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Abstract
In the first part of this study we analysed the temporal stability of Garfield’s Impact Factor (IF) over the last decade (2001-2010). The analyses were performed for two Web of Science (WoS) categories of the JCR Science Edition (“Polymer Science” and “Nanoscience & Nanotechnology”) and two of the Social Sciences Edition (“Political Science” and “Information Science & Library Science”) at journal category level. Furthermore, we tried to identify the most characteristic patterns of IF timelines at journal level and analysed the reasons for strong IF fluctuations. Additionally, we checked if alternative journal impact measures like the Article Influence Score, SJR or SNIP are as sensitive to short-term fluctuations in the citation frequencies as Garfield’s Impact Factor. 
In the second part, we explored if one often mentioned weakness of the IF, its short citation window, can be used to identify hot papers, i.e. papers that are cited clearly above-average in the first two years after publication, by means of IF fluctuations. By analysing the citation distributions at article level we show that abrupt and large short-term variations of the IF can, in principle, offer a very simple and intuitive method to identify “unexpected” hot papers and hot topics at journal level.
Background and introduction
Apart from simplicity one of the key strengths of Garfield’s impact factor (IF) is its assumed relative temporal stability (Glanzel & Moed, 2002, 174). However, as exemplified by the journal “Acta Crystallographica A” there might at least be a few exceptions. The impact factor of this journal increased from approximately 2 to 50 and beyond within only 2 years simply because of one single extremely highly-cited paper. This paper also provoked considerable changes in other bibliometric indicators that are based on arithmetic means like the crown indicator.
Garfield’s impact factor is very often used to determine the visibility of one publication by means of the prestige or impact measure of the publishing journal (Garfield & Sher, 1963; Garfield, 1972, 2006; Archambault & Lariviere, 2007). When using this approach the question arises, which year/issue of the JCR edition is appropriate for this purpose? Actually it would be correct to use the IF of the submission year.  Nevertheless normally the publication year or even the current year is used for simplicity or availability reasons, relying on the assumed temporal stability of IF. 

Certainly one of the most frequently identified weaknesses of IF (Braun & Glanzel, 1995; Moed & Van Leeuwen, 1996) is the two-year citation window which distorts the index in favour of dynamic research fields with a high publication activity and short publication lags. This may even be true for journals from the same field. One focus of this study is therefore to investigate whether this weakness of IF can be used in principle to identify hot papers and hot topics. 

According to bibliometric terminology, hot topics are based on hot papers, i.e. on papers that in comparison to other papers within the same field receive above-average citations rapidly after publication. In general papers reach their citation peak not until a couple of years after publication, which is strongly field-dependent. The Web of Knowledge offers a bi-monthly compiled list of hot papers in its analytical tool “Essential Science Indicators” (ESI). Its provider, Thomson Reuters, uses a special filter for detection, looking for recently published papers with unusual citation activity in a current time period (24 months after publication) and taking into account the varying citation rates across research fields (see “http://esi.isiknowledge.com/highimpacthot​papersmenu.cgi?option=H”). A paper is selected as a hot paper if it exceeds a citation frequency threshold determined for its field. Thresholds are set by finding the closest citation count that would identify the top fraction of papers in each field (0.1% of papers) and period. In this study we use a somewhat wider approach defining hot papers as articles, which are remarkably cited above-average in the first two years after publication in comparison to other articles published in the same journal. In spite of the fact that the citation window is only partly overlapping (hot papers resp. topics consider 24 months immediately after publication whereas the impact factor focusses on the citations obtained in a single year to articles published in the preceding two years), abrupt changes in the impact factor could in principal be related to either hot papers or hot topics. 

Literature review
Tsigilis et al. (2010) examined the trends of IF of 78 sport sciences journals and its temporal stability between 2000 and 2006. The results of their study showed a growth in the median impact factor from 0.747 in 2000 to 1.155 in 2007. A similar study was performed by Togia and Tsigilis (2006) who investigated the stability of the two journal categories “Education and Educational Research” and “Education, Special” over a period of six years. This study suggests that the stability of IF could depend on the journal category. While IFs of education and educational research journals were relatively stable, a stronger fluctuation was observed for the other subject category.

