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Abstract

Web-based Geographical Information Systems (GI&kacellent tools within interdisciplinary and niwult
national geoscience projects to exchange and vzsuatoject data. The web-based GIS presenteddrpéper
was designed for the paleolimnological project HHigsolution CONTI-NENTal paleoclimate record irkea
Baikal' (CONTINENT) (Lake Baikal, Siberia, Russta)allow the interactive handling of spatial datae GIS
database combines project data (core positionglsgmositions, thematic maps) with auxiliary spladia@a sets
that were downloaded from freely available datacsesion the world wide web. The reliability of teternal
data was evaluated and suitable new spatial datasge processed according to the scientific quiestdf the
project. GIS analysis of the data was used totastsidies on sediment provenance in Lake Baikatio dvelp
answer questions such as whether the visualizafipnesent-day vegetation distribution and pollestribution
supports the conclusions derived from palynologicallyses. The refined geodata are returned bableto
scientific community by using online data publicatiportals. Data were made citeable by assigningjgtent
identifiers (DOI) and were published through the@an National Library for Science and TechnologyB(T
Hannover, Hannover, Germany).

Keywords: Web-based GIS; Lake Baikal; Catchment lithologyant distribution; Open access to data; Data
publication

Introduction

As the number and interdisciplinarity of primaryestific data has grown, problems related to adb#ig, and
re-evaluation have also increased considerably.cidetion of digital data collections offers podl#ibs for
data management and sharing, by this enhancingrdseapacities for all scientific disciplines. @emphical
Information Systems (GIS) technology and the wevide web are tools to allow the visual interpretatof data
with a spatial dimension. This paper illustrates éipplication of GIS technology, web-based dataiadopn
and web-based data publication within a geological biological study at Lake Baikal in Siberia (Bia3.
There is considerable interest in the applicatibpateolimnology of Lake Baikal to reconstruct the
environmental history of Central Siberia. Climaligathe high-continental Baikal region is contedl by the
Siberian Anticyclone, East Asian Monsoon Cycloned lorth Atlantic Westerlis. Lake Baikal's sedinwate
a source of unique data, potentially recording atenchanges over the past 25 Million years (Husdmiret al.
1992), and were studied since the 1990s (Bezruk698; Flower 1998; Flower et al. 1999; Karabanoalet
2000). Sakaguchi et al. (2006), Sapota et al. (R0R@ma et al. (2007) and Swann and Mackay (2006)
investigated site-specific drawbacks as they shdaweéle same way the high paleoclimate potentidl lznoad
field of applications for coastal and pelagic Bhilerords.

The GIS visualization and spatial analysis of trespnt-day conditions at Lake Baikal, as descriierd, is tied
to the European 'High-resolution CONTINENTal pal@oate record in Lake Baikal' (CONTINENT) project,
which was conducted in the years 2001-2004. Sewgithbrs from the CONTINENT project (Demske et al.
2005; Fietz et al. 2007; Granoszewski et al. 2@&erhansli and Mackay 2005) describe how projesilte
were used to reconstruct a continuous palaeoclinegterd from a mid-latitude continental settingthna
centennial to decadal resolution over the lastyZdnd with a centennial time resolution for timeetislice
110-130 kys B.P. A key objective was also to untdee present-day processes of fluvial input (Fagel.
2007), eolian input and primary biomass producficocesses in the photic zone of Lake Baikal (i
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Nicklisch 2004; Heim et al. 2005; Straskrabovale2@05). By evaluating the transport of potentiahate
proxies to the deep lake bottom (Fietz et al. 2p0&hsfer functions were derived for interglagatiods
applicable to longer records such as the BaikdlibgiProject (BDP) cores (Williams et al. 1997).

The complex nature of the study called for innoxatlata management strategies. Within paleoclipatects,
strategies commonly focus on data from sedimergscand successful design patterns for managementes
(e.g. National Lacustrine Core Repository (LacCosehnurrenberger et al. 2001) and data models
(Diepenbroek et al. 2002) have been establishealddiition to handling data from diachronous anadyafe
sediment cores, paleolimnological research is atsoipied with synchronous lake studies (Pienitz &mabl
1993) and studies of the lake catchment (O'Sullataal. 1991). In the context of the CONTINENT patj the
studied area stretches from central Siberia irRiigsian Federation towards Mongolia to the sodith (. The
sampling positions from ten expeditions and assediprojects are distributed over an area of ~Banisquare
kilometres and spread over six degrees of geogrdatitude. It is evident that in a study of thése all data
have to be analysed in their spatial context artiffetrent scales. The study also required thenpa@tion of
auxiliary spatial data on the topography, geologg ather relevant geodata.

Fig. 1 Lake Baikal,situated at the centre of the Asiatinent , in southern Siberia. The square indisahe

area covered by the CONTINENT Baikal-GIS dataZ@,8 1,760 km ). Its lake catchment and the catctisne

of its main tributary are outlined (white lines, vz 2004)S-Selenga catchment, B-Barguzin catchment, U.A.-
UpperAngara catchment. The dashed black line south ké [Baikalmarks the borders between Russia,
Mongolia and China
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The rationale to set up a GIS as part of the sfieactivities was that visualization of the sgdttontext of the
project sites and thematic background informatimg.(morphology, pedology, geology, vegetation) lealp to
understand and interpret research data (Butler;A0@ et al. 2006). However, conventional databas®
GIS applications require sophisticated informati@ehnology infrastructure and skilled users, atakss is
restricted locally to the institution operating thestem. To circumvent these restrictions, the CONENT
Baikal-GIS has been set up as a web-based GISLb594/GFZ.SDDB.1201). There are significant
advantages to a web-based GIS in internationalar&gd projects, such as the CONTINENT project, esiihc
allows all participating scientists to access spagiroject related information, regardless ofltieal availability
of a GIS.

At present, data sharing is still in its early stsgeven though the value of data sharing is wideknowledged
(Alexander et al. 2004; Klump et al. 2006). An alo$t in setting up the GIS database was the dif§i¢ca
obtain geospatial data systematically from onlioerses. At present, online data publications atdreated as
publications and therefore are not listed in ligreatalogues or similar reference works. To allosystematic
distribution of the new data, persistent identgfjen this case Digital Object Identifiers (DOI) ngeassigned to
the spatial data sets of the CONTINENT Baikal-GIBese were published through the Scientific Drgjlin
Database (http://www.scientificdrilling.org) anccinded in the catalogue of the German Nationaldrijpfor
Science and Technology (TIB). Besides the factdleatspatial data are not systematically referencetthe
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Internet, the absence of a review system makefigudt to judge the quality of the data. Can picht available
geospatial data be used for scientific purposes?

