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Abstract

The authors document the research output of 34 central banks from 1990 to 2003, and use proxies
of research inputs to measure the research productivity of central banks over this period. Results
are obtained with and without controlling for quality and for policy relevance. The authors find
that, overall, central banks have been hiring more researchers and publishing more research since
1990, with the United States accounting for more than half of all published central bank research
output, although the European Central Bank is rapidly establishing itself as an important research
centre. When controlling for research quality and relevance, the authors generally find that thereis
no clear relationship between the size of an institution and its productivity. They aso find
preliminary evidence of positive correlations between the policy relevance and the scientific
quality of central bank research. There is only very weak evidence of a positive correlation
between the quantity of external partnerships and the productivity of researchersin central banks.

JEL classification: E59
Bank classification: Central bank research

Résume

Les auteurs examinent les travaux publiés par 34 banques centrales de 1990 a 2003 et se servent
de variables d' approximation pour mesurer la productivité de ces ingtitutions durant la période
considérée. Les résultats sont obtenus avec et sans la prise en compte de la qualité des recherches
et de leur pertinence au regard des politiques publiques. Les auteurs constatent que, dans
I’ensemble, les banques centrales recrutent plus de chercheurs et publient davantage de travaux
depuis 1990. Plus de la moaitié de toutes les études publiées sont américaines, méme s I’ on note
gue la Banque centrale européenne tend a s'imposer rapidement comme un important centre de
recherche. Au chapitre de la valeur et de la pertinence des publications, les auteurs n’ observent
généralement aucune relation claire entre la taille d’ une bangque centrale et sa productivité. Des
données préliminaires font toutefois apparaitre une corrélation positive entre la valeur scientifique
des travaux et leur pertinence sur le plan des politiques. Par ailleurs, larelation entre le nombre de
partenariats externes et la productivité des chercheurs au sein des banques centrales est positive
mais peu significative.

Classification JEL : E59
Classification de la Banque : Recherches menées par |es banques centrales



1. Introduction

Research is increasingly seen as critical for the success of central banks in fulfilling their
mandates. It provides a strong conceptual and empirical basis for policy-making and for better
communication of policies to the public. Accordingly, many central banks have invested
significant resources in recent years into improving their research capabilities. At the same time,
there is growing demand for accountability on the part of public agencies (including central
banks) and a commitment of their managers to focus on results and to work towards
strengthening performance. It is in this context that there has been increased interest in assessing

central bank research output.

Jansen (1991) and Rapoport and Yi (1997) compare the publication records of the various
components of the U.S. Federal Reserve System; Eijffinger, de Haan, and Koedijk (2002) and
Jondeau and Pages (2003) focus on those of central banks in Europe. Goodfriend, Konig, and
Repullo (2004) provide a detailed assessment of the economic research activities of the European
Central Bank (ECB). Dusansky and Vernon (1998) and Scott and Mitias (1996) use data on
publications in scientific journals to rank university economics departments in the United States.
A project recently sponsored by the European Economic Association to rank European research
centres resulted in the publication of four papers (Combes and Linnemer 2003; Coupé 2003;
Kalaitzidakis, Mamuneas, and Stengos 2003; Lubrano et al. 2003) in the Journal of the

European Economic Association.

Although the details vary on the methodological approaches used to produce these
papers, many share a common characteristic: they focus on publications in scientific journals as
the main indicator of quality-adjusted research. Three reasons are given to justify this approach.
First, there is a broad consensus among researchers that the selection criteria used by most
scientific journals, particularly the use of expert anonymous referees to evaluate articles, makes
publishing in these journals a good indicator of quality. Second, although it can be quite labour-
intensive, measuring the number of publications in scientific journals is feasible. Indeed, it is
possible to trace a researcher’s publications in scientific journals using tools such as EconlLit, the

American Economic Association’s electronic bibliography of economics literature throughout



the world.! Third, various rankings of scientific journals have been produced. Even if these
rankings can be controversial, they make it much easier to assess the quality of scientific journals
than that of other literature streams, such as working paper series or books, for which there is no

widely accepted measure of quality.

Our first main contribution builds on the existing literature: we provide a systematic
comparison of the research output of central banks from Western Europe, North America,
Australia, New Zealand, Japan, and Israel based on publications in economic journals. To our
knowledge, a systematic comparison encompassing such a large group of central banks has not
yet been done. To achieve this, we built a database detailing publications by central bank
researchers in all academic journals included in EconLit. Our database also includes various
proxies for the number of researchers in central banks, including responses to questionnaires that
were sent to central banks. We test the robustness of our conclusions by exploring variants of our

output and input measures.

Our second main contribution is an assessment of the policy relevance of central bank
publications. While we agree that publication in academic journals is a good indicator of the
scientific quality of research output, to focus exclusively on journal publications has obvious
limitations. In particular, it implies an excessively narrow view of the role of research in policy
institutions. Central bank researchers are not exclusively paid to publish papers of interest to the
academic community. They are expected to conduct research that assists policy-makers in
making more informed decisions. An evaluation of research output must therefore include an
assessment of the extent to which the research helps central banks conduct monetary policy,

oversee the payments system, and manage foreign exchange reserves.

The management literature tells us that “What gets measured gets done” (Osborne and
Gaebler 1992, 146). An exclusive focus on publications in refereed journals may bias central
bank research efforts towards academic criteria and away from policy relevance. For that reason,
we see a clear need to measure policy relevance, but such measurement is difficult because of the

lack of good, agreed-upon data and methodology. A possible approach would be to examine in

! See <http://www.econlit.org>.



detail how specific papers published by central banks are fed into policy discussions.
Goodfriend, Konig, and Repullo (2004) follow this approach in their evaluation of research at the
ECB. However, it can be highly subjective and cannot be applied to the large number of central

banks that we examine.

We propose a new approach based on the premise that having a paper cited in a
publication of a policy institution is a good indicator of its usefulness for addressing policy
issues. We measure policy relevance by counting the number of citations of central bank
working papers in publications of the Bank for International Settlements (BIS) and the U.S.
Federal Reserve System (for central banks other than the U.S. Fed). We choose these institutions
because they pursue interests in practically all policy issues that are relevant to central banks.
Also, the websites of these institutions are conducive to citation searches. Still, this is a very
labour-intensive task. An obvious extension would be to include citations by other international
policy institutions, such as the International Monetary Fund, the Organisation for Economic Co-
operation and Development, or other central banks, but this would represent a considerable
amount of additional work. Our efforts should be seen as a first step towards considering policy

relevance in the evaluation of central bank research output.

By developing separate measures for scientific quality and policy relevance, we do not
mean to imply that there necessarily is a trade-off between the two. In fact, we expect that they
tend to reinforce each other. In particular, ceteris paribus, papers of good scientific quality are
likely to be more useful for policy-makers than papers of lower quality. Also, we expect that
policy relevance is an asset for publication in top journals. As another contribution to the
literature, we conduct a preliminary examination of whether there is a link between the scientific
quality and the policy relevance of central bank papers. Our findings in this area are consistent

with our expectations.

Eijffinger, de Haan, and Koedijk (2002) find that the average product of European central
banks that have a small number of researchers tends to be superior to those that have a larger
number of researchers. Angelini (2003), however, argues that this result no longer holds when

corrected data on the number of published papers are used, and Jondeau and Pagés (2003)



conclude that there is no significant relationship between average product and the number of
researchers in Eijffinger, de Haan, and Koedijk’s (2002) study. We revisit this question with our

larger set of data.

Collaboration with external researchers may be an efficient way to achieve greater
research productivity. In this paper, we assess the impact of these partnerships on the quantity,

scientific quality, and policy relevance of central banks’ research.

The rest of this paper is organized as follows. In section 2 we provide our data and
explain our methodology. In section 3 we examine research output based on working papers and
publications in refereed journals. In section 4 we focus on the policy relevance of central bank
research. In section 5 we examine factors that can explain the quantity, quality, and policy
relevance of research output. In section 6 we offer some conclusions and suggest avenues for

future research.

2. Data and Methodology

In this section, we provide our data on the number of researchers in central banks. We
also explain how we measure research output, and how we assemble data on research input and

output to produce indicators of central bank researchers’ average product.

2.1 Measuring research inputs

Our main measure of the number of researchers in central banks is based on responses to
letters we sent the banks inquiring about the number of researchers they employed over the
period 1990-2003. In our letters, we defined a researcher as an employee who performs research
at least 50 per cent of the time. We defined research as work that has the potential to result in
research publications such as working papers or academic journals. Most of the central banks we

contacted provided the requested information, although with some difficulty in a few cases, and



some not for the entire 1990-2003 period.” We use this definition as our base-case measure of
research inputs, since it reflects the self-assessments of each central bank and is based on a

precise definition.

These data are shown in Table la of Appendix A. We observe that the number of
researchers has increased in many central banks, reflecting their greater emphasis on research.
Some central banks, particularly the ECB, the Deutsche Bundesbank, the Federal Reserve Bank

of Chicago, and the Bank of Canada, show considerable increases over the reported period.

A limitation of this approach is that research time may be allocated differently in the
various central banks. For instance, some central banks may have a few employees highly
specialized in research activities. Our definition could lead to an underestimation of the number
of researchers in those central banks compared with central banks where a large number of

employees invest slightly more than 50 per cent of their time performing research.

To assess the robustness of our results, we consider two alternative sources of
information on research capabilities. First, we consider the number of PhDs (Table 1b). These
data are also compiled through our central bank survey. Second, we count the number of
individuals who “revealed” themselves as researchers by authoring working papers and/or
journal articles (Table 1c). This approach builds on that of Jondeau and Pages (2003), who
approximate the number of researchers in central banks by the number of authors of articles
published in scientific journals. In our view, a limitation of this approach is that many
researchers never publish in journals, as Combes and Linnemer (2003) discuss. The proportion
of researchers who do not publish in scientific journals may vary across central banks, which
could introduce biases into our comparisons. To improve on this approach, we take working
papers into account. Our measure is thus based on the number of central bank employees who
published at least one working paper or one refereed journal article in a given year (avoiding

double counting). For this measure of research input, we limit ourselves to the 1999-2003

? Instead of using our definition, the Bank of England and the De Nederlandsche Bank found it more convenient to
provide the number of researchers on a full-time equivalent basis. The Bank of Sweden provided us with the number
of staff in its research department. We made no adjustment for these differences.



period. This limited sample reflects the fact that working papers are not available on the websites

of many central banks for longer sample periods. These data are shown in Table 1c.

Comparing our base-case measure of the number of researchers with the alternative
measures, we first find that the number of researchers is close to the number of employees with
PhDs in most central banks. However, some central banks, for instance the Swiss National Bank,
the U.S. Board of Governors of the Federal Reserve System, the Bank of Greece, the Bank of
Sweden, and the Bank of England, have a much larger number of employees with PhDs than
researchers. For these institutions, we find that the ratio of PhDs to researchers is 1.5-to-1 or

more (Table 1d).

Second, we find that a few central banks have many more employees publishing papers
than researchers, based on our definition. Some of these central banks, for example the U.S.
Board of Governors and the Bank of England, are also part of the group that has more PhDs than
researchers. However, this is not always the case. For instance, the Swiss National Bank has a
relatively large ratio of PhDs to researchers, but a relatively low ratio of authors of papers to

researchers.

A limitation of this second alternative is that central banks may have different publication
policies. In particular, some might be more liberal than others, in that they publish a broader
variety of papers (including policy or communication papers) or impose less stringent criteria for
publications (section 3.1 provides evidence of this). Moreover, these policies can change through
time. This approach may lead to a relative underestimation of the research capabilities of central

banks that have strict publication policies.

A number of limitations to these alternative measures of research inputs are worth
highlighting. The limitations of the number of employees with PhDs as a proxy for research
capabilities are: (i) some institutions may ask these employees to perform activities other than
research (administration, policy analysis); (ii) researchers in many central banks often do not
hold PhDs; and (iii) PhDs may not be equivalent across countries. Still, we think this approach

provides information that is a good complement to our measure of the number of researchers.



Also, we will use this information to determine whether having more PhD employees is

correlated with more research output per researcher.

Despite some of the limitations identified above, we believe that, taken together, our
three measures provide useful information about the research capabilities of central banks.
Future work may consider using more precise information. For instance, it would be interesting
to know how much money central banks spend on research activities. It would also be interesting
to learn more about the types of PhDs employed by central banks. Unfortunately, we expect that
this information would be difficult to obtain for long sample periods and for a large number of

central banks.

2.2 Measuring research output

We study three aspects of the research output of central banks: its quantity, its scientific
quality, and its policy relevance. We use publications in scientific journals by central bank
researchers and working papers published by central banks as our main sources of information
on research quantity. We capture research quality by assigning weights to the published output,
which are simply functions of existing quality rankings of economics journals. To assess policy
relevance, we count the number of citations generated in documents published by the BIS and

the U.S. Federal Reserve System.

To disseminate their research to external audiences for the purpose of either
communicating new research findings or to solicit feedback from external specialists, many
central banks maintain active working paper series. Unlike academic institutions, the working
papers published by central banks tend to be more “polished,” in that many have gone through a
formal or informal refereeing process. For this reason, compiling the number of working papers
can provide a proxy for a central bank’s research output. Of course, publishing in academic
journals is usually more demanding in terms of scientific quality. Accordingly, we emphasize

publications in these journals as our main indicator of quality-adjusted research output.