One of the most interesting studies on the temporal robustness of IF is the recent work of Althouse et al. (2009).  They found that the weighted average impact factor for all journals listed in the JCR increased by an average rate of 2.6% per year from 1994 to 2005. For those journals that were indexed throughout the entire period, the average annual increase amounted to 1.6%. In order to further explore the sources of this increase, the authors made a decomposition into four contributing components – namely “field growth”, “average number of cited items per paper”, “fraction of citations to papers published within two years”, and “fraction of citations to JCR-listed items”. Interestingly, the increasing length of the reference lists was identified as the greatest contributor to the impact factor inflation over time whereas differences in the fraction of citations to JCR-indexed literature was found to be the greatest contributor to differences in impact factor scores across fields. Furthermore, discipline-specific differences were also influenced by differences in the number of citations per paper and differences in the fraction of references that were published within two years.
However, Althouse et al. (2009) did not study the reasons for large IF changes (increases or decreases) at journal level. This issue was addressed by Campanario (2011, 2010) as well as by Andrade et al. (2009) who considered the effect of journal self-citations. Campanario (2011) discovered that about 54% of the increases and 42% of the decreases in the journal IFs were associated with changes in journal self-citations. One limitation of this study is certainly that the sample included only the 360 largest increases and decreases from one year to the following. As a consequence, many low IF journals were detected, for which even modest absolute changes in self-citations had a strong effect on IF change.

Chen et al. (2011) analysed the changes in IFs of rheumatology journals within 10 years and found a gradual increase for the majority of these journals (+66.5% for median IF). This increase was stronger for review journals than for journals publishing original papers. 
As far as the authors know the temporal stability of other indicators in comparison to IF have not been studied yet. However, several analyses exist which investigated the relation among different indicators. Among them is the study of Haustein (2011, 286 f.) who examined the correlation among nine citation indicators for 45 physics journals. In her study IF, SCImago Journal Rank (SJR), Source Normalized Impact Factor per Paper (SNIP), Article Influence and Mean Source Normalized Citation Score (MSNCS) showed very high values for Pearson correlation coefficient. In contrast to Haustein (2011), Bornmann et al. (2011) also identified a high correlation between IF and h-index using the example of rheumatology journals.
Methodology

Our present study aims at investigating the following research questions:

1. How stable is Garfield’s Impact Factor over time? Which are the most characteristic patterns for IF time lines at journal level?

2. Which are the main reasons for abrupt and large IF alterations? 

3. Could high increases in the IF be a hint for hot papers?
4. Are large IF fluctuations also reflected by other journal impact measures (Article Influence Score, SJR, SNIP)? Or are these indicators less sensitive with respect to strong deviations?
The analyses were conducted for four Web of Science (WoS) subject categories in both the sciences (“Polymer Science” and “Nanoscience & Nanotechnology”) and social sciences (“Political Science” and “Information Science & Library Science”). Data at journal (category) level (IF, citation and article counts, number of review articles, etc.) were retrieved from the Journal Citation Reports (JCR), Science and Social Sciences Editions for the years 2001-2010. Subject category summary data (e.g. aggregate IF, median IF, total cites) were collected for the period 2003-2010 according to the availability in JCR (“Nanoscience & Nanotechnology” was introduced as a new WoS category not till 2005).  
In our analysis at journal level, we focused on journals with a higher number of citation counts in the IF citation window and excluded journals with low IF values. In order to identify reasons for large IF alterations, we have monitored the following indicators for the journals under consideration between 2001 and 2010: IF, number of citable documents, % of review articles,  journal self-citation rate, number of references per document (for journal and category) and % of non-citable items. 
Since we also intended to investigate whether other indicators (Article Influence Score, SJR and SNIP) are subject to similar fluctuations as IF, the according data were retrieved from the relevant sources and complemented by additional journal background information as mentioned before (like percentage of review articles, etc.).
The following sources were consulted:
1. Eigenfactor website (http://eigenfactor.org)