In this paper we present case-studies on how visti@in and spatial analysis was used to supperstientific
inquiry into questions arising from paleolimnolagistudies. (1) The composition of lacustrine sexita is
controlled by the lithology of the source area. @ialysis was used to calculate the relative amoelaf the
lithological groups that outcrop in the tributagtchments as part of the analysis of sediment panee. (2)
Paleoclimate reconstructions using pollen assereblage based on the premise of a direct relatipristtiveen
the pollen assemblages found in lake sediment sswgth the plant assemblage around the lake. ithef
the developed GIS application was to compare théemopollen distribution in Lake Baikal with theegent-
day distribution of vegetation around Lake Baikal.

L ake Baikal regional setting

Lake Baikal (elevation 465 m a.s.l.) extends frathZB' N, 103°43' W to 55°47' N, 109°58' W in Cehtra
Siberia, Russia, and is situated at the centreeoEurasian land mass in a string of deep riftrisashich are
bordered by high mountain ranges rising to 2,808.s1. The modern lake occupies the central patief
presently still active Baikal-Vitim Rift Zone. Mohplogically, Lake Baikal can be subdivided intoethrdeep
basins (the south, central and north basin), waiehseparated by inter-basin highs (Selenga Delta
accommodation zone, Academician Ridge accommodatior) (Fig. 2). The present day fluvial catchrraret,
has three major subdivisions: the Selenga, Uppegafmand Barguzin river catchment areas (Fig. i¢. T
Selenga River is the largest tributary into theeldts tributaries draining considerable parts oftNern
Mongolia, Siberia and Buryatia. The second largréstitary, the Upper Angara River, drains the taatsub-
basins northeast of Lake Baikal into the northihashile the third largest tributary, the Bargu&iver, drains
into the central basin of Lake Baikal.

The modern climate in the Lake Baikal region issgly continental. The Central-Asian vegetationdsed
from north to south in characteristic latitudinaigetation belts from taiga to the Mongolian forgsppe and
steppe. With considerable latitudinal extent of & &aikal, the characteristic vegetation of the luatent varies
considerably, ranging from the dominance of cooifisrforest of taiga type immediately surroundingd.a
Baikal to steppe vegetation in the Mongolian plalnghe study area, the taiga vegetation showarialbie
composition and is in addition controlled by themwunced relief of the terrain surrounding the IéRglkov
1996). The western Siberian dark taiga forests @ilierian SpruceRjcea obovaty Siberian Fir Abies
sibirica), Siberian PineRinus sibiricg and Siberian Larch @rix sibirica) border on the eastern Siberian light
taiga composed of Larchdrix spp.) and Scots Pif@inus sylvestris)Siberian Silver BirchBetula

platuphyllg and related species (Ermakov et al. 2002).

The geological setting of the Baikal area is chi@rémed by a dichotomy of the tectonically stabileeBian
Craton and the diverse geology of orogenic beltsggaben basins around Lake Baikal and in Tranahbaik
(Zonenshain et al. 1990). The Siberian craton smmsed of high-grade metamorphic Precambrian rocks
overlain by a Proterozoic to late Palaeozoic ptatfeedimentary cover, and stretches northwesteofebent
Baikal rift. Palaeozoic to mesozoic metamorphosddield regions border Lake Baikal towards the soasiw
the south and the east. Granitoid provinces obuarages (Precambrian to early Mesozoic) are ftnamd the
Altay-Sayan region and northern Mongolia into Tizaikalia (Fersman 1926). During different stagethef
Mesozoic tectonic history, continental rifting pesses developed a system of graben basins in northe
Mongolia and Transbaikalia, which were filled witéries of volcano-clastic sediments and coalsingiftf the
Lake Baikal basins started in the Late Oligocenel{Bux et al. 1997). The late rifting processesewer
accompanied by the development of volcanic prodneigh trachybasalts and basanites.
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Fig. 2 Landsat TM-MOSAIC bands 742 (source: CONTINENk&8a5IS): the satellite map shows the Lake
Baikal area, its tributaries, bathymetry, surfaggrents and the three CONTINENT coring sites (iltércles).
C-Continent ridge (CONO01-603), P-Posolskoe ridg®DI-604), V-Vydrino shelf (CON01-605)

Materials and methods
Assembly of data setsfor the CONTINENT Baikal-GI S

In the course of the CONTINENT project and relgtegjects, sediment core data and a variety of liogfioal,
geophysical, sedimentological and botanical fiedthdvere acquired. The GFZ Lake Drilling Informatio
System (LakeDIS) served as project database, tissrdadel is compatible to the data model of
PANGAEA/WDC-MARE (Diepenbroek et al. 2002), whetkdata are georeferenced by coordinate pairs in
decimal degrees. Latitudes and longitudes in tloéntsd form are commonly used in digital databasesand
are calculated as decimal degrees = degrees +eni60t+ seconds/3,600. The experience gained frem t
application of the LakeDIS was later used to dgwvéie Drilling Information System for the Antarct@oring
Expedition (ACEX) of the Integrated Ocean DrilliRgogram (Wallrabe-Adams et al. 2006).

