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Abstract

We assessethe degree of influence of selectpdpers andooks in ecological
economics using citation analysis. We looked at Hwghinternal influencef publications
on the field of ecologicakconomics anthe external influence dhosesame publications
on the broaderacademiccommunity. Weused fourlists of papers andooks for the
analysis:(1) 92 papersiominated by thé&cological Economics (EE) Editorial Board; (2)
71 papers thawerepublished in EE andchat received 15 amore citations irall journals
included in the Institutéor Scientific Information (ISI) Citation Index; (3) 57 paperghat
had been cited in EE5 or more timesand(4) 77 monogaphs anceditedbooks that had
been cited in EE 15 or more timé&sr each publication weounted thdotal number of 1SI
citations as well as the total number of citations in EE. We calculated the average number of
citations/yr to each paper since its publication in both the ISI database EBdhiong with
the percentage of the total ISI citations that were in EE.

Rankingthe degree of influence dhe publicationscan bedone inseveralways,
including using the number ofISI citations, thenumber of EEcitations orboth. We
discussboth the internaland external influence ofpublications andshow how these
influences might be considered jointly.

We display andanalyze theesults inseveralways. By plotting thdSl citations
against the EE citations we can identifipse papers thaire mainly influential in ERvith
some broadeinfluence,those thaare mainly influential in théoroader liteature but have
also hadinfluence onEE, and other patterns affluence. There ardoth overlaps and
interesting lacunae amang thefour lists thatgive us abetter picture of the real influence of
publications in ecological economics versus perceptions of those publications’ importance.

By plotting thenumber ofcitations vs.date of publicatn, wecan identifythose
publications thatare projected to benost influential. Plots of the time series ofcitations
over the 1990-2003period show ayenerallyincreasing trend (contrary tehat onewould
expectfor an “average” paper)for the top papers. We suggegha this pattern of
increasingcitations (andthus influence) over time isone hallmark of a“foundational”
paper.



I ntroduction

How does one assess whpliblications ina field are the*most importat?” This
guestioncan haveseveralpossible answersPractitioners inthe field certainlyhave their
own subjective opinions abouthich papers andbookshavebeen mostmportant tothem,
and one could survey these practitioners a&atoassessvhich are themostimportant
publications.Alternately, if one equate$most important” with “most influential” then
some easily accessible quantitative tools are available to help answer the question.

The influence of thedeas contained in aacademicpublication isrelated to the
number of scholars who read the publication and use the ideas. Influencepeitibe or
negative — buan influential idea isone thatstimulatesthought anddiscussion byothers.
One way to assess the academic influeneepriblication is, thereforép countthe number
of times the publication has been citadsubsequenpublications by otheauthors. While
in the past thiswas atedious andlifficult task, in recenyears it has mme relatively
simple and accessiblesing electronic versions ofthe ciation index produced by the
Institute for Scientific Information (ISI) Citation analysis hastherefore, become much
more common, and itself influential in assessing the influenaedofidual authorsarticles,
books, and journals (Costan2896). Onerecentstudy (Abt 2000)compared a list of
“important” papersnominated byseniorpractitioners in dield (astronomy inthis case)
with the number ofcitations theyhave generated andoncluded thatimportant papers
almostinvariably produce manymore citations than others, and citatimountsare good
measures ofmportance orusefulness.” Oates andDonnelly (1997) reached similar
conclusions in a study of influential papers in the field of child abuse.

There are, ofcourse, well-known issueand limitations related tousing citation
analysis to assess influence, including:

1. The influence of a publication can geell beyondacademiaand citation analysis
will not pick up this non-academic influence.

2. Quantity of citations isiot the same as qualityA particularpaper mighinfluence
only avery few othersbut thosefew might bevery deeply influenced andight
make tremendous further usetbé ideas.Someimportant ideasave lain dormant
and “uncited” until they were rediscovered much later.

3. The ISl databases contain only jourreticlesfrom a lect (albeit large — more
than 8,500ournals)group ofjournals andare therefordiasedtowardthose fields
that do most of their publishing the includedournals.Most of these are English
language journals and therefore there is a bias towards the work of English speaking
scientists. The journals of some fieldse underrepresented arsbme fields are
more bcused onbooks rather thanjournals as goublication medium. While



citationsin books are not counted, citatioltsbooks or boolkchapters that occur in
articles in includedournalsare courgd. Citationdo journals thatare not intuded
in the database are also included in the Citation Index.

4. Because of thelowness othe academic reviewrocess iusuallytakes a year or
two for citations to a publicatioto begin toappear. Citation analysisis, therefore,
most useful for publications that are at least a few years old.

Despite these well-known limitations, citation analysis is a powerful quantitative guide to
the relative influence a publication has hadr@academic community, ane havedevised
some techniques,discussedbelow, for overcoming or at least aiifying some of its
limitations.

M ethods

A major question in any ctian analysis ishow doesone choosghe publications
to analyze? In our case, we used four distinct lists derived using different criteria.

The core of our first list was a group of 50 papers nominatatieb¥ditorialBoard
of Ecological Economics. Each member of the editoriddoard was asked by Mick
Common to nominate 5 “foundational” papers to be posted on the International Society for
Ecological Economics (ISEByeb site. Thirteenboard membersresponded anthe result
was 46 paperswith a single nominationand 4 papersvith two nomirations. While
“foundational” does nothavethe same meaning dmfluential” (as we discussnore
fully further on) we decided touse thislist as a startingoint, since itrepresents those
papersthe editorialboard thoughtvere“important” tothe field insomesense. Tahis
initial list of 50,we addedhe papers thatvere ircluded inThe Development of Ecological
Economics (Costanza et al. 1997a) but that hatlalready been nominatedihis book was
another earlier attempt to choose (in this case as judged by the three editors of the book — all
also members of thekE editorial board) some of the mdlienportant “ papers inthe field
of Ecological Economics. This resulted iran additional 4apersadded tahe list for a
combined list of 92 papers, which we will refer to as the “editorial board” list.

