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Highlights 

 Local airborne pollen composition was assessed with passive sampling 

 Different land cover types were marked by different airborne pollen taxa 

 Local airborne pollen composition associated to land cover at meso-scale (1-5km) 
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Abstract 

Airborne pollen are important aeroallergens affecting human health. Local airborne pollen 

compositions can pose health-risks for the sensitized population, but at present little is known 

about fine-scale pollen composition patterns. 

The overall objective of this study is to determine local variations in tree pollen composition with 

passive samplers and to identify the surrounding landscape characteristics that drive them. In 

February–May 2017, during the tree pollen season, airborne tree pollen were measured by passive 

sampling at 2 m height above ground-level in 14 sites in the Flanders and Brussels-Capital region 

(Belgium). Non-metric multidimensional scaling was used to investigate environmental gradients 

that determine the pollen composition and amounts. Land cover types were identified across spatial 

scales ranging between 20 m and 5 km.  

The passive samplers detected the same pollen taxa during the same time windows as the validated 

volumetric Burkard samplers. Using passive samplers, we were able to measure local airborne 

pollen compositions. Corylus and Platanus pollen were associated to urban areas; Populus, 

Juglans and Fraxinus pollen to agricultural areas; forests and wetlands were sources of Alnus and 

Quercus pollen. Salix, Populus and Betula pollen were also mainly associated to wetlands. The 

landscape context drives the airborne tree pollen composition at a meso-scale (1-5 km) rather than 

at finer scale (20-500 m). Thus, land cover types (e.g. forest, bush land, agricultural lands and 

wetlands) surrounding urban areas may increase exposure to allergenic pollen in the urban area, 

potentially affecting the health of a large proportion of the population.  

 

Keywords: aerobiology; passive sampling; NMDS; allergy; urban green areas 
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1. Introduction 

Nature and urban green spaces provide ecosystem services associated with numerous health 

benefits (Twohig-Bennett and Jones, 2018). In urban areas, people have a reduced exposure to 

nature (Cox et al., 2018) and experience increased symptoms of asthma and allergies (von Hertzen 

and Haahtela, 2006). Therefore, urban green spaces are of utmost importance for improving 

physical (Braubach et al., 2017) and mental health (Barton and Rogerson, 2017; Bratman et al., 

2019). However, nature and green spaces can also be a source of aeroallergens, especially when 

allergenic pollen producing tree species are present (Pecero-Casimiro et al., 2019).  

Airborne pollen from many wind-pollinated plant species have allergenic potential. Worldwide 

allergenic pollen exacerbate allergies in up to 25 % of the population (Passali et al., 2018). It is 

estimated that 100 million Europeans suffer from allergic rhinitis, yet 45% of this group remains 

undiagnosed (The European Academy of Allergy and Clinical Immunology (EAACI), 2016) . 

Several factors such as meteorological conditions (e.g. wind speed and direction, humidity and 

precipitation) (Borycka and Kasprzyk, 2018), presence and type of landscape elements and 

infrastructure may influence the pollen dispersal and persistence in the atmosphere (Rojo et al., 

2015). Long term measurements in Brussels, the capital city of Belgium, show increasing trends 

in pollen concentrations associated with increasing temperature and radiation and inverse 

associations with relative humidity and rainfall (Bruffaerts et al., 2018).  

In European aerobiological networks, airborne pollen concentrations are monitored by the Hirst 

method at building roof-level, i.e. 10-20 meters above ground (Galán et al., 2014), optimal for 

homogeneous measurements representative for an approximate 25 km radius area (Oteros et al., 

2019; Rojo et al., 2019). Depending on the local landscape, topography and climate, the measured 

pollen composition can even be relevant for a 50 km radius area (Gehrig, 2019). Pollen can be 
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transported over long distances, contributing to an extension of the pollen season (Bogawski et al., 

2019a). Short-distance transport, however, contributes to the most important pollen peaks (Rojo 

and Pérez-Badia, 2015). Nevertheless, standardized measurements are not taken at ground level, 

and as such outside the regular human breathing zone, potential local variations in pollen 

composition at lower height are poorly taken into account (Hjort et al., 2016; Rojo et al., 2019; 

Werchan et al., 2017). Peel et al. (2013) have shown that the actual pollen-dose can differ strongly 

from the measured regional pollen concentration.  

State of the art birch pollen dispersion models still have difficulty taking into account fine-scale 

patterns of birch habitation (Kurganskiy et al., 2020). Local tree composition is expected to have 

an effect on the local pollen exposure (Weinberger et al., 2016) and to be a risk factor for tree 

pollen allergic sensitization (Lovasi et al., 2013). A better understanding of the drivers of local 

pollen composition could lead to improved urban green management and better health outcomes 

(Weinberger et al., 2016). While in palynology the link between regional vegetation and pollen 

has been widely studied (Fletcher and Thomas, 2007), we aim to contribute to the understanding 

of current health risks of poorly measured and modeled local pollen compositions.  

The overall objective of this study is to measure local variations in airborne tree pollen composition 

by passive sampling at 2 m height above ground-level. We study how the passive measurements 

correspond to standardized sampling measurements regarding airborne pollen composition as well 

as timing of detection during the season. Then we want to identify the environmental factors of 

the surrounding landscape that drive the local airborne pollen composition. In addition, we test 

multiple spatial scales to find at which spatial scales the environment affects the local airborne tree 

pollen composition the most and are thus of relevance for exposure studies.  
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2. Materials and Methods 

2.1 Study Area 

The study was conducted in Flanders, the northernmost of the three administrative regions of 

Belgium, as well as in the Brussels-Capital Region, which is geographically enclosed within the 

Flanders region. Flanders has an area of 13,522 km² and a population density of 482 inhabitants 

per km². The Brussels-Capital Region has an area of 162 km² and a population density of 7,442 

inhabitants per km². The climate according to Köppen is a maritime temperate climate (Cfb) (Peel 

et al., 2007).  

2.2 Airborne Pollen Sampling 

2.2.1 Passive Samplers 

The design of the passive samplers that were used in this study was inspired by the Durham pollen 

trap for gravitational sampling (Durham, 1946). Such Durham-type passive samplers have already 

been used by Katz and Carey (2014) to measure local pollen amounts. Passive sampling of airborne 

pollen relies on gravity and intake flow is not controlled. Two parallel panels spaced 30 cm apart 

were mounted at 2 m height above the ground (Figure 1a). On the bottom panel a glass slide with 

a tape covered with an adhesive (Vaseline) was placed, similar to the construction of the drum in 

the Hirst volumetric spore trap. The sticky surface of 10 mm x 45 mm was capable of trapping 

airborne pollen (Figure 1b). The top plane served to protect the glass from rain and potential debris. 

The trap was encapsulated by a medium-sized mesh to exclude birds. After two weeks of exposure, 

samples were collected to avoid oversaturation of particles on the capture surface, and replaced by 

unexposed glass slides. The exposed samples were then sealed on microscopy glass slides (Figure 
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1c) with mounting medium (500mL glycerol, 50g gelatin, 5g phenol diluted in 500mL distilled 

water) according to Galán et al. (2014).  

 

Figure 1: (a) Durham-type passive pollen sampling construction, mounted at 2 m height above ground level. 

(b) Sticky tapes were placed in the sampler for successive periods of two weeks per tape (c) The samples 

were mounted on glass slides and labeled before proceeding to pollen identification and counting by light 

microscopy. 

2.2.2 Sampling Sites 

Passive sampling was performed during the main tree pollen season of 2017, starting from 

February 2nd until May 25th. One pollen season generally suffices to obtain insights in the drivers 

of pollen composition as shown in previous studies (Hugg et al., 2017; Weinberger et al., 2016; 

Werchan et al., 2017). During this period 8 glass slides with a sticky surface were consecutively 

exposed at 14 sampling sites. Passive pollen samplers were placed on 14 sites in Flanders and the 
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Brussels-Capital Region (Figure 2) to monitor the local abundance of pollen of 12 wind pollinated 

tree taxa: horse chestnut (Aesculus hippocastanum), walnut (Juglans spp.), beech (Fagus 

sylvatica), oak (Quercus spp.), alder (Alnus spp.), hazel (Corylus avellana), hornbeam (Carpinus 

betulus), birch (Betula spp.), poplar (Populus spp.), willow (Salix spp.), ash (Fraxinus excelsior) 

and plane (Platanus spp.). The authors selected these taxa in consultation with the Belgian 

Aerobiological Surveillance Network. Not all the taxa listed are strictly wind-pollinated, pollen 

from Salix and Aesculus hippocastanum can also be transported by insects.  

Two of the fourteen passive pollen samplers were placed close to the reference stations in Brussels 

(10 m) and Genk (300 m). The reference stations are part of the Belgian Aerobiological 

Surveillance Network (Sciensano, www.airallergy.be) and monitor average daily pollen 

concentrations (grains/m³) on building rooftops at about 15 meters above ground level, with Hirst-

type 7-day volumetric spore traps (Burkard Manufacturing co., U.K.). Three passive samplers were 

placed within a 30 km buffer around each of the two reference stations (namely in Mechelen, 

Kessel Lo, Roosdaal, Heusden-Zolder, Hasselt and Sint-Truiden), and six other samplers were 

placed outside each of the two 30 km buffers (namely in Gent, Hoboken, Bornem, Aarschot, 

Oplinter and Neerpelt) (Figure 2). No data were collected in the most Western province of the 

region because of the coastal climate and divergent landscape.  
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Figure 2: Location of the 14 passive pollen samplers in Flanders and the Brussels -Capital Region 

(Belgium). The 30 km buffer corresponds to the zone for which the reference stations of Brussels and Genk 

are representative. 

2.2.3 Pollen Identification  

Given the taxa selected in this study, Pollen grains were identified by light microscopy (using the 

Leica optical microscopes with a total magnification of 400 ×; 10 × ocular lens and 40 × objective 

lens). Two longitudinal swipes were read and counted, each swipe with a length of 45mm and a 

width of 0.5 mm, corresponding to an area of 45 mm² (10 % of the total sample surface (10 × 45 

mm); standard protocol) (Galán et al., 2014).  The pollen concentrations obtained through passive 

sampling should be interpreted as deposition rates: the number of grains that is deposited on a 

given surface during a certain time, expressed in pollen/cm². The volumetric samplers measure 

actual pollen concentrations: number of grains present in a given volume of air sampled during a 

certain time, expressed as pollen/m³.  We assumed that higher pollen concentrations lead to higher 

deposition rates and that therefore the two methods yield pollen data that are correlated. The 
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passive sampling results cover a 14 day period resulting in a biweekly concentration. By dividing 

the deposition rate by 14, we obtain an average daily deposition rate for each exposure period. For 

the volumetric samplers at the reference stations daily pollen concentration values were available. 

These daily values were averaged for the same 14 day exposure periods. The average daily values 

obtained by the passive and the volumetric samplers were visually compared. Previous studies 

have shown that passive samplers and volumetric samplers show similar temporal variation and 

peak periods (Piotrowska and Weryszko-Chmielewska, 2003; Teranishi et al., 2006). 

 

2.3 Pollen composition 

To characterize the local airborne pollen composition at each site, the total pollen count (per taxa) 

from passive sampling was divided by the number of sampling days and multiplied by 30 to obtain 

estimates of monthly pollen loads. The monthly average pollen taxa data were then log-

transformed.  

Ordination of the sampling sites based on pollen taxa composition was obtained by non-metric 

multidimensional scaling (NMDS). An initial exploratory run, testing one- to four-dimensiona l 

ordination, showed that a two-dimensional ordination resulted in an acceptable stress score of < 

0.1 (Kenkel and Orloci, 1986). NMDS presents the sampling sites in two-dimensional space and 

based on Bray-Curtis distances a stress level is determined. The stress level quantifies the 

compositional dissimilarity between the original and current position of the sampling sites. The 

iterative process (set to a maximum of 100 iterations) aims to minimize the stress value (Clarke, 

1993). Ordination was performed using the vegan package (Oksanen et al., 2019) for R software 

(R Core Team, 2017). 



