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Forord 
 

Vi vil takke for tildelte midler fra Svalbards miljøvernfond i 2022 som vi fikk til å foreta feltarbeid og 
databearbeiding med differensial GPS (dGPS). Formålet var å kartfeste arealer av ulike typer naturlig 
forekommende forstyrrelser på tundraen, samt å lage protokoller som kan brukes for å måle disse 
forstyrrelsene. Vi takker også for at det ble gitt forlenget arbeidsfrist til februar 2026 til å gjennomføre 
prosjektet som følge av endringer i opprinnelig planlagt personell. 

Prosjektet ble startet fordi konkrete arealestimater for naturlige forstyrrelser på tundraen som følge 
av klimatiske og biologiske faktorer manglet. Vi ønsket også å sammenligne bruk av dGPS med mer 
tradisjonelle feltmetoder. Feltarbeid har blitt gjennomført av Virve Ravolainen og Stein Tore Pedersen, 
med hjelp av Jesper Mosbacher, Ingrid Paulsen, Lea Lipphardt og Anne Urset ved Norsk Polarinstitutt 
somrene 2023-2025. Marie-Sofie Brekke Braastad og Vegard Bang Fjeldheim har bidratt med 
håndtering og sammenstilling av data med veiledning fra Anne Urset.  Transekter og prøveflater ble 
kartfestet med dGPS, og tundraen ble kategorisert til vegetasjon med og uten forstyrrelser fra 
kortnebbgås som et eksempel på en biologisk faktor, eller synlige skader etter isdannelser om 
vinteren som et eksempel på en klimatisk faktor. Data ble hentet inn fra Adventdalen, Sassendalen og 
på Brøggerhalvøya, i og rundt målestasjoner som brukes til vegetasjonsovervåkingen i COAT (Climate-
ecological Observatory for Arctic Tundra)-programmet, samt i og utenfor uthenginger som stenger 
beitedyrene ute. Takk til alle som bidro! 

 

Sammendrag 
 

Både enkeltplanter og deler av vegetasjonsdekket blir regelmessig forstyrret av beitedyr og klimatiske 
ekstremhendelser som bakkeislag om vinteren. Habitatbruksstudier viser at mosetundra, våtmarker 
og rygger med reinrose er spesielt viktige for beitedyrene. Feltstudier og fjernmåling ved hjelp av 
droner har vist at 11-60% av tundraoverflaten kan være forstyrret av kortnebbgås. Ekstremhendelser 
med isdekke på tundraen forekommer hyppigere og skader spesielt dvergbusker. Omfanget av 
skadene varierer mellom ulike landskap, og små prøveflater kan være sterkt påvirket. Et av formålene 
med prosjektet var å bruke differensial GPS (dGPS) i kombinasjon med tradisjonelle feltmetoder og 
dronebilder for å oppnå nøyaktig kartfestede estimater av hvor stor andel av de ulike habitatene som 
er forstyrret, slik at det enkelt kan ekstraheres tall i kvadratmeter.  Det andre formålet var å utvikle en 
enkel og effektiv protokoll for bruk i måling av forstyrrelser på tundraen. 

Vi presenterer resultater fra totalt 22 980.6 m2 direkte kartlagt med dGPS i studieområdene som 
totalt dekker 1.82 km2. Av disse områdene er 2056,9 m2 kategorisert som forstyrret og 20 923.7 m2 

kategorisert uten forstyrrelser, når alle typer vegetasjon registrert med dGPS er inkludert. Av det 
forstyrrede området er 1 231.7 m2 forstyrret som følge av næringssøkende kortnebbgås (spesifikk 
type beiting som kalles «grubbing» og der gjessene river opp moser mens de leter etter røtter tidlig 
på sommeren). Av totalt kartlagt mosetundra utgjør grubbet mosetundra 29% i Sassendalen i 2024, 
1% og 12%  på Janssonhaugen i henholdsvis 2023 og 2025, og omtrent 8% i 2023 og 2024 og 0.1% i 
2025 på Brøggerhalvøya. Dette gjenspeiler den dynamiske naturen av denne typen forstyrrelser, da 
gjessene bruker landskapene ulikt mellom årene avhengig av snøsmelting og har mer aktivitet i 
områder i nærheten av hekkekolonier som i Sassendalen. Tallene for grubbing målt med dGPS 
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samsvarer med tall fra analyser med dronebilder som viste at 11% i heivegetasjon og 23% i 
mosetundra var grubbet. Registreringer gjort i små prøveflater med tradisjonelle feltmetoder viste at 
opptil 67-81% av prøveflater kunne være grubbet. Uavhengig av årlig og romlig variasjon ser vi at en 
betydelig andel av landskaper med habitat for næringssøkende kortnebbgås er påvirket av grubbing. 

Totalt ble det ved dGPS-målinger registrert 825.2 m2 med vinterskade på dvergbuskene reinrose og 
kantlyng. Arealet registrert med vinterskade på reinrose varierte mellom 7 og 417 m2, tilsvarende 2-
82% av kartlagt areal, avhengig av sted og år. Andelen reinrosevegetasjon med registrerte 
vinterskader høyest på Brøggerhalvøya, der bakke-is også forekommer hyppigst. I årene før dette 
prosjektet startet hadde vi vegetasjonsovervåking av mindre prøveflater på Brøggerhalvøya og i 
Sassendalen, hvor 71-77% av reinrosevegetasjonen hadde skader etter bakke-is. At vi i dette 
prosjektet fant delvis lavere tall skyldes trolig at noen av plantene som ble registrert med skader på 
målestasjoner har hentet seg inn, og det har vokste nye, friske skudd. 