The CONTINENT sediment core data, field data arditamhal data sets from the LakeDIS database were
transformed for use in a GIS database, where atirgg@hical objects are represented as vector etsmers
raster data matrices. Vector data build a modéi@feal world as multipoint-layers, such as teé&fsampling
stations, and vector lines, such as ship tracksnage patterns, contour lines and polygon layersh as
geology, soail, vegetation, etc. On the other haligital elevation models (DEM), multi-spectral dkte images,
and similar data, are stored as raster data, wkifehence parameters by grid cell location in arixat
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GIS data are generally visualized using the samzpnajection in the same earth coordinate systamalfalata
in the system. The geographically referenced detaselecimal degrees from the LakeDIS databasddimave
been sufficient for the visualization of the spladiata. However, to be able to calculate true lesgind areas,
the coordinates were transformed to the Universah3versal Mercator (UTM) projection. The UTM cooate
system with a true scale longitude at 105°W in UZde 48 on the World Geodetic System (1984) retaren
ellipsoid (WGS84) was chosen as map datum for @&TTINENT Baikal-GIS. Originally, all data were
processed using commercial GIS and image processigare (ENVFP (RSI), ArcGIS, Arcinfa®, ArcIMS®,
IMAGINE ® (ESRI)), but Open Source software, such as GRASSaBt UMN Mapserver are also suitable
tools for the operations described in this papee thematic layers of the CONTINENT Web-GIS can be
divided into three groups:

» CONTINENT project data and data from relatedigrts (sampling and coring positions, lacustrine
sediments, bathymetric map).

» Freely available data sets from the world widsb (digital elevation model, geology, pedology,
infrastructure, drainage pattern, etc.).

» Derived calculated higher level data (rivetcbanents, litho-stratigraphic groups in the catchinpollen
distribution, distribution of plant species andmilfunctional groups).

The contents of the CONTINENT Web-GIS thematic fay@re summarized in Tables 1, 2, 3, 4.

As a first processing step, the LakeDIS CONTINEN®jgct data and related project data, such as ttema
maps and bathymetric information, were transforifinech their given coordinate systems into UTM caegs
coordinates of zone 48. Lake Baikal and its cataitregpand over three UTM zones (zones 47, 48, 49),
covering zone 48 as the central UTM zone, and biné of both neighbouring UTM zones, respectivdliie
error in area calculation for all data sets, causece-projecting UTM zones 47 and 49 onto zonewts;
assessed for the catchment areas. It proved tsigmificant with a value of less than 1% (Swie2€04).

Table1l Project data, related projects

Theme Data Data source Data format
la |[CONTINENT cores |Core locations (drilled in |CONTINENT team Point ordinal data, point
2001), CON01-603 datan =3

Continent, CON01-604
Posolskoe, CONOI-604

Vydrino
Ib |[CONTINENT stations| Expedition stations (2001 CONTINENT team Point ordinal and nominal
2002, 2003) ship cruises data, point vertical profiles
land and ice expeditions vector ordinal data, point
datan =291
Ic |Baikal Drilling Project|BDP core locations BDP]Baikal Drilling Project  |Point ordinal data, point
(BDP) cores (1993), BDP2 (1996), (BDP) (Russia, Japan, |datan=4
BDP3 (1997), BDP4 Germany, USA),
(1999) http://www.geol.sc.edu/
SIL/bdp.htm
Id |Baikal sediment coreqCore locations EAWAG 1996-1998 Point ordinal data, point
datan = 3
le |Eolian and fluvial Sediment samples (2002|(DFG project), M. Point ordinal data, point
sediments 2003) river bed, loess  |Zopperitsch datan = 64
Il |Lacustrine sediment |Lacustrine sediment map EAWAG GEOPASS 199{Polygon nominal data
Il |Bathymetry New bathymetrical map RCMG, INTAS Project |Vector ordinal data
Lake Baikal 99-1669
IV [Pollen Pollen samples J. Bezrukova and V. Point ordinal and nominal

(terrestrial, lacustrine)  |Markgraf (Bezrukova data, point data = 70
1999)
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Table 2 Supporting digital spatial data available on thendowide web (selected GIS-layers)

Theme Data Data source Data for mat

V  |Topography GTOPO30 Digital Elevation Model DEM |USGS Raster ordinal data
with 1 knf grid spacing

VI |Geology Digital geological data sets (Russia, USGS Polygon nominal data
Mongolia, China)

VIl |Hydrology GMT drainage pattern GMT Vector nominal data

VIII |Hydrology DCW drainage pattern (high stream ordg ESRI Vector nominal data
DCW inland water bodies, DCW
infrastructure

IX |Pedology, vegetatiol IASA digital Soil and Physiographic FAO Vector, polygon,
database for North and Central Asia interval and nominal

data
X Optical satellite datalMrSid Landsat bands 7 4 2 NASA Raster ordinal data

Additional data from the world wide web were topagjnical, geo-ecological and geological, pedological
botanical thematic digital data sets. These coumtigted data sets from Russia, Mongolia and Civiere
merged into single thematic map layers (Table &hecovering an area of 1,620 x 1,760 kincluding
southern central Siberia, northern central Mong@éat of northern China). In some cases mergingsets
required the assimilation of the data attributed gartly differed between the data sets from Ryddbngolia
and China. All these data layers were also trangdron to UTM, zone 48, to allow their integratioto the
common spatial database. Detailed processes ohdagtasition for selected thematic layers are diesdrbelow.

The topographical digital elevation model (DEM) veadculated from the United States Geological Syrve
(USGS) topographic DEM 'GTOPO30', which offers atig resolution of 30 arc seconds (~1%nRecently, a
new DEM of the earth with nearly global coveragd arspatial resolution of ~ 0.008 km has becomédabla
from the NASA Shuttle Radar Topography Mission (88 Tmission.

Table 3 Processed digital spatial data using the CONTINE\¥ilkal-GIS (selected GIS-layers)

Theme Data Description/method Data source Data for mat

TopographyElevation contours |ARC GIS Calculated from V Vector ordinal data|
(m) (Table )

Lake Baika|Lake catchment  |ARC VIEW Swiercz 2004 Vector nominal dat

catchment |main river Digitized on layers stuck of
catchments (Seleng DEM, elevation contours,
Barguzin, Upper |DCW drainage pattern
Angara)

Vegetation |Plant functional ARC VIEW (digitized) Vegetation map of Polygon nominal
types PFTs Extraction of relative (Isachenko 1990) data
Mono-species mapgabundance (dominant, prese,

Mono-PFT maps |absent)
PFT polygons
Pollen Pollen distribution |ARC GIS nearest neighbour |Calculated from I Raster ordinal datg

Species maps PFT
maps

interpolation

Relative abundance of main
pollen species

Rrelative abundance of
grouped pollen according
PFTs

(Bezrukova 1999)
(Table 2)

Geology

Revised geology
Litho- stratigraphy
within the lake
catchment

ARC MAP
Geochronological and litho-
stratigraphical attributation

Edited from VI (Table
2) (Fagel et al. 2007)

