
 

 

Semi-natural grasslands in 
Southeastern Norway  

 
Investigating the land cover contents of 

Naturbase localities  

 
Espen Sommer Værland 

 

 

 

 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

Master of Science thesis 
Biology: Ecology and Evolution 

Department of Biosciences and the Natural History 
Museum 

 
UNIVERSITY OF OSLO  

 
04.12.2017 



II 

 

 

 

 

 

 



III 

 

Semi-natural grasslands in Southeastern 

Norway 

Investigating the land cover contents of 

Naturbase localities 

 

Espen Sommer Værland 

espensommervorland@gmail.com 

+47 41469719 

 

Supervisors: 

Rune Halvorsen 

rune.halvorsen@nhm.uio.no 

Anders Bryn 

anders.bryn@nhm.uio.no 

Harald Bratli 

harald.bratli@nhm.uio.no 

 

Geo-Ecology research group 

Natural History Museum 

 

 

 

Master in Biology: Ecology and Evolution 

Department of Biosciences 

University of Oslo 

 

04.12.2017  



IV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Espen Sommer Værland 

2017 

Semi-natural grasslands in Southeastern Norway: Investigating the land cover contents of 

Naturbase localities 

Espen Sommer Værland 

http://www.duo.uio.no/ 

Print: Reprosentralen, Universitetet i Oslo 

http://www.duo.uio.no/


V 

 

Summary 

In the past century, the agricultural landscape in Norway, and Europe, has changed 

drastically. Artificial fertilizer, electricity and modern machinery has contributed to the 

development of the industrialization of the modern agricultural landscape. The once so 

abundant semi-natural grasslands have declined considerable in this period, either due to 

intensification or abandonment, and remaining areas are often small and peripheral. The 

fragmentation of these habitats poses challenges for semi-natural grassland specialist species, 

of which many are threatened and in decline. Since the late 1990’s, efforts have been made to 

map remaining localities of semi-natural hay meadows and pastures, by use of the land cover 

mapping system Handbook 13. The results are stored in the digital access portal Naturbase 

and are important for area planning and biodiversity conservation. However, the localities 

have been criticized for being inaccurate and of varying quality, particularly the earlier 

mapped areas. The aim of this thesis is to describe the land cover contents of these localities 

and to describe the condition of semi-natural grasslands in terms of the current agricultural 

land use intensity and regrowth succession. 

Land cover mapping was conducted in 60 sampled Naturbase localities of the types Semi-

natural hay meadow and Semi-natural pasture in Southeastern Norway, by use of the Nature 

in Norway (NiN) land cover mapping system. A sampling scheme based on perpendicular 

transects was used to sample a number of semi-random points within each locality, depending 

on locality area. Area statistics was obtained by calculating Voronoi polygons based on the 

sampled points. Land cover content and condition variables were tested with Generalized 

Linear Models against multiple explanatory variables representing information available from 

Naturbase, AR5 area resource maps, local ecological conditions, topographical, geographical 

and bioclimatic information, and other descriptive variables from the NiN system. 

The investigated localities covered in total 1002 daa. The land cover type Semi-natural 

grassland covered 47 % of the total area, while Fertilized grasslands and Intensively managed 

agricultural areas with appearance of semi-natural grassland covered 19 % and 17 %, 

respectively. The remaining area was represented by 15 land cover types, being mostly forest-

types and intensively modified non-agricultural types. The Semi-natural grassland areas were 

for the most part managed at a land use intensity sufficient to maintain semi-natural grassland 

characteristics (79 %), although some of the area was managed by a regime unfavorable for 
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semi-natural grassland species. A smaller percentage of the Semi-natural grassland area was 

not affected by regrowth succession (64 %), thus some areas were managed at appropriate 

intensity, but showed signs of a recent period of abandonment. Locality size, vegetation zone 

and mapper ID were among the significant variables in predicting the number of major types 

in the localities, while registration year, locality size and lime-richness were significant 

predictors of the proportion of Semi-natural grassland in the localities. The condition of Semi-

natural grasslands was related to variation in the canopy cover and measures of area 

accessibility, while variables derived from Naturbase where not found significant. 

 

Keywords: Land cover mapping, semi-natural grasslands, Naturbase, Handbook 13, Nature in 

Norway, agricultural land use, regrowth succession.  
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1 Introduction 

Management and conservation of traditional agricultural landscapes, and the associated 

natural and cultural values, has in recent years been of great interest in Norway and most of 

modern day western Europe (Dramstad et al., 2002; Sutherland et al., 2006; Bratli et al., 2012; 

Jepsen et al., 2015). The intactness of this landscape, i.e., the continued presence of old 

extensively managed grasslands and the associated species, coppiced trees, historical 

buildings, clearance cairns, stone fences and other cultural elements, is important for a 

multitude of reasons: preservation of biodiversity, historical and cultural reasons (such as 

national identity), and social and economic reasons (such as tourism and public health) 

(Rønningen, 1993; Ihse & Lindahl, 2000; Losvik, 2003; Daugstad et al., 2006; Hamre et al., 

2010; Bratli et al., 2012). The biodiversity aspect of this conservation issue is complex and 

requires consideration of the dynamics within and between the genetic-, species-, ecosystem- 

and landscape-levels of diversity (Norderhaug, 1995; Norderhaug et al., 2000; Eriksson et al., 

2002; Økland et al., 2006; Reitalu et al., 2008). Additionally, appropriate management 

requires an understanding of traditions and land use practices of centuries past. 

Semi-natural grasslands 

In this thesis, semi-natural grasslands are defined as traditionally managed agricultural areas 

where the soil has never been ploughed or otherwise modified except for clearing of rocks 

and boulders, and that have never or only slightly been fertilized. Although semi-natural 

grasslands have arisen through a variety of land use regimes (Norderhaug, 1999; 

Emanuelsson, 2009), those of interest in this thesis are hay meadows and pastures, which are 

characterized by mowing and grazing, respectively. Although both soil nutrient content, 

drought exposure and soil moisture are generally considered to be the most important 

ecological factors determining species richness and composition in both hay meadows and 

pastures (Bratli & Myhre, 1999; Myklestad & Saetersdal, 2003b, 2003a; Bratli et al., 2006; 

Halvorsen, 2016), historical land use intensity and continuity are important as well (Kull & 

Zobel, 1991; Austrheim et al., 1999; Norderhaug et al., 2000; Myklestad & Saetersdal, 2003b, 

2003a; Bratli et al., 2006; Gustavsson et al., 2007; Johansson et al., 2008; Hamre et al., 2010; 

Bratli et al., 2012; Halvorsen, 2016). In fact, land use history as far back as 200 years or 

longer is an important factor for predicting the species richness and composition in semi-

natural grasslands (Austrheim et al., 1999; Gustavsson et al., 2007; Johansson et al., 2008). 
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Semi-natural grasslands may be very species rich and are important for a variety of species 

groups, particularly vascular plants, insects, birds, fungi, and lichens, with many grassland 

specialists, especially of vascular plants (Kull & Zobel, 1991; Norderhaug, 1999; Hansson & 

Fogelfors, 2000; Norderhaug et al., 2000; Myklestad & Saetersdal, 2003b, 2003a; Norderhaug 

& Svalheim, 2009; Hamre et al., 2010; Bratli et al., 2011). While pastures are known to 

contain a great number of more or less pasture specific fungi (Jordal, 1997; Bratli et al., 

2011), hay meadows are generally considered richer in vascular plant species (Kull & Zobel, 

1991; Norderhaug et al., 2000), e.g., Kull and Zobel (1991) reported 63 species of vascular 

plants in a 1 m2 plot in an Estonian wooded hay meadow. Different land use regimes favor 

different species (Norderhaug, 1999; Hansson & Fogelfors, 2000; Emanuelsson, 2009; Bratli 

et al., 2012): grazing animals are to varying extents selective of which species they eat, which 

is favorable for poisonous, ill-tasting or otherwise inedible species, while mowing cuts all 

species alike and is more favorable for species that would otherwise have been eaten. Grasses 

are more tolerant of grazing, hence they are more dominant in pastures, while herbs are more 

frequent in hay meadows. Additionally, the disturbance of the soil caused by trampling of 

grazing animals in pastures is beneficial for fast colonizing species. Lastly, more nutrients are 

removed from hay meadows than pastures because animals contribute to a certain 

redistribution of nutrients, making hay meadows a more suitable habitat for species with weak 

competitive ability. 

Agricultural history 

In order to understand the current state and condition of the modern agricultural landscape, 

one must understand the history of agricultural development the last centuries. Agriculture 

probably arrived in Scandinavia around 6000 years ago, but the semi-natural grasslands we 

see today, and the associated species, are remnants of the agricultural system and practice 

from the late Viking Era to the early 20th century (Ihse, 1995; Norderhaug, 1999; 

Emanuelsson, 2009). Until the middle and late 19th century, farms were often clustered in 

villages, surrounded by infields scattered with fields for growing crops, grasslands and 

pollarded trees, and then surrounded by outfields primarily for grazing, but also hay 

gathering, coppicing and pollarding. The infield semi-natural hay meadows were usually 

established on areas that were unsuitable for ploughing, e.g., where the soil was shallow, and 

was often grazed in late fall, sometimes also in early spring, and mowed late in the growing 

season (Ihse, 1995; Norderhaug, 1999; Emanuelsson, 2009). Semi-natural hay meadows were 
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also found in the outfields, e.g., as semi-natural mires, wet meadows or on flood fields, and 

were mowed more or less regularly depending on productivity and need (Ihse, 1995; 

Norderhaug, 1999; Emanuelsson, 2009). But outfields were primarily for grazing and were 

often separated from the infields with stone walls to keep the animals out (Ihse, 1995; 

Norderhaug, 1999; Emanuelsson, 2009). This was the general structure, and although there 

were regional differences in farming practice due to large climatic and topographical 

differences in Norway, the high production in the infield was still entirely dependent on 

animal husbandry and the utilization of outfield resources (Ihse, 1995; Moen, 1998; 

Norderhaug, 1999; Emanuelsson, 2009). The intensity of utilization of natural resources has 

been greatly affected by human population development, political changes and technological 

innovations. After the industrial revolution, in the middle of the 18th century, technological 

innovations, improved farming techniques and new laws on land ownership changed the rural 

landscape from clustered villages to separate, larger and more efficient farms (Ihse, 1995; 

Norderhaug, 1999; Emanuelsson, 2009; Jepsen et al., 2015). Even so, for the entirety of this 

period, the agricultural system was relatively stable, giving these ecosystems time to 

accumulate many species specialized to semi-natural grasslands (Norderhaug, 1999; Eriksson 

et al., 2002; Gustavsson et al., 2007). It was not until the early 20th century, and especially 

after 1945, that the industrialization and radical modernization of the agricultural landscape 

caught momentum, driven by the availability of artificial fertilizer, agricultural machinery and 

new policies (Rønningen, 1993; Ihse, 1995; Fjellstad & Dramstad, 1999; Norderhaug, 1999; 

Gustavsson et al., 2007; Jepsen et al., 2015). The dependence on outfield resources was 

greatly reduced, resulting in further regional specialization for either animal husbandry or 

cereal production (Moen, 1998; Fjellstad & Dramstad, 1999; Norderhaug, 1999). Two main 

trends characterized this period up until the present. The most apparent was intensification, 

meaning fewer and larger farms and fields, and more intensive land use, resulting in a more 

homogeneous and polarized agricultural landscape (Fjellstad & Dramstad, 1999; Cousins, 

2001; Bratli et al., 2006; Johansson et al., 2008; Dramstad & Sang, 2010). This was, and still 

is, typical for the lowland central eastern areas where the climate, topography and clay rich 

soils are more suitable for cereal production (Moen, 1998; Fjellstad & Dramstad, 1999; 

Norderhaug, 1999; Bratli et al., 2006). The effect on semi-natural areas was marginalization 

or intensification, particularly hay meadows were ploughed or fertilized if possible, while 

otherwise inaccessible, distant and marginal hay meadows and pastures were usually 

abandoned (Cousins, 2001; Gustavsson et al., 2007; Johansson et al., 2008; Dramstad & Sang, 
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2010; Daugstad, 2017). In a study of land cover change in southern Sweden, based on 

cadastral maps from the 17th and 18th century and aerial photos from 1945 and 1981, Cousins 

(2001) found that the percentage of grassland in the study area changed from 62 % in the 17th 

century to 18 % in 1981, of which 44 % was original grasslands. Many hay meadows have 

been utilized as pastures in recent decades (Austrheim & Olsson, 1999; Gustavsson et al., 

2007; Jordal, 2007), and although this may maintain the semi-natural characteristics of these 

areas, species loss is still expected as many species are hay meadows specialists (Hansson & 

Fogelfors, 2000; Norderhaug et al., 2000; Gustavsson et al., 2007). Gustavsson et al. (2007) 

observed a similar reduction in species richness in semi-natural hay meadows in which the 

land use regime was changed to grazing a century ago, and in hay meadows abandoned four 

decades ago. However, the effect could in part be attributed to a slight effect of fertilization. 

The reduction of road verges, midfield islets and other extensively managed grasslands (Ihse, 

1995; Fjellstad & Dramstad, 1999; Bratli et al., 2006) has led to decreased connectivity in the 

traditional agricultural landscape, further isolating and marginalizing the traditional 

grasslands, inhibiting dispersal and increasing the risk of local extinction for the grassland 

species (Ihse, 1995; Norderhaug et al., 2000; Eriksson et al., 2002). Additionally, some 

studies show that the species composition, particularly the presence of semi-natural grassland 

specialists, in road verges, midfield islets and other remnant grasslands, depend on the 

surrounding landscape. This suggests that these habitats are insufficient substitutes for semi-

natural grassland specialist species on their own (Norderhaug et al., 2000; Edvardsen et al., 

2010; Hamre et al., 2010). The other major developmental trend is abandonment and 

afforestation (Ihse, 1995; Fjellstad & Dramstad, 1999; Norderhaug, 1999; Hansson & 

Fogelfors, 2000; Gustavsson et al., 2007; Johansson et al., 2008) which is most prominent in 

the valleys and mountainous areas, largely due to the abandonment of outfield grazing and 

mountain dairy farming in general (Moen, 1998; Fjellstad & Dramstad, 1999; Norderhaug, 

1999; Bryn, 2006, 2008; Bratli et al., 2012; Hegrenes et al., 2012; Bryn et al., 2013), to such 

an extent that the natural regrowth of forest following land use abandonment has the 

estimated potential to cover nearly 16 % of mainland Norway (Bryn et al., 2013). Moen 

(1998) states that the total number of mountain dairy farms decreased from 52 900 around 

1850 to 1900 in 1993. Due to the patchiness of abandonment and intensification, the general 

trend in these areas has thus far been increased landscape heterogeneity, as opposed to the 

homogenization of the lowland areas (Fjellstad & Dramstad, 1999; Hemsing & Bryn, 2011), 

although Hemsing and Bryn (2011) proposes that the trend will revert with time as the semi-
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natural grasslands disappear, and the agricultural landscape will become more homogeneous 

in the future. Although there might be potential for restoration of afforested grasslands a 

decade or more after abandonment (Anonymous, 1999; Losvik, 2003; Hamre et al., 2010), 

grassland specialists are very vulnerable to local extinction shortly after abandonment (Kull & 

Zobel, 1991; Hansson & Fogelfors, 2000; Losvik, 2003; Myklestad & Saetersdal, 2003a; 

Gustavsson et al., 2007), and may be less likely to return in a more fragmented and less 

interconnected agricultural landscape (cf. Gibson & Brown, 1992; Austrheim & Olsson, 1999; 

Eriksson et al., 2002; Hamre et al., 2010). The effect of fertilization is, however, more severe 

as grassland specialist are generally weak competitors that quickly disappear when semi-

natural grasslands are fertilized (Kull & Zobel, 1991; Austrheim et al., 1999; Austrheim & 

Olsson, 1999; Myklestad & Saetersdal, 2003b, 2003a). If the intensive land use regime is 

reverted to extensive land use, it may still take decades for semi-natural grasslands species to 

return, and particularly the recolonization of semi-natural specialists is very dependent on the 

surrounding landscape (Gibson & Brown, 1992; Austrheim et al., 1999; Austrheim & Olsson, 

1999; Hamre et al., 2010). 

Conservation and the modern agricultural landscape 

Semi-natural hay meadows and pastures are scattered in the modern day agricultural 

landscape and becoming increasingly rarer due to the processes of intensification, 

afforestation, fragmentation and reduced connectivity outlined above. Numerous vegetation 

types typical of the semi-natural grasslands are considered endangered (Fremstad & Moen, 

2001), and semi-natural grasslands in general are considered vulnerable (VU), while hay 

meadows in particular is considered endangered (EN) in the Norwegian Red List of 

Ecosystems and Habitat Types (Lindgaard & Henriksen, 2011). In total 835 (17 %) of the red-

listed species in Norway are connected to semi-natural agricultural areas (Henriksen & 

Hilmo, 2015), and Eriksson et al. (2002) propose that the observed species distribution and 

composition observed in the agricultural landscape today is not in equilibrium with the 

agricultural condition, meaning that there is a considerable extinction dept. 

Since around the mid-1980s there has been an increased awareness of the radical changes in 

the agricultural landscape (Rønningen, 1993; Fjellstad & Dramstad, 1999; Jepsen et al., 

2015). Accordingly, the agricultural policy, both in the EU and Norway, includes some 

conservation measures for cultural and natural heritage. Since the 1990’s there has existed 
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subsidy-programs aimed at preserving the cultural and natural values in the agricultural 

landscape (STILK, SMIL and RMP) However, evaluations of these programs reveal that the 

programs have not been entirely successful at targeting biodiversity conservation measures 

(Brandtzæg & Lønning, 2001 [cited from www.telemarksforsking.no]; Hatten & Norderhaug, 

2009 [in Anonymous, 2009]; Norderhaug & Svalheim, 2009; Hegrenes et al., 2012). Efforts 

were first made in the 1990’s to make inventory of the valuable traditional agricultural areas 

in Norway (Anonymous, 1994). In 1999 the Municipal Habitat Mapping Program was 

initiated in order to register selected ecosystems of high biodiversity value (including semi-

natural hay meadows and pastures) following a land cover mapping system developed by the 

Norwegian Directorate for Nature Management (Anonymous, 1999). The project was 

included in the National Program for Mapping and Monitoring of Biological Diversity around 

2005 (Anonymous, 2001, 2006b), and more responsibility was transferred to the counties. 

Correspondingly, the mapping system was updated in 2006 and 2007 (Anonymous, 2006a, 

2007). Based on the information obtained from these mapping programs, Norderhaug and 

Svalheim (2009) summarized the area of hay meadows to 50810 daa (31st of December 2008) 

and Bratli et al. (2012) summarized the area of pastures to 255066 daa (25th of January 2012). 

However, multiple sources have criticized the mapped localities for being both inaccurate and 

insufficiently documented, particularly in the first phase from 1999 to ca. 2003 (Gaarder et 

al., 2007; Jordal, 2007; Norderhaug & Svalheim, 2009; Bratli et al., 2011; Bratli et al., 2012). 

For example, Norderhaug and Svalheim (2009) observed that 66 % of the hay meadow area 

was represented by 10 % of the localities and concluded that many localities were likely 

greatly overestimated. They estimated the actual remaining area of hay meadows to be 

somewhere between 5000 and 20 000 daa. For agricultural types in general, Gaarder et al. 

(2007) attributes the trend of overestimation largely to limited resources, in some instances 

resulting in delineation of the entire infield, although only smaller parts were actually of the 

targeted type. Furthermore, Gaarder et al. (2007) found that 45 % of the, thus far, mapped 

localities did not satisfy the demands for documentation, of which 70 % required remapping 

in the field. Both Gaarder et al. (2007) and Bratli et al. (2012) proposed that there were large 

differences in mapping effort, methodology, interpretation and prioritization of ecosystems, 

across counties and municipalities. This raises cause for concern, as accurate spatial 

information is essential for successful management both in the sense of preserving the right 

areas, but also in order to maintain trust between the environmental agencies and the society 

at large. 

https://www.telemarksforsking.no/publikasjoner/detalj.asp?r_ID=925&merket=3
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Aims 

The aim of this thesis is to answer three general questions: what does these mapped localities 

contain? What is the current condition of semi-natural hay meadows and pastures in these 

localities? And is it possible to predict the content and condition of these localities based on 

the provided locality descriptions, local ecological conditions or other easily accessible 

sources of information, such as topographical and bioclimatic data and the AR5 area resource 

maps (Ahlstrøm et al., 2014). In order to answer these questions I conducted a new land cover 

mapping of selected localities in the lowland of central eastern Norway, using the Nature in 

Norway (NiN, Halvorsen et al., 2016c) land cover type system, and Generalized Linear 

Models (GLM, McCullagh and Nelder, 1989) to predict the land cover and the state of 

regrowth succession and current agricultural land use intensity.  
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2 Materials and methods 

Species nomenclature follows the Norwegian Biodiversity Information Centre 

(www.artsdatabanken.no). 

All maps and geographical illustrations were made with QGIS v.2.16 (Anonymous, 2017). 

2.1 Study area 

The study was conducted in central eastern Norway, in the counties Østfold, Vestfold, Oslo, 

Akershus, Buskerud, Hedmark and Oppland (Figure 1). The study was limited to the 

boreonemoral, southern boreal and middle boreal vegetation zones (Moen, 1998): the 

boreonemoral vegetation zone was mostly concentrated around the Oslo fjord, southern 

Buskerud, and around Mjøsa. Southern Buskerud was patchy with areas of boreonemoral, 

southern boreal and middle boreal vegetation zones. The latter two followed the elevation up 

the valleys to around Geilo. Akershus, southern Hedmark and southern Oppland was mostly 

in the southern boreal zone with large patches of middle boreal zone. The southern- and 

middle boreal zones closely followed the elevation up the Begnadalen valley to Valdres, the 

Gudbrandsdalen valley to Lom and the Østerdalen valley to Røros. The vegetation section 

changed from markedly oceanic in southern Østfold to slightly continental in Gudbrandsdalen 

north of Lillehammer, east of Rondane and around Trysil north to Femunden. South of Mjøsa 

the vegetation section was patchy with slightly oceanic section and indifferent sections. 

Otherwise the study area was mostly in the indifferent section.  

The geological conditions of the research area can be generalized for three areas 

(www.ngu.no, accessed November 6th 2017; Moen, 1998): (1) The bedrock west of the Oslo 

fjord, through Vestfold, southern Buskerud, Oslo and Akershus up to Mjøsa was dominated 

by lime-rich sedimentary and volcanic rock types, mostly with shallow top soil. On the west 

coast of Vestfold there was a wide band of marine sand-, gravel- and rock deposits and in 

areas below the post-glacial coastline there were large areas of marine clay- and silt deposits. 

