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Using remote sensing for land cover mapping and
change detection of lichen biomass in Hardangervidda

Olav Strand and Tobias Falldorf
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Bæreevne og høsting

 Teoretisk forhold mellom bestandsstørrelse, beiter og avkastning

 Økonomisk bæreevne (ECC)

 Høsting brukes for å “regulere” bestandene ved en valgt tetthet

- Harvest opportunity (HCC)
- Maximum Sustainable yield (MSY)
- Lichen production (LCC)

- (Sinclair 1997: Carrying capacity and the 
overabundance of deer)
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Jaktuttak og regulering av bestandene

 I et regulert system: 
 Jaktuttaket må være stort nok til å
redusere bestandene når de er ved stor
tetthet og liten nok til å tillate vekst ved
små tettheter

 Utfordringen for forvaltningen er å velge
bestandsmål som er I samsvar mellom
beiter og ønsker om avkastning

 Deretter å skaffe seg data om
bestandsstørrelse, tilvekst og
jakteffektivitet slik at en kan fastsette
jaktkvoter som er tilpasset de enkelte
bestandene
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Målvalg i bestandsforvaltningen

0,3 reindeer / km218006300 km2SR

1,1 reindeer /km290008136 km2HV

1,0 reindeer / km217001769 km2FH

App. DensityPopulation goalRange sizePopulation
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Målvalg og beiteressurser

4,10,60,3SR

7,41,61,1HV

2,71,11,0 FH
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Bestandsforvaltningen; kulturtradisjon med ambisjoner

 Hensyn til dyr og beiter før økonomi, 
dvs at en stort sett har satt beskjedne 
bestandsmål

 Presis måldefinisjon mht antall dyr, 
kjønns og alderssammensetning

 Øke beitekapasitet og kondisjon er et 
mål i mange (alle?) områder

 Dette er ”avanserte” forvaltningsmål-
innebærer f. eks stabilisering av 
bestandene
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Har en nådd måla med bestandsforvaltningen?

 Resultatene viser at en har nådd mange av måla som har er definert 
for bestandsforvaltningen

 Problemer med å ”regulere” enkelte bestander og det er større 
svingninger enn ønskelig fra et høstings eller økonomisk synspunkt 
(størst utfordringer i region 1, og i de største villreinområdene)

 Kan oppnå større presisjon med andre metoder eg. radiomerking, 
samtidig som at en lærer mer om inn/ utvandring mellom bestandene

 Tilgjengelige data indikerer at en har nådd langsiktige mål som;

• Kondisjonsøkning (HV + SR)
• Forbedring av beiter (HV)
• Ønska kjønns og aldersstruktur

 Fortsatt et kunnskapsbehov knyttet til dynamikken i bestandene og 
mulighetene som forvaltningen har til å drive en presis 
bestandsforvaltning

 Vi mangler kunnskap om effekter av jakt eks. jegerseleksjon og 
virkningen av tiltak som tar sikte på å redusere slike effekter
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Hardangervidda og tetthetsavhengige effekter

Slaktevekt simler (kg)
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AGENDA

 Land cover mapping to be used with GPS data; how many classes and at 
which quality?? – (Good enough to give explanatory power in habitat 
selection models)

 Estimation of lichen biomass also to be used with GPS data

 Change detection; - has liken biomass changed at Hardangervidda and has 
managers succeeded in increasing reindeer winter forage quality?
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LAND COVER AND LICHEN BIOMASS MAPS ARE
PREREQUISITES FOR HABITAT MODEL

RegresjonKlassifisering

Reindeer specific land cover classification/ 
vegetation map with high resolution needed 
for a complete model definition

Lichen biomass believed to influence habitat 
selection especially during winter

21
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EXTENSIVE PREPROCESSING REQUIERED

Training points

GPS accuracy

Outliers

Weighting of sample points

Split in Test-/Training Data

Defining apriori probabilities

Images

Image acquisition (resembling method)
• NN (nearest neighbour) – best for 

heterogeneous habitats –
prioritizes reflectance

• CC (cubic convolution 3*3 pixels)

