
Modern astronomy is a truly international venture and Canadians have played out-
standing and well defined roles in its development. In 1999, Canadian astronomers 
represent a numerically small, but scientifically highly respected community on the 
world stage. Our impact upon the design, science, and technology of the twin Gemini 
8 metre, the CFHT 3.6 metre, and the JCMT 15 metre telescopes; our leadership in 
such important collaborative projects such as the Canadian Network of Cosmology 
(CNOC), the Canada-France Redshift Survey (CFRS), the Canadian Galactic Plane 
Survey (CGPS), and the CADC’s archiving of HST and other crucial data sets; as well 
as our prominence in theoretical astrophysics that flows from CITA’s presence, are 
just a few examples of an impressive, internationally recognized, record of innovation 
and accomplishment over the last three decades. 

At the same time, we must emphasize that Canadian astronomy currently lacks 
several major strategic capabilities that our partner nations enjoy. In comparison 
with our counterparts in other industrialized nations, Canadian astronomers in 1999 
have little access to space based observatories, few means with which to train 
instrument builders and produce small instruments for the future observatories, and 
suffer funding levels that are anomalously low and completely insufficient to enable 
our participaton in the new world-scale observatories that will dominate the coming 
decades of astronomy. 

In this chapter, we take a comprehensive look at the current Canadian astronomy 
research community: the range of facilities that it employs, the impact that its people 
have made in using them, and its success in training new generations of skilled 
technical people and scientists. 
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3.1 International Observatories

Canadians participate in international observatories that are located at some of the 
highest-quality sites in the world. Observing time at these premier facilities is obtained 
through regular competitive applications by the astronomers within each partnership. 
In most cases the oversubscription factor (number of nights requested each semester, 
divided by the number of actual nights available) typically averages 3 to 1, but may be 
as high as 10 to 1 in certain seasons when key objects are optimally visible.

The CFHT

The Canada-France-Hawaii Telescope (CFHT) is a 3.6 metre optical/infrared tele-
scope located on the summit ridge of Mauna Kea, the large dormant volcanic peak 
on the `Big Island’ of Hawaii, at an altitude of more than 4000 metres. It is owned 
and operated jointly by Canada (42.5% share), France (42.5%), and the University 
of Hawaii (15%).

Since its commissioning in 1979, the CFHT has been the flagship of Canadian optical 
astronomy and one of the premier laboratories in all of Canadian science. The summit 
of Mauna Kea is above almost half the Earth’s atmosphere and surrounded by the 
Pacific Ocean on all sides. The quality of astronomical observation from this location 
(numbers of clear nights, darkness of the night sky, and especially the sharpness 
or “seeing quality” of the star images) is unexcelled anywhere on the surface of the 
Earth.

The CFHT operates at optical and near-infrared wavelengths. Its digital cameras 
and spectrographs -- all built jointly by the Canadian, French, and Hawaiian partner 
laboratories -- are continually improved with the advance of technology in detectors 
and instrument design. 
Canada’s astronomers use about 150 nights per year on the CFHT. Among the many 
prominent achievements by Canadian teams with the CFHT are:
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   The dome of the Canada-
   France_Hawaii Telescope sits 
   high atop the 4000-metre 
   summit of Mauna Kea on the 
   “Big Island” of Hawaii 

    CFHT Corporation, Photo courtesy 
   Jean-Charles Cuillandre, CFHT



(1) The pioneering of techniques for enormously more precise velocity measurement 
of nearby stars (a decade ahead of other teams which are now using these tech-
niques to find planets around nearby stars); 
(2) The first clear observational evidence that supermassive black holes commonly 
exist at the centers of large galaxies; 

(3) The investigation of the oldest stellar populations and globular cluster systems in 
the Milky Way and other nearby galaxies, uncovering the earliest threads of galaxy 
formation;

(4) The “red-shift” survey of galaxies that showed that the galaxy population evolves 
with cosmic time, having had much higher cosmic star formation rates in the past; 

(5) Evidence for a “low” cosmological density of matter in space,    =0.3, estab-
lished from the measured motions of galaxies in large clusters. 

Another key legacy of the CFHT to astronomy worldwide is its influence on telescope 
design and image quality. CFHT has led the world in demonstrating the possibilities 
for superb seeing quality obtainable with a large ground-based telescope. This 
is accomplished through innovative adaptive optics cameras. Today, the designs 
of all new ground-based telescopes incorporate these same techniques for image 
quality control, including the new generation of 8 metre telescopes optical/infrared 
telescopes.

Innovation in the use of instruments continues. In the near-infrared, an “adaptive 
optics” camera, built jointly by Canada and France, is routinely used whose image 
quality rivals that of the Hubble Space Telescope over small fields of view. The 
primary mission of the CFHT for the first half of the next decade will be to deploy 
new cameras (Megaprime, WIRCAM) which will provide an unparalleled, wide field of 
view with high image quality. Canadian astronomers will also continue to exploit its 
optical spectrographs, which allow the precise study of stellar properties at extremely 
high resolution and address several key areas in the physics of stars including stellar 
oscillations, magnetic fields, and winds. 

