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Chair’s Report
The two themes of the Terrestrial “Atmospheric Environment” (0-100 km) and the Terrestrial
“Space Environment” (ionosphere, thermosphere,
magnetosphere) are the focus of research within the
Institute of Space and Atmospheric Studies (ISAS).
The work has prospered, due to the energetic leadership of our seven Professors, who also act as the
Executive and as Principle Investigators (PIs) for the
main programs of ISAS. The research activities are
based upon a strong and diverse set of observational
systems, including ground-based radars and optical
systems; and optical systems on aircraft, rockets and
space vehicles. The analysis of the data from these
systems leads to complementary theoretical and
modelling activities, and strong national and global
collaborations.

A hightlight of this year was the meeting of the
Advisory Committee in November (22nd). There was
a very full attendance of Scientists and Senior
Administrators from Government Agencies and
Departments, local Industry Presidents and Directors,
and University of Saskatchewan Senior Administrators. Their presence, interest and support for
our Institute and its Programs are greatly appreciated.
Their support for recruitment of Professors for the
approaching retirement of three senior Professors
was much appreciated. At the next meeting it is
proposed that we have presentations from members
of the Committee informing ISAS Staff of potential
opportunities that exist for collaboration and
interactions. The report below is the four year (19972001) Report made to the Advisory Committee.
General readers and supporters will find the
developments over these years to be of great interest.

PART A. Highlights of 1997-2001
Years of Administrative Change
These have been years of enormous change
with regard to persons in leadership roles in the
‘Department of Physics and Engineering Physics’
(PEP) and the University. Prof. Rob Pywell was
Acting-Head (1997-8), Prof. Akira Hirose was Head
(1998-2001), and Dr. Pywell is now Head (2001-04).
As a Research Unit in PEP, ISAS flourishes only when
the Department is being well-operated and the Head
is appropriately aware of ISAS activities and needs.
As Chair I have spent considerable time working with
the Heads; in particular assisting with PEP finances
and serving on the ‘Management Committee’ from
1997-2000.
The senior administrators in our University, who
also serve on the Advisory Committee, have changed
completely since the 1997 year. Thus in the years
2000-2001 efforts were required to ensure that the
importance of ISAS in the Canadian Space Science
area was well known to our senior colleagues. They
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have all been very generous with their time, interest
and support in a variety of ways. Most crucial for us
has been the Office of the Dean (College of Arts and
Science). After Dean David Atkinson left, we had a
series of Acting-Deans (Professors Claude
Thompson, Tom Wishart, Dick Neal), before the arrival
of the present Dean, Ken Coates, in January 2001.
Shortly after that and in response to the restructuring
of the College into Divisions (Natural Sciences, Social
Sciences, Fine Arts/Humanities) the Associate Dean
(Science Faculty) was appointed (Prof. Keith Taylor).
Both of our Deans have visited ISAS and
have listened to our Science Presentations. The new
‘Divisions’ in the College mean that the Sciences will
have more independence and responsibility. We have
waited since 1998 for a ‘permanent’ Dean and this
new structure, and we look forward to continuing to
work with both of these gentlemen and our colleagues
in the other Science Departments.

Canadian Research Chairs
One of my goals following the 1997 Advisory
Committee Meeting was the acquisition of a Research
Chair. Fortunately, an initiative of the Federal
Government in 2000 provided the necessary focus
and opportunity for this: “21st Century Chairs for
Research Excellence”, which became the “Canadian
Research Chairs” Program. We (ISAS) advertised
globally throughout 2000, to alert prospective
candidates to the expected opportunities. The
Executive met in June 2000, a sub-committee brought
forward recommendations to a September meeting,
and our top two candidates were invited to ISAS/PEP
in the Autumn. There were 20 candidates, many of
excellent quality, but the two chosen for final
consideration were truly outstanding and represented
the areas of Space and Atmospheric Environments.
The University had been working in parallel, and
provided the “Strategic Research Plan for the CRC
Program” on August 31st,2000. This included six
‘thrusts’, including “Environmental Sciences”, which
contained a “focus” on “Conservation and Climate
Change”.

The University chose to put major emphasis
for the first year’s (2000) CRC Program “decision
points” upon in-house candidates, and the
nominations from the University in the Autumn were
therefore submitted without a ISAS candidate. The
year 2001 was filled with considerable activity: the
“Theme Committees” became active in January, and
Dean Ernie Barber (Agriculture) became Chair of the
“Environmental Sciences” Committee. We
established very strong and important linkages
between the Research Proposal of the Candidate
chosen by ISAS/PEP and Departments in Arts and
Science, and in Agriculture. The forms were submitted
to the CRC (Ottawa) in mid September. The position
was offered to the candidate in December 2001, and
we will reveal his name once the negotiations with
the University are completed for his appointment in
2002 (Summer). Especial thanks are due (in order
of calender-time) to Prof. Dick Neal, Deans Ernie
Barber, Tom Wishart, Keith Taylor and Ken Coates,
and to Julia Taylor (Director of Research Services)
and her staff.

Canadian Space Agency (CSA) Programs
The last four Annual Reports (1997-2000)
testify to the highly important role of the ‘Space
Science Program’ (SSP) of the CSA in the programs,
funding and science developments in ISAS. We
should not repeat all of that activity, but provide
highlights. I have been close to these matters, as I
had been a member of the Advisory Committee
(STRAC: Solar Terrestrial Relations) since 1991, and
was appointed for a further 4 year term in 2001 to the
new SAEAC Committee (Space and Atmospheric
Environments Advisory Committee). This new
Committee contains two sub-committees on each of
the two ‘Environments’. The following is a brief
summary of CSA activities and developments (most
acronyms are defined, but satellite names are
discussed in the specific reports from the Professors
which follow my report):
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1997 - Preparations by the CSA-SSP staff and
Canadian scientific community for the Long Term
Space Plan (LTSP-3)
- “Space Weather” Workshop (Nov. ISAS)
- ISAS involvement with Odin-OSIRIS, MOPITT,
WINDII satellites and CANOPUS (ground-based)
grows
- Growth of new CSA programs “Concept Studies”,
“Small Payloads Program”
1998 - Community and STRAC activity in support of
the preparation of the LTSP-3 Document
- ‘Atmospheric Environment’ workshop (Atmospheric
Environment Service and CSA sponsors)
- Odin and MOPITT CSA contracts support science,
technology and infrastructure within ISAS
- CSA linkages with SuperDARN radars and
CANOPUS increase
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1999 - Acceptance of LTSP-3 by Government: ‘Abase budget’ for 10 years at $300M p.a.; SSP budget
increased from 7-14%.
- Planning of SSP programs proceed
- ISAS -CSA programs flourish; NSERC grants
support that science; modest but valuable CSA
financial support for SuperDARN
2000 - Continued planning of ‘Space and Atmospheric
Environment’ programs/projects within the new SSP
(1999)
- Parallel activity for the area of “Planetary
Atmospheres” proceeds, associated with the “Space
Astronomy” Program (JSSA: Joint Sub Committee
on Space Astronomy, as Advisory Committee)
- New (Planetary) Astronomy Projects: SPIRE-FIRST
(ESA-CSA) and MUSE (CSA)
2001 - Launch of Odin in February successful. Prof.
Llewellyn (OSIRIS PI) leads successful team and
acquires first data in June

- SAEAC has its first meetings
- Funding crisis begins in summer due to “Space
Station” over-expenditures (NASA), over-runs on
“Radar Sat” (CSA), and the ACE-CSA satellite
program (SCI SAT)
- Some elements of the SSP program are threatened
for the short term, money not available for some
approved (but not contracted) activities within SAEAC
and JSSA.
The events of the last few months of 2001
were quite serious for the entire Canadian community
which has worked with CSA programs. Although the
funding scenario is expected to improve during 2002,
these events were quite demoralizing for many
Canadian scientists. Within ISAS, the support for Odin
and MOPITT are secure for 2002 and the linkages
with SuperDARN (Sofko/ Koustov/ Hussey) are
expected to continue.

The Natural Science and Engineering Research Council
(NSERC)
The awards from NSERC are the foundation
of our Research Programs, and our professors have
done very well in acquiring a variety of grants. NSERC
have developed a number of different categories of
awards, and these have been well-used in supporting
our larger programmes: Collaborative Special
Projects, Strategic Projects, Collaborative Research
Opportunities, Major Installation, Major Facilities
Access. Dr. George Sofko has been the most
successful in this regard, with the largest NSERC
award on campus in 1999. These vehicles have been
most suitable for SuperDARN.
The NSERC budget for Individual/Group
‘Research Grants’ has not grown adequately in recent
years, although the number of applicants continues
to increase. Awards have diminished in general,
nation-wide. We have also suffered to a degree here.
The addition of ‘CRC’ Chairs to the applicant-group
will place further pressures upon this essential budget.
The Government appears to have been unresponsive
to many overtures in this regard.
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The CSA and NSERC have worked very well
together (linked with SAEAC activity) over the last two
years in developing a strategy that will provide major
CSA Projects with a much stronger likelihood of
obtaining Awards. That will allow the ‘science’ areas
of approved Projects to be well supported.
Finally, the ISAS professors continue to provide
‘User Fees’ for the support of ISAS services from their
NSERC Research Grants, in lieu of the now obsolete
Infrastructure Grants. These funds are specifically
requested with our applications for ‘Research Grants’.
These ‘User Fees’ are additional to the ongoing
budget from the College of Arts and Science. This
University of Saskatchewan seed-money is
invaluable, and now includes some revenues from
ISAS contract-overheads. The College budget
encourages NSERC to provide these ‘user fees’, and
then allows for ISAS administrative services which
cannot be funded from any other NSERC-CSA-MSC
source. The ISAS Infrastructure budget is close to
$80,000, while total revenues to ISAS Pls range from
$1.5 to 2 M each year ( $1.8M 2001/2).

