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Alkusanat

XXVI Geofysiikan Péivit jirjestetddn toukokuun 21.-22. pdivda 2013 Ilmatieteen laitoksella
Helsingissd. Pdivit jirjestetddn joka toinen vuosi — vuorotellen Oulussa ja pddkaupunkiseu-
dulla.

XXVI Geofysiikan Piiville on ilmoittautunut 48 osallistujaa, suullisia esityksid on 29 ja pos-
tereita 14. Pdivien aihepiiri tarjoaa hyvin yleiskuvan geofysiikan tutkimuksesta Suomessa: esi-
telmien ja postereiden aiheet liittyvit mm. meteorologian, oseanografian, hydrologian, kiintedn
maan geofysiikan, seismologian sekd ionosfédri- ja avaruusfysiikan tutkimukseen. Aiheet ké-
sittelevit kattavasti maa-meri- ilmakehdsysteemid Maassa ja sen lahiympéristossd. Pédivien ai-
kana on myos tarkoitus kdydi keskustelua ajankohtaisista geofysiikan tutkimukseen liittyvistd
aiheista, kuten Geofysiikan Seuran julkaisemasta Geophysica-lehdesti ja sen toiminnan kehit-
tdmisestd tulevaisuudessa.

Ténd vuonna Geofysiikan Pdivien jirjestelytoimikuntaan ovat kuuluneet Kirsti Kauristie (pj;
Ilmatieteen laitos), Jyri Nirdnen (Geodeettinen laitos), Toivo Korja (Oulun Yliopiston Fysii-
kan laitos), Toni Veikkolainen (Helsingin Yliopisto, Fysikan laitos) ja Kati Suhonen (Helsingin
Yliopisto, Fysikan laitos). Kiitos heille hyvin tehdysti tyosté.

Geofysiikan Seuran puolesta haluan myos kiittdd esitelmditsijoité ja istuntojen puheenjohtajia
sekd kaikkia, jotka ovat myotivaikuttaneet Geofysiikan Pédivien toteutumiseen.

Kirkkonummella, 8.5.2013
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Geophysical Studies of the Raahe-Ladoga Shear Complex in the Iisalmi
Area, Finland

M. Abdelzaher!, M. Pirttijirvi! and T. Korja'

! University of Oulu, mohamed.mahmoud@oulu.fi

Abstract

Raahe-Ladoga Shear Complex is a major NW-SE trending strike-slip shear zone in Central Finland.
We describe gravity and magnetic ground surveys that were conducted across a shear zone near lisalmi
to study the geophysical properties of the shear zones. The gravity and magnetic data indicate that
weak negative gravity and strong magnetic anomalies are associated with the shear zone. The gravity
modelling suggests that the gravity anomalies of small wave-length are caused by near-surface density
variations related to shear zones and fractures, the depth extent and dip of which cannot be resolved.
According to the magnetic interpretation, the shear zone consists of many near-vertical (dip 829 to east)
sheet-like bodies with a depth extent over 2 km.

1. MEASUREMENTS AND DATA

Raahe-Ladoga Shear Complex (RLSC) is a 100 km wide, major NW-SE trending strike-slip
shear zone in Central Finland characterized by a set of strongly sheared rocks and intervening
crustal blocks in which antecedent structures are preserved (Fig. 1). As a part of the MID-
CRUST project, gravity data were collected along two lines spaced approximately 5 km apart
(Fig. 2). Line A is 16 km long having 147 measurement sites whereas line B is about 6 km
long having 64 sites. The station spacing is about 100 m on both lines. Gravity measurements
were done using the Scintrex Autogravimeter CG-5. The elevation, latitude, and longitude were
recorded at each site using a high precision Trimble GPS unit.

Magnetic surveys were carried out along the same lines A and B with a sampling distance
of about 10 m adequate to represent the shortest significant spatial variation. Magnetic sur-
veys were carried out using the Geometrics G858. Additionally, the petrophysical density and
magnetic susceptibility determinations of 66 rock samples collected from the study area. The
rocks included in these measurements were migmatite, granodiorite, granite, paragneiss and
their sheared counterparts. The new petrophysical data were combined with existing GTK data
(Korhonen et al. 1989) to constrain gravity and magnetic modelling.

2. MODELLING OF GRAVITY AND MAGNETIC DATA

2.5-D density models from forward modelling of gravity data describe a 4000 m deep section of
the upper crust below two profiles in the Iisalmi area (Figure 2). Forward modelling was made

15
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Figure 1: The location of the Raahe-Ladoga Shear Complex (RLSC) in Central Finland outlined
by white lines. The background geophysical maps are (A) regional Bouguer anomaly map
(Korhonen et al. 2002a) and (B) high-altitude aeromagnetic map (Korhonen et al., 2002b). A
white rectangle indicates the location of the map in Figure 2.

based on polygonal bodies using ModelVision v12.0. The shape, dimensions and density con-
trast were adjusted to get the best fit between the observed and calculated data. The background
density value (2730 kg/m?) is related to mica gneiss and mica schist (Figure 2).

The forward modelling of magnetic data describes a 2500 m deep section of the upper crust.
Forward modelling was made using tabular bodies. The thickness, depth, dip and magnetic
susceptibility of the body were adjusted to get the best fit between the observed and calculated
data. The intensity, inclination and declination of the local geomagnetic field were 52500 nT,
75.3° and 9.8°, respectively. The background was assumed paramagnetic.

3. RESULTS

The gravity interpretation suggests that the negative gravity anomalies of small wave-length
are caused by near-surface density variations related to shear zones and fractures, the depth
extent and dip of which cannot be resolved. The shear zones have a strong magnetic signature,
however. According to the magnetic interpretation, the shear zone consists of many near-vertical
(dip 82° towards east) sheet-like bodies striking in NW-SE direction and having a depth extent
over 2 km.
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Abstract

We present the description of methods and preliminary result of the statistical study of the electron
density spatial correlation at F-layer altitude. The results are obtained using Poker Flat Incoherent
Scatter Radar (PFISR) data. The Power Density spectrum (PSD) of the latitudinal and longitudinal
electron density profiles were averaged for a number of the geomagnetic activity levels. Surprisingly, we
have found fairly small dependence of the PSD slope on activity.

1. INTRODUCTION

This study is a part of TomoScand project the main goal of which is to obtain mesoscale 3D dis-
tributions of the ionospheric electron density, with high spatial and temporal resolution, using
GPS and Beacon satellite data as well as including information from the extensive network of
ground-based ionospheric observations. For the ionospheric tomography, we need information
about spatial correlation functions of the ionospheric plasma from actual observations. In this
paper we will present preliminary results of statistical study of the ionospheric electron den-
sity spatial distributions at F-layer. The only instrument that can do this at the present time is
PFISR, which focuses on the ability of the system to make simultaneous measurements of iono-
spheric parameters (electron and ion temperatures, densities, line-of-sight velocities and etc).
PFISR employs an electronically steerable array that may be re-pointed on a pulse-by-pulse
basis. Direct imaging of an ionospheric volume can be achieved by acquiring range-resolved
measurements over a two-dimensional array of beam positions (Nicolls and Heinselman, 2007).

PFISR is located at Poker Flat Research range (65.13° N, 147.47° W) near Fairbanks, Alaska.
The antenna is tilted towards the geomagnetic North so that its boresight direction corresponds
to elevation 74° and azimuth 15° (Semeter et al. 2009). For our task we used data of Sporadic
experiment that lasted from May 29th, 2007 to February 15th, 2008 with long pulse channel
480 ps. The goal of our work is to get statistical characteristics of latitudinal/longitudinal
distribution of electron density at F-layer altitude.
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2. DATA

The electron density measurements are taken at 26 beams: grid of 5x5 beams and one along
magnetic field B (hereafter referred to as B-beam). The beams’ configuration is shown in
Figure 1 as a polar diagram (azimuth angle from the direction to geographic north). There have
been a slightly different, but essentially similar, radar configurations for different versions of
the Sporadic radar mode. For some experiments the beam grid was made wider in south-north
direction. The beam which lies alone at azimuth 210° is B-beam.

The grid orientation roughly coincides with magnetic coordinates. Number of measurement
points along every beam usually is 12-15 points and spatial resolution along a beam is roughly
35 km in most cases, temporal resolution is ~5 min.

To identify the level of magnetic activity at the o Y
vicinity of the radar we used ionospheric equivalent =
currents obtained from Virtual Magnetospheric Ob- 150 e 30
servatory VMO (http://vmo.igpp.ucla.edu/). The ' '

ionospheric current amplitudes were averaged in-

side a circle with R= 500km centered at the radar '™ 3

position. This averaged current is used as an ac-

tivity index. Figure 2 shows histogram of averaged - -

current.Every time step of our radar data is assigned

to one of activity levels/bins: bin 1 is 0-50 mA/m - 240 300

low activity, bin 2 is 50-150 m A/m, and so on, the z

highest is 450-900 mA/m. Figure 1: Experimental configuration
shows the azimuth and elevation for 26

3. ANALYSIS (PRELIMINARY RESULT) beams as a polar diagram.

In this section we present preliminary analysis of electron density distribution in terms of the
power spectral density (PSD). We are interested in density distribution at F-layer. For this
reason we interpolated the density measurements to F-layer altitude Z;=300km.

e Using data of B-beam we estimated electron density gradient at Z.

e Selected all points in interval Z = Zy & 30 km and separated them into 5 latitudi-
nal/longitudinal profiles. For every profile we selected closest points to the line with
mean value of longitude/latitude. Finally, we have five points for every of five profiles.

e Corresponding density value is interpolated to Z; altitude using density gradient deter-
mined earlier (We assumed that density gradient along magnetic field direction at Z=300
km is the same as at the B-beam position).

e We set an equally spaced latitudinal/longitudinal grid with A;,; chosen so that grid points
are close to the points determined at the previous step (A,,; is the same for all times and
profiles). We find the density values at the grid points using cubic spline interpolation.

The most common method of spectral estimation is based on the fast Fourier transform (FFT).
For many applications, FFFT-based methods produce sufficiently good results. The power spec-
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trum of a signal gives the distribution of the signal power among various frequencies. The
power spectrum is the Fourier transform of the correlation function, and reveals information on
the correlation structure of the signal (Vaseghi, 2000).
e r e g TR e The PSD was computed as win-
dowed Fourier transform of the
Autocorrelation Function (AF). We
2000 used Hanning window.

n—1

PSD,= S R(t)h(t)e
%!’ 3 t=—(n-1)

3 ey

here h is Hanning window and R is
AF, calculated as

50

D M A 3w 40 Wm0 W @ W
average mAim i

1'&
Figure 2: The histogram of the ionospheric equivalent 1= o ;(Xt — 1) (Xigx — 1) (2)

currents averaged inside circle R=500 km from radar
position.

where 1 is the mean value. We have
9 points for AF corresponding to lag values lag — Ay x i, i = —4,-3,..0,....3,4. K
value of PSD corresponds to wave number Ky = 1/(nA;,;). PSD was computed using FFT
algorithm and we increased the number of points (n) up to 16 adding zero values to the AF
array. For every activity bin PSD was averaged.

Figure 3 shows averaged PSD of the electron distribution for latitudinal profile (top) and longi-
tudinal (bottom) for several levels of magnetic activity. Dashed vertical lines show wave number
k0 corresponding length of the profile or, in the other words to the size of radar field of view at
Zf altitude. N in the legends means the number of events.

As it can be seen, the PSD curves for the latitudinal profiles peak below ky, where the PSD
values might be incorrect. At the same time, the PSD curves for longitudinal profile have peaks
exactly at ky. This finding may indicate that the average scale of the F-layer density longitudinal
variations is approximately equal to the longitudinal size of the radar field of view. It is also
interesting that there is no evident dependence of the PSD slope on the activity. We have no
explanation for this finding.
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Abstract

The modelling of the wave field near the coastal areas is important for marine traffic and marine spatial
planning. The complex bathymetry and the shoreline structure of the Finnish coast of the Gulf of Finland
affects the wave field in several ways. The shoals may cause depth-induced wave breaking and refraction
of waves, and the energy of the wave field propagating from the open sea to the shore is attenuated when
the waves pass an area with several small islands. The spectral wave model WAM was used to model
the wave field in the coastal areas of the Gulf of Finland. The model is the same with which the Finnish
Meteorological Institute (FMI) produces its operational wave forecasts for the Baltic Sea. The Baltic Sea
was modelled with a 4 nmi (ca 7.5 km) resolution grid. The coastal area of Helsinki was modelled with
a finer resolution, 0.1 nmi (ca 185 m) grid. The surface wind field needed as forcing for the wave model
was taken from FMI’s numerical weather prediction system HIRLAM. Due to the coarse resolution of
the 4 nmi grid, it is unable to take into account islands and variation in depth smaller then its grid size.
In order to produce forecasts in coastal areas higher resolution grids are needed. However, the compu-
tational demands of the high resolution grids may be too heavy for operational forecasting. Therefore
compromises may have to be made when choosing an adequate resolution. Constructing a coarser grid
from a finer one is not trivial in archipelago areas. Special methods might be used to guarantee the
sufficient land coverage needed 10 ensure the attenuation of wave energy. In addition, an obstruction
grid reducing the amount of wave energy propagating from one grid point to another may be used to take
into account the islands left unresolved with the given resolution. The modelled wave field was compared
to about a month of wave buoy measurements from September and October 2012. The results from the
preliminary wave model runs showed that the results were quite accurate in the open sea areas compared
to FMI’s operational wave buoy off Helsinki. The ability of the wave model in modelling the attenuation
of the wave field due 10 sheltering and depth-induced wave breaking with different horizonial resolutions
was evaluated by comparing the modelled parameters against measurements made near Harmaja and
in the coastal areas of Helsinki. Due to the modelled wave fields dependence on the forcing wind field,
some differences between the modelled and measured wave parameters can be explained by inaccuracies
in the wind field. The accuracy of the modelled wave field is also affected by the bathymetry, which may
not be sufficiently accurate at all locations. Inaccuracies in the bathymetry may lead 1o the removal of
an excessive or an insufficent amount of the wave energy, e.g. due to depth-induced wave breaking. As
future work the accuracy of the different formulations of the depth-induced wave breaking and reduction
of wave energy due to bottom friction will be studied in order to further improve the model results. A 0.5
nmi (ca 1 km) grid, with a land mask constructed based on the information from the finer 0.1 nmi grid,
will also be implemented. The method used to generate the land mask is especially developed for the
complex structure of the Finnish shorelines and has previously been tested in the Archipelago Sea.
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Abstract

We present a multi-resolution approach for 3D forward electromagnetic (EM) modeling. Development
of the technique is motivated by the fact that a finer grid resolution is often required at smaller depth to
adequately represent near surface inhomogeneities and topography. On the other hand, the EM fields
propagate in a diffusive manner and can be sufficiently well described on a grid that becomes gradually
coarser with depth. A multi-resolution approach, therefore, provides a means to significantly decrease
the number of degrees of freedom and hence improve on computational efficiency without significantly
compromising the accuracy of the solution.

In our implementation, the full grid is represented as a vertical stack of sub-grids, each of which is a
standard staggered grid. The grid is refined only in the horizontal direction, uniformly across verti-
cal layers, allowing only factor of two between vertically adjacent sub-grids, and is thus a simplified
quadtree scheme. In the present work we describe the grid design and setting of the corresponding op-
erators. The improvement in speed of forward solver reaches 3 — 6 times and memory requirements 1.5
— 3 for the larger models. The accuracy of the solution is in phase of testing and will be presented.

The multi-resolution forward solver is written in Matlab with the purpose of further integration to Mo-
dEM 3D magnetotelluric (MT) inversion software (Egbert & Kelbert, 2012). In ModEM the new forward
solver can then be used for 3D inversion.

METHOD

For the discretization of Maxwell’s equations we follow the staggered grid convention of Yee
(1966). The discretized electric field vector components are defined on cell edges. The magnetic
fields are therefore defined on cell faces. Thus, the discrete representation of second order PDEs
derived from Maxwell’s equations can be expressed as a discrete system on the interior nodes
as

[C'C + diag(iwpo(m))]e = 0. (1)

Here diag denotes a diagonal matrix, C is the discrete approximation of the curl operator (map-
ping interior cell edge vectors to interior cell faces), CT is the discrete adjoint of the curl (map-
ping interior cell face vectors to interior cell edges). Finally, o(m) represents the mapping of
the model parameters m (conductivity or resistivity (or its logarithm)) to cell edges, where the
electric field components are defined.
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For a new solver we consider an extension of the staggered-grid discretization of Yee (1966) to a
multi-resolution grid, where each grid cell can be subdivided in half in horizontal direction. This
allows us to represent the full grid as a vertical stack of sub-grids, each of which is a standard
structured staggered grid. This allows us to solve equation (1) for each sub-grid. The sub-
grids are connected at series of additional layers interfaces, that overlap with the interior layer
of the adjacent sub-grid. For convenience we allow only factor of two between neighbouring
sub-grids.

The linear system of equations (1) is solved iteratively using a quasi-minimum residuals scheme,
with SSOR preconditioner. When the system is solved for all sub-grids, electric fields on the in-
terface are updated by copying of the values from the overlapping interior layer of the adjacent
sub-grid.

The model parameters m are defined for the cell centers, and needs to be computed on multi-
resolution grid edges for input to (1). The natural mapping from the cell centers to the edges of a
regular grid represents the volume weighted average of the surrounding four cells. We define the
conductivity parametrization on the fine grid, so in the multi-resolution case we need to consider
additional averaging from fine to coarse sub-grids. Therefore, apart from the averaging operator
from cells to cell edges, weighted by volume elements, we define an additional linear mapping
from the edges of the fine grid, to the edges of the multi-resolution grid.

CONCLUSION

The accuracy of the multi-resolution forward solver is within 2% compared to original 3D
solution and allows computations to be speed up by several times; the scheme also has a smaller
memory foot print. Therefore, inversion based on the multi-resolution grid forward solver might
provide a significant computational advantages, and also allow greater flexibility in terms model
discretizations and better resolution of near-surface features. Future work will involve testing
alternative solvers for the system of linear equations as we seek to construct more accurate
solutions without sacrificing speed.
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Abstract

To study the seismic lithosphere-asthenosphere boundary (LAB) beneath the Baltic Shield we used records
of 9 local events with magnitudes in the range 2.7-5.9. For modeling of the lower lithosphere and as-
thenosphere, the original data were corrected for topography and the Moho depth for each event and
each station location, using a reference model with a 46 km thick crust. Observed P and S arrivals
are significantly earlier than those predicted by the iasp91 model, which clearly indicates that litho-
spheric P and S velocities beneath the Baltic Shield are higher than in the global iasp91 model. For
two northern events at Spitsbergen and Novaya Zemlya we observe a low velocity layer, 60-70 km thick
asthenosphere, and the LAB beneath Barents Sea was found at depth of about 200 km. Sections for other
events show continuous first arrivals of P waves with no evidence for "shadow zone" in the whole range
of registration, which could be interpreted as absence of asthenosphere beneath the central part of the
Baltic Shield, or that LAB in this area occurs deeper (>200 km). The relatively thin low velocity layer
found beneath southern Sweden, 15 km below the Moho, could be interpreted as small scale lithospheric
inhomogeneities, rather than asthenosphere.

1. INTRODUCTION

The problem of the asthenosphere for old Precambrian cratons, including East European Craton
and its part — the Baltic Shield, is still discussed (e.g. Plomerova et al. 2010; Kozlovskaya
et al. 2008). To study the seismic lithosphere-asthenosphere boundary (LAB) beneath the
Baltic Shield we used records of 9 local events with magnitudes in the range 2.7-5.9 producing
recordable seismic waves up to a distance of at least 2000 km. The relatively big number of
seismic stations in the Baltic Shield with a station spacing of 30-100 km permits for relatively
dense recordings, and is sufficient in lithospheric scale. In Figure 1, the 9 chosen earthquakes
are marked by black stars with numbers and seismic stations providing data are marked by
black dots. Data were provided mainly by Swedish, Norwegian, Finnish and Estonian seismic
networks.

2. DATA PROCESSING AND MODELING
The Moho depth in the Baltic Shield is changing in range of 30-60 km. An average Moho depth
was calculated for the study area from the digital Moho depth map by Grad et al. (2009). The

average depth is 45.7 km, and in reference model 46 km depth was used. P-wave velocities
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Figure 1: The location of nine events (numbered black stars) and seismic stations (dots) used in
this paper for the study of the lithosphere-asthenosphere system beneath the Baltic Shield.
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in the reference model were compiled from seismic studies in the area. For modeling of the
lower lithosphere and asthenosphere, the original data were corrected for topography and the
Moho depth for each event and each station location using the reference model to allow 2D
interpretations along profiles. Observed P and S arrivals are significantly earlier than those
predicted by the iasp91 model (Kennett, 1991). Modeling for all sections in this paper was
done using the ray tracing technique and software SEIS83 (Cerveny and Psencik, 1984).

3. SEARCHING FOR THE ASTHENOSPHERE

The figure 2 shows three record sections. For event no. 2 (Spitsbergen) good quality P waves
are recorded in the distance range 800-2400 km (Figure 2a). For the two northern events at
Spitsbergen and Novaya Zemlya we observe low a velocity layer — asthenosphere. The LAB
beneath Barents Sea was found there at depth of about 200 km (198 km and 201 km for event
no. 2 at Spitsbergen and for event no. 8 at Novaya Zemlya, respectively). Sections for event no.
7 (Betchatéw) and event no. 9 (Rhein Graben) show continuous first arrivals of P waves with
no evidence for a "shadow zone" in the whole range of registration (Figure 2b, 2c¢). A lack of
"shadow zone" could be interpreted as a lack of asthenosphere beneath central part of the Baltic
Shield, or that LAB in this area occurs deeper (>200 km).

4. CONCLUSIONS

The asthenosphere was found in the area north of the Baltic Shield (beneath the Barents Sea) at
depth of about 200 km. No evidence was found by this study for the asthenosphere beneath the
Baltic Shield — it has to be deeper than 200 km if it exists at all.
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Figure 2: Record sections of three events together with traveltimes of the best fitted models. (a)
Section of event no. 2 (Spitsbegen). The beginning of the shadow zone of the first arrivals is
observed at distance of about 1800 km, and corresponds to the depth of the low velocity zone
(LAB) at 198 km. (b) Section for event no. 7 (Belchatéw). A continuity of the first arrivals is
observed in the whole distance range up to about 2000 km. (c) Section for event no. 9 (Rhine
Graben). A continuity of the first arrivals is observed up to distance about 1700 km and for
farther distances a significant increase of velocity is observed. In all sections dots are picked
first arrivals of P waves, and lines are fitted traveltimes.
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Abstract

A travelling ionospheric disturbance (TID) associated to an atmospheric gravity wave (AGW) is detected
over Scandinavia on 20 January 2010, simultaneously using the EISCAT incoherent scatter radar in
Tromsg, and GPS measurements using the Swedish GPS network SWEPOS. The combination of different
instruments allows the determination and verification of various properties of the wave.

1. JOHDANTO

Marsin tutkimus on viime vuosina ollut maailman laajuisesti nikyvésti esilld (kuva 1). Muka-
na on myds pienin panoksin suomalainen tiedeyhteiso, jonka tirkein tutkimuskohde on Marsin
kaasukehd. Marsin tutkimus auttaa meitd ymmairtiméddn paremmin myds Maan ilmakehin kéyt-
tdytymisté.

Nykyédédn Marsin hiilidioksidikaasukehédn pintapaine on noin 7 hPa, pintalampétila vaihtelee
jaisten napojen -130 °C- ja pidivintasaajan jopa +20 °C-asteen vililld. Vuorokauden aikainen
lampdtilavaihtelu on 60-90 °C, koska harva kaasukehé ei pysty tasaamaan lampdétilanvaihtelui-
ta. Kaasukehissd on kosteutta hyvin vihdn, mutta marsperin pintakerroksessa on jditi sitoutu-
neena parhaimmillaan korkeilla leveysasteilla jopa yli 50 % ja kylmind 6ind muodostuu yleisesti
ohut kerros huurretta.

2. MARSIN JA MAAN ILMAKEHAT SAMANKALTAISIA

Marsin ja Maan ilmakehit ovat 1dhisukulaisia keskeniéin ja kdyttdytyvit samalla tavalla. Tami
johtuu siitd, ettd ndiden planeettojen pyorimisakselin kallistuskulmat ratatasoon nihden (Mars
25°, Maa 23,5°) seki pyorihdysaika akselinsa ympiri eli siis vuorokauden pituus (Mars 24 h
37 min) ovat suurin piirtein samansuuruiset.

Kaasukehien sisdinen dynamiikka on niin samankaltaista, etti Maan ilmakeh@malleja voidaan
siirtdd yksinkertaistettuina Marsiin jdttden mallien dynamiikkaytimet ldhes entiselleen. Niin
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Kuvat 1 ja 2: MSL laskeutumassa Marsin pinnalle ja MSL toimessaan Marsin pinnalla (NASA,
taiteilijan ndkemys).

mydskin hienohilasddnennustusmalli HIRLAM on muunnettu Mars-versioksi (MLAM) Ilma-
tieteen laitoksen ja Helsingin yliopiston yhteistyond. Samalla periaatteella on Marsiin siirretty
my06s muutamia Maan ilmakehén globaalimalleja.

Marsissa ei ole pintavesistdjd, ei kasvillisuutta ja kaasukehd on hyvin kuiva. Tdmin vuoksi
Marsin siid on suhteellisen yksinkertainen Maahan verrattuna. Voidaan jopa sanoa, ettd Marsin
kaasukehd on yksinkertaistettu laboratoriomalli Maan ilmakehistd. Tutkimalla Marsin tarjoa-
maa yksinkertaistettua dynamiikaltaan maankaltaista kaasukehdd voimme oppia jotain sellais-
ta, joka Maassa jdi vesistdjen, kasvillisuuden ja suuren kosteuden aiheuttamien efektien vuoksi
niakematta.

3. VIIMEAIKAISIA HAVAINTOJA

Viime kesédni elokuun 6. pdivind Marsin pinnalle laskeutui tavallisen henkildauton kokoinen ja
painoinen NASA:n MSL-kulkija, tuttavallisemmin Curiosity-monkiji. Kyydissi oli myos [lma-
tieteen laitoksen valmistamat Marsiin suunnitellut kaasukehén paine- ja kosteusmittauslaitteet
Marsin kaasukehin ja rajakerroksen tutkimista varten. NASA:n ja Curiosity-monkijédn ensisijai-
nen tavoite on etsid merkkeji siitd, ettd Marsissa olisi joskus ollut eldmélle suotuisat olosuhteet.
Tamin selvittimiseksi Curiosity tutkii Marsin pintamateriaaleja ja kaasukehii sekd kaivaa ja
poraa niytteitd marsperistd, joita se tutkii monipuolisen analyysilaboratorion avulla. Voidaan
sanoa, ettd Curiosity kirjaimellisesti porautuu Marsin ja sen ilmaston historiaan. [lmakehtietei-
lij6itd kiinnostaa luonnollisesti eniten Marsin kaasukehiin tutkimus, ja mitd se voi mahdollisesti
opettaa meille Maan ilmakehisti (Kuva 2).

Curiosity -monkijin laskeutumispaikka oli Gale-kraatteri 1dhelld Marsin péivéintasaajaa. Tuo on
alue, jossa on mahdollisesti Marsin historian himéiréssa ollut juoksevaa vettd. Tuolloin Marsin
ilmasto on saattanut olla lammin ja kostea, siis tdysin erilainen kuin tdmén péivén harva, kyl-
mi ja kuiva planeetta. Tdhédn viittaavat aikaisempien Mars-luotainten tulokset. Gale-kraatteri
on lupaava alue Curiosityn péétehtivin suorittamiseksi, mutta myos hyvin kiinnostava Marsin
kaasukehin ja sen rajakerroksen tutkimisen kannalta.

Elokuussa tapahtuneen laskeutumisen jilkeen Curiosity on tutkinut laajalti laskeutumisalueen-
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Kuva 4: Ensimmaiset ldmpotilahavainnot kolmen vuorokauden ajalta Marsin kaasukehéssi.
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sa ldhiympéristodd, ja dokumentoinut litkkkumisensa valokuvien avulla, joita NASA jakaa tehok-
kaasti suurelle yleisolle. Ensimmaisten parin kuukauden havaintojen jdlkeen MSL on pystynyt
tarkentamaan aiempien Mars-laskeutujien havaintoja Marsin geologiasta sekd marsperén koos-
tumuksesta. Tdhdn mennessd MSL ei ole vield 10ytinyt kaasukehéstd metaania, jota aiempien
havaintojen mukaan olisi Marsissa ddrimmaéisen pienid méérid. Metaani on kiinnostava kaasu,
silld sen 10ytyminen Marsista olisi merkki joko geologisesta aktiivisuudesta tai jonkinlaisesta
alkeellisesta orgaanisesta aineksesta marsperédssad (Kuva 3).

Monkijin kyydissé olevat Ilmatieteen laitoksen kaasukehén painetta ja kosteutta havainnoivat
instrumentit ovat tihidn mennessé tuottaneet jo noin 120 pdivdn mittaisen havaintosarjan. Kaa-
sukehiin paine on nyt keskiméérin 8 hPa ja nousussa péivittdisen vaihtelun ollessa noin 10 pro-
senttia. Kosteushavainnot ovat vield validoitavana. Marsin kaasukehén ldmpdétila on iltapéivisin
nollan tuntumassa ja disin noin -70 °C. Tdmi suhteellisen leuto ympéristd johtuu siité, ettid
Gale-kraatteri sijaitsee ldhes pdivintasaajalla. Tulosten julkistamisen suhteen NASA on hyvin
varovainen ja pitdd laatukontrollin itsellddn. Siksi havaintoja saadaan tuoda suuressa mitassa
julkisuuteen vasta 6 kk havaintojen jilkeen (Kuva 4).

