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change detection of lichen biomass in Hardangervidda
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Jaktuttak og regulering av bestandene
Teoretsk forhold mellom bestandsstrrelse, beter og avkastning
Gkonomisk biereeune (ECC)
. R I et regulert system:
Hosting brukes for &°regulere” bestandene ved en valgt tetthet
ECC Jaktuttaket ma veere stort nok til &
P % ) HCC Harvest opportunity (HCC) redusere bestandene nar de er ved stor
Y. o- A Vmum z“s““‘"af:ecge'“ (Msv) tetthet oﬁ; liten nok til & tillate vekst ved
1 £ 4 ichen production sma tettheter
Te MY o SRS g vy r e
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Utfordringen for forvaltningen er & velge
bestandsmal som er | samsvar mellom
beiter og gnsker om avkastning

Deretter & skaffe seg data om

Jaktuttak Hasting 3 B < 1, DD "limitation” bestandsstgrrelse, tilvekst og
o + jakteffektivitet slik at en kan fastsette
g ton bi {?ktkvoter som er tilpasset de enkelte
¥ Vegetasjon biomasse " estandene
o V Max 'y
% I’ %
Malvalg og
Mélvalg i bestandsforvaltningen
T D e Ty Populaion Gross densiy Density (o otal pastores Density to vinter pastures
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Bestandsforvaltningen; kulturtradisjon med ambisjoner

Hensyn til dyr og beiter fgr skonomi,
dvs at en stort sett har satt beskjedne
bestandsmal

Presis méldefinisjon mht antall dyr,
kjgnns og alderssammensetning

Dke beitekapasitet og kondisjon er et
mal i mange (alle?) omréader

Dette er "avanserte” forvaltningsmal-
innebaerer f. eks stabilisering av
bestandene

Har en naddd méla med bestandsforvaltningen

Resultatene viser at en har nadd mange av méla som har er definert
for bestandsforvaltningen

Problemer med & "regulere” enkelte bestander og det er starre
svingninger enn gnskelig fra et hgstings eller gkonomisk synspunkt
(sterst utfordringer i region 1, og i de sterste villreinomradene)

Kan oppné starre presisjon med andre metoder eg. radiomerking,
samtidig som at en lzerer mer om inn/ utvandring mellom bestandene

Tilgjengelige data indikerer at en har nadd langsiktige mal som;

«  Kondisjonsgkning (HV + SR)
. Forbedring av beiter (HV)
+  @nskakjenns og aldersstruktur

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

. -~
- B R wa A
- - 1 o ? ' Al . af Vi mangler kunnskap om effekter av jakt eks. jegerseleksjon og
™m f ‘f“‘__... fidila D haipl o | P—Q\ W f Q_“ virkningen av tiltak som tar sikte pa a redusere slike effekter
NINA faghnsi - -7
Hardangervidda og tetthetsavhengige effekter AGENDA

Vi har dokumentert,
Endring i fostervekst
Vinterkondisjon
Kalverekruttering

Som indikerer at
tetthetsavhengigheten i
villreinbestanden er redusert

Nyretetindeks

—_

Stiievekt simer (9)

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?

LAND COVER AND LICHEN BIOMASS MAPS ARE
PREREQUISITES FOR HABITAT MODEL

Kiassifisering Regresjon

Lichen biomass believed to influence habitat
selection especially during winter

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

b

EXTENSIVE PREPROCESSING REQUIERED

Images Training points

-10- A s

Image acquisition (resembling method)
*NN (nearest neighbour) — best for
heterogeneous habitats —
prioritizes reflectance
* CC (cubic convolution 3*3 pixels)

GPS accuracy
Outliers
Weighting of sample points

Ortho rectification Split in Test-/Training Data

Topography Correction Defining apriori probabilities
«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
f
T 1
Supervised Unsupervised
« Cluster
Parametric Non Parametric
* Maximum «Tree
Likelihood +kNN
*Minimum «Neuronal
Distance Networks

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

NIA s 12-

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

Landsat images (May/June) Digital elevation model

Single Bands Elevation
NDVI and derivates Relative Elevation
Snow masks Slope

Aspect

Ruggedness

Hillshade

Critical: How to combine the different datasets?

NIA i 13-

TRAINING DATA AGGREGATED TO EIGHT DIFFERENT CLASSES
5700 Training points collected from fieldwork and aerial photography's

DESCRIPTION OF LANDCOVER CLASSES (1)
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5700 SAMPLE POINTS FROM FIELDWORK AND AERIAL PHOTOS

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 speciral characteristics of a Main
pixel don't allow for aclear allocalion 1o a unique class Class

+ Apriori probabilities for the landcover classes in Hardangervidda derived from
borne vegetation classification along transects during summer 2004 based on

sample Apriori
-points  prob.?