2. SCImago Journal & Country Rank (SJR) website (http://www.scimagojr.com/)

3. CWTS – Journal Indicators (http://www.journalindicators.com/SearchJournal.aspx).
The article influence score is provided at Eigenfactor.org and relies on the PageRank algorithm introduced by Bergstrom (2008), similar to SCImago Journal Rank (SJR) indicator, developed by Gonzalez-Pereira, Guerrero-Bote and Félix de Moya (2009). This indicator was designed for ranking scholarly journals based on citation weighting schemes and eigenvector centrality. SNIP was introduced as an alternative metric by Henk Moed (2011) in 2010 and addresses differences in the citation behaviour among research fields. It is based on Garfield’s citation potential and is offered on a website maintained by the Centre for Science and Technology Studies (CWTS) at Leiden University. Both SJR and SNIP are calculated for all journals indexed in Elsevier's Scopus.
In order to detect any potential hot papers we also examined the citation distri​bution of the articles covered by the IF citation window. All data at article level, particularly citation counts, were retrieved from WoS using the citation report feature. IF increases suspicious for either originating from an increase in review articles or in non-citable documents (Moed & Van Leeuwen, 1995) were checked accordingly.
Results

Journal category level

Figure 1 shows the time lines for key indicators for the journal subject categories information and library science (LIS), polymer science and political science between 2003 and 2010 as well as nanoscience between 2005 and 2010. They represent their ”relative development” which means that the values for total number of citations, number of citable documents (= document types ‘article’ and ‘review’), number of journals, number of references per article, median impact factor and aggregate impact factor relate to the values from the year 2003 (2005 for nanoscience) which were set to 100. The ratio non-citable to citable documents is defined as the quotient of the division of number of non-citable documents by number of citable documents in the particular year.
As is evident from Figure 1, all indicators except for the ratio of non-citable to citable documents show an increase in the four journal subject categories between 2003 (2005) and 2010.
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Figure 1. Relative development of key indicators for polymer science, nanoscience, political science and information science & library science between 2003 (2005) and 2010.

The ‘number of journals’ and the ‘number of articles’ show a similar development for the four subject categories, despite a remarkably varying level of increase among the analysed disciplines (between 10% and 26% resp. in polymer science and 137% and 181% resp. in nanoscience). This suggests that the number of journals has a direct effect on the number of articles. In contrast to article and journal frequencies, the ‘number of references per article’ had a similar growth rate in the four subject categories (between 38% in political science and 55% in LIS). Furthermore, they also move within the same range in the four disciplines (between 34.6 references per paper in nanoscience and 38.5 in political sciences in 2010). The ‘number of total cites’ shows the biggest growth in all four disciplines (between 94% in polymer science and 421% in nanoscience). If it is assumed that a great portion of the references, corresponding to the product of number of articles and number of references per article, cites WoS publications from the same discipline, the strong increase rates in the citations can be approximated in the four disciplines (multiplying the increase in the number of references per article by the increase in the number of articles). Under the same assumption it can also be concluded that an increase in the number of references per article is the main source for IF growth as mentioned by Althouse et al. (2009). This is confirmed in Figure 1 by the similar shape of the “references per article” curve and the “impact factor” curves in the four journal categories.
‘Aggregate impact factor’ increased on average between 6.7% in political science and 14.2% in nanoscience, ‘median impact factor’ between 6.5 % in political science and 7.9% in polymer science per year. This detected growth in the impact factor confirms the results of previous studies (for instance, Althouse, 2009; Chen, 2009; Falagas, Zouglakis & Papastamataki, 2006; Tsigilis, 2010). In comparison to the other indicators, median impact factor and aggregate impact factor develop similarly. This seems plausible since they both represent impact despite being calculated in different statistical ways. 
‘Non-citable documents’ play no role in the two natural sciences journal categories. In contrast, they increased strongly in library and information science and in political science journals in 2004. This might be due to a changed indexing practice in the Web of Science. Worth mentioning is the exceptionally strong increase for LIS journals where, specific to this discipline, book reviews are very important. For instance, in 2007 book reviews (many of them appeared in Library Journal) made up approximately 80% of all non-citable documents but they accounted for not more than 4% of all citations considered for the calculation of the IF in 2008 and 2009. After 2004, the number of non-citable documents decreased again in the two social sciences disciplines. When comparing the ratio curve (non-citable items to citable documents) to the impact factor curves, no relation can be identified. Furthermore, since non-citing items had on average only 1.1 references per document in LIS and 1.6 references per document in political science between 2003 and 2010, a strong effect on the impact factor can be excluded.
When comparing the four disciplines in more detail (see Table 1), most outstanding is the remarkable growth of nanoscience from 2005 to 2010. This concerns both the number of journals (+137%), the number of citable documents (+181%), the number of total citations (+421%) and the average growth of the aggregate impact factor per year (+14.2%). This may be a hint that nanoscience is a discipline comprising many hot topics (Leydesdorff & Zhou, 2007, Raffols & Meyer, 2007). As expected the two sciences disciplines have clearly higher IFs headed by nanoscience with an aggregate IF of 4.15 in 2010. IF distribution is very skewed in the four journal categories. Two thirds of LIS journals and 70% of political science journals have an IF below 1. The corresponding proportion of nanoscience and polymer science journals is 21% and 47% respectively. (As already mentioned before, we focused on journals with greater IF values and a higher number of citations in the IF citation window in the following analyses.) Review articles which had an average proportion between 2% (nanoscience) and 4.5% (political science) from 2003 (2005) to 2010, play a different role in the four subject categories. Two of the top-four IF journals in polymer science are review journals. The third one (PROG POLYM SCI) contains almost only review articles. Also in political science the top-2 IF journals publish only reviews (AM POLIT SCI REV and ANNU REV POLIT SCI). In nanoscience and LIS there is only one review journal which, however, is not top in the respective IF ranking.  This indicates that review articles have a certain effect on the extent of IF and therefore IF deviations at journal level.
Table 1. Journal subject category summary data for polymer science, nanoscience, political science and information science & library science between 2003 (2005) and 2010.
	
