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Abstract. Landcover heterogeneity information considering soil wetness across the entire Arctic tundra is of interest for a
wide range of applications targeting climate change impacts and ecological research questions. Patterns potentially link to
permafrost degradation and affect carbon fluxes. First a landcover unit retrieval scheme which provides unprecedented detail
by fusion of satellite data using Sentinel-1 (synthetic aperture radar) and Sentinel-2 (multispectral) has-been-was adapted.
Patterns of lakes, wetlands, general soil moisture conditions and vegetation physiognomy are represented-interpreted at 10 m
nominal resolution. Units with similar patterns are-were identified with a k-means approach and documented through statistics
derived from comprehensive in situ records for soils and vegetation (more than 3500 samples). The result goes beyond the
capability of existing landcover maps which have deficiencies in spatial resolution, thematic content and accuracy although
landscape heterogeneity related to moisture gradients cannot be fully resolved at 10 m. Wetness gradients have been-eventuatty
were assessed and measures for landscape heterogeneity were derived north of the treeline. About 40 % of the area north of the
treeline falls into three units of dry types with limited shrub growth. Wetter regions have higher landcover diversity than drier
regions. 4566 % of the analysed Arctic landscape is highly heterogeneous with respect to wetness eonstderingHemxHeam-tnits
at a 1-km scale (representative scale of frequently used regional landcover and permafrost modelling products). Wetland areas

cover on average 9 % and moist tundra types 32 %, whatis-petentiatty-which is of relevance for methane flux upscaling.

1 Introduction

Landsurface hydrology, moisture gradients, wetting and drying processes play a major role in the context of Arctic biodiversity
studies, carbon flux upscaling, carbon pools quantification, permafrost mapping and human impact assessment. In order to
address such processes both open water fraction and soil moisture related information is essential. In the Arctic, the landscape
heterogeneity and especially the occurrence of lakes, has so far been a major limiting factor for retrieval of near surface soil
moisture time series using microwave satellite data as commonly applied on regional to global scale due to spatial resolution
(Hogstrom and Bartsch, 2017; Hogstrom et al., 2018; Wrona et al., 2017). Landcover properties are therefore often used as

proxy for subground conditions. Multi-spectral satellite data, especially from Landsat (36a)-have-been-30 m) were regionally
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employed for characterizing typical tundra landscape types reflecting moisture regimes and vegetation physiognomy previ-
ously (Bartsch et al., 2016b). Soil characteristics are for example required for parameterization of heat transfer modelling for
permafrost studies (Westermann et al., 2017). Global landcover maps are currently used although deficiencies for the Arctic are
known. This relates to thematic content as well as high landcover heterogeneity not reflected by the comparably coarse spatial
resolution. For example, the accuracy of the Landcover CCI dataset (300 m) for high latitude wetlands has-been-was deter-
mined to be only 19 % (Palmtag et al., 2022). Nevertheless it has-been-used-for-was used for example for permafrost modelling
(Westermann et al., 2017) and wetland delineation (Olefeldt et al., 2021; Albuhaisi et al., 2023) accepting the uncertainties in
the absence of a better alternative.

The issue of spatial resolution has-been-was extensively discussed for water bodies (Liljedahl et al., 2016; Muster et al.,
2019) and also for further landcover features on regional scale (e.g. fluxes (Virtanen and Ek, 2014), soils (Siewert et al., 2015),
carbon balance and landscape heterogeneity (Treat et al., 2018)). All studies call for very high resolution data, in the order of
few meters or sub-meter scale, for which availability and access is limited (Bartsch et al., 2023). A scheme with high thematic
content (with respect to tundra) has-been-was previously implemented based on Hkmxtkm-1 km x 1 km data using multispectral
data (AVHRR - Advanced Very High Resolution Radiometer; Walker et al. (2005); Raynolds et al. (2019)). This widely used
Circumpolar Vegetation Map (CAVM) provides vegetation community information but does not provide a measure of the high
spatial heterogeneity of Arctic landscapes.