To calculate the number of publications in academic journals, we searched the content of
an extensive list of 799 journals. We require a vast list because central bankers publish their
work in a wide variety of journals. Many of these journals are not included in the most “elite” list
of top journals because the central bank researchers in our sample often publish in national
journals that may not be included in shorter lists (Combes and Linnemer 2003). Focusing
exclusively on a list of top-10 or top-20 journals, most of which are published in the United

States, would be too limiting.

There are two commonly used approaches to ascribe publications to research institutions.
The stock approach (used, for instance, by Combes and Linnemer 2003) counts the past
production of the current employees of central banks. In contrast, the flow approach counts
production at the time of publication. The stock approach is useful to assess the past publishing
record of current researchers in an organization, but this is not our objective. We seek to assess
the research output of central banks over time. We thus follow previous studies in this field by

choosing the flow approach (Jondeau and Pagés 2003; Eijffinger, de Haan, and Koedijk 2002).?

We have constructed a database detailing publications by central bank researchers in
academic journals included in EconLit* Some central banks have their own publications
included in EconLit. We exclude these from our list to avoid the obvious bias that their inclusion

would imply.

Formally, we measure the research output of central banks in academic journals as
follows. The journals are indexed as j = 1, ... , J, where the total number of journals, J, equals
799. The central banks are indexed as & = 1, ..., K, where the number of central banks
considered, K, is 34. With our sample period covering the period 1990 to 2003 inclusively, the
time index is ¢t = 1990, ..., T, where 7= 2003. We can therefore denote the number of papers
published in journal j by central bank k in year ¢ as g, The sum of central bank £’s output over

the whole period in all academic journals is computed as

3 Using journal publications as a measure of research output can be imprecise, since publication policies can vary
across central banks and across time.
* The search keywords used to perform searches in EconLit are listed in Appendix C.



0= 2 (1)

(=1990 j=1

In equation (1), each journal article is given the same weight, so no consideration is given
to the length of the published articles. As a robustness check, we also report results for the case
where research output is defined as the sum of the number of published pages in academic
journals. Denoting p;«, as the number of published pages in journal j by central bank £ in year ¢,

the sum of published pages in all journals over the full sample is therefore

P = z zpj,k,t . (2)

1=1990 j=1

To control for differences in the quality and reputation of journals, we use the ranking
proposed by Combes and Linnemer (2003).” One advantage of this ranking is that it comprises
all journals listed in EconlLit, the set of journals considered in this study. The quality-adjusted
measures of published journal articles and of published pages in academic journals are,

respectively,

N rJ

O = Z za)j Xq ., »and 3)
121990 j=1

N TJ

b= Z Za’j XPijkis (4)
121990 j=1

where the adjustment factor in equations (3) and (4), @, assumes the values 1.0, 0.67, 0.50,
0.33, 0.17, or 0.08, depending on the ranking of the journal in which the article is published.
These weights are taken directly from Combes and Linnemer (2003). The complete journal list is

provided in Appendix B, so @; = 1.0 for journals j =1, ..., 6, @; = 0.67 for journals j =7, ...,

> Another approach would be to approximate the scientific quality of a given paper by the number of times it is cited
in papers published in a set of academic journals. However, this would represent a more ambitious endeavour, since
the data on journal citations are difficult to obtain for a broad selection of journals. Also, the rankings that we use to
weight the various journals are partly based on citations by other journals, which means that our approach already
implicitly takes this consideration into account.



21, etc. For example, journals such as the American Economic Review, Econometrica, and the
Journal of Political Economy are assigned a weight of 1.00, the Journal of Monetary Economics
and the Journal of Money, Credit, and Banking are assigned a weight of 0.67, the Journal of
Banking and Finance and the Journal of Macroeconomics are assigned 0.50, and Economic
Inquiry and Economica are assigned 0.33. More than half of all journals are located in the bottom
category and are assigned a weight of 0.08. These are usually smaller regional or specialized
journals, or relatively new journals that have not yet generated sufficient citations or established
a firm reputation in the discipline. To estimate the average quality of papers published by a

central bank, we can simply compute the average @, of its journal publications.

In robustness checks, we consider alternative sets of journal-quality weights. In
particular, many central banks tend to publish in their own national scientific journals: central
banks are most interested in research studies related to their national economies. Since many of
the highly ranked journals in Combes and Linnemer’s list are based in the United States, we
consider an alternative weighting scheme in which each country’s top-ranked journal is assigned

a weight of 1.00.

We also propose a new approach to measure the output of policy-relevant research, based
on the premise that having a paper cited in a publication of a policy institution means that an
author at such an organization deemed the paper as useful in addressing a given policy issue. We
measure policy relevance by counting the number of citations of central bank working papers in
publications of the BIS and the U.S. Federal Reserve System.® We choose these institutions
because they pursue interests in most policy issues that are relevant to central banks. Also, their

websites are conducive to citation searches.

The main disadvantage of our approach is that it underestimates the number of citations
of central bank work, since it does not capture citations of research papers published in journals.
Ideally, we would like to count citations by the BIS and U.S. Fed of both journal articles and
working papers in our construction of an indicator of policy relevance. Our decision to exclude

publications in academic journals from our citation search reflects the amount of work that

% The search keywords used for both the BIS and the U.S. Fed websites are provided in Appendix D.
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would be required to link central bank journal publications with citations in BIS and U.S. Fed
documents. Fortunately, because of the often substantial lags involved in publishing in scientific
journals, the BIS and U.S. Fed often cite working paper versions of a paper instead of the
journal-published versions. We leave the inclusion of citations of publications other than central

bank working papers for future work.

Our study includes basically all BIS publications, by both BIS staff and external
contributors. For instance, research papers presented at BIS conferences by central bank
economists and published in conference papers and proceedings are included. The vast majority
of the latter are from central banks. Our approach thus takes into account both the opinions of
BIS staff and those of staff from other central banks. Self-citations (i.e., citations of a central

bank’s own work by staff of that central bank) are excluded to avoid the bias this would imply.

To measure output per researcher, we simply divide the output statistics (1) through (4)
by our proxies for the number of researchers in a central bank. We let n;, denote the number of
researchers at central bank £ in year ¢, and N; denote the sum of researchers over the full sample.
For example, the average annual number of journal publications per researcher at central bank &k

over the full sample is computed as

J
&: ZT: ;qj,k,t

N, S5 ny,

)

We also consider the number of working papers published by central banks as an
alternative measure of research output. Although working papers are subject to fewer quality
controls than papers published in academic journals, central banks usually have internal quality

controls to ensure that their working papers conform to minimum quality standards. Also, the

11



total output of working papers may be a useful leading indicator of forthcoming publications in

journals, contributing to the analysis of recent trends in the research output of central banks.’

A factor that may influence research output is the amount of collaboration with external
researchers. Central bank researchers may not be as heterogeneous as their academic colleagues,
so collaboration with them may be an efficient way to achieve greater research productivity.
Accordingly, we assess the impact of these external partnerships on the quantity, scientific
quality, and policy relevance of the research produced by central banks. To achieve this, we track
the contributions of external collaborators to working papers and journal publications in order to

ascertain which institutions use external contributors more intensively.

3. Research Output

As noted in the introduction, research is conducted by central banks largely to assist
policy-makers make better-informed decisions. Since the targeted audience for some research
papers is internal, and therefore some papers are never distributed outside of the institution, it is
impossible to precisely measure the complete body of research produced within central banks.
For this reason, we must use publicly available research output proxies to measure the output of
central banks. Nevertheless, researchers at central banks and other institutions recognize the
importance of distributing research papers outside their walls, to inform the public about the
work being conducted, stimulate discussions on policy-relevant issues, and, in the case of

working papers, announce new research findings and solicit feedback from outside experts.

In this section, we examine the research output of central banks using the two most
common publicly available measures: working papers and journal publications. For the latter, we
also consider quality-adjusted measures based on the quality of the journal. In addition, we

provide data on the number of journal publications per researcher in central banks.

" In the cases of the Bank of Japan, the Bank of Greece, and the Bank of Israel, we include only working papers
published in English. This clearly implies a significant underestimation of the number of working papers published
by these central banks, given that many are published in Japanese, Greek, and Hebrew. It is not feasible for us to
conduct searches for documents that are published with non-Latin characters.

12



3.1 Working papers

Table 2 of Appendix A lists the number of working papers published by each central
bank between the years 1999 through 2003.® We find that the Board of Governors of the Federal
Reserve System (henceforth BoG) averages over 90 working papers per year, which leads all
other central banks. The ECB is second in this category, despite the fact that it began operation
only in January 1999. Its standing reflects the significant rise in its research output in the past
three years, which coincides with the hiring of more research economists and the implementation
of clear research agendas. Tied for third place are the De Nederlandsche Bank and the Bank of
Finland, relatively small institutions, which have both published, on average, 44.6 working

papers per year.

Following the three leaders are several institutions that publish, on average, 30 to 40
working papers per year. These include the central banks of Japan and Canada, as well as the

Federal Reserve Banks of Chicago, St. Louis, and Atlanta.

As a whole, central banks have been increasing their output of working papers every
year. Although the ECB accounts for a large proportion of the increase in total central bank
working papers, its exclusion still leads to a notable increase in research output. The total output
of working papers increased by 50 per cent between 1999 and 2003 for all central banks, and by
35 per cent when we exclude the ECB. This clearly demonstrates that central banks have been
conducting more research, and will likely be reflected in more journal publications for central
bankers in the coming years if working papers can be viewed as a leading indicator of such
publications. Along with the ECB, central banks that have demonstrated notable upward trends
(i.e., an average increase of more than four working papers per year) in the number of working
papers published over this period include the central banks of the Netherlands, Canada, Finland,
and England, as well as the Federal Reserve Banks of Atlanta, St. Louis, and Philadelphia. The
only statistically significant negative trend is detected for the Riksbank, whose working paper

output has been falling by about three per year.

¥ The list of working papers was retrieved from the websites of central banks. The working paper series considered
for each central bank are identified in Appendix E.
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One factor that may influence working paper output is the prevalence of external authors
in a central bank’s working paper series. In many instances, these external authors are short-term
visitors at the central bank, and in others they co-author working papers with central bank
researchers. Co-authorship of research papers is quite prevalent in the economics community,
since the degree of specialization required to make original contributions to the field often calls
for the collaborative efforts of researchers with complementary areas of expertise. Central bank
researchers may not be as heterogeneous as their academic colleagues, so collaboration with
external researchers may be an efficient way to achieve greater research productivity and gain

fresh ideas.

Table 3 of Appendix A reports the percentages of external collaboration in each
institution’s working paper series. These percentages are computed by assigning weights to the
contributions of external authors, with a paper receiving a weight of 0 if it has no external
authors, 1 if it was written solely by external authors, or e/(c+ e) if co-authored between central
bank and external researchers, with ¢ representing the number of “in-house” central bank
researchers co-authoring a paper and e representing the number of external authors. For example,
if the authorship of a working paper consists of two central bank authors and one external
collaborator, then the weight assigned to the external collaborator’s contribution would be 0.33,

or 33 per cent.

By summing the weights assigned to the contributions of external authors over all papers
published in each institution’s working paper series between 1999 and 2003, we derive the
aggregate percentage of external authorship (column 1 of Table 3). In the cases of the central
banks of Austria, Belgium, and Switzerland, we find that the contributions of external
researchers to the authorship of all working papers is more than 50 per cent, indicating that
researchers at these institutions either collaborate with external researchers a great deal, or that
many external economists publish the results of their research in the working paper series of
these central banks. To determine whether the former or latter explanation is more pertinent, in
the second column of Table 3 we list the percentage of papers that have been published in each
institution’s working paper series that have been solely authored by external researchers, without

the collaboration of central bank economists. We find marked differences between many central
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banks: some have very high percentages and some have percentages of zero. For eight central
banks (the Bank of Japan and seven European institutions), more than 22 per cent of their
working papers have been written by external authors. For the remaining 25 central banks, the
number is below 13 per cent. These differences may reflect different uses of the central bank
working paper series; the central banks of some countries may be more open to publishing the
papers of external authors if the papers pertain to domestic economic issues and if alternative

publication outlets are not readily available.

The third column of Table 3 lists the percentage contribution of external authors to
working papers that have at least one central bank author. Based on this measure, researchers at
the Danmarks Nationalbank have collaborated the most with external researchers: 45 per cent of
the papers published by its staff were co-authored with external researchers. However, this
percentage is computed using a relatively small sample (11 working papers); among the
institutions with more active working paper series, the measure of collaboration is 41 per cent at
the Atlanta Fed and 38 per cent at the Cleveland Fed. The prevalence of co-authorship is
relatively high in the United States as a whole compared with other central banks, ranging from
20 per cent (at the BoG) to 28 per cent (at the San Francisco Fed) for the remaining U.S.
institutions, but comprising only 5 per cent at the Bank of Japan, 7 per cent at the Australia and
New Zealand Reserve Banks, 10 per cent at the Bank of Canada, and 12 per cent at the Bank of
England.

