THE IRKUTSK REGIONAL INFORMATION SYSTEM FOR ENVIRON MENTAL
PROTECTION (IRIS)

Karsten Frotscher, Carolin Thiel & Christiane Schmullius

Friedrich-Schiller University, Department of Ear@®bservation, Grietgasse 6 D-07743 Jena, Germany
Email: karsten.frotscher@uni-jena.de

ABSTRACT

The Irkutsk Regional Information System for
Environmental Protection (IRISassesses the current
status and dynamics of the Irkutsk region’s fogestr

environment as influenced by man-made changes and

anthropogenic impact. IRIS aims to efficiently shap-
to-date and long-term satellite-based Earth Observa
data and socio-economic information within earth

science community, regional governance and nature-

protecting services to identify environmental imigac
that are both economic and socially responsibleisTh
for integrated environmental management tools are
necessary which refer to the complexity of the ratu
resource to be managed and the difficulty to ptettlie
factors or driving forces influencing them. Advadce

image processing techniques embedded in an object-

oriented GIS framework, web service technology and

very slow due to the extreme continental climater F
the last centuries a strong Atlantic control hagrbe
shown to affect the timing of the ice break-up iake
Baikal [4]. This observation supports a strong
teleconnection between the Central Asian and Eanope
weather systems that cause a well-defined atmoispher
pattern in the region. These links to the global
atmospheric system as well as the necessities of
estimating the current carbon balance of Northern
Eurasia [5] make the region highly attractive tinelte
research on a global scale.

1.2. Anthropogenic impact on the local
environment

The Irkutsk region is politically important sincés i
development represents the economic and sustainable
growth in the vast rural territories of Siberia.eTimany

open standards as recommended by the Open Gebspatiayears of human impact culminated in heavy industria

Consortium (OGE") help to handle the complex
character of the problem. IRIS benefits and counteb

to on-going European-Russian cooperation projauts a
is funded by the European Commission (INCO-
CT2006-015110).

1. INTRODUCTION
1.1. Region’s impact on global levels

Russia possesses the largest forestry resourcésein
world, containing about 22% of the world’s foreGne

of the most wooded regions of Russia is the Irkutsk
region compromising 4.5% of Russian territory. The
Irkutsk region is dominated by typical taiga fored2%

of the territory is covered by forest, which copesds

to an area of 71.5 million hectares or 9.9% of Russ
forested areas [1]. Over the last decade Chingientx

of wood products have been fast growing and hence
their imports of timber [2]. The high value foresfsthe
Irkutsk region are affected by this development and
since then information provision for forest protent
with respect to natural and human-induced disturban

is needed. Due to common forest fire events as agell
intensive human activities such as clear cutting an
cultivation the Irkutsk region is characterized by
intensive large area changes of forests.

The Irkutsk region is environmentally important doe

its central, indicatory location in the Eurasianrds
zone with pronounced expected climate change {8]. |
ecosystem vulnerability is very high and recoveater

development during Soviet times — causing eletyrici
demands which are supplied by world’s largest hydro
power plant system along the Angara River. Largasr
are under intensive anthropogenic press, whicmdge

to be substantially increased. Atmospheric poltutixy
large industrial zones, contamination by untreatadte
water effluents and higher run-off loads of nuttéen
caused by intensified land use and timber loggirg a
pointed out as today’s most apparent man-made
environmental risks for Irkutsk region.

In studies of the anthropogenic impact on the
environment, an important aspect is the spatial and
temporal variability of gaseous pollutants and aei®

in the atmosphere [6]. Numerical simulations alltov
reduce the volume of costly and time consuming
experimental studies as well as to assess the
contribution of local and remote emission sourcethée
secondary pollution of the regional forestry andl so
conditions. It is important here to conduct a risk
assessment and determine the potential anthropogeni
“signal” among a great variety of photochemical air
pollutants and aerosol particles.