At the suggestion of Cutler Cleveland (chief editolE&), weconstructed a second
list to account for the fact th&cological Economics is the premier journain the field and
someimportant andnfluential papers published IBE may nothavebeen included in the
list produced by surveyinthe subjectiveopinions of merhers ofthe editorialboard. We
therefore produced a list that includelll papers published i&cological Economics that
had received 15 or more total ISI citations.



After a review ofsome preliminary results of thisanalysis, it wassuggested by
David Stern thatwhile the secondist representethe mostinfluential papers published in
EE, many papers publisheélsewherewere highly influential in thefield of ecological
economics and may not have bseggested by theditorial boardeither. Away to capture
this effect was to treat theapers published in EE asrepresentative sgrte of work in
ecolodgcal economicsand measurghich publicationswere mostinfluential on that work.
Thisis cagpturedby alist of the papers mostited in papers published iBE. Assembling
this list was a bit more tedious. We assemblddta base of all theferences thappeared
in all the articles published inEE, excludingreferencesto institutional authors (i.e.
excluding authors such as UN, World Bank etc.). Téssilted in a lisbf morethan 35,000
individual citations. We thersorted thislist and searchedior the publicationswith the
greatest number of EE citations. Waited this listto journalarticles ttat hadreceived 15
or more citations in EE. This resulted in a list of 57 journal articles.

Finally, we looked atnonographs andditedbooksseparately andssembled &st
of these publications from our master list that had lo#ted in EE 15 omore times in the
ten years from m1994 to 2003 his resulted ira list of 77 nonographs aneéditedbooks.
For editedbooks we couled citations to théook itself and toall the chapterswithin the
book as a single unit.

Citation Analysis

The totalnumber ofcitations toeachpaper wasestimatedusing the ISI Web of
Knowledge. A citedeferencesearch oreach publicationin our listsprovidedthe number
of times thatpublication had beenited in thejournals monitoré by ISI. This option
searcheghe ‘Science Citation Index Expanded,*Social Scieces Citation Index,” and
‘Arts and HumanitiesCitation Index’ databases.Overall, these databasesclude
approximately 8,500 journals and overr@ilion articles. Themultiple databasesearch was
imperative giverthe transdiciplinary nature dEcological Economics. We performed this
analysis forthe first two lists betweenJuly 10-20, 2003. The ISI data base includes
citations in journalgublished from1945 (or 1955 fothe socialsciences) tdhe present.
Only a few of the publication we analyzedre published before 19%%e. Hotelling1931),
so the totalnumber ofcitations toeach article (with fewexceptions)representghe total
citations in alllSI journalsover its lifetime. For the publications inthe remaining twdists
for which we had not counted aiions in July 2003ve counted theotal ISI citations as of
the end of2003. Thestarting pointfor citations in EE to articles was tHast year of
publication of the journal (1989), while 1994 — the first year ISI falighived EE wasised
as the starting point for citations in EE to books




A variety of techniquesvereused to ensuréat all of the citations to goublication
were counted. For instance, we seart¢hegreceding ansucceedingears alongvith the
year a journal article was published.this way we werable to pick up additional citations
that were entered into the database incorrectllso, multiple spellings for anauthor’s
name were entered-or example thearticle by Svio Funtowicz(1994),“The Worth of a
Songbird - Ecological Economics as a Post-Normal Science,” was searched as:

Cited Author: Funtowicz OR Funtowitz OR Functowicz
Cited Year: 1993 OR 1994 OR 1995

In this way we were able to pick up additional citations that used a misspelling of the
author'sname or thewvrong year. Care wasalso taken toensure thaglternatelycoded
entriesfor the same journalere included. When anentry was inquestion, thesource
journal was consulted.

For the monogaphs andedited books aslightly different approachwas taken,
becawsetheway the titlesof thesevolumes wereeneredintothelSI data baseshowed quite
a bit of variation. First wesearchedhe author’s or editor's name(syith the publication
year in order to pick up all of the various waytitla had been enterad the ISI data base.
These variations were then searched without the grghrauthor or etbr name. With this
sweep we got a large list gfossible references tathe volume, without the fear of
misspellings orincorrectly entered publicatiodates,and without having to individually
enter each contributing author's name in an editdgv@ For example,GretchenDaily’s
(1997) edited book “Nature’s Servic&ocietal Dependenan NaturalEcosystems” was
searched first as:

Cited Author: Daily G*

Cited Year: 1997

This search picked up the following range of title entry variations:

Nature Serviceblum, NaturesServicesHum, Nature ServicesSoc, Natures Services Hum,
Natures Service Soc, Natures Ec Soc, Ntures Services Soc, Societal Dependence

Thesewere thensearched athe “CITED WORK” (while atthe sameime eliminating
“Daily” as the cited autbr) in order to pick upll of the citations toall the individual
contributing authors in the volume.

For each of thefour lists, we enteredhe total ISI citations (by looking up the
publication in the ISI data base as descriabove)and thetotal EEcitations(by counting
the citations from our master list).



Many sophisticated indicators have beewveloped in citatiomnalysis todetermine
the influence ofparticular journals,researchgroups, orauthors, or to identifycore
literatures, scientific networks etc. (Woutek899a,b, Hargerg00). Authors, journalsetc.
all extend through a period tane during whictthey cancite others and beited mutually.
Single publications, however, are points in time. They canonly be cited by future
publications andcite past publications.Therefore, many ofthe more sophisticated
techniques are not applicable and we simply count citations imported and exported to EE.