3.2 Journal articles

Table 4 of Appendix A lists the contribution of external co-authors to central bank
publications in academic journals. Over the 1990-2003 sample, we find that Atlanta Fed
researchers collaborated with external co-authors relatively more than researchers from other
central banks. Indeed, 36 per cent of published papers associated with the Atlanta Fed can be
attributed to researchers who are not employed by that institution, but who have collaborated
with Atlanta Fed researchers. In the more recent 1999-2003 period, collaboration percentages
are greatest for the National Bank of Belgium and the Federal Reserve Banks of Kansas City,

Dallas, and Atlanta.
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It is difficult to detect any significant trend as to whether collaboration with external
authors has been increasing in recent years. In 2003, between 27 and 30 per cent of authors of
papers associated with central banks were external, which is somewhat higher than the 23 per
cent figure for 1993 and 1994 (data available but not reported in the tables). At this point,
however, we have too few observations to deduce whether external collaboration has been

increasing recently.

Table 5a of Appendix A lists the total number of journal articles published by central
banks from 1990 to 2003 and for the period 1999-2003. We find that the BoG is first in total
output, with 920 publications, or an average of 66 per year. The New York Fed is a distant
second, with a little fewer than 23 publications per year, followed closely by the Banca d’Italia
and the Minneapolis Fed. Several institutions average between 10 and 16 publications per year,
including several Federal Reserve Banks (Chicago, Dallas, Atlanta, Cleveland, Philadelphia, and
San Francisco) and the central banks of England, Spain, and France. To put the BoG’s output
into perspective, it alone accounts for 19 per cent of the publications of these 34 central banks
since 1990, and as a whole the U.S. Federal Reserve System accounts for 60 per cent of all

central bank publications since 1990.

In total, these 34 institutions have published more than 4,800 articles over a period in
which 456,802 papers have been indexed in EconLit, indicating that central banks are
responsible for about 1 per cent of the total new body of knowledge in economics over the past
14 years. Considering that there are thousands of academic institutions and other research centres
that contribute research to the field, such output is non-negligible. We further note that there has
been a strong upward trend in published central bank research, especially between 1990 and
1998, a period in which the total of all central bank publications nearly doubled, increasing from
201 to 398. Published output remained strong from 1999 to 2003, averaging 433 articles per
year, with a high of 477 in 2001. By institution, the most pronounced upward trends are detected
for the New York Fed and Banca d’Italia over the whole sample. For the 1999-2003 period,
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significant upward trends have been detected for the ECB, Deutsche Bundesbank, and De
Nederlandsche Bank.’

As stated in section 2, not all publication outlets are perceived as being of similar quality;
those that have more rigorous selection processes are deemed to be of superior quality. For this
reason, in Appendix B we adjust the raw published output by a quality index that is constructed

using the ranking of academic journals discussed in section 2.

Table 5b of Appendix A lists the average article quality index for each institution. We
find that, at 0.67, the Minneapolis Fed has the highest quality index, followed by the Richmond
Fed at 0.50 and the Boston Fed at 0.49. Most other members of the U.S. Federal Reserve have a
quality index above 0.40. Among other international institutions, Israel and Portugal have the
highest quality indexes at 0.40. Using this index, quality-weighted production measures can be
produced by multiplying the quality index by: (i) the total article count (Table 5b), (ii) the article
count adjusted for the contribution of co-authors (Table 5c¢), and (iii) the total page count
adjusted for the contribution of co-authors (Table 5d). These quality adjustments tend to be
advantageous to the rankings of the U.S. institutions: the BoG and the Minneapolis, New York,
and Chicago Federal Reserve Banks occupy the first four positions, respectively, using any of
these three quality-adjusted measures, and for either of the 1990-2003 or 1999-2003 periods.
The Bank of England, the Banca d’Italia, and the ECB are the sole non-American representatives

among the top 10 central banks in quality-adjusted output.

With few exceptions, the quality-adjusted rankings in Tables 5b through d are fairly
similar; most institutions do not rise or fall by more than one or two positions. However, these
institutional rankings are a function of the weights assigned to the journals. Since most of the
top-ranked journals are U.S.-based, this may induce a bias in favour of the U.S. institutions.
Central banks that produce research papers using data on their own country may face more
significant hurdles in trying to publish their work in U.S.-based journals. For example, the

Economic Record may be the most appropriate outlet for research produced by the Reserve Bank

? Gaspar and Vega (2002) discuss the hypothesis that the creation of the ECB stimulated research in the Eurosystem.
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of Australia, but the lower quality weighting applied to this journal may penalize Australian

researchers who publish in their national journal.

To determine whether this possible U.S. bias seriously affects our results, we perform the
following robustness checks. First, for each country in our sample, we identify the national
journal ranked highest by Combes and Linnemer (2003). In cases where this approach leads to
two or more national journals sharing first place, we pick the journal where central bank
researchers from that country publish the largest number of papers. We then assign the highest
possible ranking to those national journals.'’ This means, for instance, that the Canadian Journal
of Economics is ranked equal with the American Economic Review in this robustness exercise.

Table 5e of Appendix A shows the ranking of central banks based on this approach.

The ranking of central banks is not much affected by this change, with two exceptions.
First, assuming that the Spanish Economic Review has the same quality as the American
Economic Review implies that the ranking of the Bank of Spain improves significantly. Second,
the ranking of the De Nederlandsche Bank is significantly improved by assuming that De

Economist is a top-ranking journal.

When considering the 1999-2003 period to account for the creation of the ECB (Table
5a), we find that the ECB ranks fourth in raw publications with 141, behind the Banca d’Italia
and ahead of the Chicago Fed. Having a quality index of 0.25, the ECB enters the top 15 at sixth
place when quality adjustments are made for the number of co-authors and pages, and it is in

seventh place when the index is applied simply to the raw article count.

Our results concerning the number of publications by European central banks are similar
to those reported by Jondeau and Pages (2003). For instance, according to Jondeau and Pages,

the four best central banks based on the unadjusted total number of EconLit publications are

' The journals that were assigned a “national weight” are as follows: Annales d'Economie et de Statistique,
Canadian Journal of Economics, De Economist, Economia (Portuguese Catholic University), Economic and Social
Review, Economic Record, Ekonomiska Samfundets Tidskrift, Greek Economic Review, Investigaciones
Economicas, Jahrbucher fur Nationalokonomie und Statistik, Kyklos, Nationalokonomisk Tidsskrift, New Zealand
Economic Papers, Politica Economica, Swedish Economic Policy Review, Tijdschrift voor Economie en
Management, Weltwirtschaftliches Archiv/Review of World Economics, and Zeitschrift fur Betriebswirtschafft.
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(from first to fourth place): the Bank of Italy, the Bank of England, the Bank of France, and the
Bank of Spain. Our ranking is the same, except that the Bank of France is fourth and the Bank of
Spain is third. This discrepancy could be explained by the fact that Jondeau and Pages’s sample
covers 1990-2002, while ours covers 1990-2003.

3.3 Journal publications per researcher

Table 6a lists our data based on the average number of journal articles published per
researcher in each of the central banks over the period 1999-2003. Two cases are shown: one
based on our unadjusted output data and another based on our output data adjusted for the
number of co-authors and the quality of journals. The number of researchers in each central bank
corresponds to the number of employees who spend at least 50 per cent of their time performing
research. We emphasize the 1999-2003 period because data are missing on the number of
researchers in some central banks for a longer sample period (particularly for the ECB, whose

activities began in 1999)."

It is interesting to note that the ranking based on the unadjusted number of articles
published shows similarities with the ranking in Table 5a. In particular, most U.S. Fed banks, the
ECB, the Bank of England, and the Bank of Spain rank relatively highly in both tables. Still,
marked differences can be noted concerning smaller central banks, such as the Bank of Greece,
the Schweizerische Nationalbank, and the Danmarks Nationalbank. These are much better
ranked when average output per researcher is considered, instead of total output. On the contrary,
the Federal Reserve Bank of New York, the Bank of Italy, and the Federal Reserve Bank of

Atlanta rank lower when output per researcher is used, instead of total output.

The Federal Reserve Bank of Minneapolis leads the ranking based on adjusted data. In

general, adjusting for journal quality tends to push U.S. institutions higher in the rankings.

" Other productivity rankings done by the authors reveal that focusing on the number of pages published or not
adjusting for the number of co-authors lead to the same conclusions.
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Table 6b shows that our results based on the adjusted number of articles published
change when the number of PhDs or the number of authors of papers are used to approximate
research inputs, instead of the number of researchers based on our definition. Not surprisingly,
central banks that have a high ratio of PhDs to researchers in Table 1d, particularly the BoG, the
Bank of Greece, the Bank of England, and the Bank of Sweden, rank much lower when the
number of PhDs is used as a proxy for the number of researchers. Central banks from Ireland,
France, and Australia rank much higher. The Swiss National Bank and the Boston Fed rank

much better when the number of authors is used to approximate the number of researchers.

4. Policy Relevance

In this section, we provide our data on the policy relevance of research based on citations

in BIS documents and citations in U.S. Federal Reserve System documents.

Table 7a in Appendix A reports the results of our BIS citation search. We have compiled
890 citations over the period 1999 to 2003. This ranking is constructed based solely on the
citations from central bank internal publications—working papers or proprietary policy
documents such as monetary policy reports or economic reviews. They therefore do not comprise
the publications of central bank economists in academic journals. As a result, it is of particular
interest to compare rankings based on citations at the BIS with the one based on raw working

paper output in Table 2.

Relative to their output of working papers, a number of central banks are cited
disproportionately more, and others disproportionately less. Among the central banks that have
increased by more than 10 positions relative to Table 2 are the Boston Fed, the New York Fed,
and the Reserve Bank of New Zealand. Notable downward movements are observed for the De

Nederlandsche Bank, the Bank of Finland, and the Bank of Italy.
Since the number of citations in BIS publications is one of our main measures for policy

relevance of central banks’ research output, and because the number of publications in journals is

our main gauge of the scientific quality of that output, it is also interesting to compare rankings
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based on citations with rankings based on publications in journals. For this we use the ranking
based on journal publications (adjusted for quality and number of co-authors) shown in Table 5c.
Central banks showing a marked improvement in the citation-based ranking are the Bank of
Japan, the Reserve Bank of Australia, and the Reserve Bank of New Zealand. The Bank of
Canada is an interesting case, with a high ranking both in terms of working papers published and
the number of citations in BIS publications, but a much lower ranking in terms of journal
publications. The Federal Reserve Bank of Minneapolis shows the opposite, with a high ranking
for the number of publications but much lower rankings both in terms of the number of working
papers and the number of citations. Nevertheless, many central banks, including the ECB, the
Bank of England, and most U.S. Feds, are highly ranked both in terms of journal publications

and citations in BIS publications.

Table 7b shows the number of citations divided by the number of researchers in central
banks (based on the 50 per cent plus definition). The rankings of some central banks improve
markedly by this measure in comparison with those based on the number of journal publications
per researcher (Table 6a). This is particularly the case for the Reserve Bank of New Zealand and
the Reserve Bank of Australia. As before, many of the central banks with a high ranking by one

measure also rank highly by the other measure.'?

The central banks of Australia, Ireland, Japan, and the United States have websites that
are conducive to citation searches. However, only searches on the websites of the U.S. Federal
Reserve institutions provide a suitable sample from which to construct rankings. To remove the
home-country bias, we exclude the citations of the host country when compiling the data. Results
of a citation search on the U.S. Federal Reserve websites are reported on the right-hand side of
Tables 7a and b. These results are very similar to those based on citations at the BIS, which

seems to suggest that our conclusions based on BIS citations are somewhat robust.

As stated earlier, we expect a positive correlation between policy relevance and citations

in the publications of an international policy-relevant organization. However, policy relevance

12 A possible bias in the calculation of the number of citations per central bank researchers may be introduced by the
fact that we do not exclude central bank documents that have been written by non-central bank researchers from the
analysis. However, an informal examination of the results indicates that this does not affect our conclusions.
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itself may also be a function of the current issues that dominate debates on the world economy,
and the relative impact of each country’s economic activity on world economic conditions.
Furthermore, some institutions publish widely circulated policy documents that can garner more
citations than working papers. Each U.S. Federal Reserve Bank, for instance, publishes its own
economic review. Taken together, this can help explain the high number of citations for the

United States, Europe, and Japan.

5. Determinants of Research Output

In this section we analyze the factors that can help explain the rankings of research
output. A myriad of variables are involved in the production functions of central banks, such as
the quantity and quality of labour, computing resources, data availability, library resources, and
support staff. It is difficult to measure the magnitude of all these ancillary resources over time for
all central banks; they are beyond the scope of this paper. As a result, the productivity measures
described herein are necessarily imperfect. Nevertheless, we do possess measures of the key

factor of production, namely the number of researchers.

In addition to labour, we can examine the effects of some other measurable factors on

published output:

e Production of working papers: Working papers are usually published to generate feedback on

work in progress; does this translate into a higher volume of published work?

e Policy relevance of an institution’s research output: Does producing policy-relevant research

increase an institution’s success in publishing its work?

e Collaboration with external partners: Does collaborating with external specialists increase an

institution’s amount of published research output?

e Size: Is there a negative relationship between the number of researchers in a central bank and

their average product, as Eijffinger, de Haan, and Koedijk (2002) claim?
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e Number of employees with a PhD: Does a higher ratio of PhDs to the number of researchers

lead to higher productivity?

In the remainder of this section, we examine the impact of each of these variables on output.
Because we have relatively few time-series observations at our disposal, it is difficult to test
formal hypotheses related to causation; neverthless, the simple correlations described should

prove informative.

