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The GHSL team 

Two architect/planners, three geographers, three environmental/ 

electrical engineers, two computer scientists, three technical 

assistants.
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The Global Security and Crisis 
Management Unit

Specializes in data mining, image processing, text analysis, 
crisis management technologies, antifraud, conflict and 
natural disaster modeling in a global context.



Topics

European Settlement Map (ESM)

EU_Global Human Settlement Layer (GHSL) concept, method and 

technology

ESM for 

settlement classification 

suburb definition

and the Urban Atlas

urban green detection

population disaggregation

disaster modeling

as input to policy makers 
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THE GHSL CONCEPT
Global and data-driven
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The GHSL concept

• Multi-scale vision

• Global � Regional � Local

• Multi-sensor approach

• Any optical airborne/satellite data better than 10 m  (EU_GHSL)

• Automatic image information retrieval

• Quantitative information: built-up area, size, density, urban green

• Inclusive concept of human settlements 

• refugee/IDP camps, slums, rural hamlets
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Opportunities and challenges

• Amount of data

• Processing and storage 

• Image acquisition

• Scene availability and quality (cloud coverage, etc)

• Objective and independent information

• Data-driven approach, global concept

• High resolution data

• Population disaggregation
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Available information today

• Global:

• MODIS urban layer (500 m spatial resolution) 

• Night-light images (Suomi-NPP/DMSP, 750 m)

• Landscan population layer (1 km spatial resolution)

• Regional/local:

• land use/land cover at different scales (SSL, CLC, UA)

Gaps between the needs of the users and the information layers:

• Inconsistency and incompatibility of data sets

• Very high semantic abstraction

• Globally consistent data sets are too coarse for many 

applications
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SPOT-5 
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CORINE LC
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SPOT-5 
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Sealed Surface Layer
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SPOT-5 
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GHSL



Human settlement characterization
Image multiscale morphological decomposition (DMP)
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Data 
mining 1

Data 
mining 2

Data 
mining 3

Ancillary 
data

Post 
processing

Out ESM 
10m

Input 
SPOT5/6 

3800 input scene 
(2.5m)
size of  75km x 
75km
3,445,707,437,702 
pixels
3 bands (NIR, RED, 
GREEN)

Processing at original resolution 
2.5m

3,445,707,437,702 pixels in 
data mining 1

3,445,707,437,702 pixels in 
data mining 2

3,445,707,437,702 pixels in 
data mining 3
10,337,122,313,105 pixels Total

Aggregation and fusion 
at 10m
215,356,714,856 
pixels

Mosaic of 270 GeoTiff 
Tile
55 Countries covered
5,947,006 sq km

85,000 sq km of 
built-up
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Athens – GHSL settlement classification
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Athens – GHSL settlement classification

Athens – GHSL classes
With Administrative Units  



Classes XL L M S XS

pop per sqkm pop x cell 100m Metro City Town Village Hamlet

9 8 7 6 5

pop = 0 Uninhabited Uninhabited 0 90 80 70 60 50

0<pop<10 LowDens Periphery 5 95

10<pop<100 MediumDens 2nd ring 6 96

100<pop<1000 HighDens 1st ring 7 97

1000<pop<10000 VeryHighDens Core 8 98

pop > 10000 HyperHighDens Hypercore 9 99

>500000 pop50000<pop<5000005000<pop<50000500<pop<5000pop<500

76

78 67

66

55

88

86

Settlement classification model
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objid 0 50 55 60 66 67 70 76 78 80 86 88 89 90 95 96 97 98 99 Grand Total

1 0 27558 1548 36596 1975 2257 95 0 0 2 0 0 0 0 0 0 0 0 0 70031

2 0 37785 1414 114919 4738 6706 10326 904 2196 278 40 2 0 0 0 0 0 0 0 179308

3 0 62716 6351 55956 5252 3988 10727 844 1229 0 0 0 0 0 0 0 0 0 0 147063

4 0 141902 8615 119232 10727 6001 37568 4748 5098 1258 223 118 0 0 0 0 0 0 0 335490

5 0 198559 8653 86040 6396 4744 19825 2347 3992 4642 759 2105 0 0 0 0 0 0 0 338062

6 0 46162 4198 51002 6697 4093 7226 1280 2658 0 0 0 0 0 0 0 0 0 0 123316

7 0 322234 18501 84553 5945 4431 21174 2144 2958 0 0 0 0 0 0 0 0 0 0 461940

8 0 169890 10846 44497 2606 2337 9249 711 979 0 0 0 0 0 0 0 0 0 0 241115

9 0 113460 9000 94594 8476 5875 28894 3151 5842 1731 211 740 0 795 22 40 41 11 0 272883

10 0 44557 3671 48124 3714 3802 19479 2258 6127 7278 1330 3945 0 1230 25 159 659 876 0 147234

11 0 291 7 1527 88 62 2065 296 642 4606 1353 7027 208 5608 219 693 2462 8971 4983 41108