(2) In Buskerud up to Hallingdal, Østfold, eastern Akershus, and Hedmark up to Rena, the 

bedrock was mostly old lime-poor and acidic rock types like granite, gneiss and quartzite with 

shallow soil cover, but with some moraine deposits north and east of Mjøsa. (3) The bedrock 

north of Mjøsa was predominantly sandstone and other lime-poor types, but with smaller 

https://artsdatabanken.no/
http://geo.ngu.no/kart/berggrunn_mobil/
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areas of phyllite, schist and other alkaline types, particularly in western Oppland. Northern 

Hedmark was mostly covered with deep moraine deposits and with glacial river deposits 

around Glomma and the major river systems, while Oppland was equally dominated by 

moraine deposits and shallow soil types.  
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Figure 1 – Map over study area in central eastern Norway with vegetation zones after Moen (1998). Includes 

the counties Oslo, Akershus, Østfold, Vestfold, Oppland, Hedmark and Buskerud. Coordinate system ETRS 

89, projection UTM 32N. Insert: study area (green) in Scandinavia, coordinate gridlines in ETRS 89. 
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2.2 Mapping systems 

2.2.1 Handbook 13 

The HB13 system, first version released in 1999 (Anonymous, 1999), included descriptions of 

56 terrestrial land cover types at the ecosystem-level (Noss, 1990), defined as “a 

homogeneous and delimited unit of nature that includes all plant- and animal life and 

environmental factors (Anonymous, 1999, Appendix 5, my translation). These types were 

considered particularly important for biological diversity and selected based on expert opinion 

of criteria related to rarity and vulnerability of the ecosystem or otherwise special importance 

for biological diversity. The system was updated in 2006 (Anonymous, 2006a), 2007 

(Anonymous, 2007) and partly in 2014 (Angell-Petersen, 2014). Localities mapped after the 

release of the last version was not included in this thesis. The system was not adapted to a 

specific scale of mapping. 

After the first and second update (Anonymous, 2006a, 2007) the system also included 

subtypes based on the vegetation classification system by Fremstad (1997); an expert opinion 

classification system of vegetation along ecological and bioclimatic gradients. These were not 

required to be registered. The system also included general and type-specific criteria for 

assigning a value to each mapped locality signifying the importance of the locality for 

biological diversity (verdi, here termed Biodiversity value). The three-grade scale ranged 

from A (very important) to B (important) and C (local value). Presence of red-listed species, 

the state of regrowth succession and the potential for restoration were important criteria for 

Biodiversity value assignment. In the second and third versions (Anonymous, 2006a, 2007), 

the general criteria on Biodiversity value assignment also included threatened vegetation 

types (Fremstad & Moen, 2001) as well as threatened species. Furthermore, these versions 

were in most aspects more detailed and explicit. The guidelines for how to separate areas of 

the same land cover type included more criteria, two of which exclusively concerned 

agricultural types: the current agricultural land use condition and the whether or not the area 

was part of a larger cultural landscape. The mapping instructions were also updated, and 

standard registrations forms were provided, including additional variables for describing 

localities, like species diversity (artsmangfold), current agricultural land use (skjøtsel) and 

reason for Biodiversity value assignment (verdibegrunnelse). 
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The first version (Anonymous, 1999) included 15 types associated with the agricultural 

landscape, from various semi-natural grassland types, to grassland-like habitats such as road 

verges and midfield islets, and caverns and large old trees. The types D01 Semi-natural hay 

meadows (slåttemark, my translation) and D04 Semi-natural pastures (naturbeitemark, my 

translation) were selected in this thesis. Both were described as semi-natural grasslands in 

accordance with the definition in this thesis and were separated based on the land use regime 

that has characterized the area, i.e., mowing in hay meadows and grazing in pastures. Both 

were also included in all versions of the HB13 system (Anonymous, 1999, 2006a, 2007), but 

the type-descriptions have been complemented and both have been affected by general 

changes to the system. In the second edition (Anonymous, 2006a), the previously independent 

types, D08 Calcareous grasslands (kalkrike enger, my translation) and D09 Wetland 

grasslands (fuktenger, my translation), were merged into semi-natural hay meadows and 

pastures (depending on the land use regime) and described as subtypes. Semi-natural hay 

meadows and pastures both included 14 subtypes, differing in respect to regional bioclimatic 

gradients and the ecological gradients of soil moisture, lime-richness and soil nitrogen 

content. Other semi-natural grasslands described in the system includes, for example, D05 

Wooded semi-natural pasture (hagemark, my translation, all versions), D17 Wooded semi-

natural hay meadow (lauveng, my translation, not in first version) and D02 Semi-natural mire 

(first slåttemyr then slåtte- og beitemyr, my translation, all versions). In the first version of 

HB13 (Anonymous, 1999) there was a significant difference in the type-specific Biodiversity 

value criteria for the semi-natural meadows and pastures. For semi-natural hay meadows, the 

B-value criteria included areas that were in good condition or areas affected by regrowth 

succession, but still had potential for restoration. The A-value criteria included “species rich 

meadows with a long and continuous use until present day” (Anonymous, 1999, p. 56, my 

translation). For semi-natural pastures, the B-value criteria included areas with a species 

composition that indicated long term use without any use of fertilizers. The A-value criteria 

included well developed areas still in use, with multiple indicator- or red-listed species. In the 

later editions (Anonymous, 2006a, 2007), the A-value criteria for semi-natural hay meadows 

included all areas of the type unless the impact of regrowth succession was too severe. The B-

value criteria for semi-natural pastures included pastures with slight traces of fertilization and 

the A-value criteria also included threatened vegetation types (Fremstad & Moen, 2001). 

All Handbook 13 types are hereafter referred to by the type code only, e.g., D01 and D04. 
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2.2.2 Nature in Norway 

The second version of NiN (Halvorsen et al., 2016b) released in 2015, was a land cover 

system for typification and description of variation of Norwegian nature at three hierarchical 

levels of biodiversity (Noss, 1990); landscapes, ecosystems and microhabitats. The types were 

organized in major type groups, major types and basic types, by use of multivariate ordination 

methods. The attribute system contained variables for description of variation not included in 

the type system, like geological composition (geologisk sammensetning) and condition 

variation (tilstandsvariasjon), which were either fully standardized (based on multivariate 

ordination methods), semi-standardized (pragmatically divided) or open. The typification 

system was adapted for mapping at five predefined scales from 1:500 to 1:20 000 following a 

standardized procedure of aggregation of basic types to mapping units (Bryn & Halvorsen, 

2016). The mapping system also included general rules, instructions and guidelines for 

mapping. 

The theoretical foundation for typification in NiN was the gradient analytic perspective 

(Whittaker, 1962; Halvorsen, 2012). The practical implementation of this at the ecosystem 

level was based on the assumption that species respond gradually, and usually unimodally, to 

continuous variation in underlying complex environmental gradients (Whittaker, 1962), 

which are abstract representations of multiple covarying single environmental gradients. 

Complex gradients implemented at the ecosystem level explained variation in species 

composition at a relatively fine scale and were called local complex environmental gradients 

(LCEs). For example, the LCE Lime-richness (see Appendix 1 Table 23 for translation of 

NiN type- and variable names) was composed of individual environmental gradients like pH 

and various micro- and macro-nutrients. All LCEs were divided into a number of basic steps 

depending on the gradient length, measured in units of species compositional turnover. For 

example, the species compositional turnover along the LCE Lime-richness was enough to 

divided it into nine basic steps. The subdivision of major type groups (such as terrestrial 

ecosystems) followed a set of explicit criteria that; (1) separate major types that were in 

certain ways fundamentally different (like agricultural and non-agricultural types) and (2) 

determine the threshold magnitudes of species composition turnover along LCEs to make 

major types and basic types. For example, there as established many major types along the 

LCE Long-term agricultural land use intensity due to its length and various criteria, e.g., T4 

Forest, T32 Semi-natural grasslands and T45 Fertilized grasslands (Figure 5). Within each 
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major type, basic steps along significant LCEs were aggregated to a number of major type 

specific steps, depending of the length of the LCE within that particular major type. The 

realized combinations (i.e., those that exist in nature) of the major type specific steps along 

the different LCEs formed basic types. For example, within T32 Semi-natural grasslands, the 

species compositional turnover along the LCE Long-term agricultural land use intensity was 

enough for three major type specific steps. And along the LCE Lime-richness the variation 

was enough to make four major type specific steps. The number of realized combinations of 

these major type specific steps was ten, making ten basic types (Figure 2). The LCEs Spring 

water influence, Risk of severe drought and sand stabilization also explained significant 

variation in this major type. However, not as much as Lime-richness and Long-term 

agricultural land use intensity and not all combinations of major type specific steps were 

realized. Therefore, the additional number of basic types was two for Spring water influence 

(Figure 3), six for Risk of severe drought (Figure 4), and one for sand stabilization (Figure 4), 

totaling 19 basic types in T32 Semi-natural grasslands. The LCEs Water saturation and Land 

use regime also explained variation in species composition within semi-natural grasslands, but 

not enough to make additional basic types. Land use regime ranges from grazing to mowing, 

and corresponds with the dividing criteria of semi-natural hay meadows and semi-natural 

pastures in HB13. In this case, Water saturation and Land use regime were examples of fully 

standardized variables from the attribute system. A relevant example of a semi-standardized 

variables is the variable Regrowth succession on agricultural land, with five pragmatic steps. 

All NiN major types are hereafter referred to by the type code only, e.g., T32 and T45. 
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Figure 2 – Diagram 1 of 3 displaying basic types (my translations) in the major type semi-natural grassland. 

Combinations of the LCEs Lime-richness and Long-term agricultural land use intensity. Numbers following the 

LCE name are major type specific steps and lowercase letters are basic steps. Adapted from Halvorsen (2016, p. 

338). 

 

 

Figure 3 – Diagram 2 of 3 displaying basic types (my translations) in the major type semi-natural grassland. 

Realized combinations of the LCE Spring water influence in relation to Lime-richness and Long-term 

agricultural land use intensity. Numbers following the LCE name are major type specific steps and lowercase 

letters are basic steps. Adapted from Halvorsen (2016, p. 338). 
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Figure 4 – Diagram 3 of 3 displaying basic types (my translations) in the major type semi-natural grassland. 

Realized combinations of the LCE Risk of severe drought in relation to Lime-richness and Long-term 

agricultural land use intensity. Numbers following the LCE name are major type specific steps and lowercase 

letters are basic steps. Adapted from Halvorsen (2016, p. 338). *Additional basic type realized by the LCE sand-

stabilization. 

 

 

Figure 5 – Diagram 1 of 1 displaying basic types (my translations) in the major type fertilized grasslands. 

Combinations of the LCEs Long-term agricultural land use intensity and Land use regime. Numbers following 

the LCE name are major type specific steps and lowercase letters are basic steps. Adapted from Halvorsen (2016, 

p. 359). 
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2.3 Sampling 

2.3.1 Sampling of localities 

The localities were sampled with a restricted random sampling procedure from Naturbase 

(www.kart.naturbase.no), the digital access portal for HB13 localities maintained by the 

Norwegian Environmental Agency. Shape-files and corresponding metadata as Microsoft 

Access-files for 4696 HB13 localities of the types D01 Semi-natural hay meadows, D04 

Semi-natural pastures, D08 calcareous grasslands and D09 wetland grasslands in the counties 

Østfold, Vestfold, Oslo, Akershus, Telemark, Buskerud, Hedmark and Oppland was received 

from the Norwegian Environmental Agency April 5th 2016. The dataset was limited to 

localities of D01 Semi-natural hay meadows and D04 Semi-natural pastures, smaller than 250 

daa, registered between 1.1.1999 and 31.12.2013, within the study area (2552 localities). The 

sampling was further limited to localities which were: (1) closer than 1 km from drivable road 

(in most cases meaning private roads blocked with a crossbar or tollgate, www.norgeskart.no 

and www.kart.gulesider.no), (2) on the mainland or island with road or ferry connection and 

(3) with a shape that was compatible with the point sampling design, i.e., not long, narrow or 

with the centroid outside of the locality border (five localities were excluded on this criteria). 

The sampling was stratified based on Handbook 13 type and locality size (0–5 daa, 5–20 daa 

and 20–250 daa), resulting in six groups, and 10 localities were sampled in each group (Table 

1, Figure 6).  

www.kart.naturbase.no
www.norgeskart.no
www.kart.gulesider.no
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Figure 6 – The 60 sampled localities from Naturbase distributed in the study area. The localities are grouped by 

Handbook 13 type (D01 Semi-natural hay meadow and D04 Semi-natural pasture) and size (0–5 daa, 5–20 daa 

and 20–250 daa). Coordinate system ETRS 89, projected in UTM 32N. 
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2.3.2 Sampling points within localities 

Points were sampled within each locality using a combination of QGIS v.2.16 (Anonymous, 

2017) and Microsoft Excel by the following procedure (Figure 7): 

1. Calculation of locality centroid. 

2. A line was manually drawn through the longest possible section of the locality, but not 

closer than 5 m to the locality border (Garmin GPS 64s inaccuracy was 5 m) except 

around the points of intersection. Ideally the line should pass through the centroid or 

as close as possible. A second line was manually drawn perpendicular to the first, 

following the same criteria. This resulted in four line-segments. 

3. Line-intersect point: one point was placed at the intersection of the two lines (Figure 

7 slide 1). 

4. Border points: one point was placed along each of the four line-segments 5 m on the 

inside of the locality border (Figure 7 slide 2). 

5. Line points: a number of evenly distributed points were placed along each line 

segment depending on the distance from the line-intersect point to the border point 

(Figure 7 slide 3): 

a. If the length was less than 10 meters, no points were made. 

i. This distance-threshold was chosen in order to reduce the amount of 

spatial autocorrelation while also ensuring that some line points were 

made also in the smallest localities. 

b. If the length was between 10 and 40 meters, one point was made. 

c. If the length was between 40 and 60 meters, two points were made. 

d. If the length was greater than 60 meters, three points were made. 

i. This point-limit was chosen in order to balance the work load and the 

coverage at the largest localities. 



20 

 

6. Cover points: one additional point was made at every intersection of all line points 

and border points within 5 m of the locality border (Figure 7 slide 4). 

In six localities (109, 119, 124, 125, 156 and 154), one or more border point was closer than 5 

m to the line-intersect point. Generally, the border point in concern was deleted, unless any 

other solution existed which resulted in fewer points being deleted. 

Orthophotos for each locality was obtained from norgeibilder.no (accessed July 2016) and 

printed along with locality boundary and points. 

 

  

Figure 2 – Illustration of point sampling in locality 132. See point sampling 

procedure in text for explanation. 
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Table 1 – Overview of the 60 selected localities from Naturbase. ID = the unique locality code used in this 

thesis. Points = the number of sampled points in the locality. NB ID = OBJECTID, a unique code assigned to all 

localities in Naturbase. Area = locality size reported in daa. Year = the year in which the locality was registered 

in Naturbase. BV = Biodiversity value. Veg. zone = Vegetation zone (Moen, 1998): B. nemoral = boreonemoral, 

S. boreal = southern boreal and M. boreal = middle boreal. X and Y = coordinates for the centroid of each 

locality, in ETRS 89/UTM 33N. 

Group ID Points NB ID County Municipality Area Year BV Veg. zone X Y 

D01 0–5 

daa 109 7 25188 Oppland Vestre Toten 1.22 2000 B S. boreal 260284.6 6739681.1 

 113 9 139129 Akershus Nesodden 0.93 2012 B B. nemoral 258556.4 6639257.9 

 119 3 142645 Oppland Gran 0.25 2011 A S. boreal 254484.8 6701261.7 

 125 6 141228 Oslo Oslo 0.63 2004 B B. nemoral 258807.8 6649991.4 

 135 18 71251 Oppland Sel 4.20 2008 A M. boreal 206493.6 6855161.4 

 139 12 147649 Oppland Vestre Toten 1.85 2011 A S. boreal 268276.3 6737187.7 

 146 7 147455 Buskerud Gol 1.11 2011 B S. boreal 169145.9 6746250.7 

 159 14 149400 Hedmark Åmot 0.88 2009 A M. boreal 316282.0 6780977.0 

 167 16 115714 Akershus Hurdal 2.26 2009 B M. boreal 284567.3 6710335.9 

 177 8 139436 Oppland Søndre Land 0.83 2011 B S. boreal 240219.3 6750750.3 

D01 5–

20 daa 101 21 139144 Akershus Frogn 6.98 2012 A B. nemoral 252699.8 6625558.4 

 106 29 95613 Østfold Fredrikstad 13.61 2009 B B. nemoral 270727.6 6569542.1 

 112 28 126959 Akershus Asker 17.59 1999 C B. nemoral 248267.8 6641772.5 

 134 22 153860 Oppland Etnedal 7.33 2009 A M. boreal 207750.8 6776885.3 

 140 24 144774 Oppland Sør-Aurdal 6.79 2012 A M. boreal 209108.1 6733196.8 

 144 26 139128 Akershus Nes 12.16 2011 A S. boreal 311544.5 6664890.4 

 152 22 108676 Oppland Gausdal 10.61 2009 B M. boreal 231090.8 6805994.5 

 156 21 115728 Akershus Hurdal 10.66 2009 C S. boreal 279176.5 6699021.3 

 163 36 122539 Hedmark Ringsaker 11.99 2010 A S. boreal 263056.0 6771024.5 

 173 19 42019 Oppland Søndre Land 5.29 2004 B S. boreal 247100.3 6735584.4 

D01 20–

250 daa 104 37 108707 Oppland Gausdal 20.94 2010 B M. boreal 217706.4 6813528.4 

 108 56 79193 Hedmark Eidskog 22.59 2003 B S. boreal 329814.2 6652138.1 

 120 44 25055 Oppland Vestre Toten 20.12 2000 B S. boreal 261048.4 6726760.2 

 127 35 139435 Oppland Søndre Land 21.62 2011 A S. boreal 242316.3 6748835.5 

 132 44 79163 Hedmark Eidskog 135.44 2003 A S. boreal 338987.7 6667877.7 

 136 28 50228 Buskerud Kongsberg 49.64 2006 B B. nemoral 197850.6 6626104.8 

 143 39 105752 Hedmark Eidskog 22.82 1999 B S. boreal 336848.3 6664542.1 

 157 38 139116 Akershus 

Aurskog-

Høland 34.79 2010 A S. boreal 314081.8 6653316.5 

 161 43 40084 Oppland Øystre Slidre 24.41 2002 B M. boreal 182227.5 6793617.4 

 180 50 99453 Hedmark Grue 48.29 2008 A M. boreal 352883.9 6709285.2 

D04 0–5 

daa 100 17 76666 Østfold Hvaler 3.23 2007 A B. nemoral 266139.3 6553040.0 

 110 13 149836 Oppland Østre Toten 2.28 2011 C S. boreal 268590.2 6728830.9 

 115 17 37399 Akershus Fet 2.36 2002 B B. nemoral 289904.4 6639297.4 

 121 17 29823 Oppland Etnedal 4.13 2003 C M. boreal 200528.9 6781931.0 
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 124 14 72435 Akershus Ås 2.87 2004 C B. nemoral 266286.4 6613688.6 

 131 27 149824 Oppland Gran 3.81 2011 B S. boreal 252977.5 6711235.1 

 141 14 33657 Oppland Lom 3.62 2001 B M. boreal 158510.5 6871517.5 

 142 13 127424 Vestfold Stokke 2.40 2007 B B. nemoral 225423.1 6575763.2 

 153 17 71072 Oppland Vågå 3.63 2007 B S. boreal 186660.6 6874105.4 

 154 6 149840 Oppland Lunner 0.50 2011 C S. boreal 251547.2 6694586.2 

D04 5–

20 daa 102 36 35079 Oppland Lunner 14.67 2004 A S. boreal 258073.3 6693384.8 

 111 25 96288 Oppland Lom 8.31 2006 B S. boreal 167636.5 6875962.3 

 117 34 71108 Oppland Vågå 15.24 2007 B S. boreal 198995.7 6869593.2 

 123 23 96290 Oppland Lom 11.64 2006 B S. boreal 168157.9 6875190.1 

 128 22 70950 Oppland Vågå 7.86 2007 C M. boreal 199224.0 6867771.8 

 130 22 30641 Vestfold Sande 13.25 2002 B B. nemoral 231375.4 6618549.9 

 137 22 86896 Hedmark Nord-Odal 8.69 2008 B M. boreal 315248.1 6717192.4 

 145 37 108970 Buskerud Ål 16.83 2008 C M. boreal 144037.4 6748177.0 

 151 30 98382 Oppland Lillehammer 9.44 2007 C M. boreal 246589.7 6784489.2 

 155 37 99467 Hedmark Grue 13.38 2008 B M. boreal 351425.9 6706722.7 

D04 20–

250 daa 105 46 71036 Oppland Vågå 19.98 2007 B S. boreal 185242.6 6873666.0 

 107 56 51630 Hedmark Stange 25.19 2003 A M. boreal 307692.2 6734316.3 

 122 41 71213 Oppland Sel 30.41 2008 B M. boreal 201395.4 6859050.5 

 129 28 96289 Oppland Lom 23.55 2006 B S. boreal 167868.6 6875703.3 

 133 36 25051 Oppland Vestre Toten 27.45 1999 B S. boreal 258829.7 6739231.8 

 138 38 122481 Hedmark Ringsaker 23.05 2010 B S. boreal 269974.0 6760913.5 

 147 48 39022 Hedmark Stor-Elvdal 59.01 2005 C M. boreal 252089.7 6855850.8 

 148 34 12753 Vestfold Larvik 23.47 2000 C B. nemoral 224103.3 6559427.3 

 158 37 41446 Oppland Østre Toten 60.36 1999 B M. boreal 274624.1 6722765.2 

 160 60 18085 Akershus Ullensaker 43.67 2000 C S. boreal 283370.1 6673544.6 

            

2.4 Field work 

The localities were visited over a period of two months in the summer of 2016, from June 27th 

to August 24th. Time, time, photos and a general locality description was recorded for each 

area. The description included descriptions of the general impression of the area, deviating or 

special variation and indications of past and present land use. The points were located using 

orthophotos and a handheld GPS (Garmin GPSmap 64s) and were visited following a 

predetermined procedure. In cases of uncertainty, e.g., due to GPS inaccuracy in densely 

wooded areas, a light object thrown into the air was used to obtain the exact position of the 

point. A point was interpreted as a geographical position with no area. However, the smallest 
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possible area around a point necessary to assign variable values was considered. The 

following variables were registered at each point: 

1. Major type and basic step along the following LCEs if relevant for the specific major 

type (Table 2, Halvorsen, 2016): 

o Long-term agricultural land use intensity (LI): the effect on the 

physiognomy and species composition of an area due to the intensity of 

various agricultural land use practices (e.g., grazing, clearing, fertilizing, 

tilling, watering, etc.) over a long period of time. Eleven basic steps, from no 

trace of land use (0), via the semi-natural steps b–e (very extensive use [b] to 

extensive use with trace of fertilization [e]) to the intensive land use steps f–j. 

o Lime-richness (LR): the acidity and content of various micro- (e.g., B, Se and 

Fe) and macronutrients (e.g., K, Na and Ca) in the soil. Nine basic steps, from 

very lime-poor (a), via weak- and strong intermediate (d and e) to extremely 

lime-rich (i). 

o Risk of severe drought (SD): the risk of severe drought in a 50 to 100-year 

perspective. Correlates with topography, soil depth and soil development. 