4. MAAN ILMAKEHAN TUTKIMUS HYOTYY MARSISTA

Marsin ilmakehdd mallinnetaan aktiivisesti — jo vuonna 1975 NASA:n tutkijat ennustivat Viking-
luotainten laskeutumisolosuhteita ilmastomallilla melko onnistuneesti. MLAM:in tulokset Gale-
kraaterille ovat nyt mielenkiinnon kohteena. Paikallisoloja tutkimme Maasta Marsiin siirretylld
pylvismallilla, jonka avulla voidaan yksityiskohtaisesti mallintaa mm. vesihOyryn siirtymisen
fysiikkaa kaasukehiin ja marsperdssé oleilevan jdén vililld ja verrata tuloksia Curiosityn ainut-
laatuisiin pintakosteushavaintoihin. Aiemmin MLAM jo ennusti Phoenix-napaluotaimen las-
keutumisséddolot ja pylvdasmalli sen lidar-laitteen ndkemédt Marsin vesijddpilvet. On my6s mai-
nitsemisen arvoista, ettd suomalainen Maan ilmakehéa kuvaava pylvismalli oli pohjana JPL:n
eksoplaneettojen kaasukehien yleiselle tutkimusmallille (Kuva 5).

Ndméd Marsin olosuhteissa tehdyt mallikokeet ovat tuottaneet menetelméparannuksia, joita voi-
daan suoraan hyddyntdd myods Maan sddnennustus- ja ilmastomalleissa. Malleissa on esimer-
kiksi testattu ja paranneltu turbulenssi- ja jddpilvimenetelmid, koettelemalla niiden rajoja ja
toimivuutta Marsin dédriolosuhteissa.

Marsin kaasukehén suuri polyisyys on johtanut merkittdviin mallinnustarkennuksiin polyn si-
ronnan ja emission huomioimisessa yhteistydssd NASA:n Jet Propulsion Laboratoryn (JPL)
tutkijoiden kanssa. Nditi tuloksia voidaan hyodyntdd Maan ilmakeh@malleissa. Marsin pinta-
aineksen suuri satelliiteilla mitattu termisen hitauden paikallinen vaihtelu on puolestaan johta-
nut tarkempaan marsperidn limmondiffuusion laskentatapaan. Kehitettyjd menetelmid voidaan
soveltaa Maassa esimerkiksi lumelle, jonka ldmmonjohtavuus muuttuu nopeasti lumen ikédén-
tyessé.

Jopa turbulenssin yleinen teoria saattaa saada laajennuksia, silld Marsin ohuen kaasukehén voi-
makkaat lamp0ositeilyefektit on otettava huomioon aikaisemmasta poikkeavalla tavalla. Maas-
sahan konvektion aiheuttama terminen turbulenssi limmittdd ilmaa ldmpimin alustakerroksen
ylld, mutta Marsissa pdivittdinen voimakas turbulenssi joutuukin jidhdytystdihin.

34



Kuva 5: MLAM -mallin ennustama tuulikentti MSL:n laskeutumispéivélle Galen kraatterin
alueella

NASA:n Curiosity-monkijidn sekd muiden Marsia havainnoivien tutkimuslaitteiden myo6ti uusi
ikkuna Marsin historiaan on vihitellen avautumassa. Ehkdpé pystymme tulevaisuudessa vastaa-
maan kysymykseen, miksi Maan kanssa hyvin samankaltainen planeetta Mars on ajautunut ny-
kyiseen olotilaansa. Ehkédpd Marsin ja sen kaasukehin tutkimus pystyy antamaan meille uusia
johtolankoja myods Maan ilmakehén pitkdaikaisen kdyttdytymisen ymmirtimiseen.
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FIRE 2A - linjan pohjoisosan rakenteen mallintaminen seismista
attribuuttianalyysia apuna kiyttien

Niina Hellqvist', Annakaisa Korja' ja Taija Torvela®

! Seismologian instituutti, Helsingin yliopisto, niina.hellqvist@helsinki.fi
2 University of Leeds

Abstract

Seismic reflection surveying is widely used to image crustal structures. To enhance the reflection da-
ta, seismic attribute analysis is applied to reveal detailed information on the geological and tectonic
structures, and deformation fabrics of the upper crust.

1. JOHDANTO

Seismisid heijastusluotausaineistoja kdytetddn yleisesti kuoren rakenteiden tulkinnassa. Voi-
makkaimpien heijastusamplitudivaihtelujen oletetaan liittyvidn kuoren litologisiin muutoksiin
sekd tektonisiin ja deformaatiorakenteisiin. Tdssd tutkimuksessa esitellddn pro gradu — tutkiel-
maa (Hellgvist, 2013). Tutkimuksessa vahvistettiin seismisen aineiston epdjatkuvia taustaraken-
teita, jotka usein jadvit voimakkaampien heijastuksien peittdmiksi, seismisen attribuuttianalyy-
sin avulla. Kaadeohjatulla mediaanisuodattimella parannettiin huomattavasti heijastusluotausai-
neistossa olevien yksityiskohtaisien rakenteiden havaittavuutta.

2. AINEISTOT JA MENETELMAT

Tutkimuksen aineistona kéytettiin FIRE 2- ja 2A-heijastusluotausaineistoja, jotka sijaitsevat pa-
leoproterotsooisella svekofennialaisella piddalueella. Alue on osa Eteld-Suomen kaarikomplek-
sia, ja se antaa hyvin mahdollisuuden svekofennialaisen orogenian rakenteen tutkimiseen.

Tutkimuksessa kdytettiin seismisti attribuuttianalyysid tulkinnan apuna. Seisminen aineisto suo-
datettiin kaadeohjatulla mediaanisuodattimella, joka parantaa huomattavasti aineiston taustal-
la olevien heijastajien jatkuvuutta vihentdmilld satunnaista kohinaa. Suodattaminen tehtiin
OpendTect-ohjelmalla. Suodatus aloitetaan mééritteleméilld tutkimusikkuna, joka siséltidd usei-
ta rekisterdintejd. Fourierin muunnoksella lasketaan rekisterdinneille paikalliset kaade- ja at-
simuuttiarvot. Kaadeohjaus seuraa seismistd tapausta rekisterdinnistd toiseen kiyttden hyvéksi
nditd kaade- ja atsimuuttiarvoja. Kaadeohjattu mediaanisuodatin poimii ikkunan siséllid olevien
rekisterdintien amplitudien mediaaniarvon ja korvaa kaikki ikkunan sisille sattuvat rekisterdin-
nit tilld mediaaniarvolla. Télloin aineistosta poistuvat yksittdiset korkean amplitudin heijastajat
ja taustalla olevat rakenteet korostuvat.

37



Kuva 1: Kuva suodattamattoman seismisen sektion osasta (vasen) sekéd kaadeohjatun mediaani-
suodatetun sektion osasta (oikea) (seisminen aineisto Nironen et al. 2006) FIRE 2 - linjalta.

Aineiston taajuussisiltd ennen ja jilkeen suodatuksen on tirkedd madrittdd, jotta voidaan tutkia
ovatko aineistossa ndhtédvit heijastajat todellisia vai suodatuksen tuottamia. Taajuussisdllot las-
kettiin Globe Claritas — ohjelmalla suodattamattomalle ja suodatetulle aineistolle. Tarkastelun
jilkeen voidaan todeta, ettd aineistoon ei tule lisdd korkeampia tai matalampia taajuuksia ja etti
alkuperdinen ldhdesignaalin taajuuskaista sdilyy aineistossa suodatuksen yhteydessi. Heijasta-
jien voidaan siis todeta olevan todellisia heijastajia eikéd suodatuksen tuottamia.

Attribuuttianalysoitujen tulosten tulkinnassa kéytettiin seismistd fasies — menetelmii (Torve-
la et al. 2013). Seisminen fasies on kokoelma heijastuksia, joilla on tunnusomaiset seismiset
ja geometriset konfiguraatiot. Seisminen fasies on seurausta geologisista prosesseista, jotka ai-
heuttavat kallioperdén fysikaalisia muutoksia (anisotropia, litologiset vaihtelut jne.). Sektioista
maédriteltiin yhteensd yhdeksin erilaista fasiesta, joiden avulla tehtiin tulkinta yldkuoren raken-
teesta.

3. JOHTOPAATOKSET

Suodatetuista sektioista on tulkittu ldpikotaista S-C* — deformaatiorakennetta, jota paikallises-
ti indikoivat suorat, loivasti kaatuvat hiertovyohykkeet. Yldkuori (0-12 km) on voimakkaasti
deformoitunutta. Vallitsevia piirteitd sektioissa ovat vanhimmiksi rakenteiksi tulkitut poimut
(Torvela et al. 2013), joita edelleen deformoi S-C’-rakenteet. Liséksi sektioista on tunnistettu
linssi- ja pérekorirakenteita. Kaikki nimi yhdessd viittaavat ekstensionaaliseen ympéristoon,
jonka tulkitaan liittyvin Svekofennidien romahtamiseen.

KITOKSET
Tyon pohjana oleva pro gradu — tutkielma ja siihen liittyvit tyot tehtiin K. H. Renlundin ra-

hoituksella osana ”Kallioperin kolmiulotteinen deformaatiomalli” — projektia. Tyossid kéytetyt
aineistot kuuluvat GTK:lle ja Seismologian instituutille.
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Sihkomagneettinen malminetsintimenetelmi GTK-FrEM
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Abstract

For the last few years Geological Survey of Finland (GTK) has been developing a new electromagnetic
exploration method. A measuring test was arranged on lake ice with a large transmitter loop and a brand
new surface receiver. Results are promising but data processing still needs further development.

1. JOHDANTO

Geologian tutkimuskeskuksessa (GTK) on muutamien viime vuosien aikana kehitetty uutta geo-
fysikaalista malminetsintimenetelmii. Menetelmadlld tutkitaan maankamaran sdhkonjohtavuu-
den vaihtelua ja paikannetaan ympéristddidn paremmin sdhkod johtavia rakenteita. Ideana on
tuottaa omalla maanpinnalle rakennettavalla ldhettimelld keinotekoinen harmonisesti véréhte-
levd magneettikenttd, joka indusoi sdhkovirtoja maankamaran sdhkonjohteisiin. Menetelméédn
kuuluu kaksi mittalaitetta, joilla litkutetaan tutkimusalueella joko kairanreidssé tai maanpinnal-
la. Mittausalueella tehdyt havainnot voidaan jakaa lihdekentiin geometriasta aiheutuvaan vaih-
teluun sekd geologiasta aiheutuviin paikallisiin muutoksiin. Mittaustulosten silmdmiirdinen
tarkastelu antaa jo jonkinlaisen kisityksen tutkimusalueen sdhkonjohtavuusvaihtelusta, mutta
tarkempaan tulkintaan kdytetddn tulkintaohjelmia.

2. MAANPINTAVASTAANOTIN

Maaliskuussa 2013 valmistui maanpintamittaukseen soveltuva vastaanotin. Laite koostuu kol-
mesta toisilleen kohtisuorasta mittauskelasta seki tallennusyksikostd. Mittalaitetta testattiin Kuh-
mon ldhelld sijaitsevalla tutkimuskohteella. Kuvassa 1 mittalaitetta kuljetetaan kahden ahkion
péille rakennetulla puisella lavetilla. Ensimméinen mittaaja vetdd ahkiota ja toinen mittaaja kul-
jettaa tallennusyksikkod. Jatkossa vastaanotinkeloja tullaan litkkuttamaan kantamalla niitéd selés-
sd kuten rinkkaa.

Testimittauksessa jdrven jddlle rakennettiin sdhkdjohdosta nelionmuotoinen ldhetinsilmukka,
jonka sivun pituus oli 700 m. Silmukkaan syétettiin harmonista vaihtovirtaa viidelld eri taajuu-
della yhteensd noin 50 W teholla. Matalin taajuus oli 116 Hz ja korkein taajuus oli 8929 Hz.
Vastaanotinta liikutettiin 1ihettimen keskialueella linjoittain. Liséksi mitattiin yksi pidempi mit-
tauslinja, joka ulottui ldhetinsilmukan yli molemmin puolin. Télld pidemmallé testilinjalla laite
pysaytettiin 20 m vilein ja nédissd pisteissd mitattiin useamman taajuuden sisdltivi taajuuspyyh-
kiisy.
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Kuva 1: GTK-FrEM-maanpintavastaanotin testimittauksessa. Kuva: Matti Niskanen.

3. MITTAUSTULOKSET

Ensimmdinen jirven jdilld tehty "maanpintamittaus”onnistui hyvin, mutta tulosten késittely ja
tulkintamallin tekeminen ovat vielid kesken. Menetelmén toimintaperiaatteena on tuottaa ldhet-
timelld puhtaasti siniaallon mukaisesti vaihtelevaa magneettikenttid, jolloin ldhettimelli ei tuo-
teta minkédénlaista ylimaardistd hairiotd ja kaikki ldhettimeen syotetty energia saadaan hyodyn-
nettyd. Vastaanottimella kerdtdédn laajasti kaikkea sdhkomagneettista signaalia, mutta laitteen
rakenne ja ominaisuudet tekevit siitd herkédn juuri tutkittaville taajuuksille. Vastaanottimella
tallennetaan kiytannossid sdhkomagneettisen kentédn aikasarjaa, josta jilkikésittelyssd puretaan
mittaustulokset kiyttden kaikkien tutkittavien taajuuksien, tasavirran ja 50 Hz héirikentédn yh-
tdaikaista inversiosovitusta. Tdmé ratkaisumenetelma vaatii paljon tietokoneaikaa, mutta antaa
hyvid tuloksia, joita kokouksessa tullaan esitteleméén.
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Abstract

Signatures of dust devils and dustless convective vortices were sought in the data measured by NASA’s
MSL Curiosity rover in Gale crater, Mars, during the first 100 sols (= Martian days) after landing. 43
sudden drops in atmospheric pressure were detected by the Rover Environmental Monitoring Station
(REMS) (Gomez-Elvira et al. 2012). Coincident increases in air temperature and variations in wind
direction and speed were associated with most of these events. A dip in UV radiation, probably caused
by dust lifted by a vortex and obscuring sunlight, was detected coincidently with one of the pressure
events. One probable dust devil was detected by the Navigation Cameras. We conclude that small scale
convective vortices do occur in Gale crater but only a small fraction of them lift dust.

1. BACKGROUND

Sudden pressure drops caused by convective vortices such as dust devils have been detected
by the earlier Mars landers Pathfinder and Phoenix (Schofield et al. 1997, Renno et al. 2000,
Ellehoj et al. 2010). Martian dust devils and their tracks have also been imaged by Mars
Pathfinder, the Mars Exploration Rovers, the Phoenix lander and the HiRISE camera onboard
MRO. Dust devils and their tracks had however not been detected in HIRISE images of Gale
crater before the landing of MSL (Calef, 2012).

2. METHOD

Sudden pressure drops in the REMS pressure data were searched using an algorithm similar to
that used previously to search for pressure drops on the Mars Pathfinder (Murphy and Nelli,
2002) and on the Phoenix data (Ellehoj et al. 2010). Non-significant and false events were
removed by hand. Variations in temperature (air and ground), wind and UV radiation occurring
concurrently with the pressure events were determined by checking the data collected by all
REMS sensors around the time that each sudden pressure drop event was detected. Movies for

43



monitoring the motions of dust and ice in the atmosphere have been done using the Navigation
Cameras (Francis et al. 2013). Dust devils were sought from these movies (Moores et al. 2013).

3. RESULTS

e 43 pressure events were identified.

e In 63 % of the events there is a maximum in air temperature simultaneously with the
pressure minimum.

e In 92 % of the events the wind vector varies rapidly.

¢ In one event there is a coincident decrease in UV radiation.

e The Full-Width at Half Maximum duration of the pressure events is less than 30 s, typi-
cally ~7 s.

e The magnitude of the pressure drops varies from 0.3 to 2.5 Pa.

e All events occur daytime, between 9:30 and 15:16 Local Mean Solar Time (LMST).

e The event intensity peaks around 11 LMST. At this time the number of events with mag-
nitude > 0.5 Pa is circa 0.4 events / Martian hour.

e One likely dust devil was detected in the atmospheric monitoring movies (Moores et al.
2013).

4. CONCLUSIONS

Several coincident pressure, temperature and wind variations indicating passing small scale
convective vortices have been detected. Thus we conclude that at least dustless convective
vortices do occur in Gale crater.

The observed pressure event intensity and magnitude distribution are similar to those detected
by the Pathfinder and Phoenix landers (Ellehoj et al. 2010; Murphy and Nelli, 2002). This is
surprising taking into account that models predict a suppression of the boundary layer depth on
Gale during the day (Tyler and Barnes, 2005). This tends to inhibit vortex activity because it
decreases their thermodynamic efficiency (Renno et al. 2000). However the maximum pressure
drop detected by MSL is clearly smaller than those detected by the earlier missions. The number
of vortices detected by MSL during the first 100 sols is so small that this could be a statistical
coincidence but the lack of pressure events with magnitude higher than 2.5 Pa may also be a
consequence of the suppressed daytime boundary layer depth at Gale.

While a surprisingly high number of pressure drops associated with vortices has been detected
by REMS the atmospheric monitoring movies have observed only a single likely dust devil
(Moores et al. 2013). This can be explained by the following:

e Most vortices are not strong enough to lift dust.
e The area where the pressure drop is observable is much larger in diameter than is the
optical core where dust is lifted.

In both alternatives the amount of dust lifted to the atmosphere by dust devils is small compared
to the number of vortices which must play a role in the overall dust budget of Gale Crater. The
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Figure 1: Pressure (up left), air temperature (up right), UV intensity (low left) and boom 2
wind sensor raw data (low right) measured by REMS during a vortex passing on MSL sol 86.
The wind sensor data shows that the wind direction changes back and forth during the pressure
event.
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fact that a coincident UV obscuration was observed in only one of the pressure events supports
this conclusion. This could also explain the missing observations of dust devils and their tracks
by orbiters such as MRO.
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Abstract

Palsas are hummocks of peat with permanently frozen cores in Arctic areas. A palsa in Peerajdrvi, Fin-
land was studied using a GPR (Ground Penetrating Radar), soil electric resistivity and a surface tem-
perature measurements. It was found that during winter the radar signal easily penetrates the overlying
snow cover and frozen peat and the reflector representing the frozen core to underlying soil boundary is
clearly visible. During summer the signal is intensively reflected from the dry peat to frozen core bound-
ary outlining the upper core boundary. Thus, a combination of both winter and summer measurements
allows outlining the whole extent of the palsa ice core. From the GPR measurements the lateral extent of
Peerajirvi palsa frozen core was found to be ~ 15 x 20 m and thickness of the core ~ 4 m. Additionally,
a local minima in soil resistivity and surface temperature were observed over the palsa core in summer
which support presence of frozen peat.
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Abstract

1 shall present results from field measurements in the River Kymijoki gathered during winter 2012. This
river is located in southeast Finland, it freezes annually, and the catchment area of the river is 37 107
km? which is about 11 % of the area of Finland. The lake percentage of the river catchment is 19 %.

The River Kymijoki discharge was very high in winter 2012 due to the warm fall and high precipitation.
The discharge was in December 2011 approximately at the same level as it is normally in the spring
after the snow melts. It means that there was a lot of interesting ice phenomena during the winter after
the temperatures drop low enough. Especially frazil ice is a big problem in the river area when the
temperatures suddenly drop below freezing.

I made monitoring field measurements throughout the River Kymijoki and intensive measurements at
some selected rapids and at the locations of anchor ice dams. Field measurements include hydrographic
soundings with CTD-90M (Sea & Sun Technology GmbH) for the fundamental physical and chemical
properties of the water, and optical measurements with AC-9 (WET Labs Inc.), which will give informa-
tion about optical quality of the river water and the mixing of the lake water to the river water. I took ice
and water samples for chemical analyses and ice was also examined for stratigraphy and crystal struc-
ture. The results of these measurements will be presented focusing on the characteristics of ice formation
and structure and the influence of the ice cover on the discharge, mixing and water quality in the River
Kymijoki.
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Abstract

The national implementation plan (FIN-EPOS) is launched to support the Finnish geoscientific research
infrastructures and their participation to European Plate Observation System (EPOS) integration plan
as well as to implement the coordination of the national facilities and the design of e-data portals. We
advocate Finland to upgrade its status from associate member to full-member in EPOS at the beginning
of ERIC construction phase in 2014.

1. INTRODUCTION

The European Plate Observing System (EPOS; http://www.epos-eu.org/; Figure 1) is the inte-
grated solid Earth Sciences research infrastructure (RI) plan included in the ESFRI roadmap in
2008 (European Commission, 2010). EPOS coordinates the integrated use of data, models and
facilities from spatially separated networks, observatories, temporary deployments and research
facilities of Solid Earth science in Europe. It will provide an efficient and comprehensive mul-
tidisciplinary research platform and a data portal by integrating the existing national research
facilities. EPOS will be a major step towards understanding the physical processes controlling
natural hazards, such as earthquakes, volcanic eruptions, geomagnetic storms and tsunamis, as
well as the modern and ancient plate tectonic and surface dynamic processes that affected the
Eurasian plate and its metallogenic provinces (European Commission, 2011).

The EPOS data intergration plan (EPOS, 2012; Figure 1) is based on free data and information
produced by the existing national RIs. National governments, funding agencies and institutes
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Figure 1: Data intergration plan and EPOS core services (EPOS, 2012). Observatory data from
Finnish RI (national layer) is sent to international data centers (EPOS thematic services) and is
used by scientist using EPOS Intergrated services.

are responsible for the funding and operation of instrumentation and data management in each
country. These RI and European datacenters form the basic layer of the EPOS integration
plan. These RlIs are integrated into the EPOS Thematic Services, which represent dedicated
services (data archiving and mining, access to data products, etc.) for each specialty. The
Thematic Services are further joined up to create the EPOS Integrated Services, consisting of a
variety of multidisciplinary services that will allow the access to data, data products, processing
and visualization tools and computational codes and resources for different stake-holders using
national portal interfaces.

EPOS is now in the late stage of preparatory phase (PP) financed by EU framework 7. In
the next construction phase EPOS is seeking an approval as a European Research Infrastructure
Consortium (ERIC). It will be funded by EU research programs (Horizon 2020) and by member
countries annual fees.

2. FINNISH INITIATIVE FIN-EPOS

A national implementation plan (FIN-EPOS) is launched to support the Finnish geoscientific
research infrastructures and their participation in European Plate Observation System (EPOS)
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integration plan as well as to implement the coordination of the national facilities and the design
of e-data portals. FIN- EPOS a joint initiative of the Universities of Helsinki and Oulu, Finnish
Geodetic Institute, Finnish Meteorological Institute, Geological Survey of Finland, Centre for
Metrology and Accreditation and CSC- IT Center for Science. The research organizations op-
erate permanent and portable seismic and geodetic networks, magnetic observatories, portable
electromagnetic arrays, geophysical and geodynamic modeling laboratories that are scattered
around the country (Figure 1). EPOS is implementing the long term strategic goals of the geo-
scientific communities, universities and government research organizations via increasing the
role of Finnish geosciences in the Europe, via facilitating the studies of Earth processes, natural
hazards and natural resources and enabling large scale cross-disciplinary studies.

The Finnish observatories are already sending real-time data to European data centers that are
members of EPOS (e.g. ORFEUS, EMSC) , Finnish scientists and geoscientific organiza-
tions are taking part in geoscientific initiatives linked to EPOS (e.g., OneGeology and Euro-
GeoSurveys, ERA-MIN, EUREF, GEO, TOPO-EUROPE, TOPMOD EPOS http://www.epos-
eu.org/community/international-initiatives.html). The implementation of EPOS is through 10
thematic working groups and Finnish scientists are taking part in half of them (WG1: Seismo-
logical Observatories and RIs, WG3: Geological and Surface Dynamics Data; WG4: GNSS
Data and other Geodetic Data; WG7: e-RI and virtual community (e-science and ICT); WG9:
Magnetic Observatories) and WG10: infrastructures for georesources. We advocate Finland to
upgrade its status from associate member to full-member in EPOS at the beginning of ERIC
(European Research Infrastructure Consortium) construction phase in 2014.

Full membership in EPOS is critical to increasing the visibility of Finnish research in Earth
sciences and developing new collaborations with research groups across Europe. EPOS mem-
bership will not only ensure our data is openly available for archiving and mining, it will provide
a straightforward means to integrate, analyze, compare, interpret and present our data with data
from other EU Earth science research groups. Early integration in EPOS will ensure that we are
part of the long-term pan-European platform of existing and future national RIs.

Participation in EPOS will ensure that Finnish researchers will be at the front line of geo-
sciences: a) Developing and strengthening collaborations between dispersed research groups
in the same field; b) designing multidisciplinary measurements tailored to particular investiga-
tions; c) integrating research efforts using different methodologies to contribute to geo-hazard
and natural resources assessment; d) providing open, community-based software and web appli-
cations that improvement the processing and interpretation of data and open of new perspectives
for integrated Earth system models; and ¢) developing new technologies for specific infrastruc-
tures, such as experimental laboratories or in-situ observatories or co-ordinating thematic solid
Earth e-infrastructures; f) closer links with other networks and infrastructures throughout the
field of Earth Sciences, including Space and Marine geophysics and Geological data centers.
Furthermore, it will contribute to long-term databases of seismicity, land-uplift, crustal defor-
mation, seismic stress release, plate movements and the geomagnetic field. However, the great-
est advances will take place in cross-disciplinary research conducted using easily available,
large-scale geophysical and geological databases. A high quality, up-to-date research infras-
tructure and data structure management is a necessary prerequisite for Finland to be among the
leading European countries in geosciences.
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Abstract

We have compiled all the existing broad-band magnetotelluric data from the Bothnian region, from the
Kiiminki Belt in the north to the Bothnian Belt and Vaasa Complex in the south. In the east, the study
area extends to the Central Finland Granitoid Complex. Older data from 1980’s were inverted in this
study as only 2-D forward models were earlier available. The new inversion of the old data together
with the inversions of newer data revealed a set of successive, eastward/southeastward dipping con-
ductors to the east of the Vaasa Complex, whereas a conductor associated with the Kiiminki Belt dips
south/southeastward under the Savo Belt. Comparison of the conductivity models with airborne elec-
tromagnetic data (Airo, 2005) and geological mappings suggests that deeper conductors are composed
of graphite- and/or sulphide-bearing metasedimentary rocks. Likely candidates for the origin of con-
ductors are ocean basins (e.g. foredeeps and/or back-arc basins) that were transported from surface to
deeper crustal depths in the subsequent tectonic processes such as an accretion and continent-continent
collision related to the Svecofennian Orogeny.

1. INTRODUCTION

The Paleoproterozoic evolution of Fennoscandia can be divided into periods of major rifting and
orogeny (Lahtinen et al., 2008). Fennoscandia suffered from prolonged, multi-phase intraplate
rifting of a presumed supercontinent (Kenorland?) between 2.5 and 2.1 Ga. The rift phase
ended with the dispersal of Archaean craton, the formation of ocean basins and the deposition
of shallow water sediments on passive margins at 2.1- 2.04 Ga (e.g. Kiiminki Belt on the Kare-
lian craton). The following orogenic evolution resulted in the composite Svecofennian orogen
(1.92-1.79 Ga) composed of microcontinents with unknown previous histories, juvenile arcs
and intervening basins. During the Svecofennian orogeny, both new and older materials were
reworked and deformed by accretions and collisions leading to the formation of Columbia/Nuna
supercontinent at 1.8 Ga. We will use crustal conductivity models to explore various geological
markers of the tectonic evolution of the northeastern part of the Svecofennian orogen.

2. DATA, MODELS AND RESULTS

The studies of crustal conductivity by the Oulu magnetotelluric team started in the early 80’s
(e.g. Pajunpid, 1987). Several profiles were measured in the Paleoproterozoic Svecofennian
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Figure 1: Location of the study region (dashed oval) and position of magnetotelluric sites:
OULU 1 and 2 profiles (Korja et al., 1986), OULU 4 profile (Hjelt et al., 1992), GGTSVEKA
(Korja and Koivukoski, 1994; Lahti et al., 2002), and MT-FIRE profiles (Vaittinen et al., 2012).
Broad-band magnetotelluric measurements in Ostrobothnia in summer 2012 are shown as red
circles. Geological map modified from Koistinen et al., 2001.

orogen with a main focus on the Bothnian Bay region (Oulu 1 and 2 profiles, Korja et al.,
1986; Oulu 4, Hjelt et al., 1992; SVEKA, Korja and Koivukoski, 1994) (Fig. 1). The data
were analysed at that time with a 2-D forward modelling technique. In the new millennium,
we visited the region again with the MT-FIRE project, where new magnetotelluric data were
acquired from several profiles using modern MT instruments (Smirnov et al., 2008). In the
Bothnian region, the profile E coincides with the reflection seismic FIRE 3 profile (Kukkonen
et al., 2006) The results from the new studies and an earlier experiment to invert GGTSVEKA
data (Lahti et al., 2002), inspired us to return to the older Bothnian datasets: (a) to invert the old
data with modern techniques, (b) to compare old models with new models (see Fig 3) and (c) to
add electrical conductivity models to an on-going project (MIDCRUST; Fig. 1) investigating the
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Figure 2: Two-dimensional conductivity models of the OULU 1 profile. Top: 2-D forward
model (Korja et al., 1986), bottom: the new determinant inversion of the old data. Note that
in new inversion, additional data have been added at both ends of the profile and between the
sites. Note also that the location of sites (red and black inverted triangles) differs slightly in two
profiles due to different projections of real sites onto the model profiles.

properties of the crust after the extensional processes. The 2-D models of the Oulu 1 (forward
and inversion) are reproduced in Fig. 2.

