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Introduction

This report summarises the research carried out in Canada in the fields of geodesy and
geophysics during the quadrennium 1991 - 1995. It was prepared under the direction of
the Canadian National Committee for the International Union of Geodesy and Geophysics
(CNC/TUGG). The CNC/TUGG is administered by the Canadian Geophysical Union, in
consultation with the Canadian Meteorological and Oceanographic Society and other
Canadian scientific organisations including the Canadian Association of Physicists, the
Geological Association of Canada, and the Canadian Institute of Geomatics. The IUGG
adhering organisation for Canada is the National Research Council of Canada.

Among other duties, the CNC/IUGG is responsible for

e collecting and reconciling the many views of the constituent Canadian scientific
community on relevant issues

* identifying, representing, and promoting the capabilities and distinctive competence of
the community on the international stage

e enhancing the depth and breadth of the participation of the community in the activities
and events of the [IUGG and related organisations

e establishing the mechanisms for communicating to the community the views of the
IUGG and information about the activities of the [UGG.

The aim of this report is to communicate to both the Canadian and international scientific
communities the considerable progress that has been achieved in geodesy and geophysics
research in Canada over the past four years.

The report is divided into seven sections — one for each of the seven major scientific
disciplines as represented by the seven sister societies of the [IUGG. Each section is titled
with the name of the corresponding society and was compiled by, or under the direction of,
a member of the CNC/IUGG affiliated with that society.

In the interest of compiling and disseminating this report in a timely fashion, no attempt has
been made to harmonise the styles of the different sections.

The full text of this report, including the extensive lists of publications and presentations, is
only available electronically. The full report may be obtained via the Internet in Unix-
compressed, uuencoded, printer PostScript format by retrieving the file with the following
universal resource locator (URL):

<gopher: // UNBM/S1. CSD. UNB. CA: 1570/ OEXECY8aCANCET%201 UGG ONC. REPCRT. PS. Z.
ULENC. TXT>.

The report can be made available in other formats upon request to the chairman of the
CNC/TUGG.
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INTERNATIONAL ASSOCIATION OF GEODESY

Compiled by Richard B. Langley

Natural Resources Canada
Pacific Geoscience Centre

Crustal Deformation Studies on Canada's West Coast

As part of its Earthquake Hazards Program, the Geological Survey of Canada (GSC) has
utilized geodetic techniques to measure the effects of accumulating elastic strain within the
northern Cascadia subduction zone. Through repeated precise levelling, gravity, and
horizontal control surveys, relative crustal motions of the order of several millimetres per
year have been resolved in this active seismic region. Recent observations have provided
the most convincing evidence that the fault zone is locked, as well as the best constraints to
date for the size and location of the seismogenic portion of the thrust zone capable of
producing great (M>8) earthquakes. A major research effort over the past four years has
also gone into the establishment of the Western Canada Deformation Array (WCDA), a
network of automated continous GPS trackers intended to provide a precise, continuous
fiducial reference frame for crustal motion studies in this region. The effectiveness of this
network to provide day-to-day strain information at the sub-centimetre level over distances
of hundreds of kilometres has already been demonstrated. Since 1991, the Pacific
Geoscience Centre of the GSC has also been involved in a pioneering cooperative project to
measure centimetre displacements of the ocean floor using a combination of acoustic and
GPS techniques.

Relevant Publications:

Dragert, H., and R.D. Hyndman, Continuous GPS monitoring of elastic strain in the
northern Cascadia subduction zone, Geophys. Res. Let., Vol.22, 755-758, 1995.

Wang, K., H. Dragert, and H.J. Melosh, Finite element study of uplift and strain across
Vancouver Island, Can. J. Earth Sci., Vol. 31, 1510-1522, 1994.

Dragert, H., R.D. Hyndman,, G.C. Rogers, K. Wang, Current deformation and the width

of the seismogenic zone of the northern Cascadia subduction thrust, J. Geophys. Res.,
Vol. 99, 653-668, 1994.

Dragert, H., M. Schmidt, and X. Chen, The use of continuousGPS tracking for
deformation studies in southwestern British Columbia, Proceedings of ION-GPS94, Salt
Lake City, Utah, Sept. 20-23, 97-103, 1994.

Chen, X., Analyses of continuous GPS data from the Western Canada Deformation Array,
Proceedings of ION-GPS94, Salt Lake City, Utah, Sept. 20-23, 1339-1348, 1994.

Spiess, F.N., G. Purcell, L. Young, and H. Dragert, Determination of sea-floor
displacements using precision transponders and GPS, Proceedings of the International
Symposium on Marine Positioning (INSMAP94), Hannover, Germany, Sept. 19-23, in
press, 1994.

Delikaraoglou, D., H. Dragert, J. Kouba, K. Lochhead, and J. Popelar, The development
of a Canadian GPS active control system: Staus of the current array, Proceedings of the
Second International Symposium on Precise Positioning with GPS,, Ottawa, Canada,
Sept. 3-7, 1990, 190-202, 1991.
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The University of Calgary
Department of Geomatics Engineering

Major research in the Department of Geomatics Engineering at The University of Calgary
was done in four areas: Gravity and geoid, airborne gravimetry, positioning and
navigation, and system integration and multi-sensor systems.

Gravity and geoid: A major emphasis in geoid-related research was the optimization of
spectral geoid determination methods, Li (1993). It was shown that heterogeneous noisy
data and error propagation can be handled by FFT methods (Sideris and Li, 1992; Li and
Sideris, 1994) and that clever application of the DFT or the fast Hartley transform (FHT)
can further improve the efficiency and the memory requirements of the spectral techniques
(Sideris and Li, 1992; Li and Sideris, 1992 and 1995). It was also shown explicitly that
FFT methods produce identical results to numerical integration when zero-padding is
properly applied (Sideris and Li, 1993). Optimized algorithms for computing the effect of
the topography were also developed (Li, 1993). Sideris (1994 and 1995) showed that
irregular data and grids with incomplete data can be used with (hybrid) spectral methods.
Direct and indirect effects of the topography on the geoid and on airborne gravity and
gradiometry were computed by the 3D FFT method in order to avoid the approximations of
the 2D techniques; very promising results have been reported in Peng (1994) and Peng et
al. (1995). Improvements of the 2D FFT method on the sphere by using multiple bands of
data were given in Forsberg and Sideris (1993). The rigorous 1D FFT method was used to
produce a geoid for Canada and part of the US by She (1993). This geoid outperformed all
existing geoids, giving absolute accuracy at the level of 5 cm and sub-ppm relative
accuracies (Sideris, 1993; Sideris and She, 1995). Various tests of geoids on GPS
benchmarks confirmed these accuracy levels (Tziavos et al., 1992; Mainville et al., 1992;
Sideris and Teskey, 1993; Tsuei et al. 1994; Mainville et al., 1994; Li et al., 1995) and also
showed that the geoid can also be used to check GPS for errors (Sideris et. al., 1992a).
Regional geoid determination methods are summarized in Sideris (1992 and 1994) and
Schwarz and Sideris (1993). The construction of 3D gravity field models, together with the
proper choice of upward and downward continuation methods, was studied by Argeseanu
(1994) for the purpose of establishing a test field for checking the results of vector airborne
gravimetry in rough topography (Sideris et al, 1992b). Applications of SEASAT and
GEOSAT satellite altimetry have been investigated by Zhang and Blais (1993 and 1994).
Zhang (1993) completed a Ph.D. thesis on the recovery of gravity information from
satellite altimetry data and associated forward geopotential modeling. Satellite altimetry
research using GEOSAT, ERS-1 and TOPEX data has commenced (Zhang and Sideris,
1994 and 1995) and is currently focusing on obtaining oceanic geoid and gravity by
optimal combination of satellite altimetry and shipborne gravimetry data. Further research
has also been done on inverse problems (Blais, 1994), multiresolution and wavelet
transform applications Nie (1994); Blais et al. (1995), Li (1995).