14 
 

2.4 Land cover composition 

2.4.1 Land cover data 

The surrounding environment was characterized from two land cover data sources available for 

Flanders. The ECOPLAN dataset (Ecoplan, 2014) is a gridded land cover dataset with a spatial 

resolution of 5×5 m. The Biological Valuation Map (BVM) (Vriens et al., 2011) is a vector-based 

dataset (cartographic scale 1:10,000) of habitats with information on the type and ecological value 

of the habitats. Polygon sizes range between 4 m² and 3236 ha. The mapped polygons are visited 

by experts in the field to survey the vegetation present to determine specific habitat types. In 

addition, the presence of remarkable species can be reported as high ecological value. The area 

fractions (%) of the land cover classes were calculated within six radii (20 m, 200 m, 500 m, 1000 

m, 2000 m, 5000 m) around the sampling site using ArcGIS 10.5.1 software (ESRI, 2011). The 

radii we studied correspond to the meso-gamma scale as proposed by Orlanski (1975), atmospheric 

processes relevant for pollen transport are studied at this scale (Romero-Morte et al., 2018).  

 

2.4.2 Indirect gradient analysis 

For the indirect gradient analysis the site of Brussels was not included, because detailed land cover 

data was not available for the Brussels-Capital Region. The gradients in the environment are 

unknown and inferred from the pollen compositions, i.e. an indirect gradient analysis. We used the 

envfit function of the vegan package (Oksanen et al., 2019) in the R software (R Core Team, 2017) 

to correlate (r²) the area fractions with the ordination of the sampling sites.  
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3. Results 

3.1 Pollen measurements 

Pollen of the 12 target tree genera were detected and quantified in concentrations ranging between 

~1 to >1000 grains cm-2 month-1 during the study period (Figure 3). Quercus and Betula were 

measured at all sites in the highest quantities (130 – 1324 pollen cm-2 month -1). Platanus (13 sites 

out of 14), Aesculus (2 sites) and Fagus (6 sites) pollen were the only taxa that were not recorded 

at all sampling sites.  

 

Figure 1: Pollen deposition rates (pollen/cm²/month) of 12 tree taxa measured using Durham-type passive 

pollen samplers during the 2017 pollen season, at 14 sampling sites in Belgium. Violin plots show the 

distribution of observations; the y-axis uses a logarithmic scale; horizontal lines represent quantiles. 
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3.2 Comparison of the Passive Pollen Samplers with the Reference Stations 

The passive sampling measurements (lower panels in Figures 4-6) showed that, for each taxon, 

pollen peaks appeared during the same biweekly periods as in the reference stations with 

volumetric samplers (upper panels). Results for Alnus, Betula and Corylus are shown as these taxa 

are considered the most allergenic in the northern hemisphere’s temperate zone (Biedermann et 

al., 2019; D’Amato et al., 2007; Nowosad, 2016). The passive samplers showed variations in 

pollen density between sampling sites. During the two week peak periods airborne pollen 

deposition rates varied: 4–113 pollen/cm²/day for Alnus, 28–178 pollen/cm²/day for Betula and 5–

17 pollen/cm²/day for Corylus.  

 

Figure 2: Daily average Airborne Alnus pollen concentrations measured by volumetric sampling 

(pollen/m³/day) at the reference stations Brussels (BR) and Genk (GK) in the upper panel and daily average 

pollen deposition rates measured by passive sampling (pollen/cm²/day) in the lower panel. Sampling sites 

within 30 km of Brussels (BR) are shown in shades of orange, within 30 km of Genk (GK) in shades of 

blue. Sampling sites outside the two 30 km buffers are displayed in shades of grey. 
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Figure 3: Daily average airborne Betula pollen concentrations measured by volumetric sampling 

(pollen/m³/day) at the reference stations Brussels (BR) and Genk (GK) in the upper panel and daily average 

pollen deposition rates measured by passive sampling (pollen/cm²/day) in the lower panel. Sampling sites 

within 30 km of Brussels (BR) are shown in shades of orange, within 30 km of Genk (GK) in shades of 

blue. Sampling sites outside the two 30 km buffers are displayed in shades of grey.  
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Figure 4: Daily average airborne Corylus pollen concentration measured by volumetric sampling 

(pollen/m³/day) at the reference stations Brussels (BR) and Genk (GK) in the upper panel and daily average 

pollen deposition rates measured by passive sampling (pollen/cm²/day) in the lower panel. Sampling sites 

within 30 km of Brussels (BR) are shown in shades of orange, within 30 km of Genk (GK) in shades of 

blue. Sampling sites outside the two 30 km buffers are displayed in shades of grey.  

 

3.3 Drivers of the airborne pollen taxa composition 

The NMDS ordination result is shown in Figure 7. The two-dimensional ordination had a low 

stress-value of 0.11. The airborne pollen composition at each site is presented as a pie chart, 

showing a large variation among sites and highest abundance of Quercus and Betula in 

correspondence with Figure 3. The pollen taxa that drive the ordination are presented as arrows in 

Figure 7. The composition of the landscape around the measuring sites at all the radii (20-5000 m) 

are given in the supplementary tables S1 (habitats), S2 (habitat value) and S3 (land cover). The 
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most common land cover types are urban land covers and grasslands. Certain less-urbanized sites 

have more agricultural land cover. The Ecoplan land cover map (Table S3) shows that high green 

and low green sites are very common. By definition green spaces are classified as high green when 

the vegetation is taller than 3 m (groups of trees) and low green when the vegetation is shorter than 

3 m (grass fields and bush lands, often including Corylus) (ECOPLAN, 2014). the BVM habitat 

map (Table S1) shows high area fractions of small landscape elements (e.g. hedgerows or road 

verges). Most of the vegetation in Flanders is less-valuable according to the Biological Valuation 

map, yet several of the sites have high area fractions of valuable and very-valuable habitat (Table 

S2).  

To enhance clarity of the ordination figures (Figure 7-9) only correlations with a p-value < 0.1 are 

shown. Airborne pollen amounts of Aesculus, Fagus and Carpinus did not contribute to the two-

dimensional NMDS ordination of sampling sites (Figure 7). The other nine taxa were associated 

with the ordination (p-value < 0.1). The airborne pollen composition varied along an urbanization 

gradient (urban–rural; NMDS axis 1) and a soil moisture gradient (dry–wet; NMDS axis 2) (Figure 

8 and Figure 9). Associations with the habitat types also revealed an ecological value gradient 

(ecologically valuable–complexes of mixed value) (Figure 9). Low green and deciduous forests 

are associated with ecologically valuable habitats. Agricultural fields are associated with 

ecological complexes of mixed value.  

We found no associations for the 20 m buffer zone with a p-value smaller than 0.1 (Figure 8 and 

Figure 9). For the 200 m and 500 m zones some associations had a p-value < 0.1. Most of the 

associations with a p-value < 0.1 were found for the 1 km to 5 km buffer zones (Figure 8 and 9).  
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 1 

Figure 5: Non-metric multidimensional scaling ordination of the sampling sites based on the airborne pollen taxa composition measured with the 2 

passive samplers. The pollen composition is shown in the pie charts.The stress level of the NMDS is 0.11. Key taxa driving the pollen taxa 3 

composition at 13 passive pollen sampling sites in Flanders (Belgium). Only correlations with a p-value < 0.1 are shown.4 
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Figure 8: Association between local pollen taxa composition and land cover type in Flanders (Belgium) 

based on non-metric multidimensional scaling. Only correlations with a p-value < 0.1 are shown. 
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Figure 9: Association between local pollen composition and habitat types in Flanders, Belgium, based on 

non-metric multidimensional scaling. Only correlations with a p-value < 0.1 are shown. 
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4. Discussion 

4.1 Local variation of pollen composition 

Monitoring at the reference stations in Brussels and Genk showed that 2017 was a year of low 

pollen amounts for Alnus, Betula, and Corylus. Acording to the Belgian Aerobiological 

Surveillance Network the pollen season of 2017 was rather weak for these trigger trees (Sciensano, 

2017). Quercus and Betula, two pollen taxa known to be transported over long distances (Maya-

Manzano et al., 2017; Skjøth et al., 2015), were measured at all sites in the highest quantities 

(Figure 3). Airborne pollen amounts of Platanus and Aesculus were low and not measured at every 

sampling site. These exotic ornamental trees are mainly planted along city streets (Pecero-

Casimiro et al., 2019) and were thus not present at more rural sampling sites.  

In correspondence with previous studies (Piotrowska and Weryszko-Chmielewska, 2003; 

Teranishi et al., 2006), we found that the airborne pollen amounts measured by Durham-type 

passive samplers showed similar taxon-specific distributions over time as the measurements by 

volumetric samplers (Figures 4-6). But on top of the general patterns, the passive measurements 

at 2 m height revealed local variations. Nevertheless, the peak densities at 2 m height were 

measured in the same period as the rooftop-level measurements, as also demonstrated in a study 

using 3 samplers and one reference station in south-eastern Poland (Kasprzyk et al., 2019). Rojo 

et al. (2019) mention that measurements below 10 m are more heterogeneous. This is mostly the 

case for herbaceous species and some tree taxa, yet not for Betula (Bastl et al., 2019; Rojo et al., 

2020). The variation in airborne pollen composition is mostly due to variation in the landscape 

context rather than the measurement height.  
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4.2 Landscape context and pollen composition 

The taxa Aesculus, Carpinus and Fagus did not drive the ordination of sample sites (Figure 7). 

Carpinus and Fagus pollen amounts were extremely low in 2017, possibly due to masting in 

previous years. Aesculus pollen was only measured at two sampling sites located in the bigger 

cities in the study area, i.e. Gent (GT) and Brussels (BR). The tree originates from the Balkan 

peninsula, but is commonly planted along lanes in European cities (Thomas et al., 2019). In the 

Belgian rural areas the tree is not found, explaining the absence of Aesculus pollen on the more 

rural sampling sites.  

We found different airborne pollen compositions associated to the surrounding land cover and 

habitat types (Figures 8 and 9). The indirect gradient analysis revealed that the secondary axis of 

the NMDS showed a strong association with wet land cover types. One of our sampling locations 

(HO) was located near the Scheldt river. A specific pollen composition including Betula, Salix, 

Quercus and Alnus was associated to this riparian landscape context. Kasprzyk et al. (2019) 

sampled airborne pollen in three parks and found that the river valley probably played a role in the 

dispersal of pollen (specifically Quercus pollen) from sources upstream along the river. Similar ly, 

Maya-Manzano et al. (2017) identified riparian forests as sources of Alnus pollen in a 10 km radius 

around their sampling site. In our results, both Alnus and Quercus pollen were not solely related 

to wet land cover types, but also to forests (Figure 7). In Belgium as well as in other European 

countries, deciduous forests are major sources of airborne Quercus pollen (Maya-Manzano et al., 

2017; Rojo et al., 2015). 

Our results showed that the pollen composition in agricultural areas were characterized by airborne 

pollen of Fraxinus, Juglans and Populus (Figure 7-9). In Belgium, Populus and Juglans are often 

present in wood lots or in tree rows along the agricultural fields (Pardon et al., 2019). Similar ly, 
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Fraxinus, Juglans and Populus trees are commonly found along roads in rural areas in Europe 

(Tóth et al., 2016). Additionally, Rojo et al. (2015) reported that poplar stands commonly occur 

near rivers and contribute to the elevated Populus pollen levels measured in Guadalajara (Spain). 

We also observed that airborne Populus pollen were not strictly related to the agricultural context 

but also to wet land cover types (Figure 7-9). Populus plantations are indeed often found on alluvial 

river valley soils (Smulders et al., 2008).  

Urban green areas are important sources of pollen as reported in other research (Rojo et al., 2015; 

Weinberger et al., 2016). In our results, pollen of Platanus and Corylus were mainly associated 

with urban landscapes. Rojo et al. (2015) reported that for the city of Guadalajara, parks within a 

1.5 km radius of the sampling location were significant sources of Platanus pollen. García-Mozo 

et al. (2016) noticed that increased urbanization has led to increased amounts of Platanus pollen 

in the air in Toledo (Spain). In Western Europe, Platanus is commonly used as an ornamental tree, 

which is planted in urban parks or along city streets (Flora van Nederland, 2014; Selmi et al., 

2016). Markedly different airborne pollen compositions have been associated with urban and rural 

areas. The degree of urbanity has been observed as a determinant of pollen concentration for 

grasses in Finland (Hugg et al., 2017). 