Gemini

The Gemini project -- the newest facility and acknowledged highest priority in 
Canadian optical/infrared astronomy for the next several years -- consists of two 
new telescopes with mirror diameters of 8 metres: the first is on Mauna Kea, 
and the second on Cerro Pachon in the northern part of Chile. Together they will 
allow Canadians to view the entire sky, including objects unique to the southern 
hemisphere that are unobservable from CFHT or Gemini North. Canada holds a 
14.2% share in Gemini, making it the third partner after the United States (47.5%) 
and the United Kingdom (23.7%); smaller shares are held by Australia, Argentina, 
Brazil, and Chile. 
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Canada’s share on both telescopes combined corresponds to about 90 nights per 
year. 

Among the several 8 metre class telescopes now being built or in operation, the 
Gemini project is unique in its design goals for the highest possible image quality 
achievable from the ground. The Mauna Kea telescope, Gemini North, is now 
complete and in its commissioning phases. Gemini South will be commissioned in 
mid-2000, with scientific operations for both telescopes scheduled to ramp up to their 
full levels by 2005 as instruments gradually come on line.

The superb new primary mirrors for the Gemini 
telescopes are among the finest ever manufactured 
(the Gemini North mirror has an rms surface preci-
sion of 15 nanometres, as if the entire Atlantic 
Ocean had average waves one centimetre high!) 
The largest scientific gains to be delivered by the 
Gemini instruments will be at near-infrared wave-
lengths, between 1 and 5 microns, which is much 
less well explored than the optical regime. The 
Gemini designs are targetted towards narrow to 
moderate fields of view at high spatial resolution. 
Combining their larger light-gathering power with 
their improved image quality, the Gemini instru-
ments are expected to produce performance gains 
of at least a factor of 10 over the older 4 metre class 
telescopes. Through the NRC, Canada is building 
a pair of multi-object spectrometers as well as an 
adaptive optics system for Gemini.  

The Gemini instruments will provide Canadian 
astronomers with deep and exciting new probes 
into the numbers and ages of faint stars within 
the Milky Way galaxy; the sites of star formation 
and the physical characteristics of protostars; the 
internal motions and dynamics of protostellar disks; 
the chemical compositions of the oldest stars and 
thus the state of the primordial gas in galaxies; and 
the spatial distributions, sizes, and luminosities of 
high-redshift galaxies in the early Universe. 

The JCMT

The James Clerk Maxwell Telescope (JCMT), also located on Mauna Kea, is the 
largest of the present generation of radio telescopes designed to work at “sub-mm” 
wavelengths (0.3 - 1.3 mm, at the high-frequency end of the radio band). The diameter 
of its primary mirror is 15 metres. The JCMT was built jointly by the two largest 
partners, the United Kingdom and the Netherlands, and is financially supported by 
the UK, Canada, and the Netherlands. Canada has been a 25% partner since the 
telescope was commissioned  in 1987.
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The Gemini North dome, here seen on the summit of Mauna 
Kea, is the newest addition to Canadian optical and infrared 
astronomy. This 8 metre telescope will produce newer and deeper 
studies of star-forming nebulae within the Milky Way galaxy, and 
unprecedentedly detailed views of remote galaxies.

Image from Gemini Webpage gallery,
NOAO/AURA and Canadian Gemini Office



The submillimetre region of the electromagnetic spectrum lies between the 
far-infrared and the microwave wavelengths. Until the past decade, the 
sub-mm and mm wavebands were among the few spectral regions not 
well explored by astronomers because of the special observing conditions 
and instruments required. However, these wavelength “windows” into the 
universe contain critically important information on “cool” objects including 
the planets, protostellar disks, and the molecular clouds where new stars 
are forming. Also, cosmologically remote objects such as extremely distant 
galaxies or quasars recede from us at such high speed that much of their 
emitted light is redshifted into the sub-mm region. Thus the capabilities of 
the JCMT are extremely well suited to the study of the formation of both 
stars and entire galaxies. 

The JCMT is equipped with an array of detectors that target the narrow 
spectral lines characteristic of the cool gas molecules in space. These spec-
tra carry information about the chemical composition, temperature, density, 
and motions of the emitting clouds of gas. Another kind of detector, known 
as SCUBA, measures how much radiation is coming from large sections 
(wavebands) of the spectrum. These measurements are highly sensitive 
indicators of the amount of cool interstellar dust within these clouds, which 
in turn provides an important measure of the total amount of gas and of 
the cloud temperatures. 

Canadians have done prominent work with the JCMT in studies of our solar system, 
in mapping star-forming complexes of gas clouds in our own Milky Way galaxy, and in 
understanding important new aspects of galaxy formation in the Universe.