Shadow 570 05

(forward/backward selection)

CALIBRATION OF CLASSIFIER PARAMETERS WITH
SIGNIFICANT IMPACT ON ACCURACIES
Example: kNN-Classifier

First Step: FSS
Second step: Determine k

sar 0.410)
83001 gained 0525

visual interpretation (Gaare et al. 2005) cosbn2 ganed 066
+ Adopiions necessary due to partially differences in class definitions classes used i coabna ganed 0556 nee
Snowlice 359 12 caabnd ganed 0531
Fiering of sample points collected in the fild through excluding those with an GPS cosons ganed 039 om
accuracy less than 15m RMS to ensure congruence of field data and Landsat pixel Water 1305 01 cosbns ganed 0552
gain 0157, atnbut:ca3bu2,CA: 0560 .
Exclusion of sample points classified as obvious ouliers as measured by their casoo1 ganed 0637
summed between recorded compared to class Rock 489 95 ©B3bb3 gained 0.586
means within all single bands caabh gan
N Ridge 135 265 Jeenlaotiod ore
We opted against cross-validation fro accuracy assessment hence the remaining o300 ganed .62
Sample points were split in raining and testing data Leeside 30 215 g 0083, anbut: cE3bS,CA: 0649 o7
+ Stratfied random sample of 10 training points per class with subclass as casob1 ganed 0691
Covariate resulting in 800 training points (excluding shadow) compared to cosbnd ganed 0678
necessary sample size ranging between 575 (Congalton and Green 1999) and Snowbed 215 180 ©B3bbS gained 0.713 o
~960() derived from proxy (Mather 1999a) for statistically valid testing c830b6 gained
+ Minimum number of 260 Lraining points per class with the exception of snowbed Mire 554 90 gain 0.064, abute: 3005, CA:0.713 o072
vegetation with only 175 training points with overall 4 900 raining points csabo1 ganed 0
satisfying both estimates for minimum sample size for statistically valid training Forest 443 47 83003 gained 0.705 on
cosons ganed 0771
Weighting of sample points for training and testing by apriori probabilites o
compensate for skewed field sample and thereby get a more proportionally distributed ceabb ganed 0763 om0
sample as expected using random sampling oo guned 0760 0 1 w1 m ™ 2 u  »
gain: 0,008, bt cE3bb1,CA: 0762
caabna ganed 0752
w
@ Eximaion sasedon (aar o . 2005 A
NINA faghums) 18- NINA faghunsi s -19-
SAMPLING SCHEME, SIZE AND WEIGHTING WITH kNN WITH OVERALL ACCURACY OF ~80%
SIGNIFICANT IMPACT ON ACCURACY Auxiliary Data with a gain of ~5%-pt.
Example: Confusion matrix kNN before auxiliary data
Acc. Acc
. . . %0 3
Unweighted with apriori pr ie o5
80
729 75 5 47 49 47
o
60 4 39
50
3
25 2
2 PR i 20
o FRE RS TRETI” I Y 1
U e 0 10
Aeenage TaE
o 0
N Tree ML Majority NN Tree M Majority
Auxiliary data used through definition of homogeneous sub areas (relative
Testing Sample: 100 random points per class; elevation and snow coverage in June) with specific apriori probab
necessary sample size dependent on dimension of FSS Hig- low terrain, with snow and no snow
o 2- o o1-
Hardangervidda
SNOWBED VEGETATION WITH HIGHEST GAIN Landcovermap
THROUGH AUXILIARY DATA 2008
Acc
120
100
100 (el 9
80
80
7
o7
0
0
20
Classes
I oo
[ soource
o . e
Snow  Water  Ridge Leeside Snowbed  Myr  Forrest  Rocks ] rpeves.
[ Leesceves
© © © @ € oo
o we
I e s
o 22 3 o
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DISTRIBUTION OF CLASSES AS PREDICTED FROM kNN
Ridges with ~25% of total

261

n2
7
51
5
11 o
o

snow

Ridge

Leeside

Snowbed  Mire Forrest  Rocks

@ © & O

Shaddow

A s

A fansi

OUR LEARNINGS: KEY SUCCESS FACTORS FOR
VEGETATIONMAP

v

Reduction of Classes: how many classes are really necessary?

v

Efficient sampling scheme in fieldwork: the more points the better

v

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

v

Educated preprocessing is critical: images and sample points

Non-parametric Classifiers superior to parametric

v

kNN with advantage when dealing with heterogeneous classes

v

Aucxiliary data especially helpful for snowed Vegetation

AGENDA

Land cover mapping

Estimation of lichen biomass

Change detection

Discussion

CORRELATION BETWEEN NDLI/ND45 AND LICHEN BIOMASS

NDLI (Nordberg & Allard, 2002)

A sgkns

ND45
060 000

002 U
050

004
0.40 006

-0.08
030

010
020 012

014
010

016
000 018

20 30 4 50 6 70

Biomass [cdm/sqm] Biomass [cdm/sqm]