4.3 Local pollen scale 

We found that local airborne pollen variations are rarely driven by the surrounding landscape at a 

fine local scale (20-500 m), but rather at a meso-scale (1-5 km). Werchan et al. (2017) reported 

that fine-scale vegetation sampling in a radius of 100 m around 14 gravimetric pollen traps in 

Berlin could not explain the differences in pollen abundance. However, within cities, airborne 

pollen amounts have been found to vary at spatial scales as small as 200 m (Charalampopoulos et 

al., 2018) and 500 m (Weinberger et al., 2016). 
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Charalampopoulos et al. (2018) measured airborne tree pollen at 1.5 m height on 6 sites within the 

city of Thessaloniki (Greece), with an average 2.1 km distance between the nearest sampling sites. 

They showed that airborne pollen measurements at the 6 sampling sites were more similar than 

the vegetation within a 200 m radius around the sampling site, indicating that airborne pollen 

compositions at a given location are not necessarily representative of the land cover composition 

at that location but rather reflect a mixture from sources found in the wider area. A broader meso-

scale would thus be necessary to explain the airborne pollen composition. Indeed, their models 

showed that airborne pollen measurements were not solely influenced by the vegetation directly 

surrounding the sampling site (200 m), but also by the vegetation at the nearest sampling site (0.55-

5.77 km away) (Charalampopoulos et al., 2018).  

Katz and Carey (2014) measured airborne pollen of common ragweed (Ambrosia artemisiifolia) 

across Detroit (Michigan, USA) using 34 Durham samplers installed at 1.5 m above the ground. 

The pollen amounts were related to vegetation and land use types at both 10 m and 1 km scales. 

For weeds, such as Ambrosia spp., fine spatial scales of 10 m are relevant when measuring at 1.5 

m height. For tree pollen, larger scales are probably more relevant. For birch specifically, 

(Bogawski et al., 2019b) found that pollen concentrations measured at 18 m height were related to 

crown surface in a 500-1500 m buffer around the pollen trap. Maya-Manzano et al. (2017) found 

that local airborne Platanus pollen compositions were associated with the abundance of Platanus 

trees within 200 – 1500 m depending on the wind direction. Our results are thus in line with recent 

research results, demonstrating that local airborne tree pollen composition is predominantly 

determined by vegetation and landscape composition at meso-scales (1-5 km). Nevertheless, we 

only studied woody plants and these findings might not apply for other pollen types. For 
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herbaceous pollen types smaller local effects have been observed (Peel et al., 2014; Rojo et al., 

2020; Skjøth et al., 2013).  

 

4.4 Implications 

Many studies have utilized smaller radii of 300-500 m to determine residential greenness for 

human exposure studies (Fuertes et al., 2016; Gernes et al., 2019; Tischer et al., 2017) among 

others because intra-urban differences in pollen levels have been observed (Hjort et al., 2016; 

Weinberger et al., 2016). However, we found that local variations in airborne tree-pollen 

composition were driven by the landscape context at 1-5 km scale. In urban areas, people visiting 

a park are not only exposed to the airborne pollen in that park, but also to the airborne pollen from 

the surrounding landscape (Ciani et al., 2020; Pham-Thi et al., 2019). Therefore, pollen exposure 

data obtained with methods that use larger buffer sizes (1-2 km) are more likely to yield stronger 

associations with pollen-related health-outcomes (Browning and Lee, 2017; Su et al., 2019). 

Green spaces at the edge of the city impact the pollen levels within the city. Species selection 

should thus be taken into account even in the greenspaces further away from densely populated 

areas. On the other hand, removing trees with allergenic pollen within cities might have little to no 

effect given that the local pollen composition is characterized by the vegetation within 5 km. 

 

Further expansion of the pollen monitoring network with samplers at 2m above ground level might 

be of interest to study local effects and background concentrations simultaneously. Oteros et al. 

(2019) show a possible method to select optimal sites for automated pollen monitoring in Bavaria 

(Germany).  
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5. Conclusion 

Passive sampling of airborne pollen demonstrated local variations in airborne tree pollen 

composition. Urban green spaces, agricultural areas, forests, shrub lands, grasslands and wet land 

cover types were characterized by marked airborne tree pollen compositions. Associations 

between local tree pollen composition were driven by landscape characteristics at the meso-scale 

(1-5 km). The effect of the meso-scale implies that not only green spaces within cities but also 

around urban areas are expected to influence exposure to allergenic tree pollen within urban areas, 

potentially affecting the health of a large proportion of the population.  
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Supplementary material 

Table S1: Area fractions (%) of habitat types from the biological valuation map around sampling sites: Ghent (GT), 

Hoboken (HO), Bornem (BO), Mechelen (ME), Kessel-Lo (KL), Aarschot (AA); Oplinter (OP), Sint-Truiden (ST), Hasselt 
(HA), Genk (GK), Heusden-Zolder (HZ) and Neerpelt (NE). The table stretches over multiple pages. 

  
GT HO BO ME RO KL AA OP ST HA GK HZ NE 

2
0

 m
 

Stagnant 
Water 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Agriculture 0 0 0 0 0 0 0 0 0 0 0 0 0 

Heath land 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dunes & 
wetland 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Beech 
forest 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Bushland 0 0 0 0 0 0 0 0 0 0 0 0 0 

Grassland 0 0 0 0 0 0 0 0 0 0 0 0.74
88 

0 

Small 
landscape 
elements 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Poplar 0 0 0 0 0 0 0 0 0 0 0 0 0.20
72 

Swamps 0 0 0 0 0 0 0 0 0 0 0 0 0 

Other 
broadleaf 
forests 

0 0 0 0 0 0 0 0.02
64 

0 0 0 0 0 

Coniferous 
forest 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Oak forest 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ruderal  0 0 0 0 0 0 0 0 0 0 0 0 0 

Urban area 1 1 1 1 1 1 1 0.97
36 

1 1 1 0.25
04 

0.79
28 

Valleys 0 0 0 0 0 0 0 0 0 0 0 0 0 

Roads 0 0 0 0 0 0 0 0 0 0 0 0 0 

2
0

0
 m

 

Stagnant 
Water 

0 0 0 0 0 0 0 0 0 0 0 0 0.00
204
1 

Agriculture 0 0 0 0.57
708
3 

0.07
811
2 

0 0.02
358
2 

0.77
056
2 

0.38
208
3 

0 0 0.09
488 

0 

Heath land 0 0 0 0 0 0 0 0 0 0 0 0 0 

Dunes & 
wetlands 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Beech 
forest 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Bushland 0 0.15
944
8 

0.06
661
1 

0 0 0 0.02
926
5 

0 0 0 0.11
703
4 

0.06
768
8 

0 
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Grassland 0.01
282
9 

0 0 0 0.07
052 

0 0.15
509
7 

0.03
948
6 

0 0.36
280
9 

0.02
952
8 

0.25
661 

0.15
959
5 

Small 
landscape 
elements 

0.00
965
1 

0 0 0.10
435
3 

0.02
228
2 

0.03
045
1 

0.03
487
1 

0.00
099
1 

0.00
611
1 

0.02
545
7 

0 0.13
199
1 

0 

Poplar 0 0 0 0 0 0 0 0 0 0 0 0 0.38
501
1 

Swamps 0 0 0 0 0 0 0 0 0 0 0 0 0 

Other 
broadleaf 
forests 

0 0 7.99
E-05 

0 0 0 0 0.01
239
8 

0 0.02
238
8 

0 0.03
117
6 

0 

Coniferous 
forest 

0 0 0 0 0 0 0 0 0 0 0 0.01
851
5 

0 

Oak forest 0 0 0 0 0 0 0.00
528
4 

0 0 0 0.08
666
1 

0.00
346
1 

0 

Ruderal  0 0 0 0 0 0 0 0 0 0 0 0 0 

Urban area 0.93
412
1 

0.84
055
2 

0.93
330
9 

0.31
856
4 

0.82
908
6 

0.96
954
9 

0.75
190
2 

0.16
573
9 

0.61
180
6 

0.58
934
6 

0.76
677
6 

0.38
543
8 

0.37
026
4 

Valleys 0 0 0 0 0 0 0 0 0 0 0 0 0 

Roads 0.04
34 

0 0 0 0 0 0 0.01
082
3 

0 0 0 0.01
024
1 

0.08
308
8 

5
0

0
 m

 

Stagnant 
Water 

0 0 0 0 0 0 0 0 0.00
977
5 

0.00
318
4 

0.00
202
1 

0.00
552
2 

0.03
755 

Agriculture 0 0 0.01
057
6 

0.19
438
5 

0.20
096
7 

0.01
364
9 

0.09
137
1 

0.66
288
9 

0.59
262
1 

0.01
464
1 

0 0.04
857
5 

0.18
941 

Heath land 0 0 0 0 0 0 0 0 0 0 0 0.00
094
2 

0 

Dunes & 
wetlands 

0 0.00
783
7 

0 0 0 0 0 0 0 0 0 0 0 

Beech 
forest 

0 0 0 0 0.00
645
7 

0 0 0 0 0 0 0 0 

Bushland 0 0.20
620
6 

0.04
058
5 

0 0 0.00
254
1 

0.03
370
9 

0.00
255 

0.01
569 

0.03
805
6 

0.04
466
9 

0.03
517
8 

0 

Grassland 0.04
097
7 

0.03
843 

0.01
667
5 

0.06
892
6 

0.22
958
5 

0.01
941 

0.14
384
5 

0.16
644
4 

0.00
316
4 

0.24
100
5 

0.01
648
4 

0.25
439
5 

0.19
752
3 

Small 
landscape 
elements 

0.06
760
7 

0 0.01
540
4 

0.08
993
5 

0.09
523
5 

0.22
382 

0.05
896 

0.05
999
3 

0.03
714
2 

0.01
607
7 

0.01
669
3 

0.08
473
3 

0.00
429
8 
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Poplar 0 0.00
647
9 

0 0 0.00
411 

0 0 0 0.07
130
5 

0 0 0.01
180
3 

0.09
373
5 

Swamps 0 0 0 0 0 0 0 0 0 0 0 0 0.00
232
6 

Other 
broadleaf 
forests 

0.01
574
4 

0 0.00
638
6 

0 0 0.00
275
4 

0.00
891
6 

0.00
198
3 

0 0.04
56 

0.00
028
6 

0.02
289
5 

0.00
081 

Coniferous 
forest 

0 0 0 0 0 0 0.02
039
6 

0 0 0 0.03
946
8 

0.01
217
7 

0.00
759
3 

Oak forest 0 0 0 0 0 0.01
341
5 

0.08
523
5 

0 0.01
399
8 

0 0.09
943
1 

0.02
523
6 

0 

Ruderal  0 0 0 0 0 0 0 0 0 0 0 0 0 

Urban area 0.83
975
2 

0.71
404
7 

0.87
647
1 

0.63
563
8 

0.46
364
6 

0.72
441 

0.55
756
8 

0.08
530
3 

0.24
975
3 

0.56
984
8 

0.76
478
1 

0.41
925
1 

0.42
953
9 

Valleys 0 0 0 0 0 0 0 0 0.00
655
1 

0.00
167
4 

0.01
616
8 

0.07
765
6 

0 

Roads 0.03
592 

0.02
700
1 

0.03
390
3 

0.01
111
6 

0 0 0 0.02
083
8 

0 0.06
991
5 

0 0.00
163
8 

0.03
721
5 

1
 k

m
 

Stagnant 
Water 

0 0.01
925
9 

0.03
013
8 

0 0.00
030
9 

5.7E
-05 

0.01
063
9 

0.01
125
5 

0.01
101
4 

0.00
627
8 

0.01
469
9 

0.03
017
1 

0.01
018
1 

Agriculture 0 0 0.03
506
5 

0.05
512
2 

0.26
392 

0.06
899
6 

0.08
635
1 

0.43
224
8 

0.47
787
6 

0.04
628
9 

0 0.06
166 

0.21
786
7 

Heath land 0 0 0 0 0 0 0 0 0 0 0.00
010
8 

0.00
023
6 

0 

Dunes & 
wetlands 

0 0.01
613
7 

0 0 0 0 9.04
E-05 

0 0 0 0 0 0 

Beech 
forest 

0 0 0 0 0.01
058
9 

0 0.00
195
4 

0 0 0 0 0 0 

Bushland 0.03
985
9 

0.11
709
7 

0.03
577
1 

0.02
273
4 

0.01
056 

0.01
078
6 

0.06
152
5 

0.00
156
1 

0.02
527
4 

0.06
104
9 

0.02
627
1 

0.05
206
4 

0.00
272
9 

Grassland 0.02
187
1 

0.07
700
7 

0.11
609
1 

0.06
885
4 

0.21
957
9 

0.06
172
6 

0.22
084 

0.28
617 

0.09
241
9 

0.29
156
2 

0.00
852
4 

0.20
601
6 

0.18
997
8 

Small 
landscape 
elements 

0.06
995
4 

0.04
362
5 

0.01
106
4 

0.08
714
7 

0.08
435 

0.22
222
6 

0.03
460
5 

0.07
420
6 

0.10
340
5 

0.06
673
8 

0.01
877 

0.07
283
7 

0.03
290
2 

Poplar 0 0.00
578
1 

0.04
135
1 

0.01
338
6 

0.02
481
3 

0.00
016
6 

0.01
124
3 

0.00
512
6 

0.07
578 

0.00
471
4 

0 0.02
785
6 

0.06
114
3 
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Swamps 0 0.01
913
9 