5.1 Labour

Tables 8a through d in Appendix A show results of the following regression for each

country:

4, =+ fPn, +é&, (6)

where gi, is as defined in Tables S5a through d; namely, the raw output of journal articles and
various measures that correct for journal quality, co-authors, and page count for central bank £ at
time t. Meanwhile, n;, represents our two survey proxies for the number of researchers in the
institution: the number of individuals who spend at least 50 per cent of their time conducting
economic research (from Table 1a) and the number of PhDs in the institution (Table 1b). The
parameter [3 therefore represents the marginal product of each institution’s researchers.
Alternatively, we can include both variables simultaneously, in which case the number of PhDs
would represent a measure of the quality of the researchers, the motivation being that PhDs

follow developments in the literature more closely, and are trained to perform original research.

Table 8a provides estimates of this simple equation for countries that have supplied the
required data on inputs. Parameters are estimated for each country separately using ordinary least
squares.”> With few exceptions, we find that the marginal product of economic researchers at all

institutions is positive using either input proxy. Given the relatively small (14 or fewer) number

¥ We also estimate the parameters using a panel data set; the estimates are qualitatively similar.
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of observations in our sample, however, the parameter is significantly different from zero in

slightly less than half of the institutions.

According to marginal product, the ECB is ranked highest, although its estimate is
computed using only six annual observations. The San Francisco Fed is the only other institution
with a marginal product greater than 2.0 using the 50 per cent definition, although it is
statistically insignificant due to the lack of variation in the input data that it supplied. The
institutions with the highest statistically significant measures of marginal output are the St. Louis
Fed (1.72), Banque de France (1.20), Chicago Fed (1.07), and Bank of England (1.03). Using
PhDs as research inputs, we find that the rankings are relatively unchanged for the top
institutions, although notable movements are experienced by the Minneapolis Fed (going from

17th to 8th) and the Bank of England (6th to 20th).

The Bank of Canada places 22nd in terms of marginal product using the 50 per cent
measure, and 18th in terms of the number of PhDs. The estimated parameters are relatively
similar, however (0.18 and 0.31, respectively), indicating that the institution has to add about
five researchers (or three PhDs) to boost its research output in academic journals by one paper

per year.

When the output is adjusted for quality, we find that the San Francisco Fed and ECB tend
to have the highest marginal product, followed by a number of other U.S. Federal Reserve banks.

It is interesting to note that for some central banks, such as the Chicago Fed, the average
product per researcher (0.89 in Table 6a) is very similar to the corresponding estimated marginal
product (1.07 in Table 8a). If labour is the only variable input, then equality of the marginal and
average yearly product indicates that the average output has attained its maximum; i.e., hiring
additional researchers at the Chicago Fed will not increase the average yearly output of published
papers. Instead, average product increases would have to be attained through other means, such
as higher capital investments (e.g., computing infrastructure), efficiency gains (e.g., a greater

degree of research specialization), or more experienced researchers.
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5.2 Working papers

To determine the extent of the link between working papers and published output, we
plot in Figures 1 and 2 the relationships between total journal articles and working papers
(Figure 1) and journal articles and working papers excluding external researchers (Figure 2). A
central bank that publishes a high volume of papers written by external researchers will not
normally be credited with a journal publication if the working paper is subsequently published in

a journal, since the author’s affiliation will not be with the central bank.

The 45-degree lines in Figures 1 and 2 help summarize the publication success of central
banks: those institutions closest to the 45-degree line publish as many working papers as journal
articles, those below it have fewer published journal articles per working paper, and those above

it have more. We notice that only a handful of central banks lie above the line.

In addition, we plot two estimated regression lines based on the following equations:

g, =a+ BWVP, +&,,and ©)

q, =a+ WP, +ﬂ2WPk2 +&, (8)

where the variable g, represents the number of journal articles published by the kth institution,
WPy is its working paper output, and & is a random disturbance, where £ = 1, ..., 34. The
squared working paper output is included as an additional regressor to test whether this

relationship exhibits increasing, decreasing, or constant returns to scale.

The results show that working papers are a significant coincident indicator of published
output, since there is, not surprisingly, a significant positive relationship between the two
variables. In Table 9a, the correlations between working papers and various output measures are
found to be in the vicinity of +0.50. What is perhaps somewhat surprising is that the relationship
exhibits increasing returns to scale, indicating that increases in working paper output can yield a

marginally higher number of published journal articles. However, this is largely attributed to the
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BoG, which is an outlier; removing this institution from the sample yields a more linear

relationship.

5.3 Policy relevance

By developing separate measures for scientific quality and policy relevance, we do not
mean to imply that a trade-off exists between the two. In fact, our expectation is that these two
aspects of research quality would tend to reinforce each other. Papers with good scientific quality
are likely to be more useful for policy-makers than lower-quality papers. Also, we expect that

policy relevance is a plus for publications in top journals.

We assess these expectations by examining the relationship between our ranking of
central banks based on the number of quality-adjusted publications in journals per researcher
(right-hand column of Table 7a) with the ranking based on the number of citations of working
papers in BIS publications per researcher (Table 8b). The result, shown in Figure 3, is consistent
with our expectations. There is, in general, no trade-off between scientific quality and policy

relevance. They are positively, but not perfectly, correlated.

The correlation between policy relevance and output is around +0.60 (Table 9a). This
shows that there is a strong, positive, yet imperfect, relationship between the research output of

central banks and its policy relevance.

5.4 Research collaboration

Are institutions that collaborate extensively with external research partners more
productive than those that collaborate less? Figure 4a plots the relationship between the rankings
for collaboration ratios on working papers (shown in Table 3) and the average product of
researchers (adjusted for the number of co-authors and the quality of journals); Figure 4b shows
the relationship between the rankings of external collaborations and the number of citations by

BIS publications per researcher.
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We find that, in general, there is a very weak positive relationship between external
collaboration and the number of journal publications per researcher. The correlations between
collaboration and output measures (Table 9a) are just slightly above zero. This indicates that an
effort on the part of central bankers to collaborate with external researchers will have a marginal
impact on journal publications. However, such partnerships most likely result in the importing of
fresh ideas, which cannot readily be proxied by our data. Furthermore, there does not seem to be
a significant relationship between partnerships and the number of citations per researcher.
Perhaps this should not be too surprising. Many of these partnerships are with academics and

may lead to research papers that are not immediately useful to policy-makers.

Much more work needs to be done to fully understand the impact of research
collaboration on research output. We would expect, in particular, that different types of
partnerships bring different results. For instance, partnerships with academics might be of a
different nature and have different implications for journal publications and policy relevance
than partnerships with fellow central bank researchers. More data would be needed to explore

this issue.

5.5 Size

Eijffinger, de Haan, and Koedijk (2002) find that the average product of researchers in
European central banks that have a small number of researchers tends to be superior to that of
larger ones. Angelini (2003), however, argues that this conclusion reflects problems with the data
used by Eijffinger, de Haan, and Koedijk. In their study of research output in European central
banks, Jondeau and Pages (2003) conclude that there is no significant relationship between
average product and the number of researchers. We revisit this question with our broader set of

data.

Our results are shown in Figures 5a and 5b. Figure 5a shows the relationship between the
rankings for the number of researchers and number of journal publications (adjusted for quality
and co-authors) per researcher, and Figure 5b shows the relationship between the number of

researchers and number of BIS citations per researcher. Our conclusion based on these graphs is
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that there is no significant relationship between size and average product in either of these cases.
Correlation coefficients between size and different measures of average product (Table 9b) are
also all close to zero. Robustness checks, in which we experimented with various input and
output definitions, and from which we excluded certain central banks that seemed to be outliers,
led to similar conclusions. This is in line with the conclusion of Jondeau and Pages (2003) for

Europe.

5.6 Number of PhDs

In section 5.1 we considered the number of PhDs as a quality adjustment in time-series
regression. But can we find cross-sectional evidence of a positive relationship between the
number of employees with a PhD and the number of journal publications or the number of BIS

citations?

Figure 6a indicates that a high number of PhDs per number of researchers is positively
correlated with the average number of publications per researcher. Figure 6b shows that this
relationship is weaker when the number of BIS citations is used as the output measure. The

correlations regarding the impact of PhDs on average product (Table 9b) are inconclusive.

6. Conclusion

Our first main contribution is to provide a systematic comparison of central bank research
output based on publications in refereed journals by researchers from the central banks of
Australia, Canada, Israel, Japan, New Zealand, the United States, and Western Europe. In
particular, we report various rankings of central banks based on the number of articles published
in refereed journals, and we use various approaches to adjust for the number of external co-
authors and the quality of the journals. These rankings tend to be dominated by U.S. Federal
Reserve banks. The Banca d’Italia, the Bank of England, and the European Central Bank also
fare well in most cases. The Bank of Canada is near the middle of the rankings of 34 institutions,

a result that is robust to various changes in assumptions and sample periods.
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We also provide results on the number of journal publications per researcher based on
compiled data on the number of researchers at each central bank. As before, U.S. Federal
Reserve banks dominate these rankings. The ECB, the Bank of England, and the Sveriges
Riksbank are also top-10 central banks. The Bank of Canada ranks lower by this measure.

Our second main contribution is the proposal of a new quantifiable indicator of policy
relevance that can be used to assess the performance of central banks in this area. This indicator
is based on the number of citations of central bank working papers in publications of the Bank
for International Settlement (BIS) and the U.S. Federal Reserve System. The rankings of some
central banks change noticeably when this measure of policy relevance is used. For instance, the
Bank of Canada improves to ninth position in total BIS citations. Nevertheless, the data show
that most central banks have similar rankings for policy relevance as they do for this measure. In
other words, apart from a few exceptions, the same central banks tend to be found at the top and
the bottom of both the ranking based on scientific quality and that based on policy relevance.
Indeed, based on a preliminary investigation, we find that central banks that rank highly in
quality-adjusted output also tend to rank highly in relevance. Thus, although some central banks
do better by one measure than the other, there does not necessarily need to be a trade-off between

research quality/quantity and relevance. On the contrary, they tend to reinforce each other.

Because there is a lack of detailed data on the factors that determine research output, we
do not thoroughly examine the factors that affect the research performance of central banks. We
do, however, find preliminary evidence of a very weak positive relationship between
partnerships with external researchers and productivity in terms of the number of journal
publications. More work would need to be done to determine the types of partnerships that yield

the greatest output gains.

Another of our findings is that there is no robust relationship between the number of
researchers in a central bank and average product measured either in terms of publications in
refereed journals or BIS citations. This result is consistent with that of Jondeau and Pages (2003)
for European central banks, but it goes against the conclusion of Eijffinger, de Haan, and

Koedijk (2002) that researchers in smaller central banks tend to be more productive.
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We also find that there appears to be much diversity in central bank policies towards
publishing working papers. While, in most central banks, researchers publish many more
working papers than papers in refereed journals, a number of central banks show just the
opposite trend, which suggests that they have very strict publication policies. Still, the number of
working papers published seems to be a good contemporaneous indicator of journal publications

for most central banks.

More work is needed to improve our understanding of the determinants of research
output in central banks. This will require better and more detailed data to measure the number of
researchers in central banks (although our main results seem robust to the three measures we
consider), to capture factors such as the quality of capital and labour used in producing research,

as well as the quality of research management.
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Appendix A: Tables and Figures

Table 1a: Number of Researchers, Survey, 1990-2003

Table 1b: Number of PhDs, Survey, 1990-2003

Table 1c: Number of Staff with at Least One Journal Article or Working Paper, 1999-2003

Table 1d: Ratios, PhD/Researcher and Researchers (Articles or Working Papers) / Researchers (Survey),
1999-2003

Table 2: Working Papers, Output per Year, 1999-2003

Table 3: Working Papers, Percentage External Collaboration, 1999-2003

Table 4: Journal Publications, Percentage External Collaboration, 1990-2003 and 1999-2003

Table 5a: Journal Publications, Total, 1990-2003 and 1999-2003

Table 5b: Journal Publications, Quality-Weighted, 1990-2003 and 1999-2003

Table 5c: Journal Publications, Quality-Weighted, Corrected for Number of Co-Authors, 1990-2003
and 1999-2003

Table 5d: Journal Publications, Quality-Weighted, Corrected for Co-Authors and Pages, 1990-2003
and 1999-2003

Table 5e: Journal Publications, National Weights, Quality-Weighted, Corrected for Number of Co-
Authors, 1990-2003

Table 6a: Average Product of Researchers, Journal Publications, 1999-2003

Table 6b: Average Product of Researchers, PhDs and Article/WP Authors, Journal Publications,
Corrected for Co-Authors and Pages, Quality-Weighted, 1999-2003

Table 7a: Citations by BIS and the Fed, 1999-2003

Table 7b: Citations by BIS and the Fed, per Researcher, 1999-2003

Table 8a: Marginal Product of Researchers/PhDs, Journal Publications, 1990-2003

Table 8b: Marginal Product of Researchers/PhDs, Journal Publications, Quality-Weighted, 1990-
2003

Table 8c: Marginal Product of Researchers/PhDs, Journal Publications, Quality-Weighted, Corrected
for Co-Authors, 1990-2003

Table 8d: Marginal Product of Researchers/PhDs, Journal Publications, Quality-Weighted, Adjusted
for Co-Authors and Pages, 1990-2003

Table 9a: Correlation Coefficients between Output Measures and Explanatory Variables

Table 9b: Correlation Coefficients between Average Product Measures and Explanatory Variables

Figure 1: Articles and Working Papers, 1999-2003

Figure 2: Articles and Working Papers, Excluding External Researchers, 1999-2003

Figure 3: Quality-Adjusted Publications per Researcher and BIS Citations per Researcher, by
Ranking, 1999-2003

