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Summary 

Mapping of ecosystems using classifications of nature into defined types is common practice 

in efforts towards knowledge based natural resource management. A new nature-type system 

(Nature in Norway, NiN) is being implemented in wall-to-wall mapping by environmental 

authorities in Norway. This thesis provides the first study of uncertainty in nature type 

identification using NiN and also the first study of its kind in which a point-based sampling 

design is used. The aim is to estimate an expected level of uncertainty in identification of 

nature types. The four research questions address the possible effects of observer bias, 

hierarchical type level, nature type attributes, and calibration of observers over time.  

  Nature type identification was separated from delineation of map features by mapping 

points instead of polygons. Registrations by eleven observers were collected for 240 points 

across six study sites in Hvaler municipality, south eastern Norway, during a week in June 

2016. An online test with 60 questions of nature type and species identification was answered 

by observers prior to field work. Two field data sets were obtained: The first during the first 

two days of field work and the second during the last three, where in the first data set 

observers registered point variables alone, and the second where the group walked together 

and agreed upon a consensus nature type in addition to individual registrations. The consensus 

is taken as the “true” nature type in estimation of deviation from the true value, while 

pairwise agreement between observers measures between-observer variation.   

 Observers’ familiarity with the study area, species knowledge and familiarity with the 

classification system were significant predictors of the online test results. In the first, 

individual data set, significant observer effect was found for Drought Risk and Lime Richness 

gradient assessment. Observers did not always agree on the relative frequency of which nature 

types were most common. In the collective data set, agreement on the relative frequency of 

the most commonly registered types was higher. Average correct nature type identification 

was 65 % (range 57‒73 %), while between-observer agreement was 57 % (range 48‒70 %). 

Most of the incorrect nature type registrations were assigned to ecologically similar nature 

types. Uncertainty was significantly lower on the highest hierarchical level, termed main 

types, with 83 % correct identification of main types and 81 % between-observer agreement. 

The largest uncertainty was found in lime-rich nature types and several nature types 

conditioned by human disturbance. However, the lime-poor, common lowland nature types 

were found to be amongst the most prone to observer bias. Disagreement with consensus and 
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the number of unique number of nature types registered per point declined over time, showing 

a calibration effect.  

 End users of nature type maps should be aware of this uncertainty inherent in nature 

type identification, and especially sensitive to observer bias and nature types that display 

more uncertainty than usual. Recommendations are made for efforts to improve bias and 

between-observer variation, based on the present findings as well as relevant literature on 

different classification systems and vegetation studies.  

Keywords: Between-observer variation, classification, fieldwork, reliability, repeatability, 

uncertainty, vegetation ecology, vegetation mapping, point-sampling 
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1 Introduction 

The pressure on natural areas and its resources has probably never been greater, feeding an 

increasing need for systematized geographical knowledge. One source of such knowledge is 

the classification and mapping of nature types. Advances in aerial photo interpretation (Ihse, 

2007) and other remote sensing methods (Lefsky et al., 2002; Blaschke, 2010) show 

promising results, but field based mapping remains an important tool for gathering data about 

the distribution of nature types and the species found within them. Knowledge about the 

magnitude and sources of uncertainty within maps is vital for interpretation and efforts to 

improve map quality. Although some inferences are general for mapping of nature types, each 

classification system needs to be considered separately in the context it is used. In addition to 

estimating the amounts of uncertainty in nature type maps, the impact of uncertainty on 

decision-making outcomes needs to be investigated further (Cherrill, 2016). Great variation is 

also expected between different regions of the world, and within countries (Bai et al., 2015; 

Morrison, 2016), because of spatial differences in the composition and complexity of 

ecosystems. 

The terminology used to describe uncertainty in vegetation and nature type maps has been 

inconsistent and differing from established statistical terminology, adopting terms such as 

“repeatability”, “between-observer variation”, “observer error”, “reliability” and “inter-

observer variation” in comparisons of maps made of the same area by different observers. In 

this study, the total uncertainty of nature type maps, represented by variables such as nature-

type affiliation and descriptive variables, is treated as consisting of three elements:  

(i) Context-dependent error: The deviation from an underlying, presently unknown true value 

resulting from imperfect knowledge about ecosystems and species. Sources of context-

dependent error include imprecise definitions of nature types and categories along factor-type 

variables, and unclear mapping rules (e.g., ambiguous rules for delineation of nature-type 

polygons). Context-dependent error is an inherent property of the mapping project, and 

implies that for each variable a range of values in addition to the true value must be 

considered acceptable. Context-dependent variation includes all variation in recorded values 

which lies within the range of accepted values. This term corresponds to the term “irreducible 

error” of Hastie et al. (2009). Context-dependent error can be reduced over time by improving 

the scientific basis of the classification system and definitions, but never removed completely. 



2 

 

(ii) Bias: The systematic deviation of the mean of recorded values from the true value or 

range of acceptable values. Bias results from systematic overlooking, misidentification, or 

misjudgement of species or other available information, and can be measured by comparing 

observers to an accepted “true” value.  

(iii) Between-observer variation: More or less unsystematic (idiosyncratic) variation between 

observers. Between-observer variation originates from differences in observers’ behaviour, 

perceptions and experience, which makes them gather different information in the field and 

emphasise different aspects of the available information. This can be measured as the mean 

agreement in pairwise comparisons between maps or observer registrations. This term 

corresponds to “error” in the statistical literature. 

Variation in mapping results caused by lack of access to relevant information, due to seasonal 

variation in fruiting or flowering, may be considered either as context-dependent error or as 

between-observer variation, but will, in this context, be filed under the latter. With these 

definitions, the element of observer responsibility for deviations from the true value is not 

clearly separated from other sources of uncertainty and has to be treated separately. 

A distinction is sometimes made between boundary placement and type identification in map 

uncertainty. Some authors indicate that a large proportion of the uncertainty in vegetation or 

nature type maps stem from differences in identification of the defined types, with boundary 

placement as an additional but smaller source of variation (Cherrill & McClean, 1999a, 

1999b; Hearn et al., 2011). In addition, uncertainty in nature type maps can be introduced at 

all stages of the process – from the classification of a varied nature into nature types, to 

training, preparatory work, fieldwork, post-processing, and subsequent interpretation by the 

end user. If uncertainty inherent to the mapping process is not taken into account, there could 

be unexpected consequences of decisions based on such maps, including loss of biodiversity 

(Gorrod & Keith, 2009; Cherrill, 2016) and failure to achieve conservation goals (Tulloch et 

al., 2013). 

Nature types present a way to classify the ecosystem level of biological diversity, and are 

much used entities in conservation work and in development of red lists. The Norwegian 

Biodiversity Information Centre is responsible for the national red list of nature types, which 

uses the “Nature in Norway” (“Natur i Norge”, hereafter NiN) system (Lindgaard & 

Henriksen, 2011; Halvorsen, 2015b). Red lists of nature types represent biological diversity 
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on a higher level than individual species. They can include abiotic components, be 

informative about extinction debt and other ecological processes important to conservation, 

and take less time to map than individual species (http://iucnrle.org/about-rle/rle/, accessed 

16.03.2017; Noss, 1996). Red lists are increasingly based on scientific assessments of 

endangerment, used in determination of conservation value and action plans (Berg et al., 

2014). Mapping of nature types is part of the spatiotemporal knowledge base for the priority 

assessment process. If the mapping fails to produce accurate and precise information, 

biodiversity and conservation goals could be adversely impacted. Moreover, misguided 

management is expected to incur unnecessary costs to society. In this context, it is important 

to understand which sources of uncertainty exist, which factors are the most important, and 

where improvements can be made. 

While there are relatively few studies of uncertainty in vegetation maps, there are numerous 

studies of uncertainty in vegetation surveys relating to cover estimates and identification of 

species (Hope-Simpson, 1940; Smith, 1944; Sykes et al., 1983; Tonteri, 1990; Rich & 

Woodruff, 1992; Bråkenhielm & Qinghong, 1995; Oredsson, 2000; Klimeš et al., 2001; 

Kercher et al., 2003; Klimeš, 2003; Scott & Hallam, 2003; Plattner et al., 2004; Ringvall et 

al., 2005; Archaux et al., 2006; Archaux et al., 2007; Vittoz & Guisan, 2007; Milberg et al., 

2008; Symstad et al., 2008; Archaux, 2009; Archaux et al., 2009; Bergstedt et al., 2009; 

Gallegos Torell & Glimskar, 2009; Gorrod & Keith, 2009; Vittoz et al., 2010; Kelly et al., 

2011; Wintle et al., 2013; Burg et al., 2015; Couvreur et al., 2015; Killourhy et al., 2016; 

Morrison, 2016; Morrison & Young, 2016). These studies are also useful for understanding 

uncertainties within nature type maps because they relate to observers’ abilities to identify 

indicator species and evaluate their abundance, as well as indicating sources of bias, effects of 

scale, and training efficiency of these variables. Cover estimates can directly influence key 

variables that are often registered in addition to the nature type, such as canopy cover of 

different taxa. Between-observer variation, or “observer error”, in this regard has generally 

been quantified by making comparisons among observers surveying the same plots, or in time 

series by the same observer. These comparisons don’t necessarily estimate the bias in 

observations but rather between-observer variation, since the true value is seldom known. The 

earliest such studies by Hope-Simpson (1940) and Smith (1944), described magnitudes of 

uncertainty comparable to those in contemporary studies. Hope-Simpson found 23 % 

disagreement between species lists across four tested “sources of error”. Smith (1944) 

reported large variation even after extensive training in species density estimation of three 
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vegetation types. The correspondence of estimates to clipped and weighed plot data was very 

poor, and Smith recommended abandonment of density estimation as a means to assess 

grazing value. In a review, Morrison (2016) notes that more recent estimates of uncertainty 

are described in less dramatic terms than in these first articles, indicating that there has either 

been a growing acceptance or a growing disregard of uncertainty in vegetation surveys.  

In the NiN system, nature types are identified by their plant species composition in addition to 

ecological and abiotic factors. Morrison (2016) categorizes causes of bias and between-

observer variation in vegetation surveys into three types: (1) Overlooking, (2) 

misidentification and (3) estimation error. All three sources of “observer error” may 

contribute to observers choosing different nature types if they overlook or misidentify 

indicator species, or misjudge their cover relative to the defined thresholds in the nature type 

descriptions. The average percentage of species missed by one observer but not another 

(pseudoturnover) is between 10 % and 30 % in the 59 articles considered. Misidentification 

occurs in about 5-10 % of observations. Cover estimates vary depending on characteristics of 

the vegetation or species in question, giving very high coefficients of variation for species 

with low cover and somewhat lower coefficients of 25‒50 % for species with mean cover 

above 50 %. However, several studies (Sykes et al., 1983; Vittoz et al., 2010; Gorrod et al., 

2013; Killourhy et al., 2016) suggest that the less abundant species are not necessarily the 

most prone to error in estimated cover, but instead the largest variation is found for 

moderately abundant species with a cover of 25‒75 % (Hahn & Scheuring, 2003). Some 

studies also report tendencies of underestimation of cover (Gallegos Torell & Glimskar, 2009; 

Morrison & Young, 2016), especially for plants with intermediate cover (Murphy & Lodge, 

2002). Rates of misidentification seem to be higher for ground vegetation than for tree 

species, and higher for grasslands than forests (Archaux et al., 2006; Morrison, 2016).  