Airborne gravimetry: A major emphasis during the reporting period was the
development of airborne gravity systems for geodetic and geophysical tasks. Three projects
are at different stages of completion. The first is the development of a GPS-aided stable
platform for a scalar gravity system, done in cooperation with Sander Geophysics Ltd.
Details are given in Wei et al (1991), Zhang (1993), Czompo (1993, 1994), Czompo and
Ferguson (1995), and Zhang et al (1995). A thorough discussion of platform stabilization
by GPS-velocity aiding is discussed in Zhang (1995). System testing is planned for the
summer 1995. Second, the possibility of using an inertial strapdown system in conjunction
with DGPS for vector gravimetry was explored together with Canagrav Research Ltd. The
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principle of this approach is discussed in Schwarz et al (1991), a detailed error analysis is
given in Wei and Schwarz (1994), and results of DGPS acceleration determination are
presented in Van Dierendonck et al (1994) and Wei and Schwarz (1995). System tests are
ongoing and the initial analysis will be completed in fall 1995. Third, the use of a high
accuracy inertial stable platform system for both scalar and vector gravimetry was tested in
cooperation with the Inertial Technology Scientific Center in Moscow, Russia and
Canagrav Research Ltd. in Calgary. Results are reported in Salychev et al (1994), Salychev
and Voronov (1995), Salychev and Schwarz (1995). They show that minimum
wavelengths of about 3 km can be resolved with a standard deviation of about 1 mGal. The
current state of airborne gravity research and some of the remaining problems are discussed
in Schwarz and Wei (1994) and the contributions of this new measurement technique to
geoid determination in Schwarz et al (1994) and Li and Schwarz (1995).

Positioning and navigation: A major part of departmental research activities was
concentrated in this area.

Investigations into the performance of high performance Narrow Correlator*spacing C/A
receivers for precise DGPS kinematic positioning were conducted[Cannon & Lachapelle
1992] and applications to various cases such as precisionfarming [Lachapelle et al 1994,
Cannon et al 1994], hydrographic surveying[Lachapelle et al 1992, Lachapelle et 1994a,
Lachapelle et al 1993], andairborne positioning [Tiemeyer et al 1994], were demonstrated.
Research intothe problem of integer carrier phase ambiguity resolution on-the-fly was
pursued[Lachapelle et al 1992a, Cannon et al 1993, Lachapelle et al 1993a].
Themathematical equivalence between the Ambiguity Function Method and theLeast-
Squares Search Method was established [Lachapelle et al 1992b]. A new OTFmethod,
namely the Fast Ambiguity Search Filter, was developed [Chen 1993, Chen& Lachapelle
1994]. The use of a multi-receiver configuration to improve theeffectiveness of ambiguity
OTF was investigated with an application toaircraft-to-aircraft positioning [Lachapelle et al
1993b, 1994b]. The use ofseveral non-dedicated receivers fixed to a mobile platform to
determine theattitude parameters was analysed [Lu et al 1994, Lachapelle et al
1994c,McMillan et al 1994]. Research into the estimation of the ionospheric delayusing
single frequency measurements was conducted [Qiu et al 1994]. The use of GPS to
calibrate Loran-C groundwave distortions [Lachapelle & Townsend 1991,Lachapelle et al
1992¢, 1993d, 1994d] and as a complement to Loran-C[Lachapelle et al 1993c] was
investigated. The use of post-mission orbits andsatellite clock corrections to recover the
effect of Selective Availability andobtain single point positions at the 1 m (rms) accuracy
level in static andkinematic modes was investigated [Lachapelle et al 1994e, f].

Research into precise kinematic GPS algorithm development and subsequent testing in a
variety of environments was conducted (Cannon et al., 1993a; Cannon and Lachapelle,
1992; Cannon et al., 1992a; Cannon et al., 1992d). Work into the use of narrow-correlator
GPS technology for precise static positioning was carried out (Cannon et al., 1994c). The
use of low-cost GPS receivers for cm-level positioning was investigated (Cannon et al.,
1993b). Application of DGPS and kinematic methods to agriculture (Cannon et al., 1994a;
Gehue et al.; 1994) as well as airborne gravimetry (Van Dierendonck et al., 1994).
Investigations into the integration of GPS and INS for high accuracy positioning in land
and airborne environments were conducted (Cannon, 1992; Sun et al., 1994). Research
was conducted into the use of GPS for precise attitude determination in the marine
environment (Lu and Cannon, 1994). Further research into aircraft attitude determination
(Cannon and Haverland, 1993) including wing flexure estimation was also conducted
(Cannon et al., 1994b). A land attitude determination system which intergated GPS with
low-cost dead reckoning sensors was developed and tested (Cannon et al., 1992c).
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Reliability in kinematic GPS positioning and navigation was another area of
research.Standard covariance analysis using covariance matrices and DOPS (Dilution of
Precision) have been extended to using reliability theory where the total error is computed.
One part stems form the propagation of random errors, while the second is a measure of the
effect that a potential bias would have on a solution. This procedure has been implemented
for GPS and DGPS static and kinematic positioning. When both measurement covariance
matrices for random errors and reliability measures for potential biases - fulfill the
specifications, the solution is repeatable to that specification. It has been found, however,
that even when the DOPS are satisfied, there are situations and configurations that cause the
reliability measures not to be satisfied (i.e., outside of specs circle). In these cases the
solution is not repeatable (i.e., the coordinates cannot be replicated by a separate and
independent survey). Whereas, when both the covariance and reliability measures are
within the specification, the coordinates are reproducible by the independent resurvey (see
references for the documentation).

Three electronic books have been written over the past four years in which intelligent
navigation systems being built worldwide have been documented as to the positioning
technologies used, digital maps employed, and the communications technologies
encorporated. As well, the specific types of systems for each sector is defined along with
the intended application. A color schematic has been created for each system and the books
can be read directly from a PC computer. The IVHS Navigation System Database consists
of 230 systems; the Intelligent Ship Navigation Systems Database consists of 125 systems;
while the Intelligent Air Navigation Systems consists of 50 systems. These books are
avaliable to interested persons, universities, agencies and companies.

Mathematical and practical investigations into the positional changes at various scales that
resulted from the new North American Datum (NADS83) have confirmed the
appropriatedness of the National Transformation for revising geodetic positions at the
federal, provincial and municipal levels [Blais, 1990; Abousalem et al., 1993].