Outreach: Technology Transfer
The support and promotion of our Research
through the Office of Research Services, has been
valuable. The Vice President (Research) has most
recently been Dr. Michael Corcoran; the Director of
Research Services is Julia Taylor; and the
Communications Officer Kathryn Warden. They have
been helpful with regard to the promotion of ISAS
programs. Two Saskatoon companies, SIL (with Larry
Cooper, President) and Kipp and Zonen Inc. (until
recently with Jeff Johnston, Research Scientist) have
worked with us over recent years. SIL has provided
fine research projects for the EP425 course on
Engineering-Physics Systems, which was convened

by the Chair (1997-2001). Both students and industrial
partners enjoyed and benefited from this activity. SIL
are also involved with the development of the CADI
radar (Canadian Advanced Digital Ionosonde:
Professor John MacDougall, UWO). One of his
systems is now operating at the ISAS Park Site. An
Industrial NSERC Scholarship between SCI-TEC
(now Kipp & Zonen) and the University of
Saskatchewan involved Dr. Llewellyn and the Odin
project. We must note that Professor Ted Llewellyn
interacts powerfully with several companies in Ontario
associated with Odin: Routes, NORTEL.

Outreach: Media and General
ISAS is well positioned in this regard. We
have an effective and regularly upgraded web site
(http://www.usask.ca/physics/isas/) which is linked
with the CSA’s web site (http://www.space.gc.ca). We
are listed in SOURCES (for Editors, Reporters,
Researchers), which has a hardcopy book, and also
a web site. ISAS also has a specific entry in the
Canadian Technology Network (CTN), which is
sponsored by the NRC and Industry Canada, and
provides Canadian business with links to technology
(http://ctn.nrc.ca/).
Posters and other ISAS materials are
regularly posted to all Canadian Physics and
Engineering Physics Departments and to 3rd and 4th
year students to encourage more graduate students
to join our community. Materials developed by Marcia
Main (ISAS Secretary) and the Chair during 1998/
1999, and redesigned by our new Secretary, Debbie
Jaroslawsky (May 2000), during 2000/01 are used.
Copies of these are also readily available upon
request.
These new materials are also used by the
Physics students and/or PEP Professors who attend
CUPC (Canadian Undergraduate Physics
Conference) events, for their Graduate Studies
promotional event. Graduate students interested in
working in ISAS can complete degrees in the
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disciplines in Physics, Engineering Physics or
Environmental Engineering.
The University has been placing more
emphasis upon Research and its promotion through
advertising and special events. For example there
were two major Research activities on campus during
the year 2000 at which ISAS participated: the
Research Committee of Council organized “Building
Research Success at the University of
Saskatchewan” in January, where we had a large
poster: and “Experience US” in February, when
students, teachers and parents from around the
province attended. Our professors continue to write
articles for, and to be interviewed by, staff from the
local newspaper, the Star-Phoenix, and to have
articles in the University’s Campus News. The local
TV stations have worked with us during major events
eg. Odin launch in 2001.
Finally, a video-conferencing system
operated during 2000/01 from the ISAS Conference
Room. The MOPITT team (Jim Drummond,
University of Toronto, PI) has provided this system
since regular team meetings are considered essential,
and ISAS is providing operating costs. The system
is available for ISAS and PEP staff. The potential for
this system is very considerable and it can also be a
powerful outreach mechanism.
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Funding, Staff and Programs
The research programs supported by ISAS
are very diverse. This means that funds from both
NSERC and the CSA have been sought and secured.
The programs of ISAS have therefore been able to
flourish despite some difficult years earlier in this last
decade. The economic recovery of Canada during
the 1990s has already had significant effects upon
the CSA and NSERC, and we have felt the results of
this already. However, the economic downturn of
2001 will affect the next 3 years at least. As noted in
the ‘NSERC’ section, our total incomes have ranged
from $1.5-2M over the last 5 years ($1.8M 2001/2).

The ISAS staff form an effective and
productive group, with strong national and global
collaborations due to the diversity of our programs.
Graduate students, Research Scientists and
Engineers learn the skills of developing state-of-theart experimental systems, of analysing data using
sophisticated software and powerful computing
systems, and of preparing research reports and
papers. The International research environment for
our Professor-PIs is extremely competitive, as they
are also committed university professors, with normal
teaching and administrative duties; our competitors
in the United States and Europe are often full-time
researchers.

The seven PIs provide a well balanced
coverage of the entire Solar Terrestrial Physics (STP)Atmospheres area. No other Canadian “group” has
such breadth. In the “Atmospheric Environment”, we
study the chemistry and aeronomy of the lower
atmosphere (troposphere 0-20 km); the chemistry,
thermal structure, and dynamics of the middle
atmosphere (30-100 km); the coupling between
dynamical processes, atmospheric waves, and
thermal and chemical ‘structures’; and the
compositihave all been very generous with their time,
intereston and structure of planetary atmospheres
(Professors Llewellyn, Manson, Davis and
Degenstein). These topics relate to “Global Climate
Change”, and include the effects of solar variability
and of changing concentrations of Ozone and GreenHouse Gases (GHG) upon the Atmospheric
Environment. In the “Space Environment”, we study
the plasma instabilities of the E-and F-regions of the
ionosphere; the convection patterns of the ionosphere/
thermosphere as they respond to the disturbed sun
and magnetosphere; the response of the
magnetosphere and geospace-plasma to solar
activity; the drifts of meteor trails in the D- and Eregions; and the effects of atmospheric waves upon
the thermosphere (Professors Hussey, Koustov and
Sofko). These topics relate to “Space Weather”,
“Space Climate” themes, their effects upon space
vehicles and energy-distribution systems on planet
Earth, and have as a goal the development of a
prediction capability. The coupling between the
“Space” and “Atmospheric” Environments is also
studied by Drs. Hussey, Sofko and Manson. This
relates to the notion of “Solar Weather”, where the
signal of solar variability is directly found in
tropospheric weather and climate, and includes the
impact of atmospheric dynamics upon auroral activity.

We have 7 Professors, 5 of whom are
Professional Engineers (Drs. Llewellyn, Sofko,
Koustov, Hussey and Degenstein), with a desirable
blend of youth and experience. Dr. Degenstein joined
us in 1999, having filled Dr. Ken Paulson’s position
(Geophysics). Those five form a strong leadership
unit for the Engineering Physics program in the
Department. Our active Adjunct Professors are a very
valuable resource: Drs. Dick Gattinger (Odin, Ted
Llewellyn); and Don McDiarmid (SuperDARN, George
Sofko).

Within Canada’s “Space Science” community,
the two major themes are also the “Space
Environment” and Atmospheric Environment”, so
ISAS contributes fully to the national agenda. We
have two representatives on the CSA’s “SAEAC”
Advisory Committee. The principle influences upon
our PIs during the last few years and into the near
future have been detailed in recent Annual Reports.
MOPITT, ISO and FIRST satellites, plus the James
Clerk Maxwell telescope for Gary Davis; the OdinOSIRIS satellite and MOPITT for Ted Llewellyn and

The research and core staff have comprised
a total of approximately 30 persons during the last
few years. Our numbers have grown recently to 35
due to strong CSA programs and SuperDARN. There
are (2001 average) 7 PIs (Professors), 2 Adjunct
Professors, 6 Post Doctoral Fellows/Research
Associates, 4 Engineers/Research Assistants, 3 Staffpersons (Technician, Assistant-stores and finances,
Secretary) and 12 graduate students.
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Doug Degenstein; WINDII-UARS, Odin and TIMED
satellite missions, MF and Meteor Radars, along with
SCOSTEP and CEDAR international studies and
projects for Alan Manson; and SuperDARN,

CANOPUS, CADI and related magnetospheric
satellite missions for George Sofko, Sasha Koustov
and Glenn Hussey.

PART B. Future
Given our Programs, and present Staff and
Professors, we look forward to continued excellence
and leadership in the areas of Solar Terrestrial
Physics, Atmospheric Science and Planetary Science
during the first decade of the century. Our combination
of these Terrestrial-Planetary interests will also be
strengthened nationally in this time interval. It is an
international trend.
The addition of a CRC Chair in ‘Climate
Change’ or ‘Space Weather’ will be an exciting and
enabling event, which will provide great additional
strength to our scientific impact, and influence upon
campus science, and National and International
‘Space Science’.