Representative samples of recent discoveries by Canadians are: 

(1) The first high-quality (SCUBA) images of a remarkable, dusty filament within the 
Orion molecular cloud whose structure may imply that filamentary clouds are threaded 
by novel, helical magnetic fields; 

(2) A deep sub-mm survey of a group of high-redshift galaxies, that revealed an 
unanticipated population of very luminous star-forming galaxies when our universe 
was very young; 

(3) A detailed study of the recent bright Comet Hale-Bopp, providing the most compre-
hensive study ever of a comet in the mm/sub-mm spectral region. The behaviour seen 
in the emission of many molecules is providing new insights into the nature of comets 
as primordial structures within our solar system.

Canadians compete vigorously for access to this unique facility. Just as for the CFHT 
and soon Gemini, NRC/HIA staff not only use the telescope, but provide Canada’s 
share of the development and construction of its highly specialized detectors. Thus 
the JCMT has been directly responsible for building up a new base of users and 
forefront technological skills.
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The James Clerk Maxwell 
Telescope (JCMT) on Mauna Kea 
is a 15 metre diameter mirror 
designed to capture extremely 
short-wavelength (sub-millimetre) 
radio radiation. While in operation, 
the mirror is normally covered 
with a protective mylar membrane 
(shown here unrolled) 

Photo courtesy Henry Matthews 
(JCMT/HIA)



Equally important is that the JCMT has created for Canada a strategic science and 
instrumentation springboard from which to move into the next generation of mm and 
sub-mm telescopes, including the Atacama Large Millimetre Array discussed below. 

3.2 National Observatories

Several “on-shore” observatories are owned and operated entirely by Canadian institu-
tions. These places are smaller and less expensive to operate than the higher-profile 
international observatories described above, but they nonetheless play important 
strategic roles:

(1) At the offshore sites, observing time is 
at a premium and individual astronomers 
may only obtain a few nights (or even 
hours) of data per year. Domestic facili-
ties provide large blocks of time for more 
time-consuming programs of a different 
nature such as surveys, long-period mon-
itoring, or student thesis projects. 

(2) Although the domestic telescopes 
themselves may be modest in size and 
cost, they can still be equipped with 
first-rank instruments (cameras, spectro-
graphs, and detectors) and can therefore 
serve as testbeds for novel instrument 
development

(3) The domestic facilities provide an irre-
placeable way for researchers, students, 
and senior staff to acquire hands-on, 
locally accessible training with instrumen-
tation techniques. 

(4) These facilities provide excellent out-
lets for public outreach: members of the 
public can conveniently visit them and 
gain first hand impressions of profession-
al observatories.

The domestic observatories operated 
by the National Research Council also 
provide a highly effective vehicle for 
research and engineering linkages 
between NRC instrumentation staff and 
the training of students and postdoctoral 
fellows in the universities.
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   The 8 metre diameter mirror for the Gemini
   telescopes are among the finest ever made 

   Image from Gemini Webpage Gallery
   NOAO/AURA and Canadian Gemini Office



The DRAO 

The Dominion Radio Astrophysical Observatory (DRAO), a division of HIA, is located 
outside Penticton, BC. It is primarily directed toward radio astronomy in the decimetre 
wave band, and it is responsible for the operation of the DRAO Synthesis Telescope 
and a 26 metre single dish telescope.

The DRAO Synthesis Telescope, the heart of its current operation, consists of seven 
9 metre paraboloid dishes on an east-west line 600 metres long. It is sensitive to 
both the radiation from the neutral atomic hydrogen emitted by cool gas clouds in our 
Galaxy, and the synchrotron emission (from free electrons spiralling around magnetic 
field lines in interstellar space) from more energetic sources such as the expanding 
gas clouds from supernova explosions.  Its wide, 2.5 degree, field of view coupled with 
its arcminute spatial resolution, makes this array unique.
   
 Most observing time on the Synthesis telescope is 
currently devoted to mapping, in unprecedented 
detail, a strip straddling the equator of the 
Milky Way, 70 degrees long and 9 degrees 
wide. This Canadian Galactic Plane Survey 
(CGPS) involves a consortium of 55 astrono-
mers, including 43 from Canada and involving 
astronomers from 11 other countries. It is training 
11 doctoral students, has attracted 9 postdoc-
toral fellows, and is supported by an NSERC 
Collaborative Special Projects Grant of  $800 
000 over five years. The project links with a still 
larger international consortium combining data 
from other observatories at other wavebands 
to develop a comprehensive, multi-wavelength, 
global view of the interstellar medium in the 
plane of our Galaxy. 

DRAO has become a leader in other directions as well: it is a world 
centre for the development of radio interferometry (the technique of 
electronically combining signals from several individual telescopes to 
build up a composite image of an object at a far greater level of detail). 
First-rank groups dedicated to correlator and receiver development are 
also associated with DRAO. These form a key resource in the Long 
Range Plan to drive the engineering development for the advanced 
radio telescopes coming in the next decade. 