All classification of nature into nature types inevitably introduces some uncertainty. Nature 

types are simplifications of complex and dynamic ecosystems. Spatial and temporal 

heterogeneity is bagged into types within sometimes poorly understood ecosystems. 

Classification systems that aim to define nature types that can be applied across an entire 

country may not reflect regional and local natural variation perfectly. No classification system 

is perfect for all purposes and places, and several systems for mapping are therefore presently 

available. The different systems vary with respect to the data they are based on, what spatial 

scales they address, and the underlying theory and criteria for classifying natural variation. 

Some are strictly hierarchical with many levels, others are not. Norwegian examples include 
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Fremstad (1997), Rekdal and Larson (2005) and DN-Handbook 13 (2007). Presently, NiN is 

taking over as the classification standard for nature type mapping in Norway, and needs a 

thorough investigation of the magnitude and sources of uncertainty in maps using the system. 

The present study is a contribution towards estimating uncertainty in how observers identify 

NiN nature types, using point data and multiple observers. Uncertainty is addressed as part of 

the following research questions:   

1. Observer effect – To what degree is the identification of nature types dependent on the 

observer, and what is the magnitude of bias and between-observer variation?  

2. Type level effect – Is uncertainty in nature type identification dependent on the hierarchical 

type level, and what magnitude of uncertainty can be expected for main types and nature 

types in NiN?  

3. Nature type effect – Is bias and between-observer variation in nature type identification 

dependent on the nature type, and if so how much?   

4. Calibration effect – Does bias and between-observer variation in nature type identification 

improve over time, and if so by how much? 
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2 Materials and methods 

2.1 Study area 

Hvaler is an archipelago in Østfold County, positioned in the outskirts of the Oslo fiord in 

south eastern Norway (Fig. 1). There are 833 islands above 20 m
2
, adding up to a total area of 

90.12 km
2
. The highest point is 72 meters above sea level (Kartverket.no, accessed 

08.05.2017). The climate is slightly oceanic, situated in the boreonemoral bioclimatic zone 

(Moen, 1998). The summers are long by Norwegian standard, and can include long periods of 

drought. Normal temperature in January is ˗2.2 degrees Celsius (yr.no, accessed 08.05.2017). 

The bedrock in the area consists mainly of lime-poor granite (geo.ngu.no, accessed 

25.05.2017). Rounded hills dominate the terrain, interrupted by rift valleys and boulder 

beaches. Hilltops and open areas are exposed to wind from the sea. The soil layer is generally 

shallow especially in convex terrain, while more soil has accumulated in cracks and 

depressions. Some rift valleys have accumulated marine sediments enriched with bits of 

calciferous shells from marine organisms, adding nutrients to the soil locally.  
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Figure 1: Map showing the study area, Hvaler archipelago in Østfold County. 

The vegetation on the islands spans the slow successional gradient from bare rock to 

established forest following the land upheaval after the last glaciation. The forested areas are 

mostly dry, and dominated by pine (Pinus sylvestris) and spruce (Picea abies) as well as some 

deciduous trees like birch (Betula pubescens) and fragments of deciduous forest. Nature types 

considered relevant for nature conservation occurring on the Hvaler islands include coastal 

heaths, old coniferous forests, lime-rich deciduous forests, tidal meadows, tidal and 

freshwater swamps, calcareous meadows, semi-natural grazing meadows, lime-rich swamps 

and spring forests, shell bed vegetation and hay meadows, as well as valued marine nature 

types (naturbase.no, accessed 09.03.2017). Parts of the islands are protected, such as Ytre 

Hvaler National Park.  

There are numerous summer houses scattered around the islands in addition to permanent 

residents. Most of the areas where farming was possible have been utilized for this purpose. 

Because the islands have been inhabited for a long time, even seemingly undisturbed patches 

of nature may have been subject to use for outfield grazing and harvesting. Abandoned 

quarries and stone heaps occur frequently. Open nature types on Hvaler are lacking tree cover 
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because of disturbance and stress regimes, caused naturally or by humans. Shallow soil, wind, 

and salt spray cause the canopy and field layers to be missing in some places and keep these 

areas open. Other areas are kept open by forestry, construction and agricultural practices. 

Some of the once-open meadows and fields have been abandoned and are left to reforestation 

processes.  

2.2 Classification system 

The research questions were tested with the classification system NiN. The system was 

recently published (Halvorsen, 2015a, 2015c; Halvorsen et al., 2015), and is now 

implemented as the main mapping system for projects ordered by the environmental 

authorities in Norway (Innst. 294 S, 2015–2016; Meld. St. 14, 2015–2016). Previously, the 

most used classification systems were loosely based on phytosociology, representing a 

compromise of different schools of vegetation classification adapted to the Norwegian context 

(see Bryn, 2006 for an overview of vegetation mapping traditions in Norway). NiN was 

commissioned by the Norwegian Biodiversity Information Centre to fulfil the need for an 

ecologically founded, verifiable and value neutral system that can be used for most national 

mapping purposes while allowing enough flexibility to satisfy the needs of the users. NiN 

describes natural variation on three broad levels of generalisation – landscape, nature system 

and microhabitat. This understanding of nature is based on the work of (Noss, 1990). The 

“nature system”, parallel to ecosystems, encompasses nested nature types that can be mapped 

at scales comparable to other classification systems, as well as finer scales than previous 

systems open for.  

NiN classifies areas into nature types, which encompass more species groups than the term 

“vegetation types”, and also includes human-built substrates and structures. Nature types are 

“idealized units of similar nature, encompassing all living organisms that occur together in a 

given place, and the accompanying environmental conditions. It also includes nature with a 

unified appearance caused by systematic patterns in the occurrence of observable structures 

and elements” (Halvorsen et al., 2015, p. 31, my translation). Nature types within the “nature 

system” are defined divisively on three nested hierarchical levels, starting with the broadest 

“main type groups”, on to “main types” and the smallest nature types; “subtypes” can be 

mapped at 1:500 scale. The NiN nature classification is defined on the basis of principles and 

analysis, which is not directly adapted to the mapping of areas in practice. Rather, it is a 
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framework for describing all natural variation in Norway. For practical use, subtypes are 

aggregated into “mapping units” adapted to five map scales: Subtypes at 1:500, and mapping 

units at 1:2500, 1:5000, 1:10000 and 1:20000 scales. In this text, “nature type” is used to label 

the mapping units defined for the 1:5000 scale that were used for mapping points in this 

study. They remain nested within “main types”. In addition to nature types, NiN includes a 

large, formalised attribute system with standardized, semi-standardized and flexible variables 

used to describe each map feature or area further. Standardized rules specified at each scale 

for minimum polygon sizes and other mapping guidelines are specified in a separate 

document (Bryn & Halvorsen, 2015).  

Ecologically, NiN is based on the gradient perspective on natural variation, and groups this 

variation based on the most important ecological gradients. The gradient-analytic perspective 

on natural variation can be summed up in three ecological assumptions: (1) Species do not 

respond to external factors one by one but in concert, (2) a few major complex-gradients 

normally account for most of the variation in species composition that can be explained by 

environmental factors, and (3) species occur within a restricted interval along each major 

complex-gradient (Halvorsen, 2012; Halvorsen et al., 2015). These complex-gradients were 

first described by Whittaker (1967), and are explored using multivariate ordination 

techniques. Complex-gradients, along with criteria specified in Halvorsen et al. (2015), are 

used to define main type groups and main types. Depending on the amount of species 

turnover along the gradient, the gradients are segmented into pieces called “gradient levels” 

that are used to puzzle together subtypes within the main types that are defined by these 

gradients (see Fig. 2 for an example). One of the two most frequently encountered complex-

gradients is Drought Risk, which describes the variation in soil moisture as related to the risk 

of severe drought in a 50-100 year perspective, where species intolerant to severe drought will 

be eliminated (Halvorsen, 2015c). It correlates with topography, soil depth and soil 

development. The other very common complex-gradient is Lime Richness, which expresses 

variation along a gradient of chemical composition and weathering dependent on geological 

composition. Lime Richness correlates with soil pH and a number of important plant nutrients 

and chemical compounds.  

Nature types are divided into three categories according to the degree and type of human 

disturbance: Natural, semi-natural and highly modified. Agricultural disturbance is separated 

from other human and natural disturbances by a complex gradient called “management 

intensity” which expresses the basic, recurring level of human land use that determines the 
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existence and continuation of specific nature types. This gradient spans eleven gradient levels 

and separates natural from semi-natural and highly modified agricultural nature types. 

Gradient levels 0‒a are considered “natural”, levels b‒e “semi-natural” and f‒j “highly 

modified”. Some extensive use, like grazing in a forest, is allowed within the “natural” part of 

the gradient, whereas the semi-natural levels are characterized by grazing, mowing, burning 

or otherwise clearing of biomass, without significant use of fertilizer. An agricultural area 

becomes “highly modified” when the soil is ploughed, fertilized or severely trampled.  

Nature types are generally identified by the presence of diagnostic species and a judgment of 

the most important structuring processes influencing the area. All terrestrial, non-wetland 

areas below the forest line are expected to become forested unless there is some disturbance 

or stress regime that prevents forestation. Main types that lack such disturbances are part of 

the “normal terrestrial natural variation”; as the land rises due to land upheaval after the last 

glaciation, bare rock (main type code T1) and Open shallow-soil heath (T2) are the first stages 

in a long succession towards becoming Forest (T4). Where water accumulates and form 

wetlands, Mire (V1) and Wetland forest (V2) span the normal natural variation. Other main 

types are defined by additional structuring processes and complex-gradients. In Fig. 2 below, 

the graphical overview for the main type Forest (T4) is shown with its two main complex-

gradients, the main-type adapted levels (numbers 1‒4) along each gradient, and the gradient 

levels (letters a‒i). Gradient levels are the same across all main types where the gradient is 

used, whilst main-type adapted levels are specific to the different main types they appear in.  
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Figure 2: Complex-gradient diagram for main-type Forest (T4) at the 1:5000 scale with main-type adapted 

levels (numbers 1‒4) and gradient levels (lowercase letters a‒h/i). Nature types have descriptive names and an 

added code with a capital C as a prefix. 

2.3 Study design 

Six rectangular study sites, named 1‒6, were selected on two of the largest Hvaler islands 

(Fig. 3). The sites measured 1 km × 0.5 km each. The sites were chosen to include nature 

representative of Hvaler, while minimizing the presence of infrastructure. Three sites were 

located inland and three on the coastline. In each of the six sites, two sets of 20 observation 

points were generated using a stratified random design. These two sets of 120 points were 

mapped in two separate exercises, and will be referred to as “Individual points” and 

“Collective points”, respectively.  



12 

 

 

Figure 3: Map of Hvaler archipelago with the six study sites numbered. 

Only terrestrial and wetland NiN main types were considered relevant for the study, 

comprising 277 possible nature types. In addition, Tree Cover and the gradient level of the 

two main gradients in Open shallow-soil heath (T2) and Forest (T4) were recorded to achieve 

more precise data on uncertainty in these two common main types. These two main types 

have the same defining complex-gradients, Drought Risk and Lime Richness, allowing for 

direct comparison. The variable “Tree Cover” is based on the forest definition in NiN, which 

is an area with > 10 % canopy cover over an area of at least 250 m
2
 (Halvorsen et al., 2015, p. 