Eight basic steps, from low risk (a), via intermediary and slightly drought 

prone (d and e) to extremely drought prone (h). 

o Spring water influence (SI): the effect of spring water properties on an area, 

such as, oxygen-content, temperature stability and spring water influx stability. 

Seven basic steps, of which only the first four (from no spring water influence 

[0] to weak spring water influence [c]) were relevant in this thesis. 

o Water saturation (WS): the normal wetness of the soil. Four basic steps, but 

only the first three (well drained [0] to moist [b]) were relevant in this thesis as 

the last step was synonymous with a change in major type group to wetland 

ecosystems and therefore redundant. 

o Land use regime (LU): the dominant land use regime with two basic steps, 

where a is grazing and b is mowing. 
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Table 2 –The number of major type specific steps along the selected LCEs in different major types, i.e., 

indicating the magnitude of the species compositional turnover along the specific LCE within the specific major 

type. LR = Lime-richness, SD = Risk of severe drought, LI = Long-term agricultural land use intensity, LU = 

Land use regime, WS = Water saturation and SI = Spring water influence. * = Total canopy cover relevant. ** = 

Total canopy cover, Current agricultural land use intensity and Regrowth succession on agricultural land 

relevant. *** = Total canopy cover relevant in some cases, depending on the dominant basic type. 

Major type LR SD LI LU WS SI 

L4 Helophyte freshwater swamp 3 – – – – – 
T1 Bare rock 5 – – – – – 

T4 Forest* 4 4 1 – 1 2 

T21 Sand dunes – – 1 – 2 – 

T30 Periodically flooded riverside forest* 1 – 1 – – 2 

T32 Semi-natural grasslands** 4 2 3 1 1 2 

T35 Intensively modified loose substrate*** 1 – – – – – 

T37 New synthetic substrate with quick 

succession 

– – – – – – 

T38 Tree-plantation* 1 1 – – – – 

T39 Intensively modified hard substrate with slow 

succession 

– – – – – – 

T41 Intensively modified agricultural areas with 

appearance of semi-natural grasslands** 

1 – 1 1 1 – 

T43 Non-agricultural areas with infrequent intensive 

land use* 

1 – 1 – 1 – 

T44 Field* 1 – – – 1 – 

T45 Fertilized grasslands** 1 – 3 2 1 – 

V2 Wetland forest* 3 – – – – 2 

V9 Semi-natural mire* 3 – – 1 – 1 

V10 Semi-natural wet grasslands* 2 – – 1 – 2 

V12 Drained mire 2 – – – – – 

 

2. Each point was also assigned to a unique major type polygon. The following variables 

were registered for each polygon depending on the major type (Table 2, Halvorsen, 

2016): 

o Current agricultural land use intensity (CLI): a semi-standardized condition 

variable from the attribute system that describes the current cumulative 

intensity of various agricultural land use factors in an area, e.g., the intensity of 

fertilization, plowing, watering, grazing, etc. The step-wise division of this 

variable corresponds to an aggregation of the basic steps of the LCE Long-

term agricultural land use intensity, and may be interpreted as the basic step, or 

pair of basic steps, along the Long-term agricultural land use intensity that the 
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area will develop into given sufficient time. There were eight steps 

(corresponding Long-term agricultural land use intensity basic steps[s] in 

parenthesis): 1. Not in use (0), 2. Distinctively influenced by grazing (a), 3. 

Very extensive use (b), 4. Extensive use (c & d), 5. Extensive use influenced 

by fertilization (e), 6. Moderately intensive use (f & g), 7. Intensive use (h & i) 

and 8. Very intensive use (j). 

o Regrowth succession on agricultural land (RSA): a semi-standardized 

condition variable from the attribute system. In this thesis interpreted as the 

state of Regrowth succession of an area in reference to the state in which the 

area would be if it was maintained at Current agricultural land use intensity = 

Long-term agricultural land use intensity for a long time, and the state of the 

end point major type of a natural succession (which in all cases below the 

forest-limit was T4). The “state of the area” refers to the species composition, 

but with a slightly greater emphasis on abundance and dominance than when 

assigning LCE basic steps, especially when considering the lower steps of 

Regrowth succession. Five steps: 1. Intact, 2. Fallow state, 3. Early regrowth 

state, 4. Late regrowth state and 5. Endpoint state. The last step was only for 

reference and not assignable as it represented another major type. 

o Canopy cover: a measure of the percentage of the ground that lies within the 

tree crown periphery. The percentage, from 0 to 100, was divided in nine steps 

(Table 3). Canopy cover was registered for all trees (Total canopy cover), post-

regrowth succession trees (Post-regrowth canopy cover) and pre-regrowth 

succession trees (Pre-regrowth canopy cover). The variables were ideally 

recorded for the whole polygon, but in some special cases, e.g., large forest 

polygons extending far beyond the locality boundary, the variable was 

recorded for the closest 250 m2. 

Table 3 – Steps along the canopy cover variable. Modified from Halvorsen (2016 fig. A1-1, p. 25). 

% canopy cover 0 2.5 5 10 25 50 75 90 100 

Step 0 1 2 3 4 5 6 7 8 
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The rules for polygon assignment were modified from the guidelines in Bryn and Halvorsen 

(2016): 

1. Polygons must be larger than 250 m2 and wider than 5 m (7.5 m in T4 unless there 

was a logical cartographic reason for allowing two areas to be connected by a “bridge” 

narrower than 7.5, but wider than 5 m). 

2. The general rule for polygon delineation was between areas of different major types, 

however: 

o Coherent areas of the same major type could be divided into separate polygons 

if they had been, or still were, separated by a permanent physical barrier that 

promoted independent development in the two areas, e.g., large fences and 

boulder walls, rivers and creeks, large roads, and property boundaries. 

o Additionally, a special rule was implemented to obtain a better coverage of the 

variation in the Current agricultural land use intensity, Regrowth succession on 

agricultural land and Total canopy cover variables. A polygon could be further 

subdivided if there was a significant internal difference in the central tendency 

between two areas that both satisfied the minimum size and width rules for 

polygon delineation. The central tendency was the variable state that 

dominated the area, typically the central part of the area. In agricultural areas it 

is generally normal for Regrowth succession to start from the margin, resulting 

in within-polygon variation in the state of Regrowth succession. “A significant 

internal difference” for the condition variables was interpreted as a one-step 

difference on the respective measurement scales. For the Total canopy cover, 

the threshold for “significant internal difference” was interpreted as a 

difference in the central tendency of areas of such a magnitude that the average 

Total canopy cover of the two areas insufficiently described the ecological 

effects of the canopy cover in neither area, e.g., if the density rapidly shifted 

from close to zero to greater than 50 %. 

Furthermore, presence/absence of the Cultural elements clearance cairns, stone fences, and 

ruins/remains of buildings was registered as three separate variables for the locality as a 

whole. 
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The following material was used to identify major types and LCE basic steps in the field: 

Orthophotos, descriptions of NiN mapping units at the 1:5000 scale (Bratli et al., 2016), lists 

of species distribution along selected LCEs (Halvorsen et al., 2016a), NiN mapping 

instructions (Bryn & Halvorsen, 2016), LCE and major type descriptions in Halvorsen (2016) 

and the floras Lid and Lid (2005) and Mossberg and Stenberg (2012). 

2.5 Post field work editing 

In the post field work editing, Total canopy cover was modified in two ways: 

1. In a few instances, 0 % Total canopy cover was registered as step 1. All polygons with 

Total canopy cover step 1 was checked against locality description, Post-regrowth 

canopy cover and Pre-regrowth canopy cover if recorded, photos and most recent 

orthophotos in order to distinguish steps 1 and 0. 

2. Total canopy cover was not recorded for the first localities. Therefore, the Total 

canopy cover was estimated from Post-regrowth canopy cover and Pre-regrowth 

canopy cover in combination with orthophotos. 

Additional sources of information were used to reevaluate uncertain point major types, LCE 

basic steps and polygon major types. The most frequent problem was to identify T41 

polygons that were misinterpreted in the field. The following resources was used: 

1. Orthophotos: additional orthophotos from norgeibilder.no (accessed January and 

February 2017). Older photos (where available), especially from the 1940s to the 

1960s, were useful in providing clues of previous agricultural land use intensity. 

Orthophotos older than 1980 were available for 15 of the 60 localities (104, 109, 110, 

120, 130, 133, 136, 138, 139, 142, 148, 151, 152, 158 and 163). 

2. Official land registration records: property borders and property history from 

www.seeiendom.no (accessed October and November 2017) provided information on 

the placement of the locality in reference to the main farm and general historical 

development of the property, e.g., current and previous ownership and possible leases. 

3. Area resource maps (Bjørdal et al., 2004; Bjørdal, 2007; Haraldstad, 2008; Ahlstrøm 

et al., 2014): three generations of area resource maps in 1:5000 provided some 

www.seeiendom.no
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information on possible previous and Current agricultural land use intensity and 

regime. The first-generation maps (økonomisk kartverk) were made between 1964 and 

ca. 1988 by field survey and orthophoto interpretation. The second-generation maps 

(digitalt markslagskart) was a digital continuation of the first-generation maps made 

between ca. 1988 and ca. 2005 and was updated primarily by orthophoto 

interpretation. The third-generation maps (arealressurskart i 1:5000, here abbreviated 

AR5) were a continuation of the second-generation maps but with a simplified 

classification system and updated by orthophoto interpretation. The maps were made 

by use of a land productive classification system which was a classification of areas 

based on productive capacity for forestry and agriculture. 

Additional a posteriori corrections were made to ensure that the same interpretation of major 

type definitions, LCE definitions and polygon rules applied to all localities. 

2.6 Statistical analysis 

Area statistics were obtained by calculating Voronoi polygons (Kang, 2008) with the 

MMQGIS addon (Minn, 2017) in QGIS v.2.16 (Anonymous, 2017). The procedure divided 

the area of each locality into multiple polygons based on the provided reference points. Each 

new polygon was associated with one reference point and was assigned the area which lies 

closer to that specific reference point than to any other reference point. The research questions 

were tested with Generalized Linear Models (McCullagh & Nelder, 1989) in R (Anonymous, 

2015), with localities as observation units. A total of 17 response variables were tested against 

39 explanatory variables. Additionally, a forward model selection procedure was attempted 

with the same variables, in which p-values were corrected (p') for multiple testing with both 

the Bonferroni method and the Holm method (Legendre & Legendre, 2012). To attain 

homoscedasticity, all numerical explanatory variables were transformed to zero skewness and 

rescaled to a 0–1 scale (Økland et al., 2003). All models were tested as a two-tailed alternative 

hypothesis against a null model of no relationship between the response variable and the 

explanatory variable. The test statistic was the variance ratio F (F-test) and the significance 

level was α = 0.05. 
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2.6.1 Response variables 

For convenience, the response variables are presented in three groups: 

1. Major type count: the number of polygon major types present in each locality. This 

response variable was analyzed with respect to 38 successfully transformed 

explanatory variables, with the entire dataset of 60 localities and with the GLM 

family Poisson (see Appendix 2 Table 24 for list of variables and transformation 

formulas). 

2. Proportion of major types: the proportion of T32, the proportion T41, the proportion 

T45 and the proportion of other major types (all major types other than T32, T41 and 

T45) in each locality. The proportions were calculated from the Voronoi polygons for 

the polygon major type of the associated points. T32, T41 and T45 were selected as 

separate variables because they each represented more than 10 % of the total area (of 

all localities). These response variables were analyzed with respect to 38 successfully 

transformed explanatory variables, with the entire dataset of 60 localities and with the 

GLM family Binomial (see Appendix 2 Table 24 for list of variables and 

transformation formulas). 

3. Condition of major types: included twelve response variables derived from Current 

agricultural land use intensity and Regrowth succession on agricultural land 

registrations in T32, T41 and T45 polygons. The average and standard deviation of 

Current agricultural land use intensity states and Regrowth succession on agricultural 

land states in each major type in each locality was calculated from the polygons of the 

respective major types. Both the average and the standard deviation was weighted by 

the corresponding polygon area, as obtained from the corresponding Voronoi 

polygon(s). Three subsets of the complete dataset were made, one for each of the 

major types, containing only localities with a proportion of the specific major type 

greater than zero. Explanatory variables were transformed separately for each of the 

subsets and all models had GLM family Gaussian. 

a. The state of the condition variables in T32 were analyzed with respect to 38 

successfully transformed explanatory variables, with a subset of 51 localities 

(see Appendix 2 Table 25 for list of variables and transformation formulas). 
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b. The state of the condition variables in T41 were analyzed with respect to 34 

successfully transformed explanatory variables, with a subset of 12 localities 

(see Appendix 2 Table 26 for list of variables and transformation formulas). 

c. The state of the condition variables in T45 were analyzed with respect to 39 

successfully transformed explanatory variables, with a subset of 20 localities 

(see Appendix 2 Table 27 for list of variables and transformation formulas). 

2.6.2 Explanatory variables 

The explanatory variables are presented in five thematic groups for convenience and labeled 

with (c) for continuous variables, (f) for factorial variables and (l) for logical (0–1) variables: 

1. Variables derived from the Naturbase dataset. 

a. Biodiversity value (c), where A = 1, B = 2 and C = 3. 

b. Locality area (c). 

c. Number of sources (c), i.e., the count of listed sources for each locality. 

d. Registration year (c), registered as years since 1999. 

e. Naturbase description length (c), registered as the total number of characters 

in the attributes Introduction (innledning), Placement (beliggenhet), Land 

cover types (naturtyper), Species diversity (artsmangfold), Impacts 

(påvirkning), Alien species (fremmede arter), Current agricultural land use 

(skjøtsel), Landscape (landskap) and Biodiversity value justification 

(verdibegrunnelse) in the Naturbase locality description. 

f. Handbook 13 type (f), i.e., D01 Semi-natural hay meadow or D04 Semi-

natural pasture. 

g. Mapper ID (l): logical variable indicating if a particular mapper likely 

surveyed a locality and, directly or indirectly, contributed to the registration of 

the locality. The assessment was based on the source types Field survey 

(feltundersøkelser), Reported information (innmeldte opplysninger) and 

Literature (litteratur), if the literature in question was a field survey report. The 

top five mappers were selected and treated as separate variables; Mapper ID 

8, Mapper ID 10, Mapper ID 23, Mapper ID 24 and Mapper ID 29. 

2. Topographical and biogeographical variables. All GIS work done in QGIS v.2.16 

(Anonymous, 2017). 
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a. Topographical variables (c): elevation, ruggedness and slope was obtained 

from a 10x10 meter Digital elevation Model (DEM, www.kartverket.no, 

accessed June 4th 2017) using the Terrain Analysis tool in QGIS. Each point 

was attributed with the elevation, ruggedness and slope from the corresponding 

DEM raster cell and the average and standard deviation was calculated for 

each locality. 

b. Vegetation zone (c): the vegetation zone for each locality in reference to 

Moen (1998) were boreonemoral = 1, southern boreal = 2 and middle boreal = 

3. 

3. AR5 area resource map variables (c). There were three agricultural types in the AR5 

area resource system (Ahlstrøm et al., 2014, all translations by me): (1) infield pasture 

(innmarksbeite), i.e., agricultural land not suitable for machine harvesting, with at 

least 50 % cover of grasses or grazing tolerant herbs, (2) surface-cleared fields 

(overflatedyrka jord), i.e., agricultural land where the top layer has been cleared 

and/or tilled and made suitable for machine harvesting and (3) plowed fields (fulldyrka 

jord), i.e., fields and meadows plowed to normal depth. Other types were forest 

(skog), mire (myr), open terrestrial land (åpen fastmark, my translation), water (vann), 

glacier (bre), rural (bebygd), roads, railways, etc. (samferdsel, my translation) and not 

mapped (ikke kartlagt). AR5 data was retrieved from NIBIO September 29th 2017. 

The proportions of AR5 Infield pasture, proportions of AR5 Plowed field and 

proportions of AR5 Forest in each locality were selected as response variables 

because they each represented more than 10 % of area of the total locality area. The 

remaining types were grouped in the variable proportion of AR5 Other. 

4. Variables derived from LCE registrations (c). The average and standard deviation of 

the selected LCEs was calculated for the entire locality from all points where the 

respective LCE was registered, and weighted by the area each point represented. Basic 

steps were translated to numeric steps for analysis (Table 4). 

 

 

 

www.kartverket.no
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Table 4 – Translation key of basic steps to numeric basic steps (1–11) for analysis. Lowercase letters indicate 

transition steps while 0 marks “natural” endpoint steps where the effect of the respective LCE is null. 

Variable name 1 2 3 4 5 6 7 8 9 10 11 

Long-term agricultural land use intensity 0 a b c d e f g h i j 

Lime-richness a b c d e f g h i – – 

Risk of severe drought a b c d e f g h – – – 

Spring water influence 0 a b c – – – – – – – 

Water saturation 0 a b – – – – – – – – 

Land use regime 0 a – – – – – – – – – 

 

5. Variables from the NiN attribute system. 

a. Total canopy cover (c): the Total canopy cover steps were first translated to 

the mean of the percentage interval covered by the step (Table 5). The average 

and standard deviation was calculated from all polygons where the variable 

was registered and weighted by the polygon area, i.e., the combined area of the 

Voronoi polygon[s] associated with a point assigned to the specific polygon. 

b. Cultural elements (l): the presence/absence of clearance cairns, stone fences, 

and ruins/remains of buildings were treated as three separate logical 

variables. 

Table 5 – Translation of canopy cover steps to mean percentage of step interval for analysis. 

% canopy cover 0 2.5 5 10 25 50 75 90 100 

Step 0 1 2 3 4 5 6 7 8 

Mean % 0 1.25 3.75 7.5 17.5 37.5 62.5 82.5 95 
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3 Results 

The total number of sampled points was 1615, which represented 1002 daa, 211 unique 

polygons and 18 different major types (Table 6). The major type group Terrestrial ecosystems 

represented 98 % of the area and 13 major types, while the remaining area was represented by 

four Wetland ecosystem major types and one Freshwater bottom ecosystem major type (1.5 % 

and 0.06 %, respectively). Most major types represented less than 10 % of the total area. The 

major types T32 (53 localities, 47 % of the area), T45 (20 localities, 19 % of the area) and 

T41 (12 localities, 17 % of the area) were most common. Individual results for each locality, 

including land cover maps, are reported in Appendix 3 and referred to by a three-digit locality 

ID (e.g., 100). 

Table 6 – Summary of area (in daa), number of localities, number of polygons and number of points distributed 

on major type groups (MTG) and major types (MT). % = percent of total area (1002 daa). 

 

MTG Area % Polygons  MT Area % Polygons Points Localities 

 

T 985.89 98.38 204  T32 471.63 47.06 79 975 53 

 

     T45 191.33 19.09 33 204 20 

 

     T41 171.48 17.11 17 200 12 

 

     T4 48.99 4.89 21 67 14 

 

     T35 29.11 2.91 15 21 14 

 

     T38 26.64 2.66 5 8 3 

 

     T43 20.13 2.01 13 48 11 

 

     T39 11.13 1.11 7 30 7 

 

     T44 10.94 1.09 6 16 5 

 

     T1 3.40 0.34 5 8 4 

 

     T37 0.75 0.07 1 4 1 

      T30 0.25 0.03 1 1 1 

      T21 0.13 0.01 1 1 1 

 V 15.66 1.56 6  V9 2.09 0.21 2 3 2 

      V10 7.93 0.79 2 14 2 

      V2 4.16 0.41 1 8 1 

 

     V12 1.49 0.15 1 3 1 

 

L 0.57 0.06 1  L4 0.57 0.06 1 4 1 

 Total 1002.12 100 211  18   211 1615  

 

The percentage of the AR5 types in the total area are reported in Figure 8. AR5 Infield pasture 

represented 38.1 % of the total area, AR5 Plowed field represented 22.8 % of the area and 
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AR5 Forest represented 25 % of the area. The remaining types represented 14.1 % of the total 

area. 

 

Figure 8 – The percentage coverage of the AR5 types in the total investigated area: R = Rural, T = Transport, Pf 

= Plowed field, Sf = Surface-cleared field, Ip = Infield pasture, F = Forest, Ota = Open terrestrial land, M = 

Mire, and W = Water. 

 

3.1 Number of major types 

The number of major types in localities ranged from one (17 localities) to seven (one locality 

[130]), the overall average for all localities was 2.6 and the standard deviation was 1.4 (Figure 

9). 
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Figure 9 – Distribution of localities on number of major types. 

Six models were significantly better than the null model of no relationship in explaining the 

number of major types in the localities (Table 7). The number of major types increased 

significantly with the standard deviation of Long-term agricultural land use intensity (p = 

0.0001, Figure 10 slide B), the standard deviation of Total canopy cover (p = 0.0003, Figure 

10 slide C), the proportion of AR5 Forest (p = 0.0011, Figure 10 slide D) and Locality area (p 

= 0.0016, Figure 10 slide A), in order of decreasing significance. The reduction in residual 

deviance in these models ranged from 34.9 % to 21.8 %. 

Table 7 – Significant GLM models (p<0.05) with the response variable number of major types. F = F-statistic, 

Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the coefficient from the model output (+ 

positive, – negative), and Dev. red. % = the percentage reduction in residual deviance of the model compared 

with the Null deviance. 

Response variable: 

Number of major types 

Sample size: 

60 

Null deviance: 

45.730 

Df: 

58 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Locality area 4 0.0016 9.959 + 21.78 

Mapper ID 10 5 0.0074 7.184 – 15.71 

Vegetation zone 6 0.0444 4.042 – 8.84 

Proportion of AR5 Forest 3 0.0011 10.633 + 23.25 

St. dev. Long-term 

agricultural land use intensity 

1 0.0001 15.943 + 34.86 

St. dev. Total canopy cover 2 0.0003 13.170 + 28.80 
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Figure 10, slide A show that most localities were smaller than 30 daa and that the model 

predictions of number of major types against Locality area was influenced by one locality 

considerably larger than the others (132), including four major types. The number of major 

types decreased significantly with the presence of Mapper ID 10 (p = 0.0074, Figure 10 slide 

F) and increasing Vegetation zone (p = 0.0444, Figure 10 slide E). The reduction in residual 

deviance in these models were 15.7 % and 8.8 %, respectively.  