Polygon nominal
data
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However, at the time of the described study, th&8Rligital elevation data were not yet releasedtifier
Mongolian and Southern Siberian areas. The GTOHIZE@ was colour-coded to serve as topographic
background information. It was also used to cateusdope angles and aspects, and elevation colmesrat
100 m intervals by triangulation. It turned outtttiee raster-layer of slope values calculated ftoenGTOPO30
dataset could not resolve the rugged mountain saage steeply incised valleys around Lake Baikaling to
the low spatial resolution, the DEM only showedvated plateaus. Instead, Swiercz (2004) used tlygq@o
layer 'slope’ from the International Institute Agplied Systems Analysis (IIASA) dataset showingpsl
intervals to extract different susceptibilitiesaimsion. The catchment area outlines of Lake Baikdlits three
main tributaries were digitized onto the combingygkeks of elevation contour lines and the high rgguh
drainage pattern accordingly hydrological consitdens (Swiercz et al. 2003). Several new GIS layezse
produced to estimate the proportions of paraméteite respective river catchments by clipping the
parameterized layers, e.g. 'geology’, 'vegetat®mils', 'slope’, using the vector layers ‘lakeltaent’ and 'river
catchments'.

I mplementation of the CONTINENT Web-GI S service

The web-based GIS itself has a client-server achite. On the CONTINENT website the client offecsess
to the Web-GIS. This application uses JavaScriprtwide functionalities such as zooming into antlaf the
map view, selecting thematic map layers, queryagiure information, etc. On the server side, thie map
server receives requests to build a thematic map frelected GIS layers, and delivers the constlutiap to
the client as a raster image (JPEG). The web nmajreds conformable to the standards set by then@pS’
Consortium Web Map Service (WMS). The applicatiopiesently being ported from ESRI Arclf1®
degree?2, a framework of Open Source geospatia¢ee(http:// www.degree.org/).

On start-up, the CONTINENT Baikal-GIS shows theocwed DEM as standard map and as the reference map
in the overview inset. The right-hand menu is teddb the selection of thematic layers (e.g. geglegils,
LANDSAT satellite image mosaic, CONTINENT statiodsainage pattern, lake and river catchments, @t@va
contour lines). The display of map features, theeaisited items in the map legend, and scale baad® scale
dependent. Map features and dependent map elearentsily shown at their designated scale intervails.
different map scales data layers visualize diffdyer.g. the drainage pattern shows differentastrerders, and
contours are shown at contour intervals appatgitio the map scale. The display rules of the CIBIENT
Baikal-GIS are set to avoid overlapping map elesient

A feature selection serves as a geographical goeiyo display attribute information of the sektiayer.
Attribute tables include the sample code, its comigs in decimal degrees and UTM, date and time of
sampling, attributed parameters, metric size aiufea(length, area), and more. The attributed patars may be
nominals such as litho-stratigraphic groups, pafipecies, and soil types, or ordinals, such agjgphic
elevations and bathymetrical depths, specific cotmaéons, relative abundances, etc., or intensalsh as
ranges of slope or elevation values. The querydanlbe used to select and highlight elements active map
layer according to search criteria. Through the-wabed CONTINENT Baikal-GIS, endusers are not &ble
undertake quantitative and comparative GlS-analyBes detailed GIS-analyses presented in this shagsh
been carried out on the workstation-based CONTINEdkal-GIS.

Results
Quality of data and spatial visualization

As a result, this study shows that it is usefuh¢quire substantial parts of the geodata from piybéivailable
sources. Generally, most data available on thedneide web are at meso-scale resolution which wbeldot
sufficient for local studies on a scale of 1:10,080higher resolution. However, given the sizewf study area,
the spatial resolution of the data incorporatethe’\CONTINENT Baikal-GIS (e.g. 100 m elevation cans, 1
km raster) and their thematic resolution were adggytor the visualization purpose. Evaluation &f tjuality of
the downloaded digital data sets showed that therityaof the spatial thematic data acquired wevasistent
with investigations in the field with the themationtent of the Baikal Atlas of Galasy (1993) anégneement
with regional maps. In the course of detailed ®sdin geology and vegetation, it turned out thagsembled
data sets from the world wide web needed editing.
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Table 4 List of data publications

Theme Data Data sour ce

CONTINENT Baikal GIS CONTINENT

Data citation: Klump J, Heim B, Schulze A, Swiercz S, SchneidéeBke B, Dachnowski G, Bruhns C,
Mueller M and Braune 3007.CONTINENT Baikal Onlin&IS. Scientific Drilling Database (SDDB), Potsdg
Germany.doi:10.1594/GFZ.SDDB.1202

Stations CONTINENT stations, related projects |CONTINENT

Data citation: CONTINENT-Team, BDP-Team, EAWAG-Team and Zoppefits2007.
Oberhéansli H, stations |[CONTINENT stations and eje¢tdTM Coordinates SDDB, Potsdam, Germanyoi:
from associated pr 10.1594/GFZ.SDDB. 1203

Bathymetry New bathymetry of Lake Baikal (low resolutiof RCMG, INTAS Project 99-1669
high-resolution maps of CONTINENT sites

Data citation: de Bastis|Canals M, Sherstyankin P, Alekseevm S, CharletdHMAS Project 99-1669 Tean
M, ( Low-resolution 2007. map and detailed sections (CONTINENT cosites) from the newathymetrig
bathymetric INTAS-ma|(2002). SDDB, Potsdam, Germangoi:10.1594/GFZ.SDDB.1204
of Lake Baikal

h

Lacustrine sediments |Lacustrine sediment regions of Lake Baikal |EAWAG, GEOPASS 1999

Data citation: Sturm M 2007. Regions of lacusii sediments in Lake Baikal (Geochemistry, Parfidemation
and Sediment Sources of Lake Baikal, GEOPASS-progiaDB, Pots, Gdoi:10.1594/GFZ.SDDB.1205

Topography Digital elevation model DEM (physical values,|USGS
topographic shadings, elevation contour lines

