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Northern Hydrologic Systems are Changing

- Carbon cycle is closely linked with energy & water cycles
« Observed changes in Northern Hydrology
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SIBERIA-II : LPJ Carbon Bilance 2002-2003

LPJ-LC estimates the SIBERIA-II region
as a sink of CO2 of —12 gC/m?/a on
average during 2002 and 2003
(unbublished results C. Beer 2005).
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Requirements for Kyoto ARD Forest
Change Mapping — a Challenge:

Changes appearing between 1989(1950) and 2000

Identification of underlying causes of specific changes

Identification of specific landuse change

-> development of a change detection system for
landuse change detection (Afforestation)
Forest cover change detection and

secondary feature classification (context
classification/object shape classification)







Objektformeigenschaften (Logging)

Segmentierungsergebnis von Logging
Flachen

Objektformvereinfachung und Darstellung der inneren
Objektstruktur




Objektformeigenschaften (Fire Scars)

Fire Scar Objekte zeigen eine sehr viel komplexere
Form (auch der inneren Polygonstruktur)
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Objekt-Kontextinformation |
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Erfassung linearer Objekte (StraBen) zur
kontextbasierenden Klassifikation von
anthropogen bedingten Veranderungen.

Landsat RGB; Linear ,change* objects in yellow,
other change objects in red. (logging activities
and new road features)




Objekt-Kontextinformation |1
i S Wolken und B ‘T: - ;
Wolkenschatten in
1989

Clouds_in_1989-12 I
: Clouds_in_2000-L2 '

Kontextinformation:
Schattenabstand zu Wolken

Wolken und

Wolkenschatten in

240]1010) Maskierung von Wolken
und Wolkenschatten
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Class related feature description

Grouping of classes for masking

Inheritance of class descriptions




Summary / Lessons Learned

e ARD (im Sinne der Kyoto Definition) ist nur schwer mit hoher
Genauigkeit klassifizierbar

Komplizierte auf Objektform basierende and
kontextbasierende Verfahren sind nicht direkt Ubertragbar
auf groBe Datensatze -> Bedarf fur neue
Normalisierungsansatze ! (z.B. Shape—Template-Matching ?).

ODbjekt orientiertes Konzept jedoch sehr viel versprechend
far die zukunftige Methodenentwicklung
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Wellen: Amplitude und Phase
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What are the scatterers in the volume scattering?

X band L band P band

Austrian pine 2 =3 &M A= 27 cm %=70 cm

The main scatterers in a canopy are the elements having
dimension of the order of the wavelength

ESA-MOST Dragon Programme Advanced training course in Land Remote Sensing, Beijing, October 2006 m{)
SAR Day 1- Lecture 1 Thuy LE TOAN, CESBIO, France e




SIEERIA I
IASA Ground Truth Dat:
Digital Elevation Model

. Froposed Ground Truth
B Existing Ground Truth
[ Water

“SIBERIA |
STUDY AREA
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i === Nothing as yet global and accessible

Vegetation Data Resources
Above Ground Biomass

as Above Ground Biomass

Regional - SIBERIA (1mio km? at 50m,
1998) based on SAR Interferometry

Future - SIBERIA-II (from 2002-5)
Other SAR methods
ESSP VCL?

http://pipeline.swan.ac.uk/siberia/
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Forast Cover Map
Dzlilincharaa - Mongolia
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Abbaldung 27 Klassilikation des Testgebiets
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Leif Eriksson, ForestSat 2005




Stem volume retrieval — Results

Bolshemurtinsky South\West

RMSE = 60.2 [mha]
R*=0.75
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Multi-ternporal combination of 9 ERS coherence images
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Das Lund-Potsdam-Jena-DGVM (LPJ-DGVM)

Das dynamische globale Vegetationsmaodell "Lund-Potsdam-Jena” 0.5° Input, monatlich

Biogeochemisches Biogeographisches 1901-2003:

Prozessmodell: Prozessmodell: f

Wasser- und Kohlenstofffllisse Vegetationsdynamik Ll_*' ttemperatur,
P S Niederschlagsmenge,

Zeitschritt: taglich Zeitschritt: jahrlich .

Objekt: Durchschnittsindividuum Objekt: Gridzelle Bewolkungsgrad,

. ...“ . Anzahl der Regentage

(CRU/PIK: New et al.,
. Etablierung 2000; Oesterle et al., 2002)

‘ Konkurrenz .

F'hntnsiﬂhese . N . 0.5° Input / zeitlich
terblichkelt 0.5° .