Figure 4a: External Collaboration and Average Product of Researchers, by Ranking, 1999-2003

Figure 4b: External Collaboration and BIS Citations per Researcher, by Ranking, 1999-2003

Figure 5a: Researchers and Average Product, by Ranking, 1999-2003

Figure 5b: Researchers and BIS Citations per Researcher, by Ranking, 1999-2003

Figure 6a: Ratio of PhDs/Researchers and Average Product, by Ranking, 1999-2003

Figure 6b: Ratio of PhDs/Researchers and BIS Citations per Researcher, by Ranking, 1999-2003
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Table 2: Working Papers, Output per Year, 1999-2003

Rank | Institution 1999 | 2000 | 2001 | 2002 | 2003 | Total | Avg | Trend
1 Board of Governors of the Federal Reserve System | 92 92 84 95 107 | 470 1 94.0( 3.3
2 European Central Bank 8 33 73 94 98 306 | 61.2 | 24.1*
3 De Nederlandsche Bank 25 42 47 56 53 223 | 44.6 7*
4 Bank of Finland 34 41 45 46 57 223 | 446 | 5.1*
5 Bank of Japan** 41 64 39 41 27 212 | 424 | -5.1
6 Federal Reserve Bank of Chicago 32 40 31 32 47 182 [ 364 | 2.2
7 Bank of Canada 24 24 28 45 47 167 [ 334 | 6.6*
8 Federal Reserve Bank of St. Louis 23 32 25 32 45 157 | 314 | 4.4
9 Federal Reserve Bank of Atlanta 23 28 27 33 43 154 | 30.8 | 4.5*
10 | Banca d'ltalia 19 26 49 30 22 146 | 29.2 1
11 Banco de Espana 29 23 27 30 31 140 [ 28.0 1.1
12 Federal Reserve Bank of San Francisco 21 20 33 36 28 138 [ 27.6 3
13 Federal Reserve Bank of Philadelphia 22 14 23 36 41 136 | 27.2 6*
14 | Bank of England 16 19 27 20 39 121 (242 | 4.7
15 | Federal Reserve Bank of New York 38 19 28 15 19 119 [23.8| 4.2
16 Federal Reserve Bank of Minneapolis 18 28 23 18 32 119 | 23.8 1.8
17 Federal Reserve Bank of Cleveland 19 17 20 17 22 95 19.0| 0.6
18 | Sveriges Riksbank 24 20 14 12 13 83 | 16.6 -3*
19 Deutsche Bundesbank X 10 20 31 18 79 19.8| 3.5

20 | Federal Reserve Bank of Kansas City 13 11 15 15 14 68 |136| 0.6
21 Banco de Portugal 6 6 10 13 19 54 (108 ] 3.3
22 | Oesterreichische Nationalbank 3 3 13 28 6 53 10.6 3.1
23 Reserve Bank of Australia 12 10 10 8 12 52 104 | -0.2
24 Federal Reserve Bank of Richmond 9 12 9 4 17 51 10.2 0.8
25 Banque de France 15 6 9 11 5 46 9.2 -1.5
26 Reserve Bank of New Zealand 10 11 7 8 10 46 9.2 -0.3
27 Federal Reserve Bank of Dallas 14 6 10 6 9 45 9.0 -1
28 Schweizerische Nationalbank 6 14 7 8 7 42 84 -0.4
29 [ National Bank of Belgium X 12 6 17 6 41 10.3 | -0.7
30 Federal Reserve Bank of Boston 12 5 7 8 8 40 8.0 -0.5
31 Bank of Israel** 4 10 8 5 10 37 7.4 0.7
32 Central Bank of Ireland 5 5 6 6 9 31 6.2 0.9*
33 Danmarks Nationalbank X X X 9 2 11 55 -7
34 Bank of Greece** X X X X 8 8 8.0 X
Total | 617 | 703 | 780 | 864 | 923 | 3887 77.3*
Total excluding ECB | 609 | 670 | 707 | 770 | 825 | 3581 53.2*

* Signifies that the time trend parameter is statistically significant.

** Indicates that only working papers published in English were compiled for these institutions.
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Table 3: Working Papers, Percentage External Collaboration, 1999-2003

Institution % of non-CB % wp - no CB % of external
authors affiliation collaboration
Danmarks Nationalbank 50.00 9.09 45.00
Federal Reserve Bank of Atlanta 47.78 11.69 40.87
Federal Reserve Bank of Cleveland 4421 10.53 37.65
Federal Reserve Bank of San Francisco 33.88 7.97 28.15
Bank of Greece 28.13 0.00 28.13
Federal Reserve Bank of New York 27.24 0.84 26.62
Federal Reserve Bank of Kansas City 26.23 0.00 26.23
Federal Reserve Bank of Chicago 28.43 3.30 25.99
Oesterreichische Nationalbank 56.13 41.51 25.00
Federal Reserve Bank of St. Louis 25.05 0.64 24.57
Banco de Portugal 31.48 9.26 24.49
Federal Reserve Bank of Dallas 24.44 0.00 24.44
European Central Bank 49.32 33.66 23.61
Central Bank of Ireland 22.58 0.00 22.58
Federal Reserve Bank of Richmond 22.55 0.00 22.55
Federal Reserve Bank of Boston 27.92 7.50 22.07
Federal Reserve Bank of Minneapolis 32.49 13.45 22.01
Federal Reserve Bank of Philadelphia 27.98 8.09 21.64
Board of Governors of the Federal Reserve System 22.35 2.77 20.14
Banque de France 20.51 217 18.74
Banco de Espana 22.12 8.57 14.82
Banca d'ltalia 18.71 4.79 14.61
Schweizerische Nationalbank 59.13 52.38 14.17
Deutsche Bundesbank 47.49 39.24 13.58
National Bank of Belgium 51.14 43.90 12.90
Bank of Finland 33.93 24.22 12.82
Bank of England 22.18 11.57 11.99
Sveriges Riksbank 38.25 30.12 11.64
Bank of Israel 11.49 0.00 11.49
Bank of Canada 11.73 1.80 10.11
De Nederlandsche Bank 12.29 5.38 7.31
Reserve Bank of New Zealand 19.20 13.04 7.08
Reserve Bank of Australia 7.05 0.00 7.05
Bank of Japan 26.88 22.64 5.48
Total Average 30.30 12.36 20.16

39




02l JUBq|euol}ieN ayoslazIiomyds €0l JUBq|euol}leN ayoslazIomyds ¥
R ueder Jo yueq 601l Jueg|euoleN sylewueq c¢
€6l el|e}|,p eoueg 8Ll Juegsspung ayosinag PAS
9'GlL Juegsapung ayosinag cel el|e}|,p edueg 1€
8'Gl Jueg ayospuelspaN g L'GL Jueg ayospuelspaN g 0¢
€9l epeue) Jo jueg GGl puowydry JO Yueg aAIasay |essapad 62
181 ueg [enua) uesdoing 091 puejuld jo jueg oY
88l JuegjeuoneN syJewueq 191 eljesjsny JO yueg aAIasay ]2
'8l aouel op enbueg L'l yueg [esjua) ueadoing 9z
'8l puowydry JO Yueg aAIasay |esopad '8l uo}sog JO Yueg aAIasay |esopad Gz
961 el|essny JO jueg aAIasay 06l |[ebnuod ap ooueg vZ
Ve |[ebnuod ep ooueg €6l epeue) Jo yueg ez
fAr44 sijodeauuly Jo Yueg aAIasay [elopad] 66l 9ouel4 ep anbuegq 22
€ve Wa)SAS anIasay |elopa Y} JO SIOUIBAOD JO pleoq 202 puejal| Jo jueg [esjua) 4
€ve AueqgsyIy seblsAg L'1e wnibjag Jo ueg [euoleN 0c
0Ge elydjapeliyd J0 yueg anIasay |elopa y%4 eueds3 ap ooueg 6l
1'GZ eueds3 ap ooueg 1'€2 ueder Jo yuegq gl
v'Ge puB[eAS|] JO Yueg aAIesay [elJopad €€ee elydjape|iud Jo yueg aniasay [eJopa /1l
¥'9¢ puejui jo juegd g'ee Yueqsyiry sablaAg 91
GlZ |9elS| JO jueg e puejeaz MaN JO yueg aAIasay Gl
G2 puejal| Jo jueg [e]jua) R %4 Wa)SAS aAIasay |BI9Pa S} JO SIOUISAOD JO pieog vl
682 00sIouUel{ UES JO Yueg aAIasay [elopad 062 puE@A3|] JO Yueg aAIasay [elopad] el
v'6e puejbu3 jo yueq 192 sijodesuuly Jo Yueg aAIasay [eJopa FA)
V62 929aI9 Jo yueg 5oz 929aI9 Jo yueg Ll
8°0¢ uoJsog JO Yueg aAIasay |esapad 6.2 pue|bu3 jo yueq ol
G1e pueleaz MaN JO jueg aAIasay 282 09sI0UeI{ UES JO Jueg dAI9SaY |elopa 6
1'1€ SINOT 1S JO Jueg aAIasay |eJopa] 982 se|[eq O yueg aAlasay |eiepa o}
z2ze obesIy) Jo yueg anIesay [elopa 9'6¢ 3IOA MON JO Yueg oAlasay |elepad] /
6'2¢ jueqjeuoneN ayosiydlalle}saQ 66¢ SINOT '}S JO Jueg 9AI9SaY |eJopa 9
v'Ge 3I0A MON JO YUueg SAIasay |elapad 0°0€ obesIy) Jo yueg anIasay [elopa [
6'GE Bjue|}y JO YUeg 9AIasay |elapad €0¢e AiD sesuey| Jo yueg aAIasaY |elopa ¥
Go¢ se|leq JO Yueg aAlesay |elapad] G'zZe JueqjeuoneN ayosiyolalle}seQ e
1'1€ AID sesuey| Jo yueg aAI9saY |eJopa] 9'ZE |9els| JO Jueg Z
L4424 wniBjeg jo yueq [euoneN 09¢ BlUe|}Y JO Yueg SAISSaY |esdpad l
uoljeloqe|jod uoljeloqe||od
|eua)xe %, uoninsu| |euaa)xs 9, uoinsu| yuey
€002-6661 €002-0661

€002-6661 Pue £002-0661 ‘uoneioge|o) |eula)x3 abejuasiad ‘suonesljgnd jeusnor i ajqeL

40



144 00 9 wnibjag jo yueg [euoleN L'1e .00 Gl wnibjeg jo yueg |euoeN| ¢
8'g8l €0 8 jueqjeuoiieN syiewueq 60l 00 €¢ jueqjeuciieN syiewueqgl ¢¢
1A%4 S0 14} [ebnpiod ep ooueg L'€c ¥Z'0 (2% ueder joyueg| z¢
g'lc 10 Ll puejal] Jo yueg [enjus) A4 800 8¢ puejal| Jo yueg [eagusd| |¢€
g'lc g0 Ll [SEIS| JO jueg Gg'ce £¥9°0 A4 jueqjeuoneN ayosiydladielssQl 0¢
G'Le 80- 8l pueeszZ MaN JO Yueg sAISSaY 8Ll xGG°0 1214 juegsspung ayosinedl 6¢
8Vl «Vl- 8l ueder jo yueg G'ec 190 LG yueqsyiy sebusag| 8z
8'0¢ L0 9 uo}sog JO Yueg SAISSaY |eJapa4 06l 100 LG [ebnyuod ep ooueg| /g
961 - 8¢ Bljeljsny JO jueg BAISSaYy A 74 60°0- €g pue|eszZ M3N JO jued SAIBSSY| 9¢
96l «8l 0¢ juegsspung ayasinag 19l L0 ¥9 Bl[eJ}sny JO queg SAI9SaY| G¢
0¢l 0 [A% juegjeucneN ayosuazIsMyds 9¢e 100~ S9 [SeIS| JO Mueg] ¢
JAVAS 10 16> Ao sesuey Jo yueg anesay [eiape4 €0l 44 LL jueqjeuciieN ayosuRZIsMyds| ¢¢
€ 80~ Ge Nueqsyy sebleag '8l .00 9. uQ}sog JO yueg dAI9SaY [eJdpad| ¢¢
6'CE G0 Ge jueqjeuciieN aydsiydlalia}saQ €0¢ AN €8 Ao sesuey| Jo sueg anesay [eseped| 1z
0'sc 0l 9¢ elydiape|iyd Jo yueg anasay [elapad €6l x89°0 /8 epeue) Jo yjuegl 0¢
€9l 90 (0)% epeue) Jo yueg 09} 120 6 puejui4 joyueg| 61
88l 80 14 puowiydry Jo yueg SAISS3Y |elapa4 G'9¢ x18°0 16 9033l9) Jo queg] gl
¥'9¢ ¥0 14 pue|ul4 jo Yueg GGl €0 c0l puocWydIy JO Hueg BAISSaY |eJspad] /|
¥'6c Al (2] 999819 JO yueg 6'6C L 8Ll SIN0T 1S JO Yueg BAISSaY |eJspad] 9|
G'o¢ L0 €g Sejle( JO queg SAISSaY |elapa] LGl x08°0 8Ll jueg ayospuelispaN 8] Sl
8'Gl <l GG jued ayaspuelspaN 8Q 66l x€L°0 o€l aoueld ep enbueg| ¥
6'82 90 1S 00slouel UBS JO yueg aAIasay |eJopa 282 .GG0 vel 00slouel UBS JO yueg anlesay |esopad| ¢l
¥'qc 8- 6G PUBIBAS|] JO Yued dAISSDY |eldspa €'ed 9'0- 9€l elydiape|iyd Jo jueg aniesay [eiepad| ZL
88l LL- 0. douel 8p anbueg L'l £G0°€ 144" yueg [enua) ueadoing| |y
1'G6¢ vl VL eueds3 ap ooueg 0'sc €10 0G1l PUBISAS|] JO Yueg dAISSaY |eJdpad| 0l
L'le €0 ¢l SIN0T 1S JO Yueg SAISSaY |elspa 0'9¢ «10°1 6G1 BjuB|ly JO jueg dAISSSY [eJdpad| 6

