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Abstract

Fast-growing economies and worldwide growing corsumlemands have a considerable
impact on natural resources and thus on the wathEzrience community addresses the
acquisition, storage and analyses of spatial detable and up-to-date information on land
surface characteristics and changes are theredqrered by decision makers in order to fulfil
several international and national treaties and iferown policy. Satellite-based Earth
Observation (EO) serve thereby as an independemtusmbiased framework to analyse
landscape structure and related environmental pseseas well as impacts at multiple scales.
Advanced image processing techniques such as fah&yc Aperture Radar (SAR) or time
series, embedded in a hierarchical system of agcbbyiented GIS framework help to handle
the complex character of the problem. One of theem$al components of information
distribution is the development of spatial datarasfructures by using open standards as
recommended by the Open Geospatial Consortium (#C
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1 Introduction

China’s exports of wood products have been fasvigpg over the last decade and hence their
imports of timber (White et al., 2006). Forest m@ses of Mongolia and the Lake Baikal
region are affected by this development and sim&n tinformation provision for forest
protection with respect to natural and human-indudisturbances is needed. Alongside, the
region is rich in many types of mineral resourcdsiciv are of newly interest to both,
international investors and local communities. gatial mining in form of illegal gold placer
mining have become a major problem for water qualtrough the uncontrolled use of
mercury. Under such circumstances an issue that beuaddressed is the monitoring of the
region and the subsequent analyses pertainingvicoemental impacts.

One of the major challenges for an integrative mrmental development is the integrated
management of water and forest resources and scomemic developments in order to
secure a sufficient availability of fresh water amdber. Thus, for an integrated management
methodical designs are necessary which refer toctimaplexity of the resources to be
managed and the difficulty to monitor them. A rdcesophisticated approach to understand
landscapes consists in modelling their structusea fuzzy system composed of complicated,
dynamic, stochastic processes. This methodologpastg specifically landscape-ecosystem
based approaches in which ecosystems of differmales are regarded as primary units for
guantification and modelling (Seppelt & Voinov, 2)0Because of the fuzzy character of the
problem, the integration of a detailed landscapscmation in form of a multi-layer GIS,
remotely sensed data and regional environmentaletedd suggested for the projects and
initiatives outlined in this paper.

Earth observation (or remote sensing) platforms thee primary data source from which
landscape patterns can be assessed (Herzog 20@l;, Blaschke et al., 2001). Withoat



priori information about these patterns, observationsentgdremote sensing sensors supply
an independent and unbiased framework to analyskatid cover at multiple scales (Marceau
& Hay, 1999; Hay et al.,, 2002). Two important segpecific characteristics need to be
accounted for: first the spatial, spectral and terapresolution of each image pixel and
secondly the image characteristics themselvesgeegraphical area, combined band-widths
and temporal duration. Within these data sets, objgcts with “real-world relevance” may
serve as suggested units over a range of scalesnR&tudies describe how “image-objects”,
nested in a hierarchical system of a multi-scal& @&amework are being detected and
described by a Fractal Net Evolution Approach (FNEAreduce this problem (Baatz et al.,
2000; Schiewe, 2003; Hay et al., 2003). The prejeatlined in this paper follow an approach
that considers spatial, spectral and temporal uésol demands by combining a variety of EO
products and is thus in agreement with the sugddstg issues by latest landscape research:
“data acquisition” and “scaling” (Wu & Hobbs, 2002)/e mainly focus on object-oriented
and SAR image processing and limitations analyséngote sensing data in rough topography
and under forest cover as supplement to algorittias worked well in flat regions. We
provide techniques for their improved applicatiom imixed forest classification. The
investigation aims to support the establishmergpaitial tools that will contribute directly to
water management and forest inventory activitidge philosophy of incorporating concepts
and knowledge keeps the system open for new addaheenatic and EO data, that simply
can import and extent existing databases. Moredkeruser with knowledge in forestry can
align classification rules and therefore revertaocouple of area-wide and high grade
processed optical and SAR- EO data sets. For aultieg data infrastructures, community
involvement is the most challenging objective ammhains an ongoing process.

2 Projects, objectives and study area

We resume to projects which address environmemiphcts like forest degradation or water
pollution in Northern Mongolia and the Lake Baikagjion. The multi-scale character of such
investigations implies the acquisition, storage andlyses of spatial data, like satellite-based
EO data. The projects introduced here are cartgdvithin international consortiums.