	
	POLYMER
 SCIENCE
(2003-2010)
	NANO-
SCIENCE
(2005-2010)
	POLITICAL 
SCIENCE
(2003-2010)
	LIS
(2003-2010)

	IF Aggregate
	Min
	1.54
	2.24
	0.53
	0.67

	 
	Max
	2.46
	4.15
	0.81
	1.33

	 
	% Growth 
	60%
	85%
	54%
	85%

	 
	% Growth/Year 
	7.4%
	14.2%
	6.7%
	10.7%

	IF Median
	Min
	0.73
	1.39
	0.43
	0.48

	 
	Max
	1.28
	2.04
	0.68
	0.79

	 
	% Growth 
	63%
	47%
	52%
	57%

	 
	% Growth/Year 
	7.9%
	7.8%
	6.5%
	7.1%

	Total Cites
	Min
	216795
	80667
	26357
	16433

	 
	Max
	419994
	420212
	76087
	54967

	 
	% Growth
	94%
	421%
	189%
	235%

	 
	% Growth/Year 
	11.7%
	70.2%
	23.6%
	29.3%

	# Journals 
	Min
	72
	27
	78
	53

	 
	Max
	79
	64
	141
	77

	 
	% Growth
	10%
	137%
	81%
	40%

	 
	% Growth/Year 
	1.2%
	22.8%
	10.1%
	5%

	# Citable Docs
	Min
	12263
	7315
	3010
	1932

	 
	Max
	15407
	20534
	5078
	2965

	 
	% Growth
	26%
	181%
	69%
	54%

	 
	% Growth/Year 
	3.2%
	30.1%
	8.6%
	6.7%

	# Ref./Citable Docs

 

 
	Min
	25.3
	23.3
	27.8
	22.5

	
	Max
	36.3
	34.6
	38.5
	34.8

	
	% Growth
	43%
	48%
	38%
	55%

	
	% Growth/Year 
	5.4%
	8.1%
	4.8%
	6.8%

	% Reviews/ Art
	Avg. 
	2.1%
	2%
	4.5%
	3.3%

	Ratio Non-citable/

Citable Docs
	Min
	0.01
	0.03
	0.21
	0.39

	
	Max
	0.02
	0.05
	1.19
	3.71


Journal level

Following characteristic patterns of the 10 year time lines of the IF were identified in all of the four analysed WoS categories (see Fig. 2): 
1) Pattern 1: minor constant increase or decrease at a similar magnitude like the aggregate IF variation in the corresponding WoS category. The number of journals in this group is very low (below 5%). Usually these are journals with low or mid-size IF.
2) Pattern 2: high and long-term increase in the IF with only minor declines. This pattern appears quite often at high IF levels and hardly present for journals with low IFs (approx. 25%).
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Figure 2.  IF timeline patterns in the category “Polymer Science”.