Resaults

Our primary results ardisplayed inAppendix TablesA1-A4, which list all articles
and books ranked (columns 1 and 2) by total number of citations either in ISI (column 3) or
in EE (column 5).The articlesand bookswere publishedover abroad span ofime, from
1920 to 2001 (coimn 8). Olderpublicationscan be expected toave receivedmore total
citations than younger publicationmt total influenceshould berelated tototal, cumulative
citations, and it doesindeedtake time for publications toaccumulateinfluence. To
compensatdor this age effect, wealso calculated theaveragenumber of citations/yr
(columns 4 ands). The averagenumber of citations/yr is a“predictor” of ultimate
influence that canditercompare oldeand younger articles.For example, inTable Al,
Ayres and Kneese (1969) hasaccumulated 197 total ISI citations, butits average
citations/yr were only 5.8, implying tha many otherpapers onthe list published
subsequently have higher rates d@étton and wouldeventuallyexceed the totatlumber of
citations of Ayres and Kneese (if their curremétion rate is maintainedyhen theybecame
asold as that paper is now. Citationsigralso a closer appximation tothe “impact
factor” often used to rank journals, which is the average number of citations/yattciis
published in a journal in the most recent 2 years.

We also calculated thgpercentage ofhe totallSI citations toeach publicatiorthat
occurred in EE (colum®). Thisgives anindication of therelativeinfluence a publication
has had on EE compared to the broader academic community. For example, in Table A1 we
see that Hardin (1968) received 2,58l citationswhile only 30 of thesd€1.2%)were in
EE. This is anexample of gaperthathas hada hugeinfluence in thebroaderacademic
community,andthat has alsohad alarge influence on EE.In contrast,Cleveland et al.
(1984) received 76 total citations with @9 38.2%) of thesen EE. This is anexample of
a paper with relatively balanced influence on EE and on the larger community. At the other
end of thespectrumyanden Bergh and/erbruggen (1999)ith 21 totalcitations and 19
(90.5%) of those in EE, is an example of a paper whose influence has been mainly in EE.



Table 1showsthe mean valueand standardleviationsfor the citation values and
the years ofpublication listed in Table&1-A4. One can see,for example, thapapers
pulishedin EE (Table A2) areon average muclyounger (1994) thathe otherthreelists
(1986-88). This is as it musbe, since EE only mrtedpublishing in1989. The standard
deviation of publication datis also muchsmaller, asexpected. Bookscited in EE (Table
A4) had a much higher average ISl citation rate (449.9) than articles cited in EE (Table A3 —
252.6). Articles published in EETable A2) hadonly 27.21SI cites onaveragewhile the
Editorial Board nominations (Table Al) had 93.4 ISI citemeerage. The patterrfor ISI
cites/yr is similar tohat for total cites wh the ratefor books 2.%imeshigher than that for
articles (32.8 vsl3.1). The patterrfor average EEites is similar to thaftor ISI cites, but
the differencesre not apronounced. Bookslead with29.0, followed byarticles cited in
EE (21.8), theEditorial Boardlist (11.4) and finally articles published in EE10.1). The
percent EE cites are similar for the Ed. Board list (Table RY.3%)and forarticlescited
in EE (Talde A3 — 25.3%). Atrticles published in EE (@ble 2)have a gnificantly higher
percent of their citations in EE (36.7%) as one might exp&uok cited in EE (Table A4)
on the otherhand,have amuch lowerpercentage of their citations in EE7.7%). Again,
this is to beexpectedsince many of théooks cited areclassics thahave accumulated a
huge number of ISI citatis. AlImosthalf of thebooks inTable Ad4haveless than 10% of
their cites in EE.

Table 1 about here

Figures 1 an@ represent avay of displaying this complex set alata ttat reveals
some interesting patterns. Figures B log-logplot of ISI citations vs. EE citationr all
the journal articles included ifables A1-A3. On dog-log plot, lines indicating a costant
ratio of EE citations tdSI citations arestraightdiagonals, labeled on the plot 3%, 10%,
and 100%. Lines at 15 citations for both the EE iccitations arealso shown,since this
was thecutoff for including papers inTable A2 (15 ISI citations) andTable A3 (15 EE
citations). Some of the papers are labeled on the plot.

Figures 1 about here

One can easily see on Figure 1 the degree of overlap of articles in Tables A1-A3. It
is clear, for example, thatwhile the Editorial Board list (Table Al — darkdiamonds)
included manypapers thatvere in the upper ranges oboth ISI and EEcites, it also
included manypapers(57 out of 92 or 62%)haat were not cited in EE 15 onore times.



Among thesewere severgpapers(i.e. Pimm 1984, Dasgupta andHeal 1974,0dum and
Pinkerton1955) thathad received manylSI citations, butwhose influence on EE (as
assessed bgumber ofcitations in EE) was not as greaf.able Alalso includedmany
papersthathad beertited only lightly in bothISI and EE. Likewise, the list of papers
published in EE (Table A2 — squares) included 53 (out of 71) papers (or 75%) that were not
cited in EE 15 or more times though thegeived 15 omorelSI citations. This is due in
part to therelatively recentvintage of EEand thefact thatit takestime for articles to
accumulate citations.

Table A3 (triangles) thus seems to be the best place to start for an assessment of the
influence ofpapers on both EE arle broadercommunity. It picked ugseveralpapers
missed by both Tables Al and A2 timatvehad a largenfluence,both in terms oiSI and
EE cites (i.e.Coasel960, Ludwig et al1993, Hotellingl931,Kuznets1955), andseveral
others whose influence has mainly beenEE. Theonly papers it thissed” were a few
book chapters (book chapters were explicitly not included in Table A3)véranominated
by the Editorial Board (i.e. Ayres 1978plling 1986). Sewveteen of thé&7 paperdisted in
Table A3 (30%) were published in EE.