0 0 0 0 0 0 0 0.00
502
1 

0.01
050
2 

0 0.00
079
9 

Other 
broadleaf 
forests 

0.01
001
2 

0.00
462
7 

0.01
342
8 

0 0.00
714
3 

0.00
382
4 

0.04
838
9 

0.00
807
2 

0.00
574
6 

0.04
598
7 

0.01
429
2 

0.03
502 

0.01
010
5 

Coniferous 
forest 

0 0 0 0.00
751
4 

0.00
281
8 

0.00
046
7 

0.01
199
1 

0 0 0 0.03
644
9 

0.01
213
5 

0.02
064
2 

Oak forest 0 0.02
428
9 

0 0 0.00
756
6 

0.00
921
9 

0.09
511
2 

0 0.04
652
4 

0.00
604
5 

0.06
759
5 

0.06
185
1 

0.00
254
6 

Ruderal  0 0 0 0 0 0 0 0 0 0 0 0 0 

Urban area 0.83
580
9 

0.51
362
3 

0.68
494
1 

0.74
033
8 

0.36
316
5 

0.61
274
2 

0.39
352
3 

0.17
161
9 

0.15
181
3 

0.40
221
1 

0.72
611
8 

0.34
036
7 

0.41
042
4 

Valleys 0 0.00
176
6 

0.00
933
4 

0 0.00
519 

0 0 0 0.01
014
9 

0.00
411
4 

0.04
607
8 

0.09
353
4 

0 

Roads 0.02
249
5 

0.15
765
1 

0.02
281
7 

0.00
490
5 

0 0.00
979
2 

0.02
373
8 

0.00
974
4 

0 0.05
999
2 

0.03
059
3 

0.00
625
4 

0.04
068
6 

2
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m
 

Stagnant 
Water 

0.00
335 

0.01
647
9 

0.03
221
9 

0.03
213
2 

0.00
131
2 

0.01
109
7 

0.00
875 

0.03
141
2 

0.00
346
1 

0.00
268
5 

0.00
73 

0.01
508
4 

0.04
704 

Agriculture 0.00
446
9 

0.03
716
2 

0.11
082
9 

0.06
194
3 

0.27
595
5 

0.12
375
6 

0.13
638
3 

0.46
248
3 

0.30
336
7 

0.05
499
4 

0 0.02
848
8 

0.17
243
3 

Heath land 0 0 0 0 0 0 0.00
432
6 

0 0 0.00
224
4 

0.01
486
7 

0.00
617
5 

0.01
165
9 

Dunes & 
wetlands 

0 0.00
942
2 

0.00
138
6 

0 0 0 0.00
013 

0 0 0 0 0 0.00
073
9 

Beech 
forest 

0 0.00
102
1 

3.07
E-06 

0 0.00
264
7 

0 0.00
172
1 

0 0 0 0 0 0 

Bushland 0.04
668
6 

0.05
231
2 

0.01
558
3 

0.03
859
4 

0.00
597
7 

0.03
500
5 

0.03
75 

0.01
013
3 

0.01
532
1 

0.03
830
3 

0.02
994 

0.05
229
1 

0.00
628
4 

Grassland 0.06
537
4 

0.16
675
4 

0.13
116
2 

0.12
261
9 

0.27
223
9 

0.06
917
2 

0.19
091
2 

0.26
124 

0.13
842
9 

0.26
987
3 

0.03
654
8 

0.15
265
4 

0.15
906
7 

Small 
landscape 
elements 

0.08
716
7 

0.10
520
7 

0.05
592
9 

0.06
884
9 

0.09
222
3 

0.13
912
5 

0.05
42 

0.06
537 

0.19
856
6 

0.05
848
2 

0.04
847
5 

0.07
068
7 

0.05
582
2 

Poplar 0.00
199
6 

0.03
474
5 

0.15
055
7 

0.01
086
7 

0.04
961
3 

0.00
086
7 

0.00
718
6 

0.01
497
1 

0.07
253
9 

0.00
965
5 

0.00
048
8 

0.01
536
3 

0.04
679 

Swamps 0.00
169
9 

0.01
099 

0.00
099
8 

0.00
124
5 

0 0.00
144
6 

0 0.00
977
7 

0.00
065
4 

0.00
280
2 

0.00
700
7 

0.00
182
8 

0.01
339
9 
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Other 
broadleaf 
forests 

0.04
073
7 

0.01
192
7 

0.01
099
9 

0.00
493
7 

0.00
508
4 

0.00
886
5 

0.03
290
2 

0.01
178
9 

0.00
469
5 

0.03
054
1 

0.01
428
6 

0.03
279
1 

0.02
115
2 

Coniferous 
forest 

0 0.00
801
9 

0.00
181
7 

0.00
419
9 

0.00
173
3 

0.00
153
3 

0.01
536 

0.00
014
5 

0.00
125
3 

0.00
143
3 

0.11
013
4 

0.07
479
5 

0.05
382
1 

Oak forest 0.00
227
7 

0.02
709
6 

0.00
203
1 

0.02
782
5 

0.00
371
5 

0.01
698
3 

0.09
145
1 

0.00
118
2 

0.06
596 

0.02
081
1 

0.08
368
5 

0.08
222
4 

0.00
853
9 

Ruderal  0 0 0 0 0 0 0 0 0 0 0 0 0 

Urban area 0.64
833 

0.40
255 

0.44
606
2 

0.60
098
7 

0.27
382
7 

0.57
511
1 

0.38
534
2 

0.12
440
4 

0.19
051
6 

0.42
917
3 

0.59
262
8 

0.40
104
5 

0.36
571
9 

Valleys 0.00
483
6 

0.01
539
7 

0.00
764
7 

0 0.01
567
5 

0.00
059
2 

0.00
583
9 

0.00
143
4 

0.00
323
8 

0.00
455
3 

0.01
674
3 

0.05
878
4 

0.00
031
1 

Roads 0.09
308
1 

0.10
092 

0.03
277
8 

0.02
580
5 

0 0.01
644
9 

0.02
799
9 

0.00
566
1 

0.00
2 

0.07
445
2 

0.03
789
9 

0.00
779
1 

0.03
722
6 

5
 k

m
 

Stagnant 
Water 

0.01
130
6 

0.01
137
6 

0.02
736
2 

0.02
667
8 

0.00
184
7 

0.00
667
9 

0.00
609
2 

0.00
569
3 

0.01
081 

0.01
929
3 

0.01
376
6 

0.00
939
5 

0.01
571
1 

Agriculture 0.06
930
5 

0.11
966
3 

0.22
852
6 

0.08
661
3 

0.25
294
4 

0.22
56 

0.19
439
7 

0.45
711
8 

0.27
558 

0.08
988
3 

0.00
622
4 

0.03
706
5 

0.21
942
8 

Heath land 2.8E
-06 

0 0.00
016 

0.00
017 

1.97
E-05 

0.00
073
8 

0.00
188
8 

0 0 0.00
204
9 

0.01
959
7 

0.03
526
1 

0.00
329
3 

Dunes & 
wetlands 

0 0.00
333
3 

0.00
637
6 

0 0 0 2.09
E-05 

0 0 0 0.00
013
7 

0 0.00
014 

Beech 
forest 

0.00
395
6 

0.00
196
9 

0.00
049
5 

0.00
047
2 

0.00
797
7 

0.01
354
3 

0.00
179
7 

5.12
E-05 

0.00
026
9 

0 0 0 3.76
E-05 

Bushland 0.03
187
4 

0.03
173
5 

0.02
273
8 

0.04
081
6 

0.01
223
2 

0.02
480
9 

0.03
841
8 

0.00
652 

0.01
134
4 

0.03
172
8 

0.04
141 

0.03
789
6 

0.00
635
7 

Grassland 0.16
913
5 

0.18
582
8 

0.15
513
6 

0.19
925
4 

0.29
927
2 

0.08
921
9 

0.20
471
9 

0.19
500
9 

0.14
158
6 

0.25
075
3 

0.08
357
7 

0.17
065
5 

0.18
817
4 

Small 
landscape 
elements 

0.08
795
9 

0.08
314
3 

0.05
812
5 

0.09
086
5 

0.05
774
7 

0.08
692
5 

0.06
309
6 

0.08
924
1 

0.23
842
6 

0.07
253
4 

0.06
280
8 

0.07
644
1 

0.03
217
5 

Poplar 0.00
486
7 

0.01
365
9 

0.10
483
6 

0.02
053
8 

0.03
681
3 

0.00
845
6 

0.02
773
8 

0.01
299
1 

0.05
134
4 

0.01
571 

0.00
050
6 

0.00
556
1 

0.02
751
8 

Swamps 0.00
278
1 

0.00
525 

0.00
865
3 

0.00
479
2 

0.00
243
1 

0.00
250
8 

0.00
088
6 

0.00
190
5 

0.00
223
9 

0.00
355
4 

0.00
597
7 

0.00
424 

0.00
289 

Other 
broadleaf 
forests 

0.02
587
7 

0.01
778
4 

0.00
935
8 

0.02
249
5 

0.00
769 

0.01
721
8 

0.02
030
2 

0.01
083
6 

0.00
865
2 

0.02
934
6 

0.01
914
5 

0.03
581 

0.01
583
6 
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Coniferous 
forest 

0.00
179
7 

0.00
158
4 

0.00
210
7 

0.00
835
1 

0.00
174
2 

0.02
389
3 

0.05
099
6 

0.00
117
3 

0.00
123
7 

0.01
396
9 

0.19
316
1 

0.11
349
3 

0.12
121
7 

Oak forest 0.00
486
2 

0.01
375
3 

0.00
738 

0.01
825
2 

0.01
138
2 

0.05
159
4 

0.06
781
4 

0.00
944
3 

0.03
136
7 

0.03
587
4 

0.06
908
9 

0.06
821
6 

0.01
964
3 

Ruderal  0 0 0 0 0 0.00
033
5 

0 0.00
035
7 

0 0 0 0 0 

Urban area 0.51
641
2 

0.42
580
4 

0.27
624
3 

0.44
974
4 

0.28
420
5 

0.41
681
4 

0.29
831
1 

0.19
869
6 

0.21
645 

0.38
086
6 

0.42
811
1 

0.36
535
4 

0.32
676
5 

Valleys 0.00
466
2 

0.01
180
2 

0.03
360
2 

0.00
252
8 

0.01
891
8 

0.00
868 

0.00
873
3 

0.00
174
7 

0.00
234
8 

0.00
662
7 

0.01
371
1 

0.02
654
8 

0.00
797 

Roads 0.06
520
4 

0.07
331
8 

0.05
890
2 

0.02
843
1 

0.00
478
2 

0.02
299 

0.01
479
3 

0.00
922
1 

0.00
834
6 

0.04
781
5 

0.04
278
2 

0.01
406
6 

0.01
284
6 

 

