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Global Monitoring Division
Hirsch Index and Citations

Definition: The Hirsh Index, denoted by h, is a
measure of the scientific impact of peer-reviewed
publications that an individual scientist has
authored or coauthored.

Typical” values of the Hirsch Index, h:

 ~12 = Faculty at major research university
« ~18 = Advancement to full professor

o« ~15-20 = Consider for fellowship in APS

o ~35 = Nobel Prize Winners

e ~46 = Membership in NAS

In the following citations index and publications
listing, GMD has 65 contributing authors of which
36 are Ph.Ds.



GMD H-Index and Citations

H-Index, Citations and Publication for Global Monitoring Division staff
through 2012 from the Web of Science

Author H-Index Total Publications Total Citations
Oltmans 52 234 8,757
Tans 50 164 11,135
Elkins 47 147 6,189 NAS
Ogren 42 194 5,518
Hofmann (deceased) 42 128 6,807
Harris 37 102 3,743 Nobel
Montzka 33 82 3,286
Hintsa 33 70 2,902
Dlugokencky 31 79 3,383
Dutton, E. (deceased) 31 44 1,483
Butler 28 53 2,556
Novelli 27 45 2,039
Schnell 27 93 2,903
Masarie 26 36 3,958
Johnson 25 47 1,662
Barnes 24 70 3,894
Hurst 24 52 1,759
Jefferson 24 45 1,979
Michalsky 24 89 2,699
Miller, J. 23 43 1,525
Dutton, G. 21 44 1,495
Andrews, B. 20 39 1,589
Bruhwiler 20 34 2,202
Stone 20 50 1,324
Anderson, A. 19 76 1,142
Conway 19 34 2,251 Full
Hall, B. 18 33 1,196 Prof.
Sweeney 17 51 2,368
Miller, B. 17 37 1,938
Peters 15 29 912
Lang 14 23 2,039

Andrews, A. 14 33 893




Author H-Index Total Publications Total Citations

Augustine 14 38 664
Petron 13 22 854
Thoning 13 19 1,487
Voemel 12 26 517 Faculty
Petropavlovskikh 10 26 271
Kiedron 10 44 324
Sheridan 10 19 271
Disterhoft 8 21 275
Evans 8 12 153
Lantz 8 20 348
McConville 8 15 205
Ryan 7 8 214
Turnbull 7 17 757
Moore 7 35 1,907
Hodges 6 8 89
Jacobson 6 13 403
Karion 6 13 124
Mondeel 5 7 215
Crotwell, A. 5 6 279
Nelson 5 5 165
Cornwall 4 6 102
Longnecker 4 6 159
Kofler 3 9 37
Booth 3 3 26
Chen 3 7 48
Hu 3 8 49
Mefford 3 5 113
Neely 3 5 52
Newberger 3 5 46
Trudeau 3 4 43
Higgs 2 4 27
Nance 2 3 73
Neff 2 2 15
Oda 2 6 17
Total 1,072 2,747 107,855
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characterize the scientific output of a researcher.

A scientist has index / if i of his or her N, papers have at least
k citations each and the other (N, — k) papers have =/ citations
each.

The research reported here concentrated on physicists; how-
ever, I sugegest that the 4 index should be useful for other
scientific disciplines as well. (At the end of the paper I discuss
some observations for the 4 index in biological sciences.) The
highest & among physicists appears to be E. Witten’s 4, which is
110. That is, Witten has written 110 papers with at least 110
citations each. That gives a lower bound on the total number of
citations to Witten’s papers at A2 = 12,100. Of course, the total
number of citations (¥, ;,;) will usually be much larger than /2,
because 4% both underestimates the total number of citations of
the s most-cited papers and ignores the papers with <4 citations.
The relation between N, and % will depend on the detailed
form of the particular distribution (1), and it is useful to define
the proportionality constant 2 as

Ny = ah®. [1]

I find empirically that «# ranges between 3 and 5.