INS/GPS integration and multi-sensor systems: This research area is closely
related to the previous one because it deals mainly with the problem of georeferencing a
primary sensor or an array of sensors (multi-spectral scanners, CCD cameras, scalar
gravimeters, etc). Georeferencing requires continuous position and attitude determination
of the primary sensors while in motion and usually uses the integration of INS and GPS
for this purpose. The basic mathematics of the approach is discussed in Schwarz et al
(1993) and the requirements for optimizing INS attitude accuracy are discussed in Liu
(1992), Schwarz and Ming (1995), and Skaloud (1995). Some general implementation
issues, such as ambiguity resolution on the fly and the treatment of fractal sensor noise, are
discussed in Wei et al (1992), Schwarz et al (1994a), Li and Schwarz (1994), and Schwarz
et al (1994b). Implementation options in airborne mode using current technology are
analysed in Schwarz et al (1994) and test results for a high-accuracy system are presented
in Skaloud et al (1994) and Skaloud (1995). Tests of a low-cost integrated INS/GPS are
presented in Schwarz and Zhang (1994) and Zhang (1995). Tests of a helicopter system are
discussed in Martell et al (1993). A major project in the area of multi-sensor system was the
development of a mobile survey van which allows data acquisition within a radius of 50 m
around the van, while driving with a speed of up to 60 km/h. This system was developed
together with Geofit Inc., Laval, Quebec and combines an INS/GPS position and attitude
system with an array of CCD cameras. The different stages of system development are
described in Schwarz et al (1993), El-Sheimy and Schwarz (1993), and Schwarz et al
(1994). Preliminary results are discussed in El-Sheimy and Schwarz (1994) and a more
detailed analysis of a major pilot project is given in El-Sheimy and Schwarz (1995). These
results show that an accuracy of about 0.25 m (RMS) in horizontal coordinates and 0.05 m
(RMS) in height are achievable right now and that improvements are possible. The
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possibility of replacing the INS by a GPS multi-antenna system for attitude dtermination
has been explored in Schwarz et al (1992) and El-Mowafy and Schwarz (1994). Results
are encouraging for low-accuracy applications. A comprehensive comparison of models
and techniques for kinematic attitude determination from GPS is presented in El-Mowafy
(1994). A review of inertial techniques in geodesy is given in Schwarz (1991) and their
application to curvature detection problems is discussed in Martell (1991).

Others: Investigations related to the creosote environmental problem on the Bow River in
Calgary have shown that evolutionary terrain modeling, rendering and visualization can
greatly help the geoscientists in their studies [Blais et al., 1994]. Using aerial and other
photographic coverage of the site over the past sixty years enables the reconstruction of the
terrain and any spatial changes over the years and with modern computer technology,
spatial visualization for engineering purposes can be realized.

Publications

Abousalem, M., D.J. Szabo, J.A.R. Blais, M.A. Chapman, E.J. Krakiwsky, Issues
Related to the Implementation of an Alberta NAD27 to NADS83 Transformation Scheme,
Final Report to Alberta Forestry Lands and Wildlife, December 1991, 16 pages.

Abousalem, M., J.A.R. Blais, M.A. Chapman and E.J. Krakiwsky (1992): Issues
Related to the Implementation of an Alberta NAD27 to NAD 83 Transformation Scheme-2
Final Report submitted to Alberta Forestry, Lands and Wildlife, 23 pages.

Abousalem, M., J.F. McLellan and E.J. Krakiwsky (1994): A New Quality Control
Technique for GPS Kinematic Positioning, IEEE Position, Location and Navigation
Symposium, Las Vegas, PLANS'94, April 12 - 15, pp. 621 to 628.

Abousalem, M.A. and E.J.Krakiwsky (1993). A Quality Control Approach for GPS-
Based Automatic Vehicle Location and Navigation Systems. IEEE Vehicle Navigation and
Information Systems Conference (VNIS'93), Ottawa,pp.466 to 470.

Abousalem, M.A., E.J. Krakiwsky, J.A.R. Blais and M.A. Chapman (1993), NAD27 to
NADS83: The Alberta Experience. Geomatica, Vol. 47, No. 1, Spring, pp. 9-17.

Argeseanu, V. 1994. A three-dimensional gavity field model of the Kananaskis Area.
UCSE Report No. 20070. Department of Geomatics Engineering, The University of
Calgary, Calgary, Alberta.

Blais, J.A.R. [1990]: Optimal Modelling for the Revision of Positional Data in Spatial
Information Systems. CISM Journal ACSGC (now Geomatica), vol. 44, no. 2, pp. 113-
121.

Blais, J.A.R. [1994]: Generalized Inverse Problems and Information Theory. Presented at
the IUGG 1993 General Meeting in Beijing and submitted for publication in Manuscripta
Geodaetica, 15 pages.

Blais, J.A.R., K. He and C. Larouche [1994]: Spatial Rendering and Visualization in
Geomatics for Environmental and Related Applications. Geomatica, vol. 48, no. 1, pp.
261-273.

Blais, J.A.R., K. He and C. Larouche [1995]: Multiresolution Analysis in Geomatics
Applications. Proceedings of the Canadian 1995 GIS Conference in Ottawa, in press.
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Bullock, J.B. and E.J. Krakiwsky (1994). Analysis of the Use of Digital Road Maps in
Vehicle Navigation, Proceedings of the IEEE Position, Location and Navigation
Symposium, Las Vegas, Nevada, April 12 - 15, pp. 494 to 501.

Bullock, J.B., E.J. Krakiwsky, M.J. Casey (1995). Marine Geomatics: An Overview of
Intelligent Ship Navigation Systems. To be presented at GIS'95 June 11 - 15, Ottawa,
Canada.

Bullock, J.B., E.J. Krakiwsky, N.G. Grant, K.L. Grandia (1995). Airborne Geomatics:
An Overview of Intelligent Air Navigation Systems. To be presented at GIS'95 June 11 -
15, Ottawa, Canada.

Cannon, M.E. (1992), Integrated GPS-INS for High Accuracy Road Positioning, ASCE,
Journal of Surveying Engineering, Vol. 118, No.4, pp.103-118.

Cannon, M.E. and M. Haverland (1993), Experiences of GPS Attitude Determination with
a Helicopter Pod, Proceedings of the Sixth International Technical Meeting of the ION
Satellite Division, GPS-93, Salt Lake City, September 22-24, pp. 633-641.

Cannon, M.E., and G. Lachapelle (1992) Analysis of a High Performance C/A Code GPS
Receiver in Kinematic Mode. Navigation, Vol. 39, No. 3, The Institute of Navigation,
Alexandria, VA, pp. 285-299.

Cannon, M.E., E. Berry and M. King (1993b), Testing a Lightweight GPS/GIS Terminal
for Sub-Meter DGPS Positioning, Proceedings of the Sixth International Technical Meeting
of the ION Satellite Division, GPS-93, Salt Lake City, September 22-24, pp. 1011-1020.

Cannon, M.E., G. Lachapelle and G. Lu (1992d), Ambiguity Resolution Without Static
Initialization Using a High Performance C/A Code Receiver, Proceedings of the 48th
Annual Meeting of The Institute of Navigation, Washington, D.C., June 29 - July 1, pp.
161-166.

Cannon, M.E., G. Lachapelle and G. Lu (1993a), Kinematic Ambiguity Resolution With a
High Performance C/A Code Receiver, Journal of Surveying Engineering, American
Society of Civil Engineering Vol. 119, No. 4, pp. 147-155.