For the Technical Cooperation Programme Mongoliaused the full capacity of area-wide
and mostly free available Remote Sensing data fopmt the development of1)
Participatory Forestry The approach provides an object-oriented GIS enwient
containing intersected spectral, topographical erpical data for the preparation of forest
maps. Optimised post-processing and sensor syseegiabled classifications of prevailing
forest types, disturbances, timber density and embolume. Moreover technology
consultancy and the provision of advanced trainimgthe use of Image Processing/GIS
encouraged capacity building at the Mongolian Miyisor Nature and Environment (MNE).
The project was founded by UN’s ‘Food and Agrictgt®rganization’ (TCP/MON/2903).

The (2) Irkutsk Regional Information System for EnvironraérRrotection — ‘IRIS’ will

assess the current status and dynamics of theskkRegion's (South-eastern Siberia,
watershed area of Lake Baikal) forestry environmarituenced by man-made changes and
anthropogenic impact arising from pollution souraad other negative anthropogenic drivers
located in the region and in adjacent areas. It imvestigate the responsiveness and
vulnerability of forestry environment within the glen under different scenarios of industrial
development and nature-preserving measures. Theitoot the project is the adaptation of
the existing GIS layers, completion and transfdo ioperative testing and exploitation a
simplified version of the Regional Information Sgrst that serve as a prototype for other
regions of Northern Eurasia. The project also ideki the preparation of the detailed



prospective studies and explorations aiming atithelopment of the efficient simulation and
management tool for practical use by regional guaece and nature-protection service(s).
The tool will help to manage the risks associatéti wman-made changes and anthropogenic
stress affecting the forest ecosystem of the regiater investigation, as well as other regions
of Northern Eurasia. The project is founded by EBwwopean Commission (INCO-CT2006-
015110).

The (3) ‘GMES (Global Monitoring for Environment and SedyyiService Element Forest
Monitoring’ provides another powerful tool for effective fdr@sonitoring and inventory at
regional scale for the Irkutsk Oblast. Reliable ang-to-date information on forest
characteristics and changes are required by the Btaest Service of Irkutsk General Survey
of Natural Resources (FS of GSNR) in order to fusieveral international and national
treaties, for its own forest policy as well as &fprm the task of delivering data to the federal
level. Specific information needs arise in the aseaontinuous inventory of forest and forest
fund land as a basis for perspective and opergli@ening, an assessment of changes and
trends such as ARD (Afforestation, Reforestatioefdestation) resilience of forests, etc. and
information provision of forest protection with pext to natural and human-induced
disturbances such as fire, insect outbreaks omaillelogging. Without the proper
implementation of a multi-sensor EO-concept, thedFS5SNR is not able to satisfactory
solve its major tasks. The project is founded leyElropean Space Agency.

To answer the question “How do land cover/ land alsgnges affect hydrology and thus the
detrital discharge of sediments and dissolved geagtiinto Lake Baikal?” we need a better
understanding of sediment fluxes as controlled kesgnt day hydrological conditions. The
(4) SELENGA initiative provides a generic methodology using EO data teramme
information gaps for evaluating processes as chedrdy the Selenga River and other large
and inaccessible watersheds. These are relevaas$essing the hydrological balance in the
catchment area and understanding related sedimasg and pollutant transfer to the Lake
Baikal. The main scientific innovation results frarcombination of EO- based land surface
monitoring, an assessment of landscape patterrs,aawater-bound sediment transport
model. The proposed approach serves as the bagiedionalized land use scenarios under
changing climate conditions and their impact to thatershed. Furthermore, hot spot
detection and rating of illegal gold placer miniageas will be carried out by using new
advanced high resolution sensor systems. The tinéiavill be undertaken in collaboration
with the Centre for Environmental Research Leipaigd the GeoForschungszentrum
Potsdam, Germany.