Data citation: US Geological Survey USGS (Earth Resources Obsenvaystems EROS) 2007. Topograph
data sets of the Lake Baikal region (digital elématmodel and elevation countour lines); calculatesin the
USGS GTOPO30 DEM data. SDDB, Potsdam, Germdny10.1594/GFZ.SDDB.1206

cal

Infrastructure |Borders, railroads, roads, settlements |DCW

Data citation: Digital Chart of the World DCVR2007.Infrastructure of the Lake Baikal regidrail, road,
settlements, bordexsSDDB, Potsdam, Germanydoi:10.1594/GFZ.SDDB.1207

Hydrology Drainage pattern (high stream orders), inland [ DCW
water bodies

Data citation: Digital Chart of the World DCVR2007.Hydrology of the Lake Baikal regiddrainage pattern,
inland water$. SDDB, Potsdam, Germangoi:10.1594/GFZ.SDDB.1208

Hydrology [Main drainage pattern |GMT

Data citation: Generic Mapping Tools GMT 2007. Drainage patterithef Lake Baikal region. SDDB, Potsd4
Germany. doi: 10.1594/GFZ.SDDB.1209

im,

Hydrology |Lake Baikal catchment with main tributaries |Swiercz (2004)

Data citation: Swiercz 007.Lake Baikal catchmerftake catchment, catchments of main tributgri&DB,
Potsdam, Germanydoi:10.1594/GFZ.SDDB.1210

Geology |Geological provinces, geochronology |USGS polygons, new attribution

Data citation: Heim B, Klump J, Schulze A, Dachnowski G and Sden&2007.Geology of the Baikal region.

SDDB, Potsdam, Germanydoi:10.1594/GFZ.SDDB.1211

Pedology |Pedology [FAO

Data citation: Food and Agriculture organization of the United Mats FAO 2007. Pedology of the Baikal
region. SDDB, Potsdam, Germanyloi:10.1594/GFZ.SDDB.1212

Geology |Litho—stratigraphy of the lake Baikal catchmen|USGS polygons, new attribution

Data citation: Heim B, Klump J, Schulze A, 2007. Litho-stratignaplfithe lake Baikalcatchment. SDDB,

Potsdam, Germanyloi;:10.1594/GFZ.SDDB.1213
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Fig. 3 Screen-shot of the CONTINENT Web GIS HTML-c(@egree2), as shown in a web browser. The
colour-coded digital elevation model is overlain\mctor-layers of the infrastructure, elevation tmur lines,
drainage pattern, CONTINENT stations and lacustsediment regions. The enlarged view provides kietai
information on the Selenga Delta area
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Before we provide examples of GIS-solutions reldteresearch questions, we would like to pointtbat
advantage of the CONTINENT Baikal-GIS as a mappind visualization tool. (Small-scale) maps proade
overview on sample distribution, drainage pattewppgraphy and thematic information. Zooming tohieigmap
scales provides maps of high spatial resolutioguifé 3 shows a large-scale map of the Selenga Bxatawith
the coloured DEM as chosen background. It is oiredéth the polygon layers of Lake Baikal's lacustr
sediment regions (Sturm et al. 1998), the poingdaf the CONTINENT sampling stations and the veldgers
of infrastructure and elevation contour lines. Teab-based GIS can be queried for specific parasatefor
codes of sampling positions. The CONTINENT BaikaB@llows an immediate interpretation of samples in
their spatial context, i.e. their sedimentary, batal, and geomorphologic environment, by usingthenatic
maps and the query functionalities provided byWeb-GIS client. Also, the conventional printed mépet
were available to us covered the study area oclympletely and the Baikal-GIS thematic maps became
valuable orientation tool for interpreting fieldtda

Application of GISin sediment provenance analyses

In lakes, the mineral composition of the sedimén&gnificantly more influenced by the local catent
geology and soil composition than in marine envinents (Boyle 2004). Lomonosov et al. (2001) studed
relations of the composition of the solid runoffiafge rivers in selected petrological provincekake Baikal
characterized by their heavy mineral fractions.itddhi et al. (2000), Kasik and Mazilov (1997) arak§i et al.
(2005) discussed the main lithologies of the Bugildd catchment area (Precambrian granitoid-gneidss) to
associate them with their investigations on minassemblages and weathering stages of clays BRRelong
core 93.

For the CONTINENT cores, Fagel et al. (2007) aredythe mineralogical composition of the lake sedit®¢o
characterize the sources of terrigenous partialeing the Late Quaternary. The three CONTINENTgist
cores were recovered on isolated bathymetric higtise North and South Basins of Lake Baikal (2.
(Charlet et al. 2005). Piston core CON01-603 wéened on Continent Ridge, a structural high nafttthe
Suvyatoi Nos Peninsula along the eastern coasiedfbrth Basin. Piston core CON01-604 was retrienethe
Posolskoye Bank, a tilted fault block within thde®wga Delta Accommodation Zone part of South Baikal
Piston core CONO01-605 was retrieved on the slopade of the Vydrino Shoulder in the South Basine &ge
models for the sediment cores (Demory et al. 28@8yowska et al. 2004) are based on AMS 14C diaeased
from pollen concentrates, diatom zonation, andetation of the magnetic record with a magnetographic
standard curve. The cores measured 6-10 m in lengtttover the last 40 kyr at Vydrino, 60 kyr as@lskoye
and 185 kyr at Continent Ridge. The sediments lagenating biogenic diatom-rich muds and terrigensilty
clays. The mineralogical investigation (Fagel e2807) showed that in two cores, CON01-604
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from Posolskoye Bank in the South Basin, and COBI03 from the Continent site in the North Basinycla
mineral composition (mainly illite and smectitelght and heavy mineral compositions (mainly quantzl
feldspars; heavy mineralogical composition domidatg hornblende) are very similar even though theses
were taken at sites that are 300 km apart andfiereint deep lake basins. In contrast, the miresaémblage of
CONO01-605 from the Vydrino shoulder, which is dlscated in the South Basin, ~ 80 km from the Pdsgle
site (CONO01-604), shows a very different composiiinthe light and heavy mineral fractions andhe tlay
composition. The sediments show a major abundaiegoas in the light mineral fraction, whereas toatine,
rutile, apatite and zircon do not occur in the lyeanneral composition. The illite-smectite ratiodistinctively
high due to the high illite content (up to 80%).