Table S2: Area fractions (%) of habitat evaluation from the biological valuation map around sampling sites: Ghent 
(GT), Hoboken (HO), Bornem (BO), Mechelen (ME), Kessel-Lo (KL), Aarschot (AA); Oplinter (OP), Sint-Truiden (ST), 

Hasselt (HA), Genk (GK), Heusden-Zolder (HZ) and Neerpelt (NE). The table stretches over multiple pages. 
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Table S3: Area fractions (%) of land cover from the ECOPLAN map around sampling sites: Ghent (GT), Hoboken (HO), 
Bornem (BO), Mechelen (ME), Kessel-Lo (KL), Aarschot (AA); Oplinter (OP), Sint-Truiden (ST), Hasselt (HA), Genk (GK), 

Heusden-Zolder (HZ) and Neerpelt (NE). The table stretches over multiple pages.  
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Conifer
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Larch 0 0 0 0 0 0 0 0 0 0 0 0 0 

Larch - 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Spruce 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spruce 
- 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Austria
n pine 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Austria
n pine 
- 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Scots 
pine 

0 0 0 0 0 0 0 0 0 0 0.01
1484 

0 0 

Scots 
pine - 
decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Conifer
ous 
(other) 

0 0 0 0 0 0 0 0 0 0 0 0.01
5025 

0 

Conifer
ous 
(other) 
- 

0 0 0 0 0 0 0 0 0 0 0 0 0 
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Decidu
ous 
Grassla
nd 
(nutrie
nt 
poor) 

0.00
9598 

0 0 0 0 0.03
0869 

0 0.03
4444 

0.06
8001 

0.03
3319 

0 0.14
0916 

0 

Grassla
nd 
(nutrie
nt rich) 

0 0 0 0.00
0796 

0.06
6965 

0 0.17
7814 

0.00
125 

0 0.33
8735 

0.02
7363 

0.23
073 

0.16
5636 

Heathl
and 
(dry) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Heathl
and 
(wet) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Bare 
soil 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Dunes 0 0 0 0 0 0 0 0 0 0 0 0 0 

Gravle 
roads 

0 0 0.02
2865 

0 0 0 0 0 0.01
0655 

0 0.01
7576 

0 0 

Potato
es 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Maize 0 0 0 0 0.04
8286 

0 0 0.03
8607 

0.19
0453 

0.00
5449 

0 0 0.13
0694 

Cereal 0 0 0 0 0 0 0 0.45
3658 

0 0 0 0 0 

Seed 0 0 0 0 0 0 0 0 0 0 0 0 0 

Legum
es 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Sugar 
beet 

0 0 0 0 0 0 0 0.24
9717 

0.00
1087 

0 0 0 0 

Vegeta
bles 

0 0 0 0 0 0 0 0.00
0143 

0 0 0 0 0 

Herbs 0 0 0 0 0 0 0 0 0 0 0 0 0 

Fruit 0 0 0 0 0 0 0 0 0 0 0 0 0 

Flax 
and 
Hemp 

0 0 0 0 0 0 0 0.00
0199 

0 0 0 0 0 

Feed 
crops 

0 0 0 0 0 0 0 0.01
7126 

0 0 0 0 0 

Agricul
ture 
(other) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Annual 
ornam
ental 
plants 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Perenn
ial 

0 0 0 0 0 0 0 0 0 0 0 0 0 
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ornam
ental 
plants 
Swamp 0 0 0 0 0 0 0 0 0 0 0 0 0 

Reed 
beds 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Alluvial 
forest 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Slikken 0 0 0 0 0 0 0 0 0 0 0 0 0 

Schorr
en 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Buildin
gs 

0.35
3072 

0.14
4212 

0.13
2312 

0.08
3922 

0.15
3163 

0.16
1914 

0.09
6912 

0.02
9254 

0.12
5196 

0.09
3883 

0.13
1871 

0.04
5468 

0.04
9088 

Built-
up 

0.27
2771 

0.15
4584 

0.17
0013 

0.10
9936 

0.08
6215 

0.16
6242 

0.06
5755 

0.04
6672 

0.05
6132 

0.14
6605 

0.12
8207 

0.08
6211 

0.13
2553 

Imperv
ious 
surface
s 

0.13
3244 

0.33
399 

0.09
4959 

0.27
6179 

0.17
1546 

0.08
4634 

0.09
9513 

0.03
6651 

0.10
0842 

0.10
4545 

0.07
6996 

0.03
2625 

0.04
2791 

Stagna
nt 
water 

0 0 0 0.00
6798 

0 2.44
E-05 

0 0 0 0.00
1258 

0 0.00
6454 

0.01
3184 

Tidal 
water 
(meso
haline) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(oligoh
aline) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(fresh) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Fresh 
water 

0 0.01
4334 

0 0.01
0633 

0 0 0 0 0 0.00
8005 

0 0 0 

5
0

0
 m

 

Pionee
r 
vegeta
tion 

0 0 0 0.02
1899 

0 0 0.00
6755 

0 0 3.14
E-05 

0.00
0378 

0.01
04 

0 

Bushla
nd 

0.02
4581 

0.18
2485 

0.00
7456 

0 0 0.00
2389 

0.03
3488 

0 0.01
4008 

0.02
7666 

0.02
4649 

0.02
684 

0 

Orchar
d 
shrubs 

0 0 0 0 0 0 0 0 0.05
6639 

7.62
E-05 

0 0 0.02
7153 

Orchar
d 

0 0 0 0 0 0 0 0.04
1844 

0.05
0866 

0 0 0 0 

Orchar
d trees 

0 0 0 0 0 0 0 0 0 0 0 0 0 

High 
green 

0.11
914 

0.04
7094 

0.09
8757 

0.16
9177 

0.04
5866 

0.21
2456 

0.12
9079 

0.00
7772 

0.05
8373 

0.05
911 

0.10
2395 

0.06
769 

0.03
8232 
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Low 
green 

0.15
6144 

0.10
9033 

0.29
6846 

0.23
8193 

0.26
9355 

0.26
3506 

0.21
9406 

0.03
4352 

0.11
6736 

0.17
6251 

0.12
8421 

0.18
104 

0.17
8126 

Other 
green 

0.02
5991 

0.00
4351 

0.02
282 

0.03
2889 

0.00
8495 

0.02
8864 

0.03
9302 

0.00
5671 

0.00
8888 

0.00
8622 

0.01
584 

0.01
2608 

0.01
357 

Birch 0 0 0 0 0.00
3029 

0 0 0 0 0 0 0 0 

Beech 0 0 0 0 0 0.00
1177 

0 0 0 0 0 0 0 

Beech 
- 
Conifer
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Oak 0 0 0 0 0 0.00
4772 

0.05
8319 

0 0.00
1496 

0 0.01
8825 

0.01
2625 

0 

Oak - 
Conifer
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Poplar 0 0.00
638 

0 0 0.00
4129 

0 0 0 0.07
2758 

0.00
0876 

0 0.02
186 

0.06
8695 

Poplar 
- 
Conifer
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Decidu
ous 
(other) 

0.01
4936 

0.00
0562 

0.00
6441 

0 0.00
2664 

0.06
5268 

0.05
3991 

0.00
251 

0.01
0786 

0.03
3555 

0.10
2967 

0.05
607 

0.00
0614 

Decidu
ous 
(other) 
- 
Conifer
ous 

0 0 0 0 0 0.00
2119 

0 0 0 0 0.01
4178 

0 0.00
1554 

Larch 0 0 0 0 0 0 0 0 0 0 0 0 0 

Larch - 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Spruce 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spruce 
- 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Austria
n pine 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Austria
n pine 
- 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Scots 
pine 

0 0 0 0 0 0.00
8684 

0.01
3502 

0 0 0 0.01
2883 

0 0.00
123 
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Scots 
pine - 
decidu
ous 

0 0 0 0 0 0 0 0 0 0 0.02
4331 

0 0 

Conifer
ous 
(other) 

0 0 0 0 0 0 0.00
6213 

0 0 0 0 0.00
8846 

0.00
0126 

Conifer
ous 
(other) 
- 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Grassla
nd 
(nutrie
nt 
poor) 

0.04
021 

0.03
5295 

0.00
6591 

0.06
5222 

0.01
5244 

0.01
3364 

0.00
697 

0.03
3702 

0.20
3453 

0.08
5789 

0.00
5619 

0.07
7217 

0.00
0428 

Grassla
nd 
(nutrie
nt rich) 

0 0.00
3766 

0.01
2671 

0.04
4766 

0.21
9778 

0.01
8316 

0.20
7363 

0.14
1815 

0.01
3718 

0.10
7551 

0.00
8616 

0.22
5723 

0.22
3671 

Heathl
and 
(dry) 

0 0 0 0 0 0 0 0 0 0 0 0.00
0776 

0 

Heathl
and 
(wet) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Bare 
soil 

0 0 0.00
2953 

0 0.00
0616 

0 0 0 0 0 0 0 0 

Dunes 0 0 0 0 0 0 0 0 0 0 0 0 0 

Gravle 
roads 

0 0.01
5445 

0.01
4523 

0 0 0.00
0762 

0.00
2411 

0.00
5626 

0.00
4189 

0.00
5584 

0.01
9154 

0.01
5193 

0.00
0802 

Potato
es 

0 0 0 0 0 0 0 3.18
E-05 

0.00
0127 

0 0 0 0 

Maize 0 0 0.00
0128 

0 0.14
559 

0 0.00
183 

0.05
9473 

0.11
7169 

0.03
9798 

0 0.00
6295 

0.12
5447 

Cereal 0 0 0 0 0.03
9958 

0.00
0536 

0.00
627 

0.36
8536 

0.05
1542 

0 0 0 0 

Seed 0 0 0 0 0 0 0 0 0 0 0 0 0 

Legum
es 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Sugar 
beet 

0 0 0 0 0 0.01
2116 

0 0.19
516 

0.08
1364 

0 0 0 0 

Vegeta
bles 

0 0 0 0 0 0 0 0.01
676 

0.01
1835 

0 0 0 0.05
809 

Herbs 0 0 0 0 0 0 0 0 0 0 0 0 0 

Fruit 0 0 0 0 0 0 0 0 0 0 0 0 0 

Flax 
and 
Hemp 

0 0 0 0 0 0 0 0.00
0159 

0 0 0 0 0 
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Feed 
crops 

0 0 0 0 0 0 0 0.01
6832 

0 0 0 0 0.00
3045 

Agricul
ture 
(other) 

0 0 0 0 0 0 0 0 0 0 0 0 0.00
4641 

Annual 
ornam
ental 
plants 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Perenn
ial 
ornam
ental 
plants 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Swamp 0 0 0 0 0 0 0 0 0 0 0 0 0 

Reed 
beds 

0 0 0 0 0 0 0 0 0 0 0 0 0.00
1677 

Alluvial 
forest 

0 0 0 0 0 0 0 0 0.00
5559 

0.00
1336 

0.01
4629 

0.07
4663 

0 

Slikken 0 0.00
7914 

0 0 0 0 0 0 0 0 0 0 0 

Schorr
en 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Buildin
gs 

0.27
7228 

0.10
3279 

0.18
158 

0.16
4104 

0.08
3553 

0.14
5811 

0.06
2787 

0.01
6345 

0.04
4234 

0.09
9865 

0.16
861 

0.05
7663 

0.05
3131 

Built-
up 

0.22
8265 

0.10
094 

0.20
2721 

0.09
5213 

0.06
5051 

0.13
8221 

0.06
5625 

0.02
6812 

0.03
1169 

0.23
0475 

0.22
5296 

0.09
1828 

0.10
4332 

Imperv
ious 
surface
s 

0.11
338 

0.35
1619 

0.14
6098 

0.13
1289 

0.09
6672 

0.08
1563 

0.08
6534 

0.01
5465 

0.03
7267 

0.10
8291 

0.10
9697 

0.04
6876 

0.04
6272 

Stagna
nt 
water 

0.00
0125 

0 0.00
0414 

0.00
8943 

0 7.54
E-05 

0.00
0154 

0 0.00
1613 

0.00
4127 

0 0.00
116 

0.04
3114 

Tidal 
water 
(meso
haline) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(oligoh
aline) 

