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Executive summary

Work package (WP) 3 aim is to reconstruct and assess thetshortpast changes and
dynamics of cultural landscapes, using case s@yglyoachAs a more detailed analysis can
be carried out in smaller spatial scale, Study Municipalities (SM) were distinguistied
Study Landscapes (SL).

The aim of this deliverable is to present the results of the tasiCaipiled timelines of
cultural landscape change (CTCld®ased on land use / land cover (LULC) change analysis
of mapsand aerial imagesince mid19" certury from scales 1:10,000 1:50,000 digitised
and generalised to 1:50,000 level.

The variety of available maps, scales and level of detail for 8thn different natural,
physical, political, social and cultural environment is enormous and does not justifbdloss
comparisons on LULC levebtill, some individual conclusions for CTCLC for specific SM
can be drawn:

1. Estonia: SLi Vooremaa and Kodaver&M i Alatskivi and PeipsidareConstant
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: Sli Lesvos, SM Gera.The most remarkable chanfyem 1960 to 201has
been the decline of agriculture whereas the grassland and shrubs, especially wooded
grasslands and shrubs taking obased on mappingategories 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: SLi Obesimmental, SMi Lenk. With the glaciers melting away bare
natural rock area grows slowly. No agriculture. Buiit area grows slowly. Grassland
and shrubs are decreasing and forest increasing, both fragmenteshr
infrastructures havikeeen modernised from main roads, railways to cable k&sems
to be a rather natural landscape with forest overgrowth.

4. Spain: SLi Sierra de Guadarrama foothjliSM1 Colmenar Viejo.1946 seems to be
the crucial year, agriculture was in large amouwubstituted with grasslands and
shrubs; forest almost clear cut. Builp area and quarries spread as it is situated NW
from Madrid. The landscape is cHesssed with infrastructures: highways, railways
and channels. A petirban landscapthat is in costant change

5. Sweden: SLi Uppland, SMi Bdrje. Changes in the vicinity of Uppsala city do not
seem radical at all. Scattered mosaic land use seems to have found-uitbgeri
equilibrium, if this is apossibility. Typical mature polarisation is slowly under way:
more monolithic fields appear and grasslands and shrubs are takinig memtraps as
the urban way of life creeps intthe countryside leaving fields asider more ece
aware attitudes have emerged.

CTCLC based on LULC change analysssnot landscape, thus thisitcomewill serve as a
basis for fAobjectived backgr oun de.gaogbhistarg t wh i
interviews (OHI), major events and driving forces (DF) analysis, public patmip GIS
(PRGIS), terrestrial photos etacan be donéorming Landscape change trajectories (L@§)
case study approachhe mappingxercisaesults will be uploaded to Knowledge Hub (KH).
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1 Introduction

Work package (WP) 3 aim is to reconstruct and assess thetshortpast changes and
dynamics of cultural landscapes, using case spgyoach

The WP3 first task was to selefive diverse, representative, and understudied cultural
landscapes across Europe:
1. Estonia: Study Landscape (SL)Vooremaa and Kodavere, Study Municipality (SM)
i Alatskivi and Peipsiaare.
Greece: Sli Lesvos, SM Gera.
Switzerland: S ObersimmentalSM 1 Lenk.
Spain: SLi Sierra de Guadarrama foothills, SMColmenar Viejo.
5. Sweden: Sli Uppland, SMi Borje.

pon

This deliverable is dedicated tbetsecondtask which is to compile timelines of cultural
landscape change (CTCLC) based on land use /daver (LULC) change analysis of maps
and aerial imagesince mid19" century from scales 1:10,000 1:50,000 digitised and
generalised to 1:50,000 levéls a more detailed analysis can be carried out in smaller spatial
scale, SMs were distinguished witlsLs.

