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Executive summary  

Work package (WP) 3 aim is to reconstruct and assess the short-term past changes and 

dynamics of cultural landscapes, using case study approach. As a more detailed analysis can 

be carried out in smaller spatial scale, Study Municipalities (SM) were distinguished within 

Study Landscapes (SL). 

The aim of this deliverable is to present the results of the task of ñCompiled timelines of 

cultural landscape change (CTCLC)ò based on land use / land cover (LULC) change analysis 

of maps and aerial images since mid-19
th
 century from scales 1:10,000 ï 1:50,000 digitised 

and generalised to 1:50,000 level.  

The variety of available maps, scales and level of detail for each SM in different natural, 

physical, political, social and cultural environment is enormous and does not justify cross-SM 

comparisons on LULC level. Still, some individual conclusions for CTCLC for specific SM 

can be drawn:  

1. Estonia: SL ï Vooremaa and Kodavere, SM ï Alatskivi and Peipsiääre. Constant 

struggle with amelioration has reduced the area of wetlands remarkably promoting 

forest in a marginalised area where otherwise the landscape has been quite stable: 

massive forest with mosaic village landscapes. 

2. Greece: SL ï Lesvos, SM ï Gera. The most remarkable change from 1960 to 2012 has 

been the decline of agriculture whereas the grassland and shrubs, especially wooded 

grasslands and shrubs taking over based on mapping categories. Also the forest and 

built-up areas are increasing as is the road network. Probably the processes of 

modernisation and tourist influx have had impact on abandoning agriculture, which in 

turn may negatively affect tourism industry that is in search for traditional olive 

landscapes. 

3. Switzerland: SL ï Obersimmental, SM ï Lenk. With the glaciers melting away bare 

natural rock area grows slowly. No agriculture. Built-up area grows slowly. Grassland 

and shrubs are decreasing and forest increasing, both fragmented. Linear 

infrastructures have been modernised from main roads, railways to cable cars. It seems 

to be a rather natural landscape with forest overgrowth. 

4. Spain: SL ï Sierra de Guadarrama foothills, SM ï Colmenar Viejo. 1946 seems to be 

the crucial year, agriculture was in large amounts substituted with grasslands and 

shrubs; forest almost clear cut. Built-up area and quarries spread as it is situated NW 

from Madrid. The landscape is criss-crossed with infrastructures: highways, railways 

and channels. A peri-urban landscape that is in constant change. 

5. Sweden: SL ï Uppland, SM ï Börje. Changes in the vicinity of Uppsala city do not 

seem radical at all. Scattered mosaic land use seems to have found its peri-urban 

equilibrium, if this is a possibility. Typical mature polarisation is slowly under way: 

more monolithic fields appear and grasslands and shrubs are taking over ï perhaps as 

the urban way of life creeps into the countryside leaving fields aside, or more eco-

aware attitudes have emerged. 

CTCLC based on LULC change analysis is not landscape, thus this outcome will serve as a 

basis for ñobjectiveò background against which comparison of other methods (e.g. oral history 

interviews (OHI), major events and driving forces (DF) analysis, public participatory GIS 

(PP-GIS), terrestrial photos etc.) can be done forming Landscape change trajectories (LCT) as 

case study approach. The mapping exercise results will be uploaded to Knowledge Hub (KH).  
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1 Introduction  

Work package (WP) 3 aim is to reconstruct and assess the short-term past changes and 

dynamics of cultural landscapes, using case study approach.  

The WP3 first task was to select five diverse, representative, and understudied cultural 

landscapes across Europe:  

1. Estonia: Study Landscape (SL) ï Vooremaa and Kodavere, Study Municipality (SM) 

ï Alatskivi and Peipsiääre.  

2. Greece: SL ï Lesvos, SM ï Gera.  

3. Switzerland: SL ï Obersimmental, SM ï Lenk.  

4. Spain: SL ï Sierra de Guadarrama foothills, SM ï Colmenar Viejo.  

5. Sweden: SL ï Uppland, SM ï Börje.  

This deliverable is dedicated to the second task, which is to compile timelines of cultural 

landscape change (CTCLC) based on land use / land cover (LULC) change analysis of maps 

and aerial images since mid-19
th
 century from scales 1:10,000 ï 1:50,000 digitised and 

generalised to 1:50,000 level. As a more detailed analysis can be carried out in smaller spatial 

scale, SMs were distinguished within SLs. 