0 0.02
6758 

0 0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(fresh) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Fresh 
water 

0 0.00
5079 

0 0.02
8305 

0 0 0 0.01
1134 

0.00
6211 

0.01
0997 

0.00
3512 

0.00
4628 

0.00
605 

1
 k

m
 Pionee

r 
vegeta
tion 

0.00
1072 

0.01
5388 

0.00
1852 

0.01
8963 

0.00
0505 

0.00
1067 

0.04
9827 

0.00
2269 

0 0.00
2185 

0.00
1087 

0.04
8166 

0.00
387 



59 
 

Bushla
nd 

0.02
2443 

0.09
6425 

0.02
1848 

0.00
2561 

0.00
9946 

0.00
7278 

0.06
0218 

0 0.02
3964 

0.04
6052 

0.01
8058 

0.04
3408 

0.00
2428 

Orchar
d 
shrubs 

0 0 0 0 0.00
1819 

0 0 0.00
7174 

0.01
4293 

0.01
8057 

0 0.00
0257 

0.00
7353 

Orchar
d 

0 0 0 0 0.00
1051 

0 0.00
1403 

0.04
0693 

0.03
197 

0 0 0 0 

Orchar
d trees 

0 0 0 0 0 0 0 0 0 0 0 0 0 

High 
green 

0.11
0149 

0.04
1526 

0.08
1251 

0.13
5551 

0.04
7329 

0.19
208 

0.10
077 

0.01
3292 

0.03
1173 

0.04
2599 

0.14
1127 

0.04
0807 

0.05
7233 

Low 
green 

0.16
22 

0.09
6865 

0.22
8493 

0.19
7379 

0.21
1667 

0.20
549 

0.12
1689 

0.07
3016 

0.07
6174 

0.11
1379 

0.14
3655 

0.13
7059 

0.14
4502 

Other 
green 

0.02
2187 

0.00
5726 

0.01
4476 

0.02
5713 

0.00
636 

0.02
9159 

0.03
0564 

0.01
2867 

0.00
5442 

0.00
5934 

0.01
4732 

0.01
1904 

0.00
8988 

Birch 0 0 0 0 0.00
3662 

0 0.00
2292 

0 0 0 0 0 0 

Beech 0 0 0 0.00
0421 

0 0.00
2849 

0 0 0 0 0 0 0 

Beech 
- 
Conifer
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Oak 0 0.00
4071 

0 0.00
1836 

0.00
3338 

0.00
2278 

0.07
5641 

0 0.00
4155 

0.01
0364 

0.01
4488 

0.03
7084 

0.00
4759 

Oak - 
Conifer
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Poplar 0.00
0227 

0.00
4835 

0.03
2864 

0.01
0898 

0.01
977 

0.00
0319 

0.03
4953 

0.00
4728 

0.07
6007 

0.01
2006 

7.96
E-05 

0.02
8882 

0.02
6685 

Poplar 
- 
Conifer
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Decidu
ous 
(other) 

0.00
8752 

0.02
9323 

0.02
0791 

0.01
9084 

0.02
0943 

0.05
0404 

0.03
6944 

0.00
1939 

0.03
9176 

0.03
1981 

0.06
4907 

0.07
0163 

0.02
4578 

Decidu
ous 
(other) 
- 
Conifer
ous 

0 0 0 0 0.00
2028 

0.00
1328 

0 0 0 0 0.02
0985 

0.00
1906 

0.00
4501 

Larch 0 0 0 0 0 0 0 0 0 0 0 0.00
2019 

0 

Larch - 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Spruce 0 0 0 0 0.00
1477 

0 0.00
4704 

0 0 0 0.00
2622 

0 0.00
2679 

Spruce 
- 

0 0 0 0 0 0 0 0 0 0 0 0 0 
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Decidu
ous 
Austria
n pine 

0 0 0 0 0 0 0 0 0 0 0.00
0836 

0 0 

Austria
n pine 
- 
Decidu
ous 

0 0 0 0 0 0 0.00
1242 

0 0 0 0 0 0.00
0108 

Scots 
pine 

0 0 0 0 0 0.00
281 

0.00
4262 

0 0 0 0.01
822 

0.00
2164 

0.01
5579 

Scots 
pine - 
decidu
ous 

0 0 0 0 0 0 0.00
3884 

0 0 0 0.01
169 

0 0 

Conifer
ous 
(other) 

0 0 0 0.00
4215 

0.00
0705 

0.00
0426 

0.00
227 

0 0 0 0.00
0279 

0.00
6021 

0.00
1225 

Conifer
ous 
(other) 
- 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 0.00
1161 

0 

Grassla
nd 
(nutrie
nt 
poor) 

0.01
873 

0.04
3281 

0.00
573 

0.04
1395 

0.03
0114 

0.01
1181 

0.01
7419 

0.02
7784 

0.17
3896 

0.12
5798 

0.00
3086 

0.04
0249 

0.01
4886 

Grassla
nd 
(nutrie
nt rich) 

0.00
1891 

0.04
6709 

0.09
6671 

0.04
4516 

0.22
9905 

0.07
9845 

0.18
9344 

0.28
532 

0.13
0614 

0.14
3995 

0.00
3921 

0.16
7916 

0.20
285 

Heathl
and 
(dry) 

0 0 0 0 0 0 0 0 0 0 7.51
E-05 

0.00
0194 

0 

Heathl
and 
(wet) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Bare 
soil 

0 0 0.00
1434 

0 0.00
0154 

0 0 0 0 0 0 0 0 

Dunes 0 0 0 0 0 0 7.76
E-05 

0 0 0 0 0 0 

Gravle 
roads 

0.02
8537 

0.01
4833 

0.00
8001 

0.02
9319 

7.92
E-05 

0.00
0995 

0.00
6551 

0.00
3929 

0.00
1076 

0.01
6674 

0.01
157 

0.01
3524 

0.00
2061 

Potato
es 

0 0 0 0 1.59
E-05 

0 0 0.00
0334 

6.37
E-05 

0 0 0 0 

Maize 0 0 0.03
9456 

0.00
2737 

0.10
8442 

0.02
3401 

0.03
044 

0.09
3259 

0.04
0152 

0.04
8722 

0 0.03
538 

0.16
9842 

Cereal 0 0 0 0 0.08
4102 

0.02
1886 

0.00
1583 

0.20
5847 

0.09
6144 

0.00
4796 

0 0.01
1171 

0.01
2568 

Seed 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Legum
es 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Sugar 
beet 

0 0 0 0 2.1E
-05 

0.00
8736 

0 0.07
1876 

0.05
8463 

0 0 0 0 

Vegeta
bles 

0 0 0 0 0.00
1448 

0 0 0.03
2344 

0.05
7589 

0 0 0 0.01
6077 

Herbs 0 0 0 0 0 0 0 0 0 0 0 0 0 

Fruit 0 0 0 0 0.00
0364 

0 0 0 0 0 0 0 0 

Flax 
and 
Hemp 

0 8.14
E-06 

0 0 0 0.00
08 

0 0.00
018 

0 0.00
351 

0 0 0 

Feed 
crops 

0 0 0 0 0.00
047 

0 0 0.00
4755 

0 0 0 0 0.00
0802 

Agricul
ture 
(other) 

0 0 0 0 0.00
1833 

0 0 0 0.00
5004 

0 0 0 0.05
4027 

Annual 
ornam
ental 
plants 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Perenn
ial 
ornam
ental 
plants 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Swamp 0 0 0 0 0 0 0 0 0 0 0 0 0 

Reed 
beds 

0 0.01
891 

0 0 0 0 0 0 0 0.00
3476 

0.00
9554 

0 0.00
0419 

Alluvial 
forest 

0 0.00
175 

0.00
9115 

0 0.00
5011 

0 0 0 0.00
9584 

0.00
3533 

0.04
1445 

0.09
0557 

0 

Slikken 0 0.01
6202 

0 0 0 0 0 0 0 0 0 0 0 

Schorr
en 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Buildin
gs 

0.27
1764 

0.09
0432 

0.16
0065 

0.19
7267 

0.06
7864 

0.14
2032 

0.05
4319 

0.03
5669 

0.03
2543 

0.08
6287 

0.14
5771 

0.05
1376 

0.04
6375 

Built-
up 

0.23
5739 

0.07
9961 

0.13
321 

0.10
9125 

0.05
9831 

0.12
6999 

0.08
9536 

0.03
1642 

0.04
2925 

0.17
337 

0.22
2053 

0.06
5884 

0.08
1158 

Imperv
ious 
surface
s 

0.11
3802 

0.20
9156 

0.10
6478 

0.13
6091 

0.07
8526 

0.08
8577 

0.06
206 

0.03
1608 

0.02
9035 

0.08
3766 

0.09
436 

0.05
7759 

0.04
402 

Stagna
nt 
water 

0.00
2506 

0.00
818 

0.01
4284 

0.00
3383 

0.00
0376 

5.86
E-05 

0.00
3559 

0.00
1874 

0.00
6928 

0.00
5472 

0.00
4833 

0.00
0451 

0.02
0304 

Tidal 
water 
(meso
haline) 

0 0 0 0 0 0 0 0 0 0 0 0 0 
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Tidal 
water 
(oligoh
aline) 

0 0.15
8089 

0 0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(fresh) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Fresh 
water 

0 0.01
833 

0.02
3981 

0.01
9545 

0.00
0843 

0 0.01
4449 

0.01
7601 

0.01
3631 

0.02
0044 

0.01
0568 

0.03
4538 

0.03
0122 

2
 k

m
 

Pionee
r 
vegeta
tion 

0.01
157 

0.01
0169 

0.00
0988 

0.01
0203 

0.00
5621 

0.00
4976 

0.02
4902 

0.01
476 

0.00
2835 

0.00
8166 

0.02
1766 

0.05
8794 

0.01
7506 

Bushla
nd 

0.02
172 

0.04
3232 

0.00
9647 

0.01
7572 

0.00
5589 

0.00
6529 

0.02
9812 

0.00
8621 

0.01
1399 

0.03
0279 

0.01
857 

0.04
4089 

0.00
7781 

Orchar
d 
shrubs 

0 0 0 3.98
E-06 

0.00
728 

0.00
0203 

0.00
3996 

0.00
3994 

0.00
6235 

0.00
8184 

0 6.44
E-05 

0.00
7494 

Orchar
d 

0 0 0.00
6089 

0 0.00
5255 

0.00
0417 

0.00
389 

0.02
4207 

0.04
6141 

1.53
E-05 

0 0 0 

Orchar
d trees 

0 0 0 0 6.76
E-05 

9.62
E-05 

0 8.01
E-05 

0.00
0487 

0 0 0 0 

High 
green 

0.08
4982 

0.05
1685 

0.06
0828 

0.10
7442 

0.04
3778 

0.14
1863 

0.08
0854 

0.01
3731 

0.04
0801 

0.04
7334 

0.10
9331 

0.06
3179 

0.06
534 

Low 
green 

0.11
2246 

0.10
3773 

0.15
4611 

0.16
6797 

0.16
5731 

0.16
9724 

0.10
2239 

0.05
446 

0.08
3579 

0.12
2413 

0.15
7067 

0.15
0704 

0.13
5552 

Other 
green 

0.01
4021 

0.00
7143 

0.00
8161 

0.02
127 

0.00
6191 

0.02
8984 

0.02
2933 

0.00
9171 

0.00
6276 

0.00
6641 

0.01
2201 

0.01
2446 

0.00
9371 

Birch 0 5.57
E-05 

1.44
E-06 

0 0.00
0916 

0 0.00
059 

0 0 0 0.00
0373 

0.00
0139 

2.36
E-05 

Beech 0.00
0113 

0.00
0105 

0 0.00
027 

1.43
E-05 

0.00
0712 

0.00
0454 

0 0 0 0 0 0 

Beech 
- 
Conifer
ous 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Oak 0.00
1632 