 

Figure 10 – Plots of number of major types against the six significant explanatory variables with model 

predictions (red line); A. Locality area, B. standard deviation of Long-term agricultural land use intensity, C. 

standard deviation of Total canopy cover, D. Proportion of AR5 Forest, E. Vegetation zone, and F. Mapper ID 

10. 

Interpretation of old orthophotos where available indicated that some localities might have 

looked different when they were first mapped, particularly localities mapped less recently 

A B 

C D 

E F 
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(106, 109, 120, 142 and 173). For example, locality 109 (registered in the year 2000) was 

dominated by asphalt and lawn, while comparison of orthophotos from 1965 and 2004 (not 

shown, but similar to that for 2011 in Figure 11) showed that the locality originally may have 

included some sort of grassland margin.  

 

Figure 11 – Locality 109 (Vestre Toten, Oppland) may have been built up after locality registration in 2000. 

Orthophotos from 2011 (left) and 1964 (right), from www.norgeibilder.no, 01.23.2017. 

Forward selection modelling 

Three models were significant with Bonferroni p' and Holm p' less than 0.05 (Table 8): the 

standard deviation of Long-term agricultural land use intensity, the standard deviation of 

Total canopy cover and the proportion of AR5 Forest, in order of decreasing significance. 

Selecting standard deviation of Long-term agricultural land use intensity for building separate 

additive models with standard deviation of Total canopy cover and proportion of AR5 Forest 

in the second round of variable selection provided no models that were significantly better 

than the best model from round 1. 

 

 

 

 

 

www.norgeibilder.no


38 

 

Table 8 – Results from the forward selection modelling procedure with the response variable number of major 

types. Each model was compared with the null model no relationship and the best model from the previous 

round with the anova F-statistic and α = 0.05. Bon. p' = corrected p-value with the Bonferroni method, Holm p' = 

corrected p-value with the Holm method, Cof. sign. = the sign of the coefficient from the model output (+ 

positive, – negative), and Dev. red. % = the percentage reduction in residual deviance of the model compared 

with the Null deviance. 

Response variable: 

Number of major types 

Sample size: 

60 

Null deviance: 

45.730 

 

Rnd. Explanatory variable: Rank F 

Cof. 

sign. 

Dev. 

red. % Df Bon. p' Holm p' 

1 St. dev. Long-term 

agricultural land use 

intensity 

1 15.943 

 

+ 34.86 

 

58 0.0025 0.0025 

 St. dev. Total canopy 

cover 

2 13.170 

 

+ 28.80 

 

58 0.0108 0.0105 

 Proportion of AR5 Forest 3 10.633 

 

+ 23.25 

 

58 0.0422 0.0400 

2 St. dev. Long-term 

agricultural land use 

intensity 

+ Proportion of AR5 

Forest 

1 4.210 + 44.07 57 0.0804 0.0804 

   +     

 St. dev. Long-term 

agricultural land use 

intensity 

+ St. dev. Total canopy 

cover 

2 2.874 + 

+ 

41.15 57 0.1801 0.0901 

 

3.2 Proportion of selected major types 

3.2.1 Proportion of T32 Semi-natural grasslands 

The cover of T32 within localities ranged from 0 % to 100 % (Figure 12). The type 

represented 100 % of the area in 15 localities and 0 % in seven localities. Otherwise, the type 

represented more than 75 % of the area in 17 localities, more than 50 % of the area in 10 

localities and less than 50 % of the area in 11 localities. The average size of T32 polygons 

was 4.9 daa. 
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Figure 12 – The frequency distribution of localities on the proportion of T32 Semi-natural grasslands within 

localities. 

The proportion of T32 was significantly explained by four models (Table 9). The proportion 

increased with Registration year (p = 0.0141, Figure 13 slide A) and the proportion of AR5 

Infield pasture (p = 0.037, Figure 13 slide D). The reduction in residual deviance was 12.8 % 

and 9.3 %, respectively. The average Lime-richness for all localities was close to basic step f, 

i.e., moderately lime-rich, and the proportion of T32 increased significantly with average 

Lime-richness (p = 0.0362, Figure 13 slide C). The proportion of T32 decreased with Locality 

area (p = 0.0433, Figure 13, slide B). The reduction of residual deviance was 9.4 % and 8.7 

%, respectively. 
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Figure 13 – Plots of proportion of T32 Semi-natural grasslands against the four significant explanatory variables 

with model predictions (red line); A. Registration year, B. Locality area, C. Average Lime-richness and D. 

Proportion of AR5 Infield pasture. 

Table 9 – Significant GLM models (p<0.05) with the response variable proportion of T32 Semi-natural 

grasslands. F = F-statistic, Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the coefficient 

from the model output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual deviance 

of the model compared with the Null deviance. 

Response variable: 

Proportion of T32 

Sample size: 

60 

Null deviance: 

46.737 

Df: 

58 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Registration year 1 0.0141 6.021 + 12.88 

Locality area 4 0.0433 4.083 – 8.73 

Proportion of AR5 Infield 

pasture 3 0.0370 
4.352 

+ 9.31 

Avg. Lime-richness 2 0.0362 4.385 + 9.38 

Forward selection modelling 

There were no models in the first round of model selection that were significantly better than 

the null model of no relationship. 

 

A B 

C D 
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3.2.2 Proportion of T41 Intensively modified agricultural areas with 

appearance of semi-natural grasslands 

The cover of T41 within localities ranged from 0 % to 100 % (Figure 14). The cover was 0 % 

in 48 localities and greater than 80 % in four localities (102, 133, 147 and 140). In the 

remaining localities, the cover was between 20 % and 60 %. 

 

Figure 14 – The frequency distribution of localities on the proportion of T41 Intensively modified agricultural 

areas with appearance of semi-natural grasslands within localities. 

One model was significantly better than the null model of no relationship (Table 10) in 

explaining the proportion of T41. The standard deviation of Ruggedness, i.e., the variation in 

the unevenness of the terrain, was significant with a p-value of 0.0319 and reduction of 

residual deviance of 16 %. 

Table 10 – Significant GLM models (p<0.05) with the response variable proportion of T41 Intensively modified 

agricultural areas with appearance of semi-natural grasslands. F = F-statistic, Df = degrees of freedom, Pr(>F) = 

p-value, Cof. sign. = the sign of the coefficient from the model output (+ positive, – negative), and Dev. red. % = 

the percentage reduction in residual deviance of the model compared with the Null deviance. 

Response variable: 

Proportion of T41 

Sample size: 

60 

Null deviance: 

28.791 

Df: 

58 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

St. dev. ruggedness 1 0.0319 4.605 + 15.99 
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Forward selection modelling 

There were no models in the first round of model selection that were significantly better than 

the null model of no relationship. 

3.2.3 Proportion of T45 Fertilized grasslands 

The cover of T45 within localities ranged from 0 % and 100 % (Figure 15). The type covered 

100 % of one locality and 0 % in 40 localities. The coverage in the remaining localities was 

evenly distributed in between. 

 

Figure 15 – The frequency distribution of localities on the proportion of T45 Fertilized grasslands within 

localities. 

Four models were significantly better than the null model of no relationship in explaining the 

proportion of T45 (Table 11). The proportion of the type increased with the average Long-

term agricultural land use intensity (p = 0.0058, Figure 16, slide A), the proportion of AR5 

Plowed field (p = 0.0394, Figure 16, slide B) and with presence of Mapper ID 24 (p = 0.0404, 

Figure 16, slide D). The reduction in residual deviance ranged from 30.1 % in the first model 

to around 16.5 % in the latter two models. 
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Figure 16 – Plots of proportion of T45 Fertilized grasslands against the for significant explanatory variables with 

model predictions (red line): A. Average Long-term agricultural land use intensity, B. Proportion of AR5 Plowed 

field, C. Handbook 13 type, and D. Mapper ID 24. 

Table 11 – Significant GLM models (p<0.05) with the response variable proportion of T45 Fertilized grasslands. 

F = F-statistic, Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the coefficient from the model 

output (+ positive, –negative), and Dev. red. % = the percentage reduction in residual deviance of the model 

compared with the Null deviance. 

Response variable: 

Proportion of T45 

Sample size: 

60 

Null deviance: 

25.333 

Df: 

58 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Handbook 13 type 2 0.0341 4.490 – 17.72 
Mapper ID 24 4 0.0404 4.200 + 16.58 

Proportion of AR5 Plowed 

field 

3 0.0394 4.245 + 16.76 

Avg. Long-term agricultural 

land use intensity 

1 0.0058 7.613 + 30.05 

 

The proportion of T45 was significantly less in D04 localities (Figure 16 slide C), with a p-

value of 0.0341 and a reduction of residual deviance of 17.7 %. Field observations and 

orthophoto interpretation showed that at many localities, the entire infield was delineated, 

particularly for D01 localities (132, 133, 143 [Figure 17], 157, 158, 161 and 180, and to a 

certain extent also 101, 104, 108, 144 and 147). Although localities 133, 147 and 158 were 

A B 

C D 
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registered as pastures, old orthophotos, placement of the farm, and an information sign about 

historical development at locality 133, suggest that all three areas likely were meadows 

historically, but have been utilized for grazing in recent decades and therefore were classified 

as pastures. These localities often included large proportions of intensively modified 

agricultural types and other intensively modified non-agricultural types associated with 

buildings, roads, etc. 

 

Figure 17 – At locality 143 (Eidskog, Hedmark) the entire infield was delineated and many main types were 

represented. Most of the area was intensively modified agricultural lands (such as T45 Fertilized grasslands, in 

front) and the central parts was intensively modified non-agricultural types. T32 Semi-natural grassland was 

found in peripheral areas. Photo taken northeast of buildings. 

Forward selection modelling 

There were no models in the first round of model selection that were significantly better than 

the null model of no relationship. 
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3.2.4 Proportion of other major types 

The cover of other major types within localities ranged from 0 % to 100 % (Figure 18). These 

types covered more than 80 % in four localities and 0 % in 22 localities. The remaining 

localities included less than 50 % of these types. These types represented 16.7 % of the total 

area (Table 6). The semi-natural wetland types V9 and V10 represented 0.21 % and 0.79 % of 

the total area, respectively. T4 was recorded in 14 localities and represented 4.9 % of the total 

area. Wooded major types in general (T4, T38, T30 and V2) represented 8 % of the total area, 

while intensively modified types (T35, T43, T39, T44, T37 and V12) represented 7.3 %. 

 

Figure 18 – The frequency distribution of localities on the proportion of other major types within localities. 

Five models were significantly better than the null model of no relationship in explaining the 

proportion of other major types (Table 12). The proportion of other major types increased 

with the proportion of AR5 Other (p = 0.0283, Figure 19 slide A), with a reduction of residual 

deviance of 19.3 %. The proportion of other major types decreased with average Elevation (p 

= 0.0333, Figure 19 slide C), proportion of AR5 Infield pasture (p = 0.0372, Figure 19 slide 

B), and the average and standard deviation of Spring water influence (both p = 0.04). 



46 

 

 

Figure 19 – Plots of proportion of other major types against the three significant explanatory variables with 

model predictions (red line): A. Proportion of AR5 Other types, B. Proportion of AR5 Infield pasture, and C. 

Average elevation. 

Table 12 – Significant GLM models (p<0.05) with the response variable proportion of other major types. F = F-

statistic, Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the coefficient from the model 

output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual deviance of the model 

compared with the Null deviance. 

Response variable: 

Prop. of other 

Sample size: 

60 

Null deviance: 

24.940 

Df: 

58 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Avg. elevation 2 0.0333 4.528 – 18.16 
Proportion of AR5 Other types 1 0.0283 4.809 + 19.28 

Proportion of AR5 Infield 

pasture 3 0.0372 
4.342 

– 17.41 

Avg. Spring water influence 4 0.0400 4.218 – 16.91 

St. dev. Spring water influence 5 0.0401 4.215 – 16.90 

 

Forward selection modelling 

There were no models in the first round of model selection that were significantly better than 

the null model of no relationship. 

A B 

C 
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3.3 Condition variables in selected major types 

The Current agricultural land use intensity and Regrowth succession on agricultural land 

variables were not assigned for two T45 polygons and one T32 polygons and was not possible 

to assign a posteriori. The reduction in representation of total area was 0.07 % and 0.16 %, 

respectively (Table 13). 

Table 13 – Table of major types, with summary of area, polygons and localities, that were described with 

variables from the attribute system and on which the calculations of Total canopy cover, Regrowth succession on 

agricultural land and Current agricultural land use intensity was based. MTG = major type group, MT = major 

type, % = percent of total area (1002 daa). 

 

MTG Area % Polygons  MT Area % Polygons Points Localities 

 

T 918.41 91.65 159  T32 470.00 46.90 78 973 53 

 

     T45 190.56 19.02 31 202 18 

 

     T41 171.48 17.11 17 200 12 

      Other 84.75 8.46 32 113 21 

 V 15.66 1.56 6  All 15.66 1.56 6 28 6 

 Total 934.07 93.21 165  14      

 

3.3.1 Condition variables in T32 Semi-natural grasslands 

Regrowth succession on agricultural land 

Most of the T32 area (64 %) was intact, i.e., Regrowth succession state 1, while 25 % was in a 

fallow state (Figure 20). The remaining area was evenly distributed on the early and late 

regrowth states (5.5 % and 5.4 %, respectively). The overall average state of Regrowth 

succession in T32 within localities was 1.5 and the standard deviation was 0.7. Regrowth 

succession having reached the endpoint successional state might be the case for locality 112 

(registered in 1999) which likely was a wooded outfield meadow or pasture historically, but at 

the survey time was indistinguishable from lime-rich drought prone forest. Orthophotos from 

1956 and the surrounding landscape suggest that this might also have been the case for the 

central forest area of locality 148 (Figure 21). Considerable afforestation was also observed in 

the periphery of some localities (e.g., 137 and 155, both registered in 2008). 



48 

 

 

Figure 20 – Percentage of T32 Semi-natural grassland area in the different states of Regrowth succession: 1. 

Intact, 2. Fallow state, 3. Early regrowth succession, and 4. Late regrowth succession. 

 

Figure 21 – The Open drought exposed forest in the central area of locality 148 (Larvik, Vestfold). 
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The average state of Regrowth succession in T32 within localities was one in 19 localities, 

between one and two in 13 localities, between two and three also in 13 localities, between 

three and four in six localities, and four in two localities. The average state of Regrowth 

succession in T32 decreased significantly with the average Long-term agricultural land use 

intensity, with a reduction in residual deviance of 12.1 % and p = 0.0107 (Table 14). 

Table 14 – Significant GLM models (p<0.05) with the response variable average Regrowth succession in T32 

Semi-natural grasslands. F = F-statistic, Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the 

coefficient from the model output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual 

deviance of the model compared with the Null deviance. 

Response variable: 

Avg. Regrowth succession 

in T32 

Sample size: 

53 

Null deviance: 

36.205 

Df: 

51 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Avg. Long-term agricultural 

land use intensity 

1 0.0107 7.023 – 12.10 

 

The standard deviation of the state of Regrowth succession in T32 within localities was zero 

in 35 localities, between zero and one in 16 localities and greater than one in one locality 

(132). Two models were significantly better than the null model of no relationship in 

explaining the standard deviation in the state of Regrowth succession in T32 (Table 15). The 

average state increased with average Ruggedness (p = 0.0441, Figure 22 slide A) and standard 

deviation of Total canopy cover (p = 0.005, Figure 22 slide B). The reduction in residual 

deviance was 7.7 % and 21.5 %, respectively. 

 

Figure 22 – Plots of standard deviation of Regrowth succession in T32 Semi-natural grasslands against the two 

significant explanatory variables with model predictions (red line): A. Average ruggedness and B. Standard 

deviation of Total canopy cover. 

A B 
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Table 15 – Significant GLM models (p<0.05) with the response variable standard deviation of Regrowth 

succession in T32 Semi-natural grasslands. F = F-statistic, Cof. sign. = the sign of the coefficient from the model 

output (+ positive, – negative). Dev. red. % = the percentage reduction in residual deviance of the model 

compared with the Null deviance. 

Response variable: 

St. dev. Regrowth succession 

in T32 

Sample size: 

53 

Null deviance: 

4.001 

Df: 

51 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

St. dev. ruggedness 2 0.0441 4.263 + 7.71 
St. dev. Total canopy cover 1 0.0005 13.988 + 21.52 

 

Current agricultural land use intensity 

The overall average Current agricultural land use intensity in T32 within localities was 3.3 

and the standard deviation was 1.1. Most of the total T32 area (42 %) was in extensive use, 12 

% was in extensive use influenced by fertilization, 23 % was in very extensive use, 8 % was 

only distinctly influenced by grazing and 13 % was not in use (Figure 23). Some of the 

localities managed at the Current agricultural land use intensities very extensive use, 

extensive use and extensive use influenced by fertilization were managed by regimes that 

disfavored or otherwise negatively affected native semi-natural grassland species in the long 

term. For example, too frequent mowing (e.g., locality 120 and 142, and partially in locality 

146 and 177), grazing on traditional hay meadows (e.g., locality 132, 136 and 147), or severe 

trampling or other human disturbance (e.g., locality 120, 133, 139, 142). 
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Figure 23 – Percentage of T32 Semi-natural grassland area in the different states of Current agricultural land use: 

1. Not in use, 2. Distinctly influenced by grazing, 3. Very extensive use, 4. Extensive use, 5. Extensive use 

influenced by fertilization, 6. Moderately intensive use, 7. Intensive use, and 8. Very intensive use. 

The average Current agricultural land use intensity in T32 areas was one in ten localities, 

between two and three in eight localities, between three and four in 20 localities, between four 

and five in 12 localities and five in three localities. The average Current agricultural land use 

intensity in T32 within localities increased significantly with the average Long-term 

agricultural land use intensity (p = 0.0416, Figure 24 slide A), and decreased with the 

standard deviation of Long-term agricultural land use intensity (p = 0.0231, Figure 24 slide 

B). The reduction in residual deviance was 7.9 % and 9.7 %, respectively (Table 16). 
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Figure 24 – Plots of average Current agricultural land use in T32 Semi-natural grasslands against the two 

significant explanatory variables with model predictions (red line): A. Average Long-term agricultural land use 

intensity and B. Standard deviation of Long-term agricultural land use intensity. 

Table 16 – Significant GLM models (p<0.05) with the response variable average Current agricultural land use 

intensity in T32. F = F-statistic, Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the 

coefficient from the model output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual 

deviance of the model compared with the Null deviance. 

Response variable: 

Avg. Current agricultural land 

use intensity in T32 

Sample size: 

53 

Null deviance: 

75.304 

Df: 

51 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

St. dev. Long-term 

agricultural land use intensity 

1 0.0231 5.489 – 9.72 

Avg. Long-term agricultural 

land use intensity 

2 0.0416 4.371 + 7.89 

 

The standard deviation in Current agricultural land use intensity in T32 within localities was 

zero in 37 localities, less than one in 14 localities and greater than one in two localities (104 

and 136). Four models were significantly better than the null model of no relationship in 

explaining the standard deviation in Current agricultural land use intensity in T32 (Table 17). 

The standard deviation increased significantly with average Ruggedness (p = 0.0397, Figure 

25 slide A), standard deviation of Elevation (p = 0.0365, Figure 25 slide B), average Slope (p 

= 0.0404, Figure 25 slide C) and standard deviation of Total canopy cover (p = 0.0023, Figure 

25 slide D). The reduction in residual deviance was greatest in the latter model (16.8 %), and 

was around 8 % in the first three. 



53 

 

 

Figure 25 – Plots of standard deviation Current agricultural land use in T32 Semi-natural grasslands against the 

four significant explanatory variables with model predictions (red line): A. Average ruggedness, B. standard 

deviation of Elevation, C. Average slope, and D. Standard deviation Total canopy cover. 

Table 17 – Significant GLM models (p<0.05) with the response variable standard deviation of Current 

agricultural land use intensity in T32 Semi-natural grassland. F = F-statistic, Df = degrees of freedom, Pr(>F) = 

p-value, Cof. sign. = the sign of the coefficient from the model output (+ positive, – negative), and Dev. red. % = 

the percentage reduction in residual deviance of the model compared with the Null deviance. 

Response variable: 

St. dev. Current agricultural 

land use intensity in T32 

Sample size: 

53 

Null deviance: 

6.739 

Df: 

51 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

St. dev. elevation 2 0.0365 4.615 + 8.30 
Avg. ruggedness 3 0.0397 4.457 + 8.04 

Avg. slope 4 0.0404 4.426 + 7.98 

St. dev. Total canopy cover 1 0.0023 10.280 + 16.78 

 

Locality 122 (Figure 26) and 123 were examples of localities with low accessibility (i.e., high 

average Ruggedness and Slope) which also were characterized by patchy variation in 

Regrowth succession and Current agricultural land use intensity. Both were grazed at a 

relatively low pressure, and had probably been abandoned for a considerable period until 

recently. 

A B 

C D 
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Figure 26 – The grazing pressure at locality 122 (Sel, Oppland) was low and the area showed signs of a 

prolonged period of abandonment and reduced land use intensity. The upper eastern area of the locality was 

dominated by low Alnus incana. Photo taken in the western outcrop of the locality, facing east. 

Forward selection modelling 

There was only one significant model (Bonferroni P' and Holm P' < 0.05) in the first round of 

model selection; standard deviation of Regrowth succession in T32 modelled by standard 

deviation of Total canopy cover. Therefore, there was no basis for a second round of model 

selection. 

3.3.2 Condition variables in T41 Intensively modified agricultural 

areas with appearance of semi-natural grasslands 

Regrowth succession on agricultural land 

The majority of the T41 areas was intact (98 %). The remaining area was in the early 

regrowth state. Locality 102 was the only locality where the average state of Regrowth 
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succession was not one (1.45) and the standard deviation not zero (0.83). No models were 

significantly better than the null model of no relationship in explaining average or standard 

deviation of Regrowth succession in this type. 

Current agricultural land use intensity 

Most of the area of T41 was in extensive use (68 %) and 1.6 % was not in use. The remaining 

area was evenly distributed on very extensive use and extensive use with trace of fertilization 

(16 % and 15 %, respectively). The overall average state within localities was 3.9, and the 

standard deviation was 0.5. No models were significantly better than the null model of no 

relationship in explaining the standard deviation of Current agricultural land use intensity in 

this type. 