Based on open standard technologies(f)eSiberian Earth System Science Cluster — ‘SIB-
ESS-C'will be developed as our comprehensive spatia ddtastructure for remote sensing
product generation, data dissemination and sciemtita analysis. SIB-ESS-C is the follow-
on activity to the EU funded SIBERIA-II project (MuSensor Concepts for Greenhouse Gas
Accounting of Northern Eurasia, EVG2-2001-00008)e Tools and systems which have been
employed for it include a selected yet spectraliyl aemporally diverse set of 15 Earth
observation instruments on 8 satellites, detail¢d @atabases and some of the worlds most
advanced Dynamic Global Vegetation Models (the LEBotsdam-Jena LPJ-DGVM and the
Sheffield-DGVM) to account for greenhouse gas fRiXeetween land and atmosphere.
Following the principle of interoperability SIB-ESS is planned to become part of a
distributed network of similar systems where ndiyatata is being distributed and shared, but
also applications (e.g. analysis functionalitia®gessing modules) are being offered and used
throughout the network. The project is foundedh®y Wniversity of Jena.



3 Data

To achieve the above mentioned objectives, thragtpare critical for the integration of EO
data. First, a distinction between spatial resofutand image extent in the EO data is
essential. Generally, the higher the spatial regsiuof the pixels the smaller the total area
covered by the image. Second, the lower spatialugsn, the higher temporal availability of
images, so far. EO products such as time serigs fferra/Aqua MODIS can serve as
baseline information for higher resolution imagésanore or less particular point in time.
Third, ground truth data like forest inventorieg assential for the classification validation.
Such data are often available as analog-to-digitineaps. Additionally provided forest
parameter attribute tables from ongoing inventohiage no established spatial relationships
to both, the maps and the EO images which woulceeequisite for automated classification
and parameter retrieval validation. An object-otéehapproach that might offer a solution to
this methodological problem is described later on.

To ensure a continuous, area-wide approach we ¢favsen spatially low (250-1000 meters
per pixel) but temporally high resolution data fraBNVISAT-MERIS and Terra/Aqua
MODIS, spatially medium resolution data (25 — 50ten® per pixel) from Landsat-5 and —7
as well as from the Radar sensor systems ERSHNY|SAT ASAR and ALOS. Until today
the data were acquired both at no costs from ietedatabases and external project
agreements or at low cost reproduction fees. Exgeengre therefore be minimised. For the
future we are looking forward to major data conéintg on spatial high resolution data (1 — 15
meters per pixel) from the new Radar sensor sy3iemaSAR-X. The University of Jena is a
principle investigator on the use of TerraSAR-Xadiat forest environments.

4 Methodologies

The use of satellite-based EO data and derivednrdton for water and forest applications is
commonly hindered by mismatches between informatiser and information provider. The
underlying cause is that remote sensing sensorsharéront-end stage and complex data
manipulation is needed in the process flow in otdemeet the user’s requirements for the
final thematic content. The initial satellite visidystem focuses on a specific spectral and
spatial domain at a particular point in time. Thensformation of such records into reliable
information is controlled by the capabilities ofdge processing and expertise about the
ground. Data of different EO sensors in differspéctral, spatial and temporal dimensions
need to be made compatible and synergisticallylaai to be in line with user's demands.
Altogether this limits the use of EO data but néweless EO platforms are the primary data
source for up-to-date information, whereas derilgaiscape units (or objects) are regarded
as primary units for further landscape quantifmatiand modelling. Thus, our general
concepts set high value on advanced databaseatitegiof multi-resolution EO data. From
the multitude of image manipulations to be undemtakatmospheric correction, topographic
normalization, unsupervised classification) we Viekkus on object-oriented and SAR image
processing. For concept and knowledge building,rkielvement of forester and hydrologist
community is the most challenging objective anda#® an ongoing process.

4.1 Data infrastructures

For the SELENGA initiative (see figure 1), finaltdanfrastructures will provide the object-
related spatial, spectral, temporal and thematictezd in conventional vector and grid



formats and in a data description meta-languagé sscthe Extensible Markup Language
(XML). The core application is the derivation ointh surface characteristics from spatial
medium resolution SAR and optical EO data by takwgpgraphic properties into account.
Land surface baseline information will be generdtedh several time series products of the
Terra/Aqua MODIS sensor. The GIS-Client summariseds for a hierarchical landscape
discretisation starting with river network topolodgnd cover classification, object creation
and GIS- and time series data intersection. Thegers find entrance into the Open Source
Relational Data Base (RDB) that finally hosts lazagse units from different levels of spatial
discretisation, featured with different parametaver time. The units will be warehoused in
different formats like vector, grid or metadata. AtML-metadata file describes one
parameter over one object/unit for a specific tgpan such as the statistical mean of surface
temperature for a specific sub-catchment for thesda5 to 153 in year 2005. The reason for
using XML is it’'s familiarity to RDF (Resource Deagation Framework) or OWL (Ontology
Web Language) and thus it's capability in the depsient of concepts and knowledge which
is requisite for the better understanding of muttiehsional environmental processes.
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Figure 1: Workflow and data infrastructure for debga watershed evaluation.
4.2 Object-oriented image processing