Vi har skrevet protokoller som kan brukes for å planlegge tilsvarende arbeid, og som også kan brukes 
til å gjennomføre studier av andre typer forstyrrelser, som for eksempel skader på tundraen etter 
tråkk av mennesker. Selv om det relativt tekniske utstyret, som blir stadig vanligere i økologien, krever 
mer opplæring og har høyere kostnader enn tradisjonelle feltmetoder, er vår vurdering at det gir en 
kartleggingsnøyaktighet som er klart overlegent tidligere feltmetodikk. Fordelen med dGPS-festet 
informasjon er presisjonen, som gjør det mulig å bruke dataene til for eksempel validering av 
klassifisering fra dronebilder, og for å oppsøke nøyaktig samme områder i senere tid. Det må 
påregnes tilstrekkelig etterarbeid, omtrentlig estimert til minimum en måned per to uker feltarbeid 
med innsamling av data. Det vil fortsatt være nyttig å etablere og opprettholde et oppsett med 
tradisjonelle, enkle feltmetoder (for eksempel transekter som gjentas årlig) på grunn av at det er 
krevende å gjennomføre målingene med de mer teknologiske løsningene som dGPS og drone 
representerer. Særlig med arbeid utført litt utenfor bosettinger vil ofte logistikk, vær og begrenset tid i 
felt gjøre at man ved å bruke enkle feltmetoder kan sikre innhenting av noe data, som et tillegg til nye 
teknologisk og mer avansert metoder.  

 

 

 

 

  



5 
 

Background 
Grazing animals and climatic extreme events such as ground-ice formation on tundra after rainfall and 
mild spells during winter frequently damage plants and tundra vegetation cover (Milner et al. 2016; 
Eischeid et al. 2021; Eischeid et al. 2023; Paulsen et al. 2025; Lechler et al. 2025). Moss tundra, 
wetlands and ridges with mountain aven vegetation are especially important habitats for grazing 
animals (Ravolainen et al. 2024; Speed et al. 2009). Different parts of the landscape can be damaged 
by basal-ice in winter, but habitats with shrubs (mountain aven, arctic bell heather) are particularly 
susceptible to damage (Milner et al. 2016), as are higher elevation locations (Lechler et al. 2025). 
Disturbance on tundra vegetation from both grazing animals and from basal-ice typically influences 
relatively small patches, ranging from 10 cm to less than 1 meter size, but can occur very frequently 
and heterogeneously distributed in the landscapes (Lechler et al. 2025; Peeters et al. 2019). 

Unmanned aircrafts / drones can provide data to landscape scale estimates of pink-footed goose 
grubbing (their specific type of spring grazing that disrupts the vegetation through removing moss 
and below-ground plant parts).  A recent study in spring habitat use and selection for pink-footed 
goose in Adventdalen showed that 23% of moss tundra and 11% of dwarf shrub heath in the study 
area was impacted by the geese the year of study, 2019 (Eischeid et al. 2023). There is, however, still 
need for more basic information such as how large proportion of the vegetation in a certain 
landscape is impacted by different disturbances and how many square meters these disturbances 
comprise.  

There is also a need for basic protocols outlining important decisions that need to be taken in using 
different methods effectively for achieving area numbers for disturbances on the tundra. 

 

Relevance  

The Svalbard Environmental Act specifies we are to avoid disturbance on the Svalbard tundra, and 
yet, naturally occurring disturbances are relatively frequent and commonly occurring. Registrations of 
both grazing damage and damage following basal-ice on the plants are important to report on, as 
such comparative studies are few. Knowing the area that is influenced by these natural disturbances 
will also give helpful reference material to compare with eventual direct human impact such as 
vegetation damage due to trampling by people. Measurement of disturbances is made better by 
combining information from traditional field methods (such as small quadrants or short transects 
registered in the field) and more technically demanding options like differential GPS and/or 
georeferenced drone imagery. 

  

Aims 
To document proportion area and size of area influenced by disturbances from climatic events and 
grazing animals (whilst also controlling for impact of grazing) and to suggest a protocol for improved 
measurement of disturbances on Svalbard tundra. 
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Methods  

The overall approach of this project was to combine different sources of data to measure 
disturbances in selected tundra habitats. We combined two target habitats: moss tundra (occurring 
under bird cliffs in Brøggerhalvøya and in gentle slopes in Adventdalen and Sassendalen) in concave 
portions of the landscape and mountain aven habitats on convex ridges (Brøggerhalvøya, 
Adventdalen and Sassendalen). Some of the data is collected from various terrain and habitat types 
between these target habitats. These landscapes offer a combination of locations with pre-breeding 
sites for pink-footed geese (Adventdalen), breeding site for pink-footed geese (Sassendalen) and 
areas that are periodically used by geese (Brøggerhalvøya). In addition to disturbance from geese 
these study locations hold a varying degree of damage to plants from winter basal-ice. We also have 
access to an experiment that excludes geese and reindeer in part of Adventdalen at Janssonhaugen 
and in Brøggerhalvøya, established in 2020/2021, which gives the opportunity to compare 
disturbances in tundra in early re-growth when protected from grazing. 

We utilized differential GPS (dGPS), field measurements in vegetation plots (0.5 x 0.5 m) and transects 
(30 m length), and drone-imagery (Figure 1). The dGPS system used in this project are Leica devices 
that record positions with an antenna on a tripod and an antenna on a portable so-called rover stick 
linked with a controller in which the recordings are registered according to codes defined for the 
project (Viva GNSS GS16 antennas and CS20 field controller). Other models of dGPS can also be used 
for the same purpose. The drone imagery used in parts of this project were acquired with an eBee X 
mapping drone carrying a four-band parrot Sequoia+ camera (8cm ground resolution) or a three band 
Aeria X camera (2 cm ground resolution) (SenseFly, now EagleNXT).  