ISAS 2001

The approaching specific challenge to us involves
the retirement at ‘67 years’ of Drs. Llewellyn and Sofko
in 5 years (July 2006) , and of myself in 7 years (July
2008). We must find replacements of international
quality, to ensure that ISAS continues as the most
comprehensive and largest “Space-Atmospheric”
Science Institute in Canada. It is also essential that
1-2 of these three persons be Engineering Physics
specialists (Professional Engineers) as that program
in our Department now depends upon our Professors.
This is a significant challenge, and will require planning
and imagination. The addition of a CRC Chair will
enhance our chances of developing a larger pool of
candidates. (A note added in Press involves Professor
Gary Davis: he has accepted the position of Director
of the JCMT (Hawaii- 5 years) as of 2002 and has
been unable to contribute to this report.) Alan Manson,
ISAS Chair.
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ISAS Facilities
Observatory Facilities
The majority of the optical and radar systems
supporting the programs of the Institute are at the
field sites described below. There are a number of
additional systems which have been developed or
purchased with Institute funds, or are operated for
colleagues by ISAS staff. These include the following:

Three-component Magnetometer and ULF
System
The Three-component Magnetometer and ULF
system resumed operations in June 2001, after being
damaged in the Park Site fire in 1999. The University
of Tokyo operates the Magnetometer and ULF
System.

T.V. All-Sky Camera
This has the following features: 2 filters and
shutter to allow observations of specific wavelengths;
PC control for automatic field use; a photo-sensor for
computer failure. This all-sky camera was returned
to ISAS and is awaiting deployment to another field
site.

Meridian Scanning Photometer (multiwavelength) MSP
Five single-channel photometers are
incorporated into this (Iwan Goza for Dr. McEwen,
during 1992/93). It is PC (IBM-compatible personal
computer) controlled. This MSP has been located at
both La Ronge and Rabbit Lake, for Dr. McEwen’s
CNSR/STEP research; it is now at Rabbit Lake (since
the Spring of 1995).

Spectral Airglow Temperature Imager
(SATI-2)
In December 2000 a SATI-2 Imager began
operating in the penthouse observatory on the roof of
the Physics Building. The SATI-2 Imager was moved
from the Physics Building to Park Site in July 2001.
The equipment is on loan from the Institute for Space
and Terrestrial Science York University. The
instrument measures perturbations of the rotational
temperatures and vertical column emission rate of
the O2 Atmospheric nightglow layer at 94 km and the
OH Meinel layer at 86 km.

Field Sites
Rabbit Lake (58°20' N, 103°70' W)
This site was extensively used from 1985-1990
as part of the HILAT and VIKING satellite activities. A
new trailer, obtained with CNSR funds, was located
at Rabbit Lake during 1992 with a TV all-sky camera.
The system was upgraded to a digital recording
capability in the Fall of 1993, and operated until Spring
of 1996 with visible, red and green filters. The CADI
phase-coherent ionosonde system from the University
of Western Ontario was removed from the Rabbit
Lake site in 2001, and it is now operating at Park Site.
A magnetometer operated by the University of Tokyo
is still operating at Rabbit Lake.

Park Site (52°12' N, 107°7' W)
The field site near Asquith continues to be used
by the Atmospheric Dynamics Group with their large
MF (2.2 MHz) radar system. This has extensive
transmitting and receiving antenna systems for

14

spaced antenna and interferometry studies of the
mesosphere and lower thermosphere (60-110 km).
Turbulent scatter and meteor trails are used to provide
winds, atmospheric waves and turbulence data as well
as ionospheric data from D-, E- and F-regions. This
internationally recognized system is fully automated
and requires only occasional maintenance; this is
normally provided by weekly visits. Data are made
available to collaborators in International (e.g. STEP,
MLTCS) and National (e.g. CNSR) programs.
In 2001 two new experiments were installed at
Park Site. A CADI phase-coherent ionosounde
system from the University of Western Ontario was
installed in the spring of 2001 using the Delta antenna
at Park Site. The SATI-2 Imager from York University,
was moved to Park Site from the Physics building in
July 2001, to solve the light contamination problem
that was prevalent while running in a urban
environment.

The 160-acre site is leased from a local farmer,
Mr. Charles Chappell, on a long term rental
agreement. On July 13, 1999, a fire caused by
lightning destoyed two of the three bays of the main
receiver building. The other wing, the MF Radar wing,
suffered extensive smoke and water damage. The
two fires damaged wings were demolished and the
other wing was cleaned and restored. The MF Radar
transmitter and receiver systems both had to undergo
extensive cleaning before being returned to the field.
A new building was completed in April 2000. It was
attached to the existing MF Radar Wing. The new
building has a 600 sq. ft. cold storage area and a 600
sq. ft. working area. The new working area also
contains the optical dome.

Bakker’s Farm (52°15' N, 106°27' W)
In May 1997, SAPPHIRE operations were
terminated at the Bakker Farm site. The associated
SAPPHIRE transmitter sites at La Crete, Alberta and
Gilliam, Manitoba were decommissioned in
September 1997. The 6- and 2-meter antenna
systems have been left standing to be used on a
campaign basis. The building, complete with optical
dome, remains ready to be used with either the radar
or optical experiments.

Kernen Farm (52°9' N, 106°32' W)
The Kernen Farm is the site of the Saskatoon
SuperDARN system. The site is comprised of two
antenna arrays:
1. The main array: 16 log-periodic antennas mounted
on 15 meter towers. Each connected to a 600W
pulsed transmitter.
2. The vertical interferometer array: 4 log-periodic
antennas mounted on 15 meter towers connected to
an independent receiver to allow angle of arrival
calculation.

Prince George (53°59' N, 122°35' W)
A new SuperDARN radar was built in 1999 on
a site 15 km east of Prince George, British Columbia.
The radar system is identical to the SuperDARN radar
operating in Saskatoon. The radar has two antenna
arrays: a main transmitting array and a vertical
interferometer array. The radar point 5° west of north
and is paired with a U.S. run radar on Kodiak Island,
Alaska.
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Rankin Inlet (62°48' N, 92°10' W)
The field site is the former SAPPHIRE North
transmitter site that was decommissioned in 1997.
The University of Calgary now uses the site for their
NORSTAR All-Sky Spectral Imager. The NORSTAR
Imager was installed in the summer of 2000. Future
plan for this site is the installation of a CADI phaseco-herent ionosounde during the summer of 2002.

Computing Facilities
An Institute with such extensive observational
systems, and data analysis programs, requires
considerable computing facilities. A wide range of
computer systems is available to ISAS scientists and
graduate students.
Recent changes to the computing facilities at
ISAS include an upgrade of the ISAS node of
CANOPUS (Canadian Space Agency) by the
installation of an Alphaserver 1000/233 MHz
(managed by D. André and M. McKibben), and the
acquisition for the SuperDARN analysis of an HP
9000/715 (managed by D. André).
The recent additions of computer equipment
complement the present systems available. The
University provides a wide variety of services, through
its Computing Services department, at quite
reasonable costs; the system is primarily VAX/VMS
based. Also, there is an IBM RS6000/340 workstation
which was supervised by Dr. N. Lloyd. The Physics
and Engineering Physics Department provides a LAN
manager-based file server for PC-based programs
and data storage.
The scientists, engineers, graduate students
and core staff all have PC 486/586/686 systems which
are connected by Ethernet to the major computers:
University network, CANOPUS microVAX and
ALPHA, IBM RS6000/340, and HP 9000/715. Many
of the PC’s are running Windows for Workgroups
software which enables the sharing of printers and
disk space amongst PC users. Some of the PC’s are
running LINUX, a unix type operating system for PC’s.
Electronic-mail (e-mail) services are provided by each
of the major computer systems. These include the
SPAN e-mail access, provided by CANOPUS
microVAX and ALPHA, to the majority of the Canadian
Solar Terrestrial Physics Community who are involved
with CANOPUS. The 8 mm tape copying facility
enable the production of SuperDARN data tapes for
distribution to national and international colleagues.
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Finally, most of the Institute’s observational
systems have the capability of real-time analysis of
data by dedicated PC systems, which has minimized
the need for major main-frame computers or even
work stations. The MF radar at Saskatoon
(Atmospheric Dynamics Section, Dr. Manson), the
VHF radar transmitter/receiver system known as

SAPPHIRE, the SuperDARN MF radar at the Kernen
Farm, and the Rabbit Lake/Rankin Inlet All-sky
Camera, are each computer controlled and generate
processed data. These are then ready for detailed
analysis. In addition, the engineers within ISAS
continue to demonstrate leadership by the use of
transputer technology.

Optical And Electronic Laboratory Facilities
The Optical Laboratory is under the direction
of Bill Marshall and continues to provide general
support for the research programs within the Institute.
There are optical calibration standards for visible, UV
and IR (200-900 nm). Low brightness sources (LBS)
in the UV and IR were developed during the CNSR
for medical research (ozone) and stratospheric
measurements. In particular, calibrated detectors
were obtained for the UV-A and B regions, and there
was testing of sources and detectors over the 200 to
400 nm range.

Particle Calibration Facility
The basis of this facility is the Canadian Space
Agency electron calibration system (1-400 eV), with
a cryogenically pumped vacuum chamber and clean
room which was developed for FREJA-CPA, but has
also been used for various rocket systems. This
facility is within the Optics Lab. It will allow calibrations
for electron energies of up to 25 keV, which are of
value for satellite and rocket systems sampling auroral
electron populations.