Other prominent physicists with high ks are A. I. Heeger
{(#=107),M. L. Cohen (4 = 94), A. C. Gossard (k = 94),P. W.
Anderson (% = 91), S. Weinberg (5 = 88), M. E. Fisher (k =
88), M. Cardona (1 = 86), P. G. deGennes (} = 79), I. N.
Bahcall (4 = 77), Z. Fisk (x = 75), D. I Scalapino {(k = 75},
G. Parisi (5 = 73), 5. G. Louie (A = 70), R. Jackiw (% = 69),
F. Wilezek (h = 68), C. Vafa (5 = 66), M. B. Maple (1 = 66),
D. 1. Gross (h = 66), M. 8. Dresselhaus (i = 62), and 5. W.
Hawking (# = 62). I argue that % is preferable to other
single-number criteria commonly used to evaluate scientific
output of a researcher, as follows:
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disadvantages of the criteria above, Disadvant age: It is not
a single number, making it more difficult to obtain and
compare. Also, ¢ is arbitrary and will randomly favor and
disfavor individuals.

Instead, the proposed % index measures the broad impact of an
individual’s work, avoids all of the disadvantages of the criteria
listed above, usually can be found very easily by ordering papers
by “times cited” in the Thomson ISI Web of Science database
{http://isiknowledge.com),’ and gives a ballpark estimate of the
total number of citations (Eq. 1).

Thus, I argue that two individuals with similar As are compa-
rable in terms of their overall scientific impact, even if their total
number of papers or their total number of citations is very
different. Conversely, comparing two individuals (of the same
scientific age) with a similar number of total papers or of total
citation count and very different 4 values, the one with the higher
4 is likely to be the more accomplished scientist.

For a given individual, one expects that % should increase
approximately linearly with time. In the simplest possible model,
assume that the researcher publishes p papers per year and that
each published paper earns ¢ new citations per year every
subsequent year. The total number of citations after n + 1 years
is then

& pon(n+1)
Nogor = 2p0] =——5—— 2]
j=1

*E-rnail: jhirschi@ucsd edu.

tOfcourse, the database used mustbe complete enough to cover the full period spanned
by the individual's publications.
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2, 1Or the case ¢ = p, Where the papers with >/ cltations and
those with <k citations contribute equally to the total N roe. The
value of ¢ will be larger for both ¢ = pand ¢ << p. Forc = p, most
contributions to the total number of citations arise from the
“highly cited papers” (the s papers that have N, > }), whereas
forc < p, it is the sparsely cited papers (the N, — /i papers that
have <} citations each) that give the largest contribution to N, ;..
We find that the first sitvation holds in the vast majority of, if not
all, cases. For the linear model defined in this example, = 4
corresponds to ¢/p = 5.83 (the other value that yields 2 = 4,
c/p = 0.17, is unrealistic).

The linear model defined above corresponds to the distribution

Ny
Nc@):Nﬂ_ (?_ 1))’: [7]

where N.(¥) is the number of citations to the yth paper (ordered
from most cited to least cited) and Ny is the number of citations
of the most highly cited paper (Ny = ca in the example above).
The total number of papers y,. is given by N.(yn) = 0; hence,

Nk 5
ymiNg—h. []

We can write Ny and y,, in terms of ¢ defined in Eq. 1 as

Ng:h[ai 1.'512—2&} [9a]
ym=k{a1 1fd2_261i|. [9b]

Fora = 2, Ng = %, = 2h. For lareer 4, the upper sign in Eq. ¢
corresponds to the case where the highly cited papers dominate
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NGy = Na@‘(ﬁ)ﬁ. [10]

Note that for 8 = 1, N7(y) = 0 for all y; hence, 2 > 2 is true. We
can write the distribution in terms of 4 and ¢ as

N.y) = ﬁke—(ﬁ)g [11]

with I{3) the integral
A =J dze™* [12]
0

and « determined by the equation

at_ 2
ae™ " = @ [13]
The maximally cited paper has citations
a
Ny = m k, [14]

and the total number of papers (with at least one citation) is
determined by N(y,) = 1 as