This report lays down the fundamental ñontological pole of realismò (Anderson 2004: 254) ï 

that there is a ñreal physical worldò out there, in the form or lying (distorted) maps (Harley 

1989, Monmonier 1991) common to all and independent of human conceptualisations, to 

which cross-reference is possible. Maps can be deceitful and caution in interpreting the results 

is necessary (e.g. Käyhkö and Skånes 2006 and 2008). The literature on Geographic 

Information System (GIS) based LULC change is vast; there are many specialised journals 

and conferences dedicated to this topic. For example, what a century ago was considered a 

shrubbery may be today quite different, e.g. a forest, although the quality of the real life 

phenomena may not have changed, thus as the specification of the reality model has change 

because of our perception altering, it creates ñreversals of ecological matrixò what in real life 

may not have happened. The borders of mapping units in real life may be quite subjective, 

e.g. shrubberies, wet forest etc. Additionally, changing polities with different ideologies 

stressing different values and more precise technologies add to impreciseness.   

Being wary of the perils in cartographic endeavours, the process of receiving CTCLC based 

on LULC change analysis was carried out as follows being dealt more in-depth in the 

Methodology chapter:  

1. SM were selected previously (see Deliverable 3.1),  

2. spatial data availability questionnaire was carried out among SL coordinators (SLC) to 

select the best maps for our purpose, 

3. maps were gathered with the help of SLCs, 

4. when needed, maps were georeferenced or used the right projections for Web Map 

Service (WMS) providers, 

5. determining the suitable legend for each SM, 

6. the on-screen digitalisation,  

7. topology check, 

8. eliminating mistakes, 

9. brief statistics.  

The mapping exercise results will be uploaded to the HERCULES Knowledge Hub (KH). 
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The variety of available maps, scales and level of detail for each SM in different natural, 

physical, political, social and cultural environment is enormous and does not justify cross-SM 

comparisons on LULC level but provide basis for grasping change, especially for a researcher 

whose SM is not his/her home landscape, e.g. for OHI and vice versa: whether perceived 

landscape change for more monotonous can be read out from landscape metrics (there are 

positively too many landscape ecology indices to be calculated beforehand).  

CTCLC based on LULC change analysis is not landscape, thus this outcome will serve as a 

basis for ñobjectiveò background against which comparison of other methods, e.g. oral history 

interviews (OHI), major events and driving forces (DF) analysis, public participatory GIS 

(PP-GIS), terrestrial photos, 3D diagrams etc. can be done forming Landscape change 

trajectories (LCT) (compare to path dependency in landscapes, e.g. ZariǺa 2013) as case study 

approach, eventually leading to tasks three and four (Assessment of driving forces and actors 

and Comparative analyses, respectively). The overall outcome should be enhanced 

understanding of perceived landscape change and improving comparative methods for 

achieving that. 
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2 Methodology 

The SMs for the CTCLC based on LULC change analysis were selected previously for their 

smallness as cartographic analysis on detailed level for areas over 15,000 km
2
 is not 

reasonable (table 1).  

Table 1. The characteristics of Study Landscapes and Study Municipalities.  

Country  Study Landscape Area (km
2
) Study Municipality  Area (km

2
) 

Estonia Vooremaa and  

Kodavere 

1917.89 Alatskivi,  

Peipsiääre 

128.51,  

31.92 

Greece Lesvos 1638.97 Gera 86.68 

Switzerland Obersimmental 334.04 Lenk 126.15 

Spain Sierra de Guadarrama 

foothills 

835.14 Colmenar  

Viejo 

182.98 

Sweden Uppland 17988.27 Börje  46.62 

In the following a brief overview of work flow will be given: 

1. overview of spatial data availability questionnaire,  

2. description of map selection procedure, 

3. time layers of maps, 

4. legend development, 

5. digitalisation method and 

6. results.  