Ortho rectification

Topography Correction
• C-correction
• Minnaert correction
• Cosine correction

Radiometric correction
• Destriping
• Dehazeing
• Cloud-masking
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METHOD COMPARISION BETWEEN PARAMETRIC AND NON-
PARAMETRIC CLASSIFIERS

Classifiers

Parametric
• Maximum 

Likelihood
• Minimum 

Distance
• …

Non Parametric
• Tree
• kNN
• Neuronal 

Networks
• …

Supervised Unsupervised
• Cluster

Possible Meta Classifiers: Winner, voting, weighted probabilities, 
bagging, boosting

Possible Meta Classifiers: Winner, voting, weighted probabilities, 
bagging, boosting

- 13 -NINA faglunsjj

AUXILIARY DATA TESTED TO IMPROVE ACCURACY
Seasonal Landsat images and DEM and derivates

Digital elevation model

Elevation

Relative Elevation

Slope

Aspect

Ruggedness

Hillshade

Landsat images (May/June)

Single Bands

NDVI and derivates

Snow masks

Critical: How to combine the different datasets?Critical: How to combine the different datasets?
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TRAINING DATA AGGREGATED TO EIGHT DIFFERENT CLASSES
5700 Training points collected from fieldwork and aerial photography's

C2Rik Fjellbjørkeskog
A4Blåbærskog4,7443SkogForest

(J4), K4, L(3)4, (M4)Myr "frukt"
J1,K1,L1,M1Myr "busk"
J2,3(4),K2-3, L2, M2-3Myr "tørt"9,0554MyrMire

T8, T9, T10Snøleie annet
T1/T2/T3/T4/T5/T6Snøleie blandet
T5 / T7Mosesnøleie
T4 / T6Musøre- / Polarviersnøleie
T4 / T5Musøre- / Mosesnøleie
T1, T2, T3Gras- / Engsnøleie18,0275SnøleieSnow Layer

S1 Leside annet
S3abBlåbærhei
S2abDverbørk-krekkling-lavhei
S6, S7Kratt
S4, S5 (S6, S7)Eng21,5360LesideLeeside

R1cde, R2c, R3, R4, R6, R7, R8Rabbe annet
R1a/R1b/R2a/R2b/R5Rabbe blandet
R5Grasrabb
R2bReinlavrabb
R2aKvitkrullrabb
R1bGullskinnrabb
R1aGreplyngrabb26,51345RabbeRidge

(R1 Berg)Sten ved vann
(R1 Berg)Berg / Blokk9,5489Berg / BlokkBerg

(O-Q)Vann9,11395VannWater

-Snø
-Is1,2359Snø/IsSnow/ Ice

-Skygge0,5570SkyggeShadow

Fremstad CodeSub Class NorwegianA priory 
probabilities(1)

Sample
-points

NorwegianMain Class

(1) estimation based on (Gaare et al 2005)
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DESCRIPTION OF LANDCOVER CLASSES (I)
Snow/ice

Hardangerjøkull and smaller glaciers as well as 
permanent ice- and snow-fields dated 09. august 
2003 with a minimum diameter of approximately 
20x20m

Predominantly high areas in the western parts

Water

Natural and artificial lakes, rivers and streams

Equally distributed throughout Hardangervidda

Ridge

Low, often sparse vegetation dominated by 
mostly oligothrophic lichen heath and grass 
communities; only a thin, unstable snow cover 
during winter usually less than 50-60cm; high 
variations in temperature (Lye 1975, Fremstad 
1997)

Low to high alpine areas of Hardangervidda
especially dominant in (south) central areasD
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) n.a. n.a. R1 Trailing Azale - lichen/bryophyte st.:

Arctostaphyllus alpinus, Loiseleuria procumbens, 
Thamnolia vermicularis, Alectoria ochroleuca, 
Alectoria nigrans, Bryocaulon divergens, Ochrolechia
frigida, Coelocaulon aculeatum, Cetraria cuculata, 
Cetraria nivalis
R2 Dwarf birch - mountain crowberry st.: Betula
nana, Diapensia lapponica, Cladonia spec.
R5 Graminoid ridge: Carex bigelowii, Festuca
ovina, Hieracium alpinum, Juncus trifidus, Luzula
spicata, Salix herbacea, Solidago virgaurea
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am
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e

Sample dataSample data

Highlight most important/characteristic species?
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DESCRIPTION OF LANDCOVER CLASSES (II)
Leeside

Heather-, tall herb- or scrub-dominated, dense 
vegetation; stable snow cover; long vegetation 
period due to early snow melting; predominantly 
situated on hillsides; balanced temperature and 
moisture

Occurrence in low- to middle alpine regions

Snowbed

Low, grass-, moss- or fern-dominated vegetation; 
thick and stable snow cover (4-10m); short 
vegetation period due to late snow melting; 
predominantly situated in depressions with 
north-east exposition; high soil-moisture; 
disturbances due to landslides

Distributed mainly in western and south central 
areas of Hardangervidda

Mire

Moist bog- and fen vegetation build up on turf 
and other organic material; vegetation mostly 
dominated by moss- and grass-species; situated 
in water accumulating slopes, often former lakes; 
plant composition depending on nutrition and 
moisture-conditions

Distribution throughout HardangerviddaD
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) S2 Juniper - dwarf brich heath: Betula nana, 
Juniperus communis, Empetrum nigrum coll., 
Barbilophozia lycopodioides, Hylocomium
splendens, Cetraria islandica, Cetraria nivalis
S3 Bilberry - blue heath and mountain crowberry 
heath: Deschampsia flexuosa, diphasiastrum
alpinum, Empetrum nigrum ssp hermaphroditum, 
Pedicularis lapponica, Vaccinium myrtillus, Dicranum
fuscescens, Hylocomium splendens, Pleurozium
schreberi, Cetraria islandica, Betula nana, Festuca
ovina, Cornus suecica, Vaccinium uliginosum
S6 Poor tall-herb meadow and scrub: Salix 
lapponum, Salix phylicifolia, Cirsium helenioides, 
deschampsia cespitosa, Filipendula ulmaria, 
Geranium sylvaticum, Pedicularis sceptrum-
carolinum

Mesothrophic mires (majority of mires in 
Hardangervidda): Eriophorum angustifolium, 
Eriophorum scheuchzeri, Carex rostrata
Oligothrophic communities: Eriophorum
vaginatum, Rubus chamaemorus, Empetrum
hermaphroditum, Betula nana
Macrophytic water communities (scarce in 
Hardangervidda): Carex rostrata and Ecquisetum
fluviatile sometimes to form pure stands in open 
water (Lye 1975)
Euthropich mires: Carex nigra, Comarum palustre, 
Polygonum viviparum (Lye 1975)
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Sample dataSample data

T1 Grass snowbed: Nardus stricta, Deschmapsia
flexuosa, Anthoxanthum odoratum, Carex bigelowii, 
Phylodoce caerulea, Juncus trifidus
T2/3 Poor/Rich snowbed meadow: Ranunculus 
acris, Anthoxanthum odoratum, Alchemilla
glomerulans
T4 Dwarf willow snowbed: Salix herbacea, 
Ranunculus glacialis, Luzula spec.
T5 Poor, bryophyte snowbed: Polytrichastrum
sexangulare, Anthelia juratzkana
T6 Net-leaved willow – polar willow st.: Salix 
reticulata, Salix polaris

Highlight most important/characteristic species? - 17 -NINA faglunsjj

DESCRIPTION OF LANDCOVER CLASSES (III)

Open to dense birch-forest with bilberry- or tall-
herb dominated ground cover

Study area fringed by subalpine birch forests on 
its western, southern and eastern borders at 
lower altitudes (< 1200 m)

Rock

Bare, exposed rock and soil at extreme 
locations; only scarce vegetation in sheltered 
crevices accounting for < 15% of land cover