This report | ays down the fundamental ifiont ol
that thereisa Ar e al physical worl do out there, i n
1989, Monmonier 1991) common to all and independent of humaceptualisations, to

which crossreference is possible. Maps can be deceitful and caution in interpreting the results

is necessary(e.g. Kayhké and Skanes 200&nd 2008. The literature onGeographic
Information Systen{GIS) based_.ULC change is vast; there are many specialised journals

and conferences dedicated to this topic. For example, avbantury ago was considered a
shrubberymay be today quite differene.g. a forestalthough the quality of the real life
phenomena may ndave changedhusas the specification of the reality model has change
because of our perception alteringcritkaesi r ever sal s of ecol ogi cal r
may not have happenedhe borders of mapping units in real life may be quite stibgc

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 rec€iAbigC based
on LULC change analysis was carried out as folldwesng dealt more Haepth inthe
Methodology chapter
1. SM were selected previoug|gee Deliverable 3.1)
2. spatial data availability questionnaire was carriedamubngSL coordinators (SLCjo
select the best maps for our purpose,
3. maps were gathered with the helpSafCs,
when needed, maps were georeferenced or used the right projections for Web Map
Service (WMS) providers,
determining the suitable legend for each SM,
theon-screerdigitalisaton,
topology check,
eliminating mistakes,
brief statistics.

>

© N O

The mapping exercise results will be uploadethioHERCULESXnowledge 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 justifySkdss
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 OHlvasel 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
bass f or fAobjectived background aegaqorallistorywhi ch
interviews (OHI), major events and driving forces (DF) analysigylic participatory GIS

(PRGIS), terrestrial photos, (8 diagrams etc.can be done formind.andscapechange
trajectories (LCTY compar e to path dependenasyasestudy ands
approacheventually leading to tasks three and f(Assessment of driving forces and actors

and Comparative analyses, respectiyelyfhe overall outcome should be enhanced
understanding ofperceivedlandscape 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 ascartographic analysis on detailed level for areas over 15,000 ikmmot
reasonable (table 1).

Tablel. The characteristics dbtudy Landscapes and Study Municipalities.

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

Estonia Vooremaaand 1917.89 Alatskivi, 128.51,
Kodavere Peipsiaare 31.92

Greece Lesvos 1638.97 Gera 86.68

Switzerland Obersimmental 334.04 Lenk 126.15

Spain Sierra de Guadarram 835.14 Colmenar 182.98
foothills Viejo

Sweden Uppland 17988.27 Borje 46.62

In thefollowing a brief overviewof work flow will be given
1. overview of spatial data availability questionnaire,

description of map selection procedure,

time layersof maps,

legend development,

digitalisation method and

results.

ok wn

2.1 Overview of spatial dataavailability questionnaire

The spatial data availability questionnaire was quite thorough (annardl¥ome answers
reached up to 18 pages

Estonia

For the 28 century the map availability fdtULC change analysis have remained quite the
same throughout the studi@®alang et al. 199&eterson and Aunap 1968):

the saecalled verst map from czarist Russia,

previous independent interwar period of Estonia,

soviet maps of 1980s that were staerst at that time,

maps of rendependent Estonia with the revolution of desktop mapping, satellite
imagery, orthophotos etc.

ponPE

Many of these maps are made readily available for everyone by Estonian Land Board Web
Map Server (http://geoportaal. maaamet.ee/gnaffering also WMS. There is no overall
mapping exercise for the $&entury, each manorial (landed) estate ordered the maps when
they saw fit and these are scattered in analogue form in many aramiastonia, Latvia,
Russia, Germany and Sweden. Soehectronicsearch options are availabeit the map

scales are usuallyabove determined kthe project

Greece

For Greece, as the SL is in the border zahe 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
10
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censuses 1952011. Current aerial images are available \Evironmental Systems
Research I nstitutAdctsShdsentapsl ) GI S program

Switzerland

Map production started early in some parts of Switzerland. In thelefidentury the project

of a nationwide map was realized with the Dufour map. This map wasyadknowledged

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

(scale 125,000) which was called Siegfried map. The Siegfried map was produced in general
on the same data basis as the Dufour map with additvenifications 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 Topograpisstopo and are
available aSwiss 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 (Caadudéd 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 pAcklitionally, there are

plenty of environmental units, vegetation, agrologicak$betc. maps.