Cannon, M.E., G. Lachapelle, W. Qiu, S.L. Frodge and B. Remondi (1994c),
Performance Analysis of a Narrow Correlator Spacing Receiver for Precise Static GPS
Positioning, Proceedings of the IEEE PLANS'94, Las Vegas, April 11-15, pp. 355-360.

Cannon, M.E., H. Sun, T.E. Owen and M.A. Meindl (1994b), Assessment of a Non-
Dedicated GPS Receiver System for Precise Airborne Attitude Determination, Proceedings
of the ION GPS-94, Salt Lake City, September 20-23, pp. 645-654.

Cannon, M.E., J.B. Schleppe, J.F. McLellan and T. Ollevier (1992c), Real-time Heading
Determination Using an Integrated GPS-Dead Reckoning System, Proceedings of ION
GPS-92, Institute of Navigation, Washington, D.C., pp. 767-773.

Cannon, M.E., J.F. McLellan and J.B. Schleppe (1992b), High Accuracy Static GPS

Surveys with Low Cost Receivers, Canadian Institute of Surveying and Mapping Journal,
Vol.46 , No. 2, pp. 497-504.
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Cannon, M.E., K.P Schwarz, M. Wei and D. Delikaraoglou (1992a), A Consistency Test
of Airborne GPS Using Multiple Monitor Stations, Bulletin GhtlElque, Vol. 66, No. 1,
pp. 2-11.

Cannon, ML.E., R.C. McKenzie, and G. Lachapelle (1994a), Soil Salinity Mapping With
Electromagnetic Induction and Satellite-Based Navigation Methods, Canadian Journal of
Soil Sciences, Vol. 74, No. 3, pp. 335-343.

Chen, D. (1993) Fast Ambiguity Search Filter (FASF): A Novel Concept for GPS
Ambiguity Resolution. Proceedings of GPS-93, The Institute of Navigation, Alexandria,
VA, pp 781-787. {Best ION GPS-93Student Paper Award}

Chen, D., and G. Lachapelle (1994) A Comparison of the FASF and Least-Squares
Search Algorithms for Ambiguity Resolution On The Fly. Proceedings of International
Symposium on Kinematic Systems in Geodesy, Geomatics and Navigation - KIS94, Dept
of Geomatics Engineering, The University of Calgary, p. 241-253.

Czompo, J. (1993). GPS Accuracy Test for Airborne Gravimetry. Proceedings of the ION
GPS-93 Sixth International Technical Meeting of the Satellite Division of the Institute of
Navigation, Salt Lake City, Utah, USA.

Czompo, J. (1994). Airborne Scalar Gravimetry System Errors in the Spectral Domain.
Ph.D. Thesis, UCGE Report No. 20067, Department of Geomatics Engineering, The
University of Calgary, Calgary, Alberta.

Czompo, J. and S.T. Ferguson (1995). Design Considerations for a New Scalar Gravity
Meter for Airborne Surveys. Accepted for Proceedings of IAG Symposium G4 on
Airborne Gravity Field Determination, [IUGG 21st General Assembly, Boulder, Colorado,
July 2-14.
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The geodesy activities carried out at the Département des sciences

géomatiques and at the Centre de Recherche en Géomatique of Université Laval
mainly dealt with the following topics:
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The potential of GPS for dam deformation monitoring has been studied by
Bélanger et al. [1991]. Important errors encountered in precise GPS
positioning, needed for dam deformation, are the multipath and phase center
variations. The impact of those errors in GPS positioning results has been
studied by Arbour [1994] and Bourassa [1994], respectively. A method has
been proposed by Santerre and Beutler [1993a, 1993b] to improve GPS height
determination for small GPS networks.

GPS orbit improvement process has been addressed by Huot [1993] and
Salamanca-Chaves [1993]. Alaoui [1992] and Leclerc and Alaoui [1992] made
studies on tropospheric delay modelling for GPS applications.

Papers have been published on the efficiency of using a telescopic mast to
improve GPS positioning in wooded and urban areas where satellites are
obstructed by trees and buildings [Santerre et Roy, 1993; Santerre and
Boulianne, 1995].

Kinematic positioning software has been developed at the Centre de Recherche
en Géomatique [Santerre, Parrot et Roy, 1994]. The software called POSICIEL
(logiCIEL de POSItionnement Clnimatique) allows positioning with smoothed
code measurements as well as with fixed ambiguity phase measurements (with
OTF capability).
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University of New Brunswick
Department of Geodesy and Geomatics Engineering

Researchers in the Department of Geodesy and Geomatics Engineering (formerly the
Department of Surveying Engineering) of the University of New Bunswick were involved
in the following projects over the past four years:

Transfer of Positioning Technology to Chilean Geomatics Agencies ¢ Y.
Georgiadou.

The objective was to examine the requirements for using the Global Positioning System
(GPS) for densification of existing control networks related to a regionally defined geodetic
datum, such as the Provisional South American Datum 1956 in Chile. Various steps
involving the differential GPS data reduction were examined, and the required subsequent
coordinate difference transformation was investigated. A pilot GPS project was designed
and carried out in Chile. Cooperation with this project was received from the National
Service for Geology and Mining, the National Geographic Institute, the Department of
National Assets, universities, and leading private companies. This pilot project was
designed to determine the relation between the World Geodetic System 1984 and the local
datum. During the pilot campaign, the participants were introduced to rigorous procedures
of GPS data collection and analysis, and several professionals were trained to conduct
future projects.

GPS Technology Activities Relevant to Developing Countries * Y.
Georgiadou.

A summary analysis was undertaken on the nature of Global Positioning System (GPS)
technology and its usefulness in addressing development issues in developing countries.
The project involved the identification of the needs of developing country users in research
applications and activities with GPS technology, and sectoral potential uses of this
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technology of interest to international development. Interviews of some key Canadian
researchers working with government, industry, and academia were conducted to identify,
analyse, and evaluate their views on GPS research activities that should be supported by
the International Development Research Centre (IDRC) in developing countries.
Recommendations were made to the geomatics program of the IDRC on research activities
relevant to developing countries that should be considered for support, and on the
appropriate ways to deliver this support.

GPS for Airborne Gravimetry ¢ A. Kleusberg.

In airborne gravimetry, GPS can be utilized to provide position, velocity, and acceleration
of the measurement unit with respect to an earth-fixed coordinate system. This project
investigates the capabilities and limitations of the Global Positioning System for the
separation of inertial and gravitational accelerations

Network Differential GPS ¢ A. Kleusberg.

This project is concerned with the development of algorithms and software for the spatial
interpolation of differential GPS correction messages. This interpolation will reduce the
accuracy deterioration of DGPS over larger distances.

Accuracy Assessment in GPS Positioning ¢ A. Kleusberg.

This project is concerned with the estimation of proper covariance information for GPS
differential positioning results, primarily coordinates and carrier phase ambiguities.
Models for spatial and temporal correlations between GPS measurements are developed to
account for unmodelled error terms.

Precise Solution of the Geodetic Boundary Value Problem ¢ A. Kleusberg,
P. Vanicek, P. Ong, M. Najafi, P. Vajda, Z. Martinec, E.W. Grafarend, L.E. Sjoberg,
B. Heck, and Sun Wenke.