133). A tree is a perennial, woody plant higher than 5 m, but can be accepted as a tree at > 2 

m if stunted (Halvorsen et al., 2015, p. 128). A point is considered wooded (having tree 

cover) if it falls within the boundaries of an area that meets these criteria. Recording Tree 

Cover was supposed to be a guide to the observers’ choice of nature type, most notably on 

Open shallow-soil heath (T2) versus Forest (T4), and Mire (V1) versus Wetland forest (V2). 

These pairs of main types are differentiated on the basis of trees as a structuring species group 

(Halvorsen et al., 2015), and additionally in the case of T2 and T4 some species of light-

demanding herbs and mycorrhizal fungi that are often not visibly present.  
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Stratified random point generation was prepared in a combination of ArcMap (ESRI) and 

Microsoft Excel. A Terrain Position Index (hereafter TPI; Jenness, 2006) layer was created 

using Topography Toolbox (Dilts, 2015) on a 10 m resolution Digital Elevation Model 

(Kartverket.no, accessed 04.06.2015). The TPI layer was the basis for stratification into five 

site-specific TPI classes, aimed at over-sampling locally rare nature types and under-sampling 

some of the very common Bare rock (T1) locations where little variation was expected. The 

pixels in the TPI raster were used to create a point grid where each pixel’s centre coordinates 

became a point. The point layer attribute table was exported and a column added with a 

random number between 0 and 1. This column was used to sort and select the points with the 

highest values (Collective points) and lowest values (Individual points) within each of the five 

TPI classes. These subsets were then transferred back into ArcMap and Joined with the TPI 

point layers. The points were shown on top of aerial photos (0.2 m resolution, 

Norgeibilder.no, accessed 25.05.2015) for visual inspection, and replaced if necessary. Points 

were replaced if they were located in water, too close to private buildings, or in inaccessible 

areas. To avoid spatial autocorrelation, a minimum 30 m distance was enforced between all 

points (Fig. 4).  

 

Figure 4: Site 4 shown on the TPI raster, with Collective points labelled with their ID number.  

The points were marked with plastic sticks of two different colours prior to the field work. 

GPS accuracy was at best ±5 m, so the exact location of the points were somewhat influenced 
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by subjectivity. A second marker next to each point specified the boundary of a circle around 

the point which should not be disturbed by trampling or removing plants. This circle indicated 

the approximate patch of nature that should be considered when mapping the point, although 

considering a wider range that was thought representative of the same nature type was 

necessary in some instances.  

The eleven observers were all related to the research group responsible for developing the 

NiN system, including researchers, students, and affiliates. Some of the observers were quite 

inexperienced and had training in NiN as motivation for participating. Observers were 

labelled by capital letters A‒K, and assigned a grade on a scale of low‒medium‒high 

regarding their familiarity with the NiN system and study area. This was assessed subjectively 

in collaboration with the observer in question, and represents their knowledge at the start of 

the fieldwork. The youngest observer was 24 and the oldest 71 years old.  

Prior to the fieldwork, all participants answered a 60-question test online, with NiN 

documents and field guides available. The test consisted of pictures, with 30 questions of 

nature type identification and 30 questions of species identification. Maximum time allowed 

was two hours. One observer (K) made the test and therefore has no test score, but is assumed 

to have a high level of knowledge about both species and nature types. Total score, nature 

type score, species score and Ecological distance to the correct answer (see below) were 

calculated for each observer.  

2.4 Field method 

The fieldwork took place over five days in June 2016. Observers were to visit all six sites two 

times, first alone and then together as a group. The first two days were used to collect the 

“Individual” data set. Each observer was equipped with a handheld GPS (Garmin etrex 30x), 

aerial photo, field instructions (Appendix 1), a graphical overview of the mapping units 

(found in Bryn & Ullerud, 2017) and descriptions of the nature types (Bratli et al., 2016). 

According to the field instructions, at each point the observers should record the following, in 

the given order:  

 1. Tree Cover: Is the point located in a wooded area? (Yes/No)  

 2. Nature type code   

 3. If the main type is T2 or T4: Assign gradient levels for Drought Risk and Lime 

 Richness  
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The observers were supposed to visit three sites per day and travel to these in pairs following 

the time table below (Tab. 1). To minimize influence on each other, the observers were 

instructed not to talk to each other about nature type identification, and preferably not walk 

together. They were also instructed to visit the points in order from 1 to 20 per site, navigating 

with the GPS and aerial photo of the site marked with point locations and a suggested route. 

Table 1: Time table for the Individual mapping of the first two field days. Observers are named A‒K and study 

sites 1‒6. 

 

The last three days the group walked together through all the sites in the order of points 1‒20 

for each site, completing roughly two sites per day. At each point, these three steps were 

followed:  

 1. Observers noted, in secret, the same set of variables as before: Tree cover, nature 

 type, and gradient levels if applicable.   

 2. The observers presented their registered choices in turn without comments or 

 discussion. 

 3. Group discussion aimed at finding a consensus type. 

In cases of disagreement, a simple majority vote decided consensus for each of the variables.  

2.5 Analysis 

Data management and analysis was done in Excel and R 3.4.2. After fieldwork the data were 

punched and proofread. Missing values were filled in if possible; missing records of Tree 

Cover were deduced based on assignment to main types with or without trees as structuring 

species group. In the case of inconsistencies in the data, such as assigned Tree Cover or 

gradient level not matching the assigned nature type, this was not altered unless there was a 

clear reason to do so. 
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For analysis, some character variables were converted to ordinal numbers, and others were 

computed based on the basic recorded variables. Tree Cover was converted to binary 1 (Yes) 

or 0 (No), and the gradient levels from letters (a‒h/i) to numbers (1‒8/9). Several derived 

variables, as described below, were created from the basic ones, and a new data set was 

created for summary statistics per point (1‒120) across all observers. TPI value and class, as 

well as observer attributes, were attached to both field data sets. 

A measure of the Ecological Distance (ED) between recorded and consensus nature types was 

developed for the Collective data set and knowledge test results (see Appendix 2). This 

measure served as a quantification of the magnitude of deviation of each recorded nature-type 

assignment relative to the consensus. Ecological Distance was obtained as the summed 

difference in main-type adapted levels along all complex-gradients in both of the compared 

nature types. For instance, if the consensus type was Bilberry forest (T4-C1) and observer A 

had registered Sparse low-herb forest (T4-C2) while observer B registered Lime-rich low-

herb lichen forest (T4-C16), the latter deviated more from the consensus type than the former 

(see Fig. 2). In the example above, T4-C2 would have an Ecological Distance of one from the 

consensus type, whereas T4-C16 would be six Ecological Distance units away from the 

consensus – three units along the Lime richness gradient plus three units along the Drought 

risk gradient. Since the NiN system uses species turnover along gradients, the Ecological 

Distance between two compared types indicates to what degree they have a shared species 

pool. By treating the consensus as “truth”, Ecological Distance servers to measure the 

deviation from the true value of point observations including Tree Cover.   

Additional derived variables are binary agreement (same = 1, different = 0) between observers 

and consensus, and between pairs of observers. Also, the absolute distances to consensus in 

gradient levels were calculated on the Lime Richness and Drought Risk gradients per point 

observation and per observer. “Agreement” is simply identical variable registrations.  

Descriptive statistics were collected in tables addressing sums, averages and standard 

deviations of relevant registered variables for all data sets. Summaries of each variable per 

point were made and analysed as a separate subset. For both Individual and Collective data 

sets, subsets were created containing only main types and nature types that were registered 

eleven or more times in the data set (meaning it was identified at least once per observer, on 

average). When removing main types registered less than eleven times in the Collective data 

set, nine main types remained: T1, T2, T4, T32, T35, T39, T44, V1 and V2. This subset was 
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split further into “normal terrestrial variation” = T1, T2, T4 (n = 1024 points) and “other 

nature types” = T32, T35, T39, T44, V1, V2 (n = 260 points). When comparing these subsets, 

only main types found in both data sets were used.  

Generalized linear models (GLMs) were used to find relationships between response and 

predictor variables and test them against null models of no relationship. The significance level 

was set to 0.95 (α = 0.05), and Bonferroni correction was implemented in multiple testing 

situations. Poisson-family GLM was used for the count response variables, such as Ecological 

Distance and number of nature types. Binomial-family GLMs were used for binary variables 

like Tree Cover and agreement on point observations. In cases of over- and underdispersion 

where residuals deviated more than 20 % from the degrees of freedom, Poisson family was 

substituted by quasipoisson (Ver Hoef & Boveng, 2007). Example points were chosen to 

illustrate mapping problems for each research question.  

2.5.1 Observer effect  

Observer effect was investigated using data from the knowledge test and both the Individual 

and Collective data sets. Contingency tables were made with frequencies of main types and 

nature types registered per observer for each data set. Agreement with consensus on main 

type, nature type and tree cover was calculated for the Collective data set. Unique to the 

Individual data set, observers’ GPS tracks were inspected visually to investigate route 

efficiency and to check whether field instructions were followed.  

Total score and average Ecological Distance from the knowledge test was modelled using 

years of experience, familiarity with NiN, familiarity with the study site, academic degree, 

age, and gender as predictor variables. Species score on the knowledge test was also included 

as predictor of the average Ecological Distance.  

Average pairwise agreement between observers was calculated for both data sets. From the 

Individual data set, the Drought Risk, Lime Richness and Tree Cover variables were modelled 

using observer as predictor variable. Using the Collective data set, models were made with 

observer as predictor for the following variables: Drought Risk, Lime Richness, absolute 

difference in registered Drought Risk and Lime Richness to the consensus gradient level, Tree 

Cover, agreement with consensus on Tree Cover, and Ecological Distance. Observer was also 

used as predictor variable of Ecological Distance in each of the subsets. Observer attributes 

were tested as predictors of Ecological Distance and nature type agreement with consensus.  



18 

 

2.5.2 Type level  

To estimate the amount of deviation from the consensus on main type versus nature type 

levels of classification, Ecological Distance and rates of agreement with consensus were 

compared. The difference in correct answers between main type and nature type on the 

knowledge test were also compared. For the Individual data set, agreement with the mode was 

used instead of the consensus. Between-observer variation on the two levels of classification 

was measured by agreement on main type and nature type between pairs of observers. The 

number of unique main types and nature types registered in a single point were also used as 

indications of between-observer variation. 

2.5.3 Nature type  

The possible effect of nature type was assessed using subsets of the data and descriptive 

statistics per main type for the collective data set. Main types were grouped into those 

spanning “normal natural variation” and “other” nature types. Average Ecological Distance 

was used to assess differences in deviations from the consensus between the respective main 

types and subsets. Correlation was calculated between TPI and Drought Risk, and TPI and 

Lime Richness. Models were made with TPI as predictor of absolute distances to consensus in 

Drought Risk and Lime Richness, as well as agreement with consensus on Tree Cover. TPI 

was also tested as predictor of Ecological Distance. 

A subset of the Collective data set was created with 120 rows with summary statistics across 

all observers. The number of unique nature types registered per point was modelled using the 

consensus main type as predictor. Main type was also used to predict the number of observers 

agreeing with consensus on main type per point. In addition, agreement with consensus was 

modelled using mean Lime Richness as predictor.  