Voo = A[1 + oPIn{ )12, [15]

A given researcher’s distribution can be modeled by choosing,
the most appropriate 8 and g for that case. For example, for g =
Lifa = 3, & = 0.661, Ny = 4.54%, andy,, = A[1 + .661nk]. With
a =4 o= 04644 Ny = 861k, and y,, = A[1 + 0.46In(%)]. For
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5 = 0.5, the lowest possible value of « is 3.70; for that case, Ny =
7.4k and v = A[1 + 0.5In(h)]? Larger a values will increase Ng
and reduce vy, For 5 = 2/3, the smallest possible g isa = 3.24,
for which case Ny = 4.54 and y,,, = #[1 + 0.66ln(A)]*~.

The linear relation between /4 and »n (Eq. 6) will of course
break down when the researcher slows down in paper production
or stops publishing altogether. There is a time lag between the
two events. In the linear model, assuming the researcher stops
publishing after sa0p vears, & continues to increase at the same
rate for a time

Hreg [16]

ot
¢ 1+ cfp Tor

and then stays constant, because now all published papers
contribute to k. In a more realistic model, & will smoothly level
off as » increases rather than with a discontinuous change in
slope. Still, quite generally, the time lag will be larger for
scientists who have published for many years, as Eq. 16 indicates.

Furthermore, in reality, of course, not all papers will
eventually contribute to k. Some papers with low citations will
never contribute to a researcher’s ki, especially if written late
in the career, when } is already appreciable. As discussed by
Redner (3), most papers earn their citations over a limited
period of popularity and then they are no longer cited. Hence,
it will be the case that papers that contributed to a researcher’s
k early in his or her career will no longer contribute to 4 later
in the individual’s career. Nevertheless, it is of course always
true that s cannot decrease with time. The paper or papers that
at any given time have exactly 4 citations are at risk of being
eliminated from the individual’s & count as they are super-
seded by other papers that are being cited at a higher rate. It
is also possible that papers “drop out™ and then later come
back into the i count, as would occur for the kind of papers
termed “sleeping beauties™ (4).

For the individual researchers mentioned earlier, I find #
from the time elapsed since their first published paper till the
present and find the following values for the slope m defined
inEq. & Witten, m = 3.89; Heeger,m = 2.38; Cohen,m = 2.24;
Gossard, s = 2.09; Anderson, m = 1.88; Weinberg, m = 1.76;
Fisher, 72z = 1.91; Cardona, == = 1.87; deGennes, m = 1.75;
Bahcall, =» = 1.75; Fisk, s = 2.14; Scalapino, =z = 1.88; Parisi,
m = 2.15; Louie, m = 2.33; Jackiw, m = 1.92; Wilczek, m =
2.19; Vafa, s = 3.30; Maple, m = 1.94; Gross, m = 1.6%;
Dresselhaus, m = 1.41; and Hawking, mn = 1.59. From inspec-
tion of the citation records of many physicists, I conclude the
following:

(i) Avalue of ;= 1 (ie., an 4 index of 20 after 20 years of
scientific activity), characterizes a successful scientist.

(ify Avalue of m =~ 2 (ie., an  index of 40 after 20 years of
scientific activity), characterizes outstanding scientists,
likely to be found only at the top universities or major
research laboratories.

(zi7) A value of m = 3 or higher (ie., an ! index of 60 after
20 years, or 90 after 30 years), characterizes truly unique
individuals.

The s parameter ceases to be useful if a scientist does not
maintain his or her level of productivity, whereas the & param-
eter remains useful as ameasure of cumulative achievement that
may continue to increase over time even long after the scientist
has stopped publishing.