Under all these circumstances an issue that must be
addressed is the monitoring of the forest resoucodes
the region and the subsequent analyses pertaioing t
environmental impacts.

1.3. Landscape-Ecosystem approaches

One of the major challenges for
environmental development is

an
the

integrative
integrated



management of natural resources and socio-economic
developments in order to secure a sufficient alditg
of fresh water and timber. Thus, for an integrated

Open Geospatial Consortium (OGC) is to promote
standard open software interfaces. These interfades
enable geoprocessing so that different geospatial

management methodical designs are necessary whichsystems are able to communicate with each other.

refer to the complexity of the resources to be rgada
and the difficulty to monitor them. A recent,

sophisticated approach is to understand landscapes

consists in modelling their structures as a fuzgstem
composed of complicated, dynamic, stochastic
processes. This methodology supports specifically
landscape-ecosystem based approaches in which
ecosystems of different scales are regarded asaprim
units for quantification and modelling [7].

1.4. Satellite-based EO is crucial

Satellite-based Earth Observation (EO) platforms ar
the primary data source from which the above
mentioned landscape patterns can be assessed.uVitho
a priori information about these patterns, obsévuat
made by remote sensing sensors supply an independen
and unbiased framework to analyse the land cover at
multiple scales [8, 9]. IRIS' strategy follows an
approach that considers spatial, spectral and teahpo
resolution demands by combining a variety of EO
products and is thus in agreement with the sugdeste
key issues by latest landscape research: “data
acquisition” and “scaling” [10].

Satellite images are one of the basic sources of
information for study of the forest state and lader
monitoring[11, 12]. The multi-band and multi-temporal
images from the EO platforms SPOT-Vegetation,
TERRA/MODIS, Monitor-E/RDSA, Aura/OMI as well

as ENVISAT/ASAR and ALOS/PALSAR data deliver a
wealth of environmental information. Therefore, suc
remote sensing information is often used for
environmental studies, risk management and so on.
Moreover, the results of these studies serve aasa,b
core or additional information for creating specitir
multipurpose GIS.

1.5. Considering recent technological developments

It is a methodical challenge to derive sound patame
sets from EO data and to implement spatial tools in
large regions and, at least across administrative
boundaries. In this context IRIS will profit froneaent
technological developments, like universal coninégt
(internet, asynchronous JavaScript, mashups), new
advanced sensors (ALOS-PALSAR, TerraSAR-X),
comprehensive analysis environments (GIS, Spatial
Data Infrastructures), standards for data, metadat
web services (like OGC), or communication platforms
for computer-supported cooperative work (Wikis).eOn
of essential components of IRIS is the implemeotati
of an Open Source GIS system. Open Source
technology is a growing field that encourages ttee f
sharing of software, codes and services. The dokleo

2. DATA AND METHODS

2.1. What is available from finished and on-going
projects?

IRIS is a follow-on activity to the EU-funded SIBER

Il project (Multi-Sensor Concepts for Greenhouses Ga
Accounting of Northern Eurasia, EVG2-2001-00008).
SIBERIA-Il was a joint Russian-European remote
sensing project that improved greenhouse gas
accounting over a 300 Million ha area in the cdntra
Siberian region including the Irkutsk region. The
products which have been generated include regional
maps of land cover, fire induced disturbances,
phenology, snow depth, snow melt date, onset and
duration of freeze and thaw, LAl and others. Mokt o
these products are available for several yearscaudr

the entire SIBERIA-II region.

The GIS database already developed for the Irkutsk
region by the Institute for Applied Systems Anadysi
(IIASA) together with a number of Russian instituiso
includes a number of layers (landscape, soil, atigpet,
forests, utilities), which will effectively used rfahe
goals of the regional information system on
environmental protection and anthropogenically-giniv
risk assessment. However, in order to serve asia bh
IRIS, the GIS requires to adapted to recent
technological standards such as web map services
(WMS) and web feature services (WFS).