Recently, data from the multispectral Sentinel-2 mission which provides +0-20m-10-20 m detail came into focus. This
provides an advance compared to for example Landsat (3030 m) although still lacking some detail. Such data have-been-were
also shown of added value in combination with C-band radar information from Sentinel-1 with similar resolution to obtain
landcover related information (Bartsch et al., 2019a, 2020; Scheer et al., 2023). For example the approach by Bartsch et al.
(2019a, b) is based on a combination of Sentinel-1 and Sentinel-2 using a k-means unsupervised classification. The application
potential of the obtained landcover units (21 classes) has-beer-was shown in regional studies (Bartsch et al., 2019a; Bergstedt
et al., 2020; Kraev et al., 2022; Spiegel et al., 2023). The approach targets use of landcover information as proxy for soil
conditions, specifically wetness gradients. This is achieved through focus on the use of selected bands of Sentinel-2 and the
choice of frozen state acquisitions of Sentinel-1.

Wetness patterns are known to drive the occurrence of certain vegetation communities in tundra environment (e.g. Silvertown
et al. (2014); Dvornikov et al. (2016); Ackerman et al. (2017)). A commonly used multispectral index is the Tasseled Cap
Wetness Index. This index has-been-was demonstrated of value for longterm change studies targeting permafrost degradation
in tundra (Nitze and Grosse, 2016). Whereas the commonly used Normalized Vegetation Index NDVI utilizes the red and near
infrared information only, the Tasseled Cap Wetness index also considers green and short-wavelength infrared information
(Crist, 1985). Considering Sentinel-2, bands available at +6m-10 m as well as 20m-20 m nominal resolution are of interest.

The use of Sentinel-1 is usually confined to unfrozen conditions in order to use the moisture information reflected in the
backscatter measurements (e.g. for the Arctic, Reschke et al. (2012); Ou et al. (2016)). High backscatter is associated with high
soil moisture. Other scattering mechanisms, such as surface roughness, however, also contribute to backscatter increase. It has

been-was shown that relevant information can be also derived from C-band SAR data acquired under frozen conditions (Bartsch
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et al., 2016b; Widhalm et al., 2015).Hasbeenwas for example demonstrated in Bartsch et al. (2016b) that C-band frozen
backscatter at HH polarization (horizontally sent and horizontally received) can be used as proxy for estimation of near surface
soil organic carbon in tundra regions. For tundra environments, this also coincides with speci ¢ landsurface wetness gradients
whathrasbeenwasinitially shown for ENVISAT ASAR (Advanced Synthtic Aperure Radar) Global monitoring mégtea(

km) by Widhalm et al. (2015). The derived CAWASAR (CircumArctic Wetlands based on Advanced Aperture Radagsmap
beenwaspreviously applied for a permafrost equilibrium model soil parameterization (Obu et al., 2019) as well as for a recent
estimation of the global methane budget (wetlands as input for landsurface modelling (Saunois et al., 2016), global wetland
map compilation (Zhang et al., 2021)) and climate change vulnerability assessment (Karesdotter et al., 2021).

Bartsch et al. (2019a) demonstrated that the different landscape units derived based on selected Sentinel-1/2 data re ec
differences in soil wetness as can be determined by seasonal subsidence patterns derived through SAR Interferometry. Ice i
the soil pores melts and commonly leads to subsidence throughout the summer. This effect is less pronounced for dryer soils
The initial land-cover map covered Western Siberia with 20 m nominal resolution (Bartsch et al., 2019b). On regional scale,
classesiavebeenwerealso matched to vegetation community descriptions. The classi cation accuracy ranged between 70
and 83.3 % for central Yamal (Bartsch et al., 2019b). The approach does however consider bands of Sentinel-2 which have
10 m as well ag6m20 m resolution. Adapted super-resolution processing capdaeveverused for transformation t6m
10 m nominal resolution. Thisiasbeenwas shown applicable in case for Sentinel-2 for Arctic environmiatsre(Bartsch
etal., 2021b). Bartsch et al. (2021b) also demonstrate the feasibility of Sentinel-1/2 for circumpolar processing, but with focus
on arti cial objects. Circumpolar implementation of a landcover unit retrieval with high detail is, however, still lacking. A
map for tundra regions based on Sentinel-1/2 and digital elevation inforntadigmeenwas previously published, but with
lower thematic content (ten classes, CALC-2020, (Liu et al., 2023)). Topographic information was used in addition and shown
to be the dominating factor in the random forest method based retrieval. In addition, shrub growth patterns which are a key
characteristic of tundra landscapes (Raynolds et al., 2019) are not distinguished (Liu et al., 2023).