12 0 78971 3732 74747 7170 4776 10487 578 430 13660 2321 6332 24 0 0 0 0 0 0 203228

13 0 341516 3848 49157 1372 1210 14186 961 1110 50 0 0 0 0 0 0 0 0 0 413410

14 0 243997 6427 51059 2765 1435 27971 1471 2493 0 0 0 0 0 0 0 0 0 0 337618

15 0 19533 1771 39451 7064 3386 21099 3018 4553 0 0 0 0 9586 415 1896 4303 6077 881 123033

16 0 240519 2927 73330 1639 1711 6377 139 290 0 0 0 0 0 0 0 0 0 0 326932

17 0 186977 3653 73280 2866 2451 48880 2355 5236 0 0 0 0 0 0 0 0 0 0 325698

18 0 171627 18375 92827 12670 4965 27113 4414 4262 0 0 0 0 0 0 0 0 0 0 336253

19 0 98666 5693 62582 13580 4812 25732 6236 5276 0 0 0 0 0 0 0 0 0 0 222577

20 0 228046 3672 49339 1778 1159 19032 1274 2191 0 0 0 0 0 0 0 0 0 0 306491

21 0 103715 12895 106063 13413 6675 29599 3798 5337 710 20 15 0 0 0 0 0 0 0 282240

22 0 27005 2935 63734 6342 5126 29899 3100 6099 7499 807 3637 83 9099 334 1155 2380 4034 584 173852

23 0 96529 8269 117186 11275 4916 21949 2787 3541 0 0 0 0 1 0 0 0 0 0 266453

24 0 115748 3833 66384 5490 3004 16903 1617 2527 5582 605 2265 12 0 0 0 0 0 0 223970

25 0 75236 3743 87730 6132 4350 60107 5551 9221 0 0 0 0 0 0 0 0 0 0 252070

26 0 82986 709 16899 724 642 0 0 0 0 0 0 0 0 0 0 0 0 0 101960

27 0 219973 3250 153790 4589 4370 48917 1794 3260 0 0 0 0 0 0 0 0 0 0 439943

28 0 42958 1676 75105 4533 4567 25087 2468 4843 6378 695 5450 355 0 0 0 0 0 0 174115

29 0 92223 1859 19371 517 486 7714 475 932 0 0 0 0 0 0 0 0 0 0 123577

30 0 103301 1742 35522 1828 1459 41019 2134 4176 13166 970 3816 76 0 0 0 0 0 0 209209

31 0 161911 1313 21790 375 400 14864 494 1243 0 0 0 0 0 0 0 0 0 0 202390

32 0 218208 2811 90114 2532 2607 14170 463 1219 0 0 0 0 0 0 0 0 0 0 332124

33 0 184379 2962 149974 7489 6735 38269 3117 4700 0 0 0 0 0 0 0 0 0 0 397625

34 0 117188 1636 52781 1286 1630 11695 362 1380 0 0 0 0 0 0 0 0 0 0 187958

35 0 20731 610 5049 162 269 27302 1505 7240 6844 420 2452 15 0 0 0 0 0 0 72599

36 0 0 0 0 0 0 259 49 93 97 21 333 0 3244 32 243 1401 7606 2946 16324

37 0 3586 329 13473 2534 3522 33914 8780 17254 4001 1037 11430 337 0 0 0 0 0 0 100197

38 0 1625 205 4827 1530 3025 15668 5333 11905 2680 685 3635 1 0 0 0 0 0 0 51119

39 0 2158 152 24366 5133 3767 55541 15142 22192 4352 1098 2301 1 0 0 0 0 0 0 136203

40 0 3034 814 17205 4313 5641 25758 7140 19709 2645 1105 3363 0 0 0 0 0 0 0 90727

41 0 103 0 25588 4941 4634 34281 6554 12332 29 0 0 0 0 0 0 0 0 0 88462

42 0 3934 1100 20794 4405 4256 14661 2434 6731 2585 900 1497 0 0 0 0 0 0 0 63297

43 0 1095 482 9883 2412 2512 13336 3186 7283 3362 669 3039 0 0 0 0 0 0 0 47259

44 0 963 50 6950 1630 2446 12810 2232 6616 695 179 214 0 0 0 0 0 0 0 34785

45 0 5188 783 11927 2264 1129 7095 1978 3319 0 0 0 0 0 0 0 0 0 0 33683

46 0 1386 539 26588 7034 5764 19916 5627 11467 6743 1544 8278 28 0 0 0 0 0 0 94914

47 0 5051 1536 9092 2681 1627 15017 4083 3630 0 0 0 0 0 0 0 0 0 0 42717



“Suburb” EU_GHSL definiton 

• Built-up density 8 - 25% of the 100m GHSL pixel

• Geographic extent > 1 sqkm and > 5 sqkm

• Contiguity in 8 directions (possibly also in 2 to catch suburban 

belt development) in a given spatial unit

• Low population density areas excluded with high resolution 

population data 
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Suburban development GHSL detection 
Brussels
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Aerial snapshot of the suburban area
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Suburban development GHSL detection: 
Antwerp
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Aerial snapshot of the suburban area



