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Thestudy aims at:

® Mountain ecosystem mapping
® Plant communities identification,
® Image classification using fuzzy ARTMAP and S\Miethods,

® Analysis of airborne hyperspectral data potential for vaten
monitoring

® Presenting the HySens (the Tatras) and HyMountEcos
(Krkonose/Karkonosze) projects.
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Spectral ranges of remote sensing of environment
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High Tatras
(Tatra National Park, M&B reserve)




Resear ch objects (1)
(42 classes)

* cryptogamic plant communities on scree —
initial phase

* epilitic lichen communities

* Scree communities

* snow-bed communities

* subnivale swards

* alpine swards

* peaty and boggy communities

 avalanche meadows

* tall herb communities

e grassland communities after grazing

* subalpine dwarf scrub communities

* willow thicket

» mountain-pine scrub on silikat substrate

* mountain-pine scrub on calcareus substrate

* montane spruce forest

* lakes




POLISH ACADEMY OF SCIENCES.

Iustituic of Geogrphy and Spatial Orsization
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High-mountain vegetation of the Tatras

(central part)

Author: Anna Kezlowska (map concept, field mapping, final version elaboration)
in cooperation with: Joanna Plit (field mapping) and Bogdan Zagajewski (digital elaboration)
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Alpine swards on siliccous rocks
(Oreachioo distichae-Juncerum mifidi)

Epilithic lichen com m itics
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Sphagno-Nardetim,
Polytricho-Nardetum
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DAIS 7915 images

4 flight lines
79 bands,

15 bit,

3 m pixel size

DAIS 7915 RGB 22, 12, 1 compositions
of flight lines 2., 4., 5. and

Data cube
of the Gasienicowa Valley
(central part of the test area




Research algorithm

Building of reference layers Image processing
Map of actual Terrain mapping 79 original DAIS 7915 bands
vegetation communities (reports) after geometric and atmospheric corrections
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cryptogamic plant communities
on scree - initial phase
epilitic ichen communi

- Rhizocarpetalia

scree communities
- Androsacetalia alpi

Luzuletum alpino-pllosae

Saficetum herbacess,
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Empetro-Va
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Oreachioo distic
Juncetum trifid typicum
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Oreochioo distichae-
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pionierskie zbiorowiska
roslin zarodnikowych

zbiorowiska porostow
naskalnych
pionierskie zbiorowiska
roslin naczyniowych na
wilgotnych piargach
wilgotne traworosia
kosmatkowe
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typowa
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wysokogorskie borowczyska
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podiozu bezweglanawym
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| mage data quality analysis
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Results (line #5, 5000 iterations)

40 bands 20 MNF bands
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Band #6 Band #5 Band #4 Band #2