The 2-D determinant inversion models show that a successive set of conductors dips to the
east/southeast extending from the western coast of Finland to the Archaean-Proterozoic bound-
ary zone ca. 250 km to the east. These conductors from Oulu 4 and MT-FIRE profiles represent
conducting units of the Svecofennian orogen. On the other, a southwestward dipping conductor
from Oulu 1 profile represents conductive sedimentary rocks deposited on a rifted Archaean
crust (Karelian Craton). Comparison of the conductivity models with airborne electromagnetic
data (Airo, 2005) suggests that deeper conductors are composed of graphite- and/or sulphide-
bearing metasedimentary rocks. Collisions have squeezed the sediments of the ocean basins
in foredeep and/or back-arc environment into narrow zones, where conducting material were
transported to deeper crustal levels (50 km). Post-collisional processes, however, may have
extended the structures and consequently the conductors become wider as now observed.
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Abstract

Finland is an intraplate area where the rate of seismicity is quite low, so earthquakes cannot easily
be attributed to a single fault of known length. In this study we attempt to find fault segments that are
oriented optimally for reactivation in the current crustal stress field using available stress and lineament
data.

1. INTRODUCTION

Regional seismic hazard analyses require an assessment of future earthquake risk. Finland is
situated in an intraplate area with a low rate of seismicity. The largest earthquake that has taken
place during recorded history is estimated to be around magnitude 5 (Ahjos and Uski, 1992).

One of the methods used in predicting maximum magnitudes is relating them to the dimensions
of active faults. It has been shown empirically that there is a log-linear relationship between
magnitude and fault parameters (Wells and Coppersmith, 1994). Employing such relations to
carefully mapped active faults is fairly straightforward. In intraplate areas, however, earthqua-
kes usually occur by the reactivation of pre-existing zones of weakness in response to the am-
bient stress field (Talwani, 1989). Finnish crust is transected by many sets of old fault, fracture
and shear zones. In order to evaluate their stability we should determine their orientation with
respect to the maximum crustal stress.

This study focuses on finding those faults or fractures that are oriented optimally for activation
in the current stress field. It is part of Koskinen’s MSc thesis work in process and it is related to
an ongoing study focusing on the current structural framework of Fennoscandia.

2. CRUSTAL STRESS FIELD

The direction of maximum horizontal crustal stress (cH) is determined from the stress data
provided by the World Stress Map project (Heidbach et al., 2009). The principal compressive
stress in Fennoscandia is considered to be caused by the spreading of the Mid-Atlantic ridge
(Golke and Coblentz, 1996), which is why plate motion of Eurasia relative to North America is
also taken into account. The azimuth direction of oH is estimated to be between 115° and 132°
in Finland. The potentially unstable faults are selected according to Anderson’s (1951) theory
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of faulting with some modifications concerning simple shear. The strike of the fault most likely
to be active should be oriented 0°, 30°-45° or 90° to o H.

3. LINEAMENT STUDIES

Lineaments are used as proxies for old faults, fractures and shear zones. The lineament data
used in this study is provided by the Geological Survey of Finland in a scale of 1:200 000. The
lineaments have been split into segments at their vertices, which are considered to represent
bends that hinder slip along the fault. The azimuth angles (degrees from north) of the fault
segments are then calculated.

For the maximum magnitude estimation, we use the relations proposed by Wells and Coppers-
mith (1994) between magnitude and fault dimensions. They are based on parameters from 244
historical earthquakes worldwide. The relations yield quite high magnitude values (6-7) for con-
tinuous active faults that are between 5 and 40 km in length. The problem lies in how to estimate
the earthquake potential of sealed and non-active faults.

4. PRELIMINARY RESULTS

The direction of maximum horizontal stress cannot be precisely determined, which is why we
use the interval between 115° and 132°. This means that the optimal directions for the fault
activation also fall inside intervals. Because of this more than half of the over 32 000 line
segments fall into one of the optimal orientation brackets. However, the faulting regime (normal,
reverse or strike-slip) varies within the region and should also be taken into account when
estimating the slip potential of a fault at a certain location. Most of the potentially activated
segments would be activated as strike-slip faults. However, the longer segments (>5 km) are
mostly in the direction of maximum horizontal stress (¢H) and could be activated as normal
faults if the largest principal stress is vertical instead of horizontal. Only 285 of the segments
are longer than 5 km, with the longest being around 15 km. The true length of the fault segments
should be checked from more detailed lineament maps.
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Abstract

We present a reconnection simulation with the HYB hybrid simulation model developed at the Finnish
Meteorological Institute. The simulation is set up in a box with controllable inflow and free outflow
conditions. After initialization the inflow density is varied periodically to model plasma fluctuations that
are present in inflow regions of solar-terrestrial reconnection sites, e.g. in the magnetosheath. The inflow
variations are found to be transmitted through the reconnection process in the simulations: they cause
variations of the same period in the outflow speed and other outflow parameters. However, at a variation
period of 3 Q).; they are strongly attenuated.

1. INSPIRAATIO SATELLIITTIHAVAINNOISTA

Euroopan avaruusjérjeston Cluster-satelliitit ovat vuodesta 2000 asti tutkineet Maan magneet-
tikehdn moninaisia ilmi6itd: hiukkasryoppyjd, sdhkovirtoja, plasmassa etenevii aaltoja ja myos
magneettikenttdviivojen uudelleenkytkeytymistd eli rekonnektiota. 27.3.2007 satelliitit kulkivat
magneettikehin ulkorajapinnan eli magnetopaussin lipi Maan péivipuolella, missd aurinkotuuli
jatkuvasti painaa magnetoitunutta plasmavirtaa Maan magneettikenttdd vasten.

Kuten monesti muulloinkin, satelliitit havaitsivat merkkejd magnetopausilla tapahtuvasta re-
konnektiosta, jossa aurinkotuulen ja Maan magneettikentit paikallisesti sulautuivat toisiinsa va-
pauttaen samalla magneettista energiaa nopeiden plasmavirtausten kithdyttimiseen. Télld kertaa
tarkempi analyysi osoitti, ettd rekonnektion kithdyttamit virtaukset olivat nopeudeltaan hyvin
vaihtelevia, ehkéd jopa katkonaisia (Laitinen et al. 2010). Edettyédin ulos magneettikehésti sa-
telliitit havaitsivat, ettd rekonnektioaluetta kohti virtaavassa plasmassa oli tiheyden ja magneet-
tikentin voimakkuuden vaihteluita, joiden amplitudi oli jopa 80 % suureiden tausta-arvosta.
(Vaihtelut olivat lampdtilaltaan epdisotrooppisessa plasmassa ilmenevin nk. peilimoodiepéva-
kauden spontaanisti synnyttdmié.) Ndiden pseudojaksollisten vaihteluiden aikaskaala oli sama
kuin rekonnektion ulosvirtauksessa havaitun vaihtelun aikaskaala. Tdma heritti arvelun ilmioi-
den syy-yhteydesti ja johti ajatukseen tutkia simulaation avulla, millaisia rekonnektioprosessin
vaihteluita siithen virtaavassa plasmassa olevat epitasaisuudet synnyttdisivit.

Tutkimukseen kiytimme Ilmatieteen laitoksella kehitettyd HYB-koodia. Se on hybridikoodi,

eli mallintaa elektronit jatkuvana nesteenid mutta protonit ja muut ionit yksittidisind hiukkasina.
Sahkomagneettiset vuorovaikutukset lasketaan hilaan tallennettavan sihkdmagneettisen kentdn
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resistiivisyys W

Kuva 1: Rekonnektiosimulaation reunaehdot sekd niiden keskelld simulaation tulos yhdelld
ajanhetkelld. Magneettikenttdviivat muodostavat rekonnektiolle tyypillisen x-kuvion. Plasman
virtausviivat etenevit sivuilta kohti laatikon keskiosaa, jossa ne kéddntyvit ylos ja alas nopeisiin
ulosvirtauksiin. Taustavéritys esittdd plasman tiheyttd, kirkkaampi on tiheimpi.

avulla. HYB-koodia on aiemmin kéytetty mm. Venuksen ja Titanin plasmaympéristojen mal-
lintamiseen sekid Kuun ja Marsin pinnalla esiintyvien paikallisten magneettisten anomalioiden
vaikutuksen tutkimiseen (ks. esim. Kallio et al. 2010). T#t4 tutkimusta varten siitéd tehtiin eri-
tyinen rekonnektioversio, jossa kaksi vastakkaista plasmavirtausta voidaan tormédyttdd yhteen
tyhjédssd simulaatiolaatikossa.

2. SIMULAATION TOTEUTUS

Simulaatioalueena oli laatikko, jonka hilavili oli 100 km ja koko 60x10x70 solua (xxyxz).
Kuva 1 esittdd laatikkoon syntynyttid rekonnektiota xz-tasossa; y-suunnassa tilanne oli likimain
siirtosymmetrinen, eli simuloitu asetelma oli olennaisilta piirteiltddn kaksiulotteinen. Sisdén vir-
taavassa plasmassa ionien inertiaalipituus oli keskimédrin ¢/w,; ~ 70 km, joten laatikon koko
oli noin sata inertiaalipituutta. Simulaatiota ajettiin 300 sekuntia eli noin 60 protonien Larmorin
aikaa (Larmorin ajaksi kutsun protonien Larmorin kiertoliikkeen kulmataajuuden kéénteislukua
Q. ~ 5 s). Laatikkoon sydtetyn plasman ominaisuudet oli valittu edustamaan magnetopaussil-
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Kuva 2: Alempana: rekonnektioaluetta kohti virtaavan plasman tiheys (n sisdédn) sekd rekonnek-
tion tuottaman ulosvirtaussuihkun tiheys (n ulos) ajan funktiona. Ylempini: rekonnektioaluee-
seen sisddn menevin virtauksen nopeus (v, sisdin), ulosvirtaussuihkun nopeus simulaatiolaati-
kon reunalla (v, ulos) seki sisdén virtaavan plasman Alfvénin nopeus (v 4 sisdin).

la tyypillisesti esiintyvid, joskin siind suhteessa realismista tingittiin, ettd simuloitu tilanne on
sisddnvirtausten suhteen symmetrinen toisin kuin magnetopaussi.

Simulaatio kdynnistettiin tormayttdmalld vastakkain kaksi +-x-suuntaista plasmavirtausta, joissa
oli vastakkaiset +z-suuntaiset magneettikentét (ks. kuva 1). Rekonnektion kidynnistyminen ja
vakiintuminen kesti noin 70 s. Vertailuajossa, jossa sisddnvirtausparametrit pidettiin vakioina,
rekonnektioprosessi asettui timén jdlkeen vakaaseen tilaan, eiki siini havaittu aikavaihteluita.

3. REKONNEKTION AIKARITPPUVUUS SIMULAATIOSSA

Tissd luvussa tarkastelemme ldhemmin simulaatioajoa, jossa sisdédnvirtaus oli ajallisesti epita-
saista. 1. luvussa mainittujen peilimoodiepétasaisuuksien mallintamiseksi tehtiin reunoilta laa-
tikkoon sydtettyyn plasmaan simulaation kdynnistysjakson jdlkeen voimakkaita tiheysvaihte-
luita. Ndmai reunaehdoin pakotetut tiheysvaihtelut etenivét jokseenkin muuttumattomina rekon-
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nektioalueen reunalle asti, ja ne ndhdéén kuvan 2 kédyréssi "n sisdén". Lisdksi sisddnvirtaukseen
syntyi pienid nopeusvaihteluita (vx sisddn), kun plasma simulaatiossa ldhti hakeutumaan kohti
painetasapainoa.

Tiheysvaihtelut vilittyivit ulosvirtaukseen, kuten kdyrd "n ulos"nédyttdd. Niiden suhteellinen
amplitudi on kuitenkin selvisti pienentynyt. Tiheysvaihteluiden jaksonaika, 15 s eli 3 Larmorin
aikaa, oli siis sen verran pieni, ettd vaihtelut suurelta osin tasoittuvat rekonnektioprosessissa.

Myds ulosvirtauksen nopeudessa nékyy jaksollista vaihtelua kidyrdssd "v, ulos". Se on kuitenkin
yllittden suhteelliselta amplitudiltaan pienempii kuin sisddnvirtauksen nopeuden vaihtelu. Teo-
reettisesti rekonnektion ulosvirtausnopeuden odotetaan vastaavan ainakin suuruusluokaltaan si-
sddn virtaavan plasman Alfvénin nopeutta, joka on esitetty kdyridssd "v, sisdén". Se niyttda,
miten suuria nopeusvaihteluita ulosvirtaukseen periaatteessa voisi syntyd. Téltid pohjalta voim-
me uudistaa tiheyksien tarkastelun kohdalla tekemdmme pédtelmin, ettd rekonnektioprosessi
tasoittaa tehokkaasti kolmen Larmorin ajan mittaisia vaihteluita sisdfinvirtauksen ominaisuuk-
sissa.

4. LOPUKSI

Simulaatio vahvisti laadullisella tasolla satelliittihavaintojen synnyttdmin oletuksen, ettd re-
konnektion sisddnvirtauksessa esiintyvét ajalliset vaihtelut voisivat synnyttdi nopeus- ja muita
vaihteluita ulosvirtaukseen. Simulaation tuottamat vaihtelut olivat kuitenkin selvisti odotettua
heikompia. Tutkimuksen seuraava askel on selvittdd, kuinka sisdénvirtauksen vaihteluiden jak-
sonajan muuttaminen vaikuttaa tulokseen.
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1980 —luvulla tehtyjen merenpinnan noususkenaarioiden osuvuus

K.Leinonen' ja K. Kahma'

! Timatieteen laitos, katri.leinonen@fmi.fi

Abstract

A number of predictions for future global sea level rise have been made during the last decades.
Most of the predictions estimate the sea level change until 2100. Although predictions have been
improved the same or similar methods of estimation are still in use. Relevancy of the methods
is estimated by comparing older predictions and actual sea-level rise.

1. JOHDANTO

1900-luvun aikana merenpinta on mareografimittausten perusteella noussut keskimiérin 1.7
+ 0.7 mm vuodessa (Bindoff et al. 2007). Vuodesta 1993 ldhtien merenpinnan korkeutta on
mitattu mareografien lisdksi my0s satelliitteilla. Mareografihavainnoilla kalibroitujen satelliit-
timittausten perusteella vuosien 1993-2003 vililld globaalin merenpinta nousi keskiméérin 3.1
4 0.7 mm vuodessa (Bindoff et al. 2007) ja vuosien 1993-2012 vililld 3.2 £ 0.4 mm vuodessa
(Nerem et al. 2010).

Suurimmat tekijit merenpinnan nousuun ovat meriveden limpolaajeneminen ja jdédtikoiden mas-
sahdvio. Ilmaston limpenemisen vaikutus meriveden limpolaajenemiseen on tunnettu parem-
min, kuin sen vaikutus jditikoihin. [lmastoskenaariosta johdetut merenpinnan noususkenaariot
perustuvat joko arvioihin ilman lampétilannousun vaikutuksista néihin erillisiin komponenttei-
hin, tai suoraa historialliseen ilmaston ldampdtilan nousu/merenpinnan nousu suhteeseen. Histo-
rialliseen suhteeseen perustuvia skenaarioita kutsutaan semi—empiirisiksi skenaarioiksi.

2. MERENPINNAN NOUSUSKENAARIOT JA TOTEUTUNUT MERENPINNAN NOUSU

Globaalista valtameren pinnankorkeuden noususta on viimeisen 30 vuoden aikana julkaistu
suurl méddrd skenaarioita. Raportissa ”1980-luvulla tehtyjen merenpinnan noususkenaarioiden
osuvuus” koottiin yhteen yhdekséssd artikkelissa julkaistut merenpinnan noususkenaariot, sekd
kolmessa ldhteessi julkaistut toteutuneen merenpinnan nousuaikasarjat (Leinonen et al. 2013).
Kootut merenpinnan noususkenaariot sisdltavit sekd komponenteittain arvioituja skenaarioita,
ettd semi—empiirisid skenaarioita. Liséksi skenaariot voidaan erottaa kirjoittajan todennékoise-
ni pitdmiin skenaarioihin ja dériskenaarioihin.

Vuodesta 1980 alkavia merenpinnan noususkenaarioita voidaan verrataan jo 32 vuoden aikai-
na tapahtuneeseen todelliseen merenpinnan nousuun. Merenpinnan noususkenaarioita verrataan
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neljdédn toteutuneen merenpinnan nousuaikasarjaan, néistd kaksi alkaa vuodesta 1993 ja perus-
tuu satelliittimittauksiin. Loput kaksi nousuaikasarjaa perustuvat mareografimittauksiin ja ovat
huomattavasti pidempii, toinen alkaa vuodesta 1700 ja toinen vuodesta 1880.

3. TULOKSIA

Skenaarioiden vélinen vaihtelu vuodelle 2050 on 140 cm, alin skenaario arvioi merenpinnan
laskevan noin 6 cm vuoden 1980 tasosta, kun taas ylin ennustaa 134 cm nousua vuoden 1980
tasoon verrattuna. Vuonna 2012 ero toteutuneen vedenkorkeuden ja suurimman &dériskenaarion
vililld on jo 30 cm. Kuvasta 1 nidhdién ettd toteutunut vedenkorkeuden nousu on selvésti ske-
naarioiden mediaanin alapuolella.
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Geomagneettisen hiirioisyyden vaihtelu kolmella eri leveyspiirialueella
auringonpilkkujakson 23 aikana

Minna Myllys!, Noora Partamies' ja Liisa Juusola!

! Ilmatieteen laitos, minna.myllys@fmi.fi

Abstract

We have studied geomagnetic variations in three different high-latitude regions from 1994 to 2010. The
period covers the whole sunspot cycle 23. The purpose of this study was to find explanation for the
disturbance level of Earth’s magnetic field from solar wind properties and to study the exceptionally
long and deep decrease of geomagnetic activity near the minimum of cycle 23. The study is based on
ground based magnetic field measurements in Fennoscandia and Svalbard and satellite observations of
the solar wind.

1. JOHDANTO

Auringon aktiivisuus sditelee monimutkaisella tavalla Maassa ja sen ldhiavaruudessa havaitta-
vaa geomagneettista aktiivisuustilaa. Auringon aktiivisuuden mittana kdytetidin usein auringon-
pilkkujen lukuméirdé, koska niiden mééri vaihtelee jaksoissa aktiivisuuden mukana ja niistéd
on saatavilla pitkid ja jatkuvia aikasarjoja. Geomagneettisella hdiridisyydelld taas tarkoitetaan
Maan magneettikentén nopeita ajallisia vaihteluita.

Tassd tyossd tutkittiin Maan magneettikentiin hiiridisyystason muutoksia Fennoskandian ja
Huippuvuorten alueella vuosina 1994-2010. Tdma ajanjakso kattaa koko pilkkujakson 23 (1996—
2008) seki jakson 22 lopun ja 24 alun. Tyon ydinaineisto koostuu IMAGE magnetometriver-
kon maanpintahavainnoista. Lisdksi tydssd kéytettiin aurinkotuulen nopeuden, magneettiken-
tdn ja sdhkokentin satelliittihavaintoja samalta aikavililtd. Tutkimuksen tarkoituksena oli etsid
selitystd aurinkotuulen ominaisuuksista Maan magneettikentdn héiridisyystasolle ja erityisesti
poikkeukselliselle geomagneettisen aktiivisuuden vihenemiselle pilkkuminimin 23 ympirilla.
Geomagneettisen héiridisyyden mittana kéytettiin keskihajontaa, joka laskettiin jokaiselle tut-
kimusasemalle ja piiville erikseen. Tydssd tutkittiin magneettikentdn keskihajontojen vuosija-
kaumia seké niitd kuvaavia tunnuslukuja, kuten esimerkiksi niiden mediaanien arvoja. Aurin-
kotuulihavainnoista tutkittiin edelld mainittujen paramerien vuosikeskiarvoja.

Magneettikentidn hdiridisyyttd tutkittiin kolmella eri leveyspiirialueella, joiden perusteella IMA-
GEN magnetometriasemat jaettiin kolmeen eri ryhmiidn: napa-alueen asemat (leveyspiirit >
75°), revontuliovaalin asemat (leveyspiirit 65° < leveyspiirit < 75°) ja eteldn asemat (leveyspii-
rit 65°-60°). Asemat jaettiin ryhmiin, koska haluttiin vertailla geomagneettisten héirididen ero-
ja eri leveyspiirialueiden vililld. Hiiriot ovat kaikken voimakkaimpia revontuliovaalin asemien
kohdalla ja heikoimpia eteldn asemaryhmill&.
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Kuva 1: Piivittédisten keskihajontojen (STD) mediaanit vuosina 1994-2010. Ylin kdyrd on re-
vontulialueen, keskimmadinen pohjoisten asemien ja alimmainen eteldn asemien kédyrd. Kuvaan
on merkitty punaisella pystyviivalla auringon aktiivisuuden maksimivuosi 2000 ja sinisilld vii-
voilla aktiivisuuden minimivuodet 1996 ja 2008.

3. TULOKSIA

Asemaryhmien pdivittdisistd keskihajonnoista tehtiin jakaumat jokaiselle vuodelle erikseen.
Niistd jakaumista médritettiin mediaanit, jotka on esitetty kuvassa 1. Kuvaan on merkitty pu-
naisella pystyviivalla auringon aktiivisuuden maksimivuosi 2000 ja sinisilld viivoilla aktiivi-
suuden minimivuodet 1996 ja 2008. Kuvaajasta ndkee hyvin héiridisyyden vuosittaisen vaihte-
lun liséksi héiridisyyden suuruuserot eri leveyspiirialueiden vililld. Magneettikentéin havaintoja
vertailtiin aurinkotuulen parametrien voimakkuuksien vaihteluihin. Kuvassa 2 on esitetty aurin-
kotuulen nopeuden, sihkokentidn ja magneettikentin vuosikeskiarvot. Kdyrissad on havaittavissa
yhtildisyyksid mediaanien kéyriin.

Keskihajontojen vuosittaisten jakautumien havaittiin olevan kaksihuippuisia: niisti on néhtivis-
sd ionosfddrin vuorokausivaihtelusta aiheutuva heikkojen hiirididen huippu seki alimyrskyjen
aiheuttama voimakkaiden hiirididen huippu. Tuloksista selvidd myos planeettainvilisen mag-
neettikentidn heikkenemisen olleen poikkeuksellisen rauhallisen geomagneettisen jakson paa-
asiallinen aiheuttaja. Vuoden 2003 geomagneettisen aktiivisuushuipun ensisijaiseksi aiheutta-
jaksi paljastui aurinkotuulen nopeat virtaukset. Aurinkotuulen sihkdkentén y-komponentin ha-
vaittiin kuvaavaan kokonaisuudessaan parhaiten geomagneettisen hiiridisyyden vaihteluita.
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Kuva 2: Aurinkotuulen nopeuden (ylin kuva), magneettikentin (keskimmaéinen kuva) ja sahko-
kentdn y-komponentin keskiarvot (alin kuva) vuosina 1994-2010. Aurinkotuulen nopeuden ja
magneettikentin kuvaajiin on lisdksi merkitty mustilla kédyrilld suureen keskihajonta.
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Geomagnetically induced currents in the Norwegian power grid

Minna Myllys! and Ari Viljanen'

! Finnish Meteorological Institute, Helsinki, Finland, minna.myllys@fmi.fi

Abstract

We have derived comprehensive statistics of geomagnetic activity for assessing the occurrence of geo-
magnetically induced currents (GIC) in the Norwegian high-voltage power grid. We have considered two
scenarios: the present grid in 2012 and extended grid expected in 2030. The statistical study is based on
a long-term time series of geomagnetic recordings from which the geoelectric field can be modelled and
applied to a DC description of the Norwegian high-voltage power grid to estimate GIC. The purpuse of
this study is to offer information about the risks of GIC to Statnett company. We present here preliminary
results of the study.

1. INTRODUCTION

Geomagnetically induced currents (GIC) belong to space weather phenomena affecting ground
infrastructure. These currents flow in electric power transmission systems, oil and gas pipelines,
telecommunication cables and railway equipment (Pirjola, 2005). In power systems GIC can
cause saturation of transformers which may possibly result in an increase of exciting current,
harmonics in the electricity, unwanted relay trippings, excessive reactive power demands, a
blackout of the whole system and permanent damage of transformers.

2. CALCULATION OF GIC
The calculation of GIC in a conductor system is divided into two steps:

1. The first step is determination of the geoelectric field. This can be done if ionospheric
equivalent currents are known. In this study, we used the SECS (Spherical elementary current
systems) method (Amm et al. 1999) to compute the currents from the measured geomagnetic
field. Using the equivalent currents it is possible to interpolate the geomagnetic variation field
in the area of the power grid. The horizontal electric field E is related to the magnetic field by
(Viljanen et al. 2012)

Ey(w) = By(w), E,(w) = By (w) (D

Z is the plane wave surface impedance, i is the vacuum permeability and w is the angular
frequency. Using a local 1-D ground model the surface impedance can be analytically deter-
mined. By the Fourier transform, the electric field can be expressed as a time series. We use a
geographic coordinate system with x to the north and y to the east.
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2. Calculation of GIC is based on the modelled geoelectric field. To compute GIC we need
information of the geometry of the power grid, earthing resistances and transmission line resis-
tances.

3. DESCRIPTION OF THE PROJECT

In this study we derived the statistics of the time derivative of the geomagnetic field (dB/dt).
Statistics are first based on the continental Norwegian part of the IMAGE magnetometer net-
work and cover years 1994-2011 with a 10-s time resolution. Statistics include histograms of
the derivative, diurnal and seasonal variations of dB/dt, list of days when the largest 10-s values
have occurred and a catalogue of the largest storms ranked by the daily maximum of dH/dt.

Statistics of the geoelectric field were also derived. Modelling of the horizontal geoelectric
field is based on the measured geomagnetic field and on the ground conductivity models of
different parts of Norway. The conductivity model which is used in this study is the large-scale
block structure used in the FP7/EURISGIC project (Adam et al. 2012). Statistic of the geo-
electric field include histograms of E, diurnal and seasonal variation, statistics of the directional
orientation of the largest E and a catalogue of the largest storms ranked by the magnitude of E.

For computing GIC we used both 2012 and 2030 grid models. We have derived the following
results: histograms of GIC, diurnal and seasonal variations of GIC, stations with the largest GIC
and most active GIC days according to the sum of GIC at all nodes.

4: RESULTS

GIC depends on the variations of the geomagnetic field in different latitudes, conductivity of
the earth and geometry of the power grid. Even if the largest geomagnetic variations on average
occures at high latitudes (Fig. 1), the maximum variations are located in the middle of Norway
(Fig. 2). In southern Norway the conductivity of the earth is smaller than in the north which
means a possibility of larger electric fields in South Norway. The geometry of the Norwegian
power grid favors large GIC in south because the northern part of the grid essentially consist
of one transmission line. When these facts are taken into account, it is justified to expect large
electric field values and GIC in southern Norway.

Figure 3 shows location of the stations with the largest GIC based on this study. When the 2030
grid model is used there are also very large GIC values at Varangerbotn in northern Norway.
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Figure 1: Average daily maximum of the time derivative of the magnetic field as a function of
the geomagnetic latitude in 2003 and 2009. Year 2003 represents a very active time, and 2009
is geomagnetically very quiet. x refers to the north component and y to the east component.
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Figure 2: Maximum of the time derivative of the horizontal magnetic field as a function of
geomagnetic latitude in 2003 and 2009.
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Figure 3: Stations with the largest GIC in 1994-2011 using the 2012 grid model. The size of
the cirle is proportional to the amplitude of GIC.
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Abstract

This study is a review of geomagnetic, meteorological and auroral research carried out in Finland from
the 18th century to the beginning of the 20th century. First systematic observations of meteorological pa-
rameters (temperature, air pressure, etc.) started in the Turku Academy in 1748. The initiative for such
measurements came from Anders Celsius (1701-1744) in Uppsala, Sweden. Measurements were made
several times daily until the beginning of the 19th century when the Academy was moved to Helsinki.
Observations continued in Helsinki since 1828 until present days. In the Finnish climate database the
temperature observations of the Helsinki observatory represent the longest continuous observation series
covering more than 170 years. The same is true for the magnetic results, which provide scientifically im-
portant material for studies of geomagnetic variations and space weather variations. Within a few years
in the 1830s and 1840s, British, French, German and Russian scientists set up some 30 observatories
worldwide for collecting geomagnetic and meteorological data. A Magnetic observatory was founded
in the University of Helsinki in 1838 by the suggestion of the Academician Adolf Kupffer (1799—1865)
who was in charge of the Russian magnetic observatory network. The first director of the observatory
was Physics Professor Johan Jakob Nervander (1805—1848). The culmination of Finnish geophysical
achievements in the 19th century was the participation to the international Polar Year programme in
1882—-1883 by setting up a full scale meteorological and magnetical observatory in Sodankyld, Lapland.
The head of the Sodankyld observatory was Selim Lemstrom (1838—1904) who was the professor of
Physics at the University of Helsinki. His special interest in geophysics was auroral research and ob-
servations. The Helsinki Magnetic-meteorological observatory was moved under the Finnish Society of
Sciences and Letters in 1881 and was renamed Central Meteorological Institute. Throughout the late
19th century the Society was responsible of nationwide meteorological, hydrological and marine obser-
vations and research. The focus of the work carried out in the Institute was changed from magnetism
towards meteorology. Magnetic measurements were continued but in a lower level of importance. When
Finland became a sovereign state in 1917, the Central Meteorological Institute (now the Finnish Meteo-
rological Institute, FMI) was reorganized as an independent governmental agency.

1. JOHDANTO

Vuonna 2013 kolme suomalaista tieteellistd organisaatiota tdyttdd tasavuosia: Ilmatieteen laitos
ja Suomen Tiedeseura saavuttavat 175 vuoden idn, Oulun yliopiston Sodankyldn geofysiikan
observatorio 100 vuotta. Ilmatieteen laitos perustettiin magneettiseksi observatorioksi Helsin-
gin yliopistoon (Keisarillinen Aleksanterin yliopisto) keisari Nikolai I:n antamalla asetuksella
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28.3.1838. Suomen Tiedeseuran keisarillinen perustamisdokumentti on péivitty vain muutamaa
viikkoa my6hemmin 14.4.1838.