3) Pattern 3: abrupt and large short-term variations (at least one high peak value is typical). This pattern occurs most frequently (approx. one third) and can be observed at all levels of the IF.
4) Newly indexed or terminated journals: (approx. one third, except “Polymer Science” where this proportion is much lower). 
Finally, there is a small proportion of journals which cannot be assigned to any of the beforehand described patterns.
Pattern 2 and pattern 3 were analysed in more detail for journals with a significant number of citations and high IF values. Additionally the time lines of the currently 4 most common journal impact measures (IF, SNIP, SJR and AI) were compared for each of these journals in order to study their robustness. In the following a few selected examples will be shown.
A) Pattern 2 
1. Progress in Polymer Science
Table 2. Background information for “Progress in Polymer Science” between 2001 and 2010.
	Year
	IF
	#P
	% Rev
	% journal self citations
	Refs / Doc (Journal)
	Refs / Doc (WoS Category)
	#P in 3y
	#CP in 3y
	Others / CP  in 3y (%)

	2001
	3.7
	43
	1.1
	0.6
	182.5
	n/a
	95
	95
	0.0

	2002
	7.3
	47
	22.3
	1.3
	149.8
	n/a
	106
	103
	2.8

	2003
	7.8
	41
	29.9
	1.4
	213.7
	25.3
	121
	117
	3.3

	2004
	8.5
	28
	50.0
	1.8
	192.4
	27.4
	131
	126
	3.8

	2005
	16.0
	41
	50.4
	2.5
	124.8
	28.6
	116
	113
	2.6

	2006
	14.8
	30
	54.7
	0.4
	168.0
	30.4
	110
	106
	3.6

	2007
	12.8
	43
	56.8
	1.8
	195.1
	31.8
	99
	95
	4.0

	2008
	16.8
	35
	72.1
	1.7
	182.9
	33.6
	114
	111
	2.6

	2009
	23.8
	44
	95.2
	1.9
	227.9
	34.2
	108
	105
	2.8

	2010
	22.9
	55
	100.0
	2.8
	203.8
	36.3
	122
	117
	4.1


In this example, the increasing proportion of review articles ranging from 1.1% in 2001 to 100% (of all citable documents) in 2010 is the reason for the permanent increase of the IF. While the aggregate IF of the whole subject category increased by 60% between 2003 and 2010, this journal could triple its IF during the same period. Interestingly, two years with a particular strong IF growth (2005 and 2009) were accompanied with an increase in the percentage of review articles in the IF citation window. Journal self-citations and non citable documents did not play a decisive role. 

2. Nano Letters
Table 3. Background information for “Nano Letters” between 2001 and 2010.
	Year
	IF
	#P
	% Rev
	% journal self citations
	Refs / Doc (Journal)
	Refs / Doc (WoS Category)
	#P in 3y
	#CP in 3y
	Others / CP  in 3y (%)