Existing theories for solving the scalar boundary value problem (BVP) of geodesy, which
are used in computing the geoid from observed gravity data, were formulated in an era
when the accuracy of the solution was not the most pressing consideration. Thus the
existing theories are inadequate for today’s needs, when the users are calling for a geoid
accurate to 1 cm. To re-formulate the pertinent equations to a sufficient accuracy requires
adequate modelling of the effect of topographical masses, and topographical and
atmospheric density. It has turned out that our limited knowledge of topographical density
can be overcome if the Stokes-Helmert approach is used. The re-formulation has called for
a very different and more sophisticated treatment of the geodetic BVP.

Evaluation of Estimation Techniques for Neutral Atmosphere Propagation
Delays in GPS Measurements * R.B. Langley, A.D. van der Wal, and J. P.
Collins.

The aim of the research is to determine, by analysis of actual data, the ‘best’ estimation
techniques for the removal of neutral-atmosphere-induced errors on geodetic baselines
determined using GPS. To accomplish this task, neutral atmosphere delay estimators are
being included as unknown parameters in UNB’s DIfferential POsitioning Program
(DIPOP) package. The evaluation will be an empirical one requiring the selection of
suitable data sets for testing. The analysis of these data will provide statistical evidence as
to which estimation options are the most likely to give optimal results under given
conditions.

DIPOP currently uses models for the neutral atmosphere delays which are driven by
measurements of surface meteorological parameters or default values for these parameters.
Estimating delays or corrections to modelled delays directly from GPS data, however, has
shown to be a very effective tool in improving the reliability of estimates of geodetic
parameters. The current version of DIPOP uses a sequential least-squares algorithm for
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parameter estimation. Part of this research will involve implementing Kalman filter and
square root information filter algorithms in DIPOP so that the time varying nature of the
neutral atmosphere can be adequately accommodated. Statistical comparisons of each
estimation technique will be performed to determine the ‘best” option. Repeatability of
geodetic parameters will be used as the main criterion for comparison — particularly the
repeatability of height and length baseline components.

Robust Analysis and Automatic Processing of GPS Data from the Western
Canada Deformation Array ¢ R.B. Langley, and X. Chen.

Vancouver Island, off the coast of British Columbia, is a tectonically and seismically active
region. The Juan de Fuca, Explorer, and North America Plates converge beneath the
region. To assess the earthquake hazard and study tectonic movement, the Western Canada
Deformation Array (WCDA) has been established by the Pacific Geoscience Centre (PGC)
and has been operating continuously since July 1992. So far, data spanning 1.5 years have
been processed on a daily basis. Repeatabilities of a few parts per billion have been
routinely achieved for both horizontal and vertical components on baselines spanning 301
km to 630 km. The process of data reduction has been streamlined and automated using
CGPS22 software on a Unix-based Sun workstation at PGC. Further developments are
being undertaken to fully automate the process of daily data reductions and to facilitate
analyses for deformation study. They include: (1) enhancing the software’s capability in
handling remaining cycle slips after automatic processing;( 2) making the user interface
more friendly; (3) developing additional analysis tools such as a spectral analysis facility;
(4) thoroughly testing and improving the models in CGPS22. In addition, strain analysis
with all available geodetic information, will be carried out in this project.

Estimation of Earth Rotation Parameters, Site Coordinates, and Satellite
Orbits Using the IGS Epoch’92 GPS Data Sets « R.B. Langley, and P. Li.

Global GPS data sets collected during GPS weeks 654 and 655 of the Epoch *92 campaign
organized by the International GPS Service for Geodynamics (IGS) were successfully
processed using an advanced version of UNB’s DIPOP software dubbed DIPOP.ERP.
This version runs on an IBM 9121, model 320, mainframe computer. Daily values of earth
rotation parameters were determined with an accuracy of about a few tenths of a milli-

arcsecond. The daily repeatabilities of baseline lengths from a few parts to ten parts in 109
for most continental baselines over eight thousand kilometres in length were achieved. The
daily repeatabilities for the coordinates of most of the stations ranged from a few
centimetres to about ten centimetres. Comparisons with the results from other processing
centres show that precise GPS satellite orbits with a mean precision of less than one metre
were provided and that the mean differences between the precise and broadcast orbits,
during the weeks of Epoch ’92 for which data was processed, appear to be less than five
metres.

Application of the Global Positioning System to the Monitoring of Crustal
Deformation in the Charlevoix Seismic Zone * R.B. Langley, and V. de Brito
Mendes.
One high-precision application of the Global Positioning System (GPS) with significant
impact on the scientific community is the monitoring of crustal deformation. In addition to
its high accuracy capability, the reduced costs and ease of operation make GPS more
attractive than conventional terrestrial geodetic techniques or other extraterrestrial
techniques, such as satellite laser ranging and very long baseline interferometry, for such
monitoring.

Since 1987, GPS has been one of the techniques used to detect strain accumulation in
the Charlevoix Seismic Zone (CSZ). The CSZ is defined by an area of approximately 35
km x 80 km, developing parallel to the St. Lawrence River, about 100 km northeast of
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Québec City. It is historically the most seismically active zone in eastern Canada, with
records of six earthquakes with magnitude 6 or greater in 1638, 1663, 1791, 1860, 1870,
and 1925. The repetitive nature of large earthquakes in this zone, which may presage the
occurrence of a future major earthquake, has prompted the development of a program of
extensive geodetic and geophysical monitoring, which began in 1974. Precise gravity,
levelling, and horizontal control surveys have been carried out to detect long-term
deformation and strain accumulation. The estimate of the maximum long-term horizontal
shear-strain across the CSZ based on the analysis of conventional terrestrial techniques is
0.16 pstrain/yr.

Two GPS campaigns were carried out in the CSZ, in 1987 and 1991. In 1987, four
Texas Instruments T1 4100 receivers were used in a seven-day campaign. In 1991, five
Ashtech XII P-code receivers were used in a five-day campaign.

A preliminary analysis of the data using a modified version of UNB’s program package
DIPOP 2.1 to check for data quality has been performed. The first results indicate baseline

agreement of typically a few parts in 107, for the 1987 campaign, and few parts in 108, for
the 1991 campaign. Following this preliminary analysis, efforts have been directed to the
improvement of tropospheric modelling and carrier phase integer ambiguity resolution in
DIPOP.

Seventeen different tropospheric mapping functions developed in the last few decades
for use in the analysis of space geodetic data have been tested against raytracing through the
U.S. Standard Atmosphere Supplements, 1966, and radiosonde data. In addition, repeated
baselines were used to evaluate the performance of these mapping functions in the
processing of GPS data. From this study, a set of new mapping functions was
recommended for incorporation into DIPOP. The ambiguity resolution has been improved
in DIPOP. In addition to the ionosphere-free linear combination, the narrow-lane and
wide-lane combinations have been implemented. These combinations, along with a new
algorithm which allows an iterative fixing of ambiguities in the L1 and L2 data, look to be
very promising tools for the bias fixing. The success of this algorithm seems to be limited
only by the influence of the ionosphere. This problem is currently under investigation.

