bratislava 3033 8941 391 
Wroclaw 5547 7806 412 
Stuttgart 706 1693 138 
Prague 6863 18825 718 
Salzburg 791 5601 82 
Vienna 418 1850 213 
1 soils belonging to low quality agricultural lands (arable and grasslands) within areas covered 
by the soil maps 
2 soils belonging to low and medium quality agricultural lands (arable and grasslands) within 
area covered by the soil maps 
3 rate of artificial surface increase within 15 years in the area covered by the soil maps 
 
 

5. KEY MESSAGES 

 Expansion of artificial surfaces takes place mostly on arable lands 

 High quality soils were efficiently protected in Bratislava which, at least partly, 

might be the effect of the fee payment system 

 The most valuable soils were preferentially taken for urbanization in Vienna, 

Wroclaw, Prague and Salzburg while in Stuttgart and Milan their consumption 

was proportional to their share in total area. Soil management systems in these 

cities did not efficiently protect the best soils until 2006 

 There is no strong conflict between soil protection goals and demand for land 

related to economic development of cities 
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7. ANNEXES 

7.1. Land use maps 
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7.2. Land use change maps 
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