The top 20articles interms of EE citationgTable A3) arethose green triangles
above the horizontal dashed line in Figure 1. The top 20 articles in teli®k afations are
those green triangles to the right of thegtical dashed line in Figure Articles that appear
in the top 20 irboth rankingsare in theupper right gadrant ofthe intersection of these
lines. There are eight papers on this list, none of which were published in EE. Hhainof
were published inScience or Nature, by far the most highlycited journals of all (with
impact factors above 30). Costanza et al. (1997b) and Arrow(&08b) also hadthe extra
advantage obeing thesubjects ofinvited “fora” in EE that nodoubtincreasedheir EE
citations by at leasthe number ofinvited commentariegabout 13). Of the otherfour
papers, thregvere published inmainstreameconomicgournals (2 inAmerican Economic
Review and 1 inJournal of Law and Economics) and onewas published in avell-known
biological science journalB{ocience). All of the articlespublished inthe mainstream
economicgournalswere published beford 969, indicating thathey are basibackground
pieces for important subject area€E. Ayresand Knees¢1969)dealswith material and
energy flow accounting, Coase (1960) deals with social costs, and Krutilla (196 Ayiteals
the economics of conservation, all arguably coitgject areas fd&EE and alsdor the larger
community. Only one of these four (Ayres and Kneese 1969) has received more than 10%
of its citations inEE, however. Four ofthe eightpapershavereceivedmore thanl0% of
their citations in EE, and these mightdemsidered the most influentied EE of thisgroup.
They dealwith materialand energyllow accounting(Ayres andKneesel969), estimating



the “scale” of the economy (Vidusek etal. 1986),carrying capacity,the environmental
Kuznets curve, andesilience (Arrow etal. 1995), andvaluation of ecosystemservices
(Costanza et al. 1997b). These have certainly been corewdeiasEE and alsconesthat
have been “exported” to the larger community.

Table 2 is anotheway of looking at thisdata. Itshowsthe top 20papers inTable
A3 ranked bytotal EE citeqon the left)and bytotal ISI cites (on the right). The eight
papersthat appeaon thetop 20 inboth rankingsare shown inbold. Papersbelow the
double line are those that are in the top 2@tdeast one ranking (i.e. thosethe top 20 in
the ISI ranking but not inthe EEranking are shown below thedouble linein the EE
ranking). Three intermediateankingsare also shown, using asimple weighted average
index ofthe EE andSlI ranks ofthe form Rank Index = w*EERank + (1-w)*ISI Rank.
This is just one of the many possible ways to combine the EE and ISl influence, and there is
no obvious right way to do this.

Table 2 about here

Figure 2 is glot (similar toFigure 1) ofISI citations vs. EE citationfor all the
books included iTable A4. This plotfocuses (bydefinition) onthosebookscited in EE
15 or more timedn the periodfrom 1994 to 2003. As in Figure fkading topto bottom
one seeshe booksmostcited in EE, while reading right tdeft, one seesthe topbooks in
terms of ISI cites. Costanza (1991) is the nodist book inEE. This makes ense, since
it was anedited volume with 42 contributing authors many of whom are prominent
throughout Tables A1-A4. It was a product of a workshop following the first I8&&iing
in Washington, DC in 1990. It therefore set the stagettaksearch agendar much of
thework subseguertly publishedin EE. The thirdrankingbook onthe list in terms of EE
cites(Jansson etl. 1994)was a similar editestolume that cameut of the second ISEE
conference in Stockholm i1992. The secondankingbook (Dalyand Cobb 1989) is a
classic in the field, as is tHeurth rankingbook (Georgescu-Rogel971). Others on the
list are similarly well-known in the field for various reasons, including Rees and
Wackernagel (1996) on the ecological footpriddjly (1997) onecosystem serviceBearce
and Turner(1990) onenvironmentand naturakesourceeconomicsand Daly(1977) on
steady state economics. Starting at the right satedof Figure 2the top 4books in terms
of ISI citations are Rawls (1971) on ethics qulice, Keeney andRaiffa (1976) onmulti-
criteria analysisMeadows et a(1972) onglobal systemsmodeling,and Hicks (1946) on
valueandcapital. These arall mega-classics from a range pgrspectivesand show the
range of influences that have been important to EE.
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Figure 2 about here

Table 3 is dist of the top publishers dbooks in EE, ranked according to the
number oftheir books appearing inTable A4. Cabridge UniversityPressleads this
rankingwith 8 books onthe list, followed by Island Pressand Wileyeach with 6books.
Five publishers had 3 booksch orthelist, and 10 publishers had 2. The remaining 22
publishers had one book each on the list.

Table 3 about here

Patterns of Citation Over Time

The top papersn TablesA1-A3 covered @road range of key topics &cological
economics. But are these papers “foundationaFture 3 is glot of thenumber of ISI
citations/yr since 1990 for the top 20 papers in Table Al. Likewise, figure 4 is a plot of the
number of ISI citations/yr since 1990 for the top 10 papefisabie A2.Note the log scale
on the yaxis. These plotslearly showsthe general upwarttend of ISI citations/yr for
these groups gbapers, indicating thahesepapersare gainingnfluenceover time, rather
than fading from memory (ancitation) asmost papers do.We suggest thathis does
indeed indicate the “foundational” nature of these papers.

Figures 3 and 4 about here

Figure 5 isa plot of total ISI citationsversusthe year of publicatiorior all the
papers included in Tables A1-A3. Figure 6 is a pldbtdl ISI citationsversusthe year of
publication for all the books included in Table A4. This highlights sonteeopatérns we
havebeendiscussing, angevealssome interestingdditional patterns. Lines of constant
citations/yr have been drawn on the plots. One can immediately see by corfjguires 1
and 2 the meh higheraverage citigon ratefor books (32.8cites/yr) compared to journal
articles (7.3 cites/yr). Orman alsareadily seghosearticlesandbooks thahaveenduring
influence and those that have been published more recently that are on aeltieve high
total citations as they age.