The ‘GMES (Global Monitoring for Environment and
Security) Service Element Forest Monitoring’ (GSE
FM) provides another tool for effective forest
monitoring and inventory at regional scale for the
Irkutsk region. Reliable and up-to-date informatiom
forest characteristics and changes are requirethby
State Forest Service of Irkutsk General Survey of
Natural Resources (FS of GSNR) in order to fulfil
several international and national treaties, ferdtn
forest policy as well as to perform the task ofiviging
data to the federal level. Specific information dee
arise in the area of continuous inventory of forastl
forest fund land as a basis for perspective andatipe
planning, an assessment of changes and trendsasuch
ARD (Afforestation, Reforestation, and Deforesta}io
Socio-economic directions and fields of expertisehs

as the programmes and mechanisms of the development
of regions, inter-budget relations in the regiamy #inks

in the system "Economy and Environment" are covered
by the Department of Regional Economic and Social
Problems of the Irkutsk Science Centre.



2.2. Additional multi-scale EO data/ products

EO platforms are the primary data source for ariekew
daily, weekly or yearly time-series analyses totdret
understand the inter-annual variations of the
environmental processes and turnovers.

2.4. SAR data processing

According to the cross- and along-track componefts
radar images, a strong dependence of radar batdscat
to mountain slopes is given. Thus, for forest magpi
radiometric and geometric corrections are necessary

To ensure a continuous, area-wide approach we have Prerequisite is the availability of precise elevatdata.

chosen spatially low but temporally high resolution
atmospheric data from the “Total Ozone Mapping
Spectrometer” (TOMS) and the “Ozone Monitoring
Instrument” (OMI). Both sensors provide temporathi
resolution global information about the total ozone
content as well as aerosol distribution of the
atmosphere. TOMS/OMI data represent the primary
long-term, continuous record of satellite-based
observations available for use in monitoring globad
regional trends in total ozone and aerosols oweiptst
25 years.

Spatially medium resolution EO land products sush a
time series from Terra/Aqua MODIS or SPOT-VGT
serve as baseline information for higher resolution
images at a more or less particular point in tige far,
IRIS uses the monthly Land Surface Temperature JLST
product (MOD11C3; 5km per pixel) and SPOT-VGT
NDVI (1km) for trend analyses. Up-to-date and
spatially high resolution C-band SAR data from
ENVISAT-ASAR (25-50 meters) and L-band SAR data
from ALOS-PALSAR (6.25 meters) are used for
reliable and up-to-date information on forest ekmd
changes in areas with high dynamics.

Until today the data were acquired both at no cfyets
internet databases and external project agreemerats
low cost reproduction fees. Expenses were therdfere
minimised. For the future, the University of Jerss (
principle investigator on the use in forest envinemts)

is looking forward to major data contingents ontigpa
very high resolution data (1-15 meters per pixa)rf
the new X-Band SAR sensor TerraSAR-X.

2.3. Trend analyses using linear regression

To detect significant positive and negative trefnads
both the SPOT-VGT NDVI mosaics (1998 — 2005) and
the MODIS LST products (2000 — 2006), a temporal
trend analysis using the ordinary least squaresSjOL
regression technique on the basis of a linear ssgre
model {r = a + bX + § as presented by [13] and [14] is
applied on the dataset. The trends are analyzed on
confidence level of 95% using standard t-test. The
SPOT-VGT NDVI and the MOD11C3 LST datasets
were regressed over six respective seven yearedebr
pixel slope of the linear regression (Kelvin) and R
values (in %) were extractednother parameter taken
into account is thecoefficient of determinationR?3,
which describes how strong the linear relationskip
between LST or NDVI change and time.

For forestry, the use of low incidence angles enban
the sensitivity to biomass, whereas the use of high
incidence angles enhances the discrimination odstor
types through interaction with forest structureeTise

of cross polarisation improves the discrimination
between volume scattering (vegetation) and surface
scattering (soil), in our case the forest/non-fores
discrimination and the retrieval of low biomassues
(forest regeneration, re-growth). In case of forest
arealtype applications ENVISAT-ASAR AP mode with
VVI/VH polarisation for swaths [S4-6 can be
recommended.