In Colmenar Viejo there are two initiatives collecting historical photbhs: Association
AAsociaci-n Cul tural Pico de San Pedroo, w h
puebl o0, Ban#d gr cageiCol énie nwah e rvfdzen$ apwad ald e

photos they havéh(tps://www.youtube.com/watch?v=1yRIXulE).

There are also some books available in Spanish (Aristegui Cortijo 2013, La Dehesa del
Colmenar 1991, Sabd&ergamin 2002).

Sweden

Many Swedish maps have lower scales than this project requires. For example the cadastral
map for SM Boérje was made in 1635. The online search engine gave 64 maps for Borje up to
1945.Aerial photos are available from the 1930sekig¢ imagery since the 1970s, many also

by WMS that requires permits.

Historical maps from the Ordnance Survey (SwedisiLantmaéterie):
http://historiskakartor.lantmateriet.sdfan/s/search.html

On the improvements in agrarian techniques that have always caused changes in the
organisation and morphology of the agrarian cultural landsthpestorskifte enskifteand
laga skiftg¢ in Sweden see Helmfrid 1961.

2.2 Description of map selection procedure

To have the best possiblaJLC maps, we combined different sources of the information
from the cartographical maps,re pictures, OpenStreetMapgsarcel maps E SRI1 6 s Ar c G

11
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basemaps, (historical) Google Eaatid others. The majp sources were selected according
to five criteria

1.

2.3

Thematic resolutionto be able to compare the different maps, we set up a common
hierarchical legend (see chapted Legend). We selected only those maps that
distinguished at least 7 main arelasses (Urbar Built-up, Agriculture, Grassland

and shrubs, Forest, Wetlands, Water, Bare land) and 4 main linear classes (Water,
Roads, Railway, Cable car)

Spatial resolutionminimum level of spatial resolution was set up to scale , Q8D

To have acomparable dataset we genesadi more detailed maps to the level of the
less detailed map from ti8&M (usually the oldest map).

Time resolutionthe idea was to digise the maps that reflect subdiahchanges in

the landscapélNe had the informatiombout the history of the area from the list of
major events provided b$LC. Since the speed of landscape changes was increasing
over the last century, we used shorter time spatween the digised time layers for

the last decades.

Actuality: not everymapset 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 actuaéid and rest of the map reflects the situation from the time of
original cartographic wgvey. To avoid th use of not actual #grinted maps, we
compared the mapsets from different time periods and always checked the map
originality andactuality.

Availability: the ideal case of map selection was to have the maps with the same
thematic and atial resolutiornthat 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 bledtlavai
map. Theps b | e m ws$ avdilabilityawa® limiting especially for the maps before
1950.

Time layers of maps

The result of the complicated spatial data availability and map selection procedure is
presented ifigure 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 1l World War and polities.

12
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Years
2010 2014 | 2012 2013 | 2012 _ 2013
2000
1995 1992
1989 1988
1980 i 1977
1968 1971
1965 -
1963 1960
1950 \
1947 1946 1945
1935 1938 1935
1920
1914
1905
1890 1891
1875 1876 1875
1860 - | | 1861
1845 1840
1830
Alatskivi and Gera Lenk Colmenar Borje
Peipsidéare Viejo
ESTONIA GREECE SWITZERLAND  SPAIN SWEDEN

Figure 1. The time layers of maps used for Compiled timelines of cultural landscamgecha
based on land use / land cover change analysis.

2.4 Legend

The designation of the legend was based on experiences from the fi20f@gtears of land
use and landover changes and their driving forces in the Carpathian 8alkie am of the
project was to map the long teridJLC changes in the Carpathians and adjacent Carpathian
Basin. The hierarchical categsation of the legenentries(tables 2 and 3) enables to map
and compare the sources with different thematic resolution. Addityorthk mainareal
classes areompatible with thé.C mapped from the satellite images in WP4.

Table2. The composite legeraf areal feature®r all Study Municipalities.