2.1 Overview of spatial data availability questionnaire 

The spatial data availability questionnaire was quite thorough (annex 1) and some answers 

reached up to 18 pages.  

Estonia 

For the 20
th
 century the map availability for LULC change analysis have remained quite the 

same throughout the studies (Palang et al. 1998, Peterson and Aunap 1998 etc.):  

1. the so-called verst map from czarist Russia,  

2. previous independent interwar period of Estonia,  

3. soviet maps of 1980s that were state secret at that time,  

4. maps of re-independent Estonia with the revolution of desktop mapping, satellite 

imagery, orthophotos etc.  

Many of these maps are made readily available for everyone by Estonian Land Board Web 

Map Server (http://geoportaal.maaamet.ee/eng) offering also WMS. There is no overall 

mapping exercise for the 19
th
 century, each manorial (landed) estate ordered the maps when 

they saw fit and these are scattered in analogue form in many archives in Estonia, Latvia, 

Russia, Germany and Sweden. Some electronic search options are available but the map 

scales are usually above determined by the project.  

Greece 

For Greece, as the SL is in the border zone, the maps are confidential and for limited use. 

There are topographic maps of 1:50,000 and 1:5000 from 1972, aerial photos from 1961, 

additionally geology map of 1:200,000 from 2010 and agriculture and animal husbandry 

http://geoportaal.maaamet.ee/eng
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censuses 1951ï2011. Current aerial images are available via Environmental Systems 

Research Instituteôs (ESRI) GIS program ArcGIS basemaps. 

Switzerland 

Map production started early in some parts of Switzerland. In the mid-19
th
 century the project 

of a nationwide map was realized with the Dufour map. This map was widely acknowledged 

for its preciseness and clarity. An even more detailed map was published from 1870 to 1926 

(scale 1:25,000) which was called Siegfried map. The Siegfried map was produced in general 

on the same data basis as the Dufour map with additional verifications and corrections on the 

data. The decision to make a new map series was taken in 1935. This new map series is called 

Landeskarte. The map sheets were renewed regularly and since the 1990s there is also a 

digital version of these maps. 

All the maps can be purchased at the Federal Office of Topography Swisstopo and are 

available at Swiss Federal Institute for Forest, Snow and Landscape Research. 

Spain 

From the 1850s till the 1950s there are about five topographical historical maps available with 

scales between 1:2000 and 1:50,000. Since the 1960s there are more than 20 topographical 

maps from different years and at different scales (1:5000, 1:10,000, 1:25,000 and 1:50,000), 

listed on the cartographical catalogue of the regional government (Comunidad de Madrid). 

The orthophotos start from 1946, aerial photos from 1972, satellite imagery since 1984 that 

are usually both on analogue and digital form with a small price. Additionally, there are 

plenty of environmental units, vegetation, agrological, forest etc. maps.  

In Colmenar Viejo there are two initiatives collecting historical photos: the Association 

ñAsociaci·n Cultural Pico de San Pedroò, which has published a catalogue ñRetrato de un 

puebloò, and a FaceBook group ñColmenar Viejo haceéò where the citizens upload old 

photos they have (https://www.youtube.com/watch?v=1yR-0-lXu1E). 

There are also some books available in Spanish (Arístegui Cortijo 2013, La Dehesa del 

Colmenar 1991, Sabau Bergamin 2002).  

Sweden 

Many Swedish maps have lower scales than this project requires. For example the cadastral 

map for SM Börje was made in 1635. The online search engine gave 64 maps for Börje up to 

1945. Aerial photos are available from the 1930s, satellite imagery since the 1970s, many also 

by WMS that requires permits.  

Historical maps from the Ordnance Survey (Swedish Lantmäteriet): 

http://historiskakartor.lantmateriet.se/arken/s/search.html. 

On the improvements in agrarian techniques that have always caused changes in the 

organisation and morphology of the agrarian cultural landscape (the storskifte, enskifte and 

laga skifte) in Sweden see Helmfrid 1961.  