The Effect of the Ionosphere on the Global Positioning System ¢ R.B.
Langley, and A. Komjathy.

One of the major error sources in GPS positioning is that due to ionospheric refraction
which causes signal propagation delays. The disturbing influences of the temporally- and
spatially-varying ionisation of the ionosphere have great impact on satellite geodesy,
especially on GPS. For a better understanding of the ionospheric effect on observed
pseudorange and carrier phase signals, more knowledge about the actual state of the
ionosphere is needed — this is especially true when precise positions are required in low
and high latitude regions of the earth. It is possible to use partially-empirical models to
make predictions of transionospheric propagation delays. We are investigating the
accuracy and practicability of ionospheric models for single frequency users and are
comparing their use with modelling ionospheric effects using dual frequency data
processing. The new IRI90 reference ionosphere model is included in the comparisons.
Previous research on several ionospheric models at the Geodetic Research Laboratory was
carried out solely in terms of the effect on the satellite-receiver vector. The current research
investigates the behaviour of ionospheric models with respect to their effect on position
solutions.

Precise GPS Positioning for Aircraft Navigation ¢ R.B. Langley, A.
Komjathy, and J. Cesnick.

We are currently involved in two projects applying GPS to aircraft navigation. Transport
Canada Aviation, in conjunction with Cougar Helicopters Inc., has initiated an in-service
trial of helicopter precision approaches using local differential GPS (LDGPS). Cougar
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Helicopters, a Halifax-based commercial helicopter operator (specialising in oil rig supply,
search and rescue, and medevac operations), has equipped a Sikorsky S-76A helicopter
with a Trimble TNL 3100 DZUS-mounted GPS/Loran-C avionics receiver. A high power
TNL-2800G landing system base station at Halifax International Airport provides DGPS
signals. Simultaneously, both at the base station and the remote station, Ashtech LM-XII
single frequency geodetic receivers collect data using the same antennas supplying the
Trimble equipment. At UNB, we are investigating the validity of using the position
solutions from the post-processed Ashtech carrier phase data as “truth.” Once we have
assessed the accuracy of the Ashtech results, we will use them as a benchmark against
which we can assess the accuracy of the Trimble DGPS results. This trial of LDGPS is
co-sponsored by the National Energy Board and the U.S. Federal Aviation Administration.

The other project with which we are involved — also with Transport Canada Aviation
— 1is the accurate positioning of airport runway thresholds using a combination of
conventional static and stop-and-go surveying. Procedures have been developed for
efficiently carrying out the surveys, and Transport Canada personnel have been trained in
the operation of GPS equipment, in the processing of the collected data, and in the
assessment of results.

Real-Time GPS Orbit Improvement ¢ P. Vanicek, R.B. Langley, and M.
Santos.

The aim of this research has been to investigate the possibility of real-time, high-accuracy
GPS orbit improvement; i.e., the possibility of obtaining at any time the best possible
estimate of an orbit based on all observations collected up to that time. The algorithm
formulated could be used by a regional/continental tracking network. The best regional
orbits for all GPS satellites will be available to the subscribers of the network without
having to wait days or even weeks. The availability of improved orbits with as small a
delay as possible would find manifold applications in geodesy and surveying. The
approach is based on a sequential updating algorithm. Tests with the orbital integrator have
been carried out. The algorithm for the real time orbit improvement has been implemented.
The software implementation is based upon UNB’s DIPOP software package.

Sequential Tidal Analysis ¢ P. Vanicek, and T. Hou.

Research has continued into the performance of the sequential tidal analysis algorithm
developed at UNB. The program has been transferred into the private domain for
commercialization.

Determination of Residual Scale Error in Levelling Rods * P. Vanicek, M.
Craymer (EMR), and R.O. Castle (U.S. Geodetic Survey).

The idea behind this project is to use repeated levellings with different pairs of rods and
determine residual scale errors in these rods by a series of regression analyses, local and
global. The main problem is that collected levelling data are contaminated crustal motions
and bench mark disturbances.

Navigation Algorithm Using Probability Space and Non-Newtonian
Dynamics * P. Vanicek, and B. Xu.

The study has been concerned with the particular problem of determining the two-
dimensional position and velocity of a vehicle, say a ship at sea. Modelling the movement
of a vehicle requires either the knowledge of the forces causing the motion or the
measurement of the vehicle motion in a given coordinate system. We have concentrated on
kinematic modelling.

Differential Use of Tide-Gauge Data for Vertical Crustal Movements
Determination ¢ P. Vanicek, and G. Carrera.
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For modelling linear vertical crustal movements over Canadian territory, we use the vertical
velocity surface in the form of a two-dimensional algebraic polynomial. This is a known
technique that allows us to combine point velocities, computed from tide gauge records,
with scattered segments of relevellings and water transfers supplying the information on
velocity differences. Here we concentrate on the question of how best to incorporate the
point velocity values into the mathematical model. It has been repeatedly pointed out that
the standard deviations of individual linear trends (point velocities) of tide-gauge records
are significantly larger than the corresponding standard deviations of trend differences
(velocity differences) between close-by tide gauges. This is due to a high degree of
coherence between sea level variations at close-by sites; a large portion of these variations
disappear when the records are differenced. This behaviour offers an alternative, and
better, way of treating sea level trends: Use only one trend value as a point velocity input
and difference the rest to obtain velocity differences. We show the use of regional
correlation matrices and correlation coefficient confidence intervals for selecting the optimal
pairing of sites, i.e., a tree diagram for optimal differencing, that gives the most precise and
accurate velocity differences to be used in the modelling.

Global Vertical Datum Establishment ¢ P. Vanicek.

Offshore boundary demarcation, following the United Nations Convention on the Law of
the Sea, is invariably based on the behaviour of local sea level, having thus nothing to do
with the vertical datum as understood in geodesy. So why do we need a global vertical
datum in boundary demarcation? The only reason is to put the maritime boundaries on a
sound geometrical foundation as is done elsewhere in geodesy. In this contribution, we
discuss the definition of a global vertical datum, its relation to local sea level behaviour, sea
surface topography, and other geodetic aspects encountered in the UNCLOS applications.

Determination of Continental Slope Foot-Line ¢ P. Vanicek, D. E. Wells, Z.
Ou, and T. Hou.

The goal of this project is to find a practical and automated implementation for Article
76.4(b) of the UN Convention on the Law of the Sea, which states that, the foot of the
continental slope shall be determined as the point of maximum change in the gradient at its
base. Significant progress has been made on the project during the last year. We have
selected the most flexible from three equivalent techniques — a local fitting of a second-
order surface — which works with regular as well as irregular data sets, to become the
basis of the package we are developing. The package has been tested on real data for three
different locations off Canada’s east coast, and on simulated data.

Robustness Analysis for Horizontal Geodetic Networks ¢ P. Vanicek, and P.
Ong, in cooperation with E.J. Krakiwsky (The University of Calgary), and M. Craymer
(Geodetic Survey).

This investigation addressed the problem of geodetic network analysis techniques and
proposed alternatives to the standard statistical analysis techniques designed to analyse
network sensitivity to gross errors and blunders. The reliability technique, introduced by
Baarda and implemented by The University of Calgary, and the geometrical strength
analysis, formulated by UNB, were combined into what we call robustness analysis. It
was concluded that robustness analysis should be carried out side-by-side with the standard
statistical analysis from which it differs fundamentally. The developed software has been
tested and streamlined on simulated and real networks.