Forest area maps for the Irkutsk region are geeérat
using cross-polarized ENVISAT-ASAR precision
images acquired at large incidence angles (swathor)
quality control and product verification archived
Landsat TM5 and Landsat ETM 7 as well as ground
reference data are used. The following products are
provided: “Forest Area Map 2005/2006", “Forest Area
Change Map”, “ARD Area Map”, “Burned Area Map”,
“Clear Cut Map”. The acceptability threshold of the
thematic mapping accuracy is 90% for forest aresb a
85% for forest area changes, respectively.

3. RESULTS AND DISCUSSION

3.1. Aerosol Index

TOMS (on Nimbus-7) Aerosol Index monthly means
from daily global 1.0° x 1.25° products from Januar
1980 — December 1992 and OMI TOMS-like (on Aura)
Aerosol Index monthly means (Fig. 1) from daily luhd
0.25° x 0.25° products from August 2004 until now
have been processed for IRIS. The spatial and teahpo
variability of aerosols in the atmosphere are ingoar

for studies of the anthropogenic impact on the
environment. The data serve as base for numerical
simulations, which allow assessing the contributidn
local and remote emission sources to the secondary
pollution of the regional forestry and soil conalits.
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Figure 2 Slope of positive trends for monthly L&tad
for July (2000-2006). The trends are analyzed on a
confidence level of 95% using standard t-test.

Figure 1 UV Aerosol Index from OMI on Aura: monthly
mean July 2006. High Al values due to smoke from
forest fires.
3.2. Temperature trends 3.3. Trends in photosynthetic activity
Time series analyses of 6-year record satellite
observation of seasonal SPOT-VGT mosaics for
Northern Eurasiawere carried out and trends in
vegetation photosynthetic activity were assesséd. [1
SPOT-VGT time coverage is 1998-2005 for summer
(Jun-Aug) and fall (Sep-Nov), 1999-2005 for spring
season (Mar-May), with a ground resolution of 1km.
Trends are thancrease/decrease of NDVI per year.
Significant trend patterns were detected for spring
summer and fall. NDVI trends over the boreal forest
ecosystems in spring and fall indicate an onset of
vegetation greening and a lengthening of the
photosynthetic period.For summer trends (Fig.3),
Tundra or disturbed areas show an increase or
“greening” of vegetation.

Canopy temperature is among the main determindnts o
the rate of growth of vegetation.Increasing
temperatures are a major stress factor on the
composition of vegetative ecotypes and plant (fpres
physiology and force the outbreak of insect calesit
and forest fires. Moreover, permafrost is influahce
with rising risk potentials for infrastructures qgk
failures). Time series analyses of 7-year record satellite
observation of monthly Terra-MODIS Land Surface
Temperature Climate Modelling Grid data (MOD11C3)
for the Irkutsk regionwere carried out and trends in
daytime Land Surface Temperatures were assessed
MOD11C3 is simply composited and averaged from the
global 8-day CMG product (MOD11C2) over a period
of 32 days. MOD11C2 again is composited and
averaged from the global daily CMG product
(MOD11C1) over a period of 8 days. Science quality
status is ‘validated’ but product accuracy has been
estimated using only a small number of independent
measurementsMOD11C3 time coverage is 2000-2006
on a monthly base with a ground resolution of 5km.
Trends arenalyzed on a confidence level of 95% using
standard t-test and shothe increase/decrease of LST
per yearThe slope parameter in Fig.2 gives information
about the annual increase of pixel values, origynal
Kelvin. Areas most affected by July surface temperature
increase are in the Krasnoyarsk Kray northwesthef t
Irkutsk region and in the Republic of Buryatia twet B Increase
East. Within Irkutsk region, Zhigalovskij, Mamsko- [ ] Districts

Chujskij and Chunskij districts show a considerable ) » )
increase.Another parameter taken into account is the  Figure 3 Positive (green) and negative (red) treofls

Photosynthetic Activity
1998-2005

I Decrease

coefficient of determinationR?®, which describes how summer NDVI 1998-2005 (trends at 95% confidence
strong the linear relationship is between LST cleang level).
and time.