The Electronic Laboratory has network and
spectrum analyzers, signal generators and test
equipment to allow development of state of the art
VHF/HF/MF radars. Marshall also maintains this
electronic test equipment and develops new systems/
sub-systems for the optical and radar facilities of ISAS.
Marshall is supported by ISAS funds (50%), NSERC
funds from the MF radar group and the HF/VHF radar
group.
Projects of particular note include the following:
•
SuperDARN system support
•
Park Site MF radar system maintenance and
development, and
•
General support for the electronic/mechanical
needs of 32-35 ISAS personnel
•
SATI-2 system management
•
CADI system management

Electronics and Mechanical
Stores Facility
Comprehensive electronic and mechanical
Stores were maintained and administered by Shirley
Pfeil (Dept. Assistant) for ISAS researchers
throughout the year 2001. Shirley is supported 100%
from ISAS funds and her hours remain at .80 FTE.
Shirley handles all of the ISAS accounting
and provides in-house monthly and annual budget
summaries for all ISAS accounts, which are
administered by herself and the ISAS Chair.
Materials and components are provided at
cost and this has been of significant practical
assistance in research programs. Turn-over of parts
and purchase of equipment, and other related
expenses in the year 2001 were in excess of 335,000
dollars in activity.
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Atmospheric Dynamics
A.H. Manson
Team Members
Research Associate:
Research Assistant:
Technician:
Graduate Students:

Dr. C.E. Meek
R.A. McMurray
B. Marshall
Y. Luo, T. Chshyolkova

Introduction
The Atmospheric Dynamics Group continues
to have strong linkages with ISAS, Canadian, and
International programs. The region studied, the upper Middle Atmosphere or Mesosphere Lower Thermosphere (MLT, 60-150 km), is strongly affected by
not only solar and auroral disturbances but also
weather-related tropospheric/stratospheric disturbances from below. National and International programs such as CEDAR (Coupling, Energetics, and
Dynamics of Atmospheric Regions - U.S. sponsored),
and SCOSTEP (Scientific Committee on Solar Terrestrial Physics) with its new programs (below), demonstrate the importance of the MLT region and the
relevance of the ISAS work.
The basis for our MLT research is the
Saskatoon medium frequency radar (MFR, 2.2 MHz),
operating in spaced antenna and interferometry
modes at the Park Observatory. It provides profiles
of the horizontal and vertical wind, and of atmospheric
waves, in real time and continuously. The sampling
rate for profiles is 5 minutes, with 3 km samples from
60/75 - 100/110 km (day/night). This main radar
facility was refurbished in 1997, using funds from an
NSERC equipment grant. The system is now ready
for another decade of operation. The second of our
MF radars has been located at Platteville 40°N (the
Boulder Aeronomy Research site) since December
1999. Our colleagues, Drs. Susan Avery and Denise
Thorsen (University of Colorado) have an NSF grant
to support the operation of the system. We now have
18 months of excellent data. The new radar has
enabled us to create a new network: CUJO, CanadaU.S.-Japan Opportunity. The five MFRs form a unique
middle-latitude network with a 7000 km longitudinal
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sector, and a 12-14° latitudinal variation at two
longitudes: London (43°N, 81°W), Platteville (40°N,
105°W), Saskatoon (52°N, 107°W), Wakkanai (45°N,
141°W) and Yamagawa (31°N, 131°W). Several
papers are now being written based upon CUJO. The
third MF radar at Tromsø (70°N) involves three
Universities: the University of Saskatchewan, the
University of Tromsø (Auroral Observatory) and the
University of Nagoya. Data may be seen at this website: http://atmos.phys.uit.no. Our principle colleague
from Tromsø is Dr. Chris Hall. He has effectively
monitored the operation of the MFR, and led the
research for several innovative studies. This is now
part of a longitudinal Arctic radar/ optical network and
project called DATAR: “Dynamics and Temperatures
from the Arctic MLT Region”. It is associated with
PSMOS (see below), chaired by Scott Palo (Boulder)
and co-chaired by Yuri Portnyagin and Alan Manson,
and comprising 8 radars: Resolute Bay, Dixon,
Esrange, Andenes, Tromsø, Poker Flat, Svalbard and
Point Barrow. In particular the radars near Tromsø
(Andenes, Esrange) are named the “Scandanavian
Triangle”. The spacings range from 150-260 km and
allow unique spatial-temporal studies. The members
of the ISAS group are Drs. Alan Manson and Chris
Meek, principle scientists; Yi Luo, Ph.D. graduate
student and research assistant who is studying
planetary waves in the middle atmosphere; Tatyana
Chshyolkova, M.Sc. graduate student, who is studying
dynamic influences on the airglow, using the SATIimager on loan from our colleague Dr. Gordon
Shepherd (York University); and Ron McMurray and
Bill Marshall, research assistant (archiving; data
analysis) and technician respectively.
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International Programs

Scientific Projects

The SCOSTEP programs, (1998-2002), have
been very active in 2001. The first of these is SRAMP (STEP Results, Applications and Modelling
Phase). It has two major themes, which are to complete studies based upon observations during STEP
(1990-1997) and to select observing intervals for new
campaigns. These “space weather” campaigns emphasize coupling in the solar-terrestrial system from
the Sun, through the magnetosphere, and down into
the middle atmosphere and troposphere (Alan
Manson is on the Steering Committee). Two of the
Projects below use data acquired during STEP. Some
of these results were prepared for the SCOSTEPCEDAR Workshop/Symposium at Longmont, Colorado, USA in June 2001.

We will present brief summaries and figures
from the major studies of 2001. The phenomena
described will begin with Gravity Waves and then
proceed to longer time and spatial scales. The format
chosen is to provide Abstracts from the papers, which
are accepted, or published in major journals, and
surround those with additional comments.

There has also been vigorous activity within
the other middle-high latitude SCOSTEP program in
the post-STEP era (1998-2002): Planetary Scale Mesopause Observing System (PSMOS - Gordon Shepherd and Maura Hagan (NCAR - Boulder) PIs). The
ISAS MFR systems are playing strong roles in this
program. As well as the DATAR project having its
beginnings at Longmont, a new campaign GATDAT
was initiated by Juergen Scheer and Alan Manson
(co-chairs of the ‘Airglow-Dynamics-Transitions’
project of PSMOS). “Global Airglow Transition Detection and Tracking” is providing a focus for the
acquistion of airglow and dynamical data and the study
of regional and global transitions in airglow emissions
and their relationship with dynamical processes. The
work of Tatyana is an important Canadian contribution to GATDAT, and will be discussed in the 2002
Annual Report.
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1.

Gravity Waves (GWs)

Understanding and knowledge of the interactions between GWs and the other types of MLT waves
is of particular importance as we attempt to understand the general causes of wave-variability, the related effects upon energy and momentum balance in
the MLT, and chemical-constituent variabilities and
coupling.
However, our philosophical agreement about
the inevitability of propagating GWs being affected
by tides and Planetary Waves (PWs), leading to the
modulation of wind variances associated with GWs
at those periods, is stronger than the actual observational evidence. We now show the Abstract for our
second major paper on this topic, which is undergoing final review by the editor of JASTP:

Modulation of Gravity Waves by Planetary Waves (2 and 16 d): Observations
with the North American-Pacific MLT-MFR Radar Network
A.H. Manson a,, C.E. Meek a, Y. Luo a, W.K Hocking b, J. MacDougall b,
D. Riggin c, D.C. Fritts c, R.A. Vincent d

a

Institute of Space and Atmospheric Studies, University of Saskatchewan, 116 Science Place, Saskatoon, SK,
S7N 5E2, Canada
b
Department of Physics and Astronomy, University of Western Ontario, Canada
c
Colorado Research Associates, Boulders, U.S.A.
d
Department of Physics and Mathematical Physics, University of Adelaide, Australia

Abstract
In an earlier study based upon MFR (Medium Frequency Radar) data from Saskatoon, (52°N) the variability of time-sequences of gravity wave (GW) variances was linked to tidal (12, 24 h) and planetary
wave (2 d) oscillations of the wind. Fifty days of data were chosen from each of winter, spring and
autumn seasons for this most comprehensive assessment of wave interactions. While modulations of
the GW variances were observed, the results indicated considerable intermittency in the strength and
direction of waves from the GW sources.
Here we extend the study to other sites in the MLT-MFR (mesosphere, lower-thermosphere) network,
and focus upon the PWs (planetary waves) and their modulating influences upon the GW variances. The
PW events include the 2 d waves as seen at Saskatoon, London, Hawaii and Christmas Island during the
summer of 1994; and 16 d wave activity evidenced at Saskatoon and London throughout 1994, and also
during 12 and 7 years of observations, respectively. The modulations of the sequences of GW variances
(10-100/150 min, 2-6 h periods) are significant, and the phase-differences between the PW (2 d ,16 d)
oscillations in the time-sequences of the winds and of the GW variances allow the propagation directions for the GW fluxes to be inferred. These are eastward in summer months and westward in winter
at MLT (60-90km) altitudes.

We include in Figure 1 profiles of the oscillations due to 16 d PWs which were found in the winds and
in the GW variances during summer and winter months at London: phase differences of 0/180 degrees in
winter/summer are due to westward/eastward propagating GWs.
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Figure 1. Selected monthly profiles of the 16 d oscillations in the zonal winds (the PW) and in the sequences of
variances for the GW band (SD filter, 10-150 min) at London; 48-day sequences are used centred on the middle day of
the month. Harmonic fitting is used to provide phases (asterisks); the Lomb-Scargle analysis is used for the amplitudes
(diamonds) and significances (dashed, which must be multiplied by 5 or 33 to give %); and the 48-day mean winds or
SD values are shown (solid lines). Cross-spectra are shown also: here amplitudes and significances of the products
from the harmonic fitting are shown, as are the phase-differences (crosses).
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2.