2.2 Description of map selection procedure 

To have the best possible LULC maps, we combined different sources of the information 

from the cartographical maps, aerial pictures, OpenStreetMaps, parcel maps, ESRIôs ArcGIS 

https://www.youtube.com/watch?v=1yR-0-lXu1E
http://historiskakartor.lantmateriet.se/arken/s/search.html
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basemaps, (historical) Google Earth and others. The mapping sources were selected according 

to five criteria. 

1. Thematic resolution: to be able to compare the different maps, we set up a common 

hierarchical legend (see chapter 2.4 Legend). We selected only those maps that 

distinguished at least 7 main area classes (Urban / Built-up, Agriculture, Grassland 

and shrubs, Forest, Wetlands, Water, Bare land) and 4 main linear classes (Water, 

Roads, Railway, Cable car).  

2. Spatial resolution: minimum level of spatial resolution was set up to scale 1:50,000. 

To have a comparable dataset we generalised more detailed maps to the level of the 

less detailed map from the SM (usually the oldest map).  

3. Time resolution: the idea was to digitise the maps that reflect substantial changes in 

the landscape. We had the information about the history of the area from the list of 

major events provided by SLC. Since the speed of landscape changes was increasing 

over the last century, we used shorter time spans between the digitised time layers for 

the last decades. 

4. Actuality: not every mapset is based on a cartographic survey. Some maps are just 

reprints of older maps, where some substantial changes (chosen according to purpose 

of the map) were actualised and rest of the map reflects the situation from the time of 

original cartographic survey. To avoid the use of not actual re-printed maps, we 

compared the mapsets from different time periods and always checked the map 

originality and actuality. 

5. Availability: the ideal case of map selection was to have the maps with the same 

thematic and spatial resolution that are updated after each substantial change in the 

landscape. Of course, the reality was different and we were limited by availability of 

the maps. If the map was not available for desired time, we choose the best available 

map. The problem with mapôs availability was limiting especially for the maps before 

1950. 

2.3 Time layers of maps 

The result of the complicated spatial data availability and map selection procedure is 

presented in figure 1. The mapping years in this project may imply to more radical changes in 

the landscape as described in the map selection procedure, e.g. the II World War and polities.  
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Figure 1. The time layers of maps used for Compiled timelines of cultural landscape change 

based on land use / land cover change analysis. 

2.4 Legend 

The designation of the legend was based on experiences from the project ñ200 years of land 

use and land cover changes and their driving forces in the Carpathian Basinò. The aim of the 

project was to map the long term LULC changes in the Carpathians and adjacent Carpathian 

Basin. The hierarchical categorisation of the legend entries (tables 2 and 3) enables to map 

and compare the sources with different thematic resolution. Additionally, the main areal 

classes are compatible with the LC mapped from the satellite images in WP4. 

Table 2. The composite legend of areal features for all Study Municipalities.  

Legend 

level 

I legend level category 

code and explanation 

II legend level category 

code and explanation 

III legend level category 

code and explanation 

I 1 ï Urban / Built-up   

I 2 ï Agriculture   
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II   21 ï Seasonal agriculture  

III    211 ï Arable land 

III    212 ï Vegetable gardens 

II   22 ï Perennial agriculture  

III    221 ï Orchards 

III    222 ï Vineyards 

III    224 ï Olives 

  24 ï Agriculture mosaics  

I 3 ï Grassland and shrubs   

II   31 ï Meadows and 

pastures 

 

III    311 ï Meadows 

III    312 ï Pastures 

II   32 ï Wooded grasslands 

and shrubs 

 

II   33 ï Dwarf pine  

I 4 ï Forest   

II   40 ï Boreal forest  

III    401 ï Wet forest 

III    402 ï Dry forest 

II   43 ï Evergreen forest  

I 5 ï Wetlands   

I 6 ï Water   

II   61 ï Standing waters  

I 7 ï Bare land   

II   71 ï Natural rock  

II   72 ï Quarries  

II   73 ï Glaciers  

II   74 ï Beaches  

For a specific legend for each SM see the Results under each SM, also annexes 2ï6.  