Mainly occurring in high western and south-
central areas of Hardangervidda showing 
extreme climate conditions and/or steep terrain 

Unclassified

Unclassifiable pixels due to shadow as cast in 
Landsat TM5 (path/row: 199/18;9th Aug 2003)

Steep slopes in north-west exposition; mainly 
occurring in western areas
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) A4 Bilberry woodland: Betula pubescens, 
Vaccinium myrtillus, Picea abies, Pinus sylvestris, 
Deschampsia flexuosa, Vaccinium vitis-idaea, 
Dicranum majus, Hyloconium splendens, Pleurozium
schreberi, Ptilium crista-catrensis, Empetrum nigrum, 
Phyllodocaea caerulea, Pedicularis lapponica

C2a Tall-herb, downy birch st.: Betula pubescens, 
Salix glauca, Deschampsia cespitosa, Alchemilla
ssp, Aconitum septentrionale, Athyrium filix-femina, 
Cicerbita alpina, Geranium sylvaticum, Millium
effusum, Myosotis decumbens, Stellaria nemorum, 
Trollius europaeus

n.a.
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Forest

Sample dataSample data

Epilithic lichen vegetation mixed with other ridge 
communities in more protected areas (R7): 
Rhizocarpon, Umbilicaria, Parmelia-Arctoparmelia-
Pseudephebe-Brodoa, Xanthoria elegants, 
Physconia, Ramalina polymorpha, Arcarospora, 
Dermatocarpon

Highlight most important/characteristic species?
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5700 SAMPLE POINTS FROM FIELDWORK AND AERIAL PHOTOS

(1) With average feature number of 4 within subgroups created from auiliary data
(2) Estimation based on (Gaare et al. 2005)

Main
Class

Sample
-points

Forest 443 4,7

Mire 554 9,0

Snowbed 275 18,0

Leeside 360 21,5

Ridge 1 345 26,5

Rock 489 9,5

Water 1 395 9,1

Snow/ice 359 1,2

Shadow 570 0,5

Apriori 
prob.(2)

Pre-processing of sample points

Estimation of apriori probabilities:
• Apriori probability describes the expected class distribution before classification
• Additional decision support for classifiers, when the spectral characteristics of a 

pixel don't allow for a clear allocation to a unique class
• Apriori probabilities for the landcover classes in Hardangervidda derived from 

airborne vegetation classification along transects during summer 2004 based on 
visual interpretation (Gaare et al. 2005)

• Adoptions necessary due to partially differences in class definitions classes used

Filtering of sample points collected in the field through excluding those with an GPS 
accuracy less than 15m RMS to ensure congruence of field data and Landsat pixel

Exclusion of sample points classified as obvious outliers as measured by their 
summed absolute differences between recorded reflectance values compared to class 
means within all single bands

We opted against cross-validation fro accuracy assessment hence the remaining 
sample points were split in training and testing data

• Stratified random sample of 100 training points per class with subclass as 
covariate resulting in 800 training points (excluding shadow) compared to 
necessary sample size ranging between 575 (Congalton and Green 1999) and 
~960(1) derived from proxy (Mather 1999a) for statistically valid testing

• Minimum number of 260 training points per class with the exception of snowbed 
vegetation with only 175 training points with overall 4 900 training points 
satisfying both estimates for minimum sample size for statistically valid training

Weighting of sample points for training and testing by apriori probabilities to 
compensate for skewed field sample and thereby get a more proportionally distributed 
sample as expected using random sampling

Sample dataSample data
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CALIBRATION OF CLASSIFIER PARAMETERS WITH
SIGNIFICANT IMPACT ON ACCURACIES