	2001
	0.000
	0
	0
	0
	24.9
	n/a
	0
	0
	0.0

	2002
	5.033
	294
	0
	15.8
	26.0
	n/a
	152
	152
	0.0

	2003
	6.144
	347
	0
	11.7
	26.7
	n/a
	445
	445
	0.0

	2004
	8.449
	459
	0
	8.7
	27.0
	n/a
	796
	792
	0.5

	2005
	9.847
	490
	0.2
	5.3
	27.1
	23.3
	1109
	1099
	0.9

	2006
	9.960
	555
	0.5
	5.6
	29.8
	24.5
	1312
	1294
	1.4

	2007
	9.627
	689
	0.7
	6.9
	31.4
	26.3
	1520
	1502
	1.2

	2008
	10.371
	817
	0.5
	7.3
	32.5
	29.7
	1751
	1732
	1.1

	2009
	9.991
	804
	0.2
	6.7
	32.7
	32.8
	2082
	2065
	0.8

	2010
	12.186
	855
	0.2
	6.3
	34.9
	34.6
	2343
	2314
	1.2


Since “letters” is explicitly mentioned in the journal title, a distortion of the IF (asymmetry numerator/denominator) could be expected caused by a large number of non-citable documents (Moed & Van Leeuwen, 1995). However, the percentage of this document type is very low and therefore insignificant. Since also the number of self-citations shows a decreasing trend and since there are hardly any review articles in the investigation period (see Table 3), they cannot be attributed to IF increases. Rather, the growth in the IF may originate from hot papers the occurrence of which might have been promoted by a strong increase in the number of articles. Very similar results were obtained when analysing journals of this pattern in other categories, like for example “Biomacromolecules” or “Annual Review of Political Science”. 
Figure 3 shows the timelines of the four journal impact measures for the four journals. Top left side illustrates for “Progress in Polymer Science” that all journal impact measures are more or less sensitive regarding changes in the citation frequencies. However, Article Influence Score seems to be clearly the least sensitive metric, probably due to the large citation window of 5 years. The peak of SNIP and SJR in 2006 instead of 2005 like for the IF is due to the 3-years citation window used for these indicators in contrast to the 2-years interval of IF. 
For “Nano Letters” (Fig. 3, top right side), the higher increases for the indicators based on Scopus instead of WoS data cannot be explained by a different consideration of document types or by coverage gaps in both databases (the number of processed citable documents in WoS and in Scopus is very similar). A possible explanation could be an above-average number of citations from those periodicals which are only indexed by Scopus (and not by WoS).
The cases of “Biomacromolecules” (bottom left) and “Annual Review of Political Science” (bottom right) suggest that SJR and AI are less sensitive to impact variations than SNIP or IF. Of particular interest is that IF rose more than six times for “Annual Review of Political Science” between 2002 and 2010 while the values for SJR and AI hardly changed. Since also SNIP increased considerably (nearly fourfold), the stagnation of AI and SJR can only be explained in that “Annual Review of Political Science” received many citations from less prestigious journals.
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Figure 3. Relative development of the four journal impact measures for the journals “Progress in Polymer Science”, “Nano Letters”, “Biomacromolecules” and “Annual Review of Political Science” between 2001 (2002) and 2010.

B) Pattern 3 exemplified by the journal “Scientometrics”
The analysis of this pattern aimed at the identification of publications, which are responsible for the observed short-term changes, and clarification whether they could be considered as hot papers or not. In the example given (see Table 4) the journal self-citations cannot explain the peaks in 2005 and 2008. Since the proportion of review articles increased in the citation window of IF2005 (11.8% reviews in 2004) and was relatively high in the citation window of IF2008 (24.3% and 17% resp.), this could be a reason for additionally attracted citations. 
Table 4. Background information of “Scientometrics” between 2001 and 2010.
	Year
	IF
	#P
	% Rev
	% journal self citations
	Refs / Doc (Journal)
	Refs / Doc (WoS Category)
	#P in 3y
	#CP in 3y
	Others / CP  in 3y (%)

	2001
	0.676
	91
	1.6
	34.0
	22.5
	n/a
	258
	258
	0

	2002
	0.855
	84
	1.1
	21.9
	22.5
	n/a
	264
	264
	0

	2003
	1.251
	92
	3.1
	34.1
	24.4
	22.5
	257
	257
	0

	2004
	1.120
	97
	11.8
	43.7
	23.2
	24.7
	267
	262
	2

	2005
	1.738
	121
	18.9
	39.2
	24.9
	26.1
	273
	264
	3

	2006
	1.363
	144
	24.3
	35.2
	27.2
	31.1
	310
	296
	5

	2007
	1.472
	129
	17.0
	28.1
	26.8
	31.1
	362
	347
	4

	2008
	2.328
	132
	11.0
	22.8
	25.7
	32.9
	394
	383
	3

	2009
	2.167
	193
	3.8
	28.5
	25.8
	33.7
	405
	394
	3

	2010
	1.905
	235
	1.1
	30.6
	28.8
	34.8
	454
	446
	2
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Figure 5: Citation distributions of the 20 most cited documents in each of the IF2001 (IF2003) to IF2010 citation windows for the journals “Scientometrics” and “Nano Letters”.