6'G¢ 1’0~ 6. BlUB|}Y JO Yueg SAISS3Y |elapa 9'lc £LG0 191 eueds3 ep ooueg| §

(44 ¥0- 06 sijodesuul|y Jo yueg aAI9saY [elapad 9'8¢ ¥0'0- Ll sejle( JO queg SAISS3aY |elopad| L

¥'6c 90 601 puejbu3 jo yueg 00¢ e (444 obedlyg Jo yueg anasay [esepad| 9

[AYA> A" cll 0bedlyd 4o yueq anlosay |eiopa4 6'LC «08°0 6¢¢ puejbu3 jo yueg| ¢

18l «G'G (341 yueg [ejua) uesadoing 1'9¢ L0 ¢6¢ sijodeauuliy Jo yueg aaasay [esepad]| ¥

€6l 9¢ €91 eljej|,p edueg el £88°1 1% eljej,p eduegy ¢

¥'Ge G'e- Sl HIOA MBN JO Yued SAISSTY |etspa 9'6C «¥9°¢C 0ce JIOA MON JO Yued SAISSDY [eJdpad| ¢

eve 6'C- €z wa)sAg aAI8saY [BI8PS 8U) JO SIOUISAOSD) JO pieog ey 19°0 026 wWa)sAg aAIasay [BI8pa 8U) JO SIOUISAOSD) JO pieog ]

uoljeloqe||0d sa|o1Ie uoljeioqe||09d sa9|o1Ie
eua)xa o, |puail | jo JaquinN uonnsuj|l |eula)xa 9, |puail |jo JaquinN uonnyisuj| yuey
€002-6661 €002-0661

€002-6661 PUB £002-0661 ‘IeIOL ‘suonedljqnd [euinor :eg 3jqeL

41



80°L 810 wnibjag jo yueg [euoleN|  G/°Z 810 wnib|ag jo yueg |euoieN] ¢
/9L 120 yueqgjeuoneN sylewuea| /9°¢ 910 yueqgjeuoneN syiewueqg| ¢¢
/1€ 810 pueleaz MaN Jo yueg aalesay| €89 810 pueja| Jo yueg |ejuad] z¢
€8¢ €20 puejal| Jo yueg [ejued] 802 €20 ueder jo yueg| L¢
8G'Y GZ'0 ueder joyueg| 85’/ 810 yueqgjeuoneN ayosiyoels}seQ] 0¢
0S'S 910 yueqgjeuoneN ayosiyoeaielseQ]  €€°6 6L°0 yuegsepung ayosined] 62
GL'S Ly'0 lebnuod ep ooueg| ¢¢LL 120 pueleaz MaN JO yueg aAlesey| 8z
/19 120 yuegsspung ayosined| 8091 Z€0 yuegsyiy sebueng] /z
€e'9 /€0 |oeus| joyueg] 859l 9Z'0 ellessny Jo yueg ansesay| oz
€¢'g 0€0 ellesisny Jo yueg aalesay|  /9°/L 6L°0 puejui4 Jo yueg| <Gz
80'6 820 yueqgjeuoneN ayosuaziemyos| /L8l 920 yueqgjeuoneN ayosueziemyos| vz
0001 zZ0 puejui4 joueg| ¢¢0z 120 9088l9) Joyueg| ¢z
0001 020 809819 Joueg| Zy0T 0r'0 lebnuiod ep ooueg| zz
GZ'LL 020 yueg ayospuepspaN od|l 0092 0’0 |oeis| joyueg] 1z
002l ¥€'0 yuegsyiy sebueag] 859z €20 yueg syospuepepeN od] 02
052l LE0 epeue) joyueg| Zy'ge €€0 epeue) jo yueg| 61
€g8'¢cl ) A1) sesuey| Jo yueg aniesay lesepad| /L'LE vZ'0 aouel4 op anbueg| g
a4 0¥'0 elydiepeliyd Jo yueg anlesay [eiepad]  Gz've Ly'0 AJID sesue)| Jo yueg aAIesay [esoped] /|
Z6'7l 120 aouelq op enbueg| €8'GE GZ0 yueg |ejue) ueadoing| 9|
80°'SlL 8G°0 uojsog Jo yueg oA1esay [esepad]  00°9¢ 220 eueds3 ep ooueg| Gl
€e9l €20 eueds3 ep ooueg| 0S°/¢ 670 uojsog Jo yueg aA1esay [esepad] 1
26°/1 ¥€'0 se|leq Jo Yueg aAlesay [elepad|  0G'8Y Lv'0 SIN07 1S JO Yueg aAlesay [esepad| €1
€12 90 puoWydIY JO yueg aAIesay [esoped]  £8°0G 0G0 puOWYDIY JO Yueg sAIasay |esoped] Z1
€e2e 6£°0 00sloUBI4 UBS JO Yueg oA1esay [elepad] 80795 Ly'0 elydiepeliyd Jo yueg anlesay [etepad]| L1
19°9¢ /€0 SINOT °1S JO Yueg BSAI9SBY |elopa 0069 0 00SI0uel4 Ueg JO Yued DAI9SaY |elspa 0l
GZ'6¢ 0S°0 puBleA8|) JO Yueg aAIesey [esepa4]  00°09 ¥€'0 se|leq Jo yueg aAlesay [elepad] 6
00 7€ €70 BJue|ly JO Yueg oA1esay [elepad] Gz /9 G¥'0 PUBIOAB|D JO Yueg 9AIesey |eieped] 8
8G'GE GZ0 yueg |ejue) ueadoing| 059 120 eley,p eoueg| 2
26°9¢ ¥€'0 puejbu3 jo yueg| 00°89 £v'0 BJUB}Y JO Yueg oAlesay [elepad] 9
26'.€ €20 ele)|,p eoueg| 06’8/ v€0 puejbu3 joxueg| ¢
GZ'2S 90 obeolyg Jo yueg ansesay esspad| G/°001 G¥'0 obeoly] Jo yueg anlesay |esspad| ¥
26°/S ¥9°0 sijodesuul|\ JO Jueg aA1esay [elepad] €£8'8¢l ev'0 YIOA MON JO Yueg aAIesay |esspad]| ¢
Gl 6. 9’0 YIOA MBN JO Yueg DAISSSY |elapo G/l V61l /90 m__oamwcc__\/_ JOjueg SAISSTY |elopoa c
mmwm r M.VO E®Hw>m BONIBSBY |elspa4 a8y} JO SIoUIBA0D JO pleogl Omm F.V m.VO Ewum\ﬂw BNIBSDY |elapa4 a8y} JO SI0UIBA0D JO pleog _‘
€002-6661 €002-0661
£002-6661 | xapul Ayjenb £002-0661 | xapui Ayjenb
SIIIMY wmm._w>< uonnjijsujl s9dIMY wmm._w>< uoinniisuj] yuey

€002-6661 Pue £002-066} ‘P2Iublam-A)ijenD ‘suonealiqnd eusnor :qg ajqeL

42



/50 wniBjag Jo yueg [euoeN]  06'1 wniBjog Jo yueg [euoneN] ve
0} jueqjeuoneN syewuedl  96¢ jUEqetoneN syiewued| ¢
96°1 pueleaz maN o yueg anlesay] €9V yueqgjeuoneN ayosiyolesislseQ] ¢
€0¢ puejal| Jo yueg [eAuad] ™ ve'S ueder joyueg| |¢
1G€ 3UEG|EUONEN 24osIydIalia)sa0]  €£'G puejal] jo yueg [enuad| o€
53¢ ueder joyueg| €6/ yueqsapung ayosinedl 6z
0S¥ |ebnuiod ep ooueg 10'8 puejeaz maN Jo yueg aniesay| gz
o'y jeisy joyueg|  €g'L| YUEGSY SeblaAS| /g
Gg'y yuegsspung syosineq| se'€l eljensny Jo yueg aniesay| oz
89 ellejsny Jo yueg onesad|  €9°€l puejui4 Josueg| Gz
669 puejui{ Joueg| €8v| 800019 Jo yueg| ¢
Lz 0009 jo yueg| 1091 jueqg|euoneN ayosieziemyos| €z
7 YUBQ|BUONEN 94oSHazIaMyosS|  66'G1 lebniog ep ooueg| ¢z
5’8 A0 Sesuey| Jo yueg aniasay [esapad| |18l joesy Jo yueg| 1z
738 yueg ayospuepepaN oa| /€12 yueg ayospuepapaN oa| 0c
L6 RN 447 epeue) Jo yueg| 6}
€101 epeue) Jo yueg]  ce'ez A0 sesuey| Jo yueg an1asay [eJapad| gl
<10l euedsg ep ooueg| 09z aouelq ap enbueg| /|
1€°01 uojsog Jo yueg anlesay [esepad| 6L Ve eueds3 ep ooueg| 9}
Zv ol eiydjopeliud Jo yueg anesay [elepad|  ¢e/Z Jueg [eus) ueadoind| G
98’1 aouel4 ap enbueg| 1762 uojsog Jo yueg aAlesay [eispad| 11
8z vl sejleq Jo Yueg aAlesay [elopad|  06°ZE SN0 1S JO Yueg anesay [eepad| €1
'Sl 00SsIouURI UBS JO Yueg aAlesay [elepad| €5°0¥ 00SIoURI UBS JO Yueg aAlesay elepad| z|
€e9l PUOWIYOIY Jo Yueg aAlesay [elopad]  vG'Ly PUOWIYORY Jo Yueg aAlesay [elopad| |}
9z'11 SN0 1S JO Yueg anIasay [esspad| 1871y eiydjopeliud Jo Jueg aAlesay [elopad| 0}
0012 EJUB]lY O YUeg onIasay [esspad|  J0°ew EJUBY JO Yueg oniasay [esapad| 6
19712 pueeAs|) Jo yueg aalesay |esepad]  LE€SH Se|[eq JO Yueg anlesay [esopad| g
80°G2 puejbug Joyueg| |76y PUEJOASID JO Yueg oAesay [eapad| /
1012 yueg [enua) ueadoing| 98'%S puejbug joyueg| 9
7008 elle),p eoueg| /1G5 elje),p eoueg| ¢
R obeoly) 10 yueg antesay [elepad]  z8'89 obeoly) Jo yueg aniesay [eiepad| ¥
R, sijodesuully Jo yueg aalesay [elepad| 6796 3IOA MBN JO yueg aniesay |esspa]| ¢
S1'1S oA MaN Jo yueg aniesay [eiepad| 977071 sijodeauully Jo yueg aniasay |etepad| ¢
26°101 wie)sAg enIasay |elsapa ay) Jo sioulanos) Jo pieog|l 6+°90€ we)sAg aAIasay [elapa ay) JO sioulanos) jo pieog| |
€002-6661 €002-0661
sajoIy uonnyysu)| sajoiy uonnyysu|| yuey

€002-6661 PUe £002-066} ‘S10YINy-09 JO JaquInN Joj pajoailo) ‘pajybiapm-Ajenp ‘suonealiqnd euinor 196 ajqeL