Initially the project was planned to run in 2022 and 2023 but was postponed due to personnel 
changes. This also gave us the opportunity to combine multiple years of data collection in synergy 
with work conducted in COAT (Climate-ecological Observatory for Arctic Tundra) program. For drone 
flights, we are confined to reporting on results from 2022, as software access has delayed processing 
of 2023-2025 imagery. For the 2023-2025 period we report on use of dGPS combined with field data 
measures. 
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Figure 1. Field work using differential GPS (upper left, Ingrid Marie Garfelt Paulsen recording moss tundra 
with wetland character) and field measurements of transects and plots (upper right, Lea Lipphardt 
conducting grubbing measurements along a transect in moss graminoid tundra). The instrumentation 
includes a Leica geosystems antenna mounted on a tripod on points that are recorded long enough to 
achieve accurate positioning using corrections from a known permanent position, and another antenna 
mounted on a portable rover stick that receives positions from the base stations (lower left). On the rover 
stick a controller device is used to record lines, polygons (connected points) for pre-defined categories (lower 
right). The lower right figure also shows tundra covered in biotic crust of predominantly lichens in this case. 
Photos: Virve Ravolainen/Norwegian Polar Institute. 

 

Estimates of area influenced by disturbances in the selected tundra landscapes 
Drone imagery and field measurements of disturbance in vegetation plots 
For investigation of relationship between disturbances (goose grubbing and winter-damage) and 
tundra vegetation index, we performed a study of field data between 2018 and 2022 comparing to 
drone-imagery from the same years, using a set of monitoring sites in the COAT program (Figure 2). 
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These data include drone imagery acquired with a fixed-wing ebeex drone carrying a four-band 
Sequoia camera (8 cm ground resolution) or a three band AeriaX camera (2 cm ground resolution) 
prior to this project and data from 2022 acquired within this project.  

 
Figure 2. Example of co-location of field measurements for goose grubbing, winter-damage on vegetation and 
use of imagery from a drone and satellite (Paulsen et al. 2025). In this study, where we in the last year of field 
work in 2022 also had support from this project, we used data from COAT monitoring sites on 
Brøggerhalvøya, in Adventdalen and in Sassendalen. Figure form Paulsen et al. (2025). 

 

The COAT field monitoring stations located in the valleys Adventdalen and Sassendalen, and on the 
Brøggerhalvøya peninsula have replicates of sites with moss tundra and mountain aven ridges. The 
field stations represent these types of vegetation in the larger landscape surrounding them, which is 
regularly photographed with drone imagery. Details of the field sampling and image analysis can be 
found in the publication of Paulsen et al. (2025), Eischeid et al. (2021 and 2023). 

 

Disturbances recorded in small areas and along transect-lines using dGPS 
To collect data for comparisons of disturbed and not disturbed vegetation we utilized landscapes 
where field measurements of goose grubbing are established and monitoring has been conducted 
since 2018 in the COAT program. In these areas we used the dGPS to identify the same categories of 
grubbing in small areas or walking lines that cross several habitat types, and include stations where 
monitoring with field measurements is done (Figures 3 and 4).  
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Figure 3. Drone image overlaid with a study area delineation that encompasses vegetation monitoring stations (red dots), 
30 m long transect for recording of grubbing disturbance using traditional field methods (white lines between blue dots), 
and transect lines recorded with dGPS in the same study area. This example is from Janssonhaugen.  
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Figure 4. Drone image overlaid with a study area delineation that encompasses vegetation monitoring stations (red dots), 
30 m long transect for recording of grubbing disturbance using traditional field methods (white lines between blue dots), 
and transect lines and polygons recorded with dGPS in the same study area. This example is from Stuphallet at 
Brøggerhalvøya.  

 

To achieve data collection during 1 or 2 field days per location, which is a realistic and typical time use 
for work in sites that are not in the immediate vicinity of research facilities, we sampled the 
landscape walking across it in a semi-structured manner. The aim of the data collection was not a 
fully randomized sampling that would produce area representative results but rather to target the 
data collection to the selected habitat types (Figure 3-5). Therefore, we structured the field data 
collection to encompass the general area where monitoring is on-going, and to cross the landscape 
by walking between the monitoring sites in the parts of terrain that were accessible (i.e. not too wet 
or steep). When disturbed areas were found that fell outside the strictly grubbing and winter-
damaged vegetation we recorded them as well, such as tundra surface collapse due to thawing active 
layer (Figure 5).  

Information was recorded in the dGPS using predefined categories of disturbed and not disturbed 
vegetation types for which disturbance type could be attributed to. Grubbing by pink-footed geese  
can be of different severity, and we divided it to categories denoted “p” (for picking; holes in the 
vegetation left by the beak of the goose), “b” (for bulldozing; a small area in which mosses are tossed 
around and left lying on top of the tundra as the geese forage for root, minimum size 10 cm 
diameter) and “c” (for crater; patch of tundra where moss and vascular plants have been removed 
and silt or sand substrate is exposed) (Figure 6 from Eischeid et al. 2021).  
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Figure 5. Example of a landscape sampled for the project (upper left), here from Stuphallet at Brøggerhalvøya. In the 
photo variation between moss graminoid tundra (green), mosses with wetland character influenced by springs upslope 
(bright green), polar willow heath (foreground) and drier ridges with mountain aven vegetation (grey gravel areas) can be 
seen. Vegetation monitoring stations and exclosures for preventing grazing are dispersed in the landscape. Master 
student Tabor Noteboom is measuring moss graminoid tundra in one of the exclosures on Brøggerhalvøya (upper right). 
Some types of disturbances fell outside the target disturbance types for this project, such as active layer thaw induced 
tundra surface collapse that Stein Tore Pedersen is measuring in Sassendalen (lower panel). In the foreground and 
background of the image also grubbing impact can be seen. Photos: Virve Ravolainen/Norwegian Polar Institute. 
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Figure 6 (modified from Eischeid et al. (2021)). Text inserts with white background denote moss graminoid vegetation 
without disturbance and moss graminoid grubbed (here level “bulldozing”), and mountain aven and arctic bell heather 
without winter damage and winter damaged shrub. Images of 16 ground-cover classes that were included in the initial 
classification scheme (in Eischeid et al. 2021). row 1: moss-graminoid, moss-equisetum, wetland, moss-brown-wetland; 
row 2: Carex subspathacea, heath-moss, heath-graminoid, dryas; row 3: cassiope, winter-damage-woody, biological crust, 
grubbing; row 4: winter-damage-moss, bare ground, gravel, water. The class snow is not shown in this graphic.  