Based on typical & and m values found, I suggest (with large
error bars) that for faculty at major research universities, z ~ 12
might be a typical value for advancement to tenure (associate
professor) and that /i ~ 18 might be a typical value for advance-
ment to full professor. Fellowship in the American Physical
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Society might oceur typically for / =~ 15-20. Membership in the
National Academy of Sciences of the United States of America
may typically be associated with & ~ 45 and higher, except in
exceptional circumstances. Note that these estimates correspond
roughly to the typical number of years of sustained research
production assuming an m ~ 1 value; the time scales of course
will be shorter for scientists with higher = values. Note that the
time estimates are taken from the publication of the first paper,
which typically occurs some years before the Ph.ID. is eamed.

There are, however, a number of caveats that should be kept
in mind. Obviously, a single number can never give more than a
rough approximation to an individual’s multifaceted profile, and
many other factors should be considered in combination in
evaluating an individual. Furthermore, the fact that there can
always be exceptions to rules should be kept in mind, especially
in life-changing decisions such as the granting or denying of
tenure. There will be differences in typical # values in different
fields, determined in part by the average number of references
in a paper in the field, the average number of papers produced
by each scientist in the field, and the size (number of scientists)
of the field (although, to a first approximation in a larger field,
there are more scientists to share a lareer number of citations,
so typical % values should not necessarily be larger). Scientists
working in nonmainstream areas will not achieve the same very
high 4 values as the top echelon of those working in highly topical
areas. AlthoughT aroue that a high / is a reliable indicator of high
accomplishment, the converse is not necessarily always true.
There is considerable variation in the skewness of citation
distributions even within a given subfield, and for an author with
a relatively low % that has a few seminal papers with extraordi-
narily high citation counts, the # index will not fully reflect that
scientist’s accomplishments. Corversely, a scientist with a high &
achieved mostly through papers with many coauthors would be
treated overly kindly byhis or her k. Subfieldswith typically large
collaborations {(e.g., high-energy experiment) will exhibit larger
h values, and I sugeest that in cases of large differences in the
number of coauthors, it may be useful in comparing different
individuals to normalize % by a factor that reflects the average
number of coauthors. For determining the scientific “age” in the
computation of 7, the very first paper may sometimesnot be the
appropriate starting point if it represents a relatively minor early
contribution well before sustained productivity ensued.

Finally, in any measure of citations, ideally one would like to
eliminate the self-citations. Although self-citations can obviously
increase a scientist’s 4, their effect on 4 is much smaller than on
the total citation count. First, all self-citations to paperswith <k
citations are irrelevant, as are the self-citations to papers with
many more than / citations. To correct i for self-citations, one
would consider the papers with number of citations just =% and
count the number of self-citations in each. If a paperwith 4 + #
citations has = self-citations, it would be dropped from the
count, and /s would drop by 1. Usnally, this procedure would
involve very few if any papers. As the other face of this coin,
scientists intent in increasing their 4 index by self-citations would
naturally target those papers with citations just <A.

As an interesting sample population, I computed % and = for
the physicists who obtained Nobel prizes in the last 20 years (for
calculating 7, I used the latter of the first published paper vear
or 1955, the first year in the ISI database). However, the set was
further restricted by including only the names that uniquely
identified the scientist in the ISI citation index, which restricted
our set to 76% of the total. It is, however, still an unbiased
estimator, because the commonality of the name should be
uncorrelated with & and #. & indices range from 22 to 79, and
m indices range from 047 to 2.19. Averages and standard
deviations are {hy = 41, o, = 15and {m} = 1.14, &, = 047. The
distribution of / indices is shown in Fig, 2; the median is at k&, =
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These examples further indicate that the index % is a stable and
comsistent estimator of scientific achievement.

An intriguing idea is the extension of the %-index concept to
groups of individuals.* The SPIRES high-enerey physics litera-
ture database (www.slac.stanford.edu/spires/hep) recently im-
plemented the % index in their citation summaries, and it also
allows the computation of  for groups of scientists. The overall
% index of a group will generally be larger than that of each of
the members of the group but smaller than the sum of the
individual % indices, because some of the papers that contribute
to each individual’s & will no longer contribute to the group’s k.
For example, the overall s index of the condensed matter group
at the University of California at San Diego physics department

This weas first introduced in the SPIRES database.