Two models were significantly better than the null model of no relationship in predicting the 

average state of Current agricultural land use intensity in T41 (Table 18). The average 

increased with the standard deviation Total canopy cover (p = 0.0121) and decreased with the 

proportion of AR5 Plowed field (p = 0.0485). 

Table 18 – Significant GLM models (p<0.05) with the response variable average Current agricultural land use 

intensity in T41 Intensively managed agricultural areas with appearance of semi-natural grasslands. F = F-

statistic, Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the coefficient from the model 

output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual deviance of the model 

compared with the Null deviance. 

Response variable: 

Avg. Current agricultural land 

use intensity in T41 

Sample size: 

12 

Null deviance: 

3.913 

Df: 

10 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Proportion of AR5 Plowed 

field 

2 0.0485 5.044 + 33.53 

St. dev. Total canopy cover 1 0.0121 9.355 – 48.33 

Forward selection modelling 

There were no models in the first round of model selection that were significantly better than 

the null model of no relationship for any of the above response variables. 

 

 



56 

 

3.3.3 Condition variables in T45 Fertilized grasslands 

Regrowth succession on agricultural land 

The cover of intact (i.e., Regrowth succession = 1) areas in T45 was 65 % (Figure 27), while 

most of the area in any state of regrowth was in the early regrowth state (29 %). The overall 

average state of Regrowth succession in each locality was 1.7 and the standard deviation was 

0.6. 

 

Figure 27 – Percentage of T45 Fertilized grassland area in the different states of Regrowth succession: 1. Intact, 

2. Fallow state, 3. Early regrowth succession, and 4. Late regrowth succession. 

In the majority of the localities (16), the average state of Regrowth succession was one, in 

locality 132 the average was 1.86, in localities 161 and 130 the average was close to three, 

and in locality 108 the average was 3.75. The average decreased significantly with Naturbase 

description length (p = 0.0177, Figure 28 slide A), and increased significantly with proportion 

of AR5 Forest (p = 0.0047, Figure 28 slide B). The reduction in residual deviance was 27.5 % 

and 36.6 %, respectively (Table 19). 
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Figure 28 – Plots of average Regrowth succession in T45 Fertilized grasslands against the two significant 

explanatory variables with model predictions (red line): A. Naturbase description length and B. Proportion of 

AR5 Forest. 

Table 19 – Significant GLM models (p<0.05) with the response variable average Regrowth succession in T45 

Fertilized grasslands. F = F-statistic, Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the 

coefficient from the model output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual 

deviance of the model compared with the Null deviance. 

Response variable: 

Avg. Regrowth succession 

in T45 

Sample size: 

20 

Null deviance: 

12.973 

Df: 

18 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Naturbase description value 2 0.0177 6.817 – 27.47 
Proportion of AR5 Forest 1 0.0047 10.389 + 36.59 

 

The standard deviation of Regrowth succession in T45 was zero in 16 localities and less than 

one in the remaining four. The standard deviation increased significantly with Mapper ID 29 

(p = 0.0063), Mapper ID 24 (p = 0.0072), Locality area (p = 0.0102) and standard deviation of 

Elevation (p = 0.0462), in order of decreasing significance (Table 20). The reduction in 

residual deviance ranged from 34.6 % to 20.3 %. 

 

 

 

 

 

A B 
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Table 20 – Significant GLM models (p<0.05) with the response variable standard deviation in T45 Fertilized 

grasslands. F = F-statistic, Df = degrees of freedom, Pr(>F) = p-value, Cof. sign. = the sign of the coefficient 

from the model output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual deviance 

of the model compared with the Null deviance. 

Response variable: 

St. dev. Regrowth succession 

in T45 

Sample size: 

20 

Null deviance: 

1.278 

Df: 

18 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Mapper ID 29 1 0.0063 9.537 + 34.63 
Mapper ID 24 2 0.0072 9.188 + 33.79 

Locality area 3 0.0102 8.232 + 31.38 

St. dev. elevation 4 0.0462 4.585 + 20.30 

 

Current agricultural land use intensity 

Of the total T45 area, 35 % was not in use, 31 % was in the extensive use range (steps three to 

five), and the remaining area (34 %) was in the intensive use range (steps six to eight, Figure 

29). The overall average state of Current agricultural land use intensity in T45 within 

localities was 4 and the standard deviation was 1.4.

 

Figure 29 – Percentage of T45 Fertilized grassland area in the different states of Current agricultural land use: 1. 

Not in use, 2. Distinctly influenced by grazing, 3. Very extensive use, 4. Extensive use, 5. Extensive use 

influenced by fertilization, 6. Moderately intensive use, 7. Intensive use, and 8. Very intensive use. 

The average Current agricultural land use intensity in T45 was one in three localities, in the 

extensive use range in eight localities, and in the intensive use range in nine localities. The 
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average increased significantly with the average Risk of severe drought (p = 0.0448), and 

decreased significantly with the average and standard deviation of Spring water influence (p = 

0.0394 and p = 0.0348, respectively) and the proportion of AR5 Forest (p = 0.0383, Figure 

30). The reduction in residual deviance was from 20.5 % to 22.5 % (Table 21).  

 

Figure 30 – The average Current agricultural land use intensity in T45 Fertilized grasslands plotted against the 

significant explanatory variable proportion of AR5 Forest with model predictions (red line). 

Table 21 – Significant GLM models (p<0.05) with the response variable average Current agricultural land use 

intensity in T45 Fertilized grasslands. F = F-statistic, Cof. sign. = the sign of the coefficient from the model 

output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual deviance of the model 

compared with the Null deviance. 

Response variable: 

Avg. Current agricultural land 

use intensity in T45 

Sample size: 

20 

Null deviance: 

77.604 

Df: 

18 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Proportion of AR5 Forest 2 0.0383 4.999 – 21.74 
St. dev. Spring water influence 1 0.0348 5.211 – 22.45 

Avg. Spring water influence 3 0.0394 4.932 – 21.51 

Avg. Risk of severe drought 4 0.0448 4.649 + 20.53 

 

The standard deviation in Current agricultural land use intensity in T45 was zero in all but 

three localities; 180 (0.3), 143 (1.17) and 132 (2.73). The standard deviation increased 

significantly with Locality area (p = 0.0058) and Mapper ID 24 (p = 0.0081). The reduction in 

residual deviance was 35 % and 33 %, respectively (Table 22). 
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Table 22 – Significant GLM models (p<0.05) with the response variable standard deviation Current agricultural 

land use intensity in T45 Fertilized grasslands. F = F-statistic, Cof. sign. = the sign of the coefficient from the 

model output (+ positive, – negative), and Dev. red. % = the percentage reduction in residual deviance of the 

model compared with the Null deviance. 

Response variable: 

St. dev. Current agricultural 

land use intensity in T45 

Sample size: 

20 

Null deviance: 

8.030 

Df: 

18 

Explanatory variable: Rank Pr(>F) F Cof. sign. Dev. red. % 

Locality area 1 0.0058 9.814 + 35.28 
Mapper ID 24 2 0.0081 8.847 + 32.95 

 

Forward selection modelling 

There were no models in the first round of model selection that were significantly better than 

the null model of no relationship for any of the above response variables.  
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4 Discussion 

The tests of T41 and T45 condition variables resulted in many probable type I errors, likely 

due to low sample sizes (n = 12 and n = 20, respectively). Additionally, the forward selection 

modelling procedure yielded few significant test results, which may be due to a combination 

of reasons, such as inappropriate explanatory variables, measuring error or too small sample 

sizes. 

4.1 Variation in land cover content in Handbook 13 

localities 

On average, the localities include between two and three different major types. The most 

abundant major type is T32 which represents nearly half of the total study area (47 %), 

followed by the intensively modified agricultural types T45 (19 %) and T41 (17 %). Semi-

natural grassland represents more than 75 % of the area in 32 localities, between 40 % and 75 

% in 11 localities, and 25 % or less in the reminder, in 7 of which the types is absent. Based 

on field observations, orthophoto interpretation and model results, multiple reasons for the 

low coverage, or absence entirely, of semi-natural grasslands are suggested. 

Delineation practice 

The observations by previous authors (Gaarder et al., 2007; Jordal, 2007; Norderhaug & 

Svalheim, 2009; Bratli et al., 2011; Bratli et al., 2012) that the area of many localities is 

overestimated and probably include other land cover types than D01 and D04 is supported by 

the results of the present study. The results show that while the number of major types is 

greater in larger localities, the proportion of T32 decreases with locality area. Furthermore, 

along with the field observations and orthophoto interpretations this supports the proposition 

of Gaarder et al. (2007) that overestimation of D01 locality sizes in many cases is due to 

delineation of the entire infield. This tendency, in combination with the fact that pastures are 

more often located in the outfield, is a likely reason for the significantly greater proportion of 

T45 in D01 localities. The average polygon size of T32 in this study is 4.9 daa, which is 

within the range of the adjusted estimate of average D01 size by Gaarder et al. (2007) of 3–5 

daa. Based on the summarized total area of D04 in Naturbase by Bratli et al. (2012) and the 

available literature on agricultural history (Ihse, 1995; Norderhaug, 1999; Emanuelsson, 
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2009), we should expect the adjusted estimate of average size for D04 to be larger than for 

D01. Why the average T32 area in the present study is not larger may in part be explained by 

properties of the research area, as large outfield pastures are usually found in subalpine and 

mountain dairy areas (Moen, 1998; Norderhaug, 1999; Bratli et al., 2012). Additionally, the 

polygon delineation rules applied in this thesis are probably more sensitive to conditional 

differences between areas than the HB13 delineation rules. The significance of Locality area 

in predicting the proportion of T32 should be interpreted with caution as Figure 13 slide B 

show one outlier (locality 132) influencing the predictions and a “threshold” around 30 daa, 

on the lesser side of which the relationship is not so clear. Separate analysis of D01 and D04 

localities and with more even representation of locality sizes should be conducted in order to 

settle this question. 

Interpretation of Handbook 13 type definitions and mapping instructions 

In the sampled localities only D01 localities are recorded as visited by Mapper ID 24, i.e., the 

significantly greater proportion of T45 in localities likely surveyed by Mapper ID 24 might be 

an effect of sampling bias. On the other hand, 17 of the localities are recorded as visited by 

Mapper ID 10, with no apparent Handbook 13 type bias, and the presence of Mapper ID 10 is 

significantly negatively related to the number of major types. This indicates that there are 

mapper-dependent differences between the HB13 localities, likely due to differences in 

experience or interpretation of type descriptions and mapping instructions, etc. This provides 

some support to the propositions by Gaarder et al. (2007) and Bratli et al. (2012) that there 

likely are considerable differences between mappers, municipalities and counties due to 

mapping effort, methodology, prioritization and available resources. Norderhaug and 

Svalheim (2009) observed that that some historical semi-natural hay meadows have been 

registered as D04 Semi-natural pastures due to grazing in recent decades. This is also 

observed in the present study, with locality 133, 147 and 158, and likely represents another 

case where there might be interpretational differences between mappers in regards to mapping 

instructions. 

The considerable proportion of T41 in the mapped area, and the dominance of T41 in some 

localities, indicates that the type description of D01 and D04 to a certain extent has been 

interpreted to include also previously intensively managed agricultural areas. Some 

characteristic semi-natural species are likely to recolonize T41 areas following reduced land 
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use intensity (Gibson & Brown, 1992; Austrheim & Olsson, 1999; Halvorsen, 2016) and a 

major focus of the Municipal Habitat Mapping Program and National Program for Mapping 

and Monitoring of Biological Diversity was to identify areas suitable for such species 

(Anonymous, 1999, 2006a, 2007). Thus, given that such characteristic semi-natural grassland 

species were present in the area, it is likely that some mappers have interpreted the 

instructions to include these areas. 

Regional differences in landscape development 

The number of major types within localities is significantly less in the higher vegetation zones 

and the significant decrease also of the proportion of other major types with average Elevation 

suggests that it is primarily the presence of major types other than T32, T41 and T45 that 

decreases. One possible explanation for this pattern may be increased distance to densely 

populated areas and the abundance of major types that occur more frequently in those areas, 

i.e., intensively modified non-agricultural types. These types constitute the majority of the 

major types other than T32, T41 and T45. Given the observed effect of increased landscape 

heterogeneity due to afforestation of semi-natural grasslands in these areas (Fjellstad & 

Dramstad, 1999; Hemsing & Bryn, 2011), it seems unlikely that the potential for inclusion of 

T4 is any less with increased Vegetation zone or elevation. Thus, the likely explanation 

remains that the decrease in the number of major types is due to fewer intensively modified 

non-agricultural types. However, further analysis with separate response variables for these 

types and more explanatory variables that express geographical variation could provide 

further insight.  

Temporal changes 

The significantly greater proportion of T32 in more recently mapped localities may be due to 

several reasons: (1) increased precision due to updated Handbook 13 type descriptions and 

instructions, (2) newer and better tools available for mappers, (3) more recently mapped 

localities delineate smaller semi-natural grassland areas, and/or (4) less time for land use 

changes (in a broad sense) in more recently mapped localities. The study did not include 

appropriate explanatory variables to disentangle these factors, however, the literature and field 

observations provides insight on this matter. Gaarder et al. (2007) reported that newer 

localities of semi-natural hay meadows generally were smaller than older ones. The authors 
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attributed this in part to smaller actual areas of semi-natural hay meadows, proposing that the 

largest and most easily identifiable areas were mapped in the beginning of the Municipal 

Habitat Mapping Program. Furthermore, based on the more detailed type descriptions, 

mapping instructions and standardized registration schemes in the newer versions of HB13 

(Anonymous, 2006a, 2007), and the significantly larger proportion of T32 also in smaller 

localities, it seems likely that the new instructions and quality demands to some extent has 

contributed to more precisely delineated localities. Increased availability of orthophotos from 

around 2005/06, increased accessibility and precision of technical tools like handheld GPSs 

and GIS software, and more experienced and coordinated mappers is also likely to have 

contributed considerably to increased precision in delineation of newer localities (Bratli, 

Gaarder, & Jordal, personal communication). A recent trend in the modern agricultural 

landscape is the loss of arable land to rural expansion (Fjellstad & Dramstad, 2005; Fjellstad 

et al., 2007). Such changes might also be the reason for the low coverage of T32 in some of 

the sampled localities with a less recent registration year (e.g., locality 109), although neither 

the number of major types or the proportion of any major type is significantly less in more 

recently mapped localities. Alternatively, examples like these might be due to the limited 

quality demands in the early phase of the Municipality Habitat Mapping Program, e.g., that 

they were registered based on second-hand information and not inspected in the field. The 

inclusion also of some localities that likely represents T32 having reached the endpoint 

Regrowth successional state indicates that this is a contributing effect as well, even though the 

average Regrowth successional state is not significantly lower in more recently mapped 

localities. 

Local ecological conditions 

Overall, the localities have high average Lime-richness, and the proportion of T32 is 

significantly greater in more lime-rich areas. To a certain extent, this could reflect soil depth 

and agricultural history. Semi-natural grasslands on fertile deep soils were often plowed and 

intensified in the period of agricultural development in the second half of the 20th century, 

while low production grasslands were often abandonment and afforestation (Fjellstad & 

Dramstad, 1999; Norderhaug, 1999; Cousins, 2001; Bratli et al., 2012). Thus, the remaining 

areas are expected to be shallow soil, lime-rich areas and we may expect mapped D01 and 

D04 areas in general to be lime-rich because semi-natural grassland specialist species typical 

in lime-rich areas (Norderhaug, 1999) and the Biodiversity value criteria and mapping 
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instructions relies greatly on the presence of these species. However, Eriksen (2017) found 

that inexperienced mappers tended to overestimate Lime-richness in point mapping with the 

NiN system, thus the estimates of Lime-richness in this thesis could be overestimated. 

Besides Long-term agricultural land use intensity and Lime-richness, none of the other LCEs 

recorded in this study were significant in explaining the observed variation in the response 

variables. The relationship of these LCEs with the observed major types (Halvorsen, 2016) 

indicates that this is likely because these LCEs primarily explain variation within major types, 

i.e., variation at a finer spatial scale than what was addressed in the thesis. Similar analysis, 

but with basic types instead of major types as response variables might provide different 

results. 

4.2 The condition of T32 Semi-natural grasslands 

Nature in Norway and Handbook 13 type overlap 

The two lowest steps of Current agricultural land use intensity in T32 represents 21 % of the 

mapped T32 area, meaning that 21 % of the surveyed T32 area is not managed at an intensity 

sufficient to maintain the semi-natural grassland characteristics. Correspondingly, 36 % of the 

T32 area is in states of Regrowth succession other than intact, indicating that some of the T32 

area currently managed at some intensity of extensive use is also characterized by a period of 

abandonment (e.g., locality 122 and 151). Similarly, the significant increase in average 

Current agricultural land use intensity in T32 with increased average Long-term agricultural 

land use intensity indicates that the T32 areas are generally currently managed at a land use 

intensity equivalent to the historical land use intensity. D01 and D04 are expected to overlap 

mostly with open semi-natural grassland areas (which generally require Long-term 

agricultural land use intensity of extensive use or higher) because HB13 includes other types 

that are expected to overlap with the wooded very extensively managed semi-natural 

grasslands (Anonymous, 1999, 2006a, 2007; Halvorsen, 2010, 2015). This is supported by the 

significant increase in the standard deviation of Current agricultural land use intensity and 

Regrowth successional state in T32, and the increase in the number of major types, with 

increased standard deviation in Total canopy cover. A large standard deviation in Total 

canopy cover in a locality means that a considerable proportion of the area is densely wooded, 

while the other proportion is not. The significance of these models indicates that a dense 
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canopy cover to some extent represents the presence of wooded major types or T32 in the 

early or late Regrowth successional state, rather than very extensively managed wooded T32. 

However, the significant decrease of average Regrowth successional state in T32 with average 

Long-term agricultural land use intensity indicates a registration bias of these variables. One 

implication of this is that some T32 areas in the late regrowth state might have been 

misclassified as T4 and that T32 in the late regrowth state is underrepresented. The central 

forest area of locality 148 might be an example of this (Figure 21). 

Low area accessibility and abandonment 

The standard deviation of Regrowth succession in T32 is significantly greater in localities 

with greater average Ruggedness. Correspondingly, the variation in the Current agricultural 

land use intensity in T32 was significantly greater in localities of greater average Slope and 

ruggedness, and greater standard deviation of Elevation. The latter two explanatory variables 

represent principally the same, and all three variables may be interpreted as measures of 

accessibility in the localities. These results accord with the general observation that traditional 

agricultural practice has been most frequently abandoned in areas of low accessibility 

(Fjellstad & Dramstad, 1999; Norderhaug, 1999; Cousins, 2001; Daugstad, 2017). However, 

some localities had recently been reutilized for grazing after a period of abandonment. This 

may be related to the observation by Daugstad (2017), that reutilization of abandoned semi-

natural grasslands for grazing has been a general trend in Oppland county after 1998 when 

farmers were no longer required to fertilize pastures in order to be eligible for grazing 

subsidies, and additional subsidies were granted specifically for reestablishing old abandoned 

pastures. 

Biodiversity value 

Most of the T32 area affected by Regrowth succession is in the fallow state (25 %), and only 

around 11 % is in the early or late Regrowth successional states. None of the tested 

explanatory variables except average Long-term agricultural land use intensity was significant 

in predicting the average state of Regrowth succession in T32. Considering also that 

Biodiversity value did not significantly predict the proportion of T32 indicates that the 

Biodiversity value either (1) reflect some other property of the HB13 localities not 

represented by the explanatory variables in this study, (2) that there is variation in the practice 
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of assigning Biodiversity values to HB13 localities, (3) that the interpretation Biodiversity 

value might have changed with time, and/or (4) sampling bias in the present study. Further 

investigation should be conducted to answer this question, as it is important in conservation 

issues to know what information the Biodiversity value actually conveys. Possible 

explanations may be that high weight is attributed to the presence of endangered semi-natural 

grassland species or the richness and composition of semi-natural grassland specialists. 

4.3 Inference from AR5 resource maps 

The 25 % coverage of AR5 Forest in the present study is close to the 20 % coverage in D04 

localities observed by Bratli et al 2011, who could not conclude as to whether this was due to 

inaccurate delineation of the D04 localities or AR5 polygons, or type-overlap. In the present 

study, the number of major types increased significantly with the proportion of AR5 Forest, 

indicating that AR5 Forest overlaps with wooded major types, rather than wooded T32. 

However, unlike the standard deviation of Total canopy cover, the state of Regrowth 

succession in T32 was not significantly predicted by the proportion of AR5 Forest. On the 

other hand, average Current agricultural land use intensity and state of Regrowth succession 

in T45 were negatively and positively related to the proportion of AR5 Forest, respectively. 

T45 areas in a late Regrowth successional state with a developing tree cover might under 

certain circumstances be classified as AR5 Forest (Ahlstrøm et al., 2014), and thus this might 

be a generally valid result. However, it might also be a random effect due to low sample size, 

and the transferability of these results remains uncertain until further analysis with a larger 

sample size is conducted. On the other hand, the proportion of T45 was significantly predicted 

by the proportion of AR5 Plowed field, which is likely a generally valid result. 

While Bratli et al. (2011) found the most common AR5-type in D04 localities to be Open 

terrestrial land (37 %, compared to 6.5 % in the present study), the most common AR5-type 

in the investigated localities in this study was Infield pasture at 38 %, compared to 25 % in 

Bratli et al. (2011). According to Bratli et al. (2011), the Open terrestrial land in D04 

localities is more frequent in upland and coastal areas, which probably explains the lower 

proportion of this type in the sampled localities. While the proportion of other major types is 

less, the proportion of T32 is significantly greater in localities with a greater proportion of 

AR5 Infield pasture. This indicates that AR5 Infield pasture in the investigated localities 

overlaps with T32 and probably with D04 in particular. AR5 Infield pasture did traditionally 
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not include outfield pastures. However, Daugstad (2017) and Hegrenes et al. (2012) have 

reported that the area classified as AR5 Infield pasture has increased considerably since 1995 

due to changed subsidy-conditions and subsidies specifically aimed at reestablishing old 

pastures. This has resulted in classification of outfield pastures as AR5 Infield pasture 

(Daugstad, 2017). Additionally, after 1998 farmers were no longer required to fertilize infield 

pastures in order to be eligible for grazing-subsidies (Daugstad, 2017). Therefore, we might 

expect the significance of AR5 Infield pasture in predicting the proportion of T32 to be 

dependent of the mapping year of AR5. 