 

Disturbances recorded in and around herbivore exclosure experiments using dGPS 
To compare registrations of disturbance in and outside of exclosures that prevent grazing, we used 
data from an experiment established in 2020 at Janssonhaugen and in 2021 at Brøggerhalvøya. Each 
exclosure has a 5 x 5 m control area open for grazing by geese and reindeer, in association with 
fencing that prevents reindeer (reindeer out, 5 x 5 m) or geese (geese out, 5 x 5 m) or excludes both 
types of herbivores (geese and reindeer out, 5 x 5 m). These are built in either a square shape (10 x 
10 m) or in line after each other (5 x 15 m).  

Upon visiting the exclosures in the field, the dGPS was used to record the same categories as used for 
the above measurements. We measured areas (polygons) inside and outside the exclosures.  

Moss graminoid undisturbed 

Mountain aven shrub 

 arctic bell heather  winter-damaged shrub Moss graminoid grubbed 
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Protocol for measuring disturbances  
For the suggested protocol for measuring disturbance, we combine experiences from using 
traditional field methods (plots and transects), dGPS recording of small areas (polygons) and longer 
transects (lines with buffer around that convert to polygons), and vegetation index extracted from 
high resolution drone-imagery. We base this combined protocol on field transect protocols that are in 
use in COAT for grubbing (https://data.coat.no/dataset/s_grubbing_transect_v5), workflows 
presented in Eischeid et al. (2021) and in Paulsen et al. (2025) for mapping landscapes with dGPS and 
drone, in addition to experiences from this project. 

 

  

https://data.coat.no/dataset/s_grubbing_transect_v5
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Results  

Estimates of area influenced by disturbances in the selected tundra landscapes 
We worked in study areas that, when delineated by a polygon surrounding monitoring stations in a 
given location, covered in total 1.82 km2. Total sampled area with dGPS is 22980.6 m2. Size of study 
area in the different locations was approximately 12 000-76 000 m2 (Table 1). Size of a study area can 
vary between projects and for different purposes one may need smaller or larger areas. Landscapes 
included here contain some elevational gradients and many different vegetation types, and in size are 
such that they can be sampled during 1-3 days of field work, which is not an uncommon situation in 
Svalbard.  

A total of 2056.9 m2 was categorized as disturbed and 20 923.7 m2 without disturbance, when all 
types of vegetation recorded with the dGPS are included.  

Table 1. Years and locations in this project. The total study area refers to areas delineated around vegetation 
monitoring stations. 

Area Year Total study 
area in m2 

Total area 
covered with 
dGPS in m2 

Percent of 
covered area 
with dGPS 

Comments 

Sassendalen 
2023 - - - 

Not covered 
with dGPS this 
year 

2024 26 7583.7 2192.6 0.82  
2025 76 4942.0 1246.9 0.16  

Janssonhaugen 
2023 27 8052.6 5217.1 1.88  
2024 21 4692.2 1202.0 0.56  
2025 34 4912.0 1161.1 0.34  

Brøggerhalvøya 
2023 14 9378.1 6692.2 4.48  
2024 12 0292.8 1417.4 1.18  
2025 71 1887.0 2778.7 0.39  

 

Drone imagery and field measurements of disturbance in vegetation plots 
A large proportion of the plots 0.5 x 0.5 m monitoring plots in the Paulsen et al. (2025) study were 
grubbed in years 2018-2022, and we found that severe goose grubbing reduced the vegetation index 
(Normalized Differential Vegetation Index, NDVI) when analyzing drone imagery at the plot level 
(Figure 7). We found no relationship of NDVI and grubbing on site level using drone or satellite 
images. Moss tundra habitat in Sassendalen and Stuphallet had the highest proportion of plots 
disturbed by severe goose grubbing (67%–81%). 
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Figure 7. From Paulsen et al. 2025. Predicted effects on normalized difference vegetation index (NDVI) from total biomass 
(the dots show actual data points) from (A) plots in Dryas ridge habitat (dry_p_drone_b, intercept 43.11), (B) plots in 
moss tundra habitat (mos_p_drone_b, intercept 59.58), and (C) sites in moss tundra habitat (mos_s_drone_b, intercept 
60.55), and (D) residual NDVI (model mos_p_drone_c, intercept 0.18) with no grubbing (0), light grubbing (1) and severe 
grubbing (2). Different lines are shown for the locations (loc) Adventdalen (adv), Brøggerhalvøya (bro) and Sassendalen 
(sas). Models shown are those with 95% confidence intervals not crossing 0 (note that the NDVI scale is multiplied with 
100). 