2.5.4 Calibration effect 

Calibration effect was investigated using the chronological point sequence, and comparisons 

between the Individual and Collective data sets. The six study sites were compared pairwise 

to check if they contained significantly different nature type distributions that needed to be 

taken into account in this analysis. To see if observations differed from the first part of the 

field work to when observers walked together, affiliation to the Individual versus Collective 

data set was used to predict Lime Richness and Drought Risk registrations. Tree Cover 
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registrations in the two data sets were compared using Pearson’s χ
2
 test. Binomial exact tests 

were used to compare standard deviation, range and coefficient of variation for main type and 

nature type registrations between the data sets. Only main types and nature types with eleven 

or more registrations present in both data sets were compared.  

In the Collective data set, the chronological sequence of points (1-120) was used as a proxy 

for training progression to predict responses in Lime Richness, Drought Risk, Ecological 

Distance and agreement with consensus on nature types and gradient levels. If there was a 

calibration effect, distances to consensus in gradient level positions and Ecological Distance 

should decline. Agreement with consensus on Tree Cover was also modelled using point 

sequence as predictor. Point sequence was used to predict Ecological Distance using both the 

total Collective data set, and subsets of main types with eleven or more registrations, main 

types within “normal natural variation”, and “other” nature types.  In addition, point sequence 

was tested as predictor of the number of nature types and main types registered per point 

across observers, as well as of numbers of observers agreeing with the consensus main type 

and nature type per point. The standard deviations of Tree Cover, Drought Risk and Lime 

Richness registrations were similarly predicted using point sequence. Lastly, the average and 

standard deviation of Ecological Distance per point was modelled with point sequence as 

predictor.  
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3 Results 

3.1 Properties of the data sets 

In total, 1140 Individual and 1320 Collective point observations were made, excluding the 

consensus observations. The planned number of sites completed was 66 (6 sites × 11 

observers) for each data set, of which 9 were not completed due to time constraints. 

3.1.1 Knowledge test and observer attributes 

The pre-fieldwork knowledge test contains answers by ten of the observers to 60 questions 

(Tab. 2). A few records are missing, as three observers did not finish the test by the two-hour 

time limit. Nine out of the ten observers who took the test scored higher on species 

identification than on nature type identification. Average Ecological Distance was high, with 

only one observer (D) having less than one Ecological Distance unit as average. 

Table 2: Observers (capital letters A‒K) with knowledge test scores and personal attributes. Numbers in grey 

indicate observers who did not complete all questions. Average Ecological Distance was calculated between 

correct and answered nature types. Years of experience include both vegetation mapping and other botanical 

surveys considered relevant. Familiarity with NiN and the study area (Hvaler) were set subjectively on a scale of 

low-medium-high. Academic degree specifies the highest completed degree. 

 

3.1.2 Individual data set 

In the Individual mapping of the first two field days, four observers completed all six sites, 

while two observers only completed four sites. The Tree Cover registration was omitted in 

some point observations by observer G, and should be interpreted with caution. A total of 52 

missing variable registrations were reduced to 24 after correcting the data. Likewise, 54 
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inconsistent variable records were reduced to 50. In total, 23 unique main types and 76 nature 

type were recorded in this data set. GPS tracks showed that all observers mostly followed the 

recommended route and none had remarkably many detours. The tracks also revealed a 

couple of cases where the points were not mapped in the instructed order. Time spent on a 

single site varied considerably, from 95 minutes (Observer J on site 2) to 300 minutes 

(Observer C on site 3). 

Table 3: Overview of the Individual data set, per observer (A‒K). Grey text indicates the numbers are not 

directly comparable due to missing data. 

 

3.1.3 Collective data set 

In the Collective mapping, all observers completed all six sites (20 points in each), in the 

correct order, since the group walked together and had more time. A total of 166 missing 

variable registrations were reduced to 35, mostly by deducing missing Tree Cover 

registrations from main type definition where possible. Correcting the data allowed 29 

inconsistent variable registrations to be reduced to 23. In total, 23 unique main types and 59 

unique nature types were recorded. In contrast, the consensus comprised 13 main types and 22 

nature types (Tab. 4). 

Table 4: Overview of the Collective data set, per observer (A‒K). Grey text indicates the numbers are not 

directly comparable due to missing data. 
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3.2 Research question 1: Observer effect 

3.2.1 Knowledge test  

Total score and average Ecological Distance were modelled using variables from the 

knowledge test and observer attributes as predictors (Tab. 5). Familiarity with the study area 

and the classification system were significant in explaining both average Ecological Distance 

and the total test score. Species knowledge was also significant in predicting average 

Ecological Distance. 

Table 5: GLM models of knowledge test performance, using observer attributes as predictors. For average 

Ecological Distance on the nature type questions, an additional model with species score as predictor was 

included. Significant results are emphasized. 

 

3.2.2 Individual data set  

Pairwise agreement between observers was on average 65.7 % (range 53.3–74.2 %) for main 

types and 35.8 % (range 17.0‒48.3 %) for nature types. Average gradient level for Drought 

Risk showed that some observers were consistently recording higher or lower gradient levels 

than the others (see Tab. 3). The variation in Lime Richness was smaller, but note that the two 

observers with the least experience and lowest test score (F and E) had the highest mean 

gradient levels. The variation in the Tree cover variable was large, with the fraction of points 

considered wooded ranging from 52 % of point observations for observer C to 75 % for 

observer F. The mean was 63 % across all the point observations. An example of the 

disagreement on both the Tree Cover variable and placement on the Drought Risk gradient 

was point 6110. There, observers had recorded four similar nature types: Open lime-poor 

shallow-soil heath (T2-C1), Open lime-poor shallow-soil lichen heath (T2-C2), Heather forest 
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(T4-C9) and Lichen forest (T4-C13). These pairs of T2 and T4-types have corresponding 

Drought Risk and Lime Richness gradient levels, and the main types are separated by the Tree 

Cover variable in practice. 

  

Figure 5: Point 6110, exemplifying disagreement on Drought Risk and Tree Cover. 

The three most frequently recorded main types were Forest (T4), Open shallow-soil heath 

(T2), and Bare rock (T1), making up 43.3 %, 26.2 % and 10.0 % of the total observations, 

respectively (Tab. 6). All but one observer agreed on the relative rank of these three main 

types, but two observers had Semi-natural meadow (T32) as their third most common instead 

of Bare rock (T1), and one had Wetland forest (V2) as third most common. Among the semi-

natural and heavily modified main types with agricultural management, Semi-natural meadow 

(T32) was the most frequently registered and ranged from 6 to 13 registrations by the 

observers who completed all six sites. Five main types were only registered once or twice. 
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Table 6: Registration frequencies per observer in the Individual data set for the most common main types. 

Standard deviation, mean and coefficient of variation per row are included. Note that not all observers completed 

all 120 points, indicated by the column sums at the bottom. Frequencies of the additional main types are given in 

parenthesis. 

 

The three most commonly recorded nature types were Open lime-poor shallow-soil heath (T2-

C1), Heather forest (T4-C9) and Open lime-poor shallow-soil lichen heath (T2-C2), making 

up 15.1 %, 14.9 % and 10.3 % of the total observations, respectively (Tab. 7). Four observers 

agreed on the relative rank of these three types, but only one had them as their three most 

common types. The number of points assigned to T2-C1 ranged from 3 (observer K) to 24 

(observer J). Observer K had instead assigned 25 points to the more drought-prone T2-C2. 

Eight observers registered more of T2-C1, while the remaining three had T2-C2 as most 

common of the two. Of the forest types on the corresponding Drought Risk gradient levels, all 

observers agreed that Heather forest (T4-C9) was more common than Lichen forest (T4-C13). 

All but one observer also agreed that Heather-bilberry forest (T4-C5) was more common than 

Heather forest (T4-C9). Of the wetland types, Lime-poor wetland forest (V2-C1) was the 

most commonly registered. Some 36 nature types were only registered one or two times in the 

data set. 

Table 7: Registration frequencies per observer in the Individual data set for the most common nature types. 

Standard deviation, mean and coefficient of variation per row are included. Note that not all observers completed 

all 120 points, indicated by the column sums at the bottom. 
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Models of Drought Risk and Lime Richness with observer as predictor showed that observer 

identity was a significant predictor in both cases (GLM, poisson family, F10,802 = 6.71, p < 

0.0001 for Drought Risk; F10,803 = 7.90, p < 0.0001 for Lime Richness). Tree cover was also 

found to be explained by observer identity in this data set (GLM, binomial family, F10,1111 = 

2.22, p = 0.0141).  

3.2.3 Collective data set 

Pairwise agreement between observers was on average 80.6 % (range 71.7‒86.7 %) for main 

types and 57.2 % (range 47.5–70.0 %) for nature types. Observers’ agreement with the 

consensus was higher, on average 83.3 % (range 78.3‒87.5 %) for main types and 65.0 % 

(range 56.6‒72.5 %) for nature types. Agreement with consensus on the Tree Cover 

registrations showed less variation, on average 92.4 % (range 80.0‒99.2 %). Note that 

observer G is lacking 14 observations of this variable, making the “real” correspondence with 

the consensus potentially higher.  

The four most commonly recorded main types were Forest (T4), Open shallow-soil heath 

(T2), Bare rock (T1) and Wetland forest (V2), with the consensus showing 58, 22, 11 and 11 

registrations of these main types, respectively. All observers agreed on the relative rank of the 

first two types, but variation in the number of Wetland forest registrations makes this main 

type alternate between third and fourth most common among observers. Semi-natural 

meadow (T32) was the most commonly recorded agricultural main type, followed by 

Ploughed field (T44), Ploughed meadow (T45) and Semi-natural tidal meadow (T33). Nine 

main types were only registered once or twice in the data set. 

Table 8: Registration frequencies per observer in the Collective data set for the most common main types. 

Standard deviation, mean and coefficient of variation per row are included. Frequencies of the additional main 

types are given in parenthesis. 
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The three most commonly recorded nature types were Heather forest (T4-C9), Heather-

bilberry forest (T4-C5) and Open lime-poor shallow-soil heath (T2-C1). Seven observers 

agreed on the relative rank of these, which also corresponded to the consensus ranking. The 

number of points recorded as Heather forest (T4-C9) ranged between 17 and 31 registrations. 

A total of 24 nature types were only registered one or two times.  

Table 9: Registration frequencies per observer in the Collective data set for the most common nature types. 

Standard deviation, mean and coefficient of variation per row are included. 

 

On two occasions, the consensus type matched only one other observers’ registration. For 

instance, in point 6209 all but one observer decided on various forest types (T4). The 

consensus landed on the other registered main type, Lime-poor wetland forest (V2-C1). The 

vegetation was partially indicative of moist conditions with the presence of Myrica gale, 

typical of acidic fens, but not many other visible indicators. 
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Figure 6: Point 6209, a case in which the consensus became a different main type than the one almost all the 

observers agreed on before discussion. 

Observer was a significant predictor of agreement with consensus on Drought Risk and Tree 

Cover (Tab. 10). 

Table 10: GLM models using observer as predictor of Tree Cover and gradient levels of Drought Risk and Lime 

Richness. Significant results are emphasized. 

 

The frequency distribution of Ecological Distance (Fig. 7) shows that the larger the 

deviations, the less likely they are of occurring. An Ecological Distance of one is the most 

common magnitude of deviation, occurring in 22.5 % of point observations, and only 13.6 % 

of the remaining observations deviate more than that. The largest Ecological Distance in this 
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data set was 6, which occurred only once. This point is included as an example below (Fig. 

18, Tab. 15). 