The AR5-types Plowed field and Surface-cleared field covered 5 % and 1.5 % of the area in 

Bratli et al. (2011), respectively, while they covered 23 % and 4 %, respectively, of the 

present study area. This suggests that these types may be more frequent in D01 localities 

and/or in the particular study area. Further analysis in which D01 and D04 localities are kept 

separate is suggested to answer this question. The proportion of other major types 

significantly increased with the proportion of AR5 Other, which is likely explained by the 

considerable proportion of intensively managed non-agricultural types in both categories. 

4.4 Limitations of the data 

Generally, there is a lot of uncertainty associated with land cover mapping (see for example, 

Cherrill and McClean, 1999; Hearn et al., 2011; Eriksen, 2017). The modern agricultural 

landscape is dynamic, and the semi-natural grasslands in particular are changing rapidly (Ihse, 

1995; Fjellstad & Dramstad, 1999; Norderhaug, 1999; Cousins, 2001; Emanuelsson, 2009). 

Complex land use histories can be difficult to interpret and in such instances, access to old 

orthophotos, information from land owners and other sources of information may lead to very 

different mapping results. For example, much of the T32 area in locality 120 could have been 

mapped as T43 if not for land owner information and old orthophotos. However, such sources 

of information are not always available, and was not available for all the localities in the 

present study. Eriksen (2017) describes this type of variation in land cover mapping as 

context-dependent error and propose that major type, basic type or basic step assignment to 

points should be evaluated against a range of acceptable values. This principle could be 

generalized also to polygon type assignment and should be applied when interpreting the 

results and land cover maps provided in this thesis as the perceived difference between T32, 

T41 and T45 may deceive the fact that the ecological distance from Long-term agricultural 
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land use intensity basic step e (in T32 or T41) to Long-term agricultural land use intensity 

basic step f (T45) is very short. 

There is reason to suspect a certain systematic mapping bias in the present study. The effects 

of Regrowth succession on agricultural land and Long-term agricultural land use intensity is 

expected to be independent (Hamre et al., 2010; Halvorsen, 2016). However, the significant 

negative relationship between the average Regrowth successional state in T32 and the average 

Long-term agricultural land use intensity in this study indicates that there is a systematic 

misjudgment of one or more of these variables. Furthermore, the Current agricultural land use 

intensity should be interpreted with some caution as well. The primary difference between 

this variable and Long-term agricultural land use intensity and Regrowth succession on 

agricultural land is the “direction” and spatial- and temporal scale of change in species 

composition (Halvorsen, 2016). It is common for some vascular plant species in general to 

increase in abundance in response to cessation of agricultural land use due to self-fertilizing 

effects, and the specific response pattern of different species is quite different and depends on 

ecological conditions (Ekstam & Forshed, 1992; Moen, 1998). In some cases, it may be 

difficult to distinguish this effect from the effect of increased Current agricultural land use 

intensity. For example, according to Ekstam and Forshed (1992), an increased abundance of 

Filipendula ulmaria (a common species in the study area) indicates both a slight trace of 

fertilization and cessation of agricultural land use in wet or low drought prone pastures and 

meadows. According to Bratli et al. (2016) it might also indicate weak spring water influence 

in lime-rich tall-herb grasslands, even with low Long-term agricultural land use intensity. 

Understanding the variation in species signaling value in different geographical areas, under 

different ecological conditions and land use regimes, assessing the age of trees and 

interpreting the structure of a wooded area is all a matter of experience. Eriksen (2017) found 

a significant mapper-dependent difference in both basic type and major type assignment to 

points, especially on land subjected to human disturbance (including agricultural land). 

Experience with the NiN system and general ecological knowledge was discussed as common 

sources of between-mapper variation, and should both be considered when interpreting the 

results of this thesis as well. 

Further research is suggested to address the predictive value of the Naturbase derived 

variables, especially Biodiversity value, since these are important for conservation practice. 

Differences between mappers, municipalities, counties or regions should be investigated 
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further. Similar tests should be conducted, but with more careful selection of explanatory 

variables and separate D01 and D04 datasets in order to distinguish type-specific effects. 

Within-locality ecological properties could be investigated by mapping basic types rather than 

major types. 

4.5 Conclusions 

The results are summarized in the following points: 

1. The results from the present study support the observations by other authors that D01 

Semi-natural hay meadow and D04 Semi-natural pasture localities mapped as part of the 

Municipal Habitat Mapping Program and the National Program for Mapping and 

Monitoring of Biological Diversity contain a variety of land cover types that comply more 

or less with the definitions in Handbook 13. T32 represents nearly half of the investigated 

area (47 %), while T41 and T45 represents 17 % and 19 %, respectively. T4 and a variety 

of intensively modified non-agricultural types represents the majority of the remaining 

area. 

2. More recently mapped localities, smaller localities and lime-rich localities contain a 

significantly greater proportion of T32, although the localities are relatively lime-rich 

overall. Furthermore, D01 localities contain a larger proportion of T45, probably due to a 

tendency of delineating the entire infield. The results indicate some geographical 

differences in accordance with recent developments in the agricultural landscape, i.e., that 

lowland areas are more frequently built up and highland areas are more frequently 

abandoned. 

3. The majority of the T32 area is managed at a sufficient intensity to maintain semi-

natural grassland characteristics (79 %), and 64 % was intact, i.e., not affected by 

Regrowth succession. Furthermore, T32 areas are generally managed at an intensity 

equivalent to the Long-term agricultural land use intensity in the same area. The results 

support the observation that abandonment of extensive agricultural practice was more 

frequent in areas of low accessibility. Grazing subsidy-reforms in the late 1990’s might 

explain why these same areas have been reutilized for grazing in recent times. 
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4. The Biodiversity value attributed to each locality did not predict the land cover content 

or condition of T32 areas in the sampled localities. 

5. The AR5 area resource maps may to some extent be useful in predicting the content of 

D01 and D04 localities, especially if limited to regions of similar AR5 mapping practice 

and if AR5 mapping year is accounted for. 

6. The study also illustrates some challenges related to NiN land cover mapping, 

particularly in dealing with areas with complex and shifting land use histories, where the 

signals of Current- and Long-term agricultural land use intensity and Regrowth succession 

become difficult to interpret. Alternative sources such as old orthophotos and land owner 

information, are important in such cases. This insight is important when interpreting land 

cover maps in general. A generalization and standardized implementation of the 

“acceptable-interval” evaluation principle proposed by Eriksen (2017) is supported.  
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Appendix 1: Translations of NiN variable- 

and major type names 

This appendix contains translations of Nature in Norway major type-, local complex 

environmental gradient- and attribute variable names used in this thesis. All are my 

translations, see Halvorsen (2016) for further detail. 

Table 23 – Translation of Nature in Norway major type-, local complex environmental gradient- and attribute 

variable names, with codes (before name). My translations from Halvorsen (2016). 

English Norwegian 

Major types Hovedtyper 

L4 Helophyte freshwater swamp T4 Helofytt-ferskvannssump 

T1 Bare rock T1 Nakent berg 

T4 Forest T4 Fastmarksskogsmark 

T21 Sand dunes T21 Sanddynemark 

T30 Periodically flooded riverside forest T30 Flomskogsmark 

T32 Semi-natural grasslands T32 Semi-naturlig eng 

T35 Intensively modified loose substrate T35 Sterkt endret fastmark med 

løsmassedekke T37 New synthetic substrate with quick 

succession 

T37 Ny fastmark på sterkt modifiserte og 

syntetiske substrater, i rask suksesjon 

T38 Tree-plantation T38 Treplantasje 

T39 Intensively modified hard substrate with 

slow succession 

T39 Hard sterkt endret og ny fastmark i 

langsom suksesjon 

T41 Intensively modified agricultural areas 

with appearance of semi-natural grasslands 

T41 Oppdyrket mark med preg av semi-

naturlig eng 

T43 Non-agricultural areas with infrequent 

intensive land use 

T43 Sterkt endret, varig fastmark med 

intensivt preg 

T44 Field T44 Åker 

T45 Fertilized grasslands T45 Oppdyrket varig eng 

V2 Wetland forest V2 Myr- og sumpskogsmark 

V9 Semi-natural mire V9 Semi-naturlig myr 

V10 Semi-natural wet grasslands V10 Semi-naturlig våteng 

V12 Drained mire V12 Grøftet trovmark 

Local complex environmental gradients Lokale komplekse miljøvariabler 

Long-term agricultural land use intensity HI Hevdintensitet 

Lime-richness KA Kalkinnhold 

Spring water influence KI Kildevannspåvirkning 

Risk of severe drought UF Uttørkingsfare 
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Water saturation VM Vannmetning 

Sand stabilization SS Sandstabilisering 

Land use regime SP Slåttemarkspreg 

Attribute variables Beskrivelsesvariabler 

Current agricultural land use intensity 7JB-BA Aktuell bruksintensitet 

Regrowth succession on agricultural land 7RA-SJ Rask gjenvekstsuksesjon i semi-

naturlig og sterkt endret jordbruksmark 

inkludert våteng 

Total canopy cover 1AG-A-0 Total tresjiktsdekning 

Pre-regrowth canopy cover 1AG-A-E Dekning av overstandere 

Post-regrowth canopy cover 1AG-A-G Dekning av gjenveksttrær 

Clearance cairn 5KU-AR-RY Rydningsrøys 

Stone wall 5KU-AR-SG Steingard/steingjerde 

Ruins/remains of buildings 5KU-AR-RU Ruin & 5KU-AR-TU Tuft 
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Appendix 2: Transformation and summary 

of explanatory variables 

Appendix 2 contains tables with summary statistics and transformation formulas for the 

explanatory variables analyzed with the different groups of response variables. “Type” is 

variable type, where “Cont.” = continuous, “Fact.” = factorial and “Logi.” = logical. “MIN” = 

minimum, “MAX” = maximum, “AVG” = average, “STD” = standard deviation, “SKE” = 

skewness, “KUR” = kurtosis, “Trans. Formula” = transformation formula, and “c” = constant 

in transformation formula. 

Table 24 – Summary statistics and transformation formulas for the explanatory variables tested against the 

response variables number of major types, proportion of T32 Semi-natural grasslands, proportion of T41 

Intensively modified agricultural areas with appearance of semi-natural grasslands, proportion of T45 Fertilized 

grasslands and proportion of other major types. 

Response variables: Number- and 

proportion of 

major types 

Total explanatory variables: 44 n: 60 

Type Variable name MIN MAX AVG STD SKE KUR 

Trans. 

formula c 

Cont. Biodiversity value 1.0 3.0 2.1 0.7 -0.3 -1.3 e^cx 7.12E-02 

 

Locality area 248 135440 16702 21298 10.7 25.2 ln(c+x) 1.39E+03 

 

Naturbase description 

length 

0 5723 1603 1260 3.5 2.6 ln(c+x) 1.17E+03 

 

Number of sources 0.0 9.0 1.9 2.0 5.4 4.8 ln(c+x) 5.76E-01 

 

Registration year 0.0 13.0 7.4 4.0 -1.5 -1.5 e^cx 9.45E-02 

 

Avg. elevation 3.3 838.3 363.4 214.0 0.2 -0.7 ln(c+x) 7.81E+03 

 

St. dev. elevation 0.3 17.2 5.6 4.3 3.2 0.7 ln(c+x) 1.68E+00 

 

Avg. ruggedness 0.6 12.0 5.1 2.6 1.3 -0.4 ln(c+x) 8.17E+00 

 

St. dev. ruggedness 0.1 3.5 1.3 0.7 2.0 0.4 ln(c+x) 1.13E+00 

 

Avg. slope 1.3 25.8 11.3 5.6 1.1 -0.5 ln(c+x) 2.20E+01 

 

St. dev. slope 0.3 7.4 2.9 1.6 1.5 -0.3 ln(c+x) 3.88E+00 

 

Vegetation zone 2.0 4.0 3.1 0.7 -0.7 -1.6 e^cx 2.17E-01 

 

Proportion of AR5 Infield 

pasture 

0.0 1.0 0.4 0.4 1.2 -2.5 ln(c+x) 7.53E-02 

 

Proportion of AR5 Forest 0.0 1.0 0.3 0.3 3.7 0.0 ln(c+x) 1.42E-02 

 

Proportion of AR5 Other 0.0 1.0 0.2 0.3 5.2 2.4 ln(c+x) 1.04E-02 

 

Proportion of AR5 

Plowed field 

0.0 1.0 0.2 0.3 5.7 3.6 ln(c+x) 7.18E-05 

 

Avg. Long-term 

agricultural land use 

intensity 

1.0 9.0 4.9 1.2 1.7 5.5 ln(c+x) 1.28E+01 

 

St. dev. Long-term 

agricultural land use 

intensity 

0.0 3.0 0.8 0.6 4.5 4.9 ln(c+x) 6.00E-01 

 

Avg. Lime-richness 3.6 9.0 5.9 1.0 0.8 0.8 ln(c+x) 8.47E+00 
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St. dev. Lime-richness 0.0 1.6 0.5 0.3 2.0 2.2 ln(c+x) 1.33E+00 

 

Avg. Spring water 

influence 

1.0 3.9 1.2 0.5 14.0 35.3 ln(c+ln(c+x)) 1.00E-200 

 

St. dev. Spring water 

influence 

0.0 1.2 0.2 0.3 4.1 2.2 ln(c+x) 1.00E-100 

 

Avg. Land use regime 1.0 2.0 1.5 0.5 0.5 -3.0 ln(c+ln(c+x)) 1.36E-01 

 

Avg. Risk of severe 

drought 

1.0 5.1 2.3 1.0 2.3 0.2 ln(c+x) 2.73E-01 

 

St. dev. Risk of severe 

drought 

0.0 1.6 0.6 0.4 0.5 -0.2 ln(c+x) 5.11E+00 

 

Avg. Water saturation 1.0 3.0 1.2 0.4 9.8 18.6 ln(c+ln(c+x)) 1.13E-02 

 

St. dev. Water saturation 0.0 0.9 0.3 0.3 1.0 -1.3 ln(c+x) 8.66E-01 

 

Avg. Total canopy cover 0.0 83.4 27.0 25.1 2.8 -0.7 ln(c+x) 5.93E+00 

 

St. dev. Total canopy 

cover 

0.0 46.3 11.5 12.2 2.8 -0.2 ln(c+x) 2.99E+00 

Type Variable name D01 D04       

Fact. Handbook 13-type 30 30       

Type Variable name F T       

Logi. Mapper ID 10 43 17       

 

Mapper ID 23 54 6       

 

Mapper ID 24 53 7       

 

Mapper ID 29 53 7       

 

Mapper ID 8 54 6       

 

Clearance cairn 33 27       

 

Stone wall 35 25       

 

Ruin/remains of buildings 52 8       

 

Table 25 – Summary statistics and transformation formulas for the explanatory variables tested against the four 

response variables average and standard deviation of Current agricultural land use intensity and Regrowth 

succession in T32 Semi-natural grasslands. 

Response variables: Condition 

variables in T32 

Total explanatory variables: 44 n: 53 

Type Variable name MIN MAX AVG STD SKE KUR 

Trans. 

formula c 

Cont. Biodiversity value 1.0 3.0 2.1 0.7 -0.2 -1.2 e^cx 6.28E-02 

 

Locality area 248 135440 17679 22388 9.5 21.1 ln(c+x) 1.32E+03 

 

Naturbase description 

length 

0 5723 1612 1309 3.3 2.2 ln(c+x) 9.52E+02 

 

Number of sources 0.0 9.0 1.9 1.9 5.0 4.9 ln(c+x) 6.49E-01 

 

Registration year 0.0 13.0 7.6 3.9 -1.6 -1.3 e^cx 1.05E-01 

 

Avg. elevation 3.3 838.3 376.6 208.4 0.4 -0.5 ln(c+x) 3.67E+03 

 

St. dev. elevation 0.3 17.2 5.7 4.4 2.9 0.5 ln(c+x) 1.66E+00 

 

Avg. ruggedness 0.6 12.0 5.1 2.5 1.4 0.2 ln(c+x) 8.29E+00 

 

St. dev. ruggedness 0.3 3.5 1.3 0.7 2.2 0.5 ln(c+x) 6.92E-01 

 

Avg. slope 1.3 25.8 11.3 5.4 1.2 0.0 ln(c+x) 2.28E+01 

 

St. dev. slope 0.6 7.4 3.0 1.6 1.6 -0.2 ln(c+x) 2.52E+00 
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Vegetation zone 2.0 4.0 3.2 0.7 -0.7 -1.3 e^cx 2.42E-01 

 

Proportion of AR5 Infield 

pasture 

0.0 1.0 0.4 0.4 0.7 -2.5 ln(c+x) 3.97E-01 

 

Proportion of AR5 Forest 0.0 1.0 0.3 0.3 3.2 -0.2 ln(c+x) 2.69E-02 

 

Proportion of AR5 Other 0.0 1.0 0.2 0.3 5.3 3.0 ln(c+x) 1.34E-03 

 

Proportion of AR5 

Plowed field 

0.0 0.9 0.1 0.2 6.0 5.0 ln(c+x) 1.90E-05 

 

Avg. Long-term 

agricultural land use 

intensity 

3.1 7.5 4.8 0.8 2.1 3.4 ln(c+x) 8.17E-01 

 

St. dev. Long-term 

agricultural land use 

intensity 

0.0 3.0 0.8 0.6 4.6 5.0 ln(c+x) 5.32E-01 

 

Avg. Lime-richness 3.6 9.0 5.9 1.1 0.8 1.0 ln(c+x) 7.71E+00 

 

St. dev. Lime-richness 0.0 1.6 0.5 0.3 1.7 1.9 ln(c+x) 1.47E+00 

 

Avg. Spring water 

influence 

1.0 3.9 1.2 0.5 12.3 29.2 ln(c+ln(c+x)) 4.66E-05 

 

St. dev. Spring water 

influence 

0.0 1.2 0.2 0.3 3.7 2.2 ln(c+x) 1.22E-02 

 

Avg. Land use regime 1.0 2.0 1.4 0.5 0.8 -2.8 ln(c+ln(c+x)) 1.17E-02 

 

Avg. Risk of severe 

drought 

1.0 4.4 2.3 0.9 1.9 -0.6 ln(c+x) 3.10E-01 

 

St. dev. Risk of severe 

drought 

0.0 1.6 0.7 0.4 0.7 0.0 ln(c+x) 3.74E+00 

 

Avg. Water saturation 1.0 3.0 1.2 0.4 8.7 15.4 ln(c+ln(c+x)) 1.71E-02 

 

St. dev. Water saturation 0.0 0.9 0.3 0.3 0.6 -1.3 ln(c+x) 1.69E+00 

 

Avg. Total canopy cover 0.0 83.4 28.6 25.1 2.5 -0.8 ln(c+x) 5.07E+00 

 

St. dev. Total canopy 

cover 

0.0 46.3 11.7 12.1 2.7 0.1 ln(c+x) 3.70E+00 

Type Variable name D01 D04       

Fact. Handbook 13-type 24 29       

Type Variable name F T       

Logi. Mapper ID 10 37 16       

 

Mapper ID 23 47 6       

 

Mapper ID 24 47 6       

 

Mapper ID 29 48 5       

 

Mapper ID 8 48 5       

 

Clearance cairn 28 25       

 

Stone wall 30 23       

 

Ruin/remains of buildings 45 8       

 

 

 

 

 



82 

 

Table 26 – Summary statistics and transformation formulas for the explanatory variables tested against the four 

response variables average and standard deviation of Current agricultural land use intensity and Regrowth 

succession in T41 Intensively modified agricultural areas with appearance of semi-natural grasslands. 

Response variables: Condition 

variables in T41 

Total explanatory variables: 38 n: 12 

Type Variable name MIN MAX AVG STD SKE KUR 

Trans. 

formula c 

Cont. Biodiversity value 1.0 3.0 2.2 0.7 -0.4 -0.5 e^cx 2.23E-01 

 

Locality area 4129 60357 25028 20245 1.4 -0.4 ln(c+x) 1.12E+03 

 

Naturbase description 

length 

6 5464 1727 1556 1.9 1.4 ln(c+x) 9.14E+02 

 

Number of sources 0.0 7.0 1.7 2.0 3.1 3.5 ln(c+x) 3.32E-01 

 

Registration year 0.0 13.0 6.3 4.8 0.1 -0.8 ln(c+x) 9.75E+01 

 Avg. elevation 4.3 814.8 462.2 221.2 -0.5 0.4 e^cx 4.94E-04 

 St. dev. elevation 2.2 17.2 7.5 3.9 1.7 1.7 ln(c+x) 2.16E+00 

 St. dev. ruggedness 0.9 2.5 1.8 0.5 0.0 -0.5 ln(c+x) 2.25E+02 

 St. dev. slope 1.9 5.5 3.8 1.0 -0.3 -0.3 e^cx 8.78E-02 

 Vegetation zone 2.0 4.0 3.2 0.7 -0.4 -0.5 e^cx 2.23E-01 

 

Proportion of AR5 Infield 

pasture 

0.0 0.9 0.4 0.3 0.2 -1.1 ln(c+x) 1.33E+00 

 Proportion of AR5 Forest 0.0 1.0 0.2 0.3 2.6 2.7 ln(c+x) 5.13E-02 

 Proportion of AR5 Other 0.0 0.7 0.1 0.2 4.1 6.1 ln(c+x) 1.03E-04 

 

Proportion of AR5 

Plowed field 

0.0 1.0 0.3 0.3 1.5 0.1 ln(c+x) 2.65E-02 

 

St. dev. Long-term 

agricultural land use 

intensity 

0.3 1.4 0.8 0.3 0.7 -0.6 ln(c+x) 1.93E-01 

 Avg. Lime-richness 4.0 7.0 5.6 1.0 -0.2 -0.8 e^cx 1.12E-01 

 St. dev. Lime-richness 0.0 0.8 0.4 0.2 -0.7 -0.3 e^cx 1.11E+00 

 

Avg. Spring water 

influence 

1.0 1.2 1.1 0.1 1.0 -1.0 ln(c+ln(c+x)) 1.00E-100 

 

St. dev. Spring water 

influence 

0.0 0.8 0.2 0.3 1.5 0.5 ln(c+x) 1.00E-100 

 Avg. Land use regime 1.0 2.0 1.4 0.4 0.8 -1.1 ln(c+ln(c+x)) 1.47E-02 

 

Avg. Risk of severe 

drought 

1.1 4.4 2.5 0.9 1.0 0.2 ln(c+x) 6.45E-01 

 

St. dev. Risk of severe 

drought 

0.4 1.0 0.7 0.2 -0.3 -0.6 e^cx 6.24E-01 

 Avg. Water saturation 1.0 1.4 1.1 0.1 0.8 0.4 ln(c+ln(c+x)) 1.90E-01 

 St. dev. Water saturation 0.0 0.7 0.4 0.2 -0.6 0.1 e^cx 7.00E-01 

 Avg. Total canopy cover 0.0 68.3 22.1 22.6 1.6 0.3 ln(c+x) 4.76E+00 

 

St. dev. Total canopy 

cover 

0.0 34.4 17.6 11.8 -0.4 -0.9 e^cx 1.95E-02 

Type Variable name D01 D04       

Fact. Handbook 13-type 5 7       

Type Variable name F T       

Logi. Mapper ID 10 11 1       

 

Mapper ID 23 9 3       

 

Mapper ID 24 10 2       
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Mapper ID 8 11 1       

 

Clearance cairn 4 8       

 

Stone wall 6 6       

 

Ruin/remains of buildings 9 3       

 

Table 27 – Summary statistics and transformation formulas for the explanatory variables tested against the four 

response variables average and standard deviation of Current agricultural land use intensity and Regrowth 

succession in T45 Fertilized grasslands. 

