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Introduction 
Since the telescope was invented in the 
early 17th century, astronomers have 
relied on increasingly complex and 
expensive instruments to further their 
studies of the Universe. The next 
generation of telescopes, with apertures 
of approximately 30-m, will cost more 
than $1B to construct.  The main 
product of modern observatories are the 
publications in refereed journals based 
on data obtained using their 
telescope(s). 
 
Increasingly, bibliometric techniques are 
being applied to the refereed papers 
produced by modern observatories. 
Observatory directors studiously 
compare their telescopes’ performance 
with that of similar telescopes and the 
funding agencies anxiously wait for the 
return on their massive investment in 
these expensive facilities. 
 
In this paper I will examine and 
compare the productivity and impact of 
eighteen telescopes using the basic 
bibliometric tools of paper and citation 
counts. 

Input Data 
Observatories carefully track the 
refereed papers that utilize data from 
their telescopes. Most observatories 
publish their list of observatory 
publications on the Web. The input data 

for this study is comprised of the list of 
observatory publications for nineteen of 
the largest optical/sub-mm telescopes 
used for astronomical research. The lists 
of papers published between 2007 and 
2011 were gathered from the Web in 
most cases, but for some telescopes the 
lists were sent to me by observatory 
staff. These lists were incorporated into 
a custom designed Microsoft Access 
database/ 

Bibliometric Data 
The international astronomy community 
is fortunate to have access to the NASA 
Astrophysics Data System (NASA 
ADS) (Kurtz, et al. 2000). The ADS 
provides bibliometric information that is 
used by all professional astronomers.  
 
The NASA ADS database includes full 
publication information for each article 
(title, authors, journal, volume, page and 
year), as well as current citation counts. 
Each article in the system is assigned a 
unique bibliometric identifier (bibcode). 
This bibcode can be used to extract all 
the relevant information on that article 
from the ADS database.  
 
For the work described in this paper, the 
correct bibcode was generated for each 
observatory publication and then the 
NASA ADS was queried to extract the 
publication information and the number 
of citations for that paper.  
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Productivity 
The productivity of a telescope is the 
number of refereed papers published 
during a certain time period.  Figure 1 
shows the total publications per 
telescope for the 2007-2011 period. One 
can see that the productivity varies 
significantly between the telescopes. 
The main reason for the very low 
productivity of the LBT is that it only 
recently began operations and it takes up 
to 10 years of operation for a telescope 
to achieve full productivity (Crabtree 
and Bryson 2001) 
 

 
Figure 1. The total number of refereed 
papers published per telescope for the 

period 2007-2011 

Impact 
Citation counts are the most frequently 
used metric for measuring the impact, or 
relevance, of a refereed publication. A 
publication gathers citations over time 
so one can’t really compare the raw 
citation counts of a paper published in 
2007 with one published in 2011. 
One approach to addressing this 
problem is to normalize the raw citation 
counts by a standard measure that 
increases with time similar to raw 
citation counts. I have used the citation 
count of the median paper published in 
the Astronomical Journal (AJ) as a 
standard measuring stick to normalize 
the raw citation counts. If there are 301 
papers published in a given year, then 
the citation count of the 150th paper 

(ranked in descending citation count 
order) is the normalization factor all 
papers published in that year, regardless 
of the journal in which they are 
published. 
 
I define the impact of a paper to be the 
number of citations to that paper divided 
by the citation count of the median AJ 
paper as defined above. This approach is 
very successful and allows papers of 
different publication years to be 
compared, and to compute aggregate 
impact metrics of papers published over 
a range of years. 
 
One important measure of performance 
of a telescope’s publications is the 
average impact per paper (AIPP). Since 
the impact distribution of a telescope’s 
paper is very non-normal (very long 
high-impact tail), the median impact per 
paper (MIPP) is also of interest. The 
difference of these two metrics between 
the telescopes is a good measure of the 
relative impact performance. 
 

 
Figure 2. AIPP and MIPP of each 
telescope for the period 2007-2011 

 
The AIPP and MIPP are shown in 
Figure 2 and the AIPP is significantly 
higher than the MIPP due to long tail of 
very high impact papers. The AIPP 
differs by a factor of approximately two 
between the lower performing 
telescopes and the higher performing 
ones.  
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A truly high performing telescope will 
combine high productively and a high 
average impact per paper, which is 
equivalent to a high total impact. The 
total impact of telescope’s papers is 
simply the sum of the impacts of all the 
individual impacts of the papers 
published using data from that 
telescope. 
 
The total impact of each telescope is 
displayed in Figure 3. The best 
performing telescope, Keck, combines a 
very high productivity with a very high 
AIPP. While the HET has the highest 
AIPP its low productivity means that it 
is one of the lowest performers. 
 

 
Figure 3. Total impact of each telescope 

for the period 2007-2011 

Conclusions 
A standard bibliometric approach 
provides a good measure of the 
comparative performance of modern 
telescopes. Normalizing the raw citation 
counts of papers to a standard measuring 
rod provides an age independent metric 
that can be used to compare publications 
of different ages. This approach should 
be used in any study that utilizes 
bibliometrics to study publications over 
a range of years. 
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