 

Disturbances recorded using dGPS and field transects in the study areas 
Overall, the aera with disturbed moss tundra and mountain aven/arctic bell heather dwarf shrub 
vegetation varied considerably between years and locations (Table 2). We recorded 503-5 518 m2 of 
moss tundra and 0- 421 m2 disturbed by grubbing dependent on area and year. Grubbed moss tundra 
in percent from undisturbed moss tundra corresponded to 29% in Sassendalen, at Janssonhaugen in 
Adventdalen 1% in 2023 and 12% in 2025, and approximately 8% on Brøggerhalvøya in 2023 and 
2024, and 0.1% in 2025.  

In total, we recorded 825.2 m2 winter-damaged dwarf shrubs. Area of winter-damaged mountain 
aven was between 7 and 417m2 corresponding to 2-82%, dependent on area and year. Percent 
mountain aven with winter damage was highest at Brøggerhalvøya where basal-ice is more frequent 
than in Nordenskiöld Land.  

Field transects of 30m length provided smaller area covered, which is expected given the size and 
length of these transects. These registrations have somewhat lower values for grubbing, and in some 
cases different values than the dGPS recordings. For example, in Sassendalen in 2024, the 29% 
grubbed moss tundra is not reflected as well in the traditional 30m transects that showed only 5.7% 
grubbed. 
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 Table 2. Locations, years and areas with signs of disturbance in the target vegetation recorded with dGPS and with traditional field transects  

 

Table 3. Registrations of moss tundra with and without grubbing from Janssonhaugen and Brøggerhaløvya study areas where herbivores are excluded by fencing. All 
values given in m2. 

Area Year Treatment Moss 
graminoid 

Grubbed moss 
graminoid 

Cassiope 
tetragona 

Winter damaged 
Cassiope tetragona Dryas octopetala Winter damaged Dryas 

octopetala 

Janssonhaugen 
2023 Goose and reindeer out 122.7 15.5 0 0 27.8 0 

Control 118.8 0.1 0 0 28.3 0 

2024 Goose and reindeer out 98.1 0 0 0 16.9 0 
Control 94.0 0 0 0 16.9 16.9 

Brøggerhalvøya 
2023 Goose and reindeer out 140.2 0 0 0 31.1 0 

Control 132.8 0 0 0 37.4 0 

2024 Goose and reindeer out 195.2 16.3 0 0 16.6 16.6 
Control 184.7 15.6 0 0 15.4 15.4 

 

  Data from dGPS mapping Field transects 

Area Year 
Moss 
graminoid 
in m2 

Grubbed 
moss 
graminoid 
in m2 

Percent of 
grubbed 
moss 
graminoid 
in m2 

Cassiope 
tetragona 
in m2 

Winter 
damaged 
Cassiope 
tetragona 
in m2  

Percent of 
winter 
damaged 
Cassiope 
tetragona in 
m2 

Dryas 
octo-
petala in 
m2 

Winter 
damaged 
Dryas 
octo-
petala in 
m2 

Percent of 
winter 
damaged 
Dryas 
octopetala 
in m2 

Transects 
with no 
grubbing in 
m2 

Transects 
with 
grubbing 
in m2 

Percent of 
grubbing in 
transects in 
m2 

Sassen-
dalen 

2023 - - - - - - - - - 6.2422 0.9578 13.3 
2024 1354.5 398.4 29.4 53.9 53.9 100 275.4 7.1 2.6 6.7930 0.4070 5.7 
2025 553.2 0 0 0 0 - 255.4 0 0 7.0884 0.1116 1.6 

Jansson-
haugen 

2023 1981.3 24.2 1.2 547.2 26.8 4.9 491.1 0 0 5.2904 0.1096 2.0 
2024 781.0 0 0 40.1 40.1 100 147.3 48.6 33 5.3776 0.0224 0.4 
2025 503.6 58.5 11.6 28.9 28.9 100 59.4 0 0 5.3446 0.0554 1.0 

Brøgger-
halvøya 

2023 5518.4 421.0 7.6 0 0 - 140.8 0 0 10.6004 0.1996 1.8 
2024 1155.0 93.8 8.1 0 0 - 98.6 61.8 62.7 10.7756 0.0244 0.2 
2025 1584.8 2.2 0.1 0 0 - 507.5 417.6 82.3 10.0908 0.7092 6.6 
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Disturbances recorded in and around herbivore exclosure experiment using dGPS 
There was similar amount of moss graminoid and mountain aven vegetation inside and outside 
herbivore exclosures. Inside the exclosures, there was no grubbing except for one station at 
Janssonhaugen. The grubbing recorded in 2024 inside the herbivore exclosure at Brøggerhalvøya was 
classified as grubbing, but in reality is from before the experiment was set up in this case. 

 The area of mountain aven vegetation was similar inside and outside the herbivore exclosures. The 
area of winter-damaged mountain aven was independent of the herbivore exclusion (Table 3). There 
is no arctic bell heather vegetation in this experiment, hence 0 values. 

 

Protocol for measuring disturbances  
When attempting to map disturbances in a tundra landscape several decisions need to be taken to 
delineate the study design and methods choices. These include delineating which are the target 
disturbance types that require recording or monitoring, which parts of the landscape are of interest, 
what is the size of the area to be mapped, what are time and resource constraints as well as what 
type of equipment is available. In this project we present options for a case where area 
representative sampling is not required, and protocols are for use in target habitats that are known to 
be susceptible to certain types of disturbances.  