¢ |Wasserhaushalt : konStant.

. . Zerstorungen (Feuer) .i

Bodenart (FAO)

QO &
Globaler jahrlicher Input
. ... .. . 1901-2003:

=P [formationsfluss CO,-Konzentration der

= Wasser- und Kohlenstofffluss Atmosphare (McGuire et
= 11U YW ASSEIMUSS al., 2001)




Vegetation Models in SIBERIA-II:
LPJ-DVM, SDVM, IIASA GIS-Approach




Northern Hydrologic Systems are Changing

- Carbon cycle is closely linked with energy & water cycles
« Observed changes in Northern Hydrology

§ River discharge - e
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SIBERIA |
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Balzter et al. (2004) Proc. RSPSoc Aberdeen 6-10 Sep
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_Water bodies — accuracy assessment
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SIBERIA Il Start of Thaw Indicator - 2000
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Comparison snow depth
satellite- weather stations
Siberia 88-95
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SIBERIA-11 Operational EO-Products
for Greenhouse Gas Accounting

Greenhouse Gas
Parameter

EQ Product

Parameter Synergies

Main Sensor

Operational!

Sensor Synergies
{incl. Up- &
Downss caling)

Improvement!

Source
Years for
SIBERIA-II
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on a monthly
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Vegetation Models in SIBERIA-II:
LPJ-DVM, SDVM, IIASA GIS-Approach




SIBERIA-II Major Outcome 1= NPP reduction

MNPPF of Russia north of S0M
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SIBERIA-II Major Outcome 2: NEP sink-to-source

NEF of Russia north of 50N
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Spatial Modelling
of Greenhouse Gas Compartments for GIS-based
Terrestrial Carbon Accounting

T

Daniela KnorrD), Anatoly Shvidenko®, Christiane Schmullius®

(1) Friedrich-Schiller-University, Jena/Germany
(2) International Institute of Applied Systems Analysis, Laxenburg/Austria
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Mean Annual Temperature in Russia g
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Background — IIASAs Landscape Approach




Background — IIASAs Landscape Approach

snapshot land cover description for the year 2003

I extension of data base to other years is not possible !




Objectives

Remote Sensing Ground data




Concept — Landscape ecology

relief climate vegetation disturbances

texture, type

slope/aspect insolation permafrost

potential land use
vegetation

| > air temperature v

insect outbreak

elevation soil moisture l

| precipitation 1 i

actual i
curvature vegetation re

clear cut




Methodology

1 DEE
[ | barren ground
- urban areas
8 | cropland
[ ] croplandiforest complesx
evergreen needleleafl forest
broadleaf deciduous forest

needlelealibroadleal (50.40) forest
mixed forest (50:50)
broadleaiineadleleal {50.40) forest
A [ 1iarch forest

[ 1 humid grassland

\ B ] wetland

| steppe
fundra lichan moss
tundra shrubs

Land cover 2003
(500 m MODIS, Skinner & Luckman 2003)




Methodology




Methodology
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Decision Rules

ecoregions

tundra and forest tundra

northern taiga
and sparse taiga




Decision Rules

ecoregions

land cover

steppe

Legend

B vzter

|:| barren ground
B rban areas
[ | eropland

cropland/forest complex

. - evergreen needleleaf

- broadieal deciduous

P mixed forest

[ arch forest

[ | humid grassland
[ | wetland

[ steppe

- tundra Hehendmoss
B tuncra shrubs




Decision Rules

ecoregions T,
& . 4 % tree
land cover ~ - . . #3 canopy cover

0-10
 l11-20

| 131-40

| la1-50
T 151-60
le1-70

) T S
tundra Tl e T N MM 81 -0
steppe

larch
- barren ground

(Hansen
tundra | et al. 2003)




Decision Rules

ecoregions kPN
land cover E-lel\llatIIC::ﬂ [m]

201 - 400

e { m401 - 600
ok T [ ]&01 -a00

[ ]801-1.000

il e [ 1.001 - 1.500
topography B ~\ EE1.501-2.000

— Il z.001-2.500




Decision Rules

ecoregions
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Decision Rules

ecoregions
land cover

soil |

Bartsch et al.,
submitted




Decision Rules

ecoregions

year of
disturbance
I undated
1993
1995
1995
1999
T 2000
topography =
M z00z
M 2003