Example: kNN-Classifier

10 12 14 16 18 20 22 24 26
0.70

0.71

0.72

0.73

0.74

0.75

0.76

0.77

stopped
gain: -0.011, attribute: c83bb3, CA: 0.752

c83bb3 gained 0.752
gain: -0.008, attribute: c83bb1, CA: 0.763

c83bb3 gained 0.760
c83bb1 gained 0.763

gain: 0.059, attribute: c83bb6, CA: 0.771
c83bb6 gained 0.771
c83bb3 gained 0.705
c83bb1 gained 0.753

gain: 0.064, attribute: c83bb5, CA: 0.713
c83bb6 gained 0.686
c83bb5 gained 0.713
c83bb3 gained 0.678
c83bb1 gained 0.691

gain: 0.083, attribute: c83bb4, CA: 0.649
c83bb6 gained 0.623
c83bb5 gained 0.604
c83bb4 gained 0.649
c83bb3 gained 0.586
c83bb1 gained 0.637

gain: 0.157, attribute: c83bb2, CA: 0.566
c83bb6 gained 0.552
c83bb5 gained 0.539
c83bb4 gained 0.531
c83bb3 gained 0.556
c83bb2 gained 0.566
c83bb1 gained 0.525

start (0.410)

Second step: Determine k
First Step: FSS

(forward/backward selection)

Acc

- 20 -NINA faglunsjj

SAMPLING SCHEME, SIZE AND WEIGHTING WITH 
SIGNIFICANT IMPACT ON ACCURACY

Example: Confusion matrix kNN before auxiliary data

Weighted with apriori probabilitiesUnweighted

Testing Sample: 100 random points per class;
necessary sample size dependent on dimension of FSS

Testing Sample: 100 random points per class;
necessary sample size dependent on dimension of FSS
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kNN WITH OVERALL ACCURACY OF ~80%
Auxiliary Data with a gain of ~5%-pt.
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kNN Tree ML Majority

Acc.

3.9

4.7
4.9

4.7

0
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6

kNN Tree ML Majority

Acc.

Auxiliary data used through definition of homogeneous sub areas (relative 
elevation and snow coverage in June) with specific apriori probabilities-

Hig- low terrain, with snow and no snow

Auxiliary data used through definition of homogeneous sub areas (relative 
elevation and snow coverage in June) with specific apriori probabilities-

Hig- low terrain, with snow and no snow
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SNOWBED VEGETATION WITH HIGHEST GAIN
THROUGH AUXILIARY DATA

100 99

78 78
73

67

78

89
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Snow Water Ridge Leeside Snowbed Myr Forrest Rocks

Acc.

0 0 8 -1 9 -6 10 -1Gain in 
%pt.
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Hardangervidda
Landcovermap

2003

0 10 20 30 405
Kilometers

Classes
Shadow

Snow/Ice

Water

Ridge Veg.

Leeside Veg.

Snowbed Veg.

Myre

Birch Forrest

Rocks
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DISTRIBUTION OF CLASSES AS PREDICTED FROM kNN
Ridges with ~25% of total 

1.1

9.3

26.1

23.2

16.6

7.1

5.1

11.2

0.4
0

5

10

15

20

25

30

Snow Water Ridge Leeside Snowbed Mire Forrest Rocks Shaddow

%

1.2 9.1 26.5 22.0 18.0 9.0 4.7 9.5Apriori
Probabilities 0
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OUR LEARNINGS: KEY SUCCESS FACTORS FOR 
VEGETATIONMAP 

Reduction of Classes: how many classes are really necessary?

Efficient sampling scheme in fieldwork: the more points the better

Number of sampling training points should be somewhat proportional to apriori
probabilities

Educated preprocessing is critical: images and sample points

Non-parametric Classifiers superior to parametric

kNN with advantage when dealing with heterogeneous classes

Auxiliary data especially helpful for snowed Vegetation
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AGENDA

 Land cover mapping

 Estimation of lichen biomass

 Change detection

 Discussion
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CORRELATION BETWEEN NDLI/ND45 AND LICHEN BIOMASS
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GAUSSIAN REGRESSION FUNCTION FOR LICHENVOLUME
NDLI and ND45 with adjusted Rsq. of ~70%
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R = 0.84260070 Rsqr = 0.70997594 Adj Rsqr = 0.70408713
Standard Error of Estimate = 9.7630
f=a*exp(-.5*( ((x-x0)/b)^2 + ((y-y0)/c)^2 ))