 

Figure 7: The frequency distribution of Ecological Distances in the Collective data set. 

Mean Ecological Distance per nature type observation is 0.59 across all observers, ranging 

between 0.44 and 0.77 for individual observers. Using the entire Collective data set, observer 

was found to be a significant predictor of Ecological Distance (GLM, quasipoisson family, 

F10,1309 = 2.29, p = 0.0111). However, using the subset containing main types recorded 11 or 

more times, observer was not a significant predictor of Ecological Distance (GLM, 

quasipoisson family, F10,1273 = 1.08, p = 0.3750). In the subset with main types spanning 

“normal natural variation”, an observer effect was again found (GLM, poisson family, F10,1013 

= 2.45, p = 0.0064), but not in the subset of “other” main types (GLM, quasipoisson family, 

F10,249 = 0.23, p = 0.9930). Observer attributes were used as predictors of Ecological Distance 

and mean agreement with consensus (Tab. 11). 
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Table 11: GLM models using observer attributes as predictors of total Ecological Distance and mean agreement 

with consensus. Significant results are emphasized. 

 

3.3 Research question 2: type level 

3.3.1 Knowledge test  

The mean proportion of correct answers for main types and nature types in the knowledge test 

were 61.7 % and 40.7 %, respectively (Tab. 2). 

3.3.2 Individual data set 

Average agreement with the mode nature type (most frequently recorded per point, ties 

omitted) was 77.8 % for main types and 54.9 % for nature types, adjusted for the number of 

observations per point. An example of greater agreement on main type than nature type is 

point 3104, where seven observers agreed on Semi-natural meadow (T32) as main type but 

chose four different nature types within it. The four semi-natural meadow nature types 

registered were at most three Ecological Distance units from each other. The remaining 

observers chose various lime-rich or spring water influenced Forest (T4) types. The area was 

going through a successional phase towards becoming forest. 
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Figure 8: Individual point 3104, a case in which most observers agreed on main type but chose differing nature 

types. 

The frequency distributions of the number of main types registered per point (Fig. 9 and 10) 

are skewed, with one, two or three main types registered per point as the most frequent. More 

unique main types per point were less common. Because of missing data, only two pairs of 

sites with equal number of observers are shown. On the more detailed level of nature types, 

there was less agreement, and up to four unique nature types were commonly recorded in the 

same point (by eleven and nine observers, respectively). 
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Figure 9: Frequency distribution of numbers of 

unique main types registered per point in the 

Individual data set. Registrations from sites 3 and 6, 

with eleven observations per point. 

 Figure 10: Frequency distribution of numbers of 

unique main types registered per point in the 

Individual data set. Registrations from sites 2 and 4, 

with nine observations per point.  

Figure 11: Frequency distribution of numbers of 

unique nature types registered per point in the 

Individual data set. Registrations from sites 3 and 6, 

with nine observations per point. 

Figure 12: Frequency distribution of numbers of 

unique nature types registered per point in the 

Individual data set. Registrations from sites 2 and 4, 

with eleven observations per point.      
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3.3.3 Collective data set 

On average, observers agreed with the consensus on main type in 83 % of point observations 

(see Tab. 4) and nature type in 65 %. All eleven observers agreed with each other on main 

type in 55.0 % of point observations and on nature type in 22.5 % of observations (Fig. 13 and 

14). 

Figure 13: Frequency distribution of the numbers 

of unique main types registered per point in the 

Collective data set.  

Figure 14: Frequency distribution of the numbers 

of unique nature types registered per point in the 

Collective data set. 

3.4 Research question 3: Nature type 

3.4.1 Individual data set 

Agreement on nature type in single points varied from total agreement to total disagreement. 

For example, in point 6107 all but one observer agreed on Lime-poor wetland forest (V2-C1), 

while the last chose Intermediary wetland forest (V2-C2) which is separated by gradient level 

of Lime Richness but otherwise similar. Terrain form and Sphagnum mosses indicated moist 

conditions, and the point marker was placed in a small depression between hummocks.  
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Figure 15: Individual point 6107, where most observers agreed on Lime-poor wetland forest (V2-C1). 

In point 3115, however, all 11 observers recorded different nature types, spread across seven 

main types (Fig. 16, Tab. 12). 

Table 12: Nature types registered in point 3115. 
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Figure 16: Individual point 3115, where all eleven observers chose unique nature types. 

3.4.2 Collective data set 

TPI was correlated with both Lime Richness (Pearson’s r = -0.33) and Drought Risk 

(Pearson’s r = 0.66), showing high Lime Richness and low Drought Risk in concave terrain. 

There was also a relationship between TPI and Ecological Distance (GLM, poisson family, 

F1,1318 = 67.25, p < 0.0001), with larger Ecological Distance values at concave locations 

(Pearson’s r = -0.18). 

Mean Ecological Distance in the two subsets containing “normal natural variation” and 

“other” main types (Tab. 13) show the highest Ecological Distance in the “other” main types. 

The lowest deviations were recorded in the “normal” main types. Broken down to single main 

types (Tab. 14), the highest mean Ecological Distance was found in Highly modified hard 

substrate (T39), followed by Highly modified loose substrate (T35) and Semi-natural meadow 

(T32). 
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Table 13: Mean Ecological Distance per point in the entire data set and three subsets. 

 

Table 14: Mean Ecological Distance (ED) in the most commonly recorded nature types. “All records” 

encompass all point observations with the main type irrespective of observer, whereas the consensus columns 

only include point observations where the consensus is the main type in question. 

 

In most of the points recorded as Bare rock (T1) main type, there was total agreement 

between observers and consensus. Total agreement occurred on other nature types as well, for 

example on Heather forest (T4-C9) in point 6204 (Fig. 17). Around the point marker, Calluna 

vulgaris was dominating the field layer, and the tree cover was visibly within the boundaries 

of the forest definition. 
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Figure 17: Collective point 6204. 

The opposite occurred at point 3201 (Fig. 18, Tab. 15), showing almost complete 

disagreement on nature type. A total of 7 unique main types and 10 nature types were 

recorded. The consensus became Ploughed meadow with less intensive management (T45-

C1). 

Table 15: Nature types recorded in point 3201, distributed on the three categories of human disturbance. 

 

The consensus, reached after lengthy discussion, was that this point was situated in a former 

Tidal swamp forest (V8) which had been cleared, drained and transformed into a Ploughed 
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meadow (T45). At the time of recording, this meadow had been abandoned and was in an 

early stage of regrowth succession. Currently the area was dominated by the reed Phragmites 

australis, which is common in later stages of regrowth successions in both semi-natural and 

intensively managed nature types.  

 

Figure 18: Collective point 3201, most likely a former tidal swamp turned into a ploughed meadow, where 

observers recorded ten unique nature types. 

TPI was a significant predictor of absolute distance to consensus gradient level for Lime 

Richness (GLM, quasipoisson family, F1,857 = 94.08, p < 0.0001) and Drought Risk (GLM, 

poisson family, F1,857 = 6.43, p = 0.0113). TPI was also a significant predictor of agreement 

with consensus on Tree Cover (GLM, binomial family, F1,1318 = 11.75, p = 0.0006). 

The consensus main type was a significant predictor of the number of unique nature types 

registered per point (GLM, quasipoisson family, F12,107 = 6.07, p < 0.0001) and of the number 

of observers agreeing with the consensus on main type (GLM, quasipoisson family, F12,107 = 

12.08, p < 0.0001). Mean Lime Richness was also a significant predictor of the number of 

observers agreeing with the consensus on main types (GLM, poisson family, F1,94 = 16.18, p < 

0.0001). Likewise for nature types, the number of observers agreeing with consensus on 
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nature type were explained by both the main type (quasipoisson GLM, F12,107 = 5.28, p < 

0.0001) and mean Lime Richness (GLM, poisson family, F1,94 = 53.10, p < 0.0001).  

3.5 Research question 4: Calibration effect 

3.5.1 Differences between the Individual and Collective data sets 

The number of unique nature types registered in the Individual mapping (76) was larger than 

in the Collective mapping (59), even though the Individual data set contains fewer point 

observations. The Collective gradient level registrations of Drought Risk had a lower standard 

deviation, from 0.64 in the Individual to 0.14 in the Collective data set. Similarly, standard 

deviation of Lime Richness gradient level was 0.09 in the Collective data set, smaller than the 

0.47 in the Individual. There was no statistically significant difference between the data sets 

in registrations of Lime Richness (GLM, poisson family, F1,1799 = 0.11, p = 0.74), but there 

was a significant difference in Drought Risk registrations (GLM, poisson family, F1,1798 = 

10.59, p = 0.0012). Tree Cover registrations were also significantly different between the 

Individual and Collective data sets (χ
2

1 = 7.91, p = 0.0049). 

Differences between data sets, tested using exact binomial tests, showed significantly more 

variation in nature type records in the Individual data set. Standard deviation, range and 

coefficient of variation (Tab. 6, 8) showed no statistically significant difference for main types 

(Bonferroni-adjusted α = 0.0083, lowest p = 0.0156). However, both standard deviation, range 

and coefficient of variation for nature types (Tab. 7, 9) were larger in the Individual data set 

(Bonferroni-adjusted α = 0.0083, p = 0.0002 for standard deviation and range, p = 0.0034 for 

coefficient of variation) than in the Collective. 

3.5.2 Collective data set 

Pairwise comparisons between study sites’ distribution of Ecological Distances showed no 

significant difference (Kolmogorov-Smirnov tests, lowest p = 0.04374; Bonferroni-adjusted α 

= 0.003846). Point sequence was a significant predictor of absolute distance to consensus 

gradient level in Lime Richness (GLM, quasipoisson family, F1,857 = 32.40, p < 0.0001), but 

not Drought Risk (GLM, poisson family, F1,857 = 1.97, p = 0.16). Agreement with consensus 

on Tree Cover did not change as a function of point sequence (GLM, binomial family, F1,1318 

= 0.10, p = 0.7582). Note that the significant result for Lime Richness should be interpreted 
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with caution because all the points in the last site were mapped as lime-poor, i.e. there was no 

variation.  

There was a significant change in Ecological Distance explained by point sequence (GLM, 

quasipoisson family, F1,1318 = 6.45, p = 0.0112), shown in Fig. 19, but this trend was not 

significant in the subset of nature types with eleven or more observations (GLM, quasipoisson 

family, F1,1282 = 3.66, p = 0.0559). Neither was point sequence significant as a predictor of 

Ecological distance in the subsets spanning “normal natural variation” (GLM, poisson family, 

F1,1022 = 3.32, p = 0.0686), nor “other” main types (GLM, quasipoisson family, F1,258 = 0.05, p 

= 0.8278). However, point sequence was a significant predictor of the number of unique 

nature types per point (Fig. 20) and the standard deviation of Lime Richness (Tab. 16). 

 

Figure 19: Ecological Distance plotted against 

chronological point sequence in the Collective data 

set, with jittering of the points. A trend line in red 

shows the quasipoisson-family GLM predictions.  

Figure 20: The number of unique nature types 

recorded at each point as a function of point 

sequence number, with jittering of the points. A 

trend line in red shows the poisson-family GLM 

predictions. 
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Table 16: GLM models with chronological point sequence as predictor. Significant results emphasized. 

 

A case in which calibration was evident was point 3205 (Fig. 21), where there was total 

agreement on the nature type Ploughed field (T44-C1). This was the 45
th

 Collective point 

visited. At that time, the observers had already talked about this nature type in a previous 

location. Phleum pratense, Urtica dioica and other weeds common to abandoned intensively 

managed fields were abundant. 