Response variables: Condition 

variables in T45 

Total explanatory variables: 45 n: 20 

Type Variable name MIN MAX AVG STD SKE KUR 

Trans. 

formula c 

Cont. Biodiversity value 1.0 3.0 2.1 0.6 0.0 0.2 e^cx 6.70E-03 

 

Locality area 635 135440 23865 28849 6.1 11.6 ln(c+x) 1.95E+03 

 

Naturbase description 

length 

14 3588 1476 1108 0.8 -0.8 ln(c+x) 1.55E+03 

 

Number of sources 0.0 7.0 2.0 2.0 3.1 2.5 ln(c+x) 6.47E-01 

 

Registration year 0.0 12.0 6.6 4.1 -0.4 -1.4 e^cx 6.68E-02 

 

Avg. elevation 17.0 692.9 321.9 218.3 0.2 -0.9 ln(c+x) 2.34E+03 

 

St. dev. elevation 0.3 13.9 5.9 3.8 0.7 -0.5 ln(c+x) 1.20E+01 

 

Avg. ruggedness 1.0 10.3 4.8 2.8 1.1 -0.4 ln(c+x) 3.24E+00 

 

St. dev. ruggedness 0.1 3.5 1.4 0.8 1.8 1.0 ln(c+x) 8.27E-01 

 

Avg. slope 2.2 22.5 10.5 6.1 1.0 -0.5 ln(c+x) 8.21E+00 

 

St. dev. slope 0.3 7.4 3.2 1.7 1.6 0.7 ln(c+x) 2.37E+00 

 

Vegetation zone 2.0 4.0 3.1 0.7 -0.1 -0.6 e^cx 4.70E-02 

 

Proportion of AR5 Infield 

pasture 

0.0 1.0 0.3 0.4 1.1 -1.1 ln(c+x) 1.03E-01 

 

Proportion of AR5 Forest 0.0 0.7 0.2 0.3 1.9 -0.4 ln(c+x) 2.45E-02 

 

Proportion of AR5 Other 0.0 0.8 0.2 0.2 2.8 1.6 ln(c+x) 1.82E-02 

 

Proportion of AR5 

Plowed field 

0.0 1.0 0.3 0.3 1.9 0.3 ln(c+x) 3.59E-02 

 

Avg. Long-term 

agricultural land use 

intensity 

3.3 9.0 5.5 1.4 1.6 1.1 ln(c+ln(c+x)) 9.97E-01 

 

St. dev. Long-term 

agricultural land use 

intensity 

0.0 3.0 1.2 0.7 1.5 0.7 ln(c+x) 1.40E+00 

 

Avg. Lime-richness 3.6 7.4 5.7 0.9 -0.3 0.6 e^cx 5.46E-02 

 

St. dev. Lime-richness 0.2 1.0 0.6 0.2 0.2 -0.5 ln(c+x) 2.38E+00 

 

Avg. Spring water 

influence 

1.0 1.5 1.1 0.1 3.2 2.3 ln(c+ln(c+x)) 4.93E-04 

 

St. dev. Spring water 

influence 

0.0 0.8 0.2 0.3 1.8 0.0 ln(c+x) 2.53E-02 

 

Avg. Land use regime 1.0 2.0 1.5 0.4 -0.1 -1.6 e^cx 2.39E-01 

 

St. dev. Land use regime 0.0 0.5 0.2 0.2 0.4 -1.6 ln(c+x) 2.65E-01 

 

Avg. Risk of severe 

drought 

1.1 4.4 2.2 1.0 1.5 -0.5 ln(c+ln(c+x)) 2.81E-01 

 

St. dev. Risk of severe 

drought 

0.0 1.2 0.7 0.3 0.4 0.1 ln(c+x) 3.36E+00 
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Avg. Water saturation 1.0 1.6 1.1 0.2 2.3 1.1 ln(c+ln(c+x)) 2.07E-02 

 

St. dev. Water saturation 0.0 0.7 0.3 0.2 0.4 -0.9 ln(c+x) 1.29E+00 

 

Avg. Total canopy cover 0.0 83.4 26.3 25.4 1.9 0.2 ln(c+x) 6.81E+00 

 

St. dev. Total canopy 

cover 

0.0 39.2 14.2 12.2 1.2 -0.8 ln(c+x) 7.85E+00 

Type Variable name D01 D04       

Fact. Handbook 13-type 13 7       

Type Variable name F T       

Logi. Mapper ID 10 15 5       

 

Mapper ID 23 19 1       

 

Mapper ID 24 15 5       

 

Mapper ID 29 16 4       

 

Mapper ID 8 18 2       

 

Clearance cairn 11 9       

 

Stone wall 10 10       

 

Ruin/remains of buildings 17 3       
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Appendix 3: Locality factsheets 

Appendix 1 contains orthophotos, land cover maps, Naturbase summary information and 

selected result statistics for all 60 localities. All maps and coordinates are in ETRS 89 / UTM 

33N. “X” and “Y” coordinates refer to the centroid of the locality. “ID” refers to the unique 

locality ID assigned to each locality in this thesis, while “Code” refers to the parameter 

“OBJECTID” from Naturbase which is a unique code for the specific locality in Naturbase. 

“Municip.” is municipality. “Veg.zone” is vegetation sone (Moen, 1998), where “B. nemoral” 

= boreonemoral, “S. boreal” = southern boreal and “M. boreal” = middle boreal. “Reg.yr.” is 

Registration year, “BV” is Biodiversity value and “Area” is reported in daa. The red arrow 

that marks photo place and direction might in some cases hide a point. ”# major types” is the 

number of major types recorded in the locality, while “% of T…” and the other major types is 

the percentage of the locality area represented by the specific major type. Similar for the “% 

of AR5-…” variables, where “-forest” = Forest, “-pasture” = Infield pasture, “-field” = 

Plowed field and “-other” = Other types. “LI” = Long-term agricultural land use intensity, 

“LR” = Lime-richness, “CLI” = Current agricultural land use intensity, “RSA” = Regrowth 

succession on agricultural land and “CC” = Total canopy cover. All are reported in the form; 

“average/standard deviation”. Numeric to basic step key: 

Variable 1 2 3 4 5 6 7 8 9 10 11 

LI 0 a b c d e f g h i j 

LR a b c d e f g h i – – 

 

All orthophotos obtained from www.norgeibilder.no in July 2016. Orthophoto year: 

ID Year ID Year ID Year ID Year ID Year 

100 2016 113 2014 129 2015 141 2008 155 2009 

101 2013 115 2015 130 2010 142 2015 156 2013 

102 2015 117 2015 131 2015 143 2011 157 2011 

104 2015 119 2015 132 2010 144 2010 158 2011 

105 2015 120 2013 133 2013 145 2013 159 2012 

106 2015 121 2011 134 2011 146 2009 160 2011 

107 2011 122 2015 135 2011 147 2012 161 2015 

108 2011 123 2015 136 2011 148 2015 163 2013 

109 2011 124 2015 137 2008 151 2010 167 2013 

110 2007 125 2013 138 2010 152 2014 173 2013 

111 2015 127 2013 139 2013 153 2015 177 2013 

112 2014 128 2015 140 2011 154 2015 180 2009 

 

References 

Moen, A. (1998). Nasjonalatlas for Norge - Vegetasjon. Hønefoss: Statens kartverk. 
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Nature Base 

ID: 100 

X: 266139.3 

Y: 6553040 

County: Østfold 

Municip.: Hvaler 

Veg.zone: B. nemoral 

Code: 76666 

Type: D04 

Reg. yr.: 2007 

BV: A 

Area: 3.23 

Marks approximate place and direction of photo. 

Results 

# major types: 4 % AR5-forest: 85 LI: 4.9/0.5 

% of T32: 68 % AR5-pasture: 0 LR: 6.6/1.0 

% of T41: 0 % AR5-field: 0 CLI in T32: 4.0/0.0 

% of T45: 0 % AR5-other: 15 RSA in T32: 1.9/0.3 

% of Other: 32   % CC: 0/0 
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Nature Base 

 ID: 101 

 X: 252699.8 

 Y: 6625558.4 

 County: Frogn 

 Municip.: Akershus 

 Veg.zone: B. nemoral 

 Code: 139144 

 Type: D01 

 Reg. yr.: 2012 

 BV: A 

 Area: 6.98 

Marks approximate place and direction of photo. 

Results 

# major types: 5 % AR5-forest: 100 LI: 4.6/1.0 

% of T32: 51 % AR5-pasture: 0 LR: 5.8/0.7 

% of T41: 39 % AR5-field: 0 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 10   % CC: 23/17 
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Nature Base 
 ID: 102 

 X: 258073.3 

 Y: 6693384.8 

 County: Oppland 

 Municip.: Lunner 

 Veg.zone: S. boreal 

 Code: 35079 

 Type: D04 

 Reg. yr.: 2004 

 BV: A 

 Area: 14.67 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 5 LI: 5.6/0.9 

% of T32: 0 % AR5-pasture: 92 LR: 7.0/0.2 

% of T41: 84 % AR5-field: 2 CLI in T32: –/– 

% of T45: 0 % AR5-other: 0 RSA in T32: –/– 

% of Other: 16   % CC: 35/32 
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Nature Base 
 ID: 104 

 X: 217706.4 

 Y: 6813528.4 

 County: Gausdal 

 Municip.: Oppland 

 Veg.zone: M. boreal 

 Code: 108707 

 Type: D01 

 Reg. yr.: 2012 

 BV: B 

 Area: 20.94 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 3 % AR5-forest: 25 LI: 5.6/1.3 

% of T32: 53 % AR5-pasture: 30 LR: 6.1/0.2 

% of T41: 0 % AR5-field: 33 CLI in T32: 2.1/1.4 

% of T45: 40 % AR5-other: 13 RSA in T32: 2.7/1.3 

% of Other: 7   % CC: 29/33 
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Nature Base 

 ID: 105 

 X: 185242.6 

 Y: 6873666 

 County: Vågå 

 Municip.: Oppland 

 Veg.zone: S. boreal 

 Code: 71036 

 Type: D04 

 Reg. yr.: 2007 

 BV: B 

 Area: 19.98 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 1 LI: 5.3/0.7 

% of T32: 100 % AR5-pasture: 99 LR: 7.1/0.9 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.8/0.8 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.1/0.3 

% of Other: 0   % CC: 18/0 



91 

 

 
 

Nature Base 
 ID: 106 

 X: 270727.6 

 Y: 6569542.1 

 County: Fredrikstad 

 Municip.: Østfold 

 Veg.zone: B. nemoral 

 Code: 95613 

 Type: D01 

 Reg. yr.: 2009 

 BV: B 

 Area: 13.61 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 1 LI: 9.0/0.0 

% of T32: 0 % AR5-pasture: 0 LR: 5.2/0.4 

% of T41: 0 % AR5-field: 32 CLI in T32: –/– 

% of T45: 59 % AR5-other: 68 RSA in T32: –/– 

% of Other: 41   % CC: 1/0 
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Nature Base 

 ID: 107 

 X: 307692.2 

 Y: 6734316.3 

 County: Stange 

 Municip.: Hedmark 

 Veg.zone: M. boreal 

 Code: 51630 

 Type: D04 

 Reg. yr.: 2003 

 BV: A 

 Area: 25.19 

Marks approximate place and direction of photo. 

Results 

# major types: 2 % AR5-forest: 4 LI: 4.8/0.7 

% of T32: 92 % AR5-pasture: 77 LR: 4.1/0.2 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.9/0.3 

% of T45: 0 % AR5-other: 19 RSA in T32: 1.2/0.8 

% of Other: 8   % CC: 10/44 
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Nature Base 

 ID: 108 

 X: 329814.2 

 Y: 6652138.1 

 County: Eidskog 

 Municip: Hedmark 

 Veg.zone: S. boreal 

 Code: 79193 

 Type: D01 

 Reg.yr.: 2003 

 BV: B 

 Area: 22.59 

Marks approximate place and direction of photo. 

Results 

# major types: 5 % AR5-forest: 68 LI: 4.8/1.0 

% of T32: 69 % AR5-pasture: 0 LR: 6.0/0.7 

% of T41: 0 % AR5-field: 0 CLI in T32: 2.0/0.0 

% of T45: 13 % AR5-other: 32 RSA in T32: 4.0/0.0 

% of Other: 18   % CC: 83/27 
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Nature Base 
 ID: 109 

 X: 260284.6 

 Y: 6739681.1 

 County: V. Toten 

 Municip: Oppland 

 Veg.zone.: S. boreal 

 Code: 25188 

 Type: D01 

 Reg.yr.: 2000 

 BV: B 

 Area: 1.22 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 0 LI: 8.0/0.0 

% of T32: 0 % AR5-pasture: 0 LR: 5.0/0.0 

% of T41: 0 % AR5-field: 0 CLI in T32: –/– 

% of T45: 0 % AR5-other: 100 RSA in T32: –/– 

% of Other: 100   % CC: 1/0 
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Nature Base 
 ID: 110 

 X: 268590.2 

 Y: 6728830.9 

 County: Ø. Toten 

 Municip: Oppland 

 Veg.zone.: S. boreal 

 Code: 149836 

 Type: D04 

 Reg.yr.: 2011 

 BV: C 

 Area: 2.28 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 3 % AR5-forest: 86 LI: 3.2/0.9 

% of T32: 80 % AR5-pasture: 0 LR: 7.7/0.7 

% of T41: 0 % AR5-field: 14 CLI in T32: 1.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 3.0/0.0 

% of Other: 20   % CC: 3/1 
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Nature Base 

 ID: 111 

 X: 167636.5 

 Y: 6875962.3 

 County: Lom 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 96288 

 Type: D04 

 Reg.yr.: 2006 

 BV: B 

 Area: 8.31 

Marks approximate place and direction of photo. 

Results 

# major types: 3 % AR5-forest: 13 LI: 4.7/0.7 

% of T32: 93 % AR5-pasture: 83 LR: 6.7/0.8 

% of T41: 0 % AR5-field: 1 CLI in T32: 4.0/0.0 

% of T45: 2 % AR5-other: 2 RSA in T32: 1.0/0.0 

% of Other: 5   % CC: 17/3 
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Nature Base 
 ID: 112 

 X: 248267.8 

 Y: 6641772.5 

 County: Asker 

 Municip: Akershus 

 Veg.zone.: B. nemoral 

 Code: 126959 

 Type: D01 

 Reg.yr.: 1999 

 BV: C 

 Area: 17.59 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 79 LI: 1.0/0.0 

% of T32: 0 % AR5-pasture: 0 LR: 7.1/0.7 

% of T41: 0 % AR5-field: 0 CLI in T32: –/– 

% of T45: 0 % AR5-other: 21 RSA in T32: –/– 

% of Other: 100   % CC: 61/10 
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Nature Base 

 ID: 113 

 X: 258556.4 

 Y: 6639257.9 

 County: Nesodden 

 Municip: Akershus 

 Veg.zone: B. nemoral 

 Code: 139129 

 Type: D01 

 Reg.yr.: 2012 

 BV: B 

 Area: 0.93 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 71 LI: 3.8/0.4 

% of T32: 100 % AR5-pasture: 0 LR: 5.7/0.4 

% of T41: 0 % AR5-field: 4 CLI in T32: 4.0/0.0 

% of T45: 0 % AR5-other: 26 RSA in T32: 2.0/0.0 

% of Other: 0   % CC: 83/0 
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Nature Base 

 ID: 115 

 X: 289904.4 

 Y: 6639297.4 

 County: Fet 

 Municip: Akershus 

 Veg.zone: B. nemoral 

 Code: 37399 

 Type: D04 

 Reg.yr.: 2002 

 BV: B 

 Area: 2.36 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 0 LI: 5.0/0.0 

% of T32: 100 % AR5-pasture: 100 LR: 6.0/0.0 

% of T41: 0 % AR5-field: 0 CLI in T32: 4.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 0   % CC: 8/0 
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Nature Base 

 ID: 117 

 X: 198995.7 

 Y: 6869593.2 

 County: Vågå 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 71108 

 Type: D04 

 Reg.yr.: 2007 

 BV: B 

 Area: 15.24 

Marks approximate place and direction of photo. 

Results 

# major types: 3 % AR5-forest: 0 LI: 5.3/0.9 

% of T32: 44 % AR5-pasture: 67 LR: 6.2/0.5 

% of T41: 50 % AR5-field: 33 CLI in T32: 4.0/0.0 

% of T45: 6 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 0   % CC: 3/2 
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Nature Base 

 ID: 119 

 X: 254484.8 

 Y: 6701261.7 

 County: Gran 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 142645 

 Type: D01 

 Reg.yr.: 2011 

 BV: A 

 Area: 0.25 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 0 LI: 5.0/0.0 

% of T32: 100 % AR5-pasture: 79 LR: 9.0/0.0 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 21 RSA in T32: 1.0/0.0 

% of Other: 0   % CC: 18/0 
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Nature Base 

 ID: 120 

 X: 261048.4 

 Y: 6726760.2 

 County: V. Toten 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 25055 

 Type: D01 

 Reg.yr.: 2000 

 BV: B 

 Area: 20.12 

Marks approximate place and direction of photo. 

Results 

# major types: 5 % AR5-forest: 16 LI: 4.6/0.6 

% of T32: 81 % AR5-pasture: 0 LR: 5.7/0.5 

% of T41: 0 % AR5-field: 9 CLI in T32: 3.9/0.3 

% of T45: 2 % AR5-other: 75 RSA in T32: 1.0/0.0 

% of Other: 17   % CC: 34/10 
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Nature Base 

 ID: 121 

 X: 200528.9 

 Y: 6781931 

 County: Etnedal 

 Municip: Oppland 

 Veg.zone: M. boreal 

 Code: 29823 

 Type: D04 

 Reg.yr.: 2003 

 BV: C 

 Area: 4.13 

Marks approximate place and direction of photo. 

Results 

# major types: 2 % AR5-forest: 0 LI: 4.9/0.3 

% of T32: 77 % AR5-pasture: 70 LR: 4.1/0.5 

% of T41: 23 % AR5-field: 30 CLI in T32: 4.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 0   % CC: 6/3 
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Nature Base 

 ID: 122 

 X: 201395.4 

 Y: 6859050.5 

 County: Sel 

 Municip: Oppland 

 Veg.zone: M. boreal 

 Code: 71213 

 Type: D04 

 Reg.yr.: 2008 

 BV: B 

 Area: 30.41 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 0 LI: 4.2/0.5 

% of T32: 100 % AR5-pasture: 97 LR: 5.8/0.9 

% of T41: 0 % AR5-field: 1 CLI in T32: 3.0/0.2 

% of T45: 0 % AR5-other: 3 RSA in T32: 2.0/0.3 

% of Other: 0   % CC: 36/9 
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Nature Base 
 ID: 123 

 X: 168157.9 

 Y: 6875190.1 

 County: Lom 

 Municip: Oppland 

 Veg.zone.: S. boreal 

 Code: 96290 

 Type: D04 

 Reg.yr.: 2006 

 BV: B 

 Area: 11.64 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 3 % AR5-forest: 23 LI: 4.9/1.4 

% of T32: 63 % AR5-pasture: 72 LR: 6.9/0.3 

% of T41: 29 % AR5-field: 2 CLI in T32: 2.5/0.9 

% of T45: 0 % AR5-other: 2 RSA in T32: 1.7/0.5 

% of Other: 8   % CC: 68/24 
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Nature Base 
 ID: 124 

 X: 266286.4 

 Y: 6613688.6 

 County: Ås 

 Municip: Akershus 

 Veg.zone.: B. nemoral 

 Code: 72435 

 Type: D04 

 Reg.yr.: 2004 

 BV: C 

 Area: 2.87 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 100 LI: 3.7/0.8 

% of T32: 96 % AR5-pasture: 0 LR: 5.8/1.3 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.0/0.8 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.4/0.5 

% of Other: 4   % CC: 70/25 
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Nature Base 
 ID: 125 

 X: 258807.8 

 Y: 6649991.4 

 County: Oslo 

 Municip: Oslo 

 Veg.zone.: B. nemoral 

 Code: 141228 

 Type: D01 

 Reg.yr.: 2004 

 BV: B 

 Area: 0.63 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 8 LI: 6.1/1.4 

% of T32: 0 % AR5-pasture: 0 LR: 6.3/0.5 

% of T41: 0 % AR5-field: 73 CLI in T32: –/– 

% of T45: 91 % AR5-other: 19 RSA in T32: –/– 

% of Other: 9   % CC: 8/27 
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Nature Base 

 ID: 127 

 X: 242316.3 

 Y: 6748835.5 

 County: Søndre Land 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 139435 

 Type: D01 

 Reg.yr.: 2011 

 BV: A 

 Area: 21.62 

Marks approximate place and direction of photo. 