ASAR wetland




Decision Rules

ecoregions
land cover

ASAR wetland

ASAR water bodies topographic map




Result of land cover classification

dominant tree species

[Clclearcut MM pine M cedar

M bumt area [ spruce [ dwarf pine
B shrubs B fir BN birch

M dark conif. [l larch 1M aspen

nonforest classes

M water I wetland
M urban area M tundra
M alpine meadow [ meadow
(1 agriculture 1 sleppe

coverage of
unproductive land in %
[J0-25

[126-50

BS51-75

. 76 - 100




Result of land cover classification

GLC2000
(Bartalev et al. 2003)

rule based
land cover

legend

M water

1 barren ground

M urban area

[ humid grassland

[ forest/cropland

[ forest/other vegetation
[ agriculture

[ clear cut

M burnt area

1 wetland

M tundra

[ steppe

I shrubs

[ needleaf shrubs
[larch forest

M evergreen needleleaf forest
B mixed forest
M deciduous broadleaf forest




Result of land cover classification

RS map:

[IASA map:
tree cover

dominent
tree cover

tree species

[ clear cut
M burnt area
Bl shrubs

M dark conif.*
M pine

[ spruce

= fir

[ larch

Il cedar

[ dwarf pine
M birch

Il aspen

ly in RS map




Result of land cover classification

RS map:
herbaceous

[IASA map:

herbaceous

cover

nonforest classes

B water

M urban area

M alpine meadow
[l agriculture

[ wetland

1 tundra

I meadow

[ steppe




Result of land cover classification

RS map: IIASA map: ._ coverage of
unproductive  § & i unproductive ... s < ™ unpreductive land in %
s [1Q-25
[126-50
151-75
M 76 - 100




Other input parameters for IASA model




Other input parameters

atic correction : '\1'

| number of
frost free days
161
o
92
. 122
I 153
M 183
M 354

number of
frost free days

0= 61

[]62-76

B 77 - 91

[ 92-108
B 107 - 122
B 123 - 137
Bl 138 - 153
Bl 1G4 - 188
B 159 - 183
B 154 -214
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Greenhouse Gas Compartments
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Introduction to SIB-ESS-C

Where do we go from here?
need to preserve the achievements of SIBERIA-II
need for public access to data products

need for more structure and documentation

need to continue dataset generation to build up time
SEENS

Need for an: Earth Science Information Infrastructure*
= Siberian Earth System Science Cluster

*J. Frew, UCSB




Disturbances

Product Summary

e Annual fire disturbances from 1992 to
2003

» “historic” data derived from MODIS &
SPOT_VGT using NDSWIR Index in
combination with thermal anomaly data
from AVHRR, ATSR-2 and MODIS

e “current” fires (2002-03) derived from
MODIS 16-day hotspot and NDVI
differencing synergy

-

2000
2001
2002

sl LML

Mon-forest rask

Reference

Balzter, H. et al. (2004): Forest fires in
Central Siberia and their impact on
emissions of greenhouse gases.
Proceedings of RSPSoc, Aberdeen, 6-10
September, CD-ROM




Waterbodies

Product Summary . T
e Permanent open water bodies > 5 | I [ —,
ha (15 ha) derived from ENVISAT |, & - gLt ot e

ASAR W3 dafa coverage

ASAR WS data (C-Band) i i WEY e

feabures n gaps (=~ 15 Fa) ard

some large resereors from

e Spatial resolution: 150m S | =i
= Date: suminjg R oy 3
e Spatial accu

Reference

Bartsch, A., Kidd J&
Wagner (2004)
central Siberia
Proceedings EN




Land Cover

Product Summary

e annual land cover maps for 2001-2004
derived from MODIS 8-day surface
reflectance (MODO4A)

e Spatial resolution: 500 m

e 16 classes adopted from GLC2000

e Input data acquired for growing season
(June-October)

e Supervised classification scheme using
C5.0 decision tree classifier

Reference

SKINNER, L., and LUCKMAN, A. (2004): Introducing a
land cover map of Siberia derived from MERIS and
MODIS data. Proceedings of IGARSS'04, Anchorage,

20-24 September, pp. 223-226.
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Dynamic Vegetation Models

DGVMs (Dynamic Vegetation Models)

Lund-Potsdam-Jena Digital Global Vegetation Model (LPJ-
DGVM). Potsdam Institute for Climate Impact Research (PIK)

Sheffield Digital Global Vegetation Model (SDGVM). Sheffield
Centre for Earth Observation Science (SCEQOS) —

Terrestrial Biota Greenhouse Gas Accounting (TBGHGA).
International Institute for Applied Systems Analysis (I11ASA) —




State-of-the-art

What is currently available?