 

Figure 21: Collective point 3205, with total nature type agreement on Ploughed field (T44-C1). 
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4 Discussion 

This study attempts to estimate the total uncertainty and the degree to which observers are 

expected to identify nature types correctly using NiN. Relative to comparisons of wall-to-wall 

maps, point data has the advantage of knowing exactly where the observers have been and 

what they have looked at, enabling examination of each point independently. Point data also 

circumvents variation related to boundary placement and heterogeneity within polygons. 

Comparing observers to a consensus allows for estimation of deviation from the truth in 

addition to between-observer variation, if the consensus is accepted as “truth”. A significant 

effect of observer identity was found, supporting a hypothesis of bias being present in nature 

type identifications. The rank ordering of nature type frequencies was not the same for all 

observers, meaning observers did not always agree on which nature types were most 

common. Average agreement with the consensus on nature type identification was found to be 

65 %. Average agreement on nature type between pairs of observers was 57 %. For main 

types, agreement with consensus and between-observer agreement was 83 % and 81 %, 

respectively. More uncertainty was found in nature types disturbed by humans or otherwise 

departing from normal natural variation. Observers showed tendencies of calibration when the 

group walked together. 

The results of the present study reveal comparable levels of uncertainty to comparisons 

between maps of different classification systems, although the total uncertainty varies widely 

between classification systems. Agreement between maps ranged from 77.6 % to 18.5 % at 

different levels of classification according to Hearn et al. (2011). Greco et al. (1994) found 60 

% agreement between phytosociological maps of a forest in Poland. Cherrill and McClean 

(1999a) reported an average of 25.6 % spatial agreement between pairs of maps. 

4.1 Observer effect 

Several observer attributes may contribute to uncertainty, such as personal biases, experience, 

expectations, spatial scale of observation, fatigue, facilitation or disturbance from co-workers, 

and motivation (Morrison, 2016). Results from the knowledge test show that to some degree, 

“good” observers can be identified from others by testing their species knowledge and 

recognition of nature types in pictures. This should be tested with more experienced 

professionals in order to evaluate the potential for discriminating amongst more equivalent 
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observers in the same fashion. Familiarity with the study area and presumably the local flora 

and ecology could be an important aspect in reducing both bias and between-observer 

variation in mapping projects. Hearn et al. (2011) found that agreement between observers 

increased with experience of the habitat type, and ability to identify species has been 

suggested as an important cause of variation among observers in more general vegetation 

studies (Scott & Hallam, 2003; Morrison, 2016). 

The mean Ecological Distance per point was 0.59, but the median was 0, meaning for the 

most part observers identify the correct nature type. Interpreting this as each nature type 

registration entailing a 59 % risk of assigning a patch of nature to a neighbouring, “wrong” 

nature type would be misleading, because larger deviations also occur. In contrast, only 23 % 

of the Collective nature type records deviate from the consensus to an ecologically very 

similar nature type. This means, given an assumption that our observers are representative of 

ecologists in general, that most deviations from the accepted truth will be small, and possibly 

within a range of acceptable values in some cases. In addition, observer’s agreement with the 

consensus was higher than observer’s agreement with each other, meaning pairwise 

comparisons of point registrations and maps will underestimate map “quality” because it 

measures between-observer variation rather than bias or agreement with the truth.  

For the “normal” terrestrial main types (T1, T2, T4), observer was the best explanatory 

variable. This is also visible in Tab. 6-9, where observers do not always agree on the relative 

frequency, or rank, of the most common types. A possible explanation for this is that 

observers did not calibrate substantially in the time we had available, and observer bias might 

be especially important in explaining uncertainty in these common types. This may stem from 

the very fact that they are common, and observers already have a strong sense of how to 

define them. Regarding example point 6110 (Fig. 5), the fact that observers are evenly spread 

between four ecologically similar types may be a result of the point being a borderline case, 

but there is probably also an element of observer bias involved in which type is chosen in 

such instances. 

As is the case in other studies (Smith, 1944; Sykes et al., 1983; Tonteri, 1990; Oredsson, 

2000; Kercher et al., 2003; Gallegos Torell & Glimskar, 2009; Gorrod & Keith, 2009), some 

observers stand out relative to the other observers, especially in the Individual data set, as 

consistently over- or underestimating variables like gradient positions. This is an indication of 

bias. However, this was less obvious in the Collective data even though observer also there 
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can be used to explain patterns in Ecological Distance, absolute distance from consensus in 

Drought Risk, and agreement with consensus in Tree Cover. It may be worth noting that the 

observers with the least experience and lowest test score also have the two highest mean 

gradient levels for Lime Richness. Since nature types with high Lime Richness are often 

considered to be more valuable in nature conservation, this may be important to account for. 

Conversely, there are indications that underestimation is common in estimation of species 

diversity and assignment of conservation value or habitat status (Archaux et al., 2006; 

Couvreur et al., 2015), perhaps especially for more experienced observers who show 

tendencies of being conservative in their judgments (Gallegos, 2005).  

Testing the ability of observer attributes to predict agreement with consensus and Ecological 

Distance showed that familiarity with the classification system, score on the knowledge test, 

and academic degree were significant predictors. However, academic degree as such is 

probably not a good predictor but rather a spurious correlation, confounded by the observers 

with higher academic degrees also being more connected to the development of the NiN 

system. Similarly, familiarity with the study area was not significant in predicting Ecological 

Distance in the field data actually collected on Hvaler, but it did appear as a significant 

predictor of knowledge test score, which was not exemplified with species or nature types 

from Hvaler. The most likely explanation is a confounding effect of experience. Knowledge 

test score and familiarity with NiN, however, appear as good predictors and were also 

significant in predicting Ecological Distance. 

Overlooking or misidentifying indicator species is clearly a source of error in gradient level 

positioning, possibly leading the observer to think the location is more or less lime-rich, 

drought-prone or disturbed than it really is. In addition, different species respond differently 

to gradients in different settings, meaning local or regional variation can make its value as an 

indicator obsolete or even misleading (Halvorsen et al., 2015). Cover estimates of relevant 

species may also contribute to deviating nature type identification. In order to qualify as Tall-

herb forest (T4-C18), there has to be sufficient diversity and cover of tall herbs, but what 

magnitude is sufficient? How many different indicator species are needed, and how abundant 

should each species be? For the diagnostic species listed in nature type descriptions, there are 

quantitative measures of frequency in vegetation samples of the nature type (Halvorsen et al., 

2015; Bratli et al., 2016). However, even observers who have learned these definitions by 

heart may estimate them differently, and may be biased by regional variation which means the 
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perception of “much” is different across the country. Although understanding regional and 

local conditions is crucial, observers are not supposed to adapt the gradients in the type 

definitions to the region they are in, for instance so that a relatively dry oceanic location is 

mapped using equally drought-prone nature types as relatively dry continental locations. Such 

biases could render maps near useless for nationwide area statistics. In this regard, experience 

and familiarity with how the nature types typically look are important elements of training. 

There are a number of possible explanations for why observers choose different nature types 

for the same area. In this regard, it is difficult to distinguish type identification from the 

process of drawing boundaries between nature types. Cherrill and McClean (1999a) indicate 

that in places where boundaries are placed very differently between maps, differing 

identification of “land cover classes” is a better explanation than differing perceptions of 

ecotones between classes.  

4.2 Type level effect 

Higher agreement on main types than on nature types is an obvious result because of the 

hierarchical structure of the classification system, but it is important to quantify how much the 

uncertainty is reduced. It is also comparable to other studies showing that aggregating nature 

types improves agreement. Hearn et al. (2011) found that average area of agreement between 

pairs of maps was 77.6 % at habitat level, 34.2 % at community level, and 18.5 % at sub-

community level, using the National Vegetation Classification (Rodwell, 2006). Cherrill and 

McClean (1999a) investigated six Phase 1 maps and found mean pairwise agreement to be 

25.6 % for land cover types, and 56.4 % for broader land cover categories. 

It is clear that coarser levels of classification entail less uncertainty in terms of bias and 

between-observer variation, but using broader classes also decreases the available information 

and thus value of the mapping exercise. Coarser classification also means that the middle 

value of each nature type is further apart ecologically, because more variation is included in 

each nature type. This means that a larger span of natural variation must be considered 

plausible if there is a high chance of the truth being a neighbouring nature type. Mapping on 

coarse scales is appropriate in many situations, but information should not be sacrificed 

because of uncertainty concerns when fine-scale data is necessary. Instead, the degree of 
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uncertainty should be explicitly stated and incorporated in decision making in a transparent 

way. 

4.3 Nature type 

The present results indicate that some nature types are indeed more difficult to identify than 

others. TPI is correlated with Lime Richness, Drought Risk, and Ecological Distance, 

indicating that nature types in concave terrain may be more difficult to identify and display 

more variation, at least within the tested study area. Unsurprisingly, bare rock was the easiest 

to identify correctly. The largest mean Ecological Distances were found in nature types that 

fall outside the span of “normal natural variation”, such as those influenced by human 

disturbance or other structuring processes (see Tab. 13 and 14). In these main types, neither 

observer nor chronological point sequence were significant predictors of variation, meaning 

no bias and no calibration effect was detected. It may be that the relatively few observations 

over five days field work was not enough to get a visible learning effect in these nature types. 

The data subset of 294 rows may also be too small to discover actual relationships. However, 

it is also possible that the structuring processes that define these main types are especially 

difficult to detect, due to unclear definitions or other factors relating to context-dependent 

error. 

It looks like some of the most difficult types to identify correctly are also some of the most 

important types targeted by natural resource managers. This is particularly true for semi-

natural meadows (T32), where average Ecological Distance was 1.63, meaning points 

identified as semi-natural meadow by any observer deviate from the correct nature type by 

more than one and a half nature types on average. This is likely influenced by successional 

stages, because many of the semi-natural meadows encountered in the study site were 

abandoned. Additional investigation is needed to evaluate the difference between identifying 

intact as opposed to abandoned semi-natural nature types. Successional processes can make 

identification difficult, as species from the later successional stages appear and semi-natural 

species disappear. This may be described as a problem of the classification system allowing 

nature types to be defined by land use and processes as opposed to visible objects (land cover) 

only. Nature types defined by land use processes make it necessary for observers to identify 

the impact of processes that may be invisible at the time of mapping. This is illustrated by 
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example points in Fig. 16 and 18, which were both contingent on human disturbance and in 

different stages of succession.  

Norway’s agricultural landscape has been undergoing large changes in recent history 

(Rønningen, 1993; Fjellstad & Dramstad, 1999; Sang et al., 2014). Abandoned farmland and 

outfield areas may be conservation and restoration targets, for purposes of biodiversity 

conservation, recreation and strategic goals. Because of the increased uncertainty associated 

with mapping of such areas, natural resource managers need to be very careful when relying 

on nature type maps for important decisions. In the worst case scenarios, resources could be 

allocated to conservation of sites of low conservation value and to allow degradation of sites 

of high conservation value, and area cover estimates that underpin endangerment assessment 

may be unreliable. A survey of environmental professionals by Cherrill (2016) found that 

about a third of respondents had experiences with net loss of biodiversity due to 

misidentification of nature types. In many more cases, misidentification incurred additional 

costs for the respondents’ firms or clients. Additional variables and information on 

management-relevant sites can help mitigate this uncertainty and may be necessary to ensure 

actual knowledge-based management. 