Several other projects hosted at the DRAO include the development of a correlator for 
a focal plane array heterodyne receiver for the JCMT, and engineering studies for the 
internationally proposed Square Kilometre Array (SKA).  DRAO staff have also been 
especially active in the training of graduate students and post-doctoral fellows in radio 
astronomy, primarily through cooperative links with campuses such as the University 
of Alberta and the University of British Columbia.
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The Synthesis Array at the Dominion Radio 
Astrophysical Observatory in Penticton. The 
multiple radio antennas, all pointing up to the 
same location in the sky, are used to build up 
a combined image more detailed than any single 
antenna could produce. 

Image courtesy Russ Taylor (University of 
Calgary) and DRAO/HIA



The DAO 

The Dominion Astrophysical Observatory (DAO) north of Victoria, BC, is home to 
HIA headquarters and most of its subdivisions. It is also the site of two optical 
research telescopes: the 1.8 metre Plaskett Telescope (in continuous operation 
since 1918) and the 1.2 metre McKellar Telescope (in operation since 1962). The 
1.8 metre has a moderate-resolution spectrograph for spectroscopy of stars, as 
well as cameras for imaging in the optical and near-infrared. The 1.2 metre is 
devoted to high resolution spectroscopy, directed at measuring the motions and 
chemical compositions of stars. It was used for developing the planetary search 
technique now in use world wide, and has played a central role in establishing 
the international stellar velocity standard system due to its exceptionally stable 
spectrograph. 
  
Both telescopes are open for community use, are fully subscribed,and are oper-
ated at very low expense. They support a wide variety of scientific programs, 
involving students and guest observers from both Canada and abroad. Recently 
retired DAO staff have also developed innovative ways to supply community 
astronomers with “contract observing” to keep costs down for potential clients. 

In the pre-WWII era, the Plaskett telescope held prominence as one of the three 
largest telescopes in the world.Though it now occupies the role of a supporting 
player, it is an excellent illustration of the way that a telescope can continually, 
and inexpensively, be revitalized by careful redesign and deployment of new 
instruments. 

A recent project on the Plaskett telescope that has gained considerable inter-
national interest is its long-term campaign to determine orbits for Near-Earth 
Asteroids, ie., those whose orbits cross over the Earths orbit. Such asteroids 
could inflict huge damage if they strike the Earth. While several telescopes 
discover such asteroids, the Plaskett telescope is the largest one devoting 
systematic effort to tracking their paths and thus to determine asteroid collision 
probabilities. The Plaskett telescope is also central to the DAO public outreach 
program.

The CADC

The Canadian Astronomy Data Centre (CADC) is a small but visionary group 
within NRC’s Herzberg Institute and supported in part by CSA. It is one of 
the most cost-effective and widely used resources in Canadian astronomy. 
Its development of innovative data handling techniques now leads the entire 
international community.
 
Data archiving is the provision of a capability to save data, to save all relevant 
information about the data (the metadata), and to be able to present these data 
(and metadata) to users in a comprehensible, searchable, and retrievable form. 
The CADC supplies the community with electronically accessible archives of data 
from principal telescopes including the CFHT, JCMT, Gemini, and also the HST 
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The dome of the 1.8 metre Plaskett 
Telescope at the Dominion Observatory, 
Victoria 

Photo courtesy HIA/NRC



through a special arrangement with the Space Telescope Science Institute. 

For the near future, the CADC plans to provide pipeline processing for a subset of 
the data from MEGACAM on the CFH telescope; known as the TERAPIX project. The 
CADC is a participant and will archive the products of MEGACAM/TERAPIX for the 
general astronomical community.

In addition to this primary mandate, however, the CADC has, over the last decade, 
evolved methods for linking and searching the primary databases in a huge variety of 
ways. “Data mining” is a new CADC initiative to develop the next generation of tools 
for accessing and correlating data from many archives simultaneously. In essence, an 
archive is useful only if it has powerful tools with which to access and explore it. 

Data mining will allow any astronomer to collect all the measurements of a given 
object over all telescopes and wavelengths; or to extract and correlate all data for 
any definable category of objects from all databases. This new research tool will fully 
utilize the combined capabilities of computation, database management, and modern 
archiving principles. 

The funding situation of many of these excellent CADC programs is currently rather 
dire, and immediate action will be needed if they are to move forward.

University Observatories

Small- to mid-range optical telescopes are also operated by some of the Canadian 
universities, primarily for the use of their local astronomy research groups and depart-
ments, student training, and instrument testing. Prominent examples of these are 
the 1.6 metre telescope at the Observatoire du Mont Megantic operated jointly by 
the Université de Montréal and Université Laval; the 1.8 metre at the David Dunlap 
Observatory of the University of Toronto; the 1.2 metre at the University of Western 
Ontario; and the 1.5 metre at the University of Calgary. These observatories play 
central roles in public outreach programs, an issue to which we return in chapter 7. 