The GIS-layers were assessed to calculate theaackeelative abundance of the main lithologies.fegheir
richness in detail, the digital geological map dadald not be used without extensive editing. Défeces in the
attribution between the map datasets of Russiavorjolia resulted in a considerable underestimatben
presence of granitoids in the Selenga catchmeat) though the granitoids are dominant featurekisarea
(e.g. Sayan-volcanic-plutonic belt, Mongol-Okhotgknitoid zone) (Jansin et al. 1989; Kalinin andidéeva
1981). The chronostratigraphic attributions ofititegrated digital geological maps (doi:10.1594/
GFZ.SDDB.1210) still lacked comprehensive mineredabinformation that is needed for the analysis of
sediment provenance. Therefore, new digital geoldgnap data were produced (doi:10.1594/
GFZ.SDDB.1210, Fig. 4) by re-grouping and re-atttiig lithological parameters according printedlggial
maps (Table 5). Along the south-east coast of |Bdikal, where the Vydrino site (CONO01-605) is et
Precambrian high-meta-morphic rocks with toppec&gén/Neogene sediments inherent the lithological
polygons. These rocks supply the light and heawenal composition of non granitoid-type to siteeTgeneral
constellation of lake currents in Lake Baikal (R2gafter Galasy 1993) visualizes that the terrigsriaput by
the Selenga River is blocked by a counter-clockveaidy south of the Selenga Delta and cannot bspcated
southwards along the eastern coast.

The area and relative percentage of the main saaoes within the river catchment areas were cated for
the catchment areas of the Selenga, Upper AngartharBarguzin rivers (Table 6). The area calcoiati
indicated a granitoid coverage exceeding 50% ofitlex catchments. The second important lithololgigaup
in the river basins are Quaternary sediments (24-8dverage). In most cases Quaternary sedimenfeuand
in the tectonic sub-basins of granitoid provinced are therefore assumed to be composed maingwafrked
granitoid. This prevalence of granitoid source sskongly influences the sediment compositioritass
CONO01-603 and CONO01-604, even though the two mostare hundreds km apart and located in diffexeint
basins of Lake Baikal.

Application of GISin palynological analyses

For the interpretation of pollen assemblagesésisential to take into account the differenceamonomic
factors between large lake basins and small entliaée basins (McCarthy et al. 2007). The polleiriiution
is controlled by the surrounding vegetation. Initdd, in large lakes, major tributaries serve asaentrated
sources, and sedimentation and erosion occursyhififfiérentiated.

GIS tools were used to create maps for the congranéthe pattern of present-day vegetation witldeno
pollen distribution. Vegetation data available ba world wide web was to coarse in its spatial Itgtsm.
Digital vegetation data acquired from the Unitedidblas Food and Agriculture Organization (FAQO) warere
differentiated in their spatial resolution. Howevierthe FAO dataset, the outlined boreal areag a#ributed
as 'forest' in terms of land-use and not furthérdassified into forest types. In addition, sigraht areas of
forest-steppe and steppe that do exist in the thogainated Baikal region were not represented teeglarge
area of the steppe-dominated Olkhon Island (pretiph 160 mm 3, Galasy 1993) was classified as taiga.
Thus, we were not able to obtain free digital ddtadequate spatial and thematic resolution foiptimpose of
this application. Instead, a detailed Russian nfagggetation units (Isachenko 1990) served as #se lor a
new digital vegetation map. The map was digitized e resulting polygon-layer georeferenced to the
CONTINENT Baikal-GIS map datum (UTM zone 48, WGS.8Fhis polygon GIS-layer can be separated to
produce digital vegetation maps showing mono-giamttional type (PFT) and mono-species (S) distidru
(Fig. 5). Mono-PFT maps were deduced by choosiagebpective PFT attribution and exporting thectiele
as new polygon-layer. Mono-S maps were producedadigitional attributions describing the relative
abundance of respective plant species (i.e. domipaesent, absent).
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Fig. 4 Screen-shot of the thematic GIS-Layer 'lithotsgraphy of the Lake Baikal catchment' (doi;10.1594
GFZ.SDDB.1213). The colour legend below describeditho-stratigraphic groups
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Table5 Description of layer 'litho-stratigraphy of Lake Bal catchment area'’

Lithological groups Group name Lithology
Sedimentary rocks Quaternary Sands, conglomerates, clays
Paleogene/Neogene Clays, sands, conglomerates

Late Jurassic and Cretaceous

Clays with coals

Jurassic

Limestones

Lower Paleozoic (Siberian Craton onl

Limestones, sandstones, conglomerates

Sedimentary rocks with
volcanics/volcanoclastic

Permo-Triassic and Jurassic

Sandstones, conglomerates, volcanocla
and volcanics, coals

stics

Volcanic rocks

Cenozoic extrusive rocks

Trachytbasalts, basanites, basic
volcanoclastics

Metamorphic rocks (of
various grades)

Paleozoic (undifferentiated)

Week to medium-grade metamorphizatiq
metamorphized sandstones,
volcanoclastics, limestones

Precambrian

High-grade metamorphization: gneiss,
schists, amphibolits, marbles

Plutonic rocks

Mesoizoic, Paleozoic, and Precambri
granitoids

Granits, granodiorites

Mafic intrusive rocks

Gabbros, pyroxenites, perodotites
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Table 6 Relative cover of the main stratigraphic lithologii@ the Selenga, Barguzin and Upper Angara
catchment areas (see also Fagel et al. 2007)

Lithology Selenga | Barguzin | U. Angara
(%) (%) (%)

Quaternary sediments (sands, conglomerates) 11 31 19
Paleogene/Neogene sediments (clays, sands, congliasie 1
Late Jurassic and Cretaceous sediments (clayscodtls) 3
Permo-Triassic and Jurassic sediments inclusiveawaiclastics 12
Paleozoic weekly to medium metamorphized sandstones 7
volcanoclastics, limestones
Precambrian metamorphic rocks (gneiss, schistshioolites, marbles)| 7 16 24
Mafic intrusive rocks (gabbros, pyroxenites, peidds) 2 1 1
Cenozoic extrusive rocks 1
Mesozoic granitoids 5
Paleozoic granitoids 42 2 16
Precambrian granitoids 9 50 40
Total: granitoids 56 52 56

Pollen data from Lake Baikal sediments and surareples on land were supplied by V. Markgraf and Y.
Bezrukova (Bezrukova 1999). The pollen data weoeiged to match the classification into PFTs usetien
vegetation map of Isachenko (1990). All georefeegnpollen data (percentages of species taxa otifunad
groups, respectively) were interpolated to modelgbllen distribution pattern in the lake sedimentsake
Baikal. Using natural nearest neighbours methotishaased on Thiessen polygon calculation (TahiwsSalas
1985) prevented over-smoothing between the irreyuistributed sampling stations.