Figures 5 and 6 about here
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Discussion and Conclusions

Citation analysisprovides a rich andasily accessibleresourcefor understanding
the complex patternef influence in theacademiditerature. Our analysis ofinfluential
publications in ecological economibasrevealedsome interestingatterns,and provded
the basis for futher discussiorand analysis. Itanalso serve as auide for those just
entering the field.

We conclude thaithe totalnumber ofcitations andaveragecitations/yr inboth the
field of interest (EE in this case) aifdl are usefulput by no meansperfect,ways to help
assess the degreeinfluence ofacademiarticles to a field. This is consistentvith other
recentassessments diie utility of citationanalysis inassessingnfluence or importance
(Oates and Donnelly 1997, Abt 2000).

Table Aland Figure 1shows thathe EditorialBoard list included many papers
(62/92 or 67%) tht hadless than 1&itations in EE. This indcatesthe limitations of
subjective expert assessmentalone andthe importance ofjuantitativeassessments of
influence, like the citation analysis we have reported here.

The papers published EE (TableA2) also turned out the aninadequatestarting
point, giventhe recenwintage of EEand thebroad, transdisciplinary range of topics and
influences it includes.Paperspublished in EEare not yetwell represented ireither EE
citations orlSI citations, buthis can be expected to changéh age, aghe high rates of
citation to some of these papers indicate.

Figure 1 shows that starting withist of papers citeth EE (TableA3), is probably
a better place to start. Although this methaadge tedious than the firsto, it yieldsa list
of papers (andbooks)that areknown to be importanto the fieldand represents more
objective and reliable assessment of the full range of influences on the field. This list can be
ranked by the number of Etites,the number oflSI cites orsomecombination tdook at
the relativeinfluence ofpublications inthe fieldand on theéoroadercommunity. This list
overlapswith the EdBoard list for all journal articles that are important 6E, butalso
captures several that the Bdard missedi.e. Coasel960, Ludwig et al1993). Figure 2
applies this approach to book¥e would recommend this approafcn studyinginfluence
in other fields.

The relative influence of purnal articles relative to books is an interesting
comparison and probablyaries significantly across fields. EE, being young and
transdisciplinary, has been influenced heavilypbgks and byournal articlespublished in
other journalspased orour analysis. Thisnight be expected to change somewhat over
time as thdield maturesput thetransdisciplinarynature of EE wouldndicate anongoing

12



broader range of influences than a typical disciplinary field. A tffoeused” and mono-
disciplinary field might be expected to rely motesavily on journal articles,and more
heavily on articles published in its own journal(s).

We havealso suggested wsay to distinguish“foundational” papers based on the
time trend of their citations. We have suggested that papers with an increasing time trend of
citations/yr over a number of years are indeed “foundational” since their scopeerce
is increasing over time rather than decreasing, as one would expect‘@venage” paper.
Our top paperslefinitely exhibits this“foundational” characteristiqFigures 3and 4).
Many of the other publications in Tabl&ég-A4 are still tooyoung toadequatelyassess in
terms of their ultimate influence, but their higttes of citation (Figur and6) indicatethat
they will ultimately become very influential indeed.

13
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Table 1. Descriptive statistics for the four lists (Tables A1-A4)

SD

Avg  of Avg. Avg gp
Year vyear AVQ spof ISl ofisi Avg spof EE ofEE AVQ. SDof
of of ISI ISI cites/ citessy EE  EE cites/ cites/ %EE %EE
List n Pub. Pub. cites cites yr yr cites cites yr yr cites cites
Table Al: Ed Board Nominations 02 1988 10.2 93.4 277.7 50 106 114 11.7 1.0 1.3 27.3% 22.4%
Table A2: Articles PublishedinEE 71 1994 29 27.3 135 34 16 10.0 6.5 1.1 09 36.7% 20.7%
Table A3: Articles Cited in EE 47 1986 13.1 252.4 465.7 13.1 16.6 21.8 9.0 20 1.4 25.3% 20.2%
Table A4: Books Cited in EE 77 1987 124 491.8 984.5 26.6 325 29.0 205 26 20 17.7% 15.0%




Table 2. Range of rankings for papers that appear in the top 20 of table A3 ranked by EE cites (left) and by ISI cites (right). Papers in bold appear in the top 20 in both rankings. w is a weighting factor used to produce rankings which combine the EE and
I1SI rankings as a simple weighted average: Rank Index = w*EE Rank + (1-w)*ISI Rank.