Yliopiston magneettis-meteorologinen observatorio siirrettiin Suomen Tiedeseuran alaisuuteen
vuonna 1881. Samaan aikaan virisi alan kansainvilisessi tiedeyhteisossd hanke napa-alueiden
laajamittaisesta geofysikaalisesta tutkimusohjelmasta, Kansainvilinen Polaarivuosi, 1882—-1883.
Suomikin osallistui hankkeeseen perustamalla tdysimittaisen magneettisen ja meteorologisen
observatorion Sodankylidin. Suomen osuutta Polaarivuoden ohjelmassa koordinoi Suomen Tie-
deseura.

Ilmatieteen laitos irrottautui Tiedeseuran alaisuudesta vuonna 1918, kun siitd tehtiin valtion
tutkimuslaitos maatalousministerion hallinnonalaan. Hieman aikaisemmin (1913) oli perustet-
tu Sodankylédn observatorio Suomalaisen Tiedeakatemian alaisuuteen. Toiminta jatkui vuoteen
1997 saakka, jolloin observatorio siirtyi osaksi Oulun yliopistoa. Samalla observatorioalueella
toimii nykyéddn myos Ilmatieteen laitoksen Lapin ilmatieteellinen tutkimuskeskus (2001-).

Tami artikkeli on tiivistelmé laajemmasta tutkimuksesta (Nevanlinna ja Holmberg, 2013), jossa
késitellddn geomagnetismin, meteorologian ja revontulitutkimuksen kehityslinjoja Suomessa
1700-luvulta aina 1900-luvun alkuun saakka.

2. GEOFYSIIKKAA SUOMESSA 1700-1900

IImatieteelliset ja geomagneettiset havainnot kdynnistyivit Suomessa 1700-luvun puolivélissi
ldhinnd Turun Akatemian professoreiden ja muiden oppineiden tutkimuksina. Niiden esikuvia
olivat aikakauden tieteellisissd keskuksissa virinnyt kiinnostus ilmatieteellisiin kohteisiin osana
yleistd luonnontieteiden nousukautta. Uppsalan yliopiston tihtitieteen professorin Anders Cel-
siuksen (1701-1744) vaikutus Suomessa tehtyyn luonnontieteelliseen tutkimukseen oli merkit-
tavd.

Tutkijoiden kiinnostus meteorologisiin ilmidihin kasvoi, kun Eurooppaa koettelivat 1600-luvun
lopussa ja 1700-luvun alussa poikkeuksellisen kylmit vuodet ja niistéd johtuvat vaikeat kadot ni-
lanhétineen. Jos sdiden ja ilmaston vaihtelut noudattaisivat samanlaisia jaksollisuuksia kuin mi-
td tunnettiin tdhtitieteestd ja planeettojen litkkeistd, voitaisiin maanviljelyn kannalta epasuotui-
siin sdihin varautua ennakkoon. I[lmakehifysiikka nykyaikaisessa mielessi oli vield ldhes tunte-
maton, mutta meteorologisten ennusteiden merkitys ymmarrettiin niiden kautta tulevan hyédyn
kannalta.

Ensimmiinen ldhes yhtendinen meteorologinen havaintosarja alkoi Turussa vuonna 1748 ja se
jatkui Helsingissd 1828, kun Turun Akatemia siirrettiin maan uuteen padkaupunkiin. Meteoro-
logisten havaintojen yhteydessi kerittiin my0s tietoja taivaalla ndkyvistéd revontulista, joiden al-
kuperiksi arveltiin ilmakehin séhkdpurkauksia ja geomagneettisia vaihteluita. Limpd6tilan vuo-
rokautinen ja vuotuinen vaihtelu noudattivat samaa rytmiikkaa vastaavien magneettisten muu-
tosten kanssa, joten ndytti ilmeiseltd, ettd ndmai kaksi ilmiotd ovat toisistaan riippuvaisia. Siksi
niitd havainnoitiin saman havainto-ohjelman puitteissa magneettis-meteorologisissa observato-
rioissa eri puolilla maailmaa. Meteorologinen havaintotoiminta oli systematisoitu Euroopassa
jo 1700-luvun lopulla Mannheimin meteorologisen seuran toiminnan kautta. Sen luomat ilma-
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tieteellisten havaintojen perusteet otettiin laajasti kiyttéon 1800-luvulla, myds Suomessa.

Merkittdvin varhainen meteorologian, klimatologian ja hydrologian tutkija Suomessa oli Gus-
taf Gabriel Hillstrom (1775-1844), jota tutkimusalansa laajuuden perusteella voidaan pitidd
Suomen ilmatieteen "isdnd". Hillstrom nimitettiin fysiikan professoriksi jo Turun Akatemiassa
vuonna 1801, missi virassa hin oli kuolemaansa saakka.

Meteorologiset ja magneettiset havainnot saivat pysyvén organisoidun muodon, kun Helsingin
yliopistoon saatiin keisarillisella kiskylld vuonna 1838 Magneettinen observatorio (mydhem-
min Magneettis-meteorologinen observatorio) (Seppinen, 1988; Nevanlinna, 2013). Aloitteen
observatorion perustamisesta teki Pietarin Tiedeakatemian Adolf Kuppfer (1799-1865), jonka
alaisuudessa Vendjilld oli jo kymmenkunta magneettis-meteorologista observatoriota (Nevan-
linna ja Hikkinen, 2010). Vastaavia havaintoasemia perustettiin lyhyessi ajassa useita kymme-
nid eri puolille maapalloa. Keskeisid vaikuttajamaita olivat Vendjén lisdksi Iso-Britannia, Rans-
ka ja Saksa. Observatorioiden tieteellisend tavoitteena oli saada selville miten magneettiset ja
meteorologiset vaihtelut muuttuvat eri leveysasteilla.

Helsingin Magneettis-meteorologisen observatorion ensimmadinen johtaja oli Suomen autono-
mian alkuaikojen keskeinen kulttuuri- ja tiedevaikuttaja fysiikan professori Johan Jakob Ner-
vander (1805-1848). Observatorio saatiin maahamme Pietarin tiedeakatemian aloitteesta, mutta
Nervanderin ansiosta siitd kehittyi aikansa mittausstandardien mukaan erittdin korkeatasoinen
havaintoasema. Nervanderin varhainen kuolema keskeytti observatorion kehityksen (Seppinen,
1988; Steinby, 1991; Holmberg ja Nevanlinna, 2005).

Magneettisen observatorion kanssa samana vuonna aloitti toimintansa maamme ensimméinen
yleistieteellinen seura, Societas Scientiarum Fennica eli Suomen Tiedeseura, joka sittemmin
merkittivalld tavalla edisti ja tuki Suomen tieteellisid pyrkimyksid luonnontieteellisilld, mate-
maattisilla ja humanistisilla aloilla. Sen ensimmadisid valtakunnallisia tehtidvid oli organisoida
koko Suomen kattavat ilmastolliset ja fenologiset havainnot. Ty6 alkoi 1840-luvun lopulla.

Meteorologisilla mittauksilla oli 1800-luvun alussa jo pitkit perinteet, mutta geomagnetismin
tutkimus sai merkittdvdd uutta vauhtia 1820-luvun alussa keksityistd sihkomagnetismin perus-
laeista, joista saatiin uusia selitysmalleja ilmidille. Samalla kehitettiin my6s aivan uusia sdahko-
magneettisia laitteita. Ensimmaéisten joukossa oli sdhkdlennitin, josta tuli 1850-luvulta ldhtien
myds meteorologisten tietojen vilityskanava alan kansainvilisessd yhteistyOssa.

Nervanderin seuraaja observatorion johtajana oli yliopiston fysiikan vt. professori Henrik Bo-
renius (1802—-1894). Hinen johdollaan Magneettis-meteorologinen observatorio ei kuitenkaan
kehittynyt ajan nopeasti kasvavien vaatimusten perdssi, vaikka havaintoja jatkettiin Nervande-
rin kehittimien mallien mukaisesti. Laitoksen johtajan passiivisuus oli johtamassa siithen, ettid
kaikki havainnot liitettdisiin osaksi Pietarin keskusobservatoriota ja niitd hallinnoisivat venaldi-
set virkamiehet. Tiedeseura tahtoi kuitenkin pitdd observatorion osana suomalaista havaintojéar-
jestelmii. Seuran meteorologinen valiokunta teki monia uudistuksia havainto-ohjelmaan, jota
siirrettiin magnetismista enemmin ilmatieteiden suuntaan kuten oli tapahtunut Euroopan muis-
sakin observatorioissa. Uudistunut observatorio, Suomen Tiedeseuran Meteorologinen péilai-
tos, aloitti toimintansa vuonna 1881 (Seppinen, 1988).
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Ensimmiinen kansainvilinen Polaarivuosi 1882—1883 merkitsi suomalaisen geofysiikan uut-
ta nousukautta. Suomi esiintyi myos itsendiseni kansallisena vaikuttajana Polaarivuoden oh-
jelmassa alan kansainvélisessd tiedeyhteisossd. Polaarivuoden ajaksi Sodankyldin perustettiin
tdysimittainen magneettinen ja meteorologinen observatorio. Sen johtaja, Helsingin yliopiston
fysiikan professori Selim Lemstrom (1838-1904), oli erityisen kiinnostunut revontulista ja siksi
observatoriossa ja muualla Lapissa tehtiin lukuisia mittauksia revontulien sihkoisistd vaikutuk-
sista. Lemstromin teoria, jonka mukaan revontulien syntymekanismi liittyy ilmakehiin globaa-
leihin sdhkovirtoihin ja magneettisiin vaikutuksiin, sai aikakauden tutkijoilta hyviksyvén vas-
taanoton. Hinen revontuliteoriansa osoittautui kuitenkin 1800-luvun lopulla virheelliseksi ja se
joutui unohduksiin. Modernin revontulitutkimuksen perusteet kehittivit norjalaiset tutkijat ai-
van 1900-luvun alussa, mistéd kehityksesti alan suomalainen tiede jii syrjdidn (Seppinen, 2006;
Nevanlinna ja Holmberg, 2013).

Meteorologisen pédlaitoksen tehtdvikenttd laajentui ja monipuolistui merkittidvésti 1800-luvun
lopulla. Suomen itsenéistyessd vuonna 1917 tuli ajankohtaiseksi irrottaa Pddlaitos Suomen Tie-
deseuran alaisuudesta itsendiseksi valtion virastoksi. Niin tapahtui vuonna 1919, kun Ilmatie-
teellinen keskuslaitos perustettiin. Eroa Tiedeseurasta ajoi erityisesti Pdélaitoksen johtaja Gus-
taf Melander (1861-1938). Samaan aikaan valtionhallintoon perustettiin muun muassa Meren-
tutkimuslaitos ja Hydrografinen toimisto. Molempien laitoksien toimialat olivat aikaisemmin
kuuluneet Suomen Tiedeseuran tehtidvéapiiriin.

Helsingin yliopiston Magneettis-meteorologisesta observatoriosta kasvoi monien organisaatio-
muutosten kautta nykyinen Ilmatieteen laitos. Se on Helsingin yliopiston ja Suomen Tiede-
seuran (perustettu vuonna 1838) ohella maamme vanhin tieteellinen instituutio. Laitos tdyttdd
yhdessd Suomen Tiedeseuran kanssa 175 vuotta vuonna 2013. Samana vuonna Suomalaisen
Tiedeakatemian alullepanema, nykyisin Oulun yliopiston Sodankylidn geofysiikan observato-
rio, saavuttaa 100 vuoden ién.
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Abstract

We have computed time series of non-tidal loading due to Baltic Sea for 193 stations in northern Europe.
These stations are used for GNSS, absolute and relative gravity measurements and other geodetic obser-
vations. The computed parameters are gravity and potential variation, deformation in three dimensions,
tilt in two and strain in three dimensions. Currently the time series cover almost five years, February
2008 to December 2012. The time series can be used for several purposes, e.g. for the studies of other
error sources, to create stable time series and also to correct campaign measurements, which take place
in varying conditions. We show an example how the 3D deformation in visible in GPS time series.

1. JOHDANTO

Kiinted maa muuttaa jatkuvasti muotoaan ilmakehin ja vesimassojen vaihtelevien kuormien
alla. Lyhyilla aikajaksoilla (sekunneista vuosiin) maa reagoi kuormiin elastisesti. Pidemmilld
aikajaksoilla (vuosisadoista tuhansiin ja miljooniin vuosiin) maa reagoi kuin hyvin sitked nes-
te. Lyhyen aikavilin muutoksia aiheuttavat veden liikkeet merissd (esim. merivirrat), seki il-
manpaineen ja maaperdn vesivarastojen vaihtelu. Meille ehkd tutuin pitkdaikainen muutos on
jddkauden jdlkeinen maannousu Fennoskandiassa.

Maannousu nikyy kaikissa geodeettisissa mittauksissa, joita tehddin useamman vuoden ajan,
mutta my0s lyhyen aikavilin liikkeitd voidaan havaita useilla mittalaitteilla. Pysty- ja vaakaliik-
keet nikyvit geodeettisissa GPS-mittauksissa (Nordman et al. 2009), Metsdhovin suprajohtava
gravimetri mittaa painovoiman muutosta ja ajallista vaihtelua (Virtanen et al. 2006) ja Lohjal-
la Tytyrin kaivoksessa sijaitseva interferometrinen pitkéd vesivaaka mittaa luotiviivan suunnan
ja maankuoren kallistuksen ajallista vaihtelua (Ruotsalainen 2008). Mittauksilla saadaan tie-
toa maan rakenteesta, maankuoren liikkeistd ja niiden takana olevista ilmidistd. Toisaalta on
mittaustarkkuuden parantamiseksi tarpeen mallintaa ja korjata litkkeiden vaikutus havaintoihin.

Olemme laskeneet Itimeren massavaihteluiden aiheuttaman maankuoren litkkeiden vaihtelua.
Itdimeren kuormitusvaikutus on laskettu 193 geodeettiselle havaintopisteelle ja kymmenelle eri
muuttujalle: painovoiman ja potentiaalin vaihtelu, deformaatio kolmessa suunnassa, luotiviivan
suunnan muutoksen ja maankuoren kallistuman vaihtelu (kahdessa suunnassa), sekd maankuo-
ren venymdn vaihtelu (kolmessa suunnassa). Kuormituslaskentaan tarvitaan kolme asiaa: tieto
kuorman suuruudesta ja sijainnista, tieto maan rakenteesta ja sen ominaisuuksista sekd malli
maan rakenteen kdyttdytymisestd kuorman alla. Esittelemme tdssd kuormituslaskennan perus-
teet ja ndytimme muutamia tuloksia.
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Kuva 1: a) Itdmeren pintamalli sekd b) siitd laskettu pinnan pystydeformaatio millimetreind
9.11.2010 klo 11:00 UT verrattuna keskiméérdiseen tilanteeseen. Geodeettisten havaintopistei-
den sijainnit on merkitty mustilla pisteilld, ja musta vektori osoittaa kuvassa 2 kiytetyn vektorin
sijainnin.

2. ITAMEREN PINTAMALLI

Olemme kéyttdneet massavaihteluna mareografihavaintoihin sovitettua merenkorkeuden pinta-
mallia. Merenkorkeustiedot on saatu [lmatieteen laitokselta (Suomen mareografit) ja BOOS:sta
(Baltic Operational Oceanographic Service, http://www.boos.org, muiden maiden mareografit).
Mareografien korkeustietoihin on sovitettu splini-pinta ("minimum curvature (thin)”). Sovituk-
sessa kdytettyjen mareografien lukuméérd vaihtelee BOOS-palvelun katkojen takia. Kuvassa
la nikyy esimerkki pintamallista 9.11.2010. Punaiset pisteet nédyttavit kyseiselld ajanhetkelld
laskennassa kiytettyjen mareografien paikat.

3. KUORMITUSLASKENTA

Maankuoren liitkkeiden mallintamiseen tarvitaan malli maapallon rakenteen eri kerrosten kim-
moisuus- ja virtausominaisuuksille. Olemme kiyttineet laskennassa Gutenberg-Bullenin maan
mallista johdettuja Greenin funktioita (Farrell 1972).

Kuormitus on laskettu 193 geodeettiselle mittauspisteelle Pohjois-Euroopan alueella kiyttien
ohjelmaa SPOTL (Agnew, 2012). Kuvassa 1b nédkyy hetkellinen maan pinnan pystyliike eli de-
formaatio millimetreind suhteessa keskimiirdiseen tilanteeseen. Mustat pisteet kartassa ndytti-
vit niiden mittauspisteiden paikat, joille kuormitusta on laskettu. Kuvassa 2a ovat kuormitusai-
kasarjat Metsdhovin tutkimusasemalla viiden vuoden ajalta (2008 - 2012) kaikille muuttujille.
Kuvassa 2b ovat Bernese-laskentaohjelmalla lasketun GPS-aikasarjan kolme komponenttia se-
kd kuormitusdeformaation kolme komponenttia noin 1,5 vuoden ajalta Martsbon ja Olkiluodon
vililld (merkitty vektorilla kuvassa 1b).
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Kuva 2: a) Metsidhovin aikasarjat kaikille muuttujille. Mustalla tuntiarvot ja vihreilld (harmaal-
la) pdivdarvot. Vasen sarake ylhiiltid: painovoima (1Gal), potentiaalipinnan korkeuden muutos
(mm), deformatio itdén, pohjoiseen ja ylos (mm), oikea sarake ylhéilti: kallistuma itdédn ja poh-
joiseen (nanorad) sekd venymai itdén, pohjoiseen ja liukuma (nanostrain). b) 3D GPS- ja kuor-
mitusaikasarjojen vertailu vektorilla Martsbo — Olkiluoto, mustalla GPS ja vihredlld (harmaalla)
kuormitus.

N E u
Vektori sd bs sd[-bs) % sd bs sd(-bs) % sd bs sd(-bs) %
MARE - OLKI | 185 018 1.492 1.Em| 1.85 1.03 1.47 -ZD.DB| 432 076 4.37 1.20

Kuva 3: *
Taulukko 1: Martsbo (MARG6) — Olkiluoto (OLKI) vektorin GPS-aikasarjan (sd) ja Itdmeren
kuormitusaikasarjan (bs) keskihajonnat, GPS-aikasarjan keskihajonta Itdmerikorjauksen jal-
keen (sd (-bs)) seki keskihajonnan muutos prosenteissa kolmelle komponentille (NEU).
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Kun GPS-havaintojen aikasarjaa korjataan Itdimeren kuormitusdeformaation aikasarjalla, saa-
daan taulukossa 1 nédkyvit tulokset. Taulukossa on jokaiselle komponentille ensin aikasarjan
keskihajonta, sitten kuormituksen keskihajonta, kolmantena aikasarjan keskihajonta kuormitus-
korjauksen jdlkeen seki keskihajonnan muutos prosentteina. Tdssd vektorissa ndkyy parhaiten
itd-lansisuuntainen liike (E), korjauksen jidlkeen keskihajonta pienenee 20 %. Pohjois- (N) ja
ylos- (U) komponenteissa aikasarjan keskihajonta sen sijaan suurenee hieman korjauksen jil-
keen.

4. JOHTOPAATOKSET

Itdmeren massavaihteluista johtuvat maankuoren liikkeet nikyvit geodeettisissa mittauksissa.
Olemme laskeneet kuormituksen aiheuttamat muutokset 193 geodeettisella mittapisteelld noin
viiden vuoden ajalle. Kuormitusaikasarjoja kiyttdmalld voidaan parantaa geodeettisten aikasar-
jojen stabiilisuutta, tutkia muita virheldhteitd sekd korjata vaihtelevissa olosuhteissa tapahtuvien
kampanjamittausten virheitd. Kuormitusaikasarjoja kiytetidin GPS-, painovoima- ja vesivaaka-
havaintojen korjaamiseen ja tutkimiseen.

KIITOKSET

Haluamme kiittdd [lmatieteen laitosta Suomen mareografiaineiston saamisesta kdyttoomme.
Myds BOOS:n organisaatiolle kiitokset muiden mareografien aikasarjoista.
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Abstract

Finnish Geodetic Institute (FGI) has carried out geodetic and geophysical research in Dronning Maud
Land, Antarctica, since 1989. In this presentation we review some of the work and present select re-
sults. In particular we concentrate on the absolute gravity measurements and their role in advancing the
understanding of the postglacial rebound in Antarctica.

1. INTRODUCTION

FGI has participated in seven Finnish Antarctic Program (FINNARP) expeditions since 1989.
The main research theme has been the study of the Antarctic glacial isostatic adjustment (GIA,
also known as postglacial rebound) utilizing absolute gravity and constant GPS measurements.
Absolute gravity measurements have been carried out at five research stations located in Dron-
ning Maud Land, East Antarctica. These stations are Aboa (Fin), Novolazarevskaya (Rus),
Maitri (Ind), SANAE IV (RSA), and Troll (Nor). Numerous supporting measurements have
been made by FGI at the absolute gravity sites: microgravity networks, levelling and GNSS
ties to excentres etc., for controlling the stability of the stations. At some sites, nearby glacier
elevations have been surveyed to monitor the attraction of the variable close-field snow and ice
masses. Continuous Global Navigation Satellite System (GNSS) measurements are conducted
at all of the research stations.

FGI has conducted extensive geodetic work in the area surrounding the Finnish research station
Aboa. This work consists of a regional gravity survey covering 10000 km? with 493 points at
the spacing of 5 km (Jokela et al. 1993). A set of benchmarks has been built around Aboa and
measured with static GPS to create a local coordinate system (Ollikainen & Rouhiainen 1990).
Permanent GPS station was established at Aboa in 2003. FGI is responsible for creating and
maintaining the local map of the Nordenskidld Base camp area that consists of Aboa and the
Swedish station Wasa.

Snow accumulation and ice motion in the area adjacent to Aboa has been studied jointly with
several institutes and FINNARP by surveying stake lines to a distance of 5 km from Aboa.
Detailed RTK-GPS surveys of snow surface heights to a distance of 2 km from the gravity labo-
ratory at Aboa have been performed during every absolute-gravity occupation since FINNARP
2003.
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1 Aboa

2 SANAE IV

3 Troll

4 Novolazarevskaya
5 Maitri

Figure 1: The Antarctic research stations where FGI has conducted measurements.

2. GLACIAL ISOSTATIC ADJUSTMENT IN ANTARCTICA

The solid Earth is deformed by present and past changes of the ice mass. The deformation
can be measured by use of GNSS measurements. The vertical component of the deformation
can also be measured by repeated absolute gravity measurements. GNSS provides information
on vertical and horizontal motion, while gravity is sensitive to both vertical motion and to the
associated variation in density of the solid Earth. While GNSS is indifferent to the underlying
causes to the deformation, the gravity change depends on the mechanism: the response of
the Earth to present deglaciation is elastic and for a typical regional load the ratio of gravity
change to vertical motion is -0.27ugal/mm (James & Ivins 1998). The response to the past
deglaciations is viscous mantle flow to restore the isostatic balance and the corresponding ratio
is about -0.16 pgal/mm (Wahr ef al. 1995). By combining GNSS and repeated absolute gravity
one thus could, in principle, not only determine total vertical motion, but also separate it into
the postglacial rebound signal, and a signal showing present-day variation in ice mass. GIA
modelling plays an important part in the assessment of the current mass balance of Antarctic
ice sheets and glaciers by remote sensing (Barletta ez al. 2008). However, reconstructions of the
last glacial cycle in the Antarctic are not well constrained by observational evidence, and differ
appreciably both in ice volumes and in the timing of the deglaciation. Neither is the present-day
mass balance well known. Thus there is considerable interest in collecting new observations
related to past or present changes of the Antarctic ice mass.

3. GPS MEASUREMENTS AT ABOA
A continuous GPS (CGPS) station was established at Aboa by the FGI in FINNARP 2002; it
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Figure 2:  Gravimetric local tie mea-
surements at Novolazarevskaya during
FINNARP 2011.

started operations in February 2003 (Koivula & Ahola 2006). Aboa is a summer station and
the receiver works unattended during the austral winter. The data is collected by the summer
expeditions. The CGPS station is part of the Polar Earth Observing Network (POLENET). The
station is mainly used for long coordinate time series to support deformation studies, but data
are also available for other geodetic purposes in the area. When the Aboa station is occupied,
the GPS station offers also RTK correction signal. The RTK correction is available for any
researcher working in the area, allowing to obtain accurate coordinates within 20-30 km from
the station.

4. ABSOLUTE GRAVITY MEASUREMENTS

The first absolute-gravity measurement at Aboa was performed by FGI with the JILLAg-5 gravime-
ter in the FINNARP 1993 expedition. The station has now one of the longest absolute-gravity
time series in the Antarctic: repeat measurements were performed with the JILAg-5 in FINNARP
2000 and with the FG5-221 in FINNARP 2003, 2005, and 2011 (Mikinen et al. 2007). In
addition to the measurements at Aboa, FGI has conducted absolute gravity measurements as
follows: Novolazarevskaya three epochs, SANAE IV two epochs, Maitri one epoch, and Troll
one epoch. Along with the above mentioned geodynamics studies, absolute-gravity stations are
an important part of the geodetic infrastructure of the Antarctic. They provide accurate starting
values for gravity surveys performed, e.g., for the determination of the geoid, for geological
studies and for geophysical investigations. Given sufficient joint coverage with International
Terrestrial Reference Frame (ITRF) sites, gravity rates in high latitudes could in principle pro-
vide an independent check of the geocentricity of the z-dot (velocities in the direction of the
rotation axis of the Earth) of the ITRE.

5. INFLUENCE OF CLOSE-FIELD SNOW AND ICE ON GRAVITY

A prominent challenge in constructing absolute gravity time series in Antarctica is that there are
almost always snow and ice fields near the gravity measurement locations, whose annual mass
change can cause gravity signals comparable to or even larger than the GIA signal. In order
to assess and to correct for the local gravity change, we have measured the snow and ice field
around the Aboa gravity observatory during several absolute gravity measurement campaigns.
First measurements of the snow field surface profiles in the nearest vicinity of the gravity ob-
servatory were perfomed in 2001. In 2003-2004 the measurements were expanded by using
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RTK-GPS to measure a grid of height values in the nearest 0.2 X 0.1 km around the gravity
observatory and by measuring height profiles down to the nearby glacier. These profiles were
measured to approximately the distance of 2 km by RTK-GPS mounted on a sledge towed by
a snowmobile. In total 18 profiles were measured resulting in 35 km of height profiles. The
RTK-GPS measurements were repeated in seasons 2005/2006 and 2011/2012. In addition to
the surface profile measurements, we have measured the density of the upper layers of snow at
several locations on the study area. Profiles of the nearby glaciers have been measured at No-
volazarevskaya and Maitri. First analysis of effect that the change in snow volume within the
closest hectare from the gravity observatory at Aboa between three different measurement cam-
paigns has on gravity reveals that the effect can be several pGal. Further analysis is currently
ongoing.

5. SUMMARY

We review the FGI reseach in Antarctica and present select results. In particular we discuss
the absolute gravity measurements and their contribution to GIA research. Discussion is given
on how to best assess the gravitational attractions of the local-field snow and ice and their
contribution to the absolute-gravity time series.
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From global to regional sea level rise projections - the case of Finland
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Abstract

Sea level rise is a topic of intense research. The uncertainty in global sea level rise scenarios remains
large, mainly due to complex problems of ice sheet dynamics. Thermal expansion of sea water is better
understood, and regional sea level rise predictions are becoming available as the global climate models
develop. In this presentation, the most recent global sea level rise scenarios are discussed as well as the
recently updated predictions of sea level change on the Finnish coast.

From the Finnish point of view, the most significant regional adjustment to global sea level scenarios
comes from the spatially uneven distribution of glacier and ice sheet contributions. As the ice masses
gradually melt, the crustal uplift as well as the glacier’s diminishing gravitational pull on the oceans
counteract sea level rise near the melting ice mass. On the Finnish coast, especially the effect of the
Greenland ice sheet is expected to be considerably weaker than globally, resulting in reduced sea level
rise scenarios.

In addition to the regionally adjusted global sea level scenarios, local effects must be taken into account.
In Finland such effects are the ongoing postglacial land uplift as well as wind conditions, which regulate
the amount and distribution of water in the semi-enclosed Baltic Sea. Taken together, total scenarios
for long-term mean sea level change on the Finnish coast can be compiled. In the Gulf of Finland, the
historical declining sea level trend is already reversing, whereas in the Gulf of Bothnia, land uplift will
probably remain stronger than sea level rise in the coming decades. Highest sea level scenarios would
however result in rising sea levels everywhere on the Finnish coast: in 2000-2100 about 90 cm in the
Gulf of Finland, 65 cm in the Bothnian Sea, and 30 cm in the Bothnian Bay.
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Meteotsunamis and their occurrence in the Baltic Sea
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Abstract

Meteotsunamis are long waves generated by thunderstorms, squall lines or other atmospheric pressure
disturbances moving above a water body. If the propagation speed of the disturbance matches the long
wave speed in the sea, resonance occurs and the initially small wave grows through continuous energy
input. Shoaling and harbour resonance can further amplify the wave, resulting in destructive tsunamis
in extreme cases.

In this presentation, the meteotsunami phenomenon is discussed: its formation mechanism, occurrence
in the world ocean as well as references of their occurrence in the Baltic Sea. The phenomenon is known
both in Sweden and in Finland as “sjosprang”, and there are historical descriptions of destructive waves
of unknown origin on the present-day Polish coast. In recent summers, eyewitnesses have reported small
meteotsunamis on the Finnish coast, after decades of no such reported events.
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Paleomagnetism of some Proterozoic sediments and diabases, South
Sweden
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Abstract

We present preliminary paleomagnetic data for the post-Svecofennian Dals and Almesdkra group sedi-
ments and for the Sveconorwegian Sjunnarud diabase sill, South Sweden, in order to shed light on the
apparent polar wander path (APWP) of Baltica during 1.1-0.9 Ga.