40 bands 20 MNF bands 40 bands 20 MNF bands 40 bands 40 bands 20 MNF bands
Overall 87.40% 86.48% 86.96% 85.46% 89.07% 88.79% 84.45%
Accuracy (362757/415058) (358569/414637) (286175/329088) (281235/329065) (224941/252538) (352691/397228) (335445/397228)
K appa
Coefficient 0.8429 0.8310 0.8425 0.8248 0.8581 0.8634 0.8103
Class Prod. Acc.. User Acc. Prod. Acc. User Acc. Prod. Acc. rJsec. | Prod. Acc. User Acc. Prod. Acc. User Acc. ProdcA User Acc. Prod. Acc. User Acc.
Class#1 87.8 75.1 88.3 73.9 92.4 80.1 92.4 80.1 - - 88.9 69.4 83.3 65.37
Class#2 78.5 74.3 78.9 72.9 83.6 82.5 79.0 81.6 84.1 68.7 79.6 82.0 1375. 76.39
Class#3 96.0 54.9 90.7 53.5 92.8 73.2 92.8 71.7 - - 96.5 66.8 93.73 61.7
Class#4 97.4 68.0 97.5 67.7 93.5 79.1 93.5 78.8 95.8 70.7 93.8 76.5 3190, 45.14
Class#5 95.6 72.1 95.6 72.1 95.2 57.3 95.2 53.4 - - 89.9 74.5 75.7 70.02
Class #7 90.7 65.9 90.7 64.1 95.8 53.2 94.6 52.9 - - 90.1 75.5 87.06 764.6
Class#8 89.4 74.8 89.5 74.2 89.1 79.1 89.2 76.9 94.0 93.0 92.2 81.0 4389, 73.07
Class#9 - - - - - - - - 98.3 66.6 - - - -
Class#10 73.3 92.6 73.4 91.7 80.7 94.9 77.9 94.6 86.5 89.3 78.7 95.2 4573, 93.93
Class#11 - - - - 91.4 98.1 91.4 97.1 - - - - - -
Class#12 - - - - 90.5 89.3 90.5 89.3 - - - - - -
Class#13 91.7 73.0 80.5 69.0 94.9 45.2 94.9 45.2 - - 89.9 81.8 73.33 276.0
Class#14 82.2 64.0 54.4 52.9 78.6 80.5 78.6 80.5 94.4 32.3 83.8 77.1 3475, 59.61
Class #15 87.9 83.2 70.7 82.1 79.4 68.4 79.4 68.2 97.9 63.6 87.1 81.6 159. 7276
Class #16 76.2 94.4 65.0 94.7 78.5 83.4 78.5 81.9 90.6 77.6 83.9 91.6 1580. 88.77
Class#17 81.4 82.5 68.9 80.1 68.8 91.4 68.9 88.3 95.0 90.6 91.8 72.2 0287. 65.3
Class#18 85.9 73.6 86.0 71.5 71.5 93.2 71.5 93.2 95.4 84.0 81.7 72.5 1676. 67.77
Class#19 84.8 76.8 84.8 76.2 72.8 86.3 72.8 85.4 90.1 88.4 90.4 82.6 6985, 77.46
Class #20 95.1 85.2 61.8 86.3 89.8 66.6 83.2 63.8 - - 91.9 89.1 83.7 87.22
Class#21 - - - - 95.7 84.6 95.7 84.6 - - 97.8 83.5 88.89 85.71
Class#22 85.6 80.7 74.0 75.2 90.8 56.4 87.8 55.7 - - 91.3 84.0 87.78 380.6
Class#23 93.8 78.2 83.5 67.4 94.1 55.1 94.1 545 - - 84.9 85.3 73.14 985.0
Class#24 82.1 73.4 78.2 71.9 73.7 84.6 73.8 81.6 91.0 70.0 80.8 71.2 5566. 60.86
Class #25 95.8 67.9 91.6 65.8 86.0 63.0 86.0 58.1 - - 93.6 70.0 89.45 161.9
Class #26 89.7 67.5 73.8 63.8 97.8 30.8 97.8 27.5 - - 91.1 81.4 77.13 480.4
Class#27 - - - - 83.7 87.5 83.8 87.1 - - 76.5 84.5 38.02 72.89
Class #28 83.9 79.5 64.4 76.5 - - - - - - 87.2 72.4 88.27 71.57
Class #29 97.8 73.9 91.8 73.4 84.0 67.5 84.3 65.1 92.7 89.8 76.9 78.5 5676. 67.43
Class #30 80.8 57.4 74.8 48.5 76.7 80.6 76.7 79.1 - - 87.9 60.0 82.75 553.8
Class#31 85.5 71.0 69.7 66.5 81.7 76.4 81.7 76.4 80.1 59.1 89.4 59.6 8 79. 47.8
Class #33 96.1 75.9 96.6 73.9 96.5 64.3 95.7 59.5 98.8 63.3 93.5 66.7 2194, 60.23
Class #34 - - - - 85.6 96.2 85.6 96.2 - - - - - -
Class #35 84.8 72.0 85.7 67.6 81.4 82.7 81.5 81.7 98.1 50.5 86.8 69.5 5 78. 63.75
Class #36 75.3 73.7 63.6 73.3 73.8 84.0 66.0 78.5 68.4 76.4 71.1 78.5 0662, 61.84
Class #37 92.6 66.0 63.3 60.4 94.3 28.3 95.1 18.7 74.7 51.1 92.4 49.6 5665. 38.72
Class #38 95.8 93.9 96.0 93.4 93.4 96.2 92.3 95.3 91.8 92.1 94.6 96.8 0994, 95.04
Class #39 85.2 72.6 85.4 71.9 91.1 67.2 91.1 67.2 - - 93.8 67.7 89.97 160.0
Class #40 - - - - 95.9 37.4 95.9 37.2 - - 96.0 86.0 92.02 76.38
Class #41 81.3 97.0 81.4 97.0 - - 80.9 96.0 87.7 96.0 77.16 96.16

Class#42 97.4 98.1 97.5 98.0 97.8 97.8 97.8 97.8 98.7 99.6 96.7 98.3 7896, 97.85



Conclusions

® Hyperspectral remote sensing techniques and ANN giadential for mountainous vegetation
mapping in large scales, what can bu used for mong of high-mountain ecosystems ,

® 39 of 41 vegetation classes were classified,

® The best results (producer and user accuraciedsy afe observed for: #8reochloo distichae-
Juncetum trifidi typicun#11Oreochloo distichae-Juncetum trifidi sphagnetoséttOreochloo
distichae-Juncetum trifiddubalpine anthropogenic form; #Oreochloo distichae-Juncetum trifidi
in a complex with snow-bed communities; #2&ochloo distichae-Juncetum trifioh a complex
with Calamagrostietui villosag; #38 mountai-pine scrub on silicate substri- Pinetun mughc
carpaticum silicicolum#42 lakes

® The best average fourty-band set’s results: 92@@d(cer accuracy) and 84,2% (user acc.). The
worst: 84.2% and 67.5%.