Mono-PFT maps and mono-S maps (dominant, predesens) were compared with the modern distributibn o
their pollen in the lake and its vicinity. Geneyalflistribution pattern of selected plant specied their
respective quantitative pollen distribution shoveeatismatch. As an example, the proportio® ogylvestris
pollen grains, where present, exceeded the prapoofi the recent coverage Bf sylvestriswithin the catchment
area that are only moderate abundant, concentiratbé northern Selenga and in the Barguzin catchaeas.
In contrastLarix spp. are abundant in the entire lake catchment btgdhe pollen grains were
underrepresented in the pollen assemblages. Thedtigroportion ofarix spp. pollen was found of the
Selenga Delta and in Barguzin Bay, where the BangR&er enters into Lake Baikal. On the other handhe
Upper Angara Valley, an area with abundiatix spp. forests, the relative proportionLafrix spp. in pollen
assemblages was low, even in surface samples taken.

The visualization of pollen distribution as monar@ps illustrates that the main mode of dispersioritfe
pollen ofPinus sylvestriss wind transport, while the pollen barix spp. are dispersed by water transport in
rivers and within the lake by lake surface curréBeszrukova 1999), evident by the higher conceiunatof
Larix spp. pollen grains in sediments around the Sel®ai@ and in Barguzin Bay. In contrast to mono-S
maps, the comparison of pollen groups with vegatatnaps of PFTs, the disparity between plant tistion on
land and pollen distribution in the lake was nopemounced. Klump and Schneider (2004) in thel &udy
concluded that grouping pollen according to PFegabetter representation of environmental canmstion
land, than using pollen data on species level.

Grouping pollen taxa into PFTs and biome clasdificafor paleoclimate investigation was introduded
Northern and Central Asia by Tarasov et al. (12280) who successfully used the biomization methodery
large data sets. By grouping pollen taxa into PIPesnske et al. (2005), Granoszewski et al. (2008) earasov
et al. (2005), reconstructed paleovegetation ainagaté from sediments in CONTINENT kasten cores from
North Basin and South Basin. The kasten cores ve¢rieved at the same sites as the CONTINENT pistwas
and can be correlated with the piston cores. Deraské (2005) and Tarasov et al. (2005) conclhdé the
paleoenvironmental signals in their sedimental idsof Lake Baikal comprehensibly reflect largelsca
vegetation and climate changes.
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Fig. 5 Schematic diagram of the assembly of new vegatataps from the GIS-layer 'vegetation' after
(Isachenko 1990). Maps of plant functional typeST(naps) and maps of relative plant species distigin
(species maps) are created to show the vegetaistribaition in comparison with the respective polle

distribution. The colour legend below describesRird's
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Publishing and sharing geodata from the CONTINENT Baikal-GI S

All thematic map layers discussed in this papempatdished as data publications through the Sdiemrilling
Database. Each dataset is identified persistentygiobally unique by a Digital Object Identifidd@l), which
can be resolved to a Uniform Resource Locator (URtQugh any Handle.Net server. To facilitate disay of
the data by users not aware of their existencelaadl publications in this paper are listed astedaic sources in
the online catalogue of the German National Lib@fr§cience and Technology (TIB/UB Hannover, Harerov

Germany). Table 4 shows how the data are listed.

All data may be downloaded from the Scientific iy Database and used for new scientific workse Wike of
the data by other authors is governed by the Gree&@ommons licence (by-nc, 2.0, de), which allokesauthor
to create derivative works, as long as the derreatiorks are non-commercial and the origin of thtads
acknowledged, i.e. a proper citation is given. Thizda publications are treated in analogy to itiathl'

publications.
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Discussion

This study presents a meso-scale GIS databaseewlats are related to a paleolimnological project.
Traditionally, analogue conventional informationsted in form of printed maps or atlases. Theseigwer, are
static and come in a multitude of geographic prtij@s and spatial scales. Within a GIS, through
georeferencing, digital maps can be produced fretarbgeneous quantitative and descriptive datadatee
visualisation-on one hand showing spatial inteti@feships, on the other thematic background infdioma
enables the interpretation of data in their spatisitext and on different spatial scales. Databeaaxtracted
through queries and spatial analysis can be usdirfoological, geological, botanical and pedoladic
investigations.

The two presented examples, (1) the sediment pemgenstudy and (2) the comparison of the modemt plad
pollen distribution show that GIS provides visuatian of a multitude of data and spatial dimensighsin
many cases it proves to be difficult to determime geology of large catchment areas crossing ratmrders
from printed geological maps. Often, printed gea@almaps do not show elevation contours that wdeld
needed to outline the fluvial catchments. The lamgeber of spatial scales and map projections miakes
technically difficult to transfer data, e.g. catdmhoutlines, from one map to the next. It is fases like this,
that GIS tools provide a solution to integrate spalata across various scales. In future appboatin this
study, the lithology could be displayed in combioatwith other thematic map data, e.g. soil typesdern
precipitation rates, slope angles and exposurestaéign cover, or topographic height. The integratf spatial
data helps to gain a detailed insight into procegséhe catchment area and allows quantitativéad@nalyses.
However, evaluation of data accuracy and validgtyains important, in particular in the case of datdeved
from the world wide web. (2) The distribution armhgposition of modern vegetation and the morpholagy
spatial parameters that can be visualized with @&hodology. The differences in taphonomic factwes
considerable for large lakes such as Lake Baikal,iaformation on modern vegetation may be incoaipet in
various ways. For example, Demske et al. (2005) ugermation on altitudinal vegetation zones tteipret the
pollen assemblages in the sediment core. The Gl$lization of vegetation described in this papafilower
spatial resolution. In reality, the compositiortioé plant communities in the mountainous Baikaloegs
highly differentiated according the elevation ane slope exposure. Humid, western slopes are cbvgreark-
needled taiga forests whereas the dryer east-fatipgs are covered by the light taiga forests i(lHewa
1999). Deciduous trees usually form secondary feraféer taiga fire. Towards the south to Mongdteppe
communities occur on the eastern and southernslofpthe Baikal ranges (Dulamsuren et al. 2005ufeuGIS
visualization may incorporate processed sateltta de.g. PFTs calculated from multispectral stdlhage
classification) and SRTM-DEM data altogether fonere detailed representation of vegetation biotypesh as
they are currently produced within remote sensasgarch projects (e.g. Siberia-Il, http://www.si&2r uni-
jena.de/index.php).