The purpose of this study was to provide an account of tundra land cover heterogeneity, considering wetness gradients anc
diversity. (1) Landcover units at comparably high resolutis@rl0m) and thematic content needed to be derived for the entire
Arctic north of the treeline (Circumarctic Landcover Units - CALU). (2) Heterogertgitypeenwasassessed with respect to
the scale of current global permafrost modelliagr1 km). (3) The landcover units alsexvebeenweredocumented with in
situ data regarding their vegetation and soil properties to facilitate further use.

This requires an approach feasible to be implemented for the entire Arctic. A strategy is needed to extent the prototype
landcover units as suggested in Bartsch et al. (2019a) wdsielve-were distinguished by combining the multispectral and
C-band synthetic aperture radar data for representative regions (climatic gradients). The original approach considered only tog
of atmosphere radianc2dm20 m resampled data and at to moderate terrain. The latter allowed the ustfof Sentinel-



circumpolar scale, what requires the use dinstead (Small, 2011). Overall, a retraining of the classi er is needed considering
the enhanced pre-processing techniques.

2 Data

95 2.1 Satellite data

100 synchronous orbitandtheyare 180 degrees apart from each ot%e%weeaﬁhebservaﬂema%elh%eeﬁentmel—lA (Iaunched

in April 2014) and Sentinel-1B (launched in April 2016, operation stopped in December 2020) have an identical C-band SAR
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band: four bands have a spatial resolutlon of 10 m, six bands of 20 m, and three bands of 60 m (ESA, 2015). Bands 3 (green,
10 m), 4 (red, 10 m), 8 (near infrared, 10 m), 11 (SWIR, 20 m), 12 (SWIR, 28awbeenwere used for the classi cation
120 following the prototype scheme (Bartsch et al., 2019a, b).
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2.2 Landcover prototype

The original prototype covered a transect reaching from the Yamal peninsula into the northern part of the West Siberian
Lowlands (Figure 1). Four bioclimatic zones are covered. The processing is based on Sentinel-1 and Sentinel-2 images with

bands sampled @620 m. Top of atmosphere radiance was originally used for Sentinel-2 and normafifed Sentinel-1.
25 classes were considered, including three water classes, but excluding permanent snow/ice and shadewshasethe

labeled based on eld data and expert knowledge (Bartsch et al., 2019a).

Vegetation Map (Raynolds et al., 2019) with subzoAgstigh-Aretic-tundra;B) Arctic tundra: northern variant, C) Arctic tundra southern
variant, D) Northern hypo-Arctic tundra, E) Southern hypo-Arctic tundra.
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2.3 Insitu data

Three types of in situ records are available: (1) full pedon descriptions for key regions, (2) eld data of soil surface organic

which contains relevés (geobotanical plots) made in accordance with the Braun-Blanquet tradition (available for download at
the AVA website, https://avarus.space). The relevés include species lists and species' cover estimations, as well as vegetatiol
and habitat characteristics. They cover square plots with an area of 14(D4ri% cover 100 f, 12 % cover 4 A, other

variants comprise less than 10 %). These plots are typically distributed across a 10x10 km site to ensure the representation o
various plant communities with a statistically signi cant number of plots. The AVA data used in this\sashptainedduring

The following in situ measurements are used for the assessment and assighumendescriptions:

1. sites with full pedon descriptions (Palmtag et al., 2022)

— Volumetric Water content (%)
— Organic volumetric content (%)
— Mineral volumetric content (%)
— Wet and dry bulk density

— Soil organic carbon and total nitrogen density
2. sites with soil surface organic horizon depth (cm) (partial overlap #(h
3. vegetation coverage (%) (from AVA https://avarus.space/pro le/about/ , Zemlianskii et al. (2023))