1. Laherrere, I. & Somette, D. (1998) Fur Phys J E Soft Magter B2,
525-530,

2. Redner, 8. (1998) Eur Phys. J. E Soft Matter B4, 131-134,

3. Redner, 8. (2003) Fhys. Today 58, 49-54,
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be of interest.

In summary, I have proposed an easily computable index, /i,
which gives an estimate of the importance, significance, and
broad impact of a scientist’s cnmulative research contributions.
I suggest that this index may provide a uvseful yardstick with
which to compare, in an unbiased way, different individuals
competing for the same resource when an important evaluation
criterion is scientific achievement.

I am grateful to many colleagues in the University of California at San
Diego Condensed Matter group and especially Ivan Schuller for stim-
ulating diseussions on these topics and encouragement to publish these
ideas. I also thank the many readers who wrote with interesting com-
ments since this paper was first posted at arXiv.org (6); the refereeswho
made constructive suggestions, all of which led to improvements in the
paper; and Travis Brooks and the SPIRES database administration for
rapidly implementing the & index in their database.

4. van Raan, A F. 1. (2004) Scientomnetrics 5%, 467-472,

5. King, C. (2003) Soi. Warch 14, no. 5, 1.

&, Hirsch, I B (2005) arXiv.org E-Print Archive (Aug 3, 2005). Available at
http: //aruiv.org/abs/ physics /JOS0R025,
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Scientific Publications Using Global
Monitoring Division Data Sets



Scientific Publications from the Web of
Science that Mention Using Specific GMD
Baseline Observatory Data Sets

Publications

Barrow Observatory, Barrow , Alaska (Established 1974) 843

Mauna Loa Observatory, Hilo, Hawaii (Established 1956) 1,735
Samoa Observatory, American Samoa(Established 1974) 512

South Pole Observatory, Antarctica (Established 1956) 966

Trinidad Head Observatory, California (Established 2002) 81

Summit Observatory, Greenland (Established 2003) 62

Cooperative Programs at Mauna Loa Observatory Using
Mauna Loa Observatory Facilities or Data in Publications

AERONET 136
ASIAA, Taiwan 19
AURA 76
Climate Reference Network 22
Colorado State University 56
CSIRO 118
Environment Canada 128
EPA 116
FAA 21
Global Oscillation Network Group 102
JPL 117
NASA 170
NCAR HAO 123
Network for Detection of Atmospheric Composition Change 97
New Mexico State 25
NIES, Japan 99
NIWA, New Zealand 60
Scripps 116
Stanford University 32
SUNY 25
University of California 184
University of Denver 54
University of Hawaii 80
US Air Force 38
US Army Research 38
US Navy 49




Publications Using Global

Monitoring Division Data Sets

Ozone

Papers mentioning Ozone and GMD data sets. 2710
Papers mentioning GMD and Dobson Column Ozone data sets. 806
Papers mentioning GMD and Ozonesonde Profile data sets. 618
Solar Radiation

Papers mentioning GMD BSRN (Baseline Surface Radiation Network) data sets. 123
Papers mentioning GMD SURFRAD data sets. 543
Aerosols

Papers mentioning GMD aerosols measurement data sets. 213
Chlorofluorocarbons and Halocarbons

Papers mentioning GMD Chlorofluorocarbon and Halocarbon measurement

data sets 1330
Carbon Cycle

Papers mentioning GMD carbon cycle data sets. 2004




Global Monitoring Division
Reviewed Scientific Publications

e Each paper has one or more Global
Monitoring Division authors,

e The number has increased ~9 per year
since the prior GMD review in 2008,

e GMD staff has decreased nearly 15% over
the same time,

e There are 65 GMD contributing authors, 35
with Ph.Ds.
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