w = 1.0 (EE rank given all weight) w =0.75 w =0.5 w =0.25 w =0 (ISl rank given all weight)
Rank Rank Rank Rank Rank Rank Rank
(Tot (Tot Rank (Tot (Tot Rank Rank (Tot Rank Rank (Tot Rank (Tot Rank Rank
EE IS Index EE ISI Index (TotEE ISl Index (TotEE ISl Index EE (TotISI Index
cites) cites) w=1 Paper cites) cites) w=.75 Paper cites) cites) w=.5 Paper cites) cites) w=.25 Paper cites) cites) w=0 Paper
1 6 1 Costanza et al 1997 1 6  2.25 Costanza et al 1997 5 1  3.00 Hardin, 1968 5 1 2.00 Hardin, 1968 5 1 1 Hardin, 1968
19 2 Arrow et al. 1995 5 1 4.00 Hardin, 1968 1 6  3.50 Costanza et al 1997 11 2 4.25 Coase 1960 11 2 2 Coase. 1960
3 17 3 Avres and Kneese 1969 2 19  6.25 Arrow et al. 1995 11 2  6.50 Coase 1960 1 6 4.75 Costanza et al 1997 25 3 3 Hotellina.1931
4 24 4 Selden and Sona 1994 3 17 6.50 Avres and Kneese 1969 3 17 10.00 Avres and Kneese 1969 25 3 8.50 Hotellina.1931 22 4 4 Hollina, 1973
5 1 5 Hardin, 1968 11 2  8.75 Coase 1960 2 19 10.50 Arrow et al. 1995 22 4 8.50 Hollina. 1973 45 5 5 Kuznets, 1955
6 36 6 Pearce and Atkinson 1993 4 24 9.00 Selden and Sona 1994 9 13 11.00 Vitousek et al. 1986 15 7 9.00 Ludwia et al 1993 1 6 6 Costanza. et al. 1997
7 34 7 Cleveland et al. 1984 9 13 10.00 Vitousek et al. 1986 15 7 11.00 Ludwia et al 1993 17 10  11.75 Krutilla 1967 15 7 7 Ludwia. et al. 1993
8 22 8 Grossman and Krueaer 1995 8 22 11.50 Grossman and Krueaer 1995 22 4 13.00 Hollina. 1973 9 13 12.00 Vitousek et al. 1986 a7 8 8 Vitousek. et al. 1997
9 13 9 Vitousek et al. 1986 15 7 13.00 Ludwia et al 1993 17 10 13.50 Krutilla 1967 3 17 13.50 Avres and Kneese 1969 35 9 9 Hanemann 1984
10 31 10 Costanza and Dalv 1992 6 36 13.50 Pearce and Atkinson 1993 4 24 14.00 Selden and Sona 1994 2 19 14.75 Arrow et al. 1995 17 10 10 Krutilla, 1967
11 2 11 Coase 1960 7 34 13.75 Cleveland et al. 1984 25 3 14.00 Hotellina.1931 45 5 15.00 Kuznets, 1955 36 11 11 Kahnemann and Knetsch 1992
12 45 12 Dalv 1992 10 31 15.25 Costanza and Dalv 1992 8 22 15.00 Grossman and Krueaer 1995 35 9 15.50 Hanemann 1984 27 12 12 Arrow and Fisher 1974
13 35 13 Vatn and Bromlev 1994 17 10 15.25 Krutilla 1967 27 12 19.50 Arrow and Fisher 1974 27 12 15.75 Arrow and Fisher 1974 9 13 13 Vitousek. et al. 1986
14 28 14 Bishop 1978 14 28 17.50 Bishop 1978 7 34 20.50 Cleveland et al. 1984 36 11 17.25 Kahnemann and Knetsch 1992 31 14 14 Solow. 1974a
15 7 15 Ludwia et al 1993 22 4 17.50 Hollina. 1973 10 31 20.50 Costanza and Dalv 1992 47 8 17.75 Vitousek. et al. 1997 54 15 15 Nordhaus 1991
16 46 16 Victor 1991 13 35 18.50 Vatn and Bromlev 1994 6 36 21.00 Pearce and Atkinson 1993 31 14 18.25 Solow. 1974a 38 16 16 Solow. 1974b
17 10 17 Krutilla 1967 25 3 19.50 Hotellina.1931 14 28 21.00 Bishop 1978 8 22 18.50 Grossman and Krueaer 1995 3 17 17 Avres and Kneese 1969
18 38 18 Costanza 1980 12 45 20.25 Dalv 1992 35 9 22.00 Hanemann 1984 4 24 19.00 Selden and Sona 1994 53 18 18 Leontief 1970
19 42 19 Noraaard 1989 18 38 23.00 Costanza 1980 31 14 22.50 Solow. 1974a 38 16  21.50 Solow. 1974b 2 19 19 Arrow et al. 1995
20 43 20 Stern et al. 1996 27 12 23.25 Arrow and Fisher 1974 36 11 23.50 Kahnemann and Knetsch 1992 14 28  24.50 Bishop 1978 44 20 20 Hanemann 1994
22 4 22 Holling, 1973 16 46 23.50 Victor 1991 13 35 24.00 Vatn and Bromley 1994 54 15 24.75 Nordhaus 1991 8 22 22 Grossman and Krueger 1995
25 3 25 Hotellina.1931 19 42 24.75 Noraaard 1989 45 5 25.00 Kuznets. 1955 10 31 25.75 Costanza and Dalv 1992 4 24 24 Selden and Sona 1994
27 12 27 Arrow and Fisher 1974 20 43 25.75 Stern et al. 1996 38 16 27.00 Solow. 1974b 44 20  26.00 Hanemann 1994 14 28 28 Bishop 1978
31 14 31 Solow. 1974a 31 14 26.75 Solow. 1974a 47 8 27.50 Vitousek. et al. 1997 53 18 26.75 Leontief 1970 10 31 31 Costanza and Dalv 1992
35 9 35 Hanemann 1984 35 9 28.50 Hanemann 1984 18 38 28.00 Costanza 1980 7 34  27.25 Cleveland et al. 1984 7 34 34 Cleveland et al. 1984
36 11 36 Kahnemann and Knetsch 1992 36 11 29.75 Kahnemann and Knetsch 1992 12 45 28.50 Daly 1992 6 36 28.50 Pearce and Atkinson 1993 13 35 35 Vatn and Bromley 1994
38 16 38 Solow. 1974b 38 16 32.50 Solow. 1974b 19 42 30.50 Noraaard 1989 13 35 29.50 Vatn and Bromlev 1994 6 36 36 Pearce and Atkinson 1993
44 20 44 Hanemann 1994 45 5 35.00 Kuznets. 1955 16 46  31.00 Victor 1991 18 38 33.00 Costanza 1980 18 38 38 Costanza 1980
45 5 45 Kuznets, 1955 47 8 37.25 Vitousek. et al. 1997 20 43 31.50 Stern et al. 1996 19 42 36.25 Noraaard 1989 19 42 42 Noraaard 1989
47 8 47 Vitousek. et al. 1997 44 20 38.00 Hanemann 1994 44 20 32.00 Hanemann 1994 12 45 36.75 Dalv 1992 20 43 43 Stern et al. 1996
53 18 53 Leontief 1970 54 15 44.25 Nordhaus 1991 54 15 34.50 Nordhaus 1991 20 43  37.25 Stern et al. 1996 12 45 45 Dalv 1992
54 15 54 Nordhaus 1991 53 18 44.25 Leontief 1970 53 18 35.50 Leontief 1970 16 46 38.50 Victor 1991 16 46 46 Victor 1991




Table 3. Publishers of 2 or more books listed in
Table A4 in order of number of books on the list

Publisher

Number of
Books in
Table A4

Cambridge University Press, Cambridge, UK
Island Press, Washington, DC.