Tidal Oscillations (0-70N/S)

Tides are particularly important in the lower
and middle atmospheres. Their forcing depends upon
global ozone and water vapour distributions, while their
propagation, dissipation and development of smaller
scale structure depends upon global mean winds,
temperatures and GW-related turbulence. In the MLT
region (60-150 km) these waves usually dominant the
amplitude variability of the wind field, and they
accelerate the mean winds, create turbulence, and
modify the distributions of trace-gas constituents.

Observations and modelling are essential to quantify
these effects. We have used MF radars from 2-70N
to demonstrate the latitudinal effects (Annual Report,
2000), and have now established the new CUJO network to assess the longitudinal effects. Here, however, we give the Abstract for a paper which used
observations from the UARS-HRDI satellite system
to demonstrate the very substantial variations in tidal
amplitudes and phases with longitude at 96 km. It
will appear in Annales Geophysicae (2002). This is
the first time such results have been shown:

Global Distributions of Diurnal and Semi-Diurnal Tides:
Observations from HRDI-UARS of the MLT Region
A.H. Manson *(1), Y. Luo, C. Meek (1)
(1) Institute of Space and Atmospheric Studies, University of Saskatchewan, SK

Abstract
HRDI (High Resolution Doppler Interferometer-UARS) winds data have been analyzed in 4° - latitude
by 10° - longitude cells at 96 km to obtain global contour maps of solar-tidal amplitudes and phases, and
also mean winds. The solstices June-July (1993), December-January (1993 - 1994), and one equinox
(September-October, 1994) are shown.
The 24-h Diurnal tide maximizes near 20-25° latitude, has significant seasonal changes with equinoctial
maxima, and very clear longitudinal variability. Maxima are very clear over the oceans. In contrast the
12-h Semi-diurnal tides maximize near 40-55° latitude, have very strong seasonal changes with winter
maxima, and more modest longitudinal changes. The similarities with MLT (mesosphere-lower
thermosphere) radar observations (90 km) and the GSWM (Global Scale Wave Model) are very satisfactory.
The mean winds are consistent with expectations and show clear poleward flow from summer to winter
hemispheres in the solstices.

We show in Figure 2 the contoured plots of global 24-h tidal amplitudes from HRDI. The variations of
tidal amplitudes between the oceans and continents is extraordinary. The modelled values from the 2-dimensional GSWM-2000 are also plotted; the agreement with observations is encouraging.
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Figure 2. Contoured plots of 24-h tidal amplitudes for December 1993-January 1994 from HRDI. The longitudinal averages are to the right (solid line), as are the GSWM-2000 values (dotted).
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3.

Planetary Waves PW: 16-d

After the tides, the 16-d PW is the most consistently significant dynamical feature in the MLT.
These waves also modify the dynamical, thermal and
chemical structure of the region.

The Abstract which now follows is from the third substantial paper ( Annales Geophysicae 20, 691-709,
2002.) led by Dr. Yi Luo, who completed his Ph.D
early in 2002:

The 16-day planetary waves: multi-MF radar observations from the arctic to
equator and comparisons with the HRDI measurements and the GSWM
modeling results
Y. Luo1, A. H. Manson1, C. E. Meek1, C. K. Meyer2, M. D. Burrage3,*, D. C. Fritts2, C. M. Hall4, W. K.
Hocking5, J. MacDougall5, D. M. Riggin2, R. A. Vincent6
1

Institute of Space and Atmospheric Studies, University of Saskatchewan, Canada
Colorado Research Associates, Boulder, USA
3
Space Physics Research Laboratory, University of Michigan, Ann Arbor, USA
4
Tromsø Geophysical Observatory, University of Tromsø, Norway
5
Department of Physics and Astronomy, University of Western Ontario, Canada
6
Department of Physics and Mathematical Physics, University of Adelaide, Australia
2

* Mark Burrage tragically died October 10, 1999, and we dedicate this paper to his memory.
Abstract. The mesospheric and lower thermospheric (MLT) winds (60-100 km) obtained by multiple
MF radars, located from the arctic to equator at Tromsø (70°N, 19°E), Saskatoon (52°N, 107°W), London (43°N, 81°W), Hawaii (21°N, 157°W) and Christmas Is. (2°N, 157°W), respectively, are used to
study the planetary-scale 16-day waves. Based on the simultaneous observations (1993/94), the variabilities
of the wave amplitudes, periods and phases are derived. At mid- and high-latitude locations the 16-day
waves are usually pervasive in the winter-centred seasons (October through March) with the amplitude
gradually decreasing with height. From the subtropical location to the equator the summer wave activities become strong at some particular altitudes where the inter-hemisphere wave ducts allow leakage of
the wave from the other hemispheric winter. The observational results are in good agreement with the
theoretical conclusion that, for slowly westward-traveling waves like the 16-day wave, vertical propagation is permitted only in an eastward background flow of moderate speed which is present in the winter
hemisphere. The wave period also varies with height and time in a range of about 12-24 days. The wave
latitudinal differences and the vertical structures are compared with the Global Scale Wave Model (GSWM)
for the winter situation. Although their amplitude variations and profiles have a similar tendency, the
discrepancies are considerable, e.g. the maximum zonal amplitude occurs around 40°N for radar but
30°N for the model. The phase differences between sites due to the latitudinal effect are basically consistent with the model prediction of equatorward phase-propagation. The global 16-day waves at 95 km
from the HRDI wind measurements during 1992 through 1995 are also displayed. Again, the wave is a
winter dominant phenomenon with strong amplitudes around the 40-60° latitude-band in both hemispheres.
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Figure 3. The filtered winds appropriate to the 16-PWs at five locations during 1993-1994, and at two layers of 70-76
and 91-97 km. The filter is an FIR type with the kernal length of 64 days. The solid lines are for the zonal winds, and
the dashed for the the meridional winds. The envelop-like curves are at the 95% confidence levels for the filtered wave
in the zonal winds (levels for the meridional ones are not shown).
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Conclusion
We show in Figure 3 the 16-d oscillations from
the equator to the arctic. It is evident that bursts of
16-d PW energy occur at different times during the
two years.

ISAS 2001

Many projects are now underway as this report is being written. Emphasis is upon the CUJO,
DATAR and GATDAT projects which were described
in the Introduction, as well as collaborations with the
Odin-OSIRIS and TIMED satellite systems.
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Magnetosphere/Ionosphere
Interactions
G.J. Sofko, P.I.
Team Members of (Super Dual Auroral Radar Network)

SuperDARN
Faculty: Drs. G. Sofko, A.V. Koustov, G. Hussey
Research Associates: Drs. D. André, M. Watanabe
Post Doctoral Fellow:
Dr. K. McWilliams
Head Engineer:
H. Olivier
Technician:
B. Marshall
Graduate Students: J. Liang, L. Xu, D. Danskin
L. Benkevitch, R. Makarevitch

Introduction - SuperDARN Personnel and Operations during 2001
The magnetospheric physics program is
centered within the SuperDARN group. The year
2001 was a transitional year as far as scientific
personnel were concerned. Research Associate
Chao-Song Huang had left for the MIT Millstone Hill
Radar Lab in October 2000. He was replaced in
October, 2001, by Dr. Masakazu Watanabe, who had
spent some five years with the SuperDARN group at
NIPR (National Institute for Polar Research) in Japan.
Another addition to the science team came through
the award in the spring of 2001 of an NSERC
Postdoctoral Fellowship to Dr. Kathryn McWilliams,
who had originally obtained her M.Sc. at the U. of S.
in 1997 doing field-aligned current studies using
SuperDARN. She completed her Ph.D. at the
University of Leicester, and remained there until the
end of 2001, beginning her PDF work at Saskatoon
in January, 2002. Thus, for the first 10 months of the
year, the scientific team was small, and the scientific
output was reduced somewhat, but by the end of the
year, two new researchers with considerable
SuperDARN experience had been added to the
group.
In May, 2001, our long-time SuperDARN
engineer Mike McKibben, who had been so
instrumental in the construction of the Saskatoon,
Kapuskasing and Stokkseyri radars in 1992/93, and
of the Prince George and Kodiak radars in 1999/2000,
left for a job in industry. Fortunately, South African
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engineer Hercules Olivier was available; he had spent
some 16 months running the SHARE radar at SANAE
in the difficult Antarctic conditions, and was a welcome
addition to the Saskatoon team in July, 2001.
In the fall of 2001, a new application to NSERC
for MFA funding for the years 2002/03, 2003/04 and
2004/05 was made, and this was successful, with the
new funding begiinning in April, 2002. In addition, a
new two-year contract from the CSA (Canadian Space
Agency) was awarded, beginning in August, 2001. As
a result of these NSERC and CSA awards, the
operational program of the Canadian SuperDARN
team was funded, so that a backlog of system
maintenance tasks and improvements which had
been delayed were initiated. In particular, the
Saskatoon radar had been running for 8 years by mid2001; a full-scale maintenance and upgrading
program was implemented by Mr. Olivier.
The SuperDARN Data Copy and Distribution
Center at Saskatoon system was converted from
Exabyte tape to CD format in late 2000, and the work
of automating the new system continued into 2001.
After Mr. McKibben left, Dr. Andre assumed the
leadership role for this facility and made several
software improvements which allowed the system to
be used with much less human intervention. In 2001,
some 11,000 CDs were distributed to the SuperDARN
community.

