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Figure 3.  

Conceptual scheme for calculation of vegetation cover.
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Figure 4.  

Map  of  the urban  ecosystem condition  based  on  the  integrated  index  of  spatial  structure

(Note: this is a low quality copy, the original map being given in Suppl. material 3) 
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Figure 5.  

Ecosystem condition based on integrated index of spatial structure of selected cities.
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Figure 6.  

Maps of carbon storage capacity in selected cities.
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Figure 7.  

Maps of local climate regulation in selected cities.
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Level 1 Terrestrial

Level 2

(Type)

Urban

Level 3

(subtype)

J1. Residential and public areas of cities and towns

J2. Suburban areas

J3. Residential and public low density areas

J4. Recreation area outside cities and towns

J5. Urban green areas (incl. sport and leisure facilities)

J6. Industrial sites (incl. commercial sites)

J7. Transport networks and other constructed hard surfaced sites

J8. Extractive industrial sites (incl. active underground mines and active opencast mineral extraction

sites and quarries)

J9. Waste deposits

J10. Highly artificial man made waters and associated structures

Table 1. 

Typology of urban ecosystems in Bulgaria (Zhiyanski et al. 2017).
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Built Types Definition Land cover

types 

Definition

1. Compact

high-rise

Dense mix of tall buildings to tens

of storeys.

A. Dense

trees

Heavily wooded landscape of deciduous and/

or evergreen trees.

2. Compact

mid- rise

Dense mix of mid-rise buildings

(3–9 storeys).

B. Scattered

trees

Lightly wooded landscape of deciduous and/

or evergreen trees.

3. Compact

low-rise

Dense mix of low-rise buildings

(1–3 storeys).

C. Bush,

shrub

Open arrangement of bushes, shrubs and

short, woody trees.

4. Open high-

rise

Open arrangement of tall buildings

to tens of storeys.

D. Low plants Featureless landscape of grass or

herbaceous plants/crops.

5. Open mid-

rise

Open arrangement of midrise

buildings (3–9 storeys).

E. Bare rock

or paved

Featureless landscape of rock or paved cover.

6. Open low-

rise

Open arrangement of low-rise

buildings (1–3 storeys).

F. Bare soil or

sand

Featureless landscape of soil or sand cover.

7. Lightweight

low-rise

Dense mix of single-storey

buildings.

G. Water Large, open water bodies such as seas and

lakes, or small bodies such as rivers,

reservoirs and lagoons.
8. Large low-

rise

Open arrangement of large low-

rise buildings (1–3 storeys).

9. Sparsely

built

Sparse arrangement of small or

medium-sized buildings in a

natural setting.

10. Heavy

industry

Low-rise and mid-rise industrial

structures (towers, tanks, stacks).

11. No

buildings

Open areas with no built

structures

Table 2. 

Built  types and  land  cover  types  (after  Stewart  and  Oke  2012 with  modification  according  to

national specifics).
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Built types Urban land cover 

A B C D E F G 

2  3 2 2 1 1 2

3  3 2 2 1 1 2

4 4 3 2 2 1 1 2

5 4 3 2 2 1 1 2

6 4 3 2 2 1 1 3

7  3 2 2 1 1  

8 3 3 2 2 1 1 2

9  3 2 2 1 1 3

10  3 2 2 1 1 3

11 5 4 3 3 1 2 4

Table 3. 

Expert assessment scores of the urban ecosystem condition as a combination of built types and

urban land cover (built type and land cover codes are given in Table 2; built type 1 not presented in

the database)
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Quantification of ES indicators Indicator in complex assessments 

Ecosystem

services 

Indicators Ecosystem services Indicators for complex assessment 

Fibres and other

materials

Above-ground

biomass

Cultivated crops Soil productivity, environmental condition, integrated

index of spatial structure

Air quality

regulation

Air pollutants 

capture

Surface water for

non-drinking 

purposes

Precipitation, potential evapotranspiration, integrated

index of spatial structure

Global climate

regulation

Above ground

carbon storage

Erosion regulation Vegetation cover, soil sealing, integrated index of

spatial structure

  Flood regulation Vegetation cover, urban runoff index, soil moisture, 

integrated index of spatial structure

  Pest and disease

control

Vegetation cover, integrated index of spatial

structure, risk to atmospheric drought

  Local climate

regulation

integrated index of spatial structure, vegetation

cover, water bodies

  Soil formation and

composition

integrated index of spatial structure, climate,

topography, vegetation cover, organic matter etc.