1. INTRODUCTION

Construction of supercontinents during Proterozoic using paleomagnetism is often hampered
by a lack of proof of the primary nature and age of the remanent magnetization. Three paleo-
magnetically relevant post-Svecofennian unmetamorphosed sedimentary units exist in Sweden:
the Dala sandstone in central Sweden and the Dals and Almeséakra units further south (Figure
la). Although they are generally quoted to be of Subjotnian (Dala: 1.6-1.5 Ga) or Jotnian to
post-Jotnian (Dals, Almesakra) in age, the two latter units lie close to the Sveconorwegian Pro-
togine Zone and may have suffered by Sveconorwegian orogenic events or tectonic displace-
ments. Another problem with these sediments is their proximity to the Protogine Zone and
Blekinge-Dalarna (BDD) dyke swarms (0.97-0.93 Ga). To shed further light on these problems
we sampled the Dals Group red sediment at Dals Ed-Teédker locality, west of lake Vinern, being
remote of any diabase exposure (Bylund, 1998, pers. comm.). We also sampled one of the BDD
sills at the southern tip of Lake Sjunnaryd where it caps the unmetamorphosed Almesakra gray
sediment unit. This diabase and baked Almesakra exposure is probably the same, or close to
the Nilstorp sill exposure previously sampled by Patchett and Bylund (1977). The Almeséakra
sediment was also sampled as “unbaked” at the Néssjo location some 5 km from the baked site.
Here we present results of a preliminary paleomagnetic survey of the sandstones and sill. The
data help us in validating the apparent polar wander path during the Proterozoic.

2. SAMPLING AND MEASUREMENTS

Twenty-five oriented sandstone and diabase samples were collected during a field campaign.
Paleomagnetic measurements were carried out at the Solid Earth Geophysics Laboratory of the
University of Helsinki using standard rock and paleomagnetic techniques. NRM components
were identified using stereographic and orthogonal projections and the mean remanence direc-
tions for the characteristic components were calculated according to Fisher (1953).
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Figure 1: A) Sedimentary sampling sites in Sweden. D Dala (Piper and Smith,1980), Da Dals
group A Almesakra and S Sjunnarud diabase. B) Apparent Polar Wander Path for Baltica during
1.88-0.85 Ga with key poles (white dots, Klein et al. 2012) showing also results from Table 1.
Lettered dyke poles are: F Fij6, Bh Brikne-Hoby, Sh SW Swedish hyperites, N Nornis (plots
on the other side of globe). See text.

3. RESULTS

Petrophysical properties for the diabase and sandstone samples will be summarized elsewhere.
A notable feature is the enhanced Q-value in the baked Almesédkra sandstones compared to the
unbaked values emphasizing the presumably thermal effect of the diabase sill on the sediment
and generation of a TRM in the baked zone.

The mean direction of the samples from the Dals red sediment (single polarity) is D = 351.0°;
[=-5.6° a95 = 11.1°; k = 25.8; 1 site, 8 samples) being distinct from that reported by Piper
and Smith (1980) for the Mesoproterozoic (1.6 Ga) Dala sandstone in Central Sweden. The
pole on the APWP (Figure 1b) suggests an early Subjotnian (ca. 1.54 Ga, unlikely) or early
Sveconorwegian age (ca. 1.11 Ga) for the Dals sandstone consistent that it overlies the 1. 25
Ga granite (Bylund, 1998, pers. comm.).

The Sjunnaryd sill yields a paleomagnetic direction of D = 317.1°; I = -28.9°; a95 = 15.1)
and the baked Almesakra sandstone (D = 298.8°; I = -32.8°; a95 = 8.9), whereas the unbaked
sandstone gave a direction D = 138.9°, I = 56.1°. Thus the baked contact test is positive. The
combined mean is D = 308.1°; I = -31.2°; 95 = 9.2) yielding a pole of Plat = 4.0° N, Plon =
243.6° E, A95 = 7.7°. This direction compares well with the mean direction for the N-polarity
BDD-dykes (D = 311.3°; I =-36.8°; a95 = 13.9), including the Nilstorp sill (D=315°, 1=-27°
with an age of 966+5 Ma. The Almesakra sandstone pole (4), although only based on two
samples, suggests a Sveconorwegian age of ca. 980 Ma for its ChRM.
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Site and rock type B/N/n p D) I(°) k a95(°) Plat  Plon A95 Age  Ref
(Ma)
Dals group sediments (ca. 1.6 Ga), Lat. = 58.8° N, Lon. = 12.3° E
1. Tedker, red sed. (i) 1/8%*/18 N 351.0 -5.6 25.8 11.1  25.7 203.2 79 ca. this
1100  work
2. Dala ss (C. 627 M 141 100 260 134 326 1765 97  ca. 1
Sweden)
1600
BDD-dykes and Almesakra group sediments, Lat = 57.7° N, Lon. = 14.8° E
Sjunnaryd dolerite 4%/8 N 317.1 -289 378 151 88 2364 124 ca. this
960 work
Sjunnaryd baked ss 4%/8 N 298.8 -32.8 108.5 8.9 -0.9 251.6 7.6 ca. this
960 work
3. Mean Sjunnaryd ¢ N 3081 312 376 92 40 2436 77  ca.  this
dol. + baked ss
960 work
4. Almesakra 12% R 1389 56.1 105 2272 ca. this
unbaked ss
960 work
> MeanBDDEof 5000 3113 368 793 139 17 2399 125 966 24
PZ (N) e
6. Mean BDD E of 508 R 1274 445 206 173 49 2410 164 9457 2
PZ (R)
+12
7. Mean
Gothenburg-Slussen 4%/44 M 3015 -443 596 120 -10.0 2467 164 ca. 3
dolerites 935

Table 1: B/N/n: number of sites/samples/specimens; p magnetic polarity; D, I declination,
inclination of the ChRM after AF/thermal demagnetization; (i) after structural correction, k,
@95 (°) precision parameter, confidence circle of the mean direction, Plat, Plon, latitude and
longitude of the paleomagnetic or virtual geomagnetic pole; A95 confidence circle of the pole,
AGE APWP-age unless a U-Pb age with error bars is provided. References: 1. Piper and Smith
(1980), 2. Bylund (1992), 3. Pisarevsky and Bylund (2006), 4. Patchett and Bylund (1977).
Note: : in the case of this work, the poles are considered as Virtual Geomagnetic Poles only

(secular variation may not be averaged out).
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The results suggest that the APWP of Baltica during 1.1.-0.85 Ga is more complex than hith-
erto understood. Positive contact tests for the Laanila dyke in Finland (L, ~1.04 Ga) and for
the Sjunnaryd, Nilstorp, Tdrno and Falun diabase sheets (946-967 Ma, Figurelb) suggest that
their magnetizations are primary, intrusion-related and not due to remagnetization. This is
supported also by dual polarity for the latter group. These poles define the early part of the
Sveconorwegian loop from 1.08 to 0.96 Ga. However, at the end of this period, at 960-945
Ga, the Sveconorwegian APWP reveals a curious, rapid back-and-forth movement of the pole
from nearly equatorial value (Sjunnaryd and Nilstorp sills, 966 Ma, No 3) and the Brikne-Hoby
dyke (B), 948 Ma: Plat 22°, Plon 252°) to steep polar position (Nornds dyke, N, 947 Ma; Plat
=71°; Plon = 102°), then back again to equatorial position (Fajo dyke, F, 946 Ma; Plat = 23°,
Plon = 249°), after which the APW shifts to the steep southern apex of the Sveconorwegian
loop represented by numerous steep inclination poles from SW Sweden and Norway (e.g. Sh,
Figure 1b). We propose that this back-and-forth movement of the pole is either due to selective
remagnetization, true polar wander (TPW) or non-dipole field.
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Fast joint inversion of AEM and static magnetic field data

M. Pirttijirvi', M. Abdelzaher' and T. Korja'
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Abstract

We present a practical inversion method for the geophysical electromagnetic (EM) profile data and es-
pecially for the airborne EM (AEM) data of the Geological Survey of Finland (GTK). The inversion is
based on two-layer model and lateral constraining where the parameter variations between neighbour-
ing points are minimized together with data misfit. The inversion aims to handle the two main problems
related to the traditional apparent resistivity transform: 1) to separate conductive overburden from the
underlying bedrock and 2) to account for sign-reversals in the in-phase component of EM data due to
high magnetic susceptibility. We show that it is possible to resolve the four unknown model parameters
even from single frequency AEM data. Moreover, we show that the joint inversion of EM and static
magnetic field data improves the inversion particularly in areas where magnetic anomalies exist but the
in-phase component does not show sign reversal because of high enough conductivity.

1. INTRODUCTION

Apparent resistivity has traditionally been used to represent the AEM data in a form that is ge-
ologically more meaningful than the original measured data i.e., the in-phase (real) and quadra-
ture (imaginary) component. Apparent resistivity is also useful because it compensates for the
variations in the flight altitude and makes the measurements comparable for the changes in loop
configuration (coaxial vs. coplanar systems) and loop spacing and, at least to some degree,
changes in frequency. To compute the apparent resistivity, a half-space model is assumed and
such values of resistivity and depth to the half-space are sought for that the model response fits
the measured in-phase and quadrature data. Traditionally, the apparent resistivity has been com-
puted using a 2D interpolation of transform tables (Pirttijarvi, 1997; Hautaniemi et al. 2005).
The two main problems with the transformation methods are that the conductivity of the over-
burden sediments adds up to the apparent resistivity and that the high magnetic susceptibility
affects the in-phase component. Although Beard (2000) has showed that magnetic susceptibil-
ity can be incorporated into lookup table methods we believe that inversion of a layered earth
model parameters can handle these problems better, despite the fact that the inversion results
tend to be affected by the choice of starting model (Beard, 2000; Huang and Fraser, 2003).
Because of the limited number of frequencies we do not aim for resistivity-depth inversion. In-
stead, our aim is a semi-automatic inversion method that can be used to process large datasets
with a minimal amount of user intervention. The resulting maps of the basement resistivity and
susceptibility can then be used to analyse and cross-correlate conductive and magnetic sources
better than the original data or apparent resistivity maps can.
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Figure 1: Schematic view of a) the two-layer resistivity model and b) the magnetic model used
in joint interpretation of AEM and magnetic data. In AEM modelling each data point P1i is han-
dled by assuming a two-layer earth model. The magnetic field is computed as a superposition
of vertical prisms the width of which is based on the AEM data sampling and the depth the top
is equal to the layer thickness in AEM model.

2. METHOD

To separate the overburden from the basement we consider a two-layer earth model and use
linearized inversion to solve the resistivity and thickness of the overburden and the resistivity of
the basement (Figure 1a). To improve the solution of the under-determined problem (three un-
knowns vs. two data values) lateral constraining is used where the parameter variations between
neighbouring points are minimized together with data misfit. To account for the high magnetic
susceptibility, which often in practice reverses the sign of the in-phase component, we also
invert the magnetic susceptibility (permeability) assigned to the basement layer as the fourth
unknown parameter. We have found that the joint inversion of AEM and static magnetic field
data is possible and improves the susceptibility estimates particularly in areas where magnetic
anomalies exist but the in-phase component does not change its sign because of sufficiently high
conductivity. The magnetic field is computed as the superposition of stacked vertical magne-
tized prisms (Fig. 1b). The parameters of the external magnetic field are derived from the IGRF
model. Automatically computed regional trend is fitted at the bottom of the magnetic data to
separate the regional field.
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3. RESULTS

Unlike transformation methods that yield almost unique solution for the apparent resistivity
(and depth), the solution obtained from two-layer AEM inversion is affected by several factors;
initial model parameters (overburden thickness), computational parameters (Lagrange scaler),
as well as data and parameter weighting. The two-layer model has limitations; the depth of
penetration may not be sufficient in case of conductive sediments and the contrast between
overburden and basement may not be sufficiently high to yield reliable estimates for overburden
thickness. Thus, the inversion results require further analysis; the overburden thickness can be
considered reliable only if the layer thickness is less than the skin depth and the resistivity
contrast between the top and bottom layers is sufficiently high. All in all, we believe that
the two-layer AEM inversion can yield more reliable apparent resistivity maps of the Finnish
bedrock. More importantly, the joint inversion of AEM and static magnetic field data enables
cross-correlation of the conductive and magnetic anomaly sources.
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Abstract

The Bank of Finnish Terminology in Arts and Sciences (BFT) is a multidisciplinary project which aims
to gather a permanent terminological database for all fields of research in Finland. It is based on a
MediaWiki platform, which offers a collaborative environment. A term record in BFT can include se-
veral synonymous terms, a concise definition, longer explanations including figures, and corresponding
terms in other languages. BFT is thus useful not only to scientists, but also to teachers, journalists and
translators. The field of geophysics was added 10 BFT at the end of 2012.

1. JOHDANTO

Miti tarkkaan ottaen tarkoittaa magma, merivirta, mineraali tai magneettikehd? Miten eroavat
toisistaan termosfddri ja ionosfdcdri? Miten morfologia médritelldin biologiassa, entipd kielitie-
teessd? Mikd on nykytermi kompassisuunnan poikkeamalle karttapohjoisesta tai Maan siteily-
taseen muutokselle? Muiden muassa téllaisiin kysymyksiin voi etsid vastausta Tieteen kansalli-
sesta termipankista.

Tieteen kansallinen termipankki on monitieteinen hanke, joka rakentaa kaikkien Suomessa har-
joitettavien tieteenalojen yhteisen, avoimen termitietokannan tiedeyhteison ja kaikkien kansa-
laisten kdyttoon. Termipankin aineistot koostetaan talkooperiaatteella, joten eri alojen asian-
tuntijat voivat jatkuvasti pdivittdd alansa ajantasaista termistdd, mikéd on eldvin ja kehittyvén
tieteen kielen perusedellytys.

Tieteen termipankki on MediaWiki-alusta internetissd. Tieteenalojen asiantuntijat tuottavat sin-
ne erikoisalansa terminologista tietoa, jota voidaan muokata edelleen alustalla kidydyn keskus-
telun pohjalta. Tieto on avoimesti kaikkien saatavilla, ja my0s kiyttdjillda on mahdollisuus osal-
listua keskusteluun. Ndin toteutuu talkoistamisen periaate. Kun eri alojen termit kootaan yhteen
termipankkiin, my0s eri tieteenaloilla kéytettyjen ldheisten késitteiden vilinen vertailu tulee
mahdolliseksi. Samalla alusta tarjoaa mahdollisuuden laajalle tieteidenviliselle keskustelulle.
Kédnnosvastineiden esittiminen houkuttelee kisitteistd keskusteluun my®os kielirajojen yli.

Termipankkihanke kdynnistyi vuonna 2011 kasvitieteen, kielitieteen ja oikeustieteen pilotti-
hankkeilla. Keskittymilld aluksi kolmeen erilaiseen tieteenalaan on luotu puitteita eri alojen
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itsendiselle tyoskentelylle ja saatu samalla kokemusta eri alojen terminologisista tarpeista. Pi-
loteilla on omat asiantuntijaryhménsi, jotka on koottu muun muassa tieteellisten seurojen pii-
ristd. Tallad hetkelld piloteilla on jo runsas 10 000 késitesivua termipankissa. Kun kokemusta
on kertynyt, mukaan on alettu ottaa my9s uusia aloja, joista viimeisimmit ovat eldinldédketiede
ja arkeologia. Geofysiikan aihealue perustettiin joulun alla 2012 Tiera Laitisen ja Geofysiikan
seuran aloitteesta.

Vierailujen miira Tieteen termipankin sivustolla on kasvanut tasaisesti. Esimerkiksi marras-
kuussa 2012 sivustolla oli runsas 4 200 yksiloityd vierailijaa, joista noin 1 300 oli sd@nnéllisid
kayttdjid. Maaliskuussa 2013 vierailijoita oli jo ldhes 7 900 ja sddnnollisten kdyttdjien madrd oli
noussut kahteentuhanteen. Viime viikkoina yksil6ityjd kiyttdjid on ollut arkipéivisin noin 350,
viikottain 1700-2100.

Hanketta koordinoidaan Helsingin yliopiston Suomen kielen, suomalais-ugrilaisten ja pohjois-
maisten kielten ja kirjallisuuksien laitoksessa, ja sitd johtaa professori Tiina Onikki-Rantajdéasko.
Kokopiiviisessi tyossd hankkeessa ovat tutkijatohtori Kaarina Pitkdnen-Heikkild ja koordinaat-
tori Antti Kanner. Lisdksi hankkeessa tydskentelee tutkimusavustajia. Hankkeen kédynnistijé,
emeritaprofessori Lea Laitinen koordinoi kielitieteen pilottia. Hanketta rahoittavat Suomen aka-
temia ja Helsingin yliopisto.

2. TERMINOLOGINEN TIETO KAIKKIEN SAATAVILLE

Tieteen termipankki palvelee tutkimuksen ohella opettamista ja tieteen yleistajuistamista. Ter-
mityon tuloksista hyotyvit tutkijoiden liséksi opettajat, toimittajat ja kiddntdjit sekd kaikki tie-
teestd kiinnostuneet.

Termipankin kisitesivuilla voidaan esittdd yhdestd késitteestd monenlaista tietoa (ks. kuvat
1-2). Sivulla on tilaa esittdd suomenkielisid synonyymisid nimityksid ja vieraskielisid vasti-
neita rajattomasti. Mahdollista on myos osoittaa jotkin nimitykset suositeltaviksi, véltettdviksi
tai vanhentuneiksi. Miiritelmistd pyritddn tekeméédn lyhyet ja ytimekkéit; selitekentéssd taas
on mahdollista avata kisitteen sisédltdd laajemmin vaikkapa esimerkein. Sivuille voi lisété link-
kejd sekd termipankin muihin sivuihin ettd muille Internet-sivustoille. Lahikésitteille varatussa
kentédssd voi antaa tietoa myos késitteiden vélisistd suhteista. Sivulla on tilaa my0s havainnol-
listaville kuville ja kaavioille.

3. TIETEELLINEN TERMINMUODOSTUS

Monilla tieteenaloilla uutta késitteistod tulee runsaasti englanninkielisen tutkimuksen kautta,
jolloin suomenkieliset termit puuttuvat aluksi. Termipankki kannustaa rinnakkaiskielisyyteen -
on mahdollista perustaa kisitesivuja pelkéstidin englanninkielisin nimityksin. Suomenkielisisti
termeistd voi tehdd ehdotuksia ja niistd voi aloittaa keskustelun. Uusia termejd voidaan joutua
tekeméin my®os silloin, kun uudet tutkimustulokset osoittavat vanhan termin harhaanjohtavaksi
(esim. biologiassa sinilevi — syanobakteeri). Termipankki auttaa my06s uusien termien vakiin-
nuttamisessa ja tunnetuksi tekemisessa.

Tiedesanaston kehittelyyn on monenlaisia keinoja. Monille aloille, myos geofysiikkaan, on va-
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Kasvitiede Keskustelu Lue Niytilomake MNiytihistoria Hae q

hede | hedelehti

hede
hedelehti

Madaritelma kulkan koiraspuolinen lisaantymislehti
Salite Heteen osat ovat palho ja ponsi, jonka sis3an sitepaly

syntyy. Vit. heli

Vieraskieliset vastineet

o

stamen englanti (pl. stamina, stamens)

cadben faan
fraswll islanti
stamen latina

pollenbaarar norja
standare  ruotsi
stevdrager tanska
stevbeerer tanska

stevblad tanska

Lahikasitteet

« emi (veruskisite)

o hukkaleht: (ylakasite)
» palho {osakasite)

+ ponsi (osakasite)
Kaytetyt lahteet

FN2004, RK1998, SLT2006

Alawvittest

Luokat: Kisitteet

=

Kasvitiede | Kasvimorfologia | Kukkaan liittyvit kisitteet

Kuva 1: Kasvimorfologian termi hede Tieteen termipankissa.

kiintunut termeiksi runsaasti vierassanoja (plasma, troposfdcdri). Myds omakielisen termin rin-
nalla esiintyy usein synonyyminen vierassana (eranto, deklinaatio). On tietysti ilahduttavaa, jos
asiantuntijat keksivét uusille késitteille aidosti suomalaisia nimityksid, mutta aina se ei onnis-
tu eikd se ole edes tyOn ensisijainen padmaidrd. Vieraat termit voi monesti kddntdd osa osalta
suomeksi (solar wind — aurinkotuuli); viimeinen keino on mukauttaa lainasanat suomeen tai
omaksua ne sellaisenaan.
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Geofysiikka Keskustelu Lue Muokkaa Niyti historia HEe Q

revontuliovaali | revontulirengas

revontuliovaall
revontulirengas

Maaritelma revontulten maantieteelinen esiintymisalue

Selite Tavanomaisen revontuliaktivisuuden aikaan revontuliovaali on Maan magneettista napaa ympardiva
jokseenkin ympyran muotoinen rengas. jossa on venyma jatai paksunnos eteldan pdin keskiyosektonissa
Revontulirenkaita on kaksi, kummankin navan ymparilla cmansa

Vieraskieliset vastineet
auroral oval englanti
Lahikasitteet

» revontulet

Alaviittest

Luokat: Kisitteet | Geofvsiikka

Kuva 2: Geofysiikan termi revontuliovaali Tieteen termipankissa.

4. KESKUSTELU TERMEISTA JA KASITTEISTA

TermipankKki tarjoaa vilineen asiantuntijoiden keskustelulle. Wikin keskusteluvililehdelld voi-
daan vaikkapa neuvotella suositeltavista nimityksisti, kdsitteen sisdllostd ja méddritelmén muo-
toilusta. Viimeistddn siind vaiheessa, kun asiantuntijaryhmét ovat laajoja, keskustelu varmasti
nostaa esiin myos kiistanalaisia késitteitd. Tieteen termipankki tarjoaa eri suunnille ja koulu-
kunnille mahdollisuuden tuoda nikemyksensi esiin esimerkiksi vaihtoehtoisten méaéritelmien
muodossa. Keskustelu- ja kisitesivujen muokkaushistoria tallentuu wikiin, miké tekee asian-
tuntijatyotd nikyviksi. Niin tallentuu myos oppihistoriaa.

Seki asiantuntijat ettd muut kidyttdjdt toimivat termipankissa omalla nimelldén. Myos tyoryh-
méitunnuksia voi tarvittaessa ottaa kdyttoon. Kuka hyvénsa voi rekisterdityd Tieteen termipan-
kin internetsivuilla (www.ticteentermipankki.fi) kédyttdjdksi ja osallistua keskusteluun termeistd
ja késitteistd. Keskustelusivujen kautta voi antaa my0s palautetta tietokannan toimivuudesta ja
tehdd mahdollisia parannusehdotuksia.

Tervetuloa mukaan termitalkoisiin, sekd asiantuntijaksi ettd keskustelijaksi!
LAHTEET

Tieteen termipankki sijaitsee osoitteessa: www.tieteentermipankki.fi. Ks. myos Tieteen termi-
pankin blogi: http://blogs.helsinki.fi/tieteentermipankki/.
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Paikallisen hydrologian vaikutus painovoimahavaintoihin Metsihovissa

A. Raja-Halli', H. Virtanen', T. Hokkanen?, J. Mikinen' ja R. Miikinen>

! Finnish Geodetic Institute, arttu.raja-halli@Qfgi.fi
2 School of Engineering, Aalto University

Abstract

Variations on the hydrology have a strong gravity effect on high sensitivity gravimeters. On a global sca-
le the effect on gravity because of variations on the hydrology is due to deformation of the Earth and
locally it is mainly due to direct attraction by the water. After correcting the superconducting gravimeter
time-series for known time-varying effects such as tides and atmospheric mass redistributions the local
hydrology contributes approximately half of the remaining variance on the gravity signal. We have con-
structed a preliminary 3D-model for calculating the gravity influence of the local water storage on the
observations of the superconducting gravimeter (SG) T020 in Metsihovi, Finland. The following hydro-
logical components are accounted for: (1) soil moisture and groundwater in sediments, (2) groundwater
in the fractures of the crystalline bedrock, (3) snow on the ground, and (4) snow on the laboratory roof.
We compare the SG residuals with the variation in gravity predicted from the local model and two mo-
dels of continental water storage. The general patterns are similar but there are differences in amplitude
and phase.

1. JOHDANTO

Suprajohtava gravimetri (SG) mittaa painovoiman ajallisia muutoksia ddrimméiisen suurella
tarkkuudella. Aika-alueella erotuskyky on 50-100 nGal ja taajuusalueella voidaan havaita sig-
naaleja joiden voimakkuus on vain 1 nGal (I nGal=10"*! ms~2). Geodeettisen laitoksen SG
T020 on havainnut painovoiman muutoksia Metsdhovissa lihes keskeytyksettd elokuusta 1994
lahtien. Kun aikasarjasta on korjattu tunnetut painovoimavaihtelut: kiintedn maan ja merten
vuoksi, navan liike, ilmamassojen liikkeiden vaikutus, Itdmeren epédsdinnolliset muutokset se-
ki laitteen kéynti, jai jéljelle n. 8 pGal:n vuotuista vaihtelua. Tdmén vaihtelun aiheuttaa pda-
osin maassa olevan veden massan muutokset ja liitkkeet. Globaalisti nimd muutokset vaikutta-
vat painovoimaan maan deformaation kautta, maan painuessa massan vaikutuksesta. Paikalli-
nen hydrologia vaikuttaa Newtonin vetovoimalakien mukaisesti omalla vetovoimallaan. Met-
sdhovin paikallista hydrologiaa ja sen painovoimavaikutusta ovat tutkineet mm. Virtanen et al.
(2006) ja Hokkanen et al. (2006, 2007).

Hydrologian vaikutus on tirkei tuntea globaaleja maavesimalleja vertailtaessa ja painovoimasa-
telliittien havaintoja tutkittaessa. Myds mm. vuoksien tarkemmassa tutkimuksessa sekd maan-
jaristysten aiheuttamia Maan vapaita virdhtelyitd tutkittaessa on tirkedd puhdistaa painovoima-
havainnoista muiden tekijoiden aiheuttamat efektit (mm. Crossley, 2012; Abe et al. 2012).
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Kuva 1: Eri komponenttien painovoimavaikutus mallilla laskettuna. Ylimpédnd: SM = maan-
kosteus, katkoviivalla yksinkertaisempi malli jossa ainoastaan osaa kosteusantureista kaytetty.
Toisena ylhddltd: GW = pohjavesi. Keskelld: Lumen vaikutus sekéd maassa, ettd katolla ja ndiden
yhteisvaikutus. Alhaalla: Kaikkien tekijéiden summa.
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2. MITTAUKSET JA MALLINNUS

Metsihovissa paikallista hydrologiaa on tutkittu useiden ympéristosensorien avulla. Peruskal-
liossa olevan pohjaveden, sekd sen péélld olevassa saturoituneessa savi- ja moreenikerroksessa
olevan veden korkeutta mitataan 12:sta painesensorilla, jotka rekisterdivit painemuutoksia, jot-
ka vastaavat n. 0.3mm vedenpinnan muutosta. Pintamaan kosteutta mitataan yhteensid 50 sen-
sorilla (kapasitiivisia ja "Time Domain Reflectometry” —antureita). Metsdhovissa myds lumi
aiheuttaa talvisin jopa 2 pGal:n painovoimaefektin (Virtanen, 2000). Lumen vesiarvoa mitataan
talven aikana maastosta ja laboratorion katolta lumivaa’an avulla.

Hydrologisten havaintojen ja maaperindytteiden perusteella olemme rakentaneet mallin paikal-
lisen hydrologian painovoimavaikutuksen laskemiseksi. Vertaamme laskettua painovoimavai-
kutusta SG:n havaintoihin sekd globaaliin maavesimalliin, ks. kuva 2.

Mallissa on laskettu painovoimaefekti 200 m x 200m alueella SG:n sensorin ympérilld. Lumen
ja kallion piilléd olevissa maakerroksissa veden aiheuttama painovoimaefekti on laskettu 1m x
Im x 0.Im:n sdrmidissd SG:n sensorin suhteen (Nagy, 1966). Kalliossa olevan pohjaveden vai-
kutus on laskettu Bouguer-laattana, jolloin 1 m pohjavettd vastaa n. 0.84 Gal:n painovoimae-
fektid. Kuvassa 1 on esitettyni mallilla lasketut painovoimaefektit eri maavesikomponenteille.

Paikallisen hydrologian lisdksi kdytimme globaalia maavesimallia GLDAS (Global Land Data
Assimilation System, Rodell et al. 2004 ) laskettaessa hydrologian vaikutusta 1km:n etdisyydelti
etddammis.

3. JOHTOPAATOKSET

Laskettu malli seuraa hyvin SG:n havaitsemaa vuodenaikaisvaihtelua, ks. kuva 2. Korjattaessa
SG:n havainnot paikallisella mallilla paranee residuaali 1.5 pGal:sta 1.2 p/Gal:iin (RMS). Kéy-
tettdessd lisdksi globaalia mallia joka ottaa huomioon myds maan deformaation vaikutuksen,
paranee residuaali n. 1.0 pGal:iin (RMS). Vaikka mallit antavat visuaalisesti hyvin tuloksen,
mallit ja SG:n signaali ovat hieman eri vaiheessa ja titen nididen vilille jd4 suhteellisen suuri
ero. Parantaaksemme mallia on otettava huomioon ilmakehin sekd Itdmeren vaikutukset en-
tistd paremmin. Nyt niiden vaikutus on korjattu vain yksinkertaisella vakiolla. Malli on my0s
laajennettava alueelle 200m-1km joka jdd nyt paikallisen ja globaalin mallin véliin.