GAUSSIAN REGRESSION FUNCTION FOR LICHENVOLUME
NDLI and ND45 with adjusted Rsq. of ~70%

s 8

8

Lichenvolume [cdmisam}

Rsgr = 070007504 Ad Redqr = 070408713
Standard Etor of Estimate =9.7630

Analysis of Variance:
Tavexpl 5% (X2 + (y30)Er2)) oF sS

s ¥ ®
Regrossion 459667475 11916860 1205635 <0.0001
Coefticient  std. Evror Resdual 197 Tras0  ssalss
0 o363 o268 135007 <0001 Total M eaTascers 3221099
» oos 00029 51130 00001
a ssa112 pre 130542 <0001 DutinWatson Statstc = 14625
b 01180 Qotss 6061 00001 Nomaity Test: Passed (P - 0.4537)
c 0183 o204 60330 0001 Constant Varanco Tos: Passad (P = 0.0656)
A s

Aggregated from
30m to 150m grid

Lichen
Distribution
2003
[cdm/sqm]
4
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Landsat5 199/18 08aug03 b5/4/2 (Hardangervidda, Norway_

RELATIVE CALIBRATION THROUGH PSEUDO INVARIANT
FEATURE METHOD (PIF)
Absolute calibration proofs to be difficult

Change Example: Relative Calibration through class “rock” as PIF

. . DN Slaveimage b2
Change in vegetation o

vs.

Interfering Parameters

* Sensor degeneration

* Atmosphere

*Sun-sensor-target a0
relation

« Earth-sum distance

*Wetness y = 0.907x + 5.2396

« Time of year e, R?=0.7176
(phenological state of
vegetation)

. w ™ s s ® W ® @ w0

DN Masterimage b2

NIA s -33-

Lichen
Distribution
1984
[cdm/sqm]

Lichen
Distribution
1994

[cdm/sqm)]
&
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(1) Lk forfke change fo cloud free areas.

Lichen
30m to 150m grid . . .
Distribution 80% GAIN IN LICHEN VOLUME SINCE 1984
2003 Higher gain in second decade
[cdm/sqm]
4 uch[endw;mm? 18
camisam] 154
:
"
10 9.1 00
8
6
4 Area
2 [ cloud ree pans
o [ ot reindeer area
1984 1994 2004

~—e

How does it translate spatially? |

backup

80% GAIN IN LICHEN VOLUME SINCE 1984
Higher gain in second decade

Lichen volume

L

[cdm/sqm]
20 18
16 15.4
'g 14
& s
g 12
10.0
E 10 9.1
2 8
E 104 o,
g 6
c
g ° Avea
5 s Area 2 [ cloud free paf
[ 195 cloud free - [ rotal reindee:
[_] 1994 cloud ree o
= 2003 1984 1994 2004
o [ 54/4 overlap i
1984 1994 2003 e e
How does it translate spatially? .
0 ke for ke change for o e s comm LT
ikl 30 [— -39
Aggregated from Change in Aggregated from Change in
30m to 150m grid . 30m to 150m .
Lichenvolume Lichenvolume
1984-1994 1994-2003
> & [cdm/sgm]

[cdm/sqm]
-
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T o Change in
30m to 150m grid

Lichenvolume SELECTION FOR HIGH LICHEN VOLUME IN WINTER
1984-2003 Lesser importance during calving and summer
‘ e[Cdm/Sqm] Summer Winter Calving

Discrete choice model
iy
il 1
s
PECEE i

e et i
B 020

[J1s-20
[ 21-50
[
[ e

NIA i -43-

AVOIDANCE OF ROADS DURING SUMMER/PARTIALLY WINTER SNOW DEPTH WITH NEGATIVE IMPACT ON SELECTION...
Not significant for calving and small scale selection during winter ... but large scale selection for snow covered terrain during calving
Summer Winter Calving Summer Winter Calving
- ] ;'/./- et ) ~ \‘/ s Snow depth late winter 2004 ,r.‘._snmd.emh-_la;em-irler %E%—S;ﬂ)ﬂ‘_dg%mlla(e winter 2006
E 9 .
: !- / (> o
—_— —_—
o -4 o a5

Oppsummering
lett blanding av + og -

v

Repeterbarheten er stor- produsent uavhengighet

Habitatklassene og biomassemaélet i lavbeitene hadde betydelig forklaringsevne i
habitatassosiasjonsmodeller pd HV — (30 meter og de klassene vi har benyttet
fungerer pd rein)

Estimering av biomass er mulig, men en ber ta et utvalg av bakkepunkter for &
teste sammenhengen mellom de to indeksene og bakkemalinger dersom en skal
ekstrapolere ut i nye omrader

L5 er billige bilder, dekker store omrader, muligjer retrospektive analyser, men

det er en utfordring & finne gode bilder- veeret er en utfordring, gjelder ogsa andre
bilder med heyere opplgsning som mé bestilles- dette kan ta tid

v

v

v

v

Vanskelig & finne gode bilder! — kan veere lettere i de andre omradene!

v

M4 teste lavindeksene pa beiter som avviker mye fra reinens beitetilbud pa HV,
(mye sterre — vs mye mindre biomasse)

Krever en viss mengde bakkedata som ma hentes inn fra hvert omréde

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

v

NI i -6 - A i -a7-
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