Local Russian governmental GIS databases, as s@l@ databases by Russian and Buryatian research
institutes and from international projects (e.dpeBia-1l, INTAS GIS Baikal, Selenga Delta) hold wable and
detailed local GIS databases of the Baikal rediBithin the EU-project 'Irkutsk Regional Informati@ystem

for environmental protection, IRIS', the existintSGlata of the Irktusk region are compiled and detei into

an operative prototype for other regions of NonthEurasia. The focus of IRIS lies on environmehtaards

and management strategies. Data have not yet lxebargged between CONTINENT and the afore mentioned
projects, because the areas covered by these tsrajainly extended north-west of Lake Baikal toveattie
boreal regions and were studies of high spatialugisn. Whereas, this GlS-database has a mesde-sc
resolution, and also incorporates large areas frorthern Mongolia, located to the south of LakekBhi

Despite being a project-related GIS, the majoritthe map layers provided by the web-GIS were eckay
using freely available data sets from the worldenickb. There is a variety of useful geodata seiable that
still remain underutilised. The move by academid s¥search institutions to create open accessdwlkedge
has started a discussion on open access to damgket al. 2006). However, open access to dataseslikely
before the work of data authors is acknowledgeditaion of their data in the scientific literatuféor data to be
citable it is necessary that they can be refewed & persistent way. The location of Internebteses, and thus
their URL, may easily change, which in most caseams to the user that the data are lost (Koehig4;20
Lawrence et al. 2001). Therefore, a prerequisiteléda access via the Internet is the use of gpensiglentifiers,
such as DOI, to be able to locate the desired eata®r a long time by its name, irrespective ®titrrent URL
(Brase 2004; Paskin 2005). Also, geospatial dataaisbe found systematically on the world wide Wwebause
they are normally not listed in library catalogwescientific literature databases. The projecbliation and
Citation of Scientific Data' (STD-DOI) has estahbsl a system by which data are published througasaible
databases, identified by persistent identifiers (C#Dd incorporated in the catalogue of the Geriational
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Library for Science and Technology (TIB Hannové@e data publications are citable, accessible ance
discovered through the TIB library catalogue byeothsers.

Conclusions

Applications of GIS technology in the paleoclimpteject CONTINENT on Lake Baikal (Siberia, Russia)
shows that it is useful to include the spatial disien of data in paleolimnological projects. GIStiaglology
was the tool for getting georeferenced and spaiaimation from parameters. The CONTINENT BaikdlSG
offers web-based access to various thematic datheostudy area around Lake Baikal. Even though the
CONTINENT Baikal-GIS was intended only as a propatyit has been operational and fully accessibtbgo
public since 2002.

A substantial part of the CONTINENT Baikal-GIS layavere produced from freely available spatial dats
retrieved from the world wide web. Evaluation arehttribution of geodata allowed us to produce didavel
derivative thematic map layers. This evaluatiothefaccuracy and validity of the available datal, te
assessment of their use for specific scientificstjoas is considered as an important task.

The GIS data layer 'Lithology of the Lake Baikalatanent' was produced as part of a study on sedimen
provenance. Lake sediments in piston cores shoimgthsheavy and light mineral composition and clay
composition, despite being taken 300 km apartfiiedint deep lake sub-basins. The quantificatiolitieblogies
in the catchment of Lake Baikal showed a remarkhdblelogical homogeneity of the main tributary daments
of Lake Baikal. In contrast, CONTINENT cores fronetsouthern lake sub-basin differed in their milogyiaal
composition due to geological variations alongl#ie shoreline.

The distribution of pollen and plant was visualizesing GIS-methodology by calculating distributimaps of
pollen and vegetation grouped by taxa and by PIRE.cbmparison of pollen distribution and vegetatem
distribution showed spatial discrepancies. Theserdpancies were foreseeable, because taphonartocsfaf
pollen deposition in a large lake are highly valéalirouping pollen and vegetation taxa accordiR$Pgave a
better spatial agreement of the modern vegetaigirittition and pollen deposition, than mono-spegfant
and pollen distribution maps.

A novel feature is the publication of the GIS datasented in this paper through the Scientificlidgl
Database. The data publications can be locateddhrBOI. Reliable access allows the data to bel dike
'traditional’ scientific publications. Data publicas can be discovered by other scientists thrardime
catalogue of the German National Library for Sceeaad Technology and, in future, other disciplipecific
data portals. This novel approach to data pubticatipens an entirely new dimension of data acduisit
sharing and dissemination.
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Appendix 1

Acronyms

DCW Digital Chart of the World (ESRI product)

DFG Deutsche Forschungsgesellschaft (German Scienaedgtan); project 'Chemical,
isotopic, and mineralogical proxy data for eoliapit into the Lake Baikal system during
the last 150 ka'

EAWAG Swiss Federal Institute for Environmental Scienog Bechnology, Switzerland

ESRI Environmental Systems Research Institute

FAO Food and Agriculture organization of the United iNias

GEOPASS Geochemistry, Particle Formation and Sediment Ssuof Lake Baikal

GMT Generic Mapping Tools

IASA International Institute for Applied Systems Analysi

INTAS International Association for the promotion of cecgtion with scientists from the New
Independent States of the former Soviet Union

RCMG Renard Centre of Marine Geology, Ghent, Belgium

USGS United States Geological Survey

Appendix 2

DOls are resolved to URLs through any Handle.Netese DOI-Prefixes are listed under http://dx.dog/o Use,
for example, http://dx.doi.org/10.1594/GFZ. SDDBR)22
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