Wien 10m GHSL - UA
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Wien 10m GHSL Green - UA
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Wien GHSL 10m + Green - UA
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• Min MU 2,5x2,5m = 6,25sqm 

• Any chlorophyl emitting urban object (tree, grass, green roof 

etc)

• Inlcusive definition of public or private green space, including 

interstitial green, tree-lined avenues, internal green to the built-

up area 

• Patches of natural vegetation or agricultural areas in proximity 

to built-up areas are included.
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Urban green definition EU_GHSL: 
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GHSL
Built-up with urban green
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Athens - GHSL (10m)
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Athens - GHSL (100m)
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Athens – Geostat (1km)
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GHSL population disaggregation
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Weights:
23 C. 23 C. 6 C.

12 8 23

CODE CLC_C3 CLC06_R BLDGS RESID. MASK POP_HA WG1H POP_HA WS1H POP_HA WN1H

0 0 NODATA Y

1 111 High-density urban fabric Y Y 180.0 57.58 200.0 58.65 120.0 52.2

2 112 Medium-density urban fabric Y Y 60.0 19.19 70.0 20.53 60.0 26.1

45 113 Low-density urban fabric Y Y 30.0 9.60 30.0 8.80 40.0 17.4

3 121 Industrial or commercial units Y Y 10.0 3.20 10.0 2.93 5.0 2.2

4 122 Road and rail networks and associated land Y Y

5 123 Port areas Y Y

6 124 Airports Y Y

7 131 Mineral extraction sites Y

8 132 Dump sites Y

9 133 Construction sites Y Y 10.0 3.20 4.0 1.17

10 141 Green urban areas Y Y

11 142 Sport and leisure facilities Y Y 4.0 1.28 3.0 0.88

12 211 Non-irrigated arable land Y 2.0 0.64 1.0 0.29 3.0 1.3

13 212 Permanently irrigated land 1.0 0.32 0.5 0.15

14 213 Rice fields 1.0 0.32 0.5 0.15

15 221 Vineyards 1.0 0.32 1.0 0.29

16 222 Fruit trees and berry plantations 1.0 0.32 1.0 0.29

17 223 Olive groves 1.0 0.32 1.0 0.29

18 231 Pastures 1.0 0.32 3.0 0.88 2.0 0.9

19 241 Annual crops associated with permanent crops Y 3.0 0.96 4.0 1.17

20 242 Complex cultivation patterns Y Y 3.0 0.96 5.0 1.47

21 243 Land principally occupied by agriculture, with significant areas of natural vegetationY 3.0 0.96 5.0 1.47

22 244 Agro-forestry areas 1.0 0.32 1.0 0.29

23 311 Broad-leaved forest 0.1 0.03 0.1 0.03

24 312 Coniferous forest 0.1 0.03 0.1 0.03

25 313 Mixed forest 0.1 0.03 0.3 0.09

26 321 Natural grasslands 0.1 0.03 0.1 0.03

27 322 Moors and heathland Y

28 323 Sclerophyllous vegetation 0.1 0.03 0.1 0.03

29 324 Transitional woodland-shrub 0.1 0.03 0.3 0.09

GLOBAL 3C SOUTH 2C NORTH
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Testing in Slovenia:

CORINE LCv2 Ljubljana, Croatia

Ljubljana
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Testing in Slovenia:

Improving population disaggregation by weighting land use:

Ljubljana



Reclassifying urban atlas by CLCv2 land use in Luxembourg  
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Land-use efficiency of cities

Built-up area per inhabitant, 
EU regions, 2012

sq. km per mn
inhabitants

Urban 
regions

Inter-
mediate 
regions

Rural 
regions

EU-28 97 230 368

EU-15 94 221 372

EU-13 126 260 362
Source: JRC European Human Settlement Map and DG REGIO 
calculations

Dwellings in cities are smaller 

and more vertical

Offices are more vertical

Energy use for transport, 

heating and cooling also lower in 

cities



Inspire compliant metadata
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Conclusions

• The European Settlement Map (ESM) is publicly available at 100m of 

resolution (native data at 10m)

• It is based on multi-scale, multi-sensor automatic extraction of 

information mapping built-up in an inclusive way, the EU_GHSL

• It more refined, more thematically consistent than any other reference 

dataset in Europe and globally, and provides a powerful tool for 

settlement analysis. 

• ESM can be used for population disaggregation, for settlement 

classification and for urban green detection. 

• ESM data have been used to derive policy recommendations about land-

use efficiency
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2014 – first tests on automat. assessment of global built-up areas using Landsat data

GLS1975,GLS1990,GLS2000, and L8 JRC collection 15,30,75-m-res input



Thank you

27 May 2015 69

M. Halkia
matina.halkia@jrc.ec.europa.eu

More info:

http://ghslsys.jrc.ec.europa.eu/

The European Settlement Map 2014 
http://land.copernicus.eu/pan-european

view service, WMS, download and a feedback form