We applied an object-oriented image processingagmbr which allows the textual and spatial
intersection of the continuous EO raster data figeee 2) to “sculpture” objects based on the
corresponding spatial thematic vector data setdtifdsolution segmentation is a bottom up
region-merging technique starting with one-pixelegks. In numerous subsequent steps,
smaller image objects are merged into bigger oResthe segmentation we used the layers
with the highest feasible spatial und textural hetson. The forest inventory classes serve as
super objects (compartment external border) andobjdrts were created from image grey
level channels within the super object boundamesresult we obtain vector polygon files
and corresponding attribute tables containing ssteted forest inventory and image grey
level statistics. Manual object fusion depends acall knowledge but is recommended to
reduce complexity. The strategy for using eCognitbject-oriented image classification can
briefly outline as (1) build up of a knowledge bdse the interpretation process, (2) image
object generation, (3) class hierarchy generatimh @) class description by representative
sample objects and a nearest neighbour classifigrecformulation of knowledge using one-
dimensional membership functions.
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Figure 2: An object-oriented approach within a @l&nt allows the textual and spatial intersectafnthe
continuous EO raster data with thematic forestmbeey vector data.

4.3 SAR data processing

SAR data application in hilly and mountainous arémadimited due to inherent image
geometry. According to the cross- and along-trackmonents of radar images, a strong
dependence of radar backscatter to mountain slapegven. Thus, for forest mapping,
radiometric and geometric corrections are neces®agyequisite is the availability of precise
elevation data. Forest test sites in the regionbmacharacterized by rough topography with
steep slopes. For forestry, the use of low incideargles enhances the sensitivity to biomass,
whereas the use of high incidence angles enhaheedigcrimination of forest types through
interaction with forest structure. The use of crpsfarisation improves the discrimination
between volume scattering (vegetation) and surfacattering (soil), in our case the
forest/non-forest discrimination and the retriegblow biomass values (forest regeneration,
re-growth). In case of forest area/type applicatidd® mode with VV/VH polarisation for
swaths 1S4-6 is recommended (ASAR Science Advisargup, 1998). For processing we
used GAMMA SAR Geocoding and Image Registration@afe (GEO) which is a collection
of tools for SAR geocoding and multi-source imaegistration. Geocoding is the coordinate
transformation between the coordinates of the ingagiystem, in our case the range-Doppler
coordinate of the ASAR, and orthonormal map coattisa from SRTM-DEM for terrain
correction. The processing steps can conclude kewvi (1) Generation of Multi-Look
intensity images (sigma nought) in slant range g&om including radiometrically
normalization for the antenna patterns, (2) cotegfion in slant range geometry, (3)
geocoding slant and ground range to DEM geomeflygéometrical normalization by local
incidence-angle correction, (5) GammaMAP filteriagd (6) calculation of dB-values for
better visualisation.

4.4 Concept and knowledge building

For concept and knowledge building we applied Galnenear Models (GLM) and here the
one-way analysis of variance (ANOVA) to test spediinage and inventory object attributes



for significant differences between means by comngarvariances. The GLM is a
generalization of the linear regression model, dihett effects can be tested for continuous
predictor variables, as well as for effects foregatical predictor variables. In one-way
ANOVA designs, the effect of a single categoricaluping variable like tree type or volume
per hectare on one or more continuous dependeiables (e.g. objects mean NDVI or Radar
intensity) can be evaluated. We are able to comiherevariance due to the between-groups
(spectral values between different channels) vditiatwith that due to the within-group
variability (spectral values within one channelhdégr the null hypothesis (that there are no
mean differences between groups), the variancenatsd from the within-group variability
should be about the same as the variance estinfratedbetween-groups variability. This
latter least square means effect from between-greapiability is then tested on statistical
significance. Furthermore, Terra/Aqua MODIS 16-gaygetation indices are intersected with
the forest inventory units (super-objects) and wgoits (sub-objects) for a better
understanding of annual and inter-annual variatadribe phenological turnover.