— Trees
— Tall shrubs

— Low shrubs



160

165

170

175

180

185

— Erect dwarf shrubs

— Prostrate dwarf shrub
— Graminoids

— Tussok graminoids

— Forbs

Seedless vascular plants

Mosses and liverworts

Lichen

— Crust

Algae

Bare soil

Bare rock

Litter

taiga transition zone, which need to be considered in the assessment. The Alaska Large Fire Database (https://www.frames.gov
contains current and historical reported re locations and re perimeters. It builds on Kasischke et al. (2002). The database
covers all of Alaska and contains about 4600 polygons for re extent dating back to breakouts in 1942. Polygons which overlap
with the analyses extent date back to 2002. The latest res represented are from October 2021.

Digital elevation data are required for pre- and post-processing of the satellite data. The Copernicus DEM GLO 90 was used.
It represents the surface of the Earth including buildings, infrastructure and vegetéiin@d m spatial resolution. It covers
the full global landmass of the time frame of data acquisition (2011-2015). The Copernicus DEM is based on the SAR-derived
WorldDEM dataset provided by Airbus and acquired by the TanDEM-X mission. According to of cial statistics published by
the Copernicus ithe DEM Product Handboolgverall absolute vertical accuracy of the dataset is 90 %, con dence level is >
4 m. For Svalbard th2dm20 m spatial resolution DEM of the Norwegian Polar Institute was used Melvaer (2014). This DEM
is based on stereo models of aerial pholesreaswvherethesewerenotavailablethe DEM-is built-en-elevationeentou

Air temperaturérasbeerwasderived from ERAS reanalysis data which combines model data with observations to provide a
globally consistent dataset (Hersbach et al., 2023). Theveladavere available from the European Centre for Medium-Range
Weather Forecasts (ECMWF) and accessed via the Climate Data Store (CDS). We used air températ@ne above the



Dataset C3S/Landcover CCI CAVM GAEGZG%GCALCZOZO LCP CALU
Reference Defourny-etat(in-preparatiof]SACCI (2017) | Raynolds etal. (2019) Liu etal. (2023) Bartsch et al. (2019a) this study
Spatial resolution | 366m300m 1600m1000m 16m10m 20m20m 16m10m
Primary source Sentinel-3 OLCI 2019 AVHRR 2000 Sentinel-1/2, DEM Sentinel-1/2 Sentinel-1/2
Extent Global North of treeline As de ned in CAVM Western Siberia As denedin
Classes/Units 38 16 10 21 23

190 usedin additionin orderto. clarify anomalougyveatherconditions(droughtand. ooding. conditions)impactingthe resultsin

2.5 Existing land cover information for comparison

Two circumpolar and one global landcover datdsstebeenwere compared to the landcover units (Table 1). The spatial
195 Raynolds et al. (2019)) is considered a key benchmark datasetiastieenwas developed speci cally for the Arctic by
vegetation experts. It provides a similar level of detail regarding shrub types and soil wetness.
The CAVM also includes information on bioclimatic subzones. In tetalve subzones are distinguished for the Aretic

3 Methods

200 In a rst step, a landcover unit retrieval schernesbeenwas adapted in order to achieve 10 m nominal resolution, consider
atmospheric correction, address issues in mountainous regions-amtrto-allow additional classes such as recent re scars,
snow and shadow. Resultavebeenwere cross-compared to results of the original processing scheme and to external datasets

205 Statisticshavebeenderivedfer-tkimx-tkmwerederivedfor 1 kmx 1 kmareas in a second step in order to quantify landcover

diversity in general and speci cally for wetland areas.

3.1 Landcover units retrieval scheme adaption

210 the entire map as CALU - Circumarctic Landcover Unitae prototypeis basedon anunsupervise-meansclassi cation.
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freelandareasyvereconsidered. All Sentinel-1 imagéswvebeenwere subset to the granules.