 

Our suggested protocols are at three different levels given what equipment and expertise is available 
(Tables 4-6). The simplest form of recording is using field measurements along transect located using 
a stratified random sampling of target habitats. In our examples we use 30 m long transects co-
located around vegetation monitoring sites. Such transects can be monitored for any purpose, and 
are useful for disturbances that occur in small patches (see table 1 and for more detail 
https://data.coat.no/protocol/protocol_s_grubbing_transect_v2/resource/9db3dd04-fb61-4648-
a1f1-75fb6b981b42). The next level in terms of equipment and skill needed is using a differential GPS 
system. This type of recording can be used for very small points or used along longer lines as we have 
done in this project to achieve better representation of the landscape. Lastly, georeferenced drone 
imagery can be utilized given there are resources available to analyze the images (see table 6 and 
Eischeid et al. 2021, Paulsen et al. 2025).  

https://data.coat.no/protocol/protocol_s_grubbing_transect_v2/resource/9db3dd04-fb61-4648-a1f1-75fb6b981b42
https://data.coat.no/protocol/protocol_s_grubbing_transect_v2/resource/9db3dd04-fb61-4648-a1f1-75fb6b981b42
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Table 4. Level 1 simple protocol for sampling selected disturbances in target habitats by using field measured transects 

Question Answer/Solution Comment 
What is the target 
disturbance? 

Example: Pink-footed goose grubbing  

Which categories can 
be used for the 
disturbance? 

Example:  
Severe: “Crater” is used where geese have made open patches on the tundra 
removing mosses and vegetation so that bare ground, mud or sediment is visible. 
“Bulldozing” is used when more than a point is cleared of mosses and a patch of 
approximately minimum 10 cm diameter is clearly disturbed.  
Light: “Picking” is used of grubbing where a hole is visible in the moss or the ground 
made by the beak of the goose. 

Other naming or categorization can be used depending 
on the need of the research/monitoring.  

Which are the focus 
habitats and 
vegetation?  

Example: Moss graminoid tundra and wetlands  

How to locate the 
focus habitats and 
select sites? 

Consider typical size of each disturbance type and the expected distribution in the 
landscape, e.g. small and common or large but few and widely distributed. 
Option 1: use existing map layers to pre-select coordinates for sampling.  
Option 2: survey a landscape for possible locations and select the final set of sites from 
a list 

Often maps are not available and one needs to pre-
locate a set of possible sites by walking in a particular 
landscape. A list of pre-selected possible coordinates 
given a set of selection criteria can then be used to 
make a random draw from to select the final locations. 

How many sites 
should be chosen? 

Ideally more than 10 and up to 30 replicates within a landscape   

Are there criteria 
that limit selection? 

Limit the pre-selected list of possible sites according to constraints such as time 
available for field work, vicinity to roads, cabins or similar that may interfere with the 
data 

 

Which equipment is 
needed? 

Simple affordable equipment such as measuring tape, normal GPS, note books  

How to sample? Delineate sampled area per recording so that square meter numbers can be extracted 
from the data 

Confer with existing protocols and literature to tailor 
the measurements. 

How to handle the 
data? 

Deposit the data in an online or institutional repository with good backup routines, 
control the data immediately after entering in the field 

 

Reference: virve.ravolainen@npolar.no (2025). Protocol_S_grubbing_transect (from Protocol_S_grubbing_transect) [Data set resource]. NINA. 
https://data.coat.no/dataset/protocol_s_grubbing_transect_v2/resource/9db3dd04-fb61-4648-a1f1-75fb6b981b42  
 

 

https://data.coat.no/dataset/protocol_s_grubbing_transect_v2/resource/9db3dd04-fb61-4648-a1f1-75fb6b981b42
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Table 5. Level 2 protocol for sampling selected disturbances in target habitats by using dGPS  

Question Answer/Solution Comment 
What is the target disturbance? Example: Pink-footed goose grubbing  
Which categories can be used for 
the disturbance? 

Example:  
Severe: “Crater” is used where geese have made open patches on the tundra 
removing mosses and vegetation so that bare ground, mud or sediment is 
visible. “Bulldozing” is used when more than a point is cleared of mosses and 
a patch of approximately minimum 10 cm diameter is clearly disturbed.  
Light: “Picking” is used of grubbing where a hole is visible in the moss or the 
ground made by the beak of the goose. 

Other naming or categorization can be used depending 
on the need of the research/monitoring.  

Which are the focus habitats and 
vegetation?  

Example: Moss graminoid tundra and wetlands  

How to locate the focus habitats? Consider typical size of each disturbance type and the expected distribution 
in the landscape, e.g. small and common or large but few and widely 
distributed. 
Option 1: use existing map layers to pre-select coordinates for sampling.  
Option 2: survey a landscape for possible locations and sample along the way 

Maps are often not available. Prior knowledge of the 
landscape is very useful and walking around the area 
to get an overview of which parts of the landscape to 
include makes recording more efficient. Aerial imagery 
can be used to scan the landscape prior to field work. 

How to sample the landscape? Plan a route to walk and either use something visible at a distance to walk 
towards or use a compass/GPS to walk a certain direction. 

It is more efficient to plan the recording so that 
unnecessary walking is avoided. Avoid transect lines 
up and down slopes or crossing very wet or steep 
areas. Make a plan ahead of start. 

Are there criteria that limit 
selection? 

Limit the pre-selected list of possible sites according to constraints such as 
time available for field work, vicinity to roads, cabins or similar that may 
interfere with the data 

 

Which equipment is needed? GNSS antennas, tripod, field controller, sd cards, computer to extract and 
store the data to 

 

How to sample? Walk with a predefined width of a strip that falls into same category 
vegetation or disturbance. Make a pre-defined code list in the dGPS project 
to save time while recording in the field. Ensure to use a specific GNSS format 
(such as RINEX) while recording in the field. Write detailed metadata for time 
start of logging, area, purpose of the dGPS data collection etc. 