43



0L€l wnibjag jo yueg jeuoneN]  z9oy wnibjag jo yueg [euoleN] ¢
£€°02 yuegjeuoneN sxylewued| €8S yuegjeuoleN sxylewued| €¢
8562 puejeaz MaN Jo Yueg anlesay|  66°18 ueder jo yueg| z¢
19'9G puejal| Jo yueg [ejuad] 9616 yuegjeuoneN 8yosiyoe.s)seo] 1
1929 ueder joueg| 8zZ'v01 puejal| jo yueg [esuad]| og
26'€9 |oels| jo yueg]  €6'Z1L1 pue|eaz MaN JO Yueg aAIasaY| 62
1169 yuegjeuoleN ayosiyoeeiseol  10zZL1L yuegsepung ayosinedl 8z
6E° L. yuegsapung ayosineal  61°961 Bl[es)Sny Jo yueg anlesay| /g
8¢°¢. |ebnjod ap ooueg|  62°L€C puejui jo Yueg] 9z
L1101 elleJysny Jo yueg aniesad|  /6°622 yueqgsyiy sebuaag] Gz
9/°GEL puejui4 jo yueg]  98'082 |oels| jo sueg| 2
10°GEL 908819 josueg|  /0'0.2 yuegjeuoleN ayosieziemyog| ¢z
L'yl yueqjeuoleN ayosuaziemyos] 6809z 900019 jo yueg| zz
29°0/) yueg ayospuepspeN oal  z2°z/2 lebnpod ap ooueg| |z
06121 epeued joueg| 61°/.€ epeued joueg| 0z
6’ v.L yueqgsyiy sebueas] 9L gy yueg ayospuepspaN adl 61
G8'002 uojsog Jo yueg aAI9SaY |elapa v6°2.Y euedsg op ooueg| g1
2602 AJID sesuR)| JO Yueg aAIasaYy |elapa 12'89Y AJID sesuey| JO yueg anlesay |esspad| /1
6.°GLZ elyd|spe|iyd Jo yueg aAIosay [esepad|  Zy'eev aoueld ap anbueg| 9|
26822 eueds3 op ooueg|  6%°/9G SIN07 '}S JO yueg dnlesay [esopad] Gl
05'G6¢2 se||e JO Yueg aAlasay |etspa 12°18S uojsog Jo yued aAIasay |etspad|l V1L
Gg'/¢e2 aouel ap anbueg 68°2/.S yueg |enua) ueadoing| ¢|
ov'zee 00SIouel UES JO Yueqg aAlasay |etapa- 6£°699 se|le 10 Jueg aAlasay |elapad] 7L
81 '6V¢ SIN0T '}S JO Yueg dAIesay [elepad]|  /6°CL. elyd|ape|iyd JO yueg aAasay [esopad] ||
11 /GE pue|aAd|) JO Yueg aAlasay |elapa- 8/'G¢e/ 00Ssl|ouel{ Ues Jo yueqg aAIasay |esapad| 0L
96°/GE puowyory Jo yueg aAISSoy |elapa GZ'6/./ puowyory Jo yueg aAIasay |etspadl 6
1£'88¢ EJUBJ}Y JO Yueg 9AIasdy [esopad|  #9'/8/ pue|dAd|D JO Jueq dAI9SaY [esopad] g
2£'80G puejbu3 jo yueg| 89'Z8/ BJUBJ}Y JO Yueg dAI9saY [etopad]|
68'895 yueg |ejuad ueadoin3|  89'/€6 puejbu3 jo sueg| 9
vSvvl eljey|,p eoueg] 9¢'80z1 eljey|,p eoueg| ¢
22'G69/ sijodeauuljy J0 yueg anIasay [eiepad| 6E'6LG1 obediyd Jo yueg aalasay |esspad|
G/'8l8 obeoiyn Jo yueg anlasay |esspad| 612881 YI0OA MBN JO Yueg aAIasay |esepad| ¢
L1°9v01 MJOA MBN JO dueg aAIasay |etopad]l 19°86.2 sijodeauul|y JO Yueg aAlesay |elepad| ¢
GL'LLLC Wa)SAS aAIasSay |BJdpa- dU) JO SIOUJBA0L) Jo pseogl 61°/2/8G WBISAS 9AI8SaY |Blapa- 8y} JO SI0UIBAOS) Jo pieog| |
€002-6661 €002-0661
wwmmn_ uolinjisuj wmmmn_ uolnjijsujj yuey

€002-6661 PUE £002-0661 ‘Sabed pue sioyjny-09 10} pajoaLio) ‘pajyblapm-AenDd ‘suonesiigng [euinop :pg ajqel

44



860 e wnibjog Jo yueg [euoneN 0e €e NUeqeuoneN sylewueq | ve
70’1l ee sUeqgeuonEN Sylewueq v e wnibjog Jo jueg [euoneN | €€
88°C ze puUEleaz MaN JO Yueg oAIssay oY 3 jUEqeUONEN SUoSIYoIalid)sa0 | ¢
€0°c X3 puejal| Jo yueg [ejuad €6 0¢ puejal| jo sueg [enuad | L
1G°€ €e 3UEQEUOHEN SUoSIUOIa1Ia)Sa0 ) Ie ueder Josueg | o¢
G8'c 0 ueder Jo ueg P 6C sUeqgsapung ayosneq | 6¢
05 9z [eBnyiod ap ooueg 611 € JUEQEUONEN SUOSLSZISMUIS | 82
Yo'y 6C [9els] Jo yueg '8l ¥4 |oeis|joyueg | /z
929 12 Uegsapung ayosinaq '8l 8z pueeaz MaN Jo Jueg aAiesay | 9
G9'/ vz pueuid Jo yueg 18l I NUeqsiiy sebueAs | Gg
8./ €z 909319 JO yueg Z61 %4 209219 Joyueg | 1z
) i 1D sesuey| Jo yueg aAIasaY [elopad Sz %4 leBnuod ep ooueg | €z
€6 e UEqeUONEN SUDSHSZIoMUOS £ee 8l 1D sesuey| Jo yueg aAIasay [eopad | ¢2
8¢€'6 GC BI[eN)sSny JO yueg aAesay Ve 9z BI[eN)SNy Jo Yueg oAesay | Lg
LE0b 8l uoysog Jo yueg oAIesay [elopad 0'6C 61 epeue) Joueg | 0z
Z60) P elydjope|iud JO Sueg aAlasay [eJapad 972 GC pueluid Joyueg | 6l
v601 6l NUeqsyry sablaAg G0€ vl uojsog JO jueg oISy [esopad | g8l
€Ll 0C epeue) Jo yueg 0'l€ Sl jueg [enua) ueadoing | /|
6C vl 7 3ueg aydspuepspaN od Z'le P aouelj op anbueg | 9l
19l vl se|leq Jo Jueg aAIasaY [eiopad L've €l SIN0T 1S JO Yueg oAIesay [eJapad | G
ZeSh Gl eueds3 ap ooueg Ty L pUOLLYOLY Jo Yueg aniasay [elopad | i
98'S) €l 9oUel] op enbueg 8Ty ol elydiope|iud Jo Jueg onlesay [esspad | €1
8091 ¢l 03SIouel4 UeS JO jueg DAIDSSDY |elapoa4 ey cl 03SIouel4 Ueg JO jueg DAISSDY |elapoa4 rA)
€€ 9l 6 PUOWIYIIY JO Yueg SAISSTY |elopa4 [N 74 6 elue[ly JO Yueg BAISSdY |elapoa Ll
Ly i SIN0T 1S JO YUBg oAIeSaY [eJapad 9V 0z Jueg ayospuepspaN oa | Ol
00'Le % Elugly JO Yueg SAISSaY |elapa 09 %} se||ed JO Yueg SAISSaY |elopa 6
80°¢¢ ol pueleAs|) JO yueg BAISSTY |elopoa- [ WA 91 mcwnwm_ 9p odueg 1%
z19 7 pue|buz Jo yueg 005 7 PUEJOAS]D JO YUeg oAlasay [elopad | 2
9/°0¢ 9 sueg [enus) ueadoing 0'8S 9 puejbug joxueg | 9
/L Ve € obeoly) Jo yueg aAlesay [elepa 8'89 ¥ obeoly) Jo yueg eAlesay [elepa S
8€°8¢ g Ble)],p eoueg 98 g ele),p eoueg [ ¢
€9°GY ¥ sijodesuulp\ 10 yueg eAlesay [eiepa 286 € 3IOA MBN JO Yueqg aAIasay |elapa €
GL'LS z YIOA MBN JO Yueg aAIasay |elopa 0yl z sljodeauul Jo Jueg aAlasay [elapa] z
€€201 l S aU} JO SIOUIBA0D JO pieog ¥'60€ ) S 9U} JO SIoUISA0D Jo pieog | |
€002-6661 | duel €002-0661 | Yueu yuel
sa|oIuyY Adid uonnisu| S9|2IY AdId uonnyisu] | maN

€002-0661 ‘SIOYINY-09 JO JaqINN 10} Pa3oaLI0) ‘payBiap-ANenD ‘s)ybiop-[euoieN ‘suoiesljgng [euinor :ag ajqeL

45



X Mueqg[euoneN ayosiyoIaialsaQ X MueqeuoneN ayosiyoiaiLisaQ | ve

X ueder jo yueq X ueder joyueg | ¢
29100 wniBjag o yueg |euoleN /210 [9BJS| Jo queg | ¢¢€
Z¢ve0o [9€JS] JO queg G610 wnibjog jo yueq [euoneN | L€
12500 puejuid jo yueq 26610 [ebnuod ep ooueg | og
21900 Epeue) jo jueg [AZTAN] Eepeue) jo yueqd | 6¢
7€90°0 pugal] jo yueg |enusd 6¥0€0 uojsog JO Yueg SAISSDY [elopad | 8¢
85900 [eBnyod ep ooueq G12€0 puejai] jo jued [elua)d | /¢
/8900 juegsspung ayssinag 128€0 puejui4 jo Mueg | 9¢
92,00 puejeaz MaN JO jueg SAI8saY SLy¥0 Juegsspung ayosineq | ¢
€v.0°0 jueqjeuoiieN s}lewueq (074 4740 HIOA MON JO Yueg SAISSSY [eldpad] | ¢
28600 Juegd aydspuepspaN aQ 8€SY'0 BJUE(}Y JO Yued SAISSTY [elSpaS | €¢
/1010 aouel{ ap anbueg 18670 eljeJisny Jo yueg anIasay | gz
7LLL0 Bljelisny JO Yued SAI9SaY €815°0 elydispe|iyd jo yueg anlasay [eiopad | Lz
00cL'0 EJUEJ}Y JO Yued SAISSDY |elspa 19SG°0 pue|bu3 jo yueg | oz
GEZL0 uo}sog JO Yueg aAIasay |elapa 9/G50 puowyory Jo yueg aAlasay |elepad | 61
¥921°0 puejbu3 jo yueq ¥209°0 souel ap enbueg | g|
€8¢lL0 HIOA M3N JO Yued SAISSIY |elopa 6€L9°0 jueg ayospuepspaN 8q | L1
LLEL'o elje}|,p eoueg %990 jueqeucieN ayosuszismyos | 9l
1610 eueds3 ap ooueg €€/9°0 puejeaz MaN JO Jyueg aAlasay | G
/G510 elydiapeliyd Jo yueg aniasey |esopa 79290 AiQ sesuey) Jo yueg dAI9saY [BIopad | 4
S¥91°0 JUeqeucieN ayosuszismyos 29120 PUEISASID JO Yueg SAIBSY |eJdpa] | €1
8¥91°0 AND sesuey| Jo yueg dA1esay [elopad LZLL0 Elle}|,p edueg | ¢l
44 ] 0] sej|eq JO Yueg dAISSaY |elopa ¥1€.0 jueqjeuoiieN s}Jewueq | LI
€.61°0 SIN0T IS JO Yued SAI9SSY |elspa 1¥9/°0 sej|leq JO queg dAISSdY |elspad | Ol
0l0co puoWIYdIy JO Yued SAISSSY |elspa 10280 SIN0T '}S JO Yued SAISSSY |elopad [ 6
G9¢c0 yueqgsyiy sebluaAg €/88°0 oBeoiyd Jo sjueg eniesay |eseped | g
18€¢0 yueg [esua) ueadoin3 19¢6°0 yueqgsyiy sebluaAg | £
2.v20 8093l9) JO yueg 1/90°L silodeauulp\ J0 Yueg anIasay |eidpad | 9
25920 obeoiyn Jo yueg anlasay |elopay 9101°L euedsgepooueg | g
#9920 puUB|aAS|D JO Yueg aAIaSay |eJapa 1GSZ'L jyueqg [enua) ueadoing | ¢
889¢€°0 00SI0UBIH UES JO Yueg 9AI9SaY |elapa 669¢°L 00SI0UBIH UBS JO Yueg 9AIasSay [esdpad | ¢
¢L6v'0 SH4d 9y} JO SIOUIBA0Y JO pieog 9G/9°'L SH4d 9y} JO SIOUIBA0D JO pieog | ¢
0S€S0 sijodeauull\ 0 Yueg aAIasay |elapad 000/°1 909219 Joyueg | |

pajybiam-Ayijenb
‘sioyine-09 .10} "110)

Jayoeasaua ad
jndjno abeiany

€00Z-6661 ‘suolnealgngd |eulnor ‘siayoieasay Jo Jonpoid abelaay :eg ajqe]