Sentinel-2 data are available in UTM projection and largely at Level 2A (orthorecti ed, top of atmosphere). Atmospheric

correctionis-wasrequired in order to account for related differences between the dates. We therefore applied atmospheric

preserved spectral characteristics. The original model was trained on Level-1 dataheselwtbeenwerenot atmospheri-

cally corrected, and global sampling. Bartsch et al. (2021a) retrained and tested the model on Level-2 data (output of sen2cor)
using the same published training and testing routines for selected granules from our study sites. After the super-resolution step
clouds were masked using the cloud mask output from sen2cor. In case of frequent fractional cloud cover also subsets of scene
havebeerwereused. Mostly mid-growing season acquisitibrasebeenwere considered for Sentinel-2, this means mid July to

et al. (2018), calibration, thermal noise removal and orthorecti cation using the Cope&tiet80 m resolution DEM. These
stepsarewerecarried out with the SNAP toolbox provided by ESA aeris:\:/:vas derived. After normalization, datasbeen
wasreprojected and subset to match the Sentinel-2 granules and temporal aveesgiagrwasperformed.

(Figure 1)hasbeenwas selected from the prototype landcover unit map in order to transfer the retrieval (re-training of the
maximum likelihood classi er) to the entire Arctic as well as to the output of the enhanced preprocessing (super-resolution
processing, atmosphere correction and useinstead of °). The units remained largely the samedditional-training



250 originally three water unitsavebeenweremerged into one water unithemodi ed prototypeclassi cationwasthenusedto

Illumination conditions impact the re ectance in the Sentinel-2 bands in mountainous &reasasbeenaddressedn

epsFi other/shadovwnitwasintroducedbasedontraining datacbtainedoverSvalbard-Not all shadow areasan

255 behoeweveridenti-edcould beidenti ed, due to similarities in re ectanceverwith water bodies and wetlands. Therefore a

second post-processing step based on the slope derived from the Copernicus DEM data was introduced. 'Water', ‘Permanen
wetlands' or ‘'shallow water' on slopes larger thanti#&vebeenwereset to 'other'. Shadow in regions with low slope (less than
3°) hasbeenwasset to 'water'.

3.2 Evaluation and documentation of landcover units

260 Unit speci ¢ validation was carried out for the new disturbance unit which targets bumeegusingreasising the Alaska
Fire Database.

The description of the units-was based on the comprehensive soil and a vegetation in situ dataset. Thestesternwas
previously used similarly in conjunction with a global landcover map (Palmtag et al., 2022). The second data set is part of a
tundra speci c international standardization and archive effort (Zemlianskii et al., 2023). Common statistics (mean, standard

265 deviation)havebeenwere derived and are supplied with the dataset documentation.

Unit descriptions consider abundance of vegetation types including shrub growth form/height as well as moisture conditions.

The following shrub typesrewereconsidered (following the differentiation of the CAVM, Raynolds et al. (2019) and Walker

et al. (2018)):

Prostrate dwarf shrub — approximately 5 cm, also referred to as prostrate shrub

270 — Erect dwarf shrub — up to 40 cm, also referred to as dwarf shrub
— Low shrub — up t&m2 m
— Tall shrubs — tundra biome species taller ti2am2 m

275
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of CALU for the comparisorrasbeenwasprimarily guided by the presence of shrubs. If more than 20 % of erect dwarf to
low shrubsarewere found on average thgassis-unit was assigned to shrub tundra. The assignment is referred to as grouping
A (Table 2).

3.3 Heterogeneity assessment

Landscape heterogeneityeventuatiywasaddressed through assessment of (1) richness with respect to the CAVM classi ca-
tion speci cations and (2) wetness diversity, both for 1km grid cells. The chosen cell size matches the grid of the permafrost
model CryoGRID (Obu et al., 2021) as well as tagerrasterversion of the CAVM (Raynolds et al., 2019). The number of

identi ed units (minimum 1 % fraction) withirtkmx-tkmeellshasbeenl km x 1 km cellswas counted for the CAVM classes.
Permanent snow and shadéwavebeenwere excluded from the richness assessment. In addition, mitshavebeenwere

grouped with respect to wetness (wet, moist, dry) for wetland and tundra classes, also excluding permanent snow and shadov
as well as water, forest and recently burned areas. Groups (referred to as B, TadleiZjenweresummed up resulting in

values of one (homogeneous) to three (heterogeneous).