Scientific Programs
1. Long-Period Oscillations of the
Magnetospheric-ionospheric System during
Northward IMF
In a 2000 paper (Huang, Chao-song, G. J.
Sofko, A. V. Kustov, J. W. MacDougall, D. A. Andre,
W. J. Hughes, and V. O. Papitashvili, Quasi-periodic
ionospheric disturbances with a 40-min period during
prolonged northward interplanetary magnetic field,
Geophys. Res. Lett., 27, 1795-1798, 2000), it was
found that magnetometers at high latitudes or 74 80° MLAT detected 40-minute oscillations during Bz+
IMF conditions, and that these oscillations periods
were also seen by the SuperDARN radars in gravity
waves at lower latitudes. The gravity waves would
have resulted from the auroral zone electrojet and
accompanying Joule heating activity (see, for
example, the folowing papers: Chao-song Huang,
Dieter A. Andre, and George J. Sofko, Observations
of solar wind directly driven auroral electrojets and
gravity waves, J. Geophys. Res., 103, 23,347-23,356,
1998; Sofko, G. J. and Chao-song Huang,
SuperDARN observations of medium-scale gravity
wave pairs generated by Joule heating in the auroral
zone. Geophys. Res. Lett., 27, 485-488, 2000). No
solar wind periods of comparable value could be
found, so that it appeared as if the magnetospheric
oscillations were mainly driven by internal processes.
The above studies were extended with the
2001 publication: Huang, Chao-song, G. J. Sofko, A.
V. Koustov, J. W. MacDougall, R. A. Greenwald, J. M
Ruohoniemi, J. C. Foster, J. P. Villain, M. Lester, J.
Watermann, V. O. Papitashvili, and W. J. Hughes,
Long-period magnetospheric-ionospheric perturbations during northward interplanetary magnetic field,
J. Geophys. Res., 106, 13,091-13,103, 2001. In this
paper, a 29-h interval of Bz+ IMF conditions on Nov.
10, 1998, was studied. The SuperDARN convection
pattern in the postmidnight to dawn sector showed a
roughly 54-minute periodicity in which a
counterclockwise northern hemisphere convection
cell formed near 02 MLT, then the convection
velocities grew for about 30 minutes, after which the
cell moved eastward for about 20 minutes at about
1.4 km s-1 until its center was at about 06 MLT. Then
a new cell developed at 02 MLT. This convection
cell behaviour was repeated about 7 times. Ground
magnetometer and GOES-8 satellite data
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showed similar oscillations, showing that the
magnetospheric and ionospheric variations were
correlated and had a common source. One possibile
source mechanism is magnetotail reconnection bursts
which drive compressional magnetosonic waves
radially inward, where they are reflected at a “leaky
boundary” at about X = - 10 RE, after which they travel
back to the distant magnetotail. The total journey is
about 51 minutes for an outer boundary of the closed
tail at about X = -75 RE, so a standing wave of that
period could be set up in the tail cavity.

2. NORSTAR-SuperDARN Program for
Joint Optical and Convection Pattern Studies
In 2000, a collaboration between the U of C
NORSTAR group and the U of S SuperDARN group
began, in which a NORSTAR all-sky imager was
installed in the fall at the U of S site that had previously
been used for the SAPPHIRE radar transmitter at
Rankin Inlet. The site is ideal for the SaskatoonKapuskasing SuperDARN pair, because the
boresights of the radars intersect near Rankin Inlet,
and furthermore the CANOPUS north-south Manitoba
line of magnetometers passes through the Rankin Inlet
site. In a visit to Saskatoon in early November, 2001,
Dr. Eric Donovan, the NORSTAR P-I, met with Dr.
Sofko and his graduate student Jun Liang to begin a
study of a small substorm event from Oct. 9, 2000,
during IMF conditions that were predominantly Bz+
(northward) and By+. The combined SuperDARN and
optical observations are very good, as shown in Figure
1 below. This event was unusual in that a short growth
phase of about 20 minutes was followed by a small
breakup and dipolarization (GOES-8) in the morning
sector. The convection activity was principally a single
counterclockwise cell in the morning sector, somewhat
akin to the morning convection cells seen in the longperiod oscillation events referred to above. The
convection cell moved eastward and then dropped
dramatically equatorward just before the expansive
phase of the substorm began. The final configuration
of the convection and optical intensity patterns
revealed that the field-aligned-current system was that
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of a typical substorm current wedge at the substorm
onset, with the downward FAC (associated with the
counterclockwise vortex at the center of the
convection cell) located magnetically eastward of the
upward FAC in the optically active region to the west.
The causes of the eastward and then equatorward
motion of the convection cell, both of which led to the
SCW, are under investigation. At the same time as
the eastward convection cell motion occurred, the
optical activity showed three intensifications that were

closely correlated with three Pi2 bursts detected by
the CANOPUS magnetometers. Two major optical
intensifications occurred, one at the time of the initial
expansive phase breakup, and one about 10 minutes
later, indicating that this might have been a 2-stage
breakup, as had been suggested by Erickson et al.
(2000) as the result of CRRES satellite measurements
at NGO (near gesynchronous orbit). The overall event
is being studied in detail by Mr. Jun Liang, as a major
part of his Ph.D. thesis work.

Figure 1. Plot of joint SuperDARN convection vectors and optical aurora during an initial brightening of the 630.0 nm
optical aurora (in the southwest of the field-of-view) which is related to a substorm event. The dark dots are CANOPUS
mangetometers. The dark dot in the optical activation region is the Rabbit Lake magnetometer, and the arrow is the
equivalent convection deduced from the magnetometer components.

30

Ionospheric Physics
A.V. Koustov
Formation of Small-Scale Irregularities in the Auroral Ionosphere
1.
Experimental Observations
(R. A. Makarevitch, Ph.D. Student (Supervisor - A. V. Koustov))
Joint HF/VHF radar measurements are useful
for understanding the physics of irregularity formation
in the auroral E region since wave properties are
expected to depend on the irregularity scale (radar
frequency). In this project we used nearly
simultaneous data from the SuperDARN HF radars
(~12 MHz) and the Communications Research
Laboratory VHF radar (50 MHz) at the Syowa Antarctic
station in a wide range of aspect and flow angles.
Several features have been identified and explored
in details, for example the relationship between the
Doppler velocity (which is related to the ionospheric
electric field) and power of backscattered signal.
Figure 1 shows power-velocity scatter plots for
various azimuths of observations at 12 (left) and 50
MHz (right). For each azimuth we considered nearly
simultaneous data obtained for all slant ranges. Solid
(open) circles correspond to those measurements for
which the 12-MHz velocity magnitude was smaller
(larger) than 360 m/s and we called the corresponding
echoes the low-velocity (high-velocity) echoes.
For 12-MHz echoes (Figure 1, left) one can see
that low-velocity and high-velocity echoes exhibit
different power-velocity relationships. For the lowvelocity echoes there is an increase of power with
velocity. This effect is seen more clearly at azimuths
of 98.7°, 163.7°, and 183.7° (azimuth of ~134°
corresponds to observations perpendicular to the L
shells). The high-velocity echoes do not show obvious
trends, though one can see that most points at larger
velocities have less power, especially for an azimuth
of 98.7° data. We can state that there is at least a
saturation in the power increase. One can also clearly
see a tendency for the high-velocity echo cloud to be
“split’’ from the low-velocity cloud. The difference
(horizontal distance) between two clouds appears to
be increasing with azimuth of observation for the first
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3 panels (this feature was studied in more detail in a
separate project). Unlike 12-MHz echoes, 50-MHz
echoes (Figure 1, right) exhibit a monotonic increase
of power with velocity at all azimuths.
We explain the saturation of the power increase
with velocity at 12 MHz by stronger refraction at HF
and radio wave focusing on the upper part of the
electrojet layer where the intensity of irregularities is
decreased because of unfavorable conditions for the
instability development.

2.
Theoretical Considerations
(R. A. Makarevitch, Ph.D. Student (Supervisors A. V. Koustov and A.I. Smolyakov))
In the past, to understand the final stage of the
electrojet (Farley-Buneman and gradient-drift) plasma
instability various nonlinear effects were considered.
In most of these theories the dominating idea was
that energy is transferred from large- to small-scale
structures (direct cascade). In the paper by Smolyakov
et al. (2001), a new theory of the Farley-Buneman
instability was proposed. It was shown that in a system
of Farley-Buneman modes the energy can flow from
small-scale to large-scale structures (inverse
cascade). This occurs due to a secondary instability
of the background plasma turbulence. Such instability
does not have a threshold, contrary to the primary
Farley-Buneman instability that requires the electron
drift to exceed the ion-acoustic speed of the medium.
Since the secondary instability is easy to excite, the
processes should be very important in the nonlinear
stage. Possibility of inverse energy cascade is
supported by some experimental data and by
numerical simulations performed by the Cornell
University researchers.
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Figure 1. Power versus velocity for (left) 12- and (right) 50- MHz echoes at several azimiuths. From Makarevitch et
al. (2001)
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Occurrence of F-region Echoes: Effect of Ionospheric Conductance
(L. V. Benkevitch, Ph.D. Student (Supervisor - A. V. Koustov) together with G.J. Sofko, and D. Andre)
The work has been carried out on assessment the
reasons for the appearance of F-region echoes in the
midnight sector. Echo detection by various radars

in both northern and southern hemispheres and at
magnetic latitudes of 70-72o were studied for various
seasons, Figure 2.