3.3 Astronomy from Space: Currently Funded Programs 

Modern astronomy makes extensive use of space-based telescopes, and most devel-
oped nations are heavily involved in both ground and space-based observatories. A 
superb example of the power of this complementary approach is the combination 
of the ground-based Keck observatories (the 10 metre optical/infrared telescopes on 
Mauna Kea) and the orbiting Hubble Space Telescope (an optical/ultraviolet telescope 
with a 2.5 metre mirror). While the HST provides superb optical images with the finest 
available sharpness and depth, the Keck mirrors provide much larger photon collec-
tion rates that allow astronomers to study the spectra and physical characteristics of 
the ultra-faint objects discovered by HST. 

There are strong reasons for designing a combination of ground and space-based 
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observatories. The instrumentation packages used to detect and analyze the light 
collected by the ground-based telescopes can be state-of-the-art, and they can be 
tested, modified, and replaced over much shorter turnaround times than for satellite 
telescopes. They can be built in larger sizes and greater varieties than telescopes in 
orbit. A network of ground-based telescopes can therefore be much more versatile 
and strategically controllable by comparison with the high-risk, high-payoff space 
missions. Costs are far lower, and instrument failures or operational problems are not 
catastrophic, as they are for space-based missions. 

The satellite observatories, on the other hand, provide the only way to see celestial 
objects in the wavebands that do not penetrate the Earth’s atmosphere: gamma-ray, 
X-ray, most of the ultraviolet, and some sections of the infrared and radio bands. 
Their other immense contribution is that observations outside the Earth’s atmosphere 
provide us with the sharpest possible (highest resolution) images at short wavelengths 
(optical, ultraviolet, and beyond), unblurred and undistorted by the atmosphere, and 
unaffected by weather.

Canada’s role in space science utilizing satellite observations began with the Alouette 
program in the early 1960’s and has continued with a series of small satellites 
designed to study the upper atmosphere and near-Earth environment. Canadian 
industry has played an important role in all of these, and many have involved inter-
national partnerships. All space initiatives are now supported through the Canadian 
Space Agency (CSA).

The current CSA-supported satellite missions for astronomy include:

(a) VSOP, a Japanese-led orbiting radio Very Large Baseline Interferometry (VLBI) 
antenna. Canada has played a pioneering role in this project in having provided crucial 
technology such as the S2 recorders and correlators, with a VSOP correlator center 
based in Penticton. In turn, these developments have opened new opportunities 
for contracts to build correlators for the JCMT, and for possible other international 
projects. The Canadian VLBI community is also carrying out the bulk of the VSOP 
Sky Survey.

VLBI techniques on the ground and in space have given us our closest look yet at 
the central regions of active galaxies that harbour supermassive black holes. As an 
example, the present VSOP mission can study a region that is a thousandth the size 
of the finest resolution scale of the HST!

(b)MOST, is a novel, stellar-seismology, micro-satellite being built by Dynacon under 
the guidance of a UBC-led science team, and funded under the existing CSA small 
payloads program. It is designed to monitor the minute stellar oscillations down to 
the level of those studied on the Sun; an amplitude of a few parts per million. These 
levels are currently beyond ground-based detection limits. The observations will be 
used to help pin down stellar structures and ages to an accuracy known only for the 
Sun at the present time.

c) FUSE, a far-ultraviolet spectroscopic telescope, one of the NASA Explorer series. 
The HIA together with COMDEV of Cambridge ON, have helped design and construct 
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several instrument and staff the operations center. FUSE, which obtained its first 
spectra in August 1999, will open up new views of the hottest stars and gas in our 
galaxy, and is specially designed to be able to measure the deuterium abundance in a 
wide variety of local and moderately distant galaxies. This will provide very important 
constraints on cosmological models. 

(d)ODIN, a combined aeronomy/astronomy satellite in collaboration with Sweden, 
Finland, and France. It is designed to probe the upper atmosphere of the earth in the 
sub-mm region, and also to look out into space to examine molecular constituents of 
the interstellar gas. Odin will search for water and oxygen in the Universe, two of the 
most important molecules in the chemical network of the interstellar medium, and two 
of the major ingredients in the origin of life. 

(e) BAM (Balloon-borne Anisotropy Measurement), an experiment led by a UBC team, 
will measure the CMB radiation with a balloon-borne 1.7 metre telescope. 

3.4 A Personnel Profile of Canada’s Research Community

The NRC and University Communities

Research astronomers in Canada are employed either by the universities or by NRC’s 
Herzberg Institute. The universities provide the primary base of researchers and the 
training grounds for young people in the field; while the NRC staff and laboratories 
provide the combined technical and research expertise to construct and operate our 
primary observational facilities. Both of these arms of the community are essential 
and complementary to one another, and there has been a long tradition of shared 
effort between them.