LAHTEET

Abe, M. et al., 2012. A comparison of GRACE-derived temporal gravity variations with obser-
vations of six European superconducting gravimeters. Geophys. J. Int., 191, 545-556.

Crossley, D. et al., 2012. A comparison of the gravity field over Central Europe from su-
perconducting gravimeters, GRACE and global hydrological models, using EOF ana-
lysis. Geophys. J. Int., 189, 877-897.

Hokkanen, T. et al., 2006. Hydrogeological effects on superconducting gravimeter measure-
ments at Metsdhovi, Finland. J. Env. Eng. Geophys., 11, 261-267.
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Kuva 2: Metsidhovin SG:n painovoimarekisterdinti paksulla yhtendiselld viivalla, pilkullinen
viiva on GLDAS globaalimalli ja katkoviiva on nyt laskettu paikallinen malli.
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Lumiolosuhteet Suomen poronhoitoalueella — vaikutukset poronhoitoon
viidessi erilaisessa paliskunnassa

S. Rasmus! ja H. Siitari'

! Bio- ja ympiiristotieteiden laitos, Jyviskylin yliopisto, sirpa.rasmus@jyu.fi

Abstract

Snow affects foraging conditions of reindeer e.g. by increasing the energy expenditures for moving and
digging work or, in contrast, by making access of arboreal lichen easier. In a research project “Snow
conditions and reindeer winter mortality and calf production — snow related changes in a changing cli-
mate, and scenarios and adaptation potentials of reindeer herding” we combine meteorological obser-
vations, reindeer herders’ experiences and snow structure simulations by a model SNOWPACK to study
the relevance of snow properties on reindeer herding.

1. JOHDANTO

Poron selviytyminen talvesta riippuu talviravinnon méérésté, laadusta ja saavutettavuudesta —
luonnonlaitumiin pohjautuvassa poronhoidossa viime kéddessd sopivien laidunten maéristé ja
kiytettdvyydestd. Suomessa poron talvilaitumet ovat lumen peitossa jopa seitsemédn kuukautta
vuodesta. Vaikka poro on sopeutunut lumeen, ongelmia saattaa kuitenkin tulla syvilumisina tal-
vina tai kun lumi sulaa harvinaisen myohéén. Lumen rakenne vaikuttaa kaivuolosuhteisiin: ko-
va lumi, jdiset kerrokset ja etenkin maajdd vaikeuttavat jikéldan kaivamista hangen alta. Toisaal-
ta lumen kovettuminen kevittalvella helpottaa metsédalueilla lupon saantia. (mm. Helle, 1984).
Joskus lumen sataminen sulaan maahan suosii homeiden kasvua maan rajassa (Kumpula et al.
2000). Lumiolosuhteet voivat hyddyttdd joko poroa tai petoa saalistustilanteissa. Lumen méaéa-
rd ja laatu vaikuttavat myos porojen paimennettavuuteen ja paatdksentekoon poronhoidossa —
milloin, missé ja kuinka paljon talvista lisdravintoa annetaan. Maastossa tyotdéin tekevd poron-
hoitaja havainnoi tarkasti muutokset lumen méérassi sekd rakenteessa ja tietdd niiden vaikutuk-
set poroihin. Kokemusperdisen tiedon rinnalla on joukko tutkimuksia, joiden mukaan vaikeat
lumiolot lisddvét poron tai karibun talvikuolleisuutta ja laskevat vasaprosenttia ja syntyvien va-
sojen painoa (mm. Kojola ja Helle, 2008). Lumen laatua suoranaisesti on késitelty harvoissa
tutkimuksissa — ja ilman paikan péélld tehtdvid havaintoja arviot lumen rakenteesta onkin poh-
jattava pelkkiin sdghavaintoihin.

2. MUUTTUVAT LUMI- JA KAIVUOLOSUHTEET
Maapallon keskildmpdtilan on ennustettu nousevan 1.4 -6.4 °C vuoden 2100 loppuun mennes-

sd. Lampenemisen ennustetaan olevan voimakkainta talvisin pohjoisilla maa-alueilla. Sadan-
nan, tuulisuuden ja pilvisyyden oletetaan lisdéintyvin. Lumen midréd, vuosittainen lumipeitteen
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kesto ja lumen laatu tulevat nekin todennédkdoisesti muuttumaan. Jadkerrosten muodostuminen
hankeen talvenaikaisen sula- tai sadeveden jddtymisen vuoksi tulee todenndkdisemmaéksi. Vuo-
sien vilinen merkittdva vaihtelu lumiolosuhteissa sdilyy limpimdmmassékin ilmastossa. (mm.

IPCC, 2007)

Hankkeemme "Lumiolosuhteiden vaiku-
tus porojen talvikuolleisuuteen ja va-
satuotantoon — lumi- ja kaivuolosuh-
teet sekd poronhoidon sopeutumisske-
naariot muuttuvassa ilmastossa"on kidyn-
nissd vuosina 2013-2014. Tavoitteenam-
me on tuottaa pitkid aikasarjoja lu-
men midrdn ja ominaisuuksien vaihte-
lusta erilaisissa paliskunnissa (sekéd vuo-
sien vilisestd ettd paikallisesta), rakentaa
ennusteet lumiolojen muutoksista tutki-
muspaliskuntien alueilla vuoteen 2100
mennessd sekd esittdd aikaisemmin koet-
tujen lumiolosuhteiden ja kidytettyjen po-
ronhoitomenetelmien perusteella poron-
hoidon sopeutumisskenaarioita odotetta-
vissa oleviin muutoksiin. Tutkimuspa-
liskuntamme ovat Hammastunturi, Ky-
r0, Kisivarsi, Pohjois-Salla sekid Poika-
jarvi (Kuva 1) ja ne eroavat toisistaan
niin luonnonolojen kuin poronhoitome-
netelmienkin perusteella. Aineistonam-
me toimivat Ilmatieteen laitoksen ha-
vainnot talvien sidd- ja lumioloista kulu-
neiden 30 - 50 vuoden ajalta, tutkimus-
paliskuntien toimintakertomukset ja po-
roluvut vuosilta 1968-2012 sekd poroi-

E 8 Hammastunitun
[ 12 kasivarsi
[ ks
[ 23 Pohjos-Salla

Kuva 1: Suomen poronhoitoalue ja tutkimuspalis-
kuntien sijainti.

sdntien haastattelut. Lisdksi Sveitsissd kehitetyn ja eri puolilla maailmaa kéytetyn lumen ra-
kenteen SNOWPACK-mallin (Bartelt ja Lehning, 2002) avulla arvioidaan lumen rakennetta
niin kuluneiden 30 - 50 talven aikana kuin [impimdmmassé ilmastossakin.

3. LUMIOLOSUHTEIDEN VAIKUTUS PORONHOITOON

Tutkimuspaliskuntien edustajia on haastateltu lokakuun 2012 ja helmikuun 2013 vilisend ai-
kana liittyen kokemusperdiseen tietoon lumioloista, niiden vaihtelusta ja niithin reagoinnista.
Keskusteluissa on kdynyt ilmi muun muassa etti:

¢ Lumiolosuhteet ovat edelleen merkittdvi tekijd poronhoidolle.
¢ Erityisen vaikeina pidetdédn syvilumisia talvia tai talvia kun syksyn séddolot vaihtelevat ja

tdmén takia laitumet menevit jidhin ja mahdollisesti vield homehtuvat.
e Vaikeita ovat myods lumen myohdiset sulamiset, paksut jadkerrokset lumipeitteessd tai
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Kuva 2: SNOWPACK-mallin simulaatiotulos talven 1998/1999 lumen rakenteesta. Vaaleat si-
vyt merkitsevit tuoretta lunta, musta heikosti sidostunutta kuuramaista lunta ja harmaat sdavyt
lahelld lumipeitteen pohjaa seki sulamisaikana mérkia tai jdistd lunta.

ohuet kantavat kerrokset, jotka pettdvit poron alla saalistustilanteessa.

e Yleisesti sevi-tilanteet eli kantavat hanget etenkin kevitpuolella talvea ovat eduksi, mikéli
poroille on tarjolla luppolaitumia.

e Porot kykenevit hakeutumaan alueille, joilla ravinnon saanti on mahdollista vaikka ylei-
sesti lumiolot olisivat hankalatkin, mikili riittdvin erilaisia paikkoja 16ytyy.

e Talvi 1996/1997 (huono pohja, erittdin paljon lunta) néhtiin rajapyykkind talvisen liséra-
vinnon antamisen suhteen.

e 70- ja 90-lukujen olot olivat huonommat kuin 80-luvun; 2000-luvulle tultaessa on koettu
sekid ohutlumisia talvia ettid syksyn olosuhteiden puolesta vaikeita talvia.

¢ [Imastonmuutos koettiin useissa paliskunnissa asiaksi, joka on huomioitava poronhoidos-
sa.

4. LUMEN RAKENTEEN ARVIOITA SNOWPACK-MALLILLA

SNOWPACK-mallilla on tehty testiajoja Kyron paliskunnan talvilaidunalueita vastaavalla sdi-
aineistolla. Esimerkeiksi valittiin talvet 1998/1999 (talvilaitumet jddssd), 2009/2010 (kohtalai-
nen talvi, helmikuun lopulta kantavat sevi-kelit, nopea lumen sulaminen) ja 2011/2012 (hel-
mikuusta monta viikkoa ahmoja suosivat olot eli ohut kantava kerros joka ei kuitenkaan kanna
poroa saalistustilanteessa; pitkd, luminen kevit). Lumen kertyminen ja sulaminen poikkesivat
suotuisena talvena 2009/2010 muista esimerkeisti, mutta myos rakenteessa nihtiin suuria ero-
ja. Suurin osa lumipeitteestd oli huokoista kuuramaista lunta ja kantava hanki muodostui mallin
mukaan maaliskuun lopulla. Talven 1998/1999 (Kuva 2) maajdikerros oli huomattavan pak-
su, ja sen pehmenemistd nidkyi simulaatiossa vasta tammi-helmikuussa. Talven 2011/2012 si-
mulaatiossa nékyi maaliskuussa lumen pintaan muodostuva ohut jdisen, tuoreen lumen kerros.
Tami kerros hautautui pehmeimmaén lumen alle ja oli ndkyvisséd noin kuukauden ajan. Muina
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esimerkkivuosina téllaista kerrosta ei nihty.
5. LOPUKSI

Tyd mallinnuksen, sddhavaintoaineiston ja kokemusperdisen aineiston parissa jatkuu. Lumi-
mallinnuksessa tullaan keskittyméin tilanteisiin, jolloin lunta on poikkeuksellisen paljon tai
sulaminen on poikkeuksellisen myohiistd, samoin kuin epidvakaan syksyn aikana muodostu-
viin jidkerroksiin ldhelle maan pintaa ja mahdollisiin homeita suosiviin olosuhteisiin. Lumi-
ja kaivuolojen tulevaisuuden muutoksia arvioidaan kokoamalla eri tutkimuspaliskuntien aluei-
ta edustavat ENSEMBLES —projektin tuottamat ilmastonmuutosennusteet vuosille 2071-2100
(Van der Linden ja Mitchell, 2009). Niitd kdytetdin SNOWPACK-mallin 1dhtotietoina ennus-
tettaessa lumen rakenteen muuttumista tulevaisuudessa.

KIITOKSET

Aineistoa tutkimukseemme olemme saaneet [Imatieteen laitokselta, Riista- ja kalatalouden tut-
kimuslaitokselta seki Paliskuntain yhdistykseltd. SLF Sveitsistd on tarjonnut tukeaan SNOWPACK-
mallin kdytossd. Lampimimmiit kiitokset hankkeen ohjausryhmin jédsenille sekd tutkimuspalis-
kuntien poroisinnille neuvoista ja ohjauksesta. Hanke on saanut rahoitusta Maa- ja metsétalous-
ministerion Makera-tutkimusméérédrahoista.
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Abstract

The third generation long water level tilt meter of the Finnish Geodetic Institute has been recording in
north-south orientation geodynamical tilt signals in Tytyri mine, Lohja, southern Finland since 2008.
Short reviews on recorded earth tide tilt, ocean loading tide tilt, Baltic Sea loading tilt and seiche-
oscillations in this loading tilt and, atmospheric loading tilt are given. Spheroidal and toroidal modes in
free oscillation spectra were identified after Chile (27.2.2010) and Japan (11.03.2011) earthquakes.

1. JOHDANTO

Geodeettisessa laitoksessa kehitetylld kolmannen sukupolven Michelson-Gale -tyypin interfe-
rometrisella vesivaa’alla (Ruotsalainen, 2001, 2005) on havaittu pohjois-eteld suunnassa Loh-
jan Tytyrin kaivoksessa sijaitsevalla tutkimusasemalla a) kiintedn maan vuorovesi-ilmiotd (ly-
hyesti vuoksea), b) valtamerten vuoksi-ilmion aiheuttamien valtamerimassojen liikkeiden maan
rakenteeseen aiheuttamaa kuormitussignaalia c) Itimeren pddasiassa ei-vuoksesta (pieni vuok-
sisignaali esiintyy myos, Witting, 1911) johtuvaa kuormituskallistussignaalia sekd tdssd sig-
naalissa esiintyvid Itimeren altaan rakenteen meren aiheuttaman vaimenevan ominaisheilahte-
lun (seiche-ilmi6) kuormitusoskillaatiota Lohjalla. d) ilmapainekentédn aiheuttamaa kuormitus-
kallistussignaalia kallioperdssd Lohjalla. €) mikroseismi-ilmiotéd, jonka alkuperd on péddasias-
sa Pohjois-Atlannin ylld kulkevan ilmanpainekentin aiheuttaman merenkdynnin tuottamaa. f)
Chilen (27.2.2012) ja Japanin (11.03.2011) maanjéristysten jédlkeen rekisterdityjen maapallon
vapaiden virdhtelyjen sferoidaaliset ja toroidaaliset moodeja sekid maan pintaosan ettd sisdra-
kenteen osalta (jalkimmaéisid moodeja ei voi havaita esim. suprajohtavalla gravimetrilla ilmion
luonteen vuoksi), g) maan ytimen liiketilan aiheuttama resonanssisignaali astronomisesti méa-
ritetyn harmonisen vuoksipotentiaalikehitelmén tiettyjen pdivdaaltojen amplitudi-ja vaiheteki-
jOissd.

2.INTERFEROMETRISEN VESIVAAKATUTKIMUKSEN TAUSTAA

Kiintedn maan vuoksikallistusdeformaation ensimmaéiset arvot harmonisen vuoksi-potentiaalikehitelmén
amplitudi- ja vaihetekijoille julkaistiin jo aiemmalla toisen sukupolven laiteversiolla (Kiiriii-
nen, 1979), (Kéiridinen ja Ruotsalainen, 1989) sekd itd-ldnsi- ettd pohjois-eteld-suunnissa. Val-
tamerten kuormituskallistussignaali kallioperdin Lohjalle ja Metsdhoviin laskettiin jo vuosina
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E Geodynamic NS tilt recording (earth tides removed) of the NS-WT in Tytyri mine

E Lohja Finland and Baltic Sea loading model tilt
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Kuva 1: Itimeren kuormitustakallistusta NS-vesivaa’assa Lohjalla (yhtendinen punainen) ja
mallinnettu kuormitus (katkoviiva vihred).

1986 -1991 tehtyjen samanaikaisten havaintojen analysoinnin yhteydessd (Weise, 1992). Til-
16in oli saatavilla vain Schwiderskin (1980) hydrodynaaminen valtamerivuoksimalli ja kuormi-
tuslaskenta perustui sithen. Valtamerten pinnanliikkeiden satelliittikartoitusta on suoritettu esi-
merkiksi Topex-Poseidon satelliitilla (Ray, 1999) vuodesta 1994 alkaen. My0s muilla vastaa-
villa satelliiteilla suoritettuihin mittauksiin perustuvia valtamerikuormitusmalleja on olemassa
jo useita (Agnew, 2012). Agnew:n (1997, 2012) valtamerikuormitusohjelmistolla NLOADF on
laskettu eri kuormitusmalleja Lohjalle ja aiemmin saatua kuormituslaskua on verrattu uudem-
piin satelliittihavaintoihin pohjautuviin malleihin. Eroja mallien vilillad esiintyy. Kohtien (c)-(g)
tutkimusta on suoritettu viime vuosien aikana ja uusia tuloksia on saavutettu, joista esitelldén
nyt vain [tdmeren ja ilmakehén kuormituslaskentaa.

3. ITAMEREN KUORMITUSKALLISTUSSIGNAALI LOHJAN VESIVAAKAREKISTEROIN-
NEISSA

Vesivaa’an kallistushavainnot vahvistavat, ettd kuormitusilmio esiintyy selvisti Itdimeren ran-
nikkoalueella ja laitteen huomattava erotuskyky pystyy selvisti havainnollistamaan esimerkiksi
Itdmeren seiche-ilmion (Witting, 1911), (Lizisin, 1959), vaikka Lohjan tutkimusasema sijaitsee
n. 30 km pédssid Suomenlahden rantaviivasta.
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Filtered NS-HT tilt at Tytyri lab
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Kuva 2: [Imakehin kuormitusta NS-vesivaa’assa Lohjalla (punainen) ja mallinnettu kuormitus
(katkoviiva vihred).

Kuvassa 1. esitetddin Lohjan pitkélld vesivaa’alla rekisterdityjd kuormituskallistushavaintoja
loka-marraskuulta 2010. Raakahavaintoihin on mallinnettu ensin tunnetut poikkeamat (tunniste-
tut hypyt ja katkokset) ja vuoksiparametreilla mallinnettu pois kiintein maan vuoksi-ilmion vai-
kutus. Tdma kallistusresiduaali osoittaa varsin hyvin korrelaatiota Agnew:n (2012) NLOADF-
ohjelmalla ja Itimeren massamallin (Nordman et al. 2013) avulla laskettuun Itdmeren kuormi-
tuskallistusmalliin Lohjalle. Kuormitussignaalissa esiintyvi heilahtelu viittaa Suomenlahdella
aika ajoin esiintyviin seiche-oskillaatioon, jota matemaattisesti ovat mallintaneet mm. Wiibber
ja Krauss (1979).

4. ILMAKEHAN KUORMITUS KALLISTUSMITTAUKSESSA LOHJALLA

Ilmankehiin havaittiin kuormittavan kallioperdd Lohjalla jo toisen sukupolven laitteistolla kun
kiintedin maan vuoksikallistussignaalit oli mallinnettu pois. Residuaaleja verrattiin suoraan il-
manpainegradienttiin Lohjalla (K&éridinen ja Ruotsalainen, 1989). Boy (Boy et al. 2009) laski
kayttamilld globaaleja ilmakehidmalleja aikasarjat ilmakehén aiheuttamalle kuormituskallistuk-
selle Lohjalla vuosille 2008 — 2012. Kuvassa 2 esitetién vertailu interferometrisen vesivaa’an
ja Boy laskeman ilmakehikuormituskallistusmallin korrelaatiolle alkuvuonna 2011.
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5. YHTEENVETO

Interferometrinen pitkd vesivaaka tarjoaa laajakaistaisena mittalaitteena mahdollisuuden tutkia
maan rakennetta eri spektrialueilla kuoren dynaamisesta vasteesta erilaisiin kuormitustilantei-
siin. Suurten maanjéristysten jilkeen esiintyvit matalataajuiset ominaisheilahtelut on havaittu
selvisti interferometrisen vesivaa’an rekisterdinneissd Lohjalla.

KIITOKSET

Kiitokset Oy Nordkalk Ab:n Lohjan Tytyrin kaivoksen henkilokunnalle vuosikymmenié kes-
tdneestd yhteistyOostd Lohjan geodynaamisen tutkimusaseman ylldpidosta ja avusta tutkimus-
toiminnan suorittamisessa. Kiitokset Geodeettisen laitoksen A. Raja-Hallille, J. Kuokkaselle ja
V. Saaraselle avustamisessa laitteiston virittimisessi toimintakuntoon sekd M. Nordmanille ja
H.Virtaselle kuormituskallistuslaskennan suorittamisesta Lohjan geodynaamiselle tutkimusase-
malle. Kiitokset myos J.P. Boylle ilmakehén aiheuttaman kuormitusmallinnuksen laskennasta.

Skenaarioiden vilinen vaihtelu vuodelle 2050 on 140 cm, alin skenaario arvio merenpinnan
laskuvan noin 6 cm vuoden 1980 tasosta, kun taas ylin ennustaa 134 cm nousua vuoden 1980
tasoon verrattuna. Vuonna 2012 ero toteutuneen vedenkorkeuden ja suurimman &dériskenaarion
vililld on jo 30 cm. Kuvasta 1 néhdéén, ettd toteutunut vedenkorkeuden nousu on selvésti ske-
naarioiden mediaanin alapuolella.
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Abstract

We will present a stratigraphic log supporting a preliminary magnetostratigraphy of Tithonian-Berriasian
section in the Porto da Calada (Portugal). Based on biostratigraphy and reversed and normal magne-
tostartigraphy the location of Tithonian-Berriasian boundary is tentatively located at ca. 52 m, not in
conflict with former proposals. Due to later remagnetizations (diagenesis) an unsuccessful study for
magnetostratigraphy of Tithonian-Berriasian section at the Cabo Espichel (Portugal) location is re-
ported here.

1. INTRODUCTION

The Jurassic/Cretaceous boundary is still poorly understood and is the last system bound-
ary without a GPSS. Furthermore, biostratigraphical correlations among paleobiogeographic
provinces are hampered by barriers to faunal exchange (e.g. Ogg et al. 2012). Dating by mag-
netostratigraphy coupled with regional correlations and biostratigraphy has been successfully
used to large-scale correlations. Earlier studies have placed the Tithonian-Berriasian boundary
in different position, but currently the base of Chron M18r is admitted, and is even a candidate
as a correlation event marking the boundary (Ogg et al. 2012).

The onshore uppermost Jurassic to lowermost Cretaceous of the Lusitanian Basin (Western Por-
tugal) has been the subject of numerous articles and thesis (Ramalho, 1971; Rey, 1972, 1993;
Mateus, 2006; Dinis et al. 2008; Myers et al. 2012). It includes several good exposures of
the Jurassic/Cretaceous (J/K) transitions (e.g. Porto da Calada, Sintra-Cascais region, and Praia
dos Lagosteiros - Cabo Espichel). Despite that, the exact position of the boundary in the series
is poorly known, due to the lack of good biostratigraphic markers in a complex stratigraphy,
recording important variations in a coastal landscape still under the influence of the Late Ox-
fordian to Early Kimmeridgian rifting.
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Figure 1: Stratigraphy of the Porto da Calada section (Portugal): variation of magnetic sus-
ceptibility, intensity, inclination of ChRM, polarity column and M-anomalies. Black (white)
indicates normal (reversed) polarity.

2. SAMPLING AND METHODS

We collected 102 standard cores from the Porto da Calada section (39.04° N; 9.41° E), and
72 standard cores and four oriented block samples from the Cabo Espichel section (38.42° N;
350.78 ° E). A portable field drill was used and cores were oriented using both sun and magnetic
compasses.

Paleomagnetic measurements for magnetostartigraphy were conducted in the magnetically shi-
elded room of the paleomagnetic laboratory of the Department of Geology and Geophysics
at the Yale University, USA. After measurement of natural remanent magnetization (NRM),
samples were placed into liquid nitrogen in a null field to demagnetize viscous remanent mag-
netization (Borradaile et al. 2004). Thereafter to separate the characteristic remanent magne-
tization (ChRM) component the samples were stepwise thermally demagnetized in a nitrogen-
atmosphere using ASC Scientific model TD-48SC furnace. Remanent magnetization was mea-
sured using an automated sample-changing system attached to a 2G cryogenic magnetometer
(Kirschvink et al. 2008). Results were analyzed using principal component analysis (Jones,
2002). Sister specimens from the same cores were stepwise demagnetized using the alternating
field (AF) method and a 2G cryogenic magnetometer in the Solid Earth Geophysics labora-
tory of the University of Helsinki. Due to high coercivity minerals in some of the samples the
thermal method was more effective.
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3. RESULTS OF MAGNETIC STUDIES

The natural remanent magnetization (NRM) intensity was generally in order of 103 A/m and
magnetic susceptibility in order of 10~% SI being typical for sedimentary rocks. NRM and
susceptibility values depend on lithology and limestone show lowest values (Figure 1). Based
on thermomagnetic (Curie point measurements) and thermal demagnetization main ferrimag-
netic minerals in these samples are magnetite and pyrhhotite. Many of the samples were to-
tally cleaned during the thermal demagnetization and vectors decayed to origin indicating that
ChRM was successfully obtained and no higher coercivity/unblocking temperature component
were present. Normal and reversed ChRM directions were obtained.

We sampled a 65 meters thick section at Cabo Espichel for magnetostratigraphy but it was
almost totally remagnetized by later processes. Samples were losing most of their magnetiza-
tion at 180-240°C during thermal cleaning. AF method was not able to demagnetize samples
indicating presence of high coercivity ferrimagnetic minerals (goethite).

4. STRATIGRAPHY

Since the results from Cabo Espichel cannot be used for sin-sedimentary stratigraphic purposes,
this outcrop is not discussed here.

Concerning the Porto da Calada section, the Assenta member of the Lourinha Fm. is Tithonian
in age. The Lourinhd Fm. is Kimmeridgian-Tithonian in age, confidently biostratigraphically
dated by numerous invertebrates and vertebrates (see Mateus, 2006; Ribeiro and Mateus, 2012)
and by strontium stable isotope curves (Schneider et al. 2009). The foraminifera, namely An-
chispirocyclina lusitanica (Egger, 1902), and ostracods of the 37-40 m limestone level (Figure 1,
Rey, 1972) are similar to the regional Tithonian assemblages (Ramalho, 1971). Dinocysts of the
65-73 m interval are considered as representing early to middle Berriasian boundary (Berthou
and Leereveld, 1990). The unconformity between the Porto da Calada and Vale de Lobos for-
mations is dated by regional tectono-stratigraphic correlation as Late Berriasian (Dinis et al.
2008). In this section, two dinosaurs were identified: axial and postcrania of Ankylosauria be-
low the J/K limit, and one tail spine of Stegosauridae above it, both chronologically consistent
with the magnetostratigraphy.

5. DISCUSSION AND CONCLUSIONS

Based on these we correlate the reversed magnetozone at 33 m in log with M19r1 anomaly and
normal magnetozone between 35 and 51 m with M19n1 (Fig. 1). Following the (Ogg et al.
2012) scale, we place the J/K Tithonian-Berriasian boundary at the base of magnetozone M18r,
around 52 m of our log in Porto da Calada section.This position is an improvement of previous
proposals for this outcrop, namely by Rey (1993), that tentatively located the J/K boundary at
the base of the Porto da Calada Formation (our 60 m) as a best fit between available biostratig-
raphy and regional correlations. However, it must be stressed that the proposed position of the
J/K boundary is tentative, due to scarcity and uncertainties in the age significance of fossils in
the studied series.
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Lightning induced remanent magnetization — the Vredefort impact
structure, South Africa
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Abstract

In some areas natural lightning strikes hamper rock magnetic data. We have studied how laboratory
lightning experiments affect magnetic properties. Rock magnetic measurements and scanning electron
microscope analyses showed that the lightning included changes in magnetic properties of the rocks that
were due to high currents and fields which also seemed to produce changes in magnetic mineralogy
and further fragmented shell structure of these minerals in some samples. Major support for oxidation
of magnetite to maghemite due to lightning strikes came from the low temperature variation of the re-
manent magnetization where we observed several hallmarks of maghemitization in samples treated by
lightning strikes Further indications of mineralogical changes include increased Curie points above the
magnetite’s Curie point (580°C), highly enhanced remanent magnetization values and slightly enhanced
susceptibility values. These changes are interpreted to indicate partially oxidized magnetite (maghemi-
tization) coupled with grain fragmentations and by this way grain size reduction. High temperature
hysteresis and REM (=NRM/SIRM) studies support these conclusions. Our results were analogous with
the ones for various lodestones where partially oxidized magnetite is thought to make magnetization
more intense.

1. INTRODUCTION

Earlier studies at the large Vredefort impact structure in South Africa since 1960s have shown
that values of natural remanent magnetizations (NRM) and, hence, Koenigsberger’s Q values
(ratio of remanent over induced magnetization), for different rock lithologies are elevated com-
pared to the values for similar rock types around the world. Three origins for the high Q values
have been suggested, namely shock by meteorite impact, enhanced plasma field and lightning
strikes (see Salminen et al. 2009; 2013).

Lately lightning strikes have been proven to be the source for high remanent magnetization
values in Vredefort rocks (Salminen et al. 2010; Carporzen et al. 2012; Salminen et al. 2013).
Although there is a consensus that general effect of the lightning is the many-fold increase of
values of natural remanent magnetization (e.g. Graham, 1961), we wanted to further study how
in general lightning strikes affect magnetic properties of rocks. We have simulated lighting
strikes with a high voltage instrument capable of producing 18 kA current on the sample. Using
this instrument, we induced lightning strikes on Archaean basement samples from both the
Vredefort and Johannesburg domes and measured several rock magnetic properties. Results
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will be compared to rock magnetic results of untreated sister samples to see if lightning changes
rock magnetic properties.

2. SAMPLES AND EXPERIMENT

For this study we used samples taken during the paleomagnetic field campaign reported by
Salminen et al. (2009). Three Archean basement samples (granite and gneiss) from the Vrede-
fort dome and eight Archean basement samples (gneiss, granite, granodiorite, and pegmatite)
from the Johannesburg dome were studied. We chose the samples from Johannesburg dome
since this terrain is not affected by impact shock or as strongly thermally overprinted by the
impact generated heat as the rocks of the Vredefort central uplift. It is noteworthy that rocks are
not homogenous in cm scale. However previous paleomagnetic and rock magnetic measure-
ments of different subsamples from a particular sample indicate that the magnetization within
the samples studied here is similar being relatively weak and homogeneous by the magnetic
mineralogy. This is further supported by anisotropy of magnetic susceptibility measurements.