Get used to the dGPS menu prior to field work and 
conduct a test recording from the field to the step of 
exporting data from the devices 

How to handle the data? Deposit the data in an online or institutional repository with good backup 
routines 

Decide for export format for the point/line/polygon 
data; ascii export serves for simple point recording, for 
line and polygon work use .dxf or .xml formats 
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Table 6. Level 3 protocol for sampling selected disturbances in target habitats by using dGPS and a mapping drone providing georeferenced imagery 

Question Answer/Solution Comment 
What is the target 
disturbance? 

Example: Pink-footed goose grubbing  

Which categories can be 
used for the 
disturbance? 

Example:  
Severe: “Crater” is used where geese have made open patches on the tundra 
removing mosses and vegetation so that bare ground, mud or sediment is visible. 
“Bulldozing” is used when more than a point is cleared of mosses and a patch of 
approximately minimum 10 cm diameter is clearly disturbed.  
Light: “Picking” is used of grubbing where a hole is visible in the moss or the 
ground made by the beak of the goose. 

Other naming or categorization can be used depending on the 
need of research/monitoring.  
The spectral information from the images will likely not be able 
to detect the least severe category when only small, separate 
holes are made by the geese.  

Which are the focus 
habitats and vegetation?  

Example: Moss graminoid tundra and wetlands  

How to locate the focus 
habitats? 

Select landscapes based on prior field knowledge, a need to map a specific area 
with unknown usage by geese or refer to published grubbing maps from literature 

 

How to sample the 
landscape? 

Pre-plan the flight to cover enough area while making efficient use of flight time 
given battery capacity. 

 

Are there criteria that 
limit selection? 

Ensure to conduct the flights given any restrictions in the area, such as airports, 
infrastructure, protected areas, wildlife, consult the Governor of Svalbard and 
regulations for drone usage in Svalbard, apply for necessary permits 

 

Which equipment is 
needed? 

A mapping drone with a real time kinetics GPS system on, a computer with flight 
planning software, ground control points, GNSS antennas, tripod, field controller, 
sd cards, computer to extract and store the data to 

 

How to sample? Conduct the flights first, then survey the area using the dGPS for ground truthing. 
Write detailed metadata on the flights and the dGPS.   

Be prepared for a minimum of 1-2 field days of ground truthing 
for a landscape that takes 1-2 hours to obtain images 

How to handle the data? Copy log files from the drone and from the software on the computer, copy images 
from the drones SD card, copy mission files from the drone software. Export dGPS 
data from the controller and from the GNSS antenna mounted on the tripod. 
Deposit the data in an online or institutional repository with good backup routines. 
Select data processing software according to the needs given imagery either RGB 
or multi-spectral, and what is needed of terrain models for further work with the 
data. Depending on the needs of the project, extract values from the ortomosaics 
based on the dGPS data or proceed to different classification methods for 
producing maps.  

For dGPS see table 2. Set aside processing time for the drone 
imagery, first steps of geotagging images preferably taken in the 
field taking some hours for each 1-2 flight, and later processing 
from geotagged images to orthomosaics, vegetation indices and 
terrain models estimated 2 weeks per some days of field 
campaign.  
See Eischeid et al. 2021 for support to the workflow from 
selecting ground classes to image processing and classification to 
maps. 

References:  Eischeid et al. (2021), Paulsen et al (2025), Assmann et al. (2019), see also Attachment 1.
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Discussion  

The disturbances that this project focused on commonly occur in the target habitats, and the results 
are within similar ranges as found in other studies using field transects or drone imagery. Grubbing is 
inherently variable in nature, as the geese arrive in spring and utilize those parts of the landscape 
that are snow free (Eischeid et al. 2023; Speed et al. 2009). The results from this project confirm that 
one particular study area can in one year have grubbing in the selected sampling area, and values can 
be lower again in the next year(s). Variation in recorded grubbing was in this project largely between 
8% and 29%, which corresponds well with a drone-study of Adventdalen that found 23% of the moss 
tundra likely to get grubbed (Eischeid et al. 2023). In smaller plots used for vegetation monitoring 
(Paulsen et al. 2025), the highest proportion of grubbed plots was higher, up to 67-81% of the plots. 
Although there is annual variation in exactly which spot in the landscape is disturbed by foraging pink-
footed geese in spring, a considerable portion of the moss tundra in central Spitsbergen is impacted 
by grubbing regularly. The grubbing impact may not last very many years on one particular patch, 
however the knowledge of re-growth and re-grubbing is largely lacking.   

Winter damage recordings on dwarf shrubs were somewhat lower in this project than what 
was found in vegetation monitoring plots from 2018-2022 amounting upto 71-77% of plots with 
damaged shrubs (Paulsen et al. 20205). In data from this project winter-damage amounted to 2-82% 
with very large range in values. Brøggerhalvøya has the highest frequency of winter basal-ice (Lechler 
et al. 2025) and also had the highest values for winter damage in this project. The shrubs have 
capacity to survive damage to parts of the plant and variation in the numbers for winter-damage is 
likely due to the plants re-covering and growing new shoots from the same root system.  

 The 30 m long transects that are annually monitored in COAT for grubbing showed somewhat 
lower percentage of grubbing than the dGPS data from the same landscape using the dGPS. This may 
simply be due to the fact that more area could be covered using the dGPS and spending more time 
on registering moss tundra, and hence more grubbed patches were sampled as well. The patchy 
nature of grubbing makes it somewhat challenging to monitor using permanent field transects, but 
on the other hand it is usually possible to collect data from them and it requires considerably less 
time (both in field and in processing the data afterwards) and technical skill. dGPS recording of 
disturbances serves multiple purposes as the data can also be used accurately with drone imagery. A 
combination of field transects, dGPS and drone over monitoring areas is of high value, to ensure both 
reliable data collection, and precision. The drone-based classification of grubbing in Eischeid et al. 
(2021) showed that it is possible to detect grubbing from the imagery. However, transferability of the 
models from one area to another were relatively poor, suggesting that for repeat analysis with drone-
imagery one may need to perform the whole workflow from image acquisition to ground truthing to 
classification to obtain grubbing maps.  