Universal connectivity
e Internet
e Web

Comprehensive analysis environments
e GIS (ArcGlIS, ..)
e Matrix manipulation (IDL, MATLAB, ...)

Standards
e Metadata (FGDC, ISO 19115, ..)
e Data (HDF, GeoTIFF, SHP, ...)
» Services (OGC, ..)




SIB-ESS-C Overall Objectives

Develop a spatial data infrastructure to facilitate earth system
science studies in central Siberia

Set up a web interface to provide access to data products created
during the SIBERIA-II project

Continue remote sensing data acquisition and product generation
to build up time series

Provide online geo-visualization tools for integrated data analysis

Integration of biosphere modelling algorithms into SIB-ESS-C
(external access via web-interface to trigger model runs)

initiate additional projects to complement SIB-ESS-C




Implementation strategy

Stage 1. “getting the SIBERIA-II products online”
» establish a catalogue service providing information about
SIB-ESS-C data holdings and services
» establish a coverage service for direct data access and
download

Stage 2: “equip SIB-ESS-C with processing power for continuous product
generation”
» Setting up a PC cluster for operational data processing
» implement tools for data archiving, storage management and
automatic metadata creation

Stage 3: “from data providing to scientific data analysis”
« implement interactive visualization tools for spatio-temporal
analysis

Stage 4: “integrating SIB-ESS-C into a global network of distributed Earth
Science Clusters”
« offer data/services to external systems
* implement external data/services into SIB-ESS-C




SIB-ESS-C Architecture

search access view analyze

! ! ' '

SIBESSC Web Interface

\4

— 3
Metadata PSS Product
database database

Raw data
archive

customize

!

Cluster




SIB-ESS-C - Conceptual View

SIB-ESS-C

scientific

methodological

-long term daxa
providing /
management

-visualization / analysis -development of EO- -Earth System Science

derived products questions to be
documentation -validation of products

-hot topics in SIB2

-implementation of region/ Northern
methods for operational Eurasia

product generation




Supporting projects

e SIB-ESS-C core project is to develop a Earth Science Information
Infrastructure

e Supporting projects are to be established in 3 areas:

(science / application drivenk
(EO-product develop

(software, system architect

e supporting projects can be:
- (within FSU Jena or FSU coort

- (through collaboration)




Supporting Elements

already in place

External product generation

(SIBERIA-II continuation) —————
e
CESBIO
CESBIO

Wetlands
IPF

Freeze/Thaw

GSE Forest
Monitoring

FSU Projects (internal)

Forest
Dragon

B

I S|EFESS@

to be established

Land Cover
BU / IKI

Atmosphere
products

Sozio-economic
products

(Core Project

BSc/MSc/PhD

Technical
collaboration

W
NEESPI
collaboration

— 3
Pure data
acquisition




FUlly polarimetric

'S

T
Advanced Land Observing Satellite

Fine ll_agqiqtiun Mode Standard Imaging Mode
8.0-60.0 deg.

HH or VV ¢/ HH-HV or VV-VH | |

7.0-44.3m . 14.0-88 6m Spotlight ~ StripMap ~ ScanSAR
40-70lm S 40-70km

ScanSAR Mode Geometric
ScanSAR Mode 16 m

18.0-43.0 deg. Resolution Tm 3m
ITIT or WV o/ 100m 7 230-330km Im_age Swath
Polarimetric Mode Width

§.0-30.0 deg. Maximum Length 5 km 3000 km 3000 km
TV W WY per Image

24.1-8%8 0m / 20-60km I—I

10 km 30 km 100 km




SenseIFSynRemy: VeERAnighrdynamic range (E=hand) plusivern/ deailed
exiurer(O=hand)

Eully pelarmetrc L-lhand (geemetnc reselution ca. 25 M)
ca. 10 x 3 km

Very high resolution X-band (geemetnc reselutien ca. 1. m)




SenseIFSynRemy: VeERAnighrdynamic range (E-hand) plusivern/ deailed
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AddivienapeladmeniciemateRi(E=enerana o =hand)

E-SAR L-band
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Applicauenrareainage classiiicaion i eresi derechion

L T W B e K b g
Unsupervisedlclassiiication using == and X-hand Intensities
NOES/SEEMENISHGUIEN

’

’ - . g -
-— N N -

Supervised classification using|intensities & polanmetriciniernauen
, NELIIEY

ca. 10ix 2,5 km
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