® The best average twenty-MNF-band set’s resultd:%8Gnd 79.9%, and the worst 74.7% and
63.7%

® The best results are observed for: oat crops @9,8tubbles (96,6 %), grasslands (94,8 %),
deciduous forest (93,9 %), and the worst for ttaeps (38,8 %), orchards (44,7 %) and side roads
(56,1 %),

® Twenty-MNF-band set achieves ~7-9% worst resulisclassifications were 2-3 times faster
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Hyperspectral remote sensing
for Karkonosze ecosystems —
EUFAR’s HyMountEcos Project

Zagajewski B., Kupkova L., Markowicz K.M., Koztowska A., Adamczyk J.,
Albrechtova J., Bdkowski K., Bilip M., Chilifiski M., Jarociiska A.,

Kycko M., Lhotakova Z., Marcinkowska A., Mierczyk M., Nasitowska S.,
Ochtyra A., Knapik R., Oprdek M., Pabjanek P., Potuckova M., Przejmik
L., Raczko E., Sendyk A., Slacikova J., Stachlewska |.S., Tobiasx\id|tur

B., Zawadzka O.Zotnierz L.



HyMountEcos project

® Project acronyntHyM ountEcos

® Project titleHyper spectral Remote Sensing for
Mountain Ecosystems

® TypeScientific project

® Scientific themeAssessment of the hyper spectral

techniques potential for mountain ecosystems
monitoring

® Main scientific field and Specific disciplirtearth
Sciences & Environment / Ecosystems & Biodiversity

013-07-23 @ @



Scientific problems

® monitoring of mountain ecosystems of the Giant
Mountains (Karkonosze/Krkonose) National Park

® to assess influence of management practice.
mountain ecosystems mapping and inventarization,

® an analyses and evaluation of forest ecosys
conditions/health,

® an analyses of ecosystems species composition and
Invasive species introduction

® an analysis of soil contamination.
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APEX Performance

Spectral Range 380.5-971.7 nm VNIR 941.2 — 250mSWVIR
Spectral Bands Up to 532 (Default: 312)

SSI10.45-75nm 5-10nm

FWHMO.7-9.7 nm 6.2-12nm

Spatial 1000 Pixel

Ground Resolution 0—~1.75m @ 1000- 3500m AGL

FOV 28 Degrees
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Output of the project

® Mountain ecosystems mapping and inventarization,

® Analyses of ecosystems species composition and invasive
species introduction,

® Analyses and evaluation of forest ecosystems
conditions/health (biophysical parameters
chlorophyll content, LAI, water content).

® Processing chain for mountain ecosytems monitoring
using hyperspectral technologies and potential/feasibility
assessment of hyperspectral data/technologies for the
mountain ecosystems analysis and monitoring.
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1. Vaccinium myrtillus, 2. Associations from Rhizocarpion alpicolae Legend
alliance, 3. Associations from Umbilicarion cylindricae alliance, 4. Carici

(rigidae)-Nardetum, 5. Associations from Artemisietea vulgaris class, 6. -1 - 2 3
Pinetum mugo sudeticum, 7. Associations from Calamagrostion 4 -5 - 6
alliance, 8. Associations from Scheuchzerio-Caricetea nigrae class, 9.
Deschampsia caespitosa, 10. Athyrietum distentifolii, 11. Luzulo . EE b
: nemorosae-Fage.tur.n (typthl), 12. Ab:e.t:-.P.:ceetum (montanum), 1o N [ 2
i 13. Calamagrostio villosae-Piceetum (division of fern), 14.
* Calamagrostio villosae-Piceetum typicum, 15. Area without vegetation. 13 14 15
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¢ Validationprocess




Accuracyanalysis

Prod. Acc. (%)|User Acc. (%)| Class |Prod. Acc. (%)|User Acc. (%)
/7,24 73,85 9 /3,23 76,36
99,06 99,76 10 | 0,24 3,23
93,33 24,55 11 /7,02 /7,32
89,37 96,35 12 | 6563 69,44
89,13 94,25 13 99,14 92,74
99,14 94,86 14 81,59 45,56
93,17 96,22 15 83,76 90,48
83,72 9/,3

Overall Accuracy = 79,1259%
Kappa Coefficient = 0,7736
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Classification test area 2

Pine | Beech | Larch | Adler | Birch | Spruce
91,71 | 0,00 0,00 0,00 0,00 0,85
0,00 | 8804 | 987 | 1420 | 10,39 | 047
0,00 115 | 5848 | 4,32 | 16,23 | 0,57
0,00 3,17 3,29 | 8148 | 1,08 0,19
0,00 7,06 | 1316 | 0,00 | 59,31 | 1,32
8,29 058 | 1519 | 0,00 | 12,99 | 96,60

Overall Accuracy: 82,64%

Kappa Coefficient: 0,77




Conclusions

Dominant (spruce, beech and larch) tree speciassaialy better
classified than those that are sparser.

Best results were obtained for spruce (above 90%otimareas) and
pine (above 80%).

Worse accuracy for larch was mainly caused by ssaatiple of dat
from which learning and verification polygons wéa&en.

Results for deciduous trees were bit less accuaatggang from 59%
for birch to 88% for beech. Given classificatiovese made on
diverse test sites with mixed forest composition

The best results are observed for associations frioioRarpion
alpicolae alliance - 99,06 % (prod. a), 99,76% (u$eth@ worst -
Athyrietum distentifolii - 0,24% (p.a.), 3,23 % (u.af)was caused
e.g. by homogeneity of polygons representing eaas$scl
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for your attention
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