Truncated Geoid ¢ P. Vanicek, and P. Vajda.

Research has been carried on into the performance of truncated geoids and their use in
solving the inverse problem of gravimetry.
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Accurate Geoid for Canada ¢ P. Vanicek, A. Kleusberg, M. Najafi, P. Ong, P.
Vajda, and Z. Martinec.

Work has continued on the completion of an accurate geoid for Canada. The completed
first step consists of the revision of all the theoretical aspects of geodetic BVB. The second
step consisted of the revision of numerical procedures involved in the computations. The
next step will concentrate on the formulation of appropriate data averaging procedures and
solution accuracy estimation.

Horizontal Datum Transformations ¢ P. Vanicek, R.R. Steeves, and Y. Okia.
The aim of this project has been to formulate the theoretically most appropriate way of
distinguishing between datum transformation parameters and the parameters designed to
describe the existing distortions in coordinates. Development of an algorithm for
estimating both kinds of parameters and their errors is being investigated.

GPS Tides * D. Wells, and S. DelLoach.

This project will precisely measure, in real time, a time series of heights of a floating buoy,
using on-the-fly differential GPS. This time series will be evaluated to assess the ability of
GPS to serve as a tide gauge.

Integration of Hydrographic Systems ¢ D.E. Wells, A. Kleusberg, D. Dodd,
R. Phelan, Z. Du, and H. Nanton.

Integration of high performance position, depth, and tidal data acquisition systems, with
powerful real-time data processing, management, and visualization systems is feasible.
Such integrated systems have many potential new applications. Several aspects of such
integration are being studied in this project. A high density bathymetric data cleaning and
management system was developed. Methods for assessing high density swath mapping
system data quality are being investigated. The reliability of practical real-time DGPS data
links has been investigated. Innovative methods for GPS carrier-phase “on the fly”
ambiguity resolution were elaborated. Using these methods, real-time three-dimensional
differential GPS (DGPS) positioning with an internal consistency of a few centimetres was
demonstrated.

During one trial in 1993 in Kennebecasis Bay, differential GPS data was analysed in
detail using on-the-fly ambiguity resolutions techniques. This provided three-dimensional
antenna positions accurate to a few centimetres. The results indicate that the GPS data were
mapping water level slopes at the 1 ppm level, and appears even to detect water level
hydraulic effects of a few centimetres, arising from current flow over bathymetric ridges.

Hydrographic Ground Truthing ¢ D.E. Wells, Y.C. Lee, L. Mayer, E.
Derenyi, P. Vanicek, and J. Hughes Clarke, with C. Ware, B.G. Nickerson
(Computer Science), J. Tranquilla (Electrical Engineering), and A. Hay (Memorial
University of Newfoundland).

The Hydrographic Ground Truthing project (HYGRO) is aimed at studying the relationship
between actual seabed characteristics (topography, texture, and composition) and acoustic
measurements of these same characteristics. Careful attention has been paid to precise
positioning, critical to co-registration of our data sets, and thus our ability to compare
acoustic and ground truth measurements. Differential GPS and OTF DGPS are used for
vessel positioning. Precise total station and digital levelling instruments are used for
detailed topographic surveys for photo control, to map exposed boundaries of various
sediment types, and to position representative seabed samples.

In order to handle our massive raster and vector datasets, we have taken advantage of
the capabilities of the CARIS Geographic Information System (GIS) that assigns a “layer”
to each dataset, allowing co-registration and quantitative comparison of similarities and
differences between layers. The new CARIS tools based on our work have attracted
private and public sector users, and we have been asked to process sample data sets for
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both manufacturers of swath-map systems (Simrad, Krupp Atlas, Reson, Honeywell Elac,
Meridata, and Navitronics) and their users (Canadian Hydrographic Service, Public Works
Canada, Canadian Coast Guard, Teleglobe Canada, Atlantic Geoscience Centre, National
Defence Canada, U.S. Navy, U.S. Army Corps of Engineers, and U.S. National Oceanic
and Atmospheric Administration).

A second field program was begun the summer of 1993 in the Bay of Fundy. The
simplicity and practicality of using Bay of Fundy tides to reveal (at low tide) what we
mapped remotely (at high tide) has captured the imagination of the international ocean
mapping community. Collaborators from Dartmouth, N.S.; Rimouski, Québec; Ottawa,
Ontario; Washington,D.C.; Florida, Louisiana, Helsinki, Massachusetts and Hamburg
travelled to Saint John, New Brunswick, to conduct trials of acoustic mapping systems
well into the new year.

The results obtained from demonstrate both the potential and the limitations of ocean
mapping systems. Careful analysis of return signal waveforms from multi-transducer
vertical-incidence acoustic mapping systems can distinguish seabed material types. Quester
Tangent Corp., one of our industrial collaborators, has produced a commercial product,
ISAH-S, which was used in 1993 to collect six channels of digital waveform data in the
Bay. Several performance enhancements required of multibeam systems for hydrographic-
quality surveys have been identified, e.g., improved shallow-water performance, reduced
influence of measurement errors in ship’s roll, and water column acoustic velocity profile.

The development of vertical-incidence seabed classification tools benefited from a
second trial in August of the ISAH-S system developed by Quester Tangent Ltd. These
data collected at high tide in Saint John Harbour have been compared to our low tide
ground truth measurements and aided in the refinement of our classification algorithms.
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Program in Geomatics — Department of Geography

Geodesy research at University of Toronto in the quadrennium 1991-1995 focussed on

enhancing the usefulness of geodetic measurements for the monitoring of crustal movements
and structural deformation.
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A comprehensive review of the approaches to weight estimation in geodetic levelling (Kelly,
1991) confirms that combining the random and non-random components of variance
determined by analyzing the discrepancies between the direct and the reverse measurements
remains the best way of estimating the weights of the height differences over levelling lines.

An experimental study of the performance of electronic theodolites (Kingston, 1991; Wassef,
1991) shows that the tests in use overrate the accuracy, and develop alternative field tests and
improved analytical procedures.

Studies into the use of GPS (El-Maghraby, 1991; Wassef and El-Maghraby, 1991;
Wassef, 1992) show that the individual quality parameters are not reliable identifiers of the
accuracy of GPS results but they provide powerful means of classifying individual estimates
when combined in linear discriminant functions.

Discussions of the concept of hypothesis testing in the context of the monitoring of the
deformation of engineering structures (Aseno, 1992; Wassef and Aseno, 1992) bring out the
importance of randomizing the observations to ensure inferential validity, and question the
suitability of the network-least squares approach.

An examination of the characteristic features of geodynamic networks (Wassef, 1993) brings
out the inappropriateness of the tests of significance that are based on random sampling,
substantiates the intuitive concern that a geodynamic network may be of little value for crustal
deformation studies simply because the network is small in the number of stations, and
establishes norms for the size and the testing procedure. More recent work (Wassef, 1995)
addresses the implications of parameterization of undeterminable and poorly determined
factors affecting GPS observations.