Wiley, New York, NY

Blackwell, UK.

Johns Hopkins University Press, Baltimore MD.

Kluwer, Dordrecht, NL

Oxford University Press, Oxford.
Routledge, London.

Becon Press, Boston

Columbia University Press, New York, NY
Earthscan, London

Elsevier, Amsterdam.

Harvard Univ Press, Boston MA
Macmillan, London

MIT Press, Cambridge, MA

Resources for the Future, Washington, DC
St. Lucie Press, Delray Beach, FL

World Bank, Washington, DC.
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Figure Legends

Figure 1. Log-log plot of IStitations vs. EEitationsfor all thearticles included in Tables
Al1-A3. Lines indicating aonstantratio of EE citations tdSI citations arestraight
diagonals, labeled on the plot as 1%, 10%, Hd@Ps. Lines at 15 citation$or both
the EE and ISl citations are also shown.

Figure 2. Log-logplot of ISI citations vs. EE citationfor all the books included inrable
A4. Linesindicating aconstantratio of EE citations tdSI citations arestraight
diagonals, labeled on the plot as 1%, 10%, Hd@Ps. Lines at 15 citation$or both
the EE and ISl citations are also shown.

Figure 3. Time trends of ISl citations to the top 20 papers in Table Al. The large number of
total citations toHardin (1968)prevented ugrom identifying the year ofcitation
before2000, so wesimply extrapolated atraight line backo the publicationdate
consistent with the total citations.

Figure 4.Time series ofISI citations for the top 1Oarticles ranked byISI citations
published inEcological Economics (Table A2).

Figure 5. Plot of total ISI citations for the Hik articles listed in Tablesl-A3 againsttheir
year of publication.Curvedlines areconstantlSI citaions/yr. Notelog scale on
total citations.

Figure 6. Plot of total ISI citations for the all the books listedable A4 agenst their year

of publication. Curvedlines areconstantlSI citations/yr. Notelog scale ontotal
citations.
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Figure 3. Time trends of ISI citations to the top 20 papers in Table Al. The large number of total citations to Hardin (1968) prevented
us from identifying the year of citation before 2000, so we simply extrapolated a straight line back to the publication
date consistent with the total citations.
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Figure 5. Plot of total ISI citations for the all the papers listed in Tables A1-A3 against their year of
publication. Curved lines are constant ISI citations/yr. Note log scale on total citations.
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Table Al. List of all papers nominated by the EE editorial board, ranked total IS citations. Rows in light gray indicate papers that were included in Costanza et al.
1997b, and not otherwise nominated. See text for additional details