Results 

# major types: 4 % AR5-forest: 23 LI: 4.5/0.5 

% of T32: 84 % AR5-pasture: 0 LR: 6.8/0.8 

% of T41: 9 % AR5-field: 7 CLI in T32: 1.0/0.0 

% of T45: 0 % AR5-other: 71 RSA in T32: 2.3/0.4 

% of Other: 7   % CC: 28/34 
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Nature Base 

 ID: 128 

 X: 199224 

 Y: 6867771.8 

 County: Vågå 

 Municip: Oppland 

 Veg.zone: M. boreal 

 Code: 70950 

 Type: D04 

 Reg.yr.: 2007 

 BV: C 

 Area: 7.86 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 21 LI: 4.0/0.6 

% of T32: 100 % AR5-pasture: 79 LR: 6.0/0.3 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 2.0/0.0 

% of Other: 0   % CC: 38/0 
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Nature Base 
 ID: 129 

 X: 167868.6 

 Y: 6875703.3 

 County: Lom 

 Municip: Oppland 

 Veg.zone.: S. boreal 

 Code: 96289 

 Type: D04 

 Reg.yr.: 2006 

 BV: B 

 Area: 23.55 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 3 % AR5-forest: 33 LI: 5.2/0.7 

% of T32: 91 % AR5-pasture: 67 LR: 6.3/0.6 

% of T41: 0 % AR5-field: 1 CLI in T32: 4.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 9   % CC: 5/11 

 

      



111 

 

 
 

Nature Base 
 ID: 130 

 X: 231375.4 

 Y: 6618549.9 

 County: Sande 

 Municip: Vestfold 

 Veg.zone.: B. nemoral 

 Code: 30641 

 Type: D04 

 Reg.yr.: 2002 

 BV: B 

 Area: 13.25 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 7 % AR5-forest: 72 LI: 3.4/2.6 

% of T32: 25 % AR5-pasture: 0 LR: 5.9/0.3 

% of T41: 0 % AR5-field: 26 CLI in T32: 1.0/0.0 

% of T45: 16 % AR5-other: 2 RSA in T32: 3.0/0.0 

% of Other: 59   % CC: 79/10 
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Nature Base 

 ID: 131 

 X: 252977.5 

 Y: 6711235.1 

 County: Gran 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 149824 

 Type: D04 

 Reg.yr.: 2011 

 BV: B 

 Area: 3.81 

Marks approximate place and direction of photo. 

Results 

# major types: 2 % AR5-forest: 0 LI: 4.5/0.8 

% of T32: 94 % AR5-pasture: 94 LR: 7.2/0.6 

% of T41: 0 % AR5-field: 5 CLI in T32: 1.0/0.0 

% of T45: 6 % AR5-other: 1 RSA in T32: 3.0/0.0 

% of Other: 0   % CC: 7/2 
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Nature Base 

 ID: 132 

 X: 338987.7 

 Y: 6667877.7 

 County: Eidskog 

 Municip: Hedmark 

 Veg.zone: S. boreal 

 Code: 79163 

 Type: D01 

 Reg.yr.: 2003 

 BV: A 

 Area: 135.44 

Marks approximate place and direction of photo. 

Results 

# major types: 4 % AR5-forest: 21 LI: 7.5/1.8 

% of T32: 9 % AR5-pasture: 5 LR: 4.7/0.7 

% of T41: 0 % AR5-field: 57 CLI in T32: 3.0/0.0 

% of T45: 71 % AR5-other: 17 RSA in T32: 1.0/0.0 

% of Other: 20   % CC: 5/5 
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Nature Base 

 ID: 133 

 X: 258829.7 

 Y: 6739231.8 

 County: V. Toten 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 25051 

 Type: D04 

 Reg.yr.: 1999 

 BV: B 

 Area: 27.45 

Marks approximate place and direction of photo. 

Results 

# major types: 4 % AR5-forest: 20 LI: 4.7/0.6 

% of T32: 7 % AR5-pasture: 58 LR: 5.2/0.6 

% of T41: 89 % AR5-field: 0 CLI in T32: 2.0/0.0 

% of T45: 0 % AR5-other: 22 RSA in T32: 3.0/0.0 

% of Other: 4   % CC: 14/21 
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Nature Base 

 ID: 134 

 X: 207750.8 

 Y: 6776885.3 

 County: Etnedal 

 Municip: Oppland 

 Veg.zone: M. boreal 

 Code: 153860 

 Type: D01 

 Reg.yr.: 2009 

 BV: A 

 Area: 7.33 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 11 LI: 5.0/0.2 

% of T32: 100 % AR5-pasture: 16 LR: 6.1/0.3 

% of T41: 0 % AR5-field: 72 CLI in T32: 3.7/0.7 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.2/0.4 

% of Other: 0   % CC: 9/12 
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Nature Base 
 ID: 135 

 X: 206493.6 

 Y: 6855161.4 

 County: Sel 

 Municip: Oppland 

 Veg.zone.: M. boreal 

 Code: 71251 

 Type: D01 

 Reg.yr.: 2008 

 BV: A 

 Area: 4.2 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 3 % AR5-forest: 0 LI: 5.3/1.0 

% of T32: 63 % AR5-pasture: 65 LR: 7.4/0.8 

% of T41: 0 % AR5-field: 4 CLI in T32: 3.0/0.7 

% of T45: 24 % AR5-other: 31 RSA in T32: 1.9/0.5 

% of Other: 13   % CC: 9/9 
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Nature Base 

 ID: 136 

 X: 197850.6 

 Y: 6626104.8 

 County: Kongsberg 

 Municip: Buskerud 

 Veg.zone: B. nemoral 

 Code: 50228 

 Type: D01 

 Reg.yr.: 2006 

 BV: B 

 Area: 49.64 

Marks approximate place and direction of photo. 

Results 

# major types: 3 % AR5-forest: 35 LI: 4.8/0.4 

% of T32: 51 % AR5-pasture: 32 LR: 4.7/0.6 

% of T41: 39 % AR5-field: 32 CLI in T32: 3.5/1.1 

% of T45: 0 % AR5-other: 1 RSA in T32: 1.4/0.8 

% of Other: 10   % CC: 19/21 
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Nature Base 

 ID: 137 

 X: 315248.1 

 Y: 6717192.4 

 County: Nord-Odal 

 Municip: Hedmark 

 Veg.zone: M. boreal 

 Code: 86896 

 Type: D04 

 Reg.yr.: 2008 

 BV: B 

 Area: 8.69 

Marks approximate place and direction of photo. 

Results 

# major types: 2 % AR5-forest: 49 LI: 3.1/1.2 

% of T32: 76 % AR5-pasture: 0 LR: 4.0/0.0 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 51 RSA in T32: 1.0/0.0 

% of Other: 24   % CC: 51/25 
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Nature Base 
 ID: 138 

 X: 269974 

 Y: 6760913.5 

 County: Ringsaker 

 Municip: Hedmark 

 Veg.zone.: S. boreal 

 Code: 122481 

 Type: D04 

 Reg.yr.: 2010 

 BV: B 

 Area: 23.05 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 3 % AR5-forest: 2 LI: 5.4/1.0 

% of T32: 88 % AR5-pasture: 98 LR: 5.7/1.0 

% of T41: 0 % AR5-field: 0 CLI in T32: 5.0/0.0 

% of T45: 10 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 2   % CC: 34/9 
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Nature Base 

 ID: 139 

 X: 268276.3 

 Y: 6737187.7 

 County: V. Toten 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 147649 

 Type: D01 

 Reg.yr.: 2011 

 BV: A 

 Area: 1.85 

Marks approximate place and direction of photo. 

Results 

# major types: 2 % AR5-forest: 2 LI: 6.0/0.0 

% of T32: 93 % AR5-pasture: 0 LR: 6.3/0.5 

% of T41: 0 % AR5-field: 0 CLI in T32: 5.0/0.0 

% of T45: 0 % AR5-other: 98 RSA in T32: 1.0/0.0 

% of Other: 7   % CC: 38/0 
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Nature Base 
 ID: 140 

 X: 209108.1 

 Y: 6733196.8 

 County: Sør-Aurdal 

 Municip: Oppland 

 Veg.zone.: M. boreal 

 Code: 144774 

 Type: D01 

 Reg.yr.: 2012 

 BV: A 

 Area: 6.79 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 1 % AR5-forest: 1 LI: 5.2/0.4 

% of T32: 0 % AR5-pasture: 0 LR: 6.2/0.4 

% of T41: 100 % AR5-field: 99 CLI in T32: –/– 

% of T45: 0 % AR5-other: 0 RSA in T32: –/– 

% of Other: 0   % CC: 0/0 
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Nature Base 

 ID: 141 

 X: 158510.5 

 Y: 6871517.5 

 County: Lom 

 Municip: Oppland 

 Veg.zone: M. boreal 

 Code: 33657 

 Type: D04 

 Reg.yr.: 2001 

 BV: B 

 Area: 3.62 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 1 LI: 4.7/0.9 

% of T32: 100 % AR5-pasture: 98 LR: 5.4/1.0 

% of T41: 0 % AR5-field: 1 CLI in T32: 2.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 2.0/0.0 

% of Other: 0   % CC: 38/0 
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Nature Base 
 ID: 142 

 X: 225423.1 

 Y: 6575763.2 

 County: Stokke 

 Municip: Vestfold 

 Veg.zone.: B. nemoral 

 Code: 127424 

 Type: D04 

 Reg.yr.: 2007 

 BV: B 

 Area: 2.4 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 90 LI: 5.1/0.3 

% of T32: 53 % AR5-pasture: 0 LR: 6.3/0.5 

% of T41: 0 % AR5-field: 5 CLI in T32: 5.0/0.0 

% of T45: 0 % AR5-other: 5 RSA in T32: 1.0/0.0 

% of Other: 47   % CC: 5/3 
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Nature Base 

 ID: 143 

 X: 336848.3 

 Y: 6664542.1 

 County: Eidskog 

 Municip: Hedmark 

 Veg.zone: S. boreal 

 Code: 105752 

 Type: D01 

 Reg.yr.: 1999 

 BV: B 

 Area: 22.82 

Marks approximate place and direction of photo. 

Results 

# major types: 4 % AR5-forest: 8 LI: 7.3/1.3 

% of T32: 9 % AR5-pasture: 19 LR: 5.3/0.5 

% of T41: 24 % AR5-field: 60 CLI in T32: 1.0/0.0 

% of T45: 56 % AR5-other: 14 RSA in T32: 2.0/0.0 

% of Other: 11   % CC: 2/7 
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Nature Base 

 ID: 144 

 X: 311544.5 

 Y: 6664890.4 

 County: Nes 

 Municip: Akershus 

 Veg.zone: S. boreal 

 Code: 139128 

 Type: D01 

 Reg.yr.: 2011 

 BV: A 

 Area: 12.16 

Marks approximate place and direction of photo. 

Results 

# major types: 4 % AR5-forest: 0 LI: 5.1/1.5 

% of T32: 67 % AR5-pasture: 49 LR: 5.2/0.7 

% of T41: 0 % AR5-field: 47 CLI in T32: 3.8/0.6 

% of T45: 3 % AR5-other: 4 RSA in T32: 1.1/0.3 

% of Other: 30   % CC: 14/8 
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Nature Base 

 ID: 145 

 X: 144037.4 

 Y: 6748177 

 County: Ål 

 Municip: Buskerud 

 Veg.zone: M. boreal 

 Code: 108970 

 Type: D04 

 Reg.yr.: 2008 

 BV: C 

 Area: 16.83 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 0 LI: 5.0/0.2 

% of T32: 100 % AR5-pasture: 100 LR: 4.7/0.7 

% of T41: 0 % AR5-field: 0 CLI in T32: 4.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 0   % CC: 8/0 
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Nature Base 

 ID: 146 

 X: 169145.9 

 Y: 6746250.7 

 County: Gol 

 Municip: Buskerud 

 Veg.zone: S. boreal 

 Code: 147455 

 Type: D01 

 Reg.yr.: 2011 

 BV: B 

 Area: 1.11 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 21 LI: 4.5/1.1 

% of T32: 100 % AR5-pasture: 0 LR: 6.7/0.5 

% of T41: 0 % AR5-field: 0 CLI in T32: 4.0/0.0 

% of T45: 0 % AR5-other: 79 RSA in T32: 1.0/0.0 

% of Other: 0   % CC: 4/0 
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Nature Base 
 ID: 147 

 X: 252089.7 

 Y: 6855850.8 

 County: Stor-Elvdal 

 Municip: Hedmark 

 Veg.zone.: M. boreal 

 Code: 39022 

 Type: D04 

 Reg.yr.: 2005 

 BV: C 

 Area: 59.01 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 24 LI: 5.1/0.9 

% of T32: 8 % AR5-pasture: 2 LR: 5.0/0.2 

% of T41: 92 % AR5-field: 74 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 0   % CC: 7/22 

 

      



129 

 

 

 

  
 

 

Nature Base 

 ID: 148 

 X: 224103.3 

 Y: 6559427.3 

 County: Larvik 

 Municip: Vestfold 

 Veg.zone: B. nemoral 

 Code: 12753 

 Type: D04 

 Reg.yr.: 2000 

 BV: C 

 Area: 23.47 

Marks approximate place and direction of photo. 

Results 

# major types: 5 % AR5-forest: 57 LI: 3.3/3.0 

% of T32: 15 % AR5-pasture: 1 LR: 3.6/0.7 

% of T41: 0 % AR5-field: 31 CLI in T32: 1.0/0.0 

% of T45: 26 % AR5-other: 11 RSA in T32: 3.6/0.5 

% of Other: 59   % CC: 58/39 
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Nature Base 
 ID: 151 

 X: 246589.7 

 Y: 6784489.2 

 County: Lillehammer 

 Municip: Oppland 

 Veg.zone.: M. boreal 

 Code: 98382 

 Type: D04 

 Reg.yr.: 2007 

 BV: C 

 Area: 9.44 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 1 % AR5-forest: 3 LI: 4.7/0.6 

% of T32: 100 % AR5-pasture: 97 LR: 5.9/0.3 

% of T41: 0 % AR5-field: 0 CLI in T32: 4.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 2.0/0.0 

% of Other: 0   % CC: 63/0 
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Nature Base 

 ID: 152 

 X: 231090.8 

 Y: 6805994.5 

 County: Gausdal 

 Municip: Oppland 

 Veg.zone: M. boreal 

 Code: 108676 

 Type: D01 

 Reg.yr.: 2009 

 BV: B 

 Area: 10.61 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 1 LI: 6.9/0.3 

% of T32: 0 % AR5-pasture: 0 LR: 4.7/0.5 

% of T41: 0 % AR5-field: 97 CLI in T32: –/– 

% of T45: 100 % AR5-other: 2 RSA in T32: –/– 

% of Other: 0   % CC: 0/0 
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Nature Base 

 ID: 153 

 X: 186660.6 

 Y: 6874105.4 

 County: Vågå 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 71072 

 Type: D04 

 Reg.yr.: 2007 

 BV: B 

 Area: 3.63 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 1 LI: 3.9/1.1 

% of T32: 100 % AR5-pasture: 98 LR: 6.7/0.5 

% of T41: 0 % AR5-field: 0 CLI in T32: 2.8/1.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.6/0.5 

% of Other: 0   % CC: 59/46 
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Nature Base 
 ID: 154 

 X: 251547.2 

 Y: 6694586.2 

 County: Lunner 

 Municip: Oppland 

 Veg.zone.: S. boreal 

 Code: 149840 

 Type: D04 

 Reg.yr.: 2011 

 BV: C 

 Area: 0.5 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 1 % AR5-forest: 0 LI: 4.0/0.0 

% of T32: 100 % AR5-pasture: 0 LR: 8.0/1.6 

% of T41: 0 % AR5-field: 6 CLI in T32: 1.0/0.0 

% of T45: 0 % AR5-other: 94 RSA in T32: 2.0/0.0 

% of Other: 0   % CC: 18/0 
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Nature Base 

 ID: 155 

 X: 351425.9 

 Y: 6706722.7 

 County: Grue 

 Municip: Hedmark 

 Veg.zone: M. boreal 

 Code: 99467 

 Type: D04 

 Reg.yr.: 2008 

 BV: B 

 Area: 13.38 

Marks approximate place and direction of photo. 

Results 

# major types: 2 % AR5-forest: 23 LI: 4.3/0.9 

% of T32: 95 % AR5-pasture: 77 LR: 5.1/0.4 

% of T41: 0 % AR5-field: 0 CLI in T32: 1.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 2.0/0.0 

% of Other: 5   % CC: 82/3 
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Nature Base 

 ID: 156 

 X: 279176.5 

 Y: 6699021.3 

 County: Hurdal 

 Municip: Akershus 

 Veg.zone: S. boreal 

 Code: 115728 

 Type: D01 

 Reg.yr.: 2009 

 BV: C 

 Area: 10.66 

Marks approximate place and direction of photo. 

Results 

# major types: 5 % AR5-forest: 46 LI: 5.0/1.0 

% of T32: 9 % AR5-pasture: 17 LR: 5.7/5.0 

% of T41: 0 % AR5-field: 1 CLI in T32: 4.0/0.0 

% of T45: 3 % AR5-other: 36 RSA in T32: 1.0/0.0 

% of Other: 88   % CC: 54/20 
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Nature Base 

 ID: 157 

 X: 314081.8 

 Y: 6653316.5 

 County: Aurskog-Høland 

 Municip: Akershus 

 Veg.zone: S. boreal 

 Code: 139116 

 Type: D01 

 Reg.yr.: 2010 

 BV: A 

 Area: 34.79 

Marks approximate place and direction of photo. 

Results 

# major types: 3 % AR5-forest: 3 LI: 4.2/0.7 

% of T32: 92 % AR5-pasture: 71 LR: 5.6/0.6 

% of T41: 0 % AR5-field: 10 CLI in T32: 3.9/0.3 

% of T45: 0 % AR5-other: 15 RSA in T32: 1.1/0.3 

% of Other: 8   % CC: 15/19 
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Nature Base 

 ID: 158 

 X: 274624.1 

 Y: 6722765.2 

 County: Ø. Toten 

 Municip: Oppland 

 Veg.zone: M. boreal 

 Code: 41446 

 Type: D04 

 Reg.yr.: 1999 

 BV: B 

 Area: 60.36 

Marks approximate place and direction of photo. 

Results 

# major types: 4 % AR5-forest: 55 LI: 4.5/0.6 

% of T32: 6 % AR5-pasture: 40 LR: 4.0/0.0 

% of T41: 53 % AR5-field: 0 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 5 RSA in T32: 2.0/0.0 

% of Other: 41   % CC: 60/26 
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Nature Base 

 ID: 159 

 X: 316282 

 Y: 6780977 

 County: Åmot 

 Municip: Hedmark 

 Veg.zone: M. boreal 

 Code: 149400 

 Type: D01 

 Reg.yr.: 2009 

 BV: A 

 Area: 0.88 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 0 LI: 3.7/0.5 

% of T32: 100 % AR5-pasture: 100 LR: 7.0/0.0 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 2.0/0.0 

% of Other: 0   % CC: 63/0 
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Nature Base 
 ID: 160 

 X: 283370.1 

 Y: 6673544.6 

 County: Ullensaker 

 Municip: Akershus 

 Veg.zone.: S. boreal 

 Code: 18085 

 Type: D04 

 Reg.yr.: 2000 

 BV: C 

 Area: 43.67 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 7 LI: 5.4/1.1 

% of T32: 85 % AR5-pasture: 92 LR: 6.0/0.4 

% of T41: 0 % AR5-field: 1 CLI in T32: 4.8/0.7 

% of T45: 15 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 0   % CC: 35/19 
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Nature Base 
 ID: 161 

 X: 182227.5 

 Y: 6793617.4 

 County: Ø. Slidre 

 Municip: Oppland 

 Veg.zone.: M. boreal 

 Code: 40084 

 Type: D01 

 Reg.yr.: 2002 

 BV: B 

 Area: 24.41 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 4 % AR5-forest: 70 LI: 4.5/1.2 

% of T32: 3 % AR5-pasture: 30 LR: 5.1/0.3 

% of T41: 0 % AR5-field: 0 CLI in T32: 1.0/0.0 

% of T45: 70 % AR5-other: 0 RSA in T32: 3.0/0.0 

% of Other: 27   % CC: 19/23 
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Nature Base 
 ID: 163 

 X: 263056 

 Y: 6771024.5 

 County: Ringsaker 

 Municip: Hedmark 

 Veg.zone.: S. boreal 

 Code: 122539 

 Type: D01 

 Reg.yr.: 2010 

 BV: A 

 Area: 11.99 

 

 

Marks the approximate place and direction of photo 

Results 
# major types: 2 % AR5-forest: 10 LI: 5.9/0.8 

% of T32: 98 % AR5-pasture: 0 LR: 7.0/0.0 

% of T41: 0 % AR5-field: 90 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 0 RSA in T32: 1.0/0.0 

% of Other: 2   % CC: 6/14 
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Nature Base 

 ID: 167 

 X: 284567.3 

 Y: 6710335.9 

 County: Hurdal 

 Municip: Akershus 

 Veg.zone: M. boreal 

 Code: 115714 

 Type: D01 

 Reg.yr.: 2009 

 BV: B 

 Area: 2.26 

Marks approximate place and direction of photo. 

Results 

# major types: 1 % AR5-forest: 94 LI: 4.9/0.3 

% of T32: 100 % AR5-pasture: 0 LR: 5.7/0.5 

% of T41: 0 % AR5-field: 4 CLI in T32: 1.0/0.0 

% of T45: 0 % AR5-other: 2 RSA in T32: 2.0/0.0 

% of Other: 0   % CC: 18/0 
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Nature Base 

 ID: 173 

 X: 247100.3 

 Y: 6735584.4 

 County: Søndre Land 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 42019 

 Type: D01 

 Reg.yr.: 2004 

 BV: B 

 Area: 5.29 

Marks approximate place and direction of photo. 

Results 

# major types: 3 % AR5-forest: 0 LI: 4.7/0.5 

% of T32: 15 % AR5-pasture: 0 LR: 5.0/0.5 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.0/0.0 

% of T45: 0 % AR5-other: 100 RSA in T32: 4.0/0.0 

% of Other: 85   % CC: 6/8 



144 

 

 

 

   

 

Nature Base 

 ID: 177 

 X: 240219.3 

 Y: 6750750.3 

 County: Søndre Land 

 Municip: Oppland 

 Veg.zone: S. boreal 

 Code: 139436 

 Type: D01 

 Reg.yr.: 2011 

 BV: B 

 Area: 0.83 

Marks approximate place and direction of photo. 

Results 

# major types: 2 % AR5-forest: 0 LI: 5.3/0.4 

% of T32: 82 % AR5-pasture: 0 LR: 5.7/0.8 

% of T41: 0 % AR5-field: 0 CLI in T32: 3.3/0.5 

% of T45: 0 % AR5-other: 100 RSA in T32: 1.7/0.5 

% of Other: 18   % CC: 5/3 
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Nature Base 

 ID: 180 

 X: 352883.9 

 Y: 6709285.2 

 County: Grue 

 Municip: Hedmark 

 Veg.zone: M. boreal 

 Code: 99453 

 Type: D01 

 Reg.yr.: 2008 

 BV: A 

 Area: 48.29 

Marks approximate place and direction of photo. 

Results 

# major types: 5 % AR5-forest: 26 LI: 5.8/2.4 

% of T32: 52 % AR5-pasture: 40 LR: 5.1/0.6 

% of T41: 0 % AR5-field: 0 CLI in T32: 2.4/0.6 

% of T45: 31 % AR5-other: 34 RSA in T32: 1.6/0.6 

% of Other: 17   % CC: 35/32 