 In guidance to method selection we have chosen to provide three separate suggestions; one 
for each type of method. This allows for the future projects to select one or all of them, depending on 
what capacity, competence and resources they have available. A combined protocol would likely have 
become quite complicated to use. However, work during this project combined with the monitoring 
that COAT program carries out every summer season demonstrates that the different methods can be 
used at the same time and that they all provide useful data. 
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Conclusion  

The results of the project show that multiple methods can be used to capture the dynamic and 
spatially variable small-scale disturbances on the Svalbard tundra. The more technical equipment is 
becoming common, and allows for very accurate results. However, both for securing that some data 
can still be collected should the equipment fail in the field, and to ensure that even in lack of 
processing capacity after the field work, traditional methods such as line transects and manual 
entering of observed data still have their place in the tool kit for ecologists. A combination of the 
technically advanced dGSP and drone data with traditional field data remains an operational choice.  
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Attachment 1. 

Workflow for working with drone imagery to map tundra vegetation and different disturbances form Eischeid et al. 2021 

Table 1. Method planning workflow for drone flight campaigns and image classifications in a tundra landscape. Studies for the steps where guidance has 
been published are referenced. Asterisks indicate the steps we included in our study. Reference in the table can be found in the publication 
https://www.mdpi.com/2072-4292/13/21/4466#. 

Topic Solution 

(1) Flight planning  

What to consider when planning field work? Choose appropriate image overlap and camera angles for desired final product. * 

 
Ensure that the type of the drone, the camera and flight speeds integrate well with one another to obtain high-quality images of suitable 
resolution and avoid blurring due to slow rolling shutter speeds [60]. * 

 
Follow appropriate radiometric calibration guidelines. See guidelines from Aasen et al. [31], Assmann et al. [54] and Tmušic et al. [53] with 
advice for choices of flight line, (image) overlap, camera type, drone type, weather and sun, radiometric calibration, geolocation, ground 
control points and ground truthing. * 

 Ensure accurate geolocation of images and groundtruthing data. * 

(2) Variable selection  

Which variables to derive from the drone images? 
A priori knowledge of the landscape is important to select appropriate data layers and resolutions that represent ecologically explainable 
heterogeneity in the terrain. * 

How to assess which of the available variables to include in a classifier? Variable importance can be ranked in a preliminary classifier using a subset of the available data [61,62]. * 

Which variables best discriminate between ground-cover classes? Exploratory data analysis via visual inspection of data via plotting to detect patterns important for the classification. * 

What neighborhood size to select? Neighborhood size can be ranked in a preliminary classifier using a subset of the available data [61,62]. * 

 Appropriate neighborhood sizes for secondary layers can be computationally derived using a minimum entropy approach [63]. 

 Computational limits may define the minimum resolution or maximum possible neighborhood sizes [64]. * 

(3) Ground-cover class selection  

https://www.mdpi.com/2072-4292/13/21/4466
https://www.mdpi.com/2072-4292/13/21/4466#B60-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B31-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B54-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B53-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B61-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B62-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B61-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B62-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B63-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B64-remotesensing-13-04466
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Topic Solution 

How to define the first choice of ground-cover classes for the classifier? Data-driven—Cluster analysis to see the separability of data without human input (unsupervised classification). 

 
Research-driven—Considering data-driven results define classes that are present in the area of interest for monitoring or expected to 
change over time (supervised classifications). * 

How to choose between classifier robustness and ground-cover class 
detail? 

Pre-define the ecological context of the ground-cover classes to determine which ones are meaningful to merge due to ecological 
similarities. * 

How to increase transparency on class selection and its effects on 
classification accuracy? 

Define documentation of how the final classes, explain class merges and the research consequences of mixing classes. * 

(4) Classifier development and validation  

How to choose groundtruthing points? Choose areas that are representative for the ground-cover classes and large enough sample sizes [65]. * 

 
Aim for a training data cover of approximately 0.25% of the study site [66] (recommendation based on medium-coarse grain satellite 
data). 

 Avoid spatial autocorrelation of groundtruthing points by stratified random sampling in a blocked design [67] 

How to avoid overfitting the classifier? Split the dataset into training and validation datasets (such as K-fold mechanism or using random resampling) [64]. * 

How to assess classifier robustness? Use an independent validation dataset for external validation [68] 

 
If an independent dataset is not available, repeat runs of the classifier though multiple K-fold runs or repeat sampling of training and 
validation dataset [68]. * 

 
Additional map validation by local experts can help discover issues that go undetected by classifier evaluation statistics. This can be 
conducted, for example, by visually comparing the classified map with the drone images, pictures or revisits to the site. * 

(5) Transferability of classifier  

How to assess the potential for transferability? Exploratory data analysis via visual inspection of data via plotting to detect trends/shifts in values across sites or time intervals. * 

How to test the transferability of the classifier? Repetition of data collection in new area, creation of independent classifier and test in other area. * 

How to improve the transferability of the classifier? Tree pruning, simplification of the classifier, transferability functions [69,70] 

 

https://www.mdpi.com/2072-4292/13/21/4466#B65-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B66-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B67-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B64-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B68-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B68-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B69-remotesensing-13-04466
https://www.mdpi.com/2072-4292/13/21/4466#B70-remotesensing-13-04466
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