Legend |legend level ategory Il legend level ategory 1l legend level category
level code and explanation code andexplanation code and explanation

I 17 Urban / Builtup

I 271 Agriculture

13
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I 217 Seasonal agriculture
1] 2117 Arable land
1] 21271 Vegetable gardens
I 221 Perennial agriculture
1] 22171 Orchards
1] 22271 Vineyards
1] 22471 Olives
2471 Agriculture mosaics
I 31 Grassland and shrub
Il 317 Meadows and
pastures
1] 3117 Meadows
1l 31271 Pastures
I 321 Wooded grasslands
and shrubs
Il 3371 Dwarf pine

I 47 Forest
I 407 Boreal forest
11 4017 Wet forest
1] 4027 Dry forest
Il 4371 Evergreen forest
I 57 Wetlands
I 61 Water

Il 617 Standing waters
I 71 Bare land

I 717 Natural rock

I 7271 Quarries

Il 7371 Glaciers

I 747 Beaches

For a specific legend for each SM see the Results under each SM, also anfiexes 2

Table3. The composite legend of linear features for all Study Municipalities.

Legend Ilegend level category Il legend level category

level code and explanation  code andexplanation
I 17 Water

Il 117 Rivers

[l 1271 Streams

Il 137 Channels
I 27 Roads

[l 217 Main roads
[l 2271 Side roads
Il 231 Pathways
Il 241 Highways
I 31 Railways
I 47 Cable cars

None of the countries has all seven of lthegend level categorig$able4). By the respective

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

to be distinguished throughout the history, e.g. agricultural lands as more economically
profitable are mamed with more detail than for example forests and wetlands.

14
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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 othgreculiarities are inherited from the adopted previously workédproposal

that fits to all WPs.

Table4. Level of detail of the legend for each Study Municipality.

Ar eal f Linear f

Study Map categories categories
Municipality layers Legend level Legend level

| I 11 | I
Alatskivi, 6 6 5 4 2 6
Peipsiaare
Gera 2 5 6 1 2 3
Lenk 7 6 5 - 4 3
Colmenar Viejo 6 5 7 6 3 6
Borje 4 5 - - 3 6

For linear features ater 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 spthetima layers wesiecnot digitsagpadately mur r or s ,
adoped the backdating approach instead. Firstlthe current (most precise) layaras

digitised. For the older layershe boundariesvere re-drawn only if the change really
happened (not ithe change i h e r e s ud ihaccurdcies)ite pdifferent spatial

resolution of the mapwas dealty constantly checking the least detailed midpually the

linear features were digitised before areal features.

The digitalisation took place with ESRIEIS program ArcGIS.

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

15
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3 Results

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

For areal featuresybusing the GIS technologies, it g@ssible to determine for each legend
levelthe number of features in them and other charactenstigseasily:
1. deriving fromthe area oéach feature:
a) minimum value, i.e. the size of the smallest feature,
b) maximum value, i.e. the size of the largestueat
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 varigtion
2. deriving from the perimeter of each feature:
a) minimum value, i.e. the shortest perimeter,
b) maximum valuei.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 dmemother
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).

Consideringhe:
1. threetier hierarchical legend,
2. up to severyime layers of maps
3. number of characteristics
4. metrics calculations are not done manuyally
5. all the GIS GDB and MS Ext table formats will be made available fdERCULES
project participants and publicly by KH
only the small and overview tables are given in this report.

3.1 Estoniai Vooremaa and Kodaverel Alatskivi and Peipsiaare

Areal features
Estonian areal features legend is quite elaborate @Gable

Table5. The composite legend of areal features for Alatskivi and Peipsidéare.

Legend |legend level ategory Il legend level ategory Il legend level ategory
level code and explanation code and explanation code and explanation

I 17 Urban / Builtup

I 271 Agriculture
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Deliverable D3.2 HERCULES

I 217 Seasonal agriculture
1] 21171 Arable land
I 31 Grassland and shrub
I 311 Meadows and
pastures
1] 3117 Meadows
I 3271 Wooded grasslands

andshrubs
I 47 Forest
Il 407 Boreal forests
1] 4017 Dry forest
11 4027 Wet forest
57 Wetlands
I 61 Water

I 617 Standing waters

The number of areal features shows adyancrease (tabkg figures 2 6).