Table 4. 

Application of the index in ecosystem services assessment.
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Ecosystem sub-types Number of combinations % Number of polygons % Area (ha) % 

J1 41 11.3% 1684 2.1% 27796.4 5.2%

J2 16 4.4% 376 0.5% 8486.5 1.6%

J3 60 16.5% 28326 35.6% 311697.0 58.8%

J4 22 6.0% 460 0.6% 3276.7 0.6%

J5 57 15.7% 17059 21.4% 50113.0 9.5%

J6 89 24.5% 14007 17.6% 82761.8 15.6%

J7 13 3.6% 8511 10.7% 22548.6 4.3%

J8 25 6.9% 304 0.4% 20127.1 3.8%

J9 27 7.4% 247 0.3% 2163.2 0.4%

J10 14 3.8% 451 0.6% 1199.7 0.2%

Table 5. 

Distribution of spatial index combinations in urban ecosystem subtypes.
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Index Number of polygons Area (ha) Average area of polygon (ha) Percent 

J36BDE 13861 233386.29 16.84 44.02%

J68BDE 5264 39801.85 7.56 7.51%

J39BDE 3693 23276.43 6.30 4.39%

J36BD 3307 22335.06 6.75 4.21%

J711E 7366 16029.30 2.18 3.02%

J68DE 3238 13722.85 4.24 2.59%

J15BDE 544 12794.87 23.52 2.41%

J511BD 5530 12706.89 2.30 2.40%

J811DF 49 12089.57 246.73 2.28%

J511BDE 4037 11152.94 2.76 2.10%

J39BD 3951 9513.28 2.41 1.79%

J610BDE 246 6894.74 28.03 1.30%

J26BDE 228 6816.01 29.89 1.29%

J16BDE 401 5547.18 13.83 1.05%

Table 6. 

Distribution of the most common indices in Bulgaria.
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Vegetation cover (%) Number of polygons Area (ha) Percent 

0 8073 20041.1 3.7%

1 - 25 1567 21273.7 4.0%

25-50 5350 45782.7 8.6%

51-75 21840 315210.2 59.4%

76-100 34595 127861.9 24.1%

Table 7. 

Distribution of vegetation cover of urban ecosystems in Bulgaria.
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Condition Area (ha) Percent 

1 – very bad 18071,7 3,4%

2 – bad 46133,7 8,7%

3 - moderate 398330,4 75,1%

4 – good 60245,8 11,3%

5 – very good 7388,0 1,3%

Table 8. 

Urban ecosystems condition based on the integrated index of spatial structure.
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Ecosystem sub-type J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 

Condition Moderate Moderate Moderate Good Good Moderate Very bad Bad Bad Good

2.5 3.4 3.2 3.6 3.9 2.8 1.2 2.1 1,6 3,8

Table 9. 

Condition of urban ecosystem subtypes based on the integrated index of spatial structure.
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Supplementary materials

Suppl. material 1: Examples of catalogues for identification of built types and land

cover types 

Authors:  Stoyan Nedkov, Petar Nikolov

Data type:  Figure and text

Brief  description:  Figure  representing  examples  of  catalogues used  during  the

identification built and land cover types.

Filename: Catalogue_example.pdf - Download file (2.20 MB) 

Suppl. material 2: Combinations of index of spatial structure in urban ecosystems

in Bulgaria

Authors:  Stoyan Nedkov, Ivo Ihtimanski, Rositsa Yaneva

Data type:  Table

Brief description:  Table representing all combinations of the integrated index of spatial structute

in urban ecosystems in Bulgaria

Filename: Sp_Index_Table.pdf - Download file (235.77 kb) 

Suppl. material 3: Map of urban ecosystem condition based on the integrated

index of spatial structure (example map sheet)

Authors:  Rositsa Yaneva

Data type:  Map

Brief description:  Map of urban ecosystem condition representing an example of map sheets

that cover the whole country

Filename: E550N220_PLOVDIV_ES State.pdf - Download file (5.57 MB) 

Suppl. material 4: Descriptions of Urban ecosystem subtypes 

Authors:  Stoyan Nedkov

Data type:  Table

Brief  description:  Contains  descriptions  of  urban  ecosystem subtypes  and  their  relation  to

EUNIS habitat classess

Filename: Urban_ecosystem_subtypes.pdf - Download file (446.59 kb) 
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