Lightning pulse experiments were performed on standard demagnetized paleomagnetic cylin-
ders (diameter: 2.54 cm, height: 2.2 cm) with a 10 stage lightning impulse generator (Haefely
SGS1000-50) having a maximum charging voltage of 100 kV/stage and maximum total energy
of 50 kJ (Figure 1). The generator was configured to give maximal current impulse to the test
circuit with ca. 11.5 kA and 18 kA peak current, in Tampere University of Technology, Finland.
The cylindrical rock samples were placed on large earthed stainless steel plate. A copper made
impulse electrode (diameter 14 mm) perpendicular to the steel plate was then laid on top of
the rock sample. When applying an impulse the test voltage first increases at a rate of ca. 900
kV/us until a flashover takes place at ca. 150 kV level over the test sample and current starts
to flow through the plasma channel of the flashover arc. The plasma channels forms along the
surface of the rock sample one side of it. The rise time of the current impulses were ca. 2us,
and the time to half value was ca. 9 ps. With this type of impulse waveforms and at this current
level the size of the current carrying plasma channel is ca. 1 cm2 (Flowers, 1943). Polarity of
all the applied impulses was positive. Three impulses were applied on all the test samples with
presence of Earth’s magnetic field of ca. 52 4T. The experiment did not leave any visible mark
on the rock, which is usually also the case in the field.

3. MEASUREMENTS

Basic petrophysical measurements were carried out for same subsample before and after light-
ning pulses. Similar rock magnetic measurements (AF demagnetization, susceptibility as a
function of low and high temperature, room temperature and high temperature hysteresis prop-
erties, low temperature remanence measurements, and REM ratios studies) were done for both
subsample sets ("pulsed" and "unpulsed") to identify the effects of lightning strikes on rocks.
Measurements were done in three different laboratories: Solid Earth Geophysics Laboratory at
the University of Helsinki (Finland); Paleomagnetism Laboratory at the Yale University (USA);
and at the Institute for Rock Magnetism (IRM) at the University of Minnesota (USA).

Some samples were studied using Jeol JISM-5900LV Scanning Electron Microscope (SEM) at
the Geological Survey of Finland and by Digital Instruments NANOSCOPE III Magnetic Force
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Figure 1: a) Arrangements during the impulse current applications for the rock samples. b)
Orientation of the samples during the experiments. ¢) Current during the experiments.

Microscope (MFM) in the IRM to further constrain the nature of the magnetic minerals.
4. RESULTS AND DISCUSSION

The main finding of this study comes from low temperature magnetization (MPMS) measure-
ments, which support that lightning strikes partially oxidize magnetites (Ozdemir and Dunlop,
2010) as seen in as broadened and smeared out Verwey transitions, shifting of Verwey temper-
atures to lower, and hump-shaped cooling and heating curves of 300 K SIRM. Further support
include enhanced NRM and susceptibility values, increased Curie points, more pronounced
low temperature phases appearing in susceptibility versus temperature curve, and changes in
hysteresis properties during high temperature measurements. SEM and magnetic microscope
studies show that magnetic minerals in studied samples are fragmented already before experi-
ments. We propose that experiments further fragmented these minerals.

Our results are analogous with the ones for lodestones and proto-lodestones where partially
oxidized magnetite is thought to make magnetization harder and more intense (e.g. Banfield et
al. 1994; Wasilewski 1977; 1979; Wasilewski and Kletetschka, 1999).

5. CONCLUSIONS

Laboratory made lightning strikes produced intense magnetizations and can therefore be the
cause for the observed high Q values in rocks from Vredefort as well as from Johannesburg
domes. Several rock magnetic measurements showed that lightning pulses changed the mag-
netic mineralogy of the studied samples from both the Vredefort and Johannesburg domes. We
conclude that the changes in magnetic properties are due to strong lightning pulses, which also
partially oxidized magnetite to maghemite and further fragmented the shell of this partially
oxidized magnetite reducing the effective grain size leading to additional enhancement of mag-
netization.
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Abstract

With advances in electromagnetic (EM) geophysical instrumentation large synoptic digital EM array
datasets are increasingly common, begging the development of multivariate (MV) analysis methods that
can fully exploit the simultaneous character of these data. However, with many stations there will in-
evitably be gaps and/or heavy noise in some channels at any given time, so practical MV array methods
must allow for missing data, and temporal and spatial heterogeneity of noise. We describe development
and validation of such a scheme (MsDEMPCA, for Missing data EM Principal Components Analysis)
in a companion presentation. Here we focus on applications of MsDEMPCA to several large arrays:
the Baltic Electromagnetic Array Research (BEAR), Electromagnetic Mini Array (EMMA), Magnetotel-
lurics in Scandes (MASCA), and various EarthScope MT arrays, with the goal of demonstrating how the
MYV approach can clarify signal and noise characteristics, improve estimates of TFs, and, perhaps most
importantly, quantify biases in these estimates.

1. METHOD

As discussed in Egbert (2002) one can apply MV statistical methods to EM array data to reduce
bias, improve signal- to-noise ratios, and provide better control over source effects and coherent
noise contamination in estimates of EM transfer functions (TFs). Furthermore, within an array
framework one is not limited to the classical uniform source magnetotelluric (MT) impedance
and geomagnetic vertical field TFs, but can also include inter-station horizontal magnetic TFs
which can be used to map anomalous induced currents, as well as hybrid impedance tensors
between electric and magnetic fields from any pair of stations. Within the framework of the
MYV analysis several different approaches can be taken to estimation of these TFs.

(1) The simplest approach, described in Egbert and Booker (1989), is to assume the two largest
amplitude spatial modes correspond to plane wave external source, and use these to compute
TFs for all components relative to any two reference channels.

(2) Considering that all modes may contain a mixture of plane wave and more spatially complex
sources, one can seek linear combinations of modes for which the horizontal magnetic compo-
nents most closely approximate idealized uniform linearly polarized N-S and E-W sources, and
estimate TFs from these mixtures of modes.
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(3) The full cross-product matrix can be computed from the robustly cleaned data projected
onto the dominant spatial modes, and the usual formulae can be applied to compute weighted
least squares estimates of TFs from these robust cross- products.

(4) The estimated PCA modes can be used to combine data from all sites (or from a subset)
into a pair of idealized reference channels, which can be used in a conventional robust remote
reference (RR) scheme, as in Egbert (1997).

As with the remote reference technique, the estimates are not biased by incoherent noise in the
input channels. However, RR estimates of TFs are degraded by noise in all of h, e, and r, and
while combining data from many sites may reduce noise in the reference fields r, these addi-
tional sites do nothing to reduce noise in the local electric and magnetic channels h, e. As a
result only rather limited reductions in estimation errors can be achieved by using multiple sites
in the processing. Improved characterization of signal and coherent noise, which can some-
times suggest data selection criteria that can lead to significant improvements in TF estimates,
are generally of greater value. Another potentially significant advantage of a MV approach is
in quantifying possible bias errors due to external source complications, or coherent cultural
noise. These deviations from idealized plane wave sources show up as additional coherent
spatial modes, at levels well above the incoherent noise. In some cases (e.g., estimating the
MT impedance in the presence of large scale external source gradients) all of these modes, and
hence any mixture, result in the same TF. In others (e.g., MT impedance with data contaminated
by strong cultural noise; horizontal magnetic TFs in the presence of persistent source gradients)
different mixtures of modes result in large variations of TFs. By sampling a range of plausi-
ble linear combinations of the leading significant PCA modes the magnitude of possible source
biases due to coherent noise can be quantified. As we will show, this bias range can be quite
large, even when random error estimates based on the level of incoherent noise are small.

2. RESULTS

The BEAR array, which has a substantial amount of missing data, and is located at high lati-
tudes, where source fields are spatially complex, results in estimates of impedances which are
rather stable (independent of approach, with relatively small estimated source bias) and compare
well to usual multi remote reference results. This result supports the conclusion that ordinary
RR impedances are not seriously affected by source field distortions, as already observed from
previous analyses of BEAR array data. The situation with magnetic transfer functions is quite
different, as persistent source gradients now result in a very strong dependence on the TF esti-
mation approach, and large bounds on possible source biases. Approach (2) sorting out modes
based on spatial structure produces the most reasonable results for both inter-station and verti-
cal field TFs, resulting in relatively clean maps of hypothetical events for this large array. The
EarthScope arrays provide examples of very short spatial wavelength PC source contamination,
and also of large-scale coherent noise, and provide examples where estimated biases even in
impedances are much larger for some periods than the statistical error bars.
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Abstract

This study simulates automatic event detection and location performance of a micro-earthquake network
centred around a site selected for a future power plant in Finland, Fennoscandian Shield. Simulation of
the event location capability is based on a relationship derived between event magnitude and maximum
detection distance. Azimuthal coverage and threshold magnitude are computed for different station con-
figurations and the results are presented as contour maps. An optimal configuration of ten seismograph
stations is proposed for further on-site survey.

1. INTRODUCTION

Sites of vulnerable constructions, such as nuclear power plants, are required to be evaluated
for seismic risk and monitored for seismicity (IAEA, 3.30, 2010). When a dense, local seismic
network is set up around the site, numerous microearthquakes are expected to be recorded. Local
networks can provide accurate estimates of seismic source parameters and thus seismotectonic
interpretation and seismic hazard evaluation of the area can be improved.

This study searches for an optimal configuration for a microearthquake network to be deployed
around a site selected for a power plant in northern Ostrobothnia, Finland. Ostrobothnia is si-
tuated in the seismically quiet central part of the Fennoscandian Shield (Figure 1). Due to the
low seismic activity rate of the area the network should have an ability to detect and locate ext-
remely weak seismic events. We suggest that the OstroBothnia Finland (OBF) network should
have an automatic event location capability down to ML 0.0 or lower.

2. SIMULATIONS OF AUTOMATIC LOCATION CAPABILITY

The event location performance of a local network is governed by azimuthal gap (AG, i.e. the
largest gap in azimuth between stations seen from the epicentre). For good location precision,
AG less than 180° is adequate. Small AG could be gained by simply surrounding the study area
consistently with stations.

P- and S-wave detections from at least three stations are a pre-requirement in an automatic loca-

tion procedure applied (Tiira et al. 2011). To simulate the automatic event location capability
of the OBF network, a relation between event magnitude and maximum detection distance is
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Kuva 1: A seismicity map of the study site (Ahjos and Uski, 1992). Macroseismic (-1970) and
instrumental (1971-) epicentres are denoted by gray and black dots. The triangles denote the
optimal station configuration and the star denotes the nuclear power plant site.

derived. The detection distances define the magnitude of the smallest earthquake that can be
located.

Contour maps presenting maximum AG and magnitude threshold My, are computed by forming
a 0.1x0.1 degree grid over the area. Mth is determined as the magnitude of the weakest loca-
table event on a given grid point and the maximum AG is computed directly from the nework
geometry.

3. RESULTS

The results of the study (Tiira et al. 2011; Valtonen et al. 2013) suggest that a minimum of ten
seismic stations is required (Figure 1), if the network is to have the event location threshold of
approximately ML 0.0 and the AG smaller than 180° within 25 km distance from the study site.
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Abstract

A travelling ionospheric disturbance (TID) associated to an atmospheric gravity wave (AGW) is detected
over Scandinavia on 20 January 2010, simultaneously using the EISCAT incoherent scatter radar in
Tromsg, and GPS measurements using the Swedish GPS network SWEPOS. The combination of different
instruments allows the determination and verification of various properties of the wave.

1. INTRODUCTION

TIDs (travelling ionospheric disturbances) are wave patterns in the ionosphere, which typically
have period lengths between a few minutes and several hours, and can travel over long distances,
often from high to low latitudes. The pioneering theoretical study by Hines (1960) has shown
that these waves propagate by the interplay of gravity and buoyancy, which mechanism is re-
ferred to as atmospheric gravity waves (AGW). Hocke and Schlegel (1996) gave an extensive
review of models, mathematical techniques and observations of the subject.

2. MEASUREMENTS USING EISCAT

The incoherent scatter radar EISCAT, located in Tromsg, Norway, measures profiles of electron
density, ion velocity, ion temperature, and electron temperature in the ionosphere. The high
vertical and temporal resolution of such measurements allows a good detection of the wave
features of TIDs. Hines (1960) showed that TIDs have a horizontal propagation velocity which
increases with height, and therefore, when observed in a vertical profile, show downward propa-
gating phase fronts. It has been confirmed in various measurements that this property is suitable
to distinguish gravity wave induced TIDs from other quasi-periodic disturbances which do not
have such a significant phase variation with height.

Vlasov et al. (2011) detected TIDs from a long-term almost continuous period of EISCAT data,
measured during the international polar year (IPY) campaign of March 2007-February 2008.
The current study continues on that work. The electron density as measured by the EISCAT
radar in Tromsg on January 20, 2010, is shown in Figure 1. These data have been band-pass
filtered in time at many different narrow pass bands, and the typical downward propagating
phase fronts of TIDs have been detected using dedicated pattern-recognition software. Figure
2 shows the filtered result around 1.05 hours (filter bandwidth 0.2 hours), and the patterns that
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Figure 1: The electron density on 20 January as measured by the Tromsg EISCAT radar.

were automatically detected. The vertical phase velocity of this wave was found to be 130 km/hr
at 200 km altitude, and decreasing to 40 km/hr at 80 km altitude.

3. MEASUREMENTS USING GPS

The vertically integrated electron density of the ionosphere, referred to as ‘total electron con-
tent’ (TEC), can be measured using GPS signals, by detecting the dispersive delay of the signals
in the atmosphere from the phase difference of the two received GPS frequencies.

In this paper, TEC values are used which were derived from the measurements from all 31 GPS
satellites by 143 receivers all over Sweden of the GPS receiver network SWEPOS. The result-
ing values were high-pass filtered to remove the slow daily trend, and averaged over latitude-
longitude grid squares. The result is shown in Figure 3 for four time points 10 minute apart on
20 January 2010. The wave was automatically detected, with a horizontal wavelength of 410
km, a propagation azimuth of about 170°, and a propagation velocity of 530 km/h.

4. NEUTRAL WIND ANALYSIS

The ion velocity as measured by EISCAT can be used to detect neutral winds, using electro-
magnetic equations and ion momentum equations. The technique is described by Nygrén et
al. (1990). In the result of this calculation for 20 January 2010, similar downward propagating
phase fronts as seen in Figure 1 can be seen in the eastward neutral wind, as shown in Figure 4.
This shows that the AGW is also present in the neutral wind.

136



200 : _ .
I | | ‘ . i
1 I" II II

| \ ) | 1

180 \ v
\ \ \ \
1} \ \ |
180 \ Y \ \
=) X LY Y L}
E \ '.‘ \ Y
= 140 \ A \ \
(93]
= b 5 A
E I e Y Y 5
120 n \ I
X N, b ki
100 & -
% B .
80 e e . |
T 8 9 10 11 12 13 14 15
hour (UT)
-8 -6 -4 -2 0 2 4 53 a8
a

NE| (electrons/m 3]

Figure 2: The electron density from EISCAT, band-pass filtered around 1 hour, and the down-
ward propagating fronts as detected by the software (dashed lines).

5. CONCLUSIONS

An AGW-TID was detected in the ionosphere over Scandinavia on 20 January 2010 round 11:00
UT. Using a combination of instruments and techniques, the wave was detected to have a period
length of about 1 hour and a horizontal wavelength of 410 km, and to propagate SSE with
velocity 530 km/hr. The same wave was found in the eastward wind of the neutral atmosphere.
Using this automated technique, many TIDs can be measured and quantified and statistically
classified.
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Figure 3: Fluctuations in the 2-dimensional TEC over Sweden on 20 January 2010, from the
GPS measurements, and the wave orientation, horizontal wavelength (distance between dashed
lines) and propagation velocity (arrows) as detected by the software. Time points: 10:04 (top
left), 10:14 (top right), 10:24 (bottom left), 10:34 (bottom right).
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Figure 4: Eastward neutral wind profile on 20 January 2010.
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Abstract

We made a series of wide-band frequency-domain electromagnetic (EM) soundings in Western Greenland
to test the applicability of the method for studies of deep permafrost in crystalline bedrock terrain. The
study area consists of different kind of geological and hydrological settings from the foreland and the ice
margin areas onto the ice sheet. The analysis of the geophysical data is supported by the chemical and
temperature data collected from drill holes penetrating the ca. 350 m thick permafrost.

1. TAUSTA

Arktisilla alueilla ikirouta vaikuttaa voimakkaasti pinta- ja pohjavesien virtaukseen. Kun maa on
roudassa, pinta- ja sadevesien imeytyminen ja virtaus rajoittuu ohueen sulaan pintakerrokseen
(aktiivikerros). Jarvien ja suurimpien jokien alla ikiroutaa ei ole, mikid mahdollistaa pintavesien
ja syvien ikiroudan alaisten pohjavesien sekoittumisen. Ikirouta ohjaa myds jditikon sulavesien
valumia. Kysymys, onko maankamara jdétikon alla roudassa vai sulana on merkittdavi, koska
ikirouta jaatikon alla estdisi sulavesien ja syvén ikiroudan alaisen pohjaveden sekoittumisen.
Sula kallio sen sijaan sallisi pintavesien kulkeutumisen pohjaveteen.

Ikiroudan ja jaitikkoalueiden hydrologian ymmaértdminen on tirkedd ja ajankohtaista kun 1dm-
penevi ilmasto sulattaa jaatikoitd ja ikiroutaa ja muuttaa arktisia vesi- ja ekosysteemejd. Ikirouta-
jaatikkoympariston hydrologia on merkityksellinen tekijd my0s kédytetyn ydinpolttoaineen jil-
leensijoitusratkaisun pitkdaikaisturvallisuuden kannalta. Kallion 1dmpdtilaa jaétikon alla ei tun-
neta hyvin eikd mittaustuloksia juurikaan ole. Tidssd tutkimuksessa kiytetddn epédsuoraa me-
netelméd - sdhkomagneettista (EM) luotausta — ikiroudan paksuuden ja kallion rakenteiden ja
olosuhteiden tutkimiseen sek jaétikolld ettd sen etumaastossa. Keskeiseni tavoitteena tdssé vai-
heessa on selvittdd kuinka tarkasti séhkomagneettisella luotauksella pystytdin kuvaamaan iki-
roudan paksuutta ja rakenteita kiteisessd kallioperdssid. Edelleen, tavoitteena on selvittdid miten
hyvin pystytdin kuvaamaan jiitikon alla olevan kallion ominaisuuksia. Tutkimusalue sijaitsee
Linsi-Gronlannissa Kangerlussuaq’ssa. Tutkimusalueelle ja4tikon etumaastoon on kairattu tut-
kimusreikid, joiden perusteella ikiroudan paksuus, limpdétila ja pohjaveden kemia tunnetaan.
Geofysiikan mittausaineistoa analysoitaessa on kairarei’istd saatu referenssitieto ensiarvoisen
tarkedd.
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Kuva 1: Kaavio Sampo-menetelméin periaatteesta. Lihetin on horisontaalinen silmukka. Vastaa-
notin koostuu kolmesta kohtisuorasta kelasta, jotka mittaavat magneettikentéin tangentiaalisen,
horisontaalisen ja vertikaalin komponentin. Lihettimen ja vastaanottimen vélinen védlimatka on
tyypillisesti 500 m.

Kuva 2: Luotaus jditikon etumaastossa. Kuvassa Jukka Lehtiméki (Kuva T. Ruskeeniemi).

2. LUOTAUKSET

Gronlannissa mitattiin Sampo EM-laitteistolla, jota on aiemmin kéytetty ikiroutatutkimuksiin
Antarktiksella ja Pohjois-Kanadassa (Korhonen ja muut, 2009). Sampo on laajakaistainen séh-
komagneettinen menetelmd, jonka mittaa 81 taajuudella 2 Hz:std yli 20 kHz:iin. Lihettimen ja
vastaanottimen vélinen etdisyys miidrittdd maksimaalisen tutkimussyvyyden, joka voi hyvissi
olosuhteissa ulottua jopa yli 1000 metrin (kuva 1).
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Abstract

In this article, we introduce a software package generated for geo- and paleomagnetic purposes. The
package has been written using the Python™ programming language, and works correctly with Python
2.7 and later versions with Matplotlib, Numpy and Basemap modules. The package includes 14 separate
programs, which can be easily accessed via a main program, and allows the user to calculate and es-
timate different properties of the recent and ancient geomagnetic field. The package is open-access and
can be used for scientific and educational purposes as long as it is properly referred to.

1. JOHDANTO

Maan magneettikentin mallinnukseen ja laskentaan on kehitetty useita vapaasti saatavilla ole-
via tyokaluja, kuten NOAA:n (National Oceanic and Atmospheric Administration) verkko-
palvelu (http://www.ngdc.noaa.gov/geomag-web/) ja Javaan pohjautuva USGS (United Sta-
tes Geological Survey) Geomagnetic Field Calculator (http://www.softpedia.com/get/Science-
CAD/USGS-Geomagnetic-Field-Calculator.shtml). Nailld tyokaluilla on kuitenkin monia ra-
joitteita, kuten niiden heikko soveltuvuus tilastolliseen mallinnukseen ja erilaisten palloharmo-
nisten mallien vertailuun. Lisiksi julkaisukelpoisten kuvien tuottaminen niiden avulla ei ole
erityisen kiytdnnollistd. Ndiden puutteiden myotd Geologian tutkimuskeskuksessa (GTK) ja
Helsingin yliopistossa syntyi tarve kattavalle ohjelmistopaketille, joka tekee geo- ja paleomag-
neettisen laskennan ja datan visualisoinnin mahdolliseksi.

2. OHJELMISTOPAKETIN RAKENNE

Artikkelissa kuvailtu ohjelmistopaketti on kehitetty Python™-ohjelmointikielen versiolla 2.7
(http://www.python.org). Varsinaisen Python-ohjelmointiympériston lisdksi se vaatii toimiak-
seen Matplotlib- Numpy- ja Basemap-laajennukset. Ndmé ovat vapaasti saatavilla Linux/Unix-,
Mac OS X- ja Windows-jirjestelmille. Ohjelmistopaketti koostuu pddohjelmasta ja seuraaviin
tarkoituksiin laadituista aliohjelmista:

1. * Napavaelluskartan piirtdminen kéyttdjdn antamien paleomagneettisten napojen koordi-
naattien, virherajojen ja ikien avulla.
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Kuva 1: Zonaaliset, sektoriaaliset ja tesseraaliset pallofunktiot ovat palloharmonisen menetel-
min kdyton perusta. Tédssd funktioiden kiyttaytymistd on havainnollistettu maailmankartalla.
Keskipisteeksi on asetettu Helsinki (60° N, 25° E).

N

10.
11.

12.
13.

14.

* Napaisuuskddnnoksen epdsymmetrian laskenta kdyttdjan antamien normaalia (N) ja
kadnteistd (R) napaisuutta edustavien deklinaatio-inklinaatioparien perusteella.

* Paleomagneettisten napojen ja suuntien hajonta kdyttdjdn antamalla ajanhetkelld CALS7K-
mallin mukaisesti.

* Palloharmonisten koordinaattien aikakehitys IGRF- (IAGA, 2010), GUFM- (Jackson et
al. 2000), CALS3K- (Korte et al. 2009) ja CALS7K-malleissa (Korte ja Constable, 2005).
Magneettikenttivektorin, deklinaation ja inklinaation laskenta kallistetun dipolimallin mu-
kaisessa magneettikentissa.

* Fisher-statistiikan laskenta kiyttdjin antamien paleomagneettisten suuntien perusteella.
* Inklinaatiofrekvenssijakauman laskenta ja sen y2-luotettavuustestaus Maan magneetti-
kentin keskeisdipolihypoteesin (GAD) pétevyyden arvioinnissa.

* Inklinaation ja paleolatitudin vertailu zonaalisissa magneettikenttdmalleissa.

* Magneettikentin voimakkuus globaalisti erilaisissa dipolimalleissa (GAD g9, ekvatori-
aaliset dipolit g} ja il ja kallistettu dipoli ¢¥ + g{ + hi.

* Zonaalisten, sektoriaalisten ja tesseraalisten pallofunktioiden havainnollistaminen.

* Inklinaation globaalijakauma ja kompassisuunnat kéyttdjan antaman multipolimallin
perusteella.

* Dipolimomentin aikakehitys IGRF-, GUFM-, CALS3K- ja CALS7K-malleissa.
Inklinaation ndenniisen madaltumisen tai jyrkkenemisen arviointi multipolikentédssd, kun
vertailukohtana on GAD-hypoteesin mukainen kenttd.

* Kenttdvoimakkuus paleolatitudin funktiona IGRF11-mallissa.

Asteriskilla (*) merkityt ohjelmat tuottavat laskentatuloksista kuvan tai kaavion. Kaikki ku-
vat voidaan tallentaa joko skaalautuvassa vektorimuodossa (eps, pdf, svg) tai rasterigrafitkkana
(png). Ohjelmia voi kéyttdd sujuvasti padohjelman PACKAGE-main.py kautta, ja kiyttdjd voi
my0s halutessaan palata pddohjelmaan, kun aliohjelma on tehtdvénsa suorittanut.

3. ESIMERKKEJA

Kuvat 1, 2, 3 ja 4 havainnollistavat ohjelmistopaketin kdyttdd erilaisiin tarkoituksiin.
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Kuva 2: Inklinaatiot ja magneettista pohjoista kohti osoittavat suuntavektorit IGRF2010-malllin
mukaisessa geomagneettisessa kentédssi.
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Asymmetry parameters:
antiparallelity = 43.30°, A(D) = 98.80°, A(l) = 34.90°

Kuva 3: Esimerkki napaisuuskddnnoksen epdsymmetrian laskennasta kdyttdjin antamien N- ja
R-napaisuutta edustavien suuntien perusteella. Tdssd avoin symboli kuvaa Arizonan diabaasien
(Donadini et al., 2011) normaalia suuntaa (D=280.3°, 1=48.2°) ja suljettu symboli kédénteisti
suuntaa (D=199.1°, I=-83.1°). Ohjelma piirtdd tulokset pallokartalle, jossa pisteiden vilinen
isoympyrid nidkyy selvisti.

Kuva 4: Eteld-Kiinan paleomagneettiset navat neoproterotsooisella ajalla (1000-542 Ma).
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Abstract

In this article, we present a novel database for the Precambrian generated for various purposes. Cur-
rently, the database includes 3162 observations of Precambrian paleomagnetic data, most prominently
from peer-reviewed articles. The data has been gathered from 35 geologic units globally, and has been
ranked using the Van der Voo quality criteria. One of our main intentions is to make the database easy
to use via a web browser. The database runs the open-source MYSQL technology and its user interface
has been developed using a HTML form and server-side PHP scripts.

1. INTRODUCTION

Most paleomagnetic applications require a precise and rationally organized database of pale-
omagnetic measurements carried out globally. The need of databases emerged already in the
1960s (e.g. Irving, 1964), when it became evident that studying the continental drift is not pos-
sible without coupling paleomagnetic information with precise radiometric age information.
Hence compilations of paleomagnetic directions and poles were made in different parts of the
world. Thereafter, modern relational databases, such as the Global Paleomagnetic Database
(McElhinny and Lock, 1996; Pisarevsky, 2005) and the archeomagnetic GEOMAGIA database
(Korhonen et al. 2008) were generated. Here we present a novel open-access paleomagnetic
database, hereafter called PALEOMAGIA, which runs PHP and MYSQL.

2. PURPOSES OF PALEOMAGNETIC DATABASES

Whenever functional, databases can be used for paleogeographic reconstructions, derivation
of apparent polar wander paths (APWPs) of cratons, inclination frequency analysis in testing
the functionality of the Geocentric Axial Dipole (GAD) hypothesis, analysis of paleosecular
variation (PSV) using the scatter of poles, study of reversal asymmetries, and comparison of
paleolatitudes of climatically sensitive sediments with those of igneous rock data, etc. Here we
outline the final stage of a long lasting project to make a novel and user-friendly paleomagnetic
database ("PALEOMAGIA") of Precambrian results. The database, originally built merely as a
data catalogue in 1986 at the first Nordic paleomagnetic database meeting, has since that been
updated at intervals of every four years (e.g. Pesonen et al. 1991). In 2001, a decision was made
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to upgrade the database from a Nordic-only compilation to a global one. The new catalogue was
generated using Microsoft Excel, and despite being an improvement when compared with a set
of plain text files, it cannot provide an adequate platform for a number of database applications,
such as cross-table queries. Hence we have worked to provide a new version of the database,
which will be available online via the website of the Division of Geophysics and Astronomy
(http://www.gastro.physics.helsinki.fi) in near future.