The decade just past saw an unfortunately long string of budget cuts imposed by 
the federal and provincial governments on both NRC and the universities across 
the country. These cuts have now seriously damaged crucial aspects of Canadian 
astronomy. The LRPP has identified several points of potential critical failure (see 
chapter 5): 

1. Much of the experimental instrumentation work in the universities has withered 
away, with serious overall losses to our infrastructure. Small instrument labs (typically 
one senior scientist plus two or three technical staff or research associates) are 
now maintained at only a handful of universities (Laval, Montréal, Toronto, Calgary, 
UBC). The staff at these remaining places are individually excellent but do not have 
the resources for extensive training or design programs, or for bidding on major 
instrument work for our international partnerships. 

2. The opportunities for NRC staff scientists to carry out their own primary research 
have been severely reduced. Many of these scientists are powerful researchers and 
the loss to community science productivity has been quite significant. In mid-1998, the 
HIA underwent a comprehensive peer review and site assessment. The conclusions 
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from the review committee report strongly reinforce the message that the HIA is play-
ing a technologically essential and high-level strategic role in the community, but that 
its activities must be rebalanced to include a stronger primary research component 
at its highest levels. 

Competitiveness Issues: Strengths of Canadian Astronomy

Measures of the international competitiveness of the Canadian astronomy community 
include  (a) their ability to generate international collaborations and obtain awards of 
observing time;  (b) research grant leveraging and other awards; and (c) the relative 
presence of Canadian authors in the international literature, including the level of 
citations to published work.

University astronomers gain most of their funding throughthe normal NSERC competi-
tions for Research Grants, Equipment Grants, and Major Facilities Grants. For the 
Space and Astronomy community (Grant Selection Committee GSC17), approximately 
160 university faculty are supported at an average Research Grant level of $36,000, 
making up 2.2% of the NSERC research grant budget. 

Individual Research Grants are “leveraged” by gaining research funds of other types, 
from NSERC, government, or industry sources. (Leverage is defined here as the 
number of additional dollars gained for each awarded research grant dollar.) Statistical 
data collected in 1997 by NSERC staff show that, for the Space and Astronomy 
community, 

(a) The overall leverage ratio for all grantees in 1995/96 was 1.5, 

(b) The leverage ratio for the upper 30% of Space and Astronomy grantees was 2.8. 
This latter group ranked 4th out of 18 NSERC disciplines in science and engineering. 

Furthermore, these statistics do not take into account the equivalent value of the 
awards of observing time gained every year by the astronomers in the community. 
The operating expenses for a major telescope such as the CFHT are approximately 
$20,000 per night, so a normal three-night observing run each year is equivalent to a 
“grant” valued at $60,000. A large fraction of this money returns to Canadians in the 
form of observatory staff salaries and instrument development projects.

Canadian astronomers are versatile researchers who actively seek out ways to 
use publicly available resources in other countries, notably the American facilities 
(NOAO, NRAO) which generously maintain open-access policies by annual competi-
tions based on scientific merit. Canadians obtain time on these facilities which typically 
adds up to the sum of our ownership shares on the CFHT and JCMT. Canada 
reciprocates by applying open-access policies to its own shares of CFHT and JCMT, 
though these can never add up to the amounts we gain by competitive access 
elsewhere. Furthermore, we cannot expect generous “open skies” policies to be 
maintained in the future for the new generations of facilities built on more extended 
international partnerships (next chapter).
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An excellent example of the international respect gained by Canadian astronomers is 
their presence on many HST projects with American or European PI’s. Since the 1994 
refurbishing mission (and as a tribute to US generosity in holding open international 
competitions), no less than 39 of the individual HST programs have had Canadian 
principal investigators; equivalent to 2.3% of the total time on HST. 

NSERC-funded scientists have also done extremely well in garnering prominent 
awards and fellowships. The relative numbers of such items as Steacie Fellows, 
Steacie Prize winners, Killam Memorial Prize winners, and NSERC University 
Research Fellows and Women’s Faculty Awards won by astronomers over the past 
two decades are anywhere from 2 to 5 times larger than the fraction of the NSERC 
research grant budget allocated to Space and Astronomy. The Canadian Institute for 
Advanced Research (CIAR) makes its single largest investment in cosmology. 

In both numbers and impact, the scientific productivity of Canadian astronomers is 
strong. In the USA-based Astronomical Journal and Astrophysical Journal, the leading 
world journals in the discipline, the ratio of recent papers by Canadian authors 
relative to American authors is 18% and 7% respectively even though the American 
comparison group is more than 10 times larger. A recent British funding council 
bibliometric analysis finds that Canadian astronomical research ranks third in citations 
per paper (6.0), just behind the USA (7.0) and the UK (6.5). 