5 Summary

In this paper projects and initiatives addressingirenmental impact issues in Northern
Mongolia and the Lake Baikal Region are presenBmine of the concepts of spatial data
infrastructures and remote sensing image processaiiques currently being established at
the University of Jena are introduced. The majal goto efficiently share Earth Observation
data and domain-specific information within earttiesce community and thus using
standards published by the World Wide Web Consortifv3C®), the Open Geospatial
Consortium (OGC™) or the International Organization Standardization (ISO). On the
long-term, decision makers and earth science contiesinwill highly profit from the
evolving field of semantic webs, where domain-sfiednowledge has been rigorously
categorized in an also machine readable format.

Forest area mapdor the Irkutsk region are generated using mediagoiution, cross-
polarized Envisat ASAR precision images acquirethage incidence angles (swath 7). For
quality control and product verification archivedridsat TM5 and Landsat ETM 7 as well as
ground reference data will be used. The followimgdpcts will be provided: “Forest Area
Map 2005/2006", “Forest Area Change Map”, “ARD Aidap”, “Burned Area Map”, “Clear
Cut Map”. The service includes a documentationhef applied methodology as well as the
assessment of product quality and accuracy. Thepéagsility threshold of the thematic
mapping accuracy is 90% for forest areas and 83%ofest area changes, respectively.
Fortree type classificatiolinear regression models (ANOVA) were applieddstigrey level
statistics of segmented image objects with foregémtory parameters for significancéhe
results imply that spatially medium resolution E@alsuch as from Landsat work well in the
case of pure forest stands. For mixed forests,rinmed inter-channel variances of object
spectral as well as object texture values are el@hle for the discrimination of prevailing
tree types. However, inner- and inter-channel ity is given and therefore show the
potential of such data for using their object-retaspectral and texture statistics in the nearest
neighbour classification feature space. Additionatules like the dependence of Siberian
Pine with elevation, the occurrence of Birch aftess or the inner-annual trend of NDVI for
Larch-dominated areas were implemented by one-ditneal membership functions. For the
classification, only few rules can be validatedcsiriorest inventory statistics often are not
congruent with forest inventory boundaries. Manadject fusion is therefore highly
recommended to reduce complexity where forest iorgnboundaries include non-forest



land cover. The task depends on local knowledgehith the proposed approach offers a
solution to this methodological problem.

A methodology to retrievéimber volumeusing SAR data has been developed as part of the
SIBERIA-I project. The algorithm has been provensark well for Siberian forests in flat
regions (Wagner et al. 2003; Eriksson et al. 20@B)e to the rough topography in the
Mongolian test sites and partly absent coveragm fElRS-1/2 and JERS, this product can
only be provided for the relatively smooth undutateestern parts of Selenge-Mandal test
site. Due to insufficient quality and/or test siteverage, the data were not considered in the
general object-oriented analyses concept, but anadd can easy implemented in the
database environment.

With an adequate infrastructure, Earth Observatiaia can serve as the base for analysing
landscape structure and related socio-economic eemvitonmental processes at multiple
scales. The discussed projects and approachesagerend compound domain-specific
knowledge on both sides, the information providarsl the information users. Besides
investigating long-term regional environmental penhs, Earth Observation data sets are of
major relevance for providing on-demand informatisnch as for large and partly
inaccessible regions like the transboundary basithe Selenga river. EO data sets are
normally less precise than field survey data abé&lat state or regional level. But, however,
the integration of the latter data from differemusces (when river basins extend into a
number of administrations) is also surrounded bwysaterable uncertainty. In contrast,
satellite-based EO data serve as an independenirdnadsed framework for less precise but
standardized information. With different image mssing methodologies using optical and
SAR data we were able to demonstrate the potenitiBlO data for investigating meso- and
macro-scale environmental impact problems in Northglongolia and the Lake Baikal
Region. The methodology and analysis discussedis pgaper can be applied to other
(transboundary) regions, using free of charge E@.ddew sensors like TerraSAR-X (SAR),
EnMAP (hyperspectral) or RapidEye (optical) wilgsificantly improve the integration of
EO data to support the aims of environmental ptmtec
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