Table 3. The composite legend of linear features for all Study Municipalities.  

Legend 

level 

I legend level category 

code and explanation 

II legend level category 

code and explanation 

I 1 ï Water  

II   11 ï Rivers 

II   12 ï Streams  

II   13 ï Channels 

I 2 ï Roads  

II   21 ï Main roads 

II   22 ï Side roads 

II   23 ï Pathways  

II   24 ï Highways 

I 3 ï Railways  

I 4 ï Cable cars  

None of the countries has all seven of the I legend level categories (table 4). By the respective 

SMs it is interesting to follow what categories and sub-categories have been important enough 

to be distinguished throughout the history, e.g. agricultural lands as more economically 

profitable are mapped with more detail than for example forests and wetlands.  
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Of course such a generalised legend has many shortcomings. For 1:50,000 maps gardens 

within built-up area may get lost. The allocation of meadows and pastures outside agricultural 

areas and other peculiarities are inherited from the adopted previously worked-out proposal 

that fits to all WPs.  

Table 4. Level of detail of the legend for each Study Municipality. 

Study 

Municipality  

Map 

layers 

Areal featuresô 

categories 

Linear featuresô 

categories 

Legend level Legend level 

I  II  III  I  II  

Alatskivi,  

Peipsiääre 

6 6 5 4 2 6 

Gera 2 5 6 1 2 3 

Lenk 7 6 5 - 4 3 

Colmenar Viejo 6 5 7 6 3 6 

Börje  4 5 - - 3 6 

For linear features water and road networks can be found everywhere whereas railways and 

especially cable car become rarer. Again, different attention has been paid in different 

countries in different time periods to the level of detail of water and road networks. 

2.5 Digitalisation method 

To minimise the spatial inaccuracyôs errors, the time layers were not digitised separately but 

adopted the back-dating approach instead. Firstly, the current (most precise) layer was 

digitised. For the older layers the boundaries were re-drawn only if the change really 

happened (not if the change is the result of mapôs inaccuracies). The different spatial 

resolution of the maps was dealt by constantly checking the least detailed map. Usually the 

linear features were digitised before areal features.  

The digitalisation took place with ESRIôs GIS program ArcGIS.  

Topology check was done in geodatabase (GDB) and legend inconsistencies in MicroSoft 

(MS) Excel.  

  



Deliverable D3.2 

16 

 

3 Results 

The results are presented by SMs and by areal and linear features.  

For areal features by using the GIS technologies, it is possible to determine for each legend 

level the number of features in them and other characteristics very easily: 

1. deriving from the area of each feature: 

a) minimum value, i.e. the size of the smallest feature, 

b) maximum value, i.e. the size of the largest feature, 

c) sum of all the features, i.e. the total sum of the area, 

d) mean value, i.e. the medium plot size, 

e) standard deviation showing the amount of variation, 

2. deriving from the perimeter of each feature: 

a) minimum value, i.e. the shortest perimeter, 

b) maximum value, i.e. the longest perimeter, 

c) sum of all the features, i.e. the total length of perimeters, 

d) mean value, i.e. the medium perimeter, 

e) standard deviation showing the amount of variation.  

For linear features for each legend level the number of features in them and other 

characteristics were determined: 

1. deriving from the length of each feature: 

a) minimum value, i.e. the shortest line, 

b) maximum value, i.e. the longest line, 

c) sum of all the features, i.e. the total length of lines, 

d) mean value, i.e. the medium length, 

e) standard deviation showing the amount of variation, 

f) line density (m/ha).  

Considering the:  

1. three-tier hierarchical legend,  

2. up to seven yime layers of maps,  

3. number of characteristics, 

4. metrics calculations are not done manually, 

5. all the GIS GDB and MS Excel table formats will be made available for HERCULES 

project participants and publicly by KH, 

only the small and overview tables are given in this report.  

3.1 Estonia ï Vooremaa and Kodavere ï Alatskivi and Peipsiääre 

Areal features 

Estonian areal features legend is quite elaborate (table 5).  

Table 5. The composite legend of areal features for Alatskivi and Peipsiääre.  