Coefficient Std. Error t P
x0 0.3633 0.0268 13.5607 <0.0001
y0 0.0169 0.0029 6.1130 <0.0001
a 59.4112 4.5511 13.0542 <0.0001
b 0.1180 0.0169 6.9899 <0.0001
c 0.1834 0.0304 6.0390 <0.0001

Analysis of Variance: 
DF        SS MS F                 P

Regression 4          45966.7475       11491.6869       120.5635     <0.0001
Residual 197      18777.3440       95.3165
Total 201      64744.0915       322.1099

Durbin-Watson Statistic = 1.4625 
Normality Test:  Passed (P = 0.4837)
Constant Variance Test: Passed (P = 0.0656)
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Lichen
Distribution

2003
[cdm/sqm]

0 10 20 30 405
Kilometers

0 - 5
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Aggregated from 
30m to 150m grid
Aggregated from 
30m to 150m grid
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Landsat5 199/18 08aug03 b5/4/2 (Hardangervidda, Norway) L5 08aug03, b5/4/2L5 08aug03, b5/4/2

- 31 -NINA faglunsjj

Landsat5 199/18 31jul94 b5/4/2 (Hardangervidda, Norway) L5 31jul94, b5/4/2L5 31jul94, b5/4/2
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Landsat5 199/18 20aug84 b5/4/2 (Hardangervidda, Norway)L5 20aug84, b5/4/2L5 20aug84, b5/4/2
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RELATIVE CALIBRATION THROUGH PSEUDO INVARIANT 
FEATURE METHOD (PIF)

Absolute calibration proofs to be difficult

Example: Relative Calibration through class “rock” as PIFChange

Change in vegetation

vs.

Interfering  Parameters
• Sensor degeneration
• Atmosphere
• Sun-sensor-target 

relation
• Earth-sum distance
• Wetness
• Time of year 

(phenological state of 
vegetation)

• …
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Lichen
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80% GAIN IN LICHEN VOLUME SINCE 1984
Higher gain in second decade
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How does it translate spatially?How does it translate spatially?
(1) Like-for-like change for cloud free areas
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80% GAIN IN LICHEN VOLUME SINCE 1984
Higher gain in second decade
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Summer Winter Calving
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Summer Winter Calving
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Summer Winter Calving
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Snow depth late winter 2004 Snow depth late winter 2006Snow depth late winter 2005

- 46 -NINA faglunsjj

000000
0 5 10 15 20 25

km

Disturbance

High
 
Low
Reindeer area

¯

Snow depth late winter 2004 Snow depth late winter 2006Snow depth late winter 2005

- 47 -NINA faglunsjj

Oppsummering
lett blanding av + og -

Repeterbarheten er stor- produsent uavhengighet
Habitatklassene og biomassemålet i lavbeitene hadde betydelig forklaringsevne i 
habitatassosiasjonsmodeller på HV – (30 meter og de klassene vi har benyttet
fungerer på rein)
Estimering av biomass er mulig, men en bør ta et utvalg av bakkepunkter for å
teste sammenhengen mellom de to indeksene og bakkemålinger dersom en skal
ekstrapolere ut i nye områder
L5 er billige bilder, dekker store områder, muligjør retrospektive analyser, men 
det er en utfordring å finne gode bilder- været er en utfordring, gjelder også andre
bilder med høyere oppløsning som må bestilles- dette kan ta tid
Vanskelig å finne gode bilder! – kan være lettere i de andre områdene!
Må teste lavindeksene på beiter som avviker mye fra reinens beitetilbud på HV, 
(mye større – vs mye mindre biomasse)
Krever en viss mengde bakkedata som må hentes inn fra hvert område

Av betydelig interesse å teste hvor generelle resultatene er, e.g. lage
modell for et område, deretter hente test data.