As can be seen in Figure 5, the citation distributions of the 20 most cited articles in the citation windows of the IFs of the various years are very skewed, i.e. one or a few articles are cited many times while most articles receive much less citations. Compared to a journal characteristic for pattern 2 like “Nano Letters” (see Figure 5, right side), the differences are obvious. For “Nano Letters” it is nearly common that articles at all levels (from top-cited to 20ieth most cited article) receive more citations from one year to the following. For “Scientometrics” an anomalous increase took place in year 2008.
In order to better understand the peak in 2008 (see Figure 6), all articles from 2006 and 2007 in the IF citation window 2008 were collected. Seven articles, all research articles, account for approx. 34% of the citations considered in the IF calculation in the year 2008 and, therefore, can be regarded as hot papers. Six of them deal with the h-index and one, the hottest paper, with the g-index introduced by Egghe. Accordingly, h-index and g-index can be considered as hot topics in the journal “Scientometrics” in 2006. As is also evident from Figure 6, “hot papers” do not always remain to be the most cited (for instance, the article by Glanzel).
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Figure 6. Citation distribution of the seven articles responsible for the 2008 IF peak in “Scientometrics”. 


Equivalent analyses were performed in order to study the peak in 2005 which was not as pronounced as that in 2008. In this case, 10 articles published in 2003 and 2004 received more than 7 citations in 2005 and accounted for approx. 28% of the total citations used in the IF2005 calculation. Thematically most of them deal with self-citations and collaboration. One exception is a “hot article” by Ho (“Citation review of Lagergren kinetic rate equation on adsorption reactions”). This article – being the only review - has mostly been cited by journals assigned to other WoS categories (Engineering Chemical, Environmental Sciences, Engineering Environ​mental).
Further analyses were also conducted for other journals corresponding to pattern 2 with very similar results, e.g. for the journal “Advances in Polymer Science”. Here, the analysis at article level revealed that one review article (“Nonlinear optical polymeric materials…”) with 25 citations and two others (“Polymeric materials and their orientation techniques for second-order nonlinear optics”, 2003, and “Statistical, gradient, block, and graft copolymers by controlled/living radical polymerizations”, 2002) with 15 and 12 citations respectively in 2004 were responsible for the first peak in 2004 and can be considered as “hot papers”. For the IF peak in 2008 one review article (“Structure and properties of high-density polymer brushes prepared by surface-initiated living radical polymerization”)  could be identiefied for attracting more than 30 citations in 2008, followed by three other review articles with 22 and twice 20 citations.
Conclusions

From the analyses at journal category level it can be concluded that there was a high increase in IF in the four subject categories between 2003 (2005) and 2010. This increase at journal category level might have been mainly due to the growth in the number of references per article. The effect of non-citable documents on IF is only marginal especially in polymer science and nanoscience. Review journals are ranked top with regard to IF in polymer science and political science and clearly above-average in nanoscience and LIS. 

At journal level four characteristic patterns for the IF timelines were distinguished. The two most characteristic were “pattern 2” - high and steady increase in the IF with only small fluctuations - and  “pattern 3” - abrupt and large short-term (1 to 2 years) variations in the IF. This study, particularly with regard to the detected pattern 3 and its frequent occurrence, contradicts the assumption of the temporal robustness of IF which is often made when the visibility of an article is equated with the prestige or impact of its publishing journal.

At low citation levels, large variations in the IF often rest on an exiguous number of citations in the citation window considered for the calculation of the impact factor.  Thus, a few citations can provoke considerable changes in the IF.  Hence journal self-citations, as postulated by Campanario (2010 & 2011), and the number of non-citable items can certainly play a significant role here. 
At high ranges of the IF and number of citations in the IF citation window, changes in the proportion of review articles were one reason for strong IF fluctuations. Furthermore, in many cases an increasing number of articles was accompanied with the appearance of hot papers. It seems that a higher number of related articles potentially increases the chances to get cited, but also represents a source of additional competition for the attention of potential readers and citations (Chevan & Sutherland, 1991).
Finally, the journal impact measures considered in this study (IF, SNIP, SJR and AI) are more or less sensitive to short-term changes in citation frequencies. AI turned out to be the most stable one which is due to the larger citation window (5 years). Generally popularity metrics appear to be more prone to citation fluctuations than prestige metrics. 

Our article tried to demonstrate that abrupt  and large short-term variations in the IF (pattern 3) can offer a simple and intuitive method to identify “unexpected” hot papers and hot topics at journal level which follow a wider definition compared to the Essential Science Indicators. Presently, the distinction between “hot papers” and “highly cited papers” bases only in the shorter citation window. This study points to the necessity of a more elaborated definition incorporating the novel and extraordinary aspect of their emergence.
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