Figure 2. The occurrence rate of HF echoes for a number of the SuperDARN radars, showing in general an anticorrelation
between the midnight conductivity (solid line) and the echo occurrence rate at midnight (the mean echo occurrence rate
between 23 and 01 MLT), shown by squares.

Figure 2 shows that there is a significant
seasonal effect in echo occurrence and it is very
different for various radar locations. The most notable
effect is low echo occurrence during summer months
at Hankasalmi (Finland) and enhanced echo
occurrence at Saskatoon. One of the tested hypoth-
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esis is the conductance effect in the area of measurements and in the conjugate ionosphere. Figure 2
illustrates that generally there is an anticorrelation between the echo occurrence and conductance. Such
a relationship might originate from several processes
that are under further investigation.
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Occurrence of F-region Echoes: Assessment of Other Factors
(D. W. Danskin, Ph.D. Student (Supervisor - A. V. Koustov))
In this project joint observations of the HF
CUTLASS SuperDARN Finland radar and incoherent
scatter radar EISCAT are used to assess factors
controlling the onset of F-region echoes over a 4-day
long period. It was illustrated that for the event under
consideration, the D-region absorption was not the
major factor affecting the echo appearance. The
electron density distribution and the radar frequency
selection were much more significant factors. The
electron density magnitude affects the echo
occurrence in two different ways. For small F-region
densities, a minimum value of 1·1011 m-3 is required

to have sufficient radio wave refraction so that the
orthogonality (with the magnetic field lines) condition
is met. For densities greater than 4·1011 m-3, radio
wave strong “over-refraction” leads to the ionospheric
echo disappearance. These effects are clearly seen
in Figure 3. Relationship between the backscatter
power and the electric field magnitude was also
investigated. No obvious relationship was found
contrary to the expectation that the gradient-drift
plasma instability would lead to stronger irregularity
intensity/echo power for larger electric fields.

Figure 3. Echo power versus electron density at the height of 250 km (a) for the daytime observations at 12.4 MHz
(316 points) and (b) for the nighttime observations at 10.0 MHz (168 points). Dotted lines roughly encompass the
maximum power observed for each electron density at 250 km.
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Ionospheric Physics
G.C. Hussey

(contd)

My investigations of the E-region for 2001 was a balance between mid- and high-latitude studies.

Mid-latitude Research
A comparison of Farley-Buneman plasma
waves observed simultaneously at two radar
frequencies to those predicted by linear kinetic theory
was investigated. The radars were CW (continuous
wave) systems observing the same scattering volume
and they operated at 50 and 144 MHz which
corresponds to coherent scattering from plasma
irregularities of 3 and 1 meters, respectively.

This analysis is presented in the publication:
C. Haldoupis, K. Schlegel, G. C. Hussey, and J. A.
Koehler, Observation of kinetic effects at meter scales
for Farley-Buneman plasma waves, J. Geophys. Res.,
in press, 2002. Below is presented Figure 3 from the
paper, reproduced here as Figure 1.

Coherent backscatter Doppler measurements,
made simultaneously at 144 MHz and 50 MHz from
a common volume in the mid-latitude E region
ionosphere, were analysed in order to study the phase
velocity ratio of type 1 plasma irregularities at 1 m
and 3 m wavelengths. In the analysis, high-resolution
Doppler spectrograms were used to identify the type
1 events and then to estimate the mean and spectral
peak velocities from averaged power Doppler spectra.
The simultaneous spectrogram signatures of type 1
echoes suggested a somewhat higher threshold for
instability excitation at 144 MHz than at 50 MHz.
Statistically, the measured 144 MHz to 50 MHz velocity
ratios attain values above unity, mostly in the range
from 1.05 to 1.14 with an overall average of 1.10.
This 10% difference in the type 1 velocities at 144
MHz and 50 MHz was attributed to kinetic effects at
short plasma wavelengths. For comparison, a linear
kinetic model of the Farley-Buneman instability, which
includes also a destabilising plasma density gradient,
was used to provide numerical estimates of type 1
phase velocities. It was found that the theoretical
predictions for gradient-free Farley-Buneman waves
agreed well with the observations, under the
suppositions that the strongest type 1 echoes come
from E region altitudes where conditions for instability
are optimal and that type 1 waves have their phase
velocities limited at threshold values equal to the
plasma ion acoustic speed. The present study has
confirmed the accuracy of the kinetic theory of the
Farley-Buneman instability, which strengthens its
validity and suitability for meter-scale E region
irregularity studies.

Motivated by the large EISCAT data base,
which covers over 15 years of common programme
operation, and previous statistical work with EISCAT
data (e.g., C. Haldoupis, K. Schlegel, and G. Hussey,
Auroral E-region electron density gradients measured
with EISCAT, Ann. Geophysicae, 18,1172—1181,
2000), a detailed statistical analysis of electron and
ion EISCAT temperature measurements is currently
being undertaken. This study is specifically concerned
with the statistical dependence of heating events with
other ambient parameters such as the electric field
and electron density. Initial results showed previously
reported dependences such as the electron
temperature being directly correlated with the ambient
electric field and inversely related to the electron
density. However, these correlations are found to also
be dependent upon altitude. Part of the motivation
for this study was a further search for the so called
“Schlegel effect” (K. Schlegel, Reduced effective
recombination coefficient in the disturbed polar Eregion, J. Atmos. Terr. Phys., 44, 183—185, 1982);
that is, the heated electron gas leads to increases in
electron density through a reduction in the
recombination rate, but there appears to be no clear
evidence for or against this effect. However, the
statistics have identified some new characteristics
under quiet conditions, e.g., Te increases with Ne and
this becomes more pronounced with altitude. This
project is still in its early stages and further analysis
and interpretations of the statistics are currently
underway and physical interpretations of the findings
are now being considered.
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Figure 1. A typical example of a Doppler power spectrum pair of type 1 echoes detected simultaneously at 50 and 144
MHz. As seen, at 144 MHz (dash line) the type 1 spectrum is shifted by about 30 m/s (~10%) in relation to that at 50
MHz (solid line). At 50 MHz the spectrum is a mixture of type 1 and type 2 echoes but not at 144 MHz.
(Figure 3 from Haldoupis et al., 2002).
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Aeronomy Research
E.J. Llewellyn, D.A. Degenstein
Team Members
of the InfraRed Group (IRG)
Adjunct Professor:
Research Associate:
Post-Doctoral Fellow:
Research Engineer:
Graduate Students:
Summer Students:

Dr. R.L. Gattinger
Dr. N.D. Lloyd
Dr. S. Petelina
C. Foley
A. Bourassa
P. Loewen
B. Wilcox
K. Lamont
T. Lengyel
T. Roschuk
C. Roth

Odin Project funded through PWGSC/CSA Contracts
Odin project funded through PWGSC/CSA Contracts
Odin project funded through NSERC Grants
Odin Project funded through PWGSC/CSA Contracts

This report describes the research progress that has been made by the InfraRed Group (IRG) of the
Institute during the last year.

The major focus of the group continues to be
the Odin/OSIRIS instrument and following the
successful launch of the Odin satellite on February
20, 2001, from Svobodny in eastern Russia we are
now extensively involved in the data analysis. The
entire Odin spacecraft was shipped to Russia early
in the new year and the Odin Science and Launch
teams, including Dr. Llewellyn, arrived at Svobodny
one week later. For the next six weeks the satellite
was carefully checked and prepared for launch.
Finally the satellite was installed on the Start-1 rocket
and the team witnessed a picture perfect launch at
sunset on February 20. Although the instruments
were not switched-on immediately it was apparent
within twenty minutes of the launch that the desired
orbit had in fact been achieved and that the satellite
had stabilized its attitude. This was a major milestone
as it meant that the threat from direct solar illumination
on OSIRIS was minimal. In order to allow the
spacecraft to outgas fully the instrument switch-on
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was delayed until March 17, thus the OSIRIS team
had to wait almost one more month before it could
learn if the instrument had really survived the launch
and could indeed make measurements of scattered
sunlight in the limb. This switch-on was supported by
Dr. Lloyd who was in Esrange, Sweden, to provide
the Canadian OSIRIS team with the first images from
orbit. Even without extensive analysis it was apparent
that these images indicated that OSIRIS was meeting
its design goals. The measured limb spectrum and
the pre-flight modeled spectra are shown in Figures
1a and 1b, it is readily apparent that the flight spectrum
is very similar to that expected.
These observations also showed that the
wavelength calibration (pixel-to-wavelength map) was
essentially unchanged from the calibration made at
Calgary during calibration in January 1998. The
pointing of the entire Odin spacecraft was confirmed
with observations of Jupiter; the quality of the S/W
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developed by the Team was demonstrated in that Dr.
Lloyd was able to identify the Jupiter spectrum within
a few moments of receiving the downlinked data. In
May Drs. Degenstein and Lloyd returned to Esrange
for the commissioning of the Odin Aeronomy mission
and obtained the first tomographic images from the
infrared imager (Figure 2). Dr. Degenstein was able
to make a tomographic analysis and this revealed that

the oxygen infrared atmospheric band emission is
quite structured in the evening twilight and that the
Meinel OH nightglow exhibits brightness variations
that are associated with atmospheric dynamics. The
tomographic analysis also revealed that the invertedU structures seen in the limb images (Figure 3) are
signatures of local enhancements in the volume
emission.