4 Results
4.1 Coverage

1266 Sentinel-2 granules which overlap with the Arctic as identi ed in the CAVM (Raynolds et al., 2@¥@peenwere
identi ed (Figure 2). The use of three Sentinel-2 acquisitions was targeted to account for anomalies due to undetected clouds

images were available for 4 % of all granules. More than 3600 Sentinel-2 images at granuléaxtéstenwereincluded in
the processing.

No suitable Sentinel-2 acquisitiofsvebeenwere available in 52 (4 %) cases and in addition 66 (5 %) cases with no
Sentinel-1 data (Figure 2). The latter is related to the general Sentinel-1 acquisition strategy for IW modeecDetee
missing speci cally for Greenland and the Canadian High Arctic islands. Nevertheless, 97 % of the target area (CAVM extent)
could be processed. In 13 % of the area the availability of data was very limited and led to lower quality results or gaps (Figure
2 and 3). This results from acquisition date issues or inconsistencies #s¢a€opernicus DEM (no data: 23 times in case
of some inland water bodies and 2 times general gaps). ¥¥ébeenwere agged as medium and 3 % as low quality.

11
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4.2 Identi ed landcover units

23 unit typesareeventuattywerederived for the CALU (Circumarctic Landcover Units) map (Table 2). Descriptisag/ere

assigned summarizing the statistics of the in situ data, referring to wetness, vegetation physiognomy and abundance. The mos
common unit within the extent of the CAVA4-was unit #6 'dry to moist tundra, partially barren, prostrate shrubs' with overall

22.5 % (original 10x10m) and 28.5 % in the majority (1x1km) respectively. Thisaamitould be speci cally found in the

12



shallow water / abundant macrophytes wet 2.9 0.8
wetland, permanent wet 2.6 15
wet 35| 34

moist to wet tundra, abundant moss, prostrate shr| Grasslardzraminoids moist 1.3 0.9
dry to moist tundra, partially barren, prostrate shry Lichen/Moss dry 225 | 285
dry tundra, abundant lichen, prostrate shrubs Lichen/Moss dry 35 2.4
i 0.9 0.2

dry to moist tundra, prostrate to low shrubs 7.5 9.2
moist tundra, abundant moss, prostrate to low shri 6.0 7.0
85| 11.6

13| 07

moist to wet tundra, dense dwarf and low shrubs* 0.2 | 0.02
moist tundra, low shrubs 2.9 2.0
2.6 1.3

1.6 1.5

06| 0.1

03| 0.2

05| 03

forest (needle leave) with dwarf and low shrubs 0.1 0.1
partially barren 145 | 16.3
2.1 34

23 | other (incl. shadow) Other - 2.3 1.6
nd | - - - 6.1 -

13
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Figure 3. Number ofusedSentinel-2 scenegsed, bygranttesSentinelgranule, withinEAvM-the CircumpolarArctic Vegetationmap

both pedon and vegetation description as it represents vegetation along incised creek channels (moist tundra, dense dwarf an
low shrubs, Figure B41) whichre-were rarely sampled. Soil samples for inundated areas #@)itre were unavailable.
Vegetation samples for thigassunit are expected to be located at the boundary of shallow water bodies with macrophytes,

but in the same pixel. Theyavebeenwerenevertheless included in the tables and gures. The tdeleitwetnessieseription

14
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general wetness information contained in the vegetation records (Figure 6).

within the landcover unitsigure??Table3).
The "Barren’ unit #2lashadthe highest bare ground fraction with on average 32 % for soil and 2 % for bare rock. Bare

15
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Figure 5. Mineral volumetric content statistigox plot representingjuartiles,median,meanas’+' andoutliersas'*) for Circumarctic

and 'open stands' de nition level Il according to Viereck et al. (1992) (10 to 24 % crown canopy cover, and 24 to 60 %

respectively).