Legend 

level 

I legend level category 

code and explanation 

II legend level category 

code and explanation 

III legend level category 

code and explanation 

I 1 ï Urban / Built-up   

I 2 ï Agriculture   
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II   21 ï Seasonal agriculture  

III    211 ï Arable land 

I 3 ï Grassland and shrubs   

II   31 ï Meadows and 

pastures 

 

III    311 ï Meadows 

II   32 ï Wooded grasslands 

and shrubs 

 

I 4 ï Forest   

II   40 ï Boreal forests  

III    401 ï Dry forest 

III    402 ï Wet forest 

 5 ï Wetlands   

I 6 ï Water   

II   61 ï Standing waters  

The number of areal features shows a steady increase (table 6, figures 2ï6). 

1. Built-up area has decreased as it is a marginal area, contemporary maps present better 

mapping possibilities. 

2. Agriculture presents the same trend as built-up area. 

3. Grassland and shrubs were taken over by mid-20
th
 century; the decline now can be 

explained by forest overgrowth. 

4. Forest is the main LULC category. 

5. The number and area of wetlands has decreased.  

6. Water bodies have remained constant.  

Table 6. The total number and area (km
2
) of areal features in every distinguished land use / 

land cover category by years. 

Legend 

level 

Category Features / area (km
2
) 

  1891 1938 1947 1963 1989 2014 

I  1 81/17.22 123/27.02 188/19.88 173/18.79 174/18.92 182/15.32 

I  2 52/36.08 47/34.67 56/40.97 66/45.10 72/41.24 92/34.45 

II  21 52/36.08 47/34.67 56/40.97 66/45.10 72/41.24 92/34.45 

III  211 52/36.08 47/34.67 56/40.97 66/45.10 72/41.24 92/34.45 

I  3 60/25.20 95/36.33 117/38.94 76/31.48 143/17.40 95/12.50 

II  31 27/8.65 38/14.93 52/7.76 18/4.23 38/3.38 13/1.79 

III  311 27/8.65 38/14.93 52/7.76 18/4.23 38/3.38 13/1.79 

II  32 33/16.55 57/21.39 65/31.18 58/27.25 105/14.02 82/10.71 

I  4 51/52.70 45/44.44 51/38.37 82/52.72 83/70.17 93/94.31 

II  40 51/52.70 45/44.44 51/38.37 82/52.72 83/70.17 93/94.31 

III  401 32/30.08 28/27.33 38/25.95 46/29.45 49/44.04 80/92.34 

III  402 19/22.61 17/17.11 13/12.42 36/23.28 34/26.13 13/1.97 

I  5 39/27.36 54/16.45 76/20.74 28/10.35 38/10.59 32/2.37 

I  6 5/1.82 5/1.83 4/1.49 4/1.52 4/1.70 5/1.75 

II  61 5/1.82 5/1.83 4/1.49 4/1.52 4/1.70 5/1.75 

  288 369 492 429 514 499 
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Figure 2. Number of areal features in I legend level land use / land cover category by years.  

 

Figure 3. Area (km
2
) of areal features in I legend level land use / land cover category by 

years.  
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Figure 4. Alatskivi and Peipsiääre land use / land cover change in I legend level by years.The 

most remarkable change has been the near elimination of wetlands, although it is a difficult 

phenomena to map ï agricultural lands, meadows and pastures, wooded grasslands and 

shrubs, forest and even built-up areas ï all may become too moist. Setting up sustainable 

drainage has been a goal for nearly 150 years. As east to the SM is Lake Peipsi then the shore 
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parts that are not wetlands are used for living. Otherwise the landscape has been quite stable: 

massive forest with mosaic village landscapes.  

Figure 5. Alatskivi and Peipsiääre land use / land cover change in II legend level by years. 



Deliverable D3.2 

21 

 

Figure 6. Alatskivi and Peipsiääre land use / land cover change in III legend level by years. 

Linear features 

The composite legend of linear features for Alatskivi and Peipsiääre is quite similar to other 

SMs with the exception of missing highways and railways (table 7).  

 






























