1. Built-up area hadecreased as it is a marginal area, contemporary maps present better
mapping possibilities.

2. Agriculture presents the same trend as tupliarea.

3. Grassland and shrubs were taken over by-20i century; the decline now can be
explained by forest overgrolut

4. Forest is the main LULC category.

5. The number and area of wetlands has decreased.

6. Water bodies have remained constant.

Table6. The total number and area (Kyrof areal features in every distinguished land use /
land cover category by years.

Legend Category Features / area (km)

level

1891

1938

147

1963

1989

2014

I 1

81/17.22

12327.02

18819.88

17318.79 17418.92

182/15.32

I 2
Il 21
Il 211

52/36.08
52/36.08
52/36.08

47/34.67
47/34.67
47/34.67

56/40.97
56/40.97
56/40.97

66/45.10
66/45.10
66/45.10

72/41.24
72/41.24
72/41.24

92/34.45
92/34.45
92/34.45

Il 31
[l 311
Il 32

60/25.20
27/8.65
27/8.65

33/16.55

95/36.33
38/14.93
38/14.93
57/21.39

117/38.94
52/7.76
52/7.76

65/31.18

76/31.48
18/4.23
18/4.23

58/27.25

14317.40
38/3.38
38/3.38

10514.02

95/12.50
13/1.79
13/1.79

82/10.71

I 40
[l 401
Il 402

51/52.70
51/52.70
32/30.08
19/22.61

4544.44
45/44.44
28/27.33
17/17.11

51/38.37
51/38.37
38/25.95
13/12.42

82/52.72
82/52.72
46/29.45
36/23.28

83/70.17
83/70.17
4944.04
34/26.13

93/94.31

93/94.31

80/92.34
131.97

39/27.36

54/16.45

76/20.74

28/10.35

38/10.59

32/2.37

Il 61

5/1.82
5/1.82

5/1.83
5/1.83

4/1.49
4/1.49

4/1.52
4/1.52

4/1.70
4/1.70

5/1.75
5/1.75

288

369

492

429

514

499
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200
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40 = 1989
20 2014
0
17 Urban/ 217 31 41 Forest 51 61 Water
Built-up  Agriculture Grassland Wetlands
and shrubs

Figure 2. Number of areal features in | legend level land use / land cover category by years.

100,00

90,00

80,00
1000 1891
50,00 m 1938
40,00 m 1947
30,00 m1963
20,00 m 1989
10,00 2014

0,00

17 Urban/ 217 3i 47 Forest 51 61 Water
Built-up  Agriculture Grassland Wetlands
and shrubs

Figure 3. Area (km) of areal features in | legend level land use / land cover category by
years.
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Alatskivi and B 1 - Urban / Built-up

P — | ]2 - Agriculture
PelpSIaare [ 3 - Grassland and shrubs

B 4 - Forest

1:400,000 I 5 - Wetlands
1891 1938
1947 1963
1989 2014

Figure 4. Alatskivi and Peipsiaare land use / land cover changdegend level by yeaiBhe
most remarkable change has beennbarelimination of wetlands, although it is a difficult

phenomena to map agricultural lands,meadows and pastures, wooded grasslands and
shrubs, foresand even builup areas all may becme 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 mosaidtage landscapes.

AlatSkiVi and :l 21 — Seasonal agriculture
PE—— I 31— Meadows and pastures
PelpSlaare [ 32 — Wooded grasslands and shrubs
I 40 - Boreal forest
1:400,000 [ 61 — Standing waters
| | other
1891 1938

1947 1963

1989 2014

Figure 5. Alatskivi and Peipsiaare land use / land cover change in Il legend level by years.
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Figure 6. Alatskivi and Peipsidére land use / land cover change in Ill legend level by years.

Linear features

The composite legend of linetgatures for Alatskivi and Peipsidére is quite similar to other
SMs with the exception of missing highways and railw@asle7).
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