4.3.2 Soils

generalizatiorThe barren' unitiswasmost

16
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Table 3. Average coveragef differentlifeforms for eactunitfer-CircumarcticLandcoverUnit(CALU) basedon Russian Arctic Vegetation

Unit 2 3 4 5 6 7 8 9 10 11 | 12 | 13 14 | 15 16 | 17 | 18 | 19 | 20 | 21Mean
:Nymberpf: Samples| 51 | 56 | 47 | 68 | 412 | 142 | 85 | 354 | 348 | 293 | 78 | 20 | 193 | 95 | 181 7129 | 18 | 45 95431
Tree layer 1 0 8 0 0 0 2 4 1 2 1 4| 28 7 | 43 05
Tall shrubs 3 0 1 1 1 10 11 | 26 2 03
Low shrubs 2 1 8 11 19 | 36 | 23 21 4 17 6| 13| 26| 10 31
Erect dwarf shrubs 2 7 19 6 6 12 | 20 | 11 7| 11 9| 15| 18 | 18 | 49 14+
Prostr. dwarf shrubg 11 6 9| 14 11 13 6 13 15 10 5 8 6 8 0 1 1 1 108
Graminoids 18 | 30 | 30 | 27 20 14 | 22 20 24 18 9| 24 18 | 19 17 | 30 | 19 | 19 5 926
Tussok graminioids| 3 1 3 1 4 2 2 2 4 2 0 2 2 0 12
Forbs 12 7 9 4 11 2| 10 9| 19 12 | 12 41 | 12 | 29 | 12 9 912
Seedless vasc. pl. 3 0 1 1 3 1 2 1 3 2 1 4 0| 11 5 1 52

Mosses and liverw. | 33 | 37 | 74 | 65 41 33 | 40 54 71 63 | 54 | 43 58 | 38 43 | 43 | 37 | 54 | 62 1748

Lichen 8 | 15 5|11 16 27 | 23 14 9 10 | 13 | 11 12 | 26 3 3 5| 17 712
Crust 3 2 6 1 1 1 0 1 1 22
Algae 0 0 1 0 0 0 0 0 0 06
Bare soil 9 4 2 3 11 1 4 2|21 0 3 325
Bare rock 3 0 11 1 1 3 6 2 0 0 0 22
Litter 91| 22| 14| 24 8 10 | 22 13 18 11 | 14 | 15 11 9 17 | 25| 43| 15| 22 316

units#3, 4 and 8 (Figure 6). Unit 15 (dry to moist tundra, partially barren) &tsghada comparably high fraction of moist
and aquatic samples. The AVA recomsnplementomplementethe soil description for speci cally unit #6 (only four pedon

4.4 Fire disturbance assessment

The majority of input data for the landcover classi cativasbeenwas acquired between 2017 and 2020. The assignment to

determined in most cases due to averaging over up to three years. Burned areas from events befeegv20d#epresented
through otheelassegnits (vegetation recovery).

17



speci cally the case on the Alaskan North Slope (Figure 9).

375 4.5 Heterogeneity

CAVM extenthadat|eastl % wetlandwithin the 1x1 km cells(consideringhe sumof all types- units# 2, 3, and4), butonly

380 0.7 % werecellswith purewetlands The averagevetlandfractionacrosghe entire CAVM regionwas8.8 %.

be found at the same tirffégure3+ight)-45. 66 % of the CAVM extents-washeterogeneous regarding wetness (group sum

18
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Figure 8. Year of re for pixels in unit 17 (recently burned or ooded, partially barren) for Alaska (source: Alaska Fire database)

4.6.1 Prototype

400 Results welldemoenstratelemonstrated the resolution difference between the prototype2@ith20 m and the CALU with

405 originally classi ed as disturbeéiavebeenwere assigned to vegetatiogtassesunits units, speci cally #8 (dry to aquatic

4.6.2 Landcover CCI

The barren group of CCI Landcoverwas predominant in all tundra vegetation groups of CALU (Figure 18). In case of the
410 lichen/moss group of CALU, less than 30&ewerein the same group in CCI Landcover. Also the shrub and forest groups
arewere most abundant in shrub tundra and forest respectively. More than 88 % percent of the CCI Landcover group barren

20