0.00
5562 

0.00
0812 

0.00
6136 

0.00
174 

0.00
6853 

0.05
5229 

0.00
1154 

0.04
5291 

0.01
5847 

0.02
3238 

0.03
3379 

0.00
5861 

Oak - 
Conifer
ous 

0 0.00
0996 

0 0 0 0 0 0 0 0 0.00
3258 

0.00
0735 

0.00
1623 

Poplar 0.00
205 

0.02
7442 

0.10
4144 

0.01
2665 

0.04
6964 

0.00
1166 

0.01
4848 

0.01
2737 

0.06
9796 

0.01
6478 

0.00
0482 

0.01
6046 

0.03
4762 

Poplar 
- 
Conifer
ous 

0 0 0 0 0 0 0 0.00
0544 

0 0 0 0 0 

Decidu
ous 
(other) 

0.02
8678 

0.05
1493 

0.05
5716 

0.03
3566 

0.01
0401 

0.02
8747 

0.04
95 

0.00
6514 

0.02
1633 

0.02
9965 

0.06
5151 

0.09
2572 

0.01
5924 

Decidu
ous 

0 0 0 0 0.00
0507 

0.00
0332 

0.00
4482 

0 0.00
0355 

0.00
0906 

0.02
1436 

0.01
7228 

0.00
2458 
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(other) 
- 
Conifer
ous 
Larch 7.76

E-05 
0 0 0 0 0.00

0122 
0.00
0678 

0 0 0 0 0.00
3413 

0 

Larch - 
Decidu
ous 

0 0 0 0 0 0 0 0 0 0 0 8.03
E-05 

0 

Spruce 0 0.00
015 

0.00
1157 

0.00
0506 

0.00
0369 

0.00
0588 

0.00
1564 

0 0.00
0701 

0.00
0211 

0.00
0857 

0.00
1212 

0.00
067 

Spruce 
- 
Decidu
ous 

0 0 0 0 0 0 0.00
0119 

0 0 2.83
E-05 

0.00
0211 

0.00
0463 

0 

Austria
n pine 

0 0 0 0 0 0 0.00
11 

0 0 0 0.00
0679 

0.00
9474 

0.00
6996 

Austria
n pine 
- 
Decidu
ous 

0 0 0 0 0 0 0.00
0311 

0 0 0 0 0.00
0263 

0.00
026 

Scots 
pine 

0 0.00
7325 

3.73
E-05 

0.00
2649 

0 0.00
0702 

0.00
8859 

0 0 0 0.05
8679 

0.03
1162 

0.04
3005 

Scots 
pine - 
decidu
ous 

0 4.86
E-05 

0 0.00
0578 

0 0 0.00
4519 

0 0 0 0.03
763 

0.00
9516 

0.00
0947 

Conifer
ous 
(other) 

0 0 0.00
0712 

0.00
3345 

0.00
1149 

0.00
0981 

0.00
2498 

0.00
0145 

7.19
E-05 

0.00
084 

0.00
1906 

0.01
0543 

0.00
2904 

Conifer
ous 
(other) 
- 
Decidu
ous 

0 0 0 8.54
E-05 

0 0 0 0 0 0.00
07 

0 0.00
1849 

0.00
0322 

Grassla
nd 
(nutrie
nt 
poor) 

0.04
1375 

0.03
9262 

0.01
0474 

0.03
1534 

0.05
0105 

0.02
0367 

0.03
2012 

0.04
2476 

0.07
2606 

0.06
5523 

0.01
6543 

0.02
7167 

0.05
3067 

Grassla
nd 
(nutrie
nt rich) 

0.01
6078 

0.14
326 

0.13
0789 

0.09
2786 

0.26
7585 

0.07
3346 

0.16
7806 

0.25
1201 

0.19
9792 

0.19
5554 

0.01
556 

0.11
1864 

0.14
843 

Heathl
and 
(dry) 

0 0 0 0 0 0 0.00
4827 

0 0 0.00
1722 

0.01
3153 

0.00
6106 

0.01
1559 

Heathl
and 
(wet) 

0 0 0 0 0 0 0 0 0 0 0 0 0.00
0894 
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Bare 
soil 

0 0 0.00
0468 

6.72
E-06 

3.85
E-05 

0 0 0 0 0 0 0 0 

Dunes 0 0 0 0 0 0 0.00
0122 

0 0 0 0 0 0.00
0745 

Gravle 
roads 

0.02
5913 

0.00
8934 

0.00
7403 

0.02
6936 

0.00
0729 

0.03
7775 

0.01
1041 

0.00
8258 

0.00
6198 

0.00
8155 

0.01
5431 

0.00
972 

0.00
4082 

Potato
es 

0 0 5.97
E-06 

0 9.74
E-05 

1.58
E-05 

5.97
E-06 

0.00
0177 

3.96
E-05 

0 0 1.99
E-06 

0 

Maize 0.00
1353 

0.01
2595 

0.07
5099 

0.01
5582 

0.11
7306 

0.04
0671 

0.04
6404 

0.11
3793 

0.03
8809 

0.04
8306 

0 0.01
7158 

0.11
421 

Cereal 0.00
0313 

0.00
5823 

0.01
8923 

3.5E
-05 

0.08
1943 

0.05
2151 

0.03
4639 

0.17
8979 

0.08
3117 

0.01
2262 

0 0.00
2816 

0.01
1989 

Seed 0 0 0 0 0 0 0 0 0 0 0 0 0 

Legum
es 

0 0 0 0 0 0.00
02 

1.59
E-05 

0 0 0 0 0 0.00
0873 

Sugar 
beet 

0 0 0 0 0.00
0368 

0.01
2025 

0 0.09
0264 

0.03
6406 

0 0 0 0 

Vegeta
bles 

0 0 0.00
9058 

0.00
0843 

0.00
1568 

0.00
0365 

0.00
497 

0.02
8845 

0.05
0836 

0 0 0 0.00
4019 

Herbs 0 0 0.00
1035 

0 0.00
025 

1.79
E-05 

7.81
E-05 

7.83
E-05 

2.59
E-05 

0 0 0 0 

Fruit 0 0 0 0 0.00
0645 

0 0.00
0198 

1.53
E-05 

0 0 0 0 0 

Flax 
and 
Hemp 

0 0.00
956 

0.00
4009 

0 0.00
0328 

0.00
0955 

0 0.01
2508 

0.01
8323 

0.00
2589 

0 0.00
0471 

0 

Feed 
crops 

0 0 0.00
2423 

0 0.00
0278 

0.00
0538 

0.00
048 

0.00
1853 

2.17
E-05 

0 0 0 0.00
02 

Agricul
ture 
(other) 

0 0 0 0.00
0311 

0.00
1158 

0 7.53
E-05 

0.00
0324 

0.01
0747 

0 0 0 0.01
4214 

Annual 
ornam
ental 
plants 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Perenn
ial 
ornam
ental 
plants 

0 0 0 0 0 0 0 0 4.58
E-05 

0 0 0 0 

Swamp 0.00
0643 

0 0 0.00
0476 

0 0 0 0 0 0.00
0676 

0 0.00
0811 

0.00
5251 

Reed 
beds 

0.00
0665 

0.01
0692 

0.00
0866 

0.00
0303 

0 0.00
1369 

0 0.00
7585 

0.00
0644 

0.00
1579 

0.00
6088 

0.00
1005 

0.00
7333 

Alluvial 
forest 

0.00
4149 

0.01
3067 

0.00
7397 

0 0.01
4876 

0.00
0549 

0.00
5091 

0.00
1427 

0.00
3099 

0.00
4075 

0.01
4719 

0.05
7532 

0.00
0306 

Slikken 0 0.00
9388 

0.00
1446 

0 0 0 0 0 0 0 0 0 0 

Schorr
en 

0 0 0 0 0 0 0 0 0 0 0 0 0 
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Buildin
gs 

0.22
1582 

0.09
8522 

0.10
2917 

0.16
0114 

0.04
893 

0.14
4791 

0.07
1117 

0.02
6806 

0.04
2155 

0.10
0114 

0.10
9232 

0.05
9361 

0.05
4791 

Built-
up 

0.25
6872 

0.08
4284 

0.08
6272 

0.12
9867 

0.04
8496 

0.12
2298 

0.10
0338 

0.02
6522 

0.04
9849 

0.14
3676 

0.18
2401 

0.07
149 

0.08
759 

Imperv
ious 
surface
s 

0.11
0686 

0.10
9573 

0.07
3138 

0.09
8103 

0.05
9305 

0.08
7824 

0.08
5763 

0.02
6108 

0.03
5645 

0.08
4019 

0.08
359 

0.06
0638 

0.05
9595 

Stagna
nt 
water 

0.00
3955 

0.01
1177 

0.00
8841 

0.00
7336 

0.00
1324 

0.00
2988 

0.00
6676 

0.01
6136 

0.00
3777 

0.00
3362 

0.00
3445 

0.00
4928 

0.02
9855 

Tidal 
water 
(meso
haline) 

0 0 0 0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(oligoh
aline) 

0 0.10
0002 

0.01
961 

0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(fresh) 

0 0 0 0.00
7674 

0 0 0 0 0 0 0 0 0 

Fresh 
water 

0.03
9327 

0.03
4683 

0.03
6922 

0.04
5001 

0.00
3096 

0.00
8757 

0.01
4965 

0.01
6526 

0.01
2265 

0.04
0379 

0.00
7001 

0.01
1582 

0.03
2197 

5
 k

m
 

Pionee
r 
vegeta
tion 

0.01
5642 

0.01
5489 

0.01
1124 

0.01
0965 

0.00
813 

0.01
0531 

0.02
0767 

0.00
7557 

0.00
5195 

0.00
896 

0.03
4423 

0.04
3219 

0.00
7405 

Bushla
nd 

0.01
1813 

0.02
4468 

0.01
9095 

0.02
2037 

0.00
6148 

0.01
1783 

0.03
4977 

0.00
5069 

0.00
8191 

0.01
919 

0.03
1207 

0.03
5262 

0.00
6739 

Orchar
d 
shrubs 

0.00
1804 

0.00
014 

0.00
0556 

0.00
1352 

0.00
229 

0.00
2166 

0.01
0071 

0.00
5241 

0.00
4226 

0.00
4181 

0.00
0307 

0.00
0393 

0.00
5604 

Orchar
d 

0.00
0747 

0.00
4035 

0.00
1827 

4.15
E-05 

0.00
6906 

0.00
0669 

0.00
6943 

0.03
2712 

0.11
4698 

0.00
614 

0 0.00
0238 

0 

Orchar
d trees 

7.86
E-05 

3.43
E-06 

8.51
E-05 

4.14
E-05 

1.08
E-05 

4.6E
-05 

0.00
0274 

0.00
2326 

0.00
316 

0 0 4.17
E-05 

6.51
E-07 

High 
green 

0.07
5993 

0.05
7243 

0.04
5818 

0.09
9567 

0.03
9424 

0.10
3601 

0.05
9701 

0.02
6933 

0.03
3323 

0.05
2667 

0.06
3055 

0.05
5281 

0.04
1699 

Low 
green 

0.12
8276 

0.11
0317 

0.11
1468 

0.14
3336 

0.12
9664 

0.11
3129 

0.10
343 

0.06
9024 

0.08
9628 

0.14
4325 

0.13
3034 

0.13
8114 

0.11
8426 

Other 
green 

0.00
9677 

0.00
8987 

0.00
7132 

0.01
6223 

0.00
5072 

0.02
1907 

0.02
4872 

0.01
5851 

0.00
868 

0.00
7937 

0.01
0189 

0.01
1622 

0.01
0555 

Birch 0.00
0149 

0.00
0301 

6.72
E-05 

0.00
0308 

0.00
0356 

0.00
125 

0.00
0263 

2.04
E-05 

2.63
E-06 

0.00
039 

0.00
0356 

0.00
0166 

4.2E
-05 

Beech 0.00
3757 

0.00
0874 

0.00
0204 

0.00
0589 

0.00
6025 

0.01
1505 

0.00
0498 

0.00
0575 

0.00
0761 

0.00
0543 

0.00
0132 

7.77
E-06 

1.11
E-05 

Beech 
- 
Conifer
ous 

0 0 0 0 0 0.00
0159 

0 0 0 0 0 0 0 
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Oak 0.00
2157 