Concerning the example points where observers registered widely different nature types, it 

became apparent that some areas are so difficult to determine the ‘truth’ about that how to 

map them was somewhat arbitrary because a large range of values must be accepted due to 

context-dependent lack of information. The observers have to guess the most likely 

management history, given the little information available to them. In point 3115 (Fig. 16), 

the correct nature type becomes a question of where the point is interpreted as belonging on 

the successional gradient from disturbed nature type to natural forest. This could be difficult 

to judge due to the point being placed among the low, new vegetation but still under the 

canopy of a cluster of young trees, some of which may be large enough to be part of a small 

wooded area. The consensus nature types in the Collective mapping are not necessarily 

correct. Rather, the consensus was the most plausible explanation obtainable in the field, and 

at least within the range of acceptable values. Even if we had the complete and detailed 

history of the nature in a given point over the last 200 years, a single true answer may still be 

elusive due to intermediate stages and multiple processes acting on the same place. This 

context-dependent variation means that, in some cases, several seemingly very different 

nature types should be accepted as correct. 
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4.4 Calibration effect 

The present findings support the view that training and calibration have an effect of reducing 

uncertainty, as reported in vegetation survey studies (Smith, 1944; Stapanian et al., 1997; 

Murphy & Lodge, 2002; Symstad et al., 2008; Robertson & Grieve, 2010; Wintle et al., 2013) 

and indicated in (Hearn et al., 2011) where the highest correspondence occurred between 

observers who relied on experience. Variation was significantly reduced from the Individual 

data set, which can be thought of as field training using the point mapping method, to the 

Collective data set. Especially the less experienced observers are expected to have learnt quite 

a bit from the Individual mapping, which probably represents a higher degree of uncertainty 

than expected of professionals undertaking the same exercise. More nature types were 

registered in the Individual than in the Collective data set, even though the former was 

incomplete.  

A significant decline in Ecological Distance and number of nature types recorded per point 

occurred over the course of the Collective mapping. The effect may in part stem from 

observers becoming more conservative in their decisions and choosing fewer deviant nature 

types. However, the trend in Ecological Distance was less clear after filtering out nature types 

with less than eleven observations. This is contrary to our expectation that more frequently 

encountered nature types would see a clearer trend of calibration, but perhaps not so 

surprising when considering the presence of observer bias in these nature types.  

There was no detected improvement in agreement on Drought Risk assessment. During the 

discussions in the Collective mapping, this gradient was the most debated, and most of the 

disagreements that ended in voting on the consensus type centred on this variable. The 

Drought Risk complex-gradient is one of the most central to the classification of terrestrial 

nature types, and somewhat abstract because it considers the risk of severe drought in a long 

time frame, but three days of discussion did not produce a significant calibration effect 

between observers. Lime Richness, on the other hand, was also debated frequently during the 

Collective mapping, but a consensus gradient level was often reached after discussing the 

relative weighting of the available evidence from indicator species.  

Most studies agree that quantitative cover estimates tend to vary in a random rather than 

systematic fashion (Morrison, 2016), with some exceptions (Milberg et al., 2008; Bergstedt et 

al., 2009; Gorrod & Keith, 2009). There was significant difference in the amount of points 
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considered wooded between the data sets, but this could stem from an actual difference 

between the Individual and Collective points. Since such estimation is often part of nature 

type identification, this unpredictability of cognitive abilities makes it impossible for 

observers to make correct judgements all the time, even after perfecting training and quality 

control procedures. Agreement with the consensus on Tree Cover was surprisingly high, and 

many instances of disagreement were in borderline cases with scant tree cover or small trees 

where both sides of the 10 % threshold might be accepted as correct. Further advances in 

application of remote sensing may aid in improvement of canopy cover estimates. 

4.5 Limitations of the data 

Before conclusions can be drawn from the present study, the limitations and sources of error 

in the study must be addressed. Most importantly, nature types were mapped in points, which 

is a different exercise than the wall-to-wall or polygon mapping most often required of field 

workers on mapping projects. Regarding the consensus observations, they may be too narrow 

representations of the “true” nature types because a broader range of acceptable answers may 

be relevant. Thus, the agreement rates between observers and consensus may overestimate the 

deviations from acceptable mapping.  

The Individual data set is not complete, and the Collective is also missing some registrations. 

Further, there are properties of the study area and observers that may over- or underestimate 

uncertainty. The tree cover in Hvaler is very sparse in large areas, perhaps making our 

reported uncertainty in this variable higher than normal in the country at large. Some of the 

observers lacked prior training in nature type mapping and specifically the NiN system, 

perhaps leading to more bias and between-observer variation than would have been found 

among more experienced observers. However, this was part of the reason the data collection 

was split into two parts, where the first two days gave observers training in the field method 

and ecology of the study area. Also, the fact that all observers are connected to the same 

research group and some have learned much from each other suggests the opposite. The 

significance of these effects is unknown. 

Regarding the interpretation of calibration effects, one potential problem is that the last site 

(no. 6) had no variation in Lime Richness gradient level, with the consensus and most 

observers agreeing on gradient level b for all 20 points. Since Lime Richness correlates with 
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Ecological Distance and hence the difficulty of identifying the nature type, the effect of 

calibration may be overestimated due to the last site being “easy” to map relative to the other 

sites. Still, no significant difference in the distribution of Ecological Distance was found 

between any of the sites in pairwise comparisons.  

Some authors question whether convergence of observer estimates are permanent or transient 

(Bergstedt et al., 2009), possibly explained by an anchoring and adjustment effect during 

intensive field work. Re-calibration before each field season or even after a few weeks break 

may be necessary if this is the case. The Native Woodlands Survey of Scotland requires field 

testing of observers before they are allowed to work, and re-taking of the test after more than 

three months’ absence (Robertson & Grieve, 2010). 

4.6 Recommendations 

4.6.1 Options for improvement 

Completely removing uncertainty from nature type mapping is likely impossible, but a 

number of measures can be implemented to minimise uncertainty. A summary of suggestions 

is given by Morrison (2016) for vegetation surveys, but many are applicable to nature type 

mapping as well.  

Training in the field before data collection has been recommended by Archaux (2009), and is 

supported by results of the present study. Use of test areas or remote digital imagery with 

known attributes and cover of certain species could reduce bias and between-observer 

variation (Bråkenhielm & Qinghong, 1995; Gallegos, 2005). One proposed way to tackle bias 

and between-observer variation is to use feedback mechanisms in training, which could be 

incorporated in other forms of field training. Studying visual estimation, Wintle et al. (2013) 

found that observers who evaluated their own performance during feedback session improved 

their estimates. This “active feedback” was the most efficient (52.9 % improved), while 

passive feedback was less so (35 % improved). Feedback about group averages improved 

performance almost as much as feedback about the true value. Others have suggested annual 

calibration workshops and requiring a quality control component of all vegetation surveys 

(Kercher et al., 2003), which is also possible for nature type mapping. Many have suggested 

certification of observers and subsequent field audits (Stapanian et al., 1997; Cherrill, 2016), 
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which has been implemented in the Native Woodland Survey of Scotland (Robertson & 

Grieve, 2010).  

Although not evident in the present study, some studies point to possible gender differences in 

observer bias when it comes to training potential. The study by Wintle et al. (2013) of cover 

estimation with feedback showed that with passive feedback, 70 % of those who improved 

were women. Females improved by 24.7 % on average, while males showed no improvement. 

Similar tendencies have been reported for self-evaluation in leadership competence (Mayo et 

al., 2012).  

A common recommendation in the vegetation survey literature is the use of multiple 

observers, which has the effect of avoiding extreme estimates and allowing detection of more 

species when working in teams (Klimeš, 2003; Symstad et al., 2008; Archaux, 2009; Archaux 

et al., 2009; Gorrod & Keith, 2009; Vittoz et al., 2010). This would increase costs drastically, 

and seems unrealistic for nature type mapping in general, but may be useful during training 

and calibration. Additionally, mapping in teams could be conducted by allowing several 

observers to cover different parts of the same project area. Where this is done, using digital 

pads and having internet access in the field could facilitate calibration between team members 

with instant feedback in the field. Checking each other’s work daily also ensures team 

calibration. Digital file storage makes older aerial photos and any relevant documentation 

more accessible, and search engines can be less time-consuming than field guides in 

identifying relevant species. 

4.6.2 Implications for the NiN classification system 

Nature type mapping using NiN entails many of the same challenges as with vegetation 

classification systems in use elsewhere. Between-observer variation is substantial, and while 

there seems to be an effect of calibration on some variables and nature types, others are more 

prone to bias. Cover estimates and other variables that can be expected to centre on the true 

value are less problematic in large data sets, although there are risks of over- or 

underestimation bias. Uncertainty in such estimates may be drastically reduced with the 

application of remote sensing techniques.  

There is a problem in the classification system being idealized to theoretical ecology rather 

than adapted to practical mapping; given that mapping will likely be the primary use of NiN. 
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Some of the nature types, while clearly defined and supported by theory, can be almost 

impossible to identify reliably in the field. This is especially true for areas in regrowth 

successions or intermediary stages between nature types. One option is to aggregate nature 

types and descriptive variables into broader categories, or to add pragmatic nature types for 

meadow or highly modified nature in regrowth succession to incorporate uncertainty in these 

difficult cases. Another option is to allow observers to gauge their confidence in the assigned 

nature type being correct, or allow recording of alternative nature types to the same area. Akin 

to adding “plausible bounds” to cover estimates as suggested by Gorrod and Keith (2009), 

observer confidence could indicate which map features contain more or less uncertainty, 

although this may lead to problems of overconfidence common to self-reported quality 

assessment (Wintle et al., 2013).  

Other classification systems, like applications of the Braun-Blanquet approach, use plots and 

floristic tables to assign types or to assess “habitat status” (Couvreur et al., 2015). This may 

be a more transparent way to identify nature types because the species lists and cover 

estimates are retained in the data and the type identification arises from the set of species 

found. Observers already consider occurring species and their abundance in the field, and 

although it would require more time it may be worth considering recording them to increase 

transparency of the type identification. It is also more suitable in borderline cases where the 

species lists will show a mix of species from different types and reflect the uncertain 

placement in the classification system. This most likely not feasible in wall-to-wall mapping, 

but it may be a useful exercise in a quality assessment procedure. 

For NiN, an important exercise would be to calibrate observers to complex-gradients rather 

than just nature types. This should counteract problems with regional adaptation by showing 

observers the extremes of each gradient so that they do not e.g. assign the most extreme 

Drought Risk level to areas on the oceanic west coast where air humidity prevents the most 

extreme conditions, or alternatively map climatically continental areas as exceedingly moist.  