3. DESCRIPTION OF CONTENTS

The database, named PALEOMAGIA (Paleomagnetic Information Archive), has been constructed
using the open-source MYSQL technology and can be used simply by filling an online form,
which asks the user to choose the desired search criteria. The connection to the hosting MYSQL
server is obtained using PHP scripts. These allow the user to filter the data geographically, or
according to geological blocks to restrict the query to peer-reviewed data only, to order the
data with respect to different properties (age, Voo grading, year of publication, etc.). Free text
queries from rock unit, author and journal data are also possible from the 35 tables, where the
3162 entries of data are stored:

e AFRICA

— Kaapvaal

— Kalahari-Sinclair (including Grunehogna, which is presently in Antarctica)
— West Africa

— Zimbabwe

e ASIA

— Arabia

— Central Asia (Kazakhstan, Altaids)
— India (including Seychelles)

— North China

— Siberia-Taimyr

— South China

— Tarim

e AUSTRALIA

— Australia (post - 1100 Ma)

— Australia (northern, 1100-2000 Ma)
— Australia (southern, 1100-2000 Ma)
— Australia (western, 1100-2000 Ma)

— Australia (Pilbara, pre-2000 Ma)

— Australia (Yilgarn, pre-2000 Ma)

e EUROPE

Baltica (Karelia, Kola, Svecofennian, Ukraine, Ural, post - 1800 Ma)
Baltica (Karelia, Kola, Svecofennian, 1800-2500 Ma)

Baltica (Karelia, Kola, pre-2500 Ma)

Sciphea, Timan
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— Ukraine - Volgo-Uralia (pre-1830 Ma)

e NORTH AMERICA

Hearne (pre-1830 Ma)

Laurentia (post - 1830 Ma, including Greenland, Scotland and Svalbard)
North Atlantic (Greenland, Nain, pre-1830 Ma )

Slave (pre-1830 Ma)

— Superior (pre-1830 Ma)

— Trans-Hudson (pre-1830 Ma)

— Wyoming (pre-1830 Ma)

e SOUTH AMERICA

— Amazonia
— Rio de la Plata

¢ OTHER UNITS (CROSS-CONTINENTAL, ETC.)

— Avalonia

— East Antarctica

— Congo - Sao Francisco
— Pan-African — Brasiliano

Unlike previous databases, including GPMDB), our database employs the van der Voo quality
scale (Van der Voo, 1993), which allows the user to distinguish reliable entries from unreli-
able ones. In our modification of the Voo grading, six criteria have been included, whereas the
criterion #7 has been excluded as being non-unique (too complex) with Precambrian observa-
tions. In addition, most paleomagnetic poles have been updated to match new geochronologic
constraints, preferring isotopic ages if available. We have split, whenever possible, the paleo-
magnetic entries into normal (N), reversed (R) and combined (C) subentries by recalculating the
published data into two polarity groups when it is obvious. However, a warning is given here
since the concepts of normal and reversed polarity must be applied for each craton separately
because of inadequate global magnetic polarity sequences for the Precambrian. However, as
an exception, Laurentia and Baltica were most likely conterminous in the Mesoproterozoic and
their data polarity back-tracking is therefore possible and perhaps even cross-matching (Peso-
nen et al. 2012). The tables of each continent include cratonic terrane information, since this
is essential not only for reconstructions of ancient continent blocks, but also for spatiotemporal
binning (Kent and Smethurst, 1998). We have also calculated several other useful parameters
such as the scatter of paleomagnetic directions (s) and poles (S), quantities very useful in study-
ing the paleosecular variation (Veikkolainen et al. 2012).
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Figure 1: An illustration on results of a database query, regarding the data of North China block
in an ascending age order.
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Abstract

The EURISGIC project (European Risk from Geomagnetically Induced Currents) aims at deriving statis-
tics of geomagnetically induced currents (GIC) in the European high-voltage power grids. Based on
an approximate model of European power grids, geomagnetic data all over Europe in 1996-2008 and a
comprehensive collection of 1-D ground conductivity models across Europe, we have calculated GIC as
1-min time series. We present here some key results concerning the largest GIC.

1. INTRODUCTION

The EURISGIC project (European Risk from Geomagnetically Induced Currents) has improved
previous methods to calculate geomagnetically induced currents (GIC) into a continental scale
(Viljanen et al., 2012). One objective of the EURISGIC project is to derive a map of the sta-
tistical occurrence of GIC throughout Europe. This helps power companies assess the possible
GIC risk and identify past events which possibly have affected power transmission.

2. METHODS

The first step in the GIC modelling is to calculate the geoelectric field at the Earth’s surface.
For this, we use geomagnetic recordings as 1-min time series from European observatories and
other measurement sites in 1996-2008. We relate the local magnetic field to the electric field
by the surface impedance determined by the local 1-D ground conductivity model at different
blocks covering Europe (Addm et al., 2012).

We calculate GIC in a prototype grid model covering Europe in four separate parts (Fig. 1): 1)
South and Central Europe; 2) Nordic countries (including North-West Russia); 3) British Isles
(UK and Ireland); 4) Baltic countries. As discussed by Viljanen et al. (2012), the power grid
model is inevitably an approximation and can thus produce only indicative measures for GIC.
However, it is useful in identifying the major events in the past and in a relative comparison of
different regions of Europe.
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Figure 1: Prototype model of high-voltage power grids in Europe (Viljanen et al., 2012).

3. RESULTS

There are three factors contributing to the occurrence of GIC: topology of the power grid, ge-
omagnetic variations and the ground conductivity. The prototype grid model used in this study
indicates that all parts of the European grid can in principle experience large GIC if the electric
field has no spatial variations. However, the spatial variability of both the magnetic field and
the ground conductivity create nonuniform electric fields.

Variations of the geomagnetic field are generally largest and most rapid in the north at and close
to the auroral region. If the ground conductivity were identical everywhere then the electric
field would decrease smoothly towards the south. The true conductivity is much more complex,
which causes an additional spatial variation. However, North Europe is still the most likely
area of large electric fields. Especially, there are regions in the north having a small ground
conductivity, which tends to further increase the electric field. Based on European geomagnetic
data of 1996-2008 and the ground conductivity model consisting of 1-D blocks, GIC levels are
highest in the Nordic countries (up to a few 100 A between transformer neutrals and the ground)
and clearly smaller in the Baltic countries, British Isles and South and Central Europe (less than
100 A).
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Figure 2: Sum of GIC to/from the ground at all nodes of the prototype model of the South
and Central European power grids on 29 Oct 2003. Red colour denotes periods when the sum
exceeds the limit for the top 0.1% values in 1996-2008.
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Figure 3: Sixty stations with the largest GIC in South and Central Europe in 1996-2008. GIC
at the denoted sites varies between 20 A and 50 A.
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The largest geomagnetic storms in 1996-2008 occurred on 15 Jul 2000 and 29-30 Oct 2003.
Figure 2 shows the sum of GIC at all nodes of the South and Central European grid on 29 Oct
2003. We have produced similar plots for all days in 1996-2008 for the different parts of the
power grid model.

As an example of the regions that most likely experience large GIC, Fig. 3 presents the case
in South and Central Europe. There is a clear cluster of "hot spots” in the middle parts of the
grid in a zone from France to Hungary. This region has smaller ground conductivities than the
surroundings, so large electric fields and GIC can be expected there.

A further objective related to statistics is to derive worst-case scenarios such as once per 100-
year events. Such estimations have been published by Pulkkinen et al. (2012) and Thomson et
al. (2011), and additional investigations are going on within the EURISGIC project.
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Abstract

The superconducting gravimeter (SG) is a relative instrument, which should regularly be compared with
an absolute gravimeter (AG) for determination of drift, to connect SG data after longer gaps, and to
remove big offsets. Additionally, the scale factor of the SG needs to be determined using simultaneous
observations with an AG. The SG T020 is recording at Metsdhovi gravity laboratory since 1994. Regular
AG measurements have taken place between 1988 and 2002 with the JILAg-5 gravimeter and from 2003
onwards with the FG5-221. We have compared results of the SG and the AG between 2003 and 2012.
For calibration we have used the time series of both instruments without any corrections. For drift com-
parison we have corrected the time series of both instruments in a similar way for three effects: tides,
polar motion and influence of the atmosphere. In Metsihovi, the hydrological variation (local-regional-
global) is the largest effect. Seasonal variation can be up to 8 ugal peak-to-peak. In addition, loading
by the Baltic Sea causes the effects up to 3 ugal. The hydrological signal is seen in both the SG and AG
data. Correcting the AG record on the basis of models confirmed by the SG can mprove considerably the
precision of determination of the gravity trend due to postglacial rebound.

1. JOHDANTO

Suprajohtava gravimetri (SG) mittaa painovoiman ajallisia muutoksia ddrimméiisen suurella
tarkkuudella. Aika-alueella erotuskyky on 50-100 ngal ja periodisille ilmidille pienempi kuin 1
ngal (1 ngal=10~!! ms~2). SG:n toiminta perustuu suprajohtavan testimassan leijumiseen pysy-
vissd magneettikentédssi. joka on aikaansaatu suprajohtavilla keloilla. Painovoiman muuttuessa
testimassa pidetédédn paikoillaan takaisinkytkentékelan avulla ja tarvittava jdnnite antaa painovoi-
man muutoksen. Laite on pysyvisti sijoitettu Metsdhoviin vuonna 1994. Absoluuttigravimetri
(AG) perustuu havaintoihin putoavasta testikappaleesta laserinterferometrian avulla. Laitteella
voidaan saavuttaa noin == 2 pgalin tarkkuus (1 pgal = 1078 ms~2). Laite on siirrettivi ja silld
tutkitaan postglasiaalisen maannousun toimintamekanismia ja kédytetddn myods painovoimajir-
jestelmien referenssini (Bilker-Koivula et al. 2008).

SG:lla voidaan havaita esimerkiksi ympiristotekijoiden aiheuttamia painovoimamuutoksia. Met-
sdhovissa vuotuinen maksimimuutosalue voi olla 8 pgal. Laitteella on kuitenkin kéyntid ja eri
syistd johtuvia hyppyjd. Liséksi laite on vélttamittd kalibroitava. AG:lla ei ole periaatteessa
kdyntid, mutta silldkin voi tapahtua mekaanisista syistd hyppédyksid. AG:n painovoimanmuu-
tosta sanotaan trendiksi. Samanaikaisissa mittauksissa Metsdhovissa laitteiden ominaisuudet
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tdydentivit toisiaan (Crossley et al. 2009). AG mittauksia on tehty Metsdhovissa 1987 ldhtien
JILAg-5 laitteella ja vuodesta 2003 uudemmalla FG5-221 laitteella. Laite oli kalibroitu ensim-
mdisen kerran JILAg-5 laitteella 1996. AG laboratoriossa on kaksi havaintopilaria absoluutti-
mittauksille Metsidhovi AB ja AC.

2. MITTAUKSET JA VERTAILUT

Kalibrointi tarkoittaa AG:n painovoima-arvon ja SG:n mittaustuloksen (V) lineaarista relaatiota:

SGy = CF x SGV + vakio (1)

CF on kalibrointikerroin joka voidaan laskea lineaarisella regressiolla. Menetelmid SG:n ja
AG:n mittausten yhdistdmiseksi on useita. Tédssd tapauksessa AG-mittaussarjoja on tehty puo-
len tunnin viélein, késittden 50 pudotusta 10 sekunnin vélein. Niistéd on laskettu sitten painotettu
keskiarvo. SG:n mittaukset ovat sekunnin vilein ja sitten on laskettu samalta AG:n ajanjaksolta
500 sekunnin keskiarvonédyte. Molempien laitteiden mittauksiin ei ole tehty mitdén korjauksia.
Tulospareista SGV:n ja AG:n avulla voidaan laskea sitten painotetulla regressiolla kalibrointi-
kerroin. Kalibrointijaksot Metsidhovissa ovat olleet 2-7 péivii, sisiltden parhaimmillaan yli 300
vertaustulosta. Té@hin kalibrointiin otettiin 24 samanaikaista mittausjaksoa vuosilta 2003-2012.
Tuloksia on esitetty kuvassa 1. Kalibrointimittauksia on tehty molemmilla pilareilla.

AG:n pitkdaikaiseen aikasarjaan vaikuttaa maannousun aiheuttama painovoiman vidheneminen
ja vertailussa SG:n kidynti. SG:n kiynti sisdltidd seki laitteesta johtuvan kdynnin ja maanousun
trendin. AG ovat SG samanlaisten ympiristovaikutusten alaisia, joten hydrologiasta ja Itimeren
kuormituksesta atheutuu samanlainen painovoimavaikutus. Vertailua varten molempien instru-
menttien tulokset ovat korjattu samalla tavalla (vuoksi, ilmanpaine, navanliike). Kuvassa 2 on
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esitetty molempien laitteiden tulokset, ennen ja jédlkeen trendin ja kdynnin poistamista. SG:n
kdynti on noin 2 pgal vuodessa. Maannoususta johtuva AG:n trendi (pilari AB) on noin 0.5
pgal vuodessa. Maannousu Metsdhovissa on 2 mm/vuosi ja siitd pitdisi tulla noin 0.6 pgalin
vaikutus. Alempi kuva osoittaa selvin vuotuisen vaihtelun painovoimassa. Kuvassa 3 on esi-
tetty erilaisten hydrologisten tekijoiden ja Itdmeren vaikutusta havaittuun painovoimaan. Pai-
novoimavaikutukset ovat lasketut SG:n havainnoista. Tulokset ovat paikallisesta pohjavedes-
td, Suomen kokonaisvesivaraston (WSFES) vaihtelusta (Vehvilidinen, 2007), globaalista mallista
GLDAS (Rodell et al. 2004) ja Helsingin mareografilta. AG:n mittausten hajontaa (2.5 pgal),
voidaan pienentdd ympéristovaikutusten avulla (30 % varianssissa).

3. JOHTOPAATOKSIA

Suprajohtavalle gravimetrille on saatu tarkka kalibrointikerroin, 110.43+0.12 (ugal/V), joka
vilttamiton kiintedn maan vuoksitutkimuksissa ja valtamerien erilaisten vuoksimallien vertai-
luissa. Pitkilld havaintosarjoilla voidaan osittain kumota ajallisten painovoimavaihtelun vaiku-
tukset maanousumekanismin tutkimuksessa ja péételld, tapahtuuko esimerkisi sisdistd massan
siirtoa. Korjauksilla on vaikutusta myos trendin tarkkaan arvoon, joten ne vaativat lisdtutkimus-
ta. Metrologian vaatima tarkkuus télld hetkelld on 10 pgal, joten siltd osin ei vield tarvita ympi-
ristovaikutusten mukaanottoa. Tdssi ty0ssd kdytettyjen yksinkertaisten menetelmien lisdksi pi-
tdisi soveltaa edistyneempid menetelmid (Wziontek et al. 2006), joissa SG/AG-instrumentteihin
liittyvit tekijdt voidaan ratkaista yhtdaikaisesti ilman korjauksia.
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Abstract

We describe novel algorithms for processing optical observations of space debris. First, we
put forward a streak detection algorithm that classifies satellite or debris streaks using Prin-
cipal Component Analysis, including Bayesian classifiers and K-nearest-neighbor classifiers
as essential components. Second, we consider the space-debris orbital inversion problem via
the concept of Bayesian inference and demonstrate the applicability of our statistical orbital
analysis software to Earth-orbiting objects.

1. INTRODUCTION

During the past decades, the near-Earth space has become densely populated by man-made
objects. It has been estimated that our space activities have left behind a population (active
satellites as well as debris) of over 300,000 objects larger than 1 cm. To have a realistic un-
derstanding of this highly dynamic population — its size and orbital distribution, frequency of
collisions etc. — constant monitoring and, in turn, efficient algorithms for observation process-
ing are required. Observations are being carried out with both ground-based and space-based
instrumentation. When observing from ground, optical telescopes are best suited for high-
orbiting debris (GEO, GTO), while radars can detect debris on low-Earth orbit regime (LEO,
below 2000 km). Processing of the optical data, the subject of the present work, starts by ef-
ficiently detecting the streaks produced by these fast-moving objects from the images. Then,
after astrometric reduction, the resulting sky position and timing of the streak can be used for
orbital analysis of the object. The orbital parameters of the object serve as a basis for more
detailed populations studies.

In the present work, we first put forward a streak detection algorithm that classifies satellite
or debris streaks using Principal Component Analysis, including Bayesian classifiers and K-
nearest-neighbor classifiers as essential components. Second, we consider the space-debris or-
bital inversion problem via the concept of Bayesian inference and demonstrate the applicability
of our statistical orbital analysis software to Earth-orbiting objects.

2. STREAK DETECTION
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We are developing a streak detection algorithm that utilizes pattern recognition methods with
supervised learning as an essential component. We identify at least the following different cases
of streak detection, using SD, Ast, and F as acronyms for space debris, asteroid, and fixed stellar
and extragalactic sources, respectively.

The source can show, at the very least, one of the following two-dimensional morphologies
(the source occupies one or more pixels): (I) point-like source; (II) a linear, mathematically
single-connected trail; (III) a linear but nonuniform and not necessarily single-connected trail;
(IV) a curved, mathematically single-connected trail; and (V) a curved but nonuniform and not
necessarily single-connected trail. The streak detection algorithm must be capable of classifying
the source in a 15-dimensional space (three classes of objects, five classes of sources). We carry
out this task using SD-PCA (Space-Debris classification using Principal Component Analysis).
The SD-PCA method is developed from the IC-PCA method recently developed for automated
ice-particle classification from the CCD images of the airborne CPI-imager experiment (Cloud
Particle Imager) using PCA (Lindqvist et al. 2012).

We express all the sources in the space-debris survey images as silhouettes (brightness infor-
mation potentially also utilized). Ideally, removing the known sources, that is, the Ast and F
sources, will result in a set of SD sources. Depending on the class 1-V, the SD sources will
constitute anything between one single-connected two-dimensional entity on the image and nu-
merous entities on the image. In what follows, we describe how the SD sources are classified
into the classes I-V, beginning from the case of a single SD source and gradually working our
way to classifying multiple SD sources in a single image. The key issue in developing the
SD-PCA method is the selection of features that characterize the sources in classes I-V.

Assume, first, that a single SD source appears in an image with one of the appearances described
in classes I-V. For discriminating between compact and non-compact appearances, we utilize the
mathematical concept of a convex hull or a convex envelope: the convex hull of a set of pixels
in the two-dimensional image is the smallest convex set of pixels that contains the predefined
set of pixels. The convex hull can be visualized as being the shape formed by a rope tightened
around the predefined set of pixels. Comparing the area of the silhouette for the SD source
against the area of the convex hull of the silhouettes discriminates between compact and non-
compact sources (cf. Lindqvist et al. 2012). This first step allows for the discrimination of
classes (i) and (ii) from the classes III-V.

Consider, second, the discrimination of the sources in classes I and II from each other. One
possibility is to determine the maximum diameter of the silhouette and compare that to the
diameter computed perpendicular to the line corresponding to the maximum diameter. The
resulting aspect ratio discriminates between class-I and class-II sources. Let us consider the
discrimination of the sources in classes III-V. Among these three classes, the class-1II sources
can be identified again on the basis of the areal ratio of the source itself and its convex hull,
as the convex hulls for curved class-IV and class-V sources occupy many more pixels than
the actual sources do. This discrimination can be strengthened by computing a distribution of
outward normal vectors for the perimeters, in which case the linear trail stands out as having two
prefered normal vector directions. A yet another geometric feature, that is, the so called concave
hull, allows for the discrimination between the class-IV and class-V sources: the concave hull

160



of a silhouette is obtained by rolling a circle of finite radius around the silhouette. In the limit of
an infinite radius, one obtains the convex hull. Comparing the areal ratios of curved trails and
their concave hulls discriminates between curved single-connected trails and the non-uniform
trails.

Consider next the possibility of multiple sources in a single image. This complicates the anal-
ysis substantially as, a priori, one cannot know how many different objects are present in the
image. For the sake of clarity, we constrain the analysis to the case where all of the multiple
sources belong to the same class, that is, one of the classes I-V. We assume that all the silhou-
ettes given by a predefined threshold brightness value have been extracted from the images.
This implies that there can now be multiple silhouettes pertaining to a single object. Cosmic
particle traces can be distinguished using similar morphological analyses. Furthermore, we can
introduce criteria for an object being unclassified: this allows particular attention to be paid to
exceptional objects/sources. For trails ending at the image boundaries, orbital analyses using
the MCMC ranging method can constrain the space-debris object’s orbital elements as well as
the actual ends of the trail and/or timing along the trail. If necessary, it is possible to combine
the orbital analyses with the PCA classification algorithm for improved performance.

3. ORBITAL ANALYSIS

We consider the space-debris orbital inversion problem via the concept of Bayesian inference.
The methodology has been put forward for the orbital analysis of solar-system small bodies in
early 1990’s (Muinonen and Bowell, 1993). In the Bayesian formalism the parameters to be
solved for are treated as random variables and the entire orbital solution, including uncertainty
information, is contained in the resulting posterior orbital-element distribution. Furthermore,
all 6 dimensions are treated rigorously, that is, without predefining the shape of any parts of the
posterior distribution.

Several Bayesian methods for asteroid orbit computation have been developed during the last
two decades and the latest developments, with particular application to ESA’s Gaia mission,
are summarized by Muinonen et al. (2012). These include well-established Monte Carlo
(MC) techniques, such as statistical ranging, as well as recently developed Markov-chain MC
(MCMC) techniques. In particular, we exploit the novel virtual-observation MCMC method
(Muinonen et al. 2012), which is based on the characterization of the phase-space volume of
orbital solutions before the actual MCMC sampling (Fig. 1). All Bayesian orbit-computation
methods that have been developed for asteroids are included in the open-source package OpenOrb
which is covered by a GNU GPL v3 license (Granvik et al. 2009). OpenOrb is widely used in
the asteroid community, e.g., as a part of the Pan-STARRS1 Moving Object Processing System
and the Canadian NEOSSat mission launched on Feb 25, 2013.

4. DISCUSSION
European Space Agency’s Space Situational Awareness (SSA) Programme, started in 2008,
aims at detecting, predicting and assessing the risk to life and property due both man-made and

natural objects as well as space weather. One of the three main areas of the programme is survey
and tracking of objects in Earth orbit.
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Figure 1: Virtual-observation MCMC solution for asteroid 2006 RH;4g, so far the only discovered nat-
ural Earth satellite (captured in 2006 and spent 1 year orbiting the Earth). The distribution of geocentric
eccentricity eg and inclination ig with a timespan of 1.5 hours and 7.5 hours (close-up in the small
frame). (From Granvik et al. 2012b)
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Our statistical methods and the resulting orbital element p.d.f’s immediately enable probabilistic
analysis such as population studies or impact predictions to be carried out. Furthermore, this
can be readily done also for very sparse data sets and data sets of poor quality - providing that
some a priori information on the observational uncertainty is available. To carry out population
studies, a catalogue of individual space debris objects is needed, which in turn would require
linking of individual space debris detections to specific objects. This is a demanding task and
currently only around 16,000 objects are listed. Efficient numerical methods developed for
linking of asteroid observations (Granvik & Muinonen, 2005 and 2008) can be applied to space
debris to improve the situation. In a similar manner, impact probabilities with the Earth can be
estimated for space debris, as has been done for asteroids from the discovery night onwards, e.g.,
by Virtanen et al. (2006) and Oszkiewicz et al. (2012), the latter study includes the sampling
of the observational-error standard deviation as a random variable. Here we have demonstrated
the applicability of our statistical methods to geocentric objects. Their usage for space debris
observations is currently under discussion with ESA.
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Abstract

We have analyzed different sources of uncertainties in 215 century climate projections as provided by
two consecutive climate model ensemble generations CMIP3 (used in the Fourth Assessment Report of
the IPCC) and CMIP5 (to be used in the Fifth Assessment Report). We divide the total variance into three
additive components caused by 1) internal variability of climate (chaotic, non-reducible in the long-term)
2) modelling uncertainty (potentially reducible in all time scales) and 3) uncertainty caused by socio-
economic development of humankind (non-reducible in all time scales). As climate models are constantly
being developed, they become more complex as more processes are being explicitly incorporated into
them. On the basis of our data, this leads to increased uncertainty in the future climate projections.
This uncertainty should be systematically taken into account as a part of any adaptation measure aimed
against climate change, using proper risk analysis methods. Postponing adaptation in the hope of future
climate models to provide us with more accurate estimates of climate change compared with the ones of
today is a poor strategy as such simulations might not become available in the first place.

1. INTRODUCTION

Global climate models are the only plausible tools for estimating climate change in the time
scale of several decades. These simulations of the future climate have several practical applica-
tions and they are widely used in decision-making. They are based on several assumptions of
the development of humankind in the future, defining the degree of greenhouse gas emissions
and, eventually, the radiative forcing on climate system (so called scenario uncertainty, sce-
nario is here defined as an internally consistent socio-economic description on a future outcome
of greenhouse gas emissions). Also, the structure of the climate model used strongly affects to
the simulated response on a specific climate forcing. As no one single climate model can be
shown to be superior to the others (e.g. Gleckler et al. 2008) and because this modelling uncer-
tainty needs to be sampled somehow, several climate models are typically used for estimating
future climate change. Finally, the Earth’s climate system as a whole is very complicated as it
consists of several subcomponents (cryosphere, lithosphere, biosphere, atmosphere and the hy-
drosphere) which are in constant mutual interaction with each other. Hence, the climate system
also incorporates “natural/internal climate variability” on all time scales, which can be seen as
fluctuations in climate even if all external factors affecting climate are kept as constant.

Scenario and model subcomponents are illustrated in Figure 1. Each of the three subcomponents
have a very different nature related to them: Deterministic evolution of climate is impossible for
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Figure 1: Smooth fits of annual global mean temperatures simulated by 13 different CMIP5 cli-
mate models. Time period 2005-2100 is based on different rcp (Representative Concentration
Pathways) emissions scenarios. The thick lines are multi-model means and thin lines individ-
ual model simulations (for clarity, these are shown only for rcp26 and rcp85 scenarios). The
variability between thick lines illustrates scenario uncertainty and variability between thin lines
illustrates modelling uncertainty. Internal variability is not illustrated in the figure.

time scales longer than a few decades, making internal variability mostly non-reducible. Mod-
elling uncertainty is potentially reducible through scientific investments through better process
understanding and the constant development of climate models. Scenario uncertainty cannot be
reduced by any objective means, as no probabilities are attached to different socio-economic
scenarios. In other words, humankind can be assessed to develop regards to different pathways
which correspond to different greenhouse gas emissions, but no probabilities are given to dif-
ferent outcomes. Many of the climate model users would likely prefer climate predictions with
small uncertainty related to them as it would facilitate decision-making in various applications.
Should the uncertainty intervals in future climate projections to be reduced, it will have to be
through model development and better scientific understanding. How much of the total variance
is reducible in the first place and how does the gradual development of the models affect the
actual uncertainties? To study this, we followed the method proposed by Hawkins and Sutton
(2009). We applied it to monthly mean temperature and precipitation projections of two con-
secutive generations of global climate models, in order to acquire a comprehensive picture on
the relative importance of different uncertainties and their temporal development through time.
The analysis presented in this abstract is based on the manuscript Ylhdisi et al. (2013).
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Figure 2: Globally averaged variance in JJA (June-July-August) season divided into three addi-
tive subcomponents, as simulated by CMIP3 (dashed) and CMIPS5 (solid) climate model ensem-
bles. Left column for seasonal mean temperatures, right column for accumulated precipitation.
Upper row shows the absolute values, bottom row the fractions from the total variance.

2. SELECTED RESULTS

Figure 2 represents the temporal evolution of the three different types of globally averaged un-
certainties in future climate projections for northern Hemisphere summer months (the results
look qualitatively the same also for the other seasons). The two variables show a very dif-
ferent behaviour to them regards to the importance of the three subcomponents. On the long
time scales, relative importance of modelling uncertainty is much larger for precipitation than
for temperature, whereas simulations of future precipitation are very insensitive to the actual
greenhouse gas emissions on all time scales. For temperature, the effect of any mitigation ef-
forts for climate change is more and more seen towards the end of the century implied by the
growing importance of scenario uncertainty. For near-term (order of 40 years), the choices made
by humankind do not have a noticeable effect on the temperature, emphasizing the discrepancy
between the timescales relevant for most societal investments and the climate system itself.

Figure 2 also allows the comparison of different climate model ensembles. When comparing the
latest CMIP5 ensemble with the CMIP3 ensemble, a notable increase of variance is seen for all
subcomponents (except for internal variance of temperature). This finding might at first seem
very counter-intuitive, but actually is in line with the earlier findings from carbon cycle models
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(e.g. Cadule et al., 2009): New scientific research does not necessarily lead to increased confi-
dence or reduced uncertainty in the climate projections. On the opposite, uncertainty intervals
seem to have been only increased, as the complex climate system is able to produce feedbacks
which were not anticipated previously. The results of Figure 2 have considerable geographic
differences to them, though. For temperature, the importance of the modelling uncertainty is
the most important over high latitudes, especially near the cryospheric borderline where the
surface type has a large importance for the surface climate (temperature will increase the most
over areas where sea ice is melting). Over the low latitudes, scenario uncertainty has the largest
importance. These findings are the opposite for the precipitation.

3. FINAL COMMENTS

When using the climate model predictions for applications, most users understandably prefer
using the latest set of climate models developed, abandoning the older models as being outdated.
Even though research work is currently ongoing, our study sheds some light to the applicability
of this paradigm regards to the uncertainty intervals. Latest set of climate models with no doubt
describe the nature in a more realistic sense, regards to the number of processes contained in
them and the spatial resolution. However, as the model development so far has not been able
to reduce uncertainty intervals involved to the climate projections remarkably, it is valid to
assume a large fraction of the total uncertainty to be an intrinsic and irreducible part of the
climate system itself. Therefore, our suggestion for the climate data users is to exploit the latest
climate projections despite considerable uncertainties involved to them. Adaptative decisions
should not be postponed in the hope of new research reducing the uncertainty intervals. The
use of climate models for applications should be incorporated with appropriate risk assessment
methods, taking into account the uncertainty in probabilistic terms.

REFERENCES

Cadule, P., L. Bopp and P. Friedlingstein, 2009. A revised estimate of the processes contributing
to global warming due to climate-carbon feedback. Geophysical Research Letters, 36,
L14705.

Gleckler, PJ., K.E. Taylor and C. Doutriaux, 2008: Performance metrics for climate models.
Journal of Geophysical Research, 113, D06104.

Hawkins, E. and R. Sutton, 2009: The potential to narrow uncertainty in regional climate pre-
dictions. Bulletin of The American Meteorological Society, 90, 1095-1107.

Ylhiisi, J.S., L. Garre and J. Réisdnen, 2013: The importance of proper risk analysis under
inherently uncertain climate change. Local Environment, submitted.

168