A 1993 study carried out in Holland compared the budget and impact levels of 
astronomy research in 15 OECD countries. Notably, in “value per dollar” measures 
such as the ratio of total research budget to numbers of publications and citations, 
Canada ranked first on this list, with cost per citation a factor of five below the median. 
In terms of research budget for astronomy relative to total national population or GNP, 
Canada ranked last on the list, sitting a factor of four below the median (see also the 
comparisons listed in the following section). Part of the reason for this ranking is that 
Canada has invested less than most of the other OECD countries in observatories 
and infrastructure, especially in space and satellite astronomy which has a higher 
“dollar per photon” cost level than ground-based astronomy. 

 A S T R O N O M Y  A N D  A S T R O P H Y S I C S  I N  C A N A D A  T O D A Y

43



P L A N  F O R  A S T R O N O M Y  A N D  A T R O P H Y S I C S  I N  C A N A D A  T O  2 0 1 5

3.5 Funding of Astronomy in Canada and Abroad 

The total annual funding for NRC’s Herzberg Institute, in fiscal year 1999/2000 is 
15.5 Million dollars. This breaks down as:

1. Salaries, benefits, on-shore operations, minor capital: $ 8.9 M

2. Contributions to overseas facilities: $ 6.6 M

At the same time, the total funding for NSERC funding of astronomy in the Space 
and Astronomy division, in the same fiscal year is 6.3 Million dollars. This is 
distributed between:

A. Individual research grants: $ 5.9 M

B. Equipment grants (major and minor): $ 0.4 M

Thus, the total NRC/NSERC funding in space and astronomy is 21.8 Million dollars 
per year. The precise CSA number is still uncertain at this writing but is approxi-
mately $8 Million per year.

includes all space missions related to astronomy and 
planetary science, excludes Mars Surveyor, lunar and 
atmosphere missions, and launch support services

astronomical sciences

very uncertain - Carnegie, etc

Space and Astronomy (not including proposed LRP 
funds)
Research Grants and support for  Mont-Mégantic 

current spending  (not including proposed LRP funds)

GDP per 
capita

Population
(millions)

Amount
 (millions)

Amount ($ CA 
per capita)

Source Comments

NSF

Private funding

Country

Table 2 : Current Astronomy funding for various Countries 
Annual Astronomy  spending

    USA  30 200     270.3             
             1 700          NASA
     
    
      
                        181         
                  
                          76                             
          
                      1 957         7.24 total
     
    France     22 700     58.8       370         6.2
      
    Italy      21 500     56.8       320         5.63      
          
    UK      21 100       59       288         4.88      
          
    Germany 20 800     82.1       393         4.79      
          
    Australia    21 400     18.6        28         1.51      
          
    Canada 21 700     30.7
        
           6.28     NSERC 
   
             0,4     FCAR
   
           15.5     NRC/HIA
 
                  8     CSA     
          
                     30.18          0.98 total     
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In Table 2 we briefly compare Canadian funding levels for astronomy with selected 
countries which are prominent on the world level. The figures in the last two columns 
are in Canadian dollars, and give the estimated total annual expenses of each country 
on astronomical research and also funding per capita. Since the GDPs in each country 
are similar, the comparisons would not change significantly if they were also adjusted 
for GDP level. The United States leads all nations with more than $7 per capita annual 
investment. Furthermore, the total for the USA is likely to be an underestimate since 
it does not fully account for the significant amounts of project funding from university 
consortia and private organizations. 

Ranking next are the European countries at typically $4 - $5 per capita. (As noted 
earlier, the USA and Britain enjoy the two highest citation rates for papers in the 
astronomical literature, followed closely by Canada). Canada, at roughly $1 per capita 
funding for astronomy, lags well behind these leading nations. Its closest comparison 
is with Australia, which also has a traditionally strong community in ground-based 
astronomy on a frugal budget, but very little involvement in space-based astronomy. 

A high fraction of the investments in the USA and in the European Common Market 
countries comes through a healthy investment in satellite and space astronomy 
(NASA in the US, ESA in Europe; we emphasize that contributions of these agencies 
to missions that are not central to astronomy such as upper atmosphere and Earth 
studies, lunar missions, Mars Surveyor, and launch support services have been 
explcitly excluded from the figures quoted in the Table). Although the cost of a 
full-fledged space program is clearly large, the returns through national growth in 
technology, economics, and impact on science are concomitantly large. 

It should be noted that precise comparisons between any two countries are difficult 
because of individual differences of detail in funding systems and research programs 
(for example, in the USA some of the NSF and NASA funding goes into partial 
faculty salaries and overhead expenses, whereas in Canada these are part of the 
base budget for universities). Thus all the figures in Table 2 should be viewed as 
uncertain to roughly 20 percent. However, the global differences between Canada and 
the nations leading the list are so large (a factor of 7 for the USA and a factor of 5 
for the United Kingdom) that they mark fundamental differences in the degree to which 
astronomy is supported. Even when the comparisons are restricted to ground-based 
facilities, Canada ranks last on this list. 