Continuing work includes studies in the modelling of the gravity potential and the bearing of
GPS on GIS.
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International Association of Geomagnetism and Aeronomy

Compiled by Alan G. Jones

1. Aeromagnetism

2. Geomagnetism, inclusing geomagnetic observatories
3. Electromagnetism

4. Paleomagnetism and Rock Magnetism

5. Space Physics

1. Aeromagnetism
Compiled by Walter Roest, Geological Survey of Canada

Aeromagnetic data processing and interpretation.

A simple user-friendly method to computationally "drape" constant elevation
aeromagnetic surveys onto any specified surface has beendeveloped using a
Taylor series approach (Pilkington and Roest, 1992). This results in a

significant improvement in the resolving power of such surveys and allows
adjacent areas flown at different elevations to be merged in a straightforward
manner. Comparison between this approach and truly drape-flown surveys shows
computational draping is a viable method (Pilkington et al., 1995).

W. Roest and co-workers have devised a technique for estimating the depth and
position of magnetic sources without any a priori knowledge concerning their
geometry (Roest et al., 1992). Their approach, using the 3-D analytic signal,

is computationally cheap (only requiring derivatives of the observed magnetic
field) and delineates the edges of magnetic sources irrespective of

the direction in which the body is magnetized. The analytic signal has also

been used to derive an observational method to evaluate the level of remanent
magnetization present in a particular source body (Roest and Pilkington, 1993).

Using aeromagnetic data, susceptibility measurements and well-logs

M. Pilkington and co-workers have demonstrated that continental crustal
magnetization can be well-described as fractal - having the same behaviour
over a range of length scales (Pilkington and Todoeschuck, 1993; 1995).
Furthermore, they have shown how to incorporate this information into
existing interpretation methods and have demonstrated that more accurate
interpretations are obtained (Pilkington et al., 1994).

J. Ostrowski (Horler Information) under contract and in cooperation with the

GSC has developed a versatile form of Werner deconvolution which can be used on
aeromagnetic data collected atvarying altitudes (Ostrowski et al., 1993). This

allows "draped" surveys to be processed directly with this approach, thus
exploiting the high resolving power of such data. Effectively, all acromagnetic
surveys can now be interpreted with this method, irrespective of how the survey
was flown.

A method originally developed for removing distortions in potential field maps

has been applied (along with a simple strain analysis) to reconstruct the
original shape of the Sudbury Basin, demonstrating, through the presentation of
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potential field data, that it could have been circular and supporting a

probable origin by impact (Roest and Pilkington, 1994). Work is now under way
on applying this approach to the Kapuskasing Zone in Ontario and other areas
with distributed deformation in the Canadian Shield.

Keating (1995) has succesfully used pattern recognition techniques to identify
circular magnetic anomalies caused by kimberlite pipes in the Kirkland Lake

region of north-eastern Ontario, Canada. Using high resolution magnetic,
electromagnetic and gravity data, an integrated geophysical interpretation of

the Chibougamau mining camp, northwest Quebec, Canada, wa completed (Dion et
al., 1992).

In conjunction with gravity data, aeromagnetic survey data over the 65 Myr-old
Chicxulub impact crater in Mexico has been processed and interpreted to provide
important constraints on the size and morphology of this structure (Pilkington

et al., 1994). Magnetic data suggest the presence of reversely magnetized

bodies within the melt rocks and a central uplift offset from the geometric

centre of the crater.

Aeromagnetic Surveys

Approximately 300,000 sq km have been added to the regional acromagnetic
coverage of Canada available for the Geophysical Data Centre of the GSC.
Surveying has taken place in three principal areas: 1) Southern Saskatchewan

and Manitoba, stimulated by interest in diamond exploration; 2) Southwest
Alberta/Southeast British Columbia stimulated by oil and gas exploration and 3)

in the Interior Plateau of British Columbia as part of a multi-disciplinary

program to stimulate mineral exploration in an area with extensive glacial and
miocene and younger volcanic cover. The Manitoba, Saskatchewan and British
Columbia Interior Plateau portions were flown on an 800 m by 4 km grid at 400 m
mean terrain clearance, whereas the Alberta/SE BC portion was flown on a 1600 m
by 5 km grid in constant elevation blocks. The surveys in Manitoba,
Saskatchewan, Alberta and Southeastern BC have also provided information on the
structure and divisions of the precambrian basement beneath sedimentary cover
and the eastern Cordillera as a complement to the Lithoprobe Deep Seismic
Reflection Program.

Magnetic Compilation Project

In 1990, the Atlantic Geoscience Centre of the Geological Survey of Canada
initiated a project to create a research-grade data base for use in

investigating large-scale, regional tectonic problems of the Arctic and North
Atlantic and surrounding land areas. As we near the end of this project, we
estimate that we have assembled and processed about forty million magnetic data
points, contributed by thirty-five organizations in fifteen countries, to

develop a coherent 5-km grid throughout the study area (Verhoef et al., 1994).
Contributors delivered data in a variety of forms: digital marine magnetic and
aeromagnetic profiles, digital grids from previous compilations, and paper maps
portraying contours or profiles along track. During the life of the project,
numerous innovative computer techniques to cope with this major influx of data
were designed and developed: semi-automatic error detection and correction,
modelling of different classes of time-dependent magnetic field variations,
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statistical cross-over analyses, interactive visualization, and grid
manipulation (including levelling and adjustment). As a resource for regional
studies, the new data base has already demonstrated its value by providing a
departure point for a wide range of investigations performed jointly with
personnel from data-contributing organizations. One of the most interesting
results of the data base has been the new perspective it offers on the tectonic
framework and early history of the Arctic Ocean - one of the world's most
poorly known: marked disparities in the Amerasian and Eurasian Basis suggest
significantly different modes of formation for these two segments of the
seafloor. In the North Atlantic, the data base provides an enhanced definition
of seafloor spreading anomalies, and contains interesting new evidence for
ridge axis propagation and oceanic fracture zone displacements.
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2. Geomagnetic Surveys, Magnetic Observatories and Instrumentation
(Geological Survey of Canada, Ottawa - prepared by L.R. Newitt, D.H.
Boteler, and R.L. Coles)

i. Magnetic Observatories and Repeat Station Surveys

Instrumentation at Canadian magnetic observatories has been upgraded with
the installation of the CANMOS magnetometer and data collection system.
CANMOS provides faster sampling rates, increased resolution, and greater
stability than was possible with the previous AMOS system. CANMOS also
enables near-real-time data transmission via satellite, permitting Canada

to become a major participant in INTERMAGNET, a global near-real-time
observatory network. A new magnetic observatory has been established at
Iqaluit, NWT, in support of the Orsted mission.

The Canadian repeat station network consists of approximately 40 sites ar
which magnetic observations are made about every four years to determine
the secular variation of the magnetic field. In 1994, in addition to the
normal repeat observations, a special survey was carried out to redetermine
the position of the North Magnetic Pole. Its 1994 location was 78.3
degrees N, 104.0 degrees W.

ii. Regional Modelling of the Magnetic Field

The development of a new method for modelling secular variation, by main
field differences, eliminates many of the problems inherent in the previous
techniques. The technique has also been extended to modelling the main
field by incorporating spatial magnetic field data, including scalar data.

A spherical cap harmonic analysis was performed using the new method to
produce the Canadian Geom