Figure 1a. Pre-flight modeled limb radiance spectrum.

Figure 1b. The first limb radiance spectrum measured with OSIRIS on the Odin satellite.
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These tomographic analyses represent a major
advance in the study of the terrestrial atmosphere as
they have yielded horizontal and vertical resolutions
that are much better than are used in present

atmospheric models. It is also worth noting that the
analysis approach is at the forefront of international
endeavours in this area of study. This work is a major
component of Mr. Adam Bourassa’s thesis research.

Figure 2. A series of limb images of the oxygen infrared atmospheric airglow and the corresponding tomographic
inversion.
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Figure 3. Inverted U structures observed with the OSIRIS imager.

Figure 4. Comparison of the retrieved OSIRIS ozone profile with that measured by an ozone sonde at the same
location.
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Figure 5. Ozone profiles retrieved from the OSIRIS optical spectrograph measurements.

Following the aeronomy commissioning the
Odin satellite was handed over to the astronomers
for astronomy commissioning and so it was not
possible to make further atmospheric measurements
until July. At that time the first stratospheric
observations were attempted and compared with the
ozone profiles obtained from geo-co-located sondes.
An example of the first results is shown in Figure 4
and a satellite pass from the equator to the pole is
shown in Figure 5; the analysis technique used for
these data was developed by Dr. Christian von
Savigny, a member of the Odin/OSIRIS team at York
University. The quality of the OSIRIS results is obvious
although they do contain some surprises. The
apparent elevation of the ozone contour at 30 degrees
north is coincident with the Himalayas and suggests
that full account of the surface topography must be
included in the models. Unfortunately at the end of
August the satellite lost the ability to point and so no
further aeronomy results were obtained until October
when the Antarctic ozone hole was contracting.
However, despite this unfavorable situation the ozone
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hole was observed and the total column maps from
the OSIRIS instrument and the TOMS satellite are
shown in Figure 6. It is readily apparent that OSIRIS
is producing the same results as TOMS but also offers
a new value added product as it is able to provide
ozone height profiles throughout the ozone hole region
(Figure 7). A second approach to the problem of
ozone and aerosol retrieval has been developed by
Dr. Gattinger who has modeled the limb radiance and
we are planning to use both this analysis approach
and the one developed by Dr. von Savigny to produce
a Level-2 ozone product.
The calibration quartz-halogen lamp spectra
that indicated the presence of obvious structure in
the full slit images, see Figure 8, and the need to
monitor the slit contamination initiated a modification
in the data collection. The gap in the collected spectra
(Figure 1) corresponds to the position of the order
sorter and the corresponding data is replaced with 8
complete columns of data from arbitrary wavelengths
in the spectrum. These slits images have been
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monitored on a regular basis since the beginning of
the mission and presently indicate that the slit
contamination is stable.
Dr. Petelina has taken an active part in the Odin
effort and has concentrated on the detection of
aerosols, primarily PMC’s, with OSIRIS. Before the
launch of Odin we had anticipated that it would be
possible to use the IRI tomographic procedure to
identify regions of enhanced Rayleigh scattering and
then to analyze the optical spectrograph data in order
to determine the properties of the scatterers. This
proved not to be the case as the clouds were
completely identifiable with from the mesospheric
scattered light spectrum. Our present results suggest
that the particles are in the 70 nm range.
Mr. Brad Wilcox has started to use the OSIRIS
DM in a ground-based OSIRIS validation program
and has already developed a scattering model that
identifies the various contributors to the observed sky
spectrum. The ground based measurement set-up
has required the development of a fibre optic/
collimator mirror system that delivers sky-light to the
DM version of OSIRIS that is housed in the ISAS clean
room. As with the flight version of OSIRIS the

instrument is operated remotely over the University
remote access network. A second validation effort is
being undertakne by Mr. Paul Loewen who is building
a new version of the TOI photometer that was used
by Llewellyn and Evans for some of their pioneering
studies of the oxygen infrared atmospheric band
airglow. It is planned to install this photometer at an
arctic station in the first part of 2003 and collect skydata as the sun rises at the end of the arctic night.
Dr. Nick Lloyd, who has responsibility for the
flight software and flight operations, is a very important
member of the Odin/OSIRIS mission team. The
various procedures and display software that he has
developed enable the team to determine the overall
status of the OSIRIS instrument and review the Level0 data as soon as it is received. The quality of this
effort is demonstrated by the fact that the OSIRIS
observations of Jupiter were used in almost real time
to inform the Swedish Space Corporation personnel
that successful pointing had been achieved. Other
valuable members of the OSIRIS team are Mr. T.
Roschuk, Mr. C. Roth and Mr. T. Lengyel, our summer
students during 2000, who were major contributors
to the Odin/OSIRIS success in 2001.

UV/VIS DU and TOMS DU
Nov.06-07/01

Figure 6. A comparison of the TOMS and OSIRIS Total Ozone maps.
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Figure 7. The advance offered by OSIRIS as it also obtains the ozone height profile as well as the total ozone
column.

Figure 8. The full slit image showing the striations in the observed spectra.
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-Editorial Advisory Board member, “Journal of
Atmospheric and Solar-Terrestrial Physics” (1994present)
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A.V. Koustov
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-Member of SuperDARN Team
-DASP Chair

D.A. Degenstein
- Participant, Optical Aeronomy and Atmospheric
Science experiment (OSIRIS) on the Swedish Odin
satellite
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(NASA) Group Achievement Award for ground based
investigation by Team/SuperDARN, “in recognition of
the highly successful exploration of geospace by the
Global Geospace Science Program”
- Member of CANOPUS Team
- Member of SuperDARN Executive Committee
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E.J. Llewellyn
- Principal Investigator, Optical Aeronomy and
Atmospheric Science experiment (OSIRIS) on the
Swedish Odin satellite
- Principal Investigator, satellite experiment: OGLOW
II on STS-52 Mission
- Co-investigator, satellite experiments: OGLOW
(STS-17/41G); PHOTONS (STS-19); WINDII
(UARS); ACE (Canadian SciSat); AEPI (EOM-1/1)
renamed ATLAS; WAMDII; VIKING-UV Imager
- Co-investigator, rocket experiment: GEMINI
- Chairman, Time Allocation Committee for WINDII/
UARS
- Member of CAP/NSERC Committee for Review of
Physics in Canada
-Chairman, NASA Selection Panel for LCAS
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Vision for the 21st Century

INVESTIGATE

the Atmospheric and Geospace Environments of the Planet Earth: the Dynamics
and Chemistry of the Middle Atmosphere and Troposphere; the Magnetosphere,
Thermosphere and Ionosphere with the imbedded Aurora Borealis. Expand these
studies to the other Planets where possible and relevant.

DEVELOP

a comprehensive suite of observational systems including ground-based, rocket
and satellite; and support the development of comprehensive Space and
Atmospheric Models consistent with observations. Strive to achieve levels of
excellence in research consistent with the highest international standards in Solar
Terrestrial Physics.

RELATE

the investigations and observations to important societal issues such as the
Understanding of Atmospheric Processes and Global Climate Change, and
Geospace Weather Prediction.

ESTABLISH

balanced and complementary links with Agencies and Councils involved in
Atmospheric and Space Research – CSA, AES, NSERC – and with hightechnology industries, especially those in Saskatchewan.

PROVIDE

a balanced working and educational ENVIRONMENT for graduate students,
scientists and engineers, including involvement with local industries, and with
the wider life of the University of Saskatchewan – teaching and outreach.

ENCOURAGE

collaborations within the Institute to maximize opportunities for comprehensive,
complementary studies of the Atmosphere and Geospace.

CONTRIBUTE

to the community of Solar Terrestrial Physicists, and to the international community
engaged in Solar Terrestrial Physics.

PROVIDE

the Saskatoon and Saskatchewan communities, including especially students
and the media, with information and opportunities to share in the Solar Terrestrial
Physics activity in the Institute; recognizing that these contribute to the economic
health, quality of life and knowledge-base of the nation.
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The 2001 ISAS Annual Report cover focuses on the Infrared and Aeronomy Group (IRG). The
IRG is an atmospheric research group under the direction of Dr. E.J. Llewellyn within the
Institute of Space and Atmospheric Studies (ISAS) at the University of Saskatchewan. ISAS is
one of three “research units” in the Department of Physics and Engineering Physics.
Odin is a Swedish-led joint astronomy/aeronomy mission with participation from Canada,
Finland and France. The Canadian aeronomy contribution to Odin is the OSIRIS instrument a
combined optical spectrograph and infrared imager: this a major project of the “Space Science
Program” of the Canadian Space Agency.
The Odin satellite that was launched on February 20, 2001, from eastern Siberia includes the
Canadian-built optical instrument (OSIRIS). The first results from this instrument show that
it is operating well above its design performance and that it is possible to generate new mapping
information that can enhance our understanding of atmospheric processes.
OSIRIS makes observations of the Earth’s limb that relate to processes that are important for
polar ozone depletion as well as other chemical and thermal processes in the middle atmosphere.
The research in aeronomy and atmospheric science will, in concert with other international
partners, address problems that are immediately relevant to anthropogenic effects in the Earth’s
atmosphere. Specifically, to what extent can the observed Antarctic ozone depletion also occur
in the Arctic region, and can the potential magnitude of global warming be determined by
observations in the middle atmosphere?