Rank Rank % EE
(Tot (Tot Total ISI Total EE Cites
ISI EE IS Citesly EE Citesly (EE/ISI
cites) cites) Cites r Cites r Cites) Author(s) Year Title Journal Specifics
1 5 2525 70.1 30 20 12% Hardin, G. 1968 The tragedy of the commons. Science 162: 1243-1248.
2 17 731 23.6 21 14  2.9% Holling, C.S. 1973 Resilience and stability of ecological systems. Annual Review of Ecological Systems — 4: 1-24.
3 1 499 71.3 68 9.7 13.6% Costanza, R., R. d'Arge, R. de Groot, S. Farber, 1997 The value of the world's ecosystem services and Nature 387: 253-260.
M. Grasso, B. Hannon, S. Naeem, K. Limburg, J. natural capital.
Paruelo, R.V. O'Neill, R. Raskin, P. Sutton, and
M. van den Belt.
4 14 310 8.4 23 15  7.4% Kuutilla, J. V. 1967 Conservation Reconsidered American Economic Review 777-784.
5 42 303 15.2 7 05 23% pPimm,S.L. 1984 The complexity and stability of ecosystems. Nature 307: 321-326.
6 7 275 15.3 28 1.9 10.2% Vitousek, P.M., P.R. Ehrlich, A.H. Ehrlich, and 1986 Human appropriation of the products of Bioscience 34: 368-373.
P.A. Matson photosvynthesis.
7 24 254 141 16 11 6.3% Holling, C.S. 1986 The resilience of terrestrial ecosystems: Local surprise In: W. C. Clark and R. E. Munn (ed.). ~Cambridge
and global change. Sustainable development of the University Press,
biosphere. Cambridae.
8 3 197 5.6 34 23 17.3% Ayres, R.U., and A.V. Kneese 1969  Production, consumption and externalities American Economic Review 59: 282-97.
9 62 187 3.8 4 0.3 21% Odum, H.T., R.C. Pinkerton 1955 Time's Speed Regulator: The Optimum Efficiency for  American Scientist 43:331-343.
Maximum Power Output in Physical and Biological
10 2 175 19.4 53 5.9 30.3% Arrow, K., B. Bolin, R. Costanza, P. Dasgupta, C. 1995 Economic Growth, Carrying Capacity, and the Science 268:520-521.
Folke, C.S. Holling, B.-O. Jansson, S. Levin, K.- Environment.
G. Méler, C. Perrinas, and D. Pimentel
11 55 175 5.8 5 0.3 2.9% Dasgupta, P., and G. M. Heal. 1974  The optimal depletion of exhaustible resources Review of Economic Studies 41: 3-28.
12 25 156 4.1 16 11 10.3% Boulding, K.E. 1966 The economics of the coming spaceship earth. In: H. Jarret (ed.), Environmental Johns Hopkins
Quality in a Growing Economy. University Press,
Baltimore.
13 34 132 4.3 11 0.7  83% Clark, C.W. 1973  The economics of overexploitation. Science 181: 630-634.
14 21 116 3.7 17 11 14.7% Hannon, B. 1973 The Structure of Ecosystems. Journal of Theoretical Biology 41: 535-546
15 11 110 3.8 24 16 21.8% Georgescu-Roegen, N. 1975  Energy and Economic Myths Southern Economic Journal 41
16 12 106 4.1 24 1.6 22.6% Bishop, R.C.. 1978 Endangered species and uncertainty: the economics of American Journal of Agricultural 60: 10-18.
a safe minimum standard. Economics,
17 30 100 3.6 14 0.9 14.0% Weitzman, M 1976  Prices vs Quantities Quarterly Journal of Economics
18 18 89 8.1 19 1.7 21.3% Costanza, R., L. Wainger, C. Folke, and K.-G. 1993  Modeling Complex Ecological Economic Systems: BioScience 43: 545-555.
Maler, Towards an Evolutionary, Dynamic Understanding of
People and Nature.
19 8 86 7.2 27 2.3 31.4% Costanza, R., H. Daly. 1992 Natural Capital and Sustainable Development. Conservation Biology 6: 37-46
20 4 79 3.0 34 2.3 43.0% Ayers, Robert U. 1978 of physical princij to i Ch 3 in Resources, Environmentand ~ Wiley, NY
Economics
21 63 7 5.5 3 02 39% Costanza R, Sklar FH, White ML, 1990 coastal Bioscience 40: 91-107
22 9 76 7.6 25 25 32.9% Vvatn, A, Bromley, D. 1994 Choices without Prices without Apologies Journal of Environmental Economics ~ 26: 129-48
and Manaaement
23 6 76 3.8 29 1.9 38.2% Cleveland, C.J., R. Costanza, C.A.S. Hall and 1984  Energy and the United States economy: a biophysical = Science 225:890-897
R.K. Kaufmann perspective.
24 36 75 5.8 9 0.7 12.0% Maler, Karl-Goran 1991 National accounts and and 1:1-15
Economics
25 15 68 2.8 22 15 32.4% Costanza, R. 1980 Embodied energy and economic valuation. Science . 210: 1219-1224
26 37 66 7.3 9 1.0 13.6% Holling, C.S., D.W. Schindler, B.W. Walker and J. 1995 Biodiversity in the functioning of ecosystems: an In: C. Perring, K.-G. Méler, C. Folke, ~ Cambridge,
Roughgarden. ecological synthesis. C.S. Holling and B.O. Jansson (eds).  University Press.
Biodiversity Loss; Economic and
27 38 66 55 9 0.8 13.6% Daily, G.C. and P. Ehrlich 1992 population, Sustainability, and Earth's Carrying Bioscience 42: 761-771
Capacity.
28 26 66 3.3 15 1.0 22.7% Norgaard, R.B. 1984  Coevolutionary development potential Land Economics 60: 160-173.
29 16 62 4.1 22 15 355% Norgaard, R.B. 1989 The case for Methodological Pluralism Ecological Economics, 1: 37-57.
30 32 61 21 12 0.8 19.7% Bullard, C. W., and R. Herendeen. 1975 Energy costs of goods and services. Energy Policy :263-278.
31 56 61 2.0 5 0.3  8.2% Holdren, J. P. and P. R. Ehrlich 1974  Human population and the global environment. American Scientist 62: 282-292.
32 20 59 4.9 18 1.5 30.5% Common, M., and C. Perrings 1992 Towards an ecological economics of sustainability. Ecological Economics 6:7-34.
33 10 58 4.8 25 21 43.1% Daly, H.E. 1992 Allocation, distribution, and scale: towards an Ecological Economics 6:185-193
economics that is efficient, just and sustainable.
34 39 53 1.5 9 0.6 17.0% Daly, H.E. 1968 On economics as a life science. Journal of Political Economy 76: 392-406.
35 13 52 4.0 24 1.8 46.2% Victor, P. 1991 i of i Di Some Lessons Ecological Economics, 4:191-213
for Capital Theorv
36 27 48 53 15 1.7 31.3% Spash, C., N. Hanley 1995 Ppreferences, Information and Biodiversity Ecological Economics 12:191-208
Preservation.
37 22 47 3.4 17 12 36.2% Bromley, D. 1990 The Ideology of Efficiency: Searching for a Theory of  Journal of Environmental Economics ~ 19: 86-107
Policy Analysis and Manaaement
38 23 46 3.1 17 11 37.0% Costanza, R., S. C. Farber, and J. Maxwell 1989 The valuation and management of wetland Ecological Economics . 1: 335-361.
ecosystems
39 76 40 1.1 1 01 25% Isard, W. 1969 Some notes on the linkage of ecologic and economic  Papers of the Regional Science 22: 85-96.
systems. Assaciation
40 57 34 5.7 5 0.8 14.7% Costanza, R. F. Andrade, P. Antunes, M. van 1998  principles for sustainable governance of the oceans.  Science 281:198-199.
den Belt, D. Boersma, D. F. Boesch, F. Catarino,
S. Hanna, K. Limburg, B. Low, M. Molitor, G.
Pereira, S. Rayner, R. Santos, J. Wilson, M.
Youna.
41 77 34 0.9 1 0.1  29% Crocker, T. 1966 The Structuring of Atmospheric Pollution Control in H. Wolozin, (ed.), The Economics of Norton, New York.
Systems. Air Pollution
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