There is little doubt from these statistics that Canadian taxpayers are obtaining a 
significant bargain for the research dollar that they do spend on astronomy. Canada is, 
however, in a different league than the countries that have embraced this subject on 
a much grander scale. Our relatively small investment in astronomy has also denied 
the nation the full economic, cultural, and technological benefits that go along with 
complete partnership in the many exciting astronomy missions. These benefits are 
discussed further in Chapters 7 and 8. 
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 3.6 Training, Employment, and Demographics Issues 

Astronomy and astrophysics graduate students and postdoctoral fellows are being trained in 
about 15 universities and institutes across Canada. Far from being an esoteric and abstract 
field, modern astronomy is now one of the broadest of the physical sciences. Students of 
this subject must acquire a wide spectrum of tools which borrow from, and combine, all the 
physical sciences: atomic, nuclear, subatomic, and condensed-matter physics; thermodynamics; 
relativity; molecular and atomic chemistry; chaos theory; geology and geophysics; and even 
elements of biology. Handling the very large data-rates now being generated at the telescope 
requires outstanding skills in quantitative image processing, database management, archiving 
techniques, and statistical methods. These high-level computing techniques cut across many 
discipline boundaries in science, technology, and medicine. For theoretical modelling, advanced 
computing and mathematical techniques have also moved to center stage as we piece together 
the multiple processes at work within the astrophysical systems, and construct computer 
simulations of them. 

Most important of all, modern astronomy and astrophysics teaches flexible, lateral thinking 
and the ability to solve a wide range of difficult problems. The very richness of astronomical 
phenomena promotes broad vision because solutions must assemble interpretations from 
widespread techniques and from evidence that is sometimes sketchy and always incomplete. 

Employment statistics within the Canadian community were traced in a 1996 survey done 
by CASCA. Records were gathered for 121 Ph.D. students who graduated from Canadian 
astronomy programs in the interval 1976 to 1992, a nearly complete sample for that period. Of 
these, 42% went on to research-type positions in universities or observatories; 7% to teaching 
positions in colleges or schools; and 27% to a variety of jobs in industry, government, or 
university support staff, usually for computing systems management or consulting. Most of 
the remaining 23% were in temporary but high-level research positions such as postdoctoral 
fellowships or research associates. 

The most notable “non-astronomy” outlets for graduates are in technology or industry positions 
involving image analysis, data management, optics, and computing techniques. Some notable 
examples include (a) the Canada Centre for Remote Sensing in Ottawa, which analyzes satellite 
and aircraft imaging data of the Canadian land surface and has hired a total of seven astronomy 
PhD’s since its inception; (b) the Institut National d’Optique (INO, Laval), which employs more 
than 30 staff involved with space and astronomy instrumentation; (c) the oil industry in Calgary, 
which has employed many university graduates with astronomy training; and (d) risk-analysis 
groups in major Canadian and international banks. These graduates are attractive precisely 
because of their wide problem-solving and technical abilities. 
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An elegant spiral galaxy,  
ESO 269-57, in the southern 
hemisphere sky 

Image from Very Large 
Telescope (VLT) at the 
European Southern 
Observatory (ESO), Chile. 
Copyright ESO

An Australia-based study published in 1999, traced the career paths of 897 PhD astronomy 
graduates in 1975-1994, from four countries (USA, Canada, Australia, and Holland). The study 
finds that roughly 45% of the graduates obtain long-term research-based positions (tenured 
university faculty, or observatory scientists), 20% continue in soft-money positions, and 35% 
enter areas outside astronomy. These numbers are consistent with the CASCA study. 

At present, the Canadian astronomical community comprises about 160 researchers in staff or 
faculty positions, including both university and NRC members. There are, in addition, about 150 
more young researchers who are postdoctoral fellows, research associates, and senior graduate 
students and who contribute strongly to the environment of research activity within the discipline. 
The recent NSERC statistical report (Research Grants Program: Discipline Dynamics, October 
1997) shows that about 30% of its primary research faculty and grantholders will retire and 
therefore leave the system in the next decade. There is every indication that astronomy and 
astrophysics are highly regarded in Universities, and that these retirements will be replaced 
in due course with talented young Canadian and internationally prominent individuals.  In 
addition, the implementation of the proposed LRP plan will require (and indeed, will stimulate) 
an increase in the astronomy and astrophysics faculty complement at universities across the 
nation.



In summary, the Canadian astronomy and astrophysics community is active, promi-
nent, and working at the forefront in many sub-fields within our discipline. Its record 
of achievement is clear, and the potential for its even greater success, unparalleled. 
Canada, with an imaginative allocation of new resources, is poised to make its mark 
on the era of cosmic exploration that will undeniably dominate our coming century. 
Should we decide to join this exciting endeavour, our research universities and 
laboratories will adjust and recruit many new outstanding individuals at all levels in 
response to this vision. 

We turn, therefore, to examine the outstanding new world observatories that will make 
this possible; observatories to which Canadian astronomy and astrophysics could 
contribute enormously, given the chance.
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