The recommendation made by others to have more standardized guidelines and rules for 

mapping (Cherrill & McClean, 1999a, 1999b; Hearn et al., 2011) is already implemented in 

NiN (Bryn & Halvorsen, 2015), but extensive rules also requires rigorous training and 

checking whether observers follow them. An investigation by Couvreur et al. (2015) of 

grasslands vegetation using classes of “community interest” found that about half of the 

mistakes made could be attributed to the observers not following classification criteria.  
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4.6.3 Implications for professional practice 

Asking questions about the validity of one’s own work or the work of colleagues is not a 

comfortable undertaking, especially in instances where several institutions are competing 

against each other for funding. Truthfully evaluating the uncertainties of the work you are 

handing in may be uncomfortable because you might present yourself, your work and your 

institution in a disadvantageous way. This is true especially if common practice does not 

demand quality and uncertainty evaluations explicitly. Critically evaluating one’s own work is 

also not optimal, and should instead be carried out by independent auditors in a transparent 

and standardized way. It is crucial for those who commission and use nature type data to be 

aware of the magnitude and sources of uncertainty, and to realise their responsibility for 

reducing uncertainty and not make misguided decisions. 
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Appendix 1: 

Instructions for point mapping, Hvaler 2016 

Deciding on nature type in points (primary objective): 

1. A point has no area. Always consider the nature type at the exact location of the point 

marker (blue/red stick) when deciding on mapping unit. 

2. The nature type /mapping unit should be assessed on as small an area as possible.  

a. The white marker stick marks the outer boundary of where to look 

b. Take care not to disturb the point location by stepping inside the white marker 

c. The white marker indicates the primary direction to look at the point from, but 

it is allowed to walk around. 

3. Map only nature as it is at the present time, and not what is has been or can become. 

4. No variables from the attribute system need to be noted. 

5. At the point: 

a. Is the point inside a tree-covered (“tresatt”) area? (Is the point inside an 

imagined nature type polygon of at least 250 m
2
 (circle with 9 m radius) which 

has at least 10 % canopy cover (see NiN-definition of “forest”). “Trees” are at 

least 5 m tall, but can be accepted down to 2 m height if stunted. (Write 

Yes/No in notebook column) 

b. Decide on the nature type in the point (mapping unit in 1:5000 scale, C-series) 

i. A point can only be forest if it is within a tree-covered area or has been 

logged (Yes in point a.) 

ii. You can use plants found outside if the white marker to decide if you 

consider them to represent the same kind of nature as the point.  

c. For T2 and T4, also note which gradient level on UF (Drought Risk) and KA 

(Lime Richness) gradients (and KI, Spring water influence, if applicable) 

d. (Optional – but do either all or nothing per site): Note which mapping unit in 

1:5000 you would assign to the polygon the point would be part of if you were 

doing wall-to-wall mapping (details below). 

Deciding on mapping unit in full coverage mapping (secondary objective): 

1. Assessing mapping units should be done based on the rules for nature type mapping 

after NiN version 2.1, adapted to 1:5000 scale. 

2. Standard minimum area for drawing a polygon is 250 m
2
 (imagine a circle with radius 

9 m around the point when judging minimum area), but remember that the point could 

be on the outskirts of a polygon.  

3. Making two polygons with the same mapping unit is only allowed when it is spatially 

separated by another nature type polygon that is at least 4 m wide.  
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4. Areas with fine-scale alternating nature types can be registered as mosaics. If you 

decide on a mosaic, note “M”, the mapping units and their coverage (closest 10 %), 

following the mapping rules §§35, 37-41. 

5. Presence of nature types with smaller area than 250 m
2
 but covering more than 20 % 

of the area of another polygon, is registered as a composite (“sammensatt”) polygon. 

Write “S”, the mapping units and their coverage (closest 10 %). If the nature type 

covers less than 20 % of the polygon area, it should not be registered.  

6. You don’t need to draw the polygon borders anywhere, just consider the affiliation of 

the point in an imagined polygon.  

7. You shall not take the site boundary into account when considering polygon affiliation 

or size. The border is indicated by a red line in the aerial photo.  

Everyone will get notebooks where information should be filled in. It will look something like 

this: 

Point 

ID 

Tree-

covered 

area? 

Point – Mapping 

unit 1:5000 

If T2/T4: gradient 

level of UF, KA 

(KI) 

Theoretical 

polygon – 

Mapping unit 

1:5000 

Notes 

1101      

1102      

 

Individual mapping 

1. The observers are partitioned into teams of two, who drive together and map the same 

sites. 

2. Everyone finds and maps the points in each site in the same order (point 1 first, point 

20 as the last). We add the point coordinates to 12 identical GPS’s that will be handed 

out Monday morning and collected Tuesday night.  

3. The observer who drives starts walking first. The passenger gives the other a 5 minute 

head start. (You can also choose to walk together, but don’t discuss nature types or the 

points with each other!) 

4. Find the point. Individual points are marked with a blue plastic marker stick (the 

collective points are marked red. Ignore them when walking alone). A white marker 

shows the main perspective you should observe the point from. 

5. On the point, decide on the following: 

a. Is the point inside a tree-covered area? Yes/No 

b. Decide on nature type (mapping unit in 1:5000, C-series) 

c. If T2 or T4 – note gradient level for UF and KA (if relevant also KI) 

d.  (Optional – but do all or nothing) Register nature type polygon – the type you 

would assign the polygon the point would fall into. 

6. Move on to the next point and repeat the method until all 20 points are mapped. 

7. Go back to the car 
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8. When both observers are back, drive to the next site. The person who comes back last 

gets a break in the car while the other drives.  

9. The last observer to visit the last site on Tuesday must collect all the marker sticks.  

Teams and schedule: 

Observer (Driver) K J D G H B 

Observer (passenger) A I F E C  

Monday       

11:00-14:00 A1 A2 C1 B2 B1 C2 

14:00-17:00 A2 C1 A1 B1 C2 B2 

17:00-20:00 C1 A1 A2 C2 B2 B1 

Tuesday       

9:00-12:00 B2 B1 C2 A1 A2 C1 

12:00-15:00 B1 C2 B2 A2 C1 A1 

15:00-18:00 (remember, 

the last person collects 

markers) 

C2 B2 B1 C1 A1 A2 

 

Collective point mapping 

1. We use three cars (4 pax in each) 

2. We meet up at parking spots of each site (A1 and A2 Wednesday, B1 and B2 

Thursday and C1 and C2 Friday).  

3. Everyone walks together. 

4. Points are visited in turn. One navigator shows the way using GPS. 

5. We register answers to a-c individually and note it down using the same rules as 

before. 

a. Is the point inside a tree-covered area? Yes/No 

b. Decide on nature type (mapping unit in 1:5000, C-series) 

c. If T2 or T4 – note gradient level for UF and KA (if relevant also KI) 

6. Each observer presents their decisions. We then discuss and reach agreement, 

including gradient level for T2 and T4. If we cannot agree, a show of hands will 

decide.  

7. Then we move on 

8. We will have a short break of ten minutes after the first ten points in a site, and a 

longer lunch break between the two sites per day.  

9. One person will have the task of collecting the markers in each site.  
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Appendix 2: 

Method for estimating Ecological Distance 

Nature type = Mapping unit on 1:5000 scale 

Here follows the method used for estimating ecological distance (ED) between two nature 

types. It was developed for the nature types on 1:5000-scale but can be used to compare NiN 

types on other scales as well. The method is based on counting the number of main-type 

adapted levels along all relevant local complex-gradients (LKM) that separate the two nature 

types that are to be compared. One ED unit corresponds to a separation by one level. When a 

main-type adapted level covers several gradient levels, the middle gradient level is the one to 

count from in cases where main-type adapted levels differ between main types. In real life 

cases the true ecological distance between two types may be much smaller or larger, but in 

calculating we have to assume that nature types are at their most typical. In cases of overlap 

that would otherwise give half units, give the observer the benefit of the doubt and round 

down, for instance if a nature type defined as comprising gradient level e and f on level 3 of 

the LKM is considered to be separated from a nature type comprising gradient level f and g 

on level 3.  

In general, different main types are considered to be separated by a minimum of two ED 

units. Nature types within the main types are considered to be separated by at least one ED 

unit. However, the separation of wetland types from dry terrestrial types is defined by the 

Water Saturation (VM) gradient between gradient level b and +. If this is the only relevant 

gradient to separate compared types, the difference between for instance Forest (T4) and 

Wetland forest (V2) types may be only one ED unit.  

In addition to the defining ecological gradients, some types are separated by principles.  

This method will give quantitative measures of distance between registered nature types based 

on the theoretical foundation of the NiN system, and are likely not a good absolute estimator 

of “true” ecological distance between sites mapped in the field. It may overestimate the 

perceived error in type identification in some cases because of areas in transition between or 

on the border of two seemingly very different types. In other cases, differences are 

underestimated because of gradients that cannot be compared directly across main types.  

Information in Article 3 (Halvorsen 2015) on the defining gradients (dLKM) of each main 

type and the graphical overview of the nature terrestrial and wetland types (Bryn & Ullerud, 

2017) are used in practice to estimate ED between pairs of compared units.  

Method for general application: 

 1 ED = 1 main-type adapted level on an LKM.  
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 LKM within normal variation that are not relevant in both “hovedtyper” of the 

compared units are not possible to compare and therefore not taken into consideration 

when ED is estimated. «Normal variation» is defined in NiN Article 3 for main type-

groups as: area-dominating variation in species composition and environmental 

conditions inside a main-type group that can be described by a limited set of main 

complex variables (my translation, Halvorsen, 2015c, p. 14). 

 -Example: Placement along the Lime Richness (KA) gradient is not relevant 

 when comparing most of the highly modified types.  

 Where an additional complex-gradient (tLKM) appears in just one of the types to be 

compared, the separation from normal variation is assessed as the number of levels 

different from the “normal” level. The normal level is often zero, and indicated in NiN 

Article 3 by green background colour in the main type descriptions.  

 -Example: KI (spring water influence) level 2 is 1 ED unit away from normal 

 variation.  

 -Example: MF (mire gradient) level 2 in V1-C1 is 2 ED units away from V2-

 C1 and from terrestrial types.  

 Natural disturbance: Compared nature types from two main types of natural sites 

defined by different disturbance gradients (sLKM), are normally separated by 2 ED 

units. This is comparable to differing principles in the highly modified main types.  

 -Example: T13 (landslide area) and T29 (gravel and boulder beach) each have 

 a defining dLKM (RU and SH, respectively), where 1 ED is counted on each 

 for a total of 2 ED units.  

 Tree Cover: Two compared units from different main types of natural sites, one 

characterized by presence and one by absence of a structuring species group (like 

trees), are considered to be separated by 2 ED units. 

 Soil: Two compared units from different main types, one characterized by the 

presence and the other by absence of soil, are separated by 2 ED units.  

 Human disturbance: The difference between natural, semi-natural and highly modified 

main types is considered to be 2 ED for each step, except in agricultural areas where 

the HI (management intensity) LKM is used instead.  

 -Example: The natural V1-C1 is 2 ED units from the semi-natural V9-C1, and 

 4 ED units from the highly modified V11-C1. V9-C1 is 2 ED units from V11-

 C1.  

 Agricultural areas: For types defined by the HI (management intensity) LKM, ED is 

estimated along this gradient, with one exception. The distance between natural types, 

for instance T4-C1, and highly modified types, for instance T45-C1, is considered to 

be 4 ED units. This accounts for the cases of reforestation after abandonment, and 

places the natural and highly modified types at the same distance as they have in non-

agricultural areas. The “true” ecological distance might not be too large in a 

reforestation situation, and it is possible to go directly from a natural state to a highly 

modified land use, without going through a period of semi-natural land use.  

 Highly modified areas: Differences between highly modified main types are generally 

considered to be 2 ED units. Types based on principles and categories rather than 
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gradients with comparable steps should thus be assigned 2 ED units for the first 

principle changed, thereby 1 for any subsequent principles changed.  
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