Districts most affected are Katangskij, NizhneuHins
and Ust'-llimskij. In contrast, and after excluding
impacts like clearcuts, fires or insect outbreakgre



are areas witldecreasing photosynthetic activity, also
called “browning” of vegetation [16]Most notably
affected areas are in Ust'-Kutskij, Kirenskij and
Bodajbinskij district.

3.4. Clearcut delineation

Clearcut delineation is performed from high resolut
ALOS-PALSAR Precision images (6.25 m, Fig.4) by
analyzing image texture. Because of the fuzzy cheara

of the forest/non-forest classification problem,e th
integration of an object-oriented multi-scale GIS
framework (eCognitiol") considering spatial, spectral
and temporal resolution demands has been carrieid ou
reduce operator judgement as source of error in the
delineation process.
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Figure 4 ALOS-PALSAR Precision image from™df
August 2006 and delineated clearcuts (Projectidoiviu
Zone 47 North, WGS-84).

3.5. Web service technology

The goal of the Open Geospatial Consortium (OGC) is
to promote standard open software interfaces. These
interfaces will enable geoprocessing so that difier
geospatial systems are able to communicate with eac
other. Consequently, IRIS’ spatial data base (frigi8

be implemented as 3-tier architecture with database
server (PostgreSQL), application server (Geoseover
Mapbender Client Suite) and internet browser.
PostgreSQL with the PostGIS extension follows the
Simple Features for SQL specification from the Open
Geospatial Consortium. The application server asta
OpenGIS-compliant web services layer on top of
existing data sources. For a later stage, it isoussion
that the Mapbender Client Suite as a framework for
managing spatial data services will be implemerasd
IRIS Online-GIS. Mapbender provides interfaces not

only for displaying and navigating but also for gyieg
OGC Open Web Services. Moreover, Mapbender
provides interfaces for user and group adminigtrati
and management functionality for maps displayed and
data served by OGC Open Web Services.

Web interface ]

Client
—

Interfaces

Servers.

PostgreSQL/
PostGIS

SAR Pri
Object-Oriented-C|
Trend Analy:

Satellite-based EO Data
(ENVISAT, ALOS, SPOT, MODIS)
Socio-Economic Data
Bioenvironmental Data

Figure 5 Concept of data representation and
dissemination.

Preprocessing

Consortiums Heritage
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4. SUMMARY

Fast-growing economies and worldwide growing
consumer demands have a considerable impact on
natural resources and thus on the way Earth Science
community addresses the acquisition, storage and
analyses of spatial data. Reliable and up-to-date
information on land surface characteristics andhgka

are required by decision makers in order to fulfill
several international and national treaties and ifer
own policy. Satellite-based Earth Observation (EO)
serve thereby as an independent and unbiased
framework to analyze landscape structure and kblate
environmental processes as well as impacts at praulti
scales. Trend analyses of temporally high resoluEi®
products with well defined product uncertaintiesd an
downstream advanced image processing techniques
such as for spatially high resolution SAR (ALOS-
PALSAR, ENVISAT-ASAR) embedded in an object-
oriented GIS framework, help to handle the complex
character of the problem. Without the proper
implementation of such a multi-sensor EO-concept,
IRIS is not able to satisfactory solve its majeka The
essential component of IRIS is to compound and
provide data and knowledge from different scieatifi
domains by using web-based services and open
standards as recommended by the Open Geospatial
Consortium (OGE&"). For the resulting tools, user
community involvement (science, regional governance
is the most challenging objective and remains an
ongoing process.
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