0.00
4945 

0.00
2398 

0.00
6598 

0.00
4775 

0.01
9199 

0.03
7273 

0.00
5481 

0.01
8334 

0.01
6277 

0.02
0379 

0.02
686 

0.00
8285 

Oak - 
Conifer
ous 

0 0.00
0159 

0.00
0266 

0.00
0121 

0 0.00
0444 

0.00
1613 

0 0.00
1281 

0.00
2496 

0.00
3429 

0.00
2173 

0.00
0468 

Poplar 0.00
5759 

0.01
083 

0.08
8473 

0.02
0248 

0.03
4996 

0.00
896 

0.02
6777 

0.01
1636 

0.05
0824 

0.01
7398 

0.00
0454 

0.00
7361 

0.02
4219 

Poplar 
- 
Conifer
ous 

2.05
E-05 

0 0 0 5.58
E-05 

2.38
E-05 

7.47
E-05 

9.1E
-05 

0 0 0 0 9.52
E-06 

Decidu
ous 
(other) 

0.02
6152 

0.03
1158 

0.02
5739 

0.03
4012 

0.01
6469 

0.04
68 

0.03
8307 

0.01
045 

0.01
0301 

0.03
2107 

0.04
2962 

0.06
768 

0.01
0452 

Decidu
ous 
(other) 
- 
Conifer
ous 

0.00
0191 

0.00
0402 

0.00
0362 

0.00
1426 

0.00
0184 

0.00
2419 

0.00
4324 

0.00
0142 

0.00
1076 

0.00
4365 

0.01
9945 

0.01
1575 

0.00
3838 

Larch 0.00
0244 

0.00
0237 

0.00
0103 

0.00
0472 

0.00
0121 

0.00
5398 

0.00
2457 

3.87
E-05 

0.00
0395 

0.00
0534 

0.00
0323 

0.00
1324 

0.00
1492 

Larch - 
Decidu
ous 

3.98
E-05 

0 3.03
E-05 

0.00
0126 

0 0.00
1199 

0.00
0206 

0 0.00
0588 

9.93
E-05 

0.00
0545 

0.00
0343 

0.00
0121 

Spruce 0.00
0354 

2.41
E-05 

0.00
0614 

0.00
1159 

0.00
0508 

0.00
1142 

0.00
212 

0.00
0158 

0.00
033 

0.00
0635 

0.00
2897 

0.00
1758 

0.00
1202 

Spruce 
- 
Decidu
ous 

0 4.51
E-05 

6.2E
-05 

8.07
E-05 

0.00
0147 

0.00
0116 

0.00
0652 

0 3.86
E-06 

0.00
0138 

8.61
E-05 

0.00
0325 

0.00
0362 

Austria
n pine 

3.76
E-05 

0 0.00
0679 

0.00
024 

2.67
E-05 

0.00
3275 

0.00
7869 

0 0 0.00
0365 

0.00
9998 

0.01
7376 

0.02
4219 

Austria
n pine 
- 
Decidu
ous 

0 0 0 0.00
0134 

0 0.00
0515 

0.00
0419 

0 0 0 0.00
5026 

0.00
0154 

0.00
0796 

Scots 
pine 

0.00
0804 

0.00
1219 

0.00
0243 

0.00
6098 

1.34
E-05 

0.00
8322 

0.02
8925 

0.00
0443 

0.00
0366 

0.00
9029 

0.11
0823 

0.07
2223 

0.08
6055 

Scots 
pine - 
decidu
ous 

0 7.78
E-06 

0 0.00
0675 

0 0.00
2355 

0.00
4911 

0 0.00
0307 

0.00
1177 

0.03
0483 

0.01
3959 

0.00
3333 

Conifer
ous 
(other) 

0.00
052 

8.75
E-05 

0.00
0952 

0.00
2033 

0.00
0739 

0.00
4165 

0.00
568 

0.00
0851 

0.00
0158 

0.00
1915 

0.00
6946 

0.00
786 

0.00
6278 

Conifer
ous 
(other) 
- 

4.19
E-05 

0 0.00
0111 

9E-
05 

0.00
0295 

0.00
0785 

0.00
0578 

0 0 0.00
6146 

0.02
6016 

0.00
5129 

0.00
0248 
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Decidu
ous 
Grassla
nd 
(nutrie
nt 
poor) 

0.03
7227 

0.03
9549 

0.02
1707 

0.03
3065 

0.03
3438 

0.03
2689 

0.04
3827 

0.04
7566 

0.03
3701 

0.03
3713 

0.02
5906 

0.02
8662 

0.03
2227 

Grassla
nd 
(nutrie
nt rich) 

0.13
1712 

0.15
7865 

0.18
058 

0.18
3732 

0.29
6126 

0.08
193 

0.16
9394 

0.19
1516 

0.16
6385 

0.21
435 

0.05
4837 

0.12
5573 

0.19
1156 

Heathl
and 
(dry) 

1.01
E-06 

0 0.00
0153 

0.00
0402 

1.92
E-05 

0.00
0739 

0.00
3072 

0 0 0.00
1655 

0.01
7689 

0.04
0157 

0.00
3367 

Heathl
and 
(wet) 

0 0 0 0 0 0 0 0 0 6.93
E-05 

0.00
113 

0.00
1796 

1.13
E-06 

Bare 
soil 

7.22
E-05 

0.00
1608 

0.00
0132 

6.34
E-05 

9.34
E-06 

0 0 2.55
E-06 

0 5.64
E-05 

0.00
028 

0.00
045 

0 

Dunes 0 0 0 0 0 0 1.95
E-05 

0 0 0 0.00
0137 

0 0.00
0147 

Gravle 
roads 

0.02
4544 

0.00
6781 

0.00
5358 

0.01
922 

0.00
6651 

0.02
0627 

0.00
9854 

0.00
5557 

0.00
3911 

0.01
2622 

0.01
4853 

0.00
509 

0.00
4699 

Potato
es 

7.32
E-06 

9.02
E-06 

1.46
E-05 

1.11
E-05 

7.49
E-05 

3.24
E-05 

2.66
E-05 

0.00
0121 

5.77
E-05 

5.41
E-06 

0 3.71
E-06 

2.28
E-06 

Maize 0.04
0998 

0.09
0344 

0.11
6598 

0.03
3797 

0.11
1019 

0.07
2059 

0.08
9308 

0.11
2407 

0.08
6749 

0.07
6137 

0.00
2761 

0.02
6542 

0.15
3037 

Cereal 0.00
5876 

0.01
1134 

0.02
3099 

0.00
3161 

0.07
6491 

0.10
5853 

0.05
0338 

0.19
3919 

0.07
5625 

0.01
3874 

0.00
16 

0.00
357 

0.02
0211 

Seed 0 9.7E
-05 

0.00
0236 

0 0.00
0145 

0 7.68
E-05 

1.86
E-05 

0 0 0 0 0.00
0255 

Legum
es 

0.00
0292 

0 0 0 0 0.00
0597 

0.00
059 

0.00
1165 

0.00
0147 

0.00
013 

0 0 0.00
39 

Sugar 
beet 

0 7.84
E-06 

0.00
081 

0.00
0188 

0.00
632 

0.02
0201 

0.00
1779 

0.06
0228 

0.02
2489 

0.00
0875 

0 0 3.83
E-05 

Vegeta
bles 

0.00
4978 

0.00
1531 

0.02
0287 

0.00
3934 

0.00
2068 

0.00
1315 

0.00
7844 

0.03
0904 

0.05
9954 

0.00
4849 

0 0.00
1973 

0.00
1837 

Herbs 0.00
0121 

0.00
0111 

0.00
3865 

0.00
1702 

4.45
E-05 

0.00
0154 

0.00
0494 

3.55
E-05 

0.00
0415 

5.55
E-05 

0 0 0.00
2585 

Fruit 3.83
E-05 

1.11
E-05 

0 0 0.00
0565 

3.82
E-06 

0.00
0163 

7.39
E-06 

0.00
0453 

1.2E
-05 

0 0.00
0512 

0 

Flax 
and 
Hemp 

0.00
1401 

0.00
6705 

0.00
4621 

0.00
1421 

0.00
2556 

0.00
2041 

0.00
1893 

0.01
013 

0.00
6283 

0.00
156 

0.00
0164 

0.00
05 

0.00
3779 

Feed 
crops 

0.00
1561 

0.00
3764 

0.00
2438 

0.00
1839 

0.00
2696 

0.00
121 

0.00
1673 

0.00
1182 

0.00
0883 

0.00
1948 

0 5.64
E-05 

0.00
1271 

Agricul
ture 
(other) 

0.00
0324 

0.00
0378 

0.00
0219 

0.00
0274 

0.00
1073 

0.00
0316 

0.00
1096 

0.00
202 

0.01
3408 

0.00
1175 

0 0.00
0446 

0.00
28 

Annual 
ornam

0.00
0675 

1.56
E-05 

0.00
0149 

3.73
E-06 

0 0 0.00
0364 

3.33
E-07 

9.05
E-06 

1.11
E-05 

0 0 5.15
E-05 
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ental 
plants 
Perenn
ial 
ornam
ental 
plants 

9.84
E-07 

0 0 6.04
E-05 

9.82
E-05 

0 0 0 0.00
0325 

0 0 0 0 

Swamp 0.00
1449 

2.55
E-05 

5.69
E-05 

0.00
1103 

0.00
082 

0.00
0126 

0.00
0137 

0 0.00
0592 

0.00
0524 

0.00
1787 

0.00
0908 

0.00
0898 

Reed 
beds 

0.00
0972 

0.00
4662 

0.00
8004 

0.00
3313 

0.00
12 

0.00
224 

0.00
0485 

0.00
1549 

0.00
1212 

0.00
2454 

0.00
4929 

0.00
2366 

0.00
1822 

Alluvial 
forest 

0.00
4268 

0.01
0646 

0.02
9435 

0.00
2434 

0.01
806 

0.00
8462 

0.00
8249 

0.00
1656 

0.00
2281 

0.00
6123 

0.01
2858 

0.02
5619 

0.00
7419 

Slikken 0 0.00
3287 

0.00
6249 

0 0 0 0 0 0 0 0 0 0 

Schorr
en 

0 2.62
E-05 

0 0 0 0 0 0 0 0 0 0 0 

Buildin
gs 

0.16
0451 

0.11
699 

0.05
5991 

0.11
3035 

0.05
9942 

0.09
0704 

0.04
5391 

0.04
4622 

0.04
9038 

0.07
5767 

0.07
9182 

0.06
0601 

0.05
4185 

Built-
up 

0.16
5725 

0.10
897 

0.06
2827 

0.10
2114 

0.05
3855 

0.09
8417 

0.06
1745 

0.04
7726 

0.05
4307 

0.10
8637 

0.12
2788 

0.07
7353 

0.06
7071 

Imperv
ious 
surface
s 

0.07
8032 

0.08
279 

0.04
0814 

0.07
1815 

0.05
4856 

0.06
4412 

0.06
2392 

0.04
1696 

0.04
9423 

0.06
5138 

0.07
7141 

0.06
5744 

0.05
9444 

Stagna
nt 
water 

0.00
9965 

0.00
9316 

0.01
3977 

0.01
9008 

0.00
2198 

0.00
6474 

0.00
5323 

0.00
4142 

0.00
2596 

0.01
083 

0.00
9956 

0.00
5717 

0.01
1278 

Tidal 
water 
(meso
haline) 

0 0.01
8108 

0 0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(oligoh
aline) 

0 0.03
455 

0.03
8891 

0 0 0 0 0 0 0 0 0 0 

Tidal 
water 
(fresh) 

0.00
4079 

0 0.01
0083 

0.00
8469 

0 0 0 0 0 0 0 0 0 

Fresh 
water 

0.04
0971 

0.01
9745 

0.03
5999 

0.02
7864 

0.00
7319 

0.00
7531 

0.01
0484 

0.00
7231 

0.01
7922 

0.03
0415 

0.01
8989 

0.00
5915 

0.01
4661 

 