46



98¥€°0 ueder Jo yueg X jueqjeuoneN 8yosiyolalislseQ X yueqeuolneN ayosiydlenslsaQ | ¢
251560 pueleaz MaN JO Yueg sAIasay X ueder Jo yueq X ueder jo yueg | ¢¢
189G°0 wnibjag jo yueg [euoleN | L161°0 wnibleg jo yueg [euoleN | 900 wniblag jo yueg |euoneN | z€
LEVL0 puejuid jo jueg | 189€°0 JUBq|EUCHEN 8YIOSLSZISMYIS | L2910 sejegjogdd | L€
6G..°0 epeuey jo queg | ¢S18°0 pueesz MaN jO jueg dAI8SsY | LG.¥'0 [9EIS| Jo queg | 0€
2180 juegsspung syosineq ( 91€0°1 909319 jo jueg | 99¥6°0 jueqsspung aydsineq | 6¢
10€6°0 jueg syospuelispaN 8q | €8¢0°} Bpeue) jo jueq | 16860 epeuey jo jueg ( 8¢
91660 [9eJs] Jo yueg | 8890°L [9eis] jo yueg | €¢.0°L lebnuod ap ooueg | /g
¥0¥0’L Bl[eJ}SNY JO Jueg SAISSSY | GGOL'L puejui4 jojueg | €8.0°} puejesz MSN JO jueg dAI8sSaY | 9¢
098L°L |ebnuod ap ooueg | 0€LL'L Nuegsiiy sebuaAs | 2S0L'L puejui4 joxueg | G¢
66171 eueds3 ap ooueg | 0¥9L°}L jueg syospuelispsN e | 06617} pugjal| Jo jueg [eaud) ( ¥¢
SoveE’L jueqjeuciieN ayodsiydlesissQ | L90C°L jueqeucieN syiewueq | 89yl jueqleuohen syiewueq | €2
Glev'l Jueqieuonen sxyiewueq | 0€8cC’L juegsspung syosineq | 9¢cL') El[eJ}SnY JO Yueg sAIssSsyY | ¢C
¥098°L puejal] jo jueg |eausd | vi8E’L |ebnyod ap odueg | 288l jued syospuepspaN q | L¢
G160°¢C Nueg [enua) ueadoing | L259°L puejbug josueg | 0L¥0'Z souel ap anbueg | 0z
18/1°¢C Nuegsiiy sabuans | 6€96'L Sejegjo ddd | 9veee BJUE|}Y JO 944 | 61
Ggeeee elydjapeliyd jo 44 | 8.90°¢C Sd4 38U} JO SIOUISAOY JO pieog | BEYE'C uojsog jo gdd | 81
80€€’¢C puejbu3 joyueg | L€9¥'C Ay sesuey jo g4 | 6815C puejbu3 josueg | /|
86¢G°¢C douel op enbueg | 9l6¥'C uojsogjogdd | L€€9C HIOA MON Jo gdd | 91
88€9°C Eelley,p eoueg | ¢lc9¢ eueds3 ap odueg | zg8/L'¢ jUBQBUOIEN Sydslsziamyds | G|
avele Se|legiogdd | L1G6°C elydispeliud Jo gy4 | 950Z°¢ elydiepeliud Jo a4 | 4
1e8.L°¢ SIN0T 1S 40 944 | 9996°¢C 00slouBlq UBS JO 944 | 0GSCE elley,p eoueg | €}
950°€ 0dsuel] ueg JO gd4 | 6680°¢ puejai] Jo jueg [eljua) | €GGG°¢ eueds3 ap ooueg | |
80€L°€ Ao sesueyi jo g4d | Lzog€ elfey,p eoueg | 0€66°€ sinoisjogdd | LI
9G61°¢ |9J88I9 joNueg | GL9V'E EBl[es}SnY JO Yueg dAIessy | GZGL'Y AuQ sesuey) jo g4 | 0L
6LLV'E PuUBeASID JO 944 | 0€66°€ SN0 1Sjoddd | Le8ev pueleAS|D Jo 944 | 6
Gv6G°€ Bjuelly Jo 944 | 1160V doueld op enbueg | L6y puowydry joddd | 8
L60'Y Sdd 8y} JO SIOUISAOY JO pieog | €8LL'Y BlUB|lY JO gHd | 966€V Nuegsiiy sabuaag | £
8v6l ¥ JUBq|eucleN SYIOSUSZISMYIS | LGYL'Y JOA M3BN JO g4 | 9500°G ueg |enus) ueadoing | 9
996C' ¥ uo}sog jo gd4 | ¢899'v puePASID JO 944 | 062G°S 9d98I9 joNueg | g
veLE Y obedlyDd Jo gy4 | €289 puowydry jo g4d4 | 219€'9 obedolyd Jo gy | ¥
¥259°G puowydry jo gd4 | 9500°S ueg [enua) ueadoing | 28669 odsueljuES JO gHd | €
16CL'G JOAMSN JO g4 | ¢19€°9 obeolyD Jo gy4 | 8€zZ'6 silodesuuiy Jo gy | ¢
8/9¢'9 silodeauul Jo gy | €VSY ¥T sijodeauuiy Jo @44 | 01650} Sd4d 89U} JO SIOUIBA0D JO pleog | |
dMMV aud s3y

£002-6661 ‘Payybram-Ajijenp ‘sabed

pue sioyiny-09 10} paIaLIo) ‘suoledlignd [eUInor ‘sioyiny dM/aI21Y pue squd ‘siayoieasay Jo 3onpoud abelaay :qg ajgel

47



X SIN0T "1S JO Yueg SAI9SoY |eloapo 0 |oels| jo yueg | p¢
X 09SI0uUel{ UES JO Yueg aAIasay |elopa 0 90%9al9) Jjo yqueqg | ¢¢
X puowydry J0 yueqg oAIasoyY |elapa- L puejal| jo jueg |enua) | ze
X elydiape|iyd jo yueg aniasay |esopa € wnibjag jo yueg [euoneN | Lg
X MIOA MBN JO Yueqg dAIaSoY |eJapa e [ebnuod ap ooueg | og
X sljodeauul O Jueg aAIaSaY |elapa I jyueqgjeuoljeN sylewueq | 62
X A)ID sesuey| JO yueg aAIasay [elapa ¥ yueq|euolleN ayosuaziomyoss | gz
X se||eq Jo yueg aAIosaY |elapa S yueg ayospuepspaN aq | 2z
X pue|aA8|) JO Yueg SAI9SaY |elopo S eueds3 ap ooueg | oz
X obeoiy) Jo Yueg oAIaSaY |elopa / yueqg|euoljeN ayosiyoleaelsa | Gz
X uojsog Jo yueg aAlesay |elapa 8 se||eq Jo yueg aAlesay |etapa | ¥
X BjUB}Y JO Yueg aAIasay |elopa ol puowyory J0 yueg aAIasay |etepe | €2
X WBISAS BAI8SaY |BJapa 8y} JO SIOUIBAOD JO pleog A elydjope|iyd 1o yueg aAIasay |etopad | zg
0 Mued|euoleN ayosiuaziamyos 14" aouel{ ap anbueg | |z
0 jyueq|euolieN sylewueq ) )yuegsapung ayasinaq | oz
0 929819 Jo yueq 9l Nueqgsyiy sebuans | 61
b puejal] Jo jueg [eluad 9l elle},p edueg | gl
L [9elS| Jo Yueq /1l BlUBlY JO Yueg 9AIasSaY |esapa | /1
4 jueqjeuolieN aydsiydlalislssQ Ll puejuid jo yueg | 9l
Z wnibjag jo yueg [euoneN %4 silodesuul| O yueg aAI9SaY |esapad | GL
¥ yueg ayospuespeN ad (%4 ellelisny JO yueg aAlesay | 4|
¥ aouel{ ap anbueg Gz puejeaz MaN JO jueg aAIasay | €1
9 [ebnuod ap ooueg Gz 09SI0UBl{ UBS JO Yueg 9AIasay |esapad | ZL
8 eueds3 ap ooueg 12 uojsog Jo Yueg daAIasay |esopad | L1
14 puejui4 jJo yueg 8¢ AND sesuey| Jo yueg aAIasay [eiopad | 0L
Gl Nueqgsyry sablang 8¢ BpeuBD JO Mueg | 6
gl yueqgsapung ayosinag Le puBdAa|D JO Yueg aAI9SaY |elopa | §

0z Bl|eJiSNy JO Yueqg oAI9SoY 2% obeoiy) Jo yueg aniasay |esepad | 2
44 elle}|,p edued Ly SIN0T 1S JO Yued SAISSSY |eJspaS [ 9
GZ pueleaz maN jJO Jueg oI9Sy 6V uederjoyueg | g
¥S yueg [esua) ueadoiny G9 yueg [einua) ueadoiny | ¢
19 epeue) JO jueq 88 puelbug joyueg | ¢
/9 ueder jo yueq 0l MIOA MBN JO Yueqg dAIasoy |etapad | ¢
08 pue|bu3 jo jueg oyl WoalsAg aAIasSay |eJapad 8y} JO SIOUIBA0D) Jo pleog | |

suolje}ld jueg |esjuad | suoneyd jueg |esjuad

pad sig

€002-6661 ‘Pad ay) pue g|g Aq suonen) e, ajqel

48



X )ueqg|euoneN ayosiyolallelsaQ X yuegjeuoneN ayasiyolelalsaQ | v¢
X ueder jo yueg X ueder joyueg | ¢¢
X SIN07 1S JO Hueg BAISSaY |etspad] 0000 [SeJs| jo queg | ¢¢
X 00SsloUBl{ UBS JO jueg aAIasay [elopa] 0000 9a00al9) Jo yueg | ¢
X puowiyory Jo yueg dAlesay |elepa 0200 puejal| Jo jueg |enus)d | 0¢
X elydiape|iyd jJo yueg aAIasay [elopa ¥¥0°0 |lebnuod ap ooueg | 62
X YIOA MBN JO Yueg 9AIaSaY |eJapa] 0900 )ueg ayospuespaN oq | gz
X sijodeauul JO Jueg aAlasay |elopa] 6900 eljey,p eoueg | 2z
X A0 sesuey| Jo yueg aAIasay [elopa] €00 wnibjeg Jo yueg |euoneN | 9z
X se||leq JO Yueg o9AIoSaYy [elopa 1100 euedsg ep ooueg | gz
X puUBjaAd|D JO Yueg SAIaSaY |elopa 0600 yuegjeuoneN ayosuaziemyos | ¢
X obeoiy) Jo yueyg aAlesay |elopa 8600 BJUE|)Y JO Yueg aAI9SaYy |etepad | €2
X uolsog JO Yueg oAIaSaYy |elopa 8110 se||eq Jo Yueg aAlesay |elepad | ¢z
X elUE|1Y JO Yueg oAI9SaY |elopa] 0zZL'0 yuegjeuoneN syJewueq | 1z
X Wo)SAS oAI9SaY |BJ9pa4 8} JO SIOUISAOS) JO pieog 0zZL'0 aouel ep anbueg | oz
0000 9098319 JO Mued LCL0 puowydry Jo ueg dAIssSaY |etsped | 61
0000 jueqgjeuoheN ayosuaziomyos geLo puejul{ jo yueg | g}
0000 jueqgjeuoneN syiewue(q /910 epeuep joxueg | LI
8000 [sels| Jo Mued 810 elydjapeliud jo yueg aniasay |elepad | 9|
100 puejal] Jo jueg [enusd 6020 juegsepung ayosineq | G|
GE0'0 aouel4 ap anbueg G20 obeoiy) Jo yueg aniasay |elepad | 11
9700 yueg ayospueliapaN aqd G9Z'0 YIOA MBN JO Yueg aAlesay |esepad | ¢
1600 wnibjag o yueg |euopeN 6620 silodeauul|y jo Yueg anIasay [eldpa | g1
6,00 |ebnuod ep ooueg 9Z€0 uo)sog Jo yueg aAIesay [esepad | |1
¥60°0 elje}|,p eoueg 96€0 ellelisny JO jueg 8AI8say | Ol
€LLo puejui Jo yueg 9.€0 pueeAs|] JO Jued BAIBSBY |elspad [ 6
1210 eueds3 ep ooueg | €zZ¢0 puelbu3 joxueg | 8
1820 juegssepung ayosinag 8¥¥'0 Yueqgsyiy sebuans | £
0SS0 eljelisny JO Yueg 9AI9SaYy 6150 SIN0T '1S JO Yueg aAIasay [etdopad | 9
1G€0 epeue) Jo yueg 1200 yueg [esua) ueadoin3 | g
8G€0 yuegsyry sebusag 1G9S0 AND sesuey| Jo yueg aAlasay [esdpad | ¢
9c¥'0 pue|bu3 Jo jyueg 2190 00SIoUBI{ UBS JO Yueg 9AIasay |etepad | €
070 jyueg |esqua) ueadoing €890 Wa)SAS aAIasSaYy |eJopa 8y] JO SI0UISA0S) Jo pleog | ¢
096°0 puejeaz MaN 10 Jueg aAlesay €160 puejeaz MaN Jo Jyueg aAlesay | |
suoneyd yueg jesua) | suoneyd yueg |esjua)
pad sig

€002-6661 1aydieasay 1ad ‘pag ay) pue g|g Aq suonend :q. a|qeL

49



9.0 x99°0 ¥9°/6- | ««l€30L 69°0 | «90°L | «LG°C6Ll- | x«I€IOL
X X X jueqjeuoneN ayosueziemyos | X X X yueqgsyiy sebueag | ¥¢
X X X puejeaz ma JO Jueg aAIasoY X X X yueqjeuoneN ayosIyolalis}seQ | €€
X X X jyueqeuoneN ayosiyolale)seQ | X X X se||leq JO Yueg aAIasay [elapad | z¢
X X X se||leq JO Yueg aAIasSay [elopa X X X S¥4 9y} JO SIOUIBAOD) Jo pJeog | LS
X X X jueqjeuoheN sylewueq | X X X ueder joyueg | o¢
X X X S¥d 8y} JO siowsA0D Jo pleog | ¢L°0 | 0C'L- T4 elydiape|iyd Jo dueg aAIesDY |elopad | 62
X X X ueder joxueg | G0'0 | 9¢°0- «£6°91 PUBIBAS|D JO Yueg dAISSaY [eJspd] | 8¢
X X X 8088l Joxueg | 000 | LOO €0’ wnibleg jo yueq [euoneN | /Z
600 80°L- gG'ec elydiepe|iyd 4o yueg aAIasay [esepad | LO0 | 600 (XA |[oeis| JOo yueg | 9¢
S0°0 9¢€°0- £1G91 puedA8|] Jo Yueg BAIeseY [eJ8ped | €00 | LL°O O juegjeuoneN s}lewueq | G2
000 000 G0’ wnibjog jo jueg [euolieN | €00 | 910 18°C eljelisny JO yued sAlesay | ¢
000 200 BY'Y eljelisny jJo yjueg dAlesay | LL'0 | LL°O .0°1 puejuid jo yueg | €2
S0°0 0L0 <G puejuijjoxueg | Z1°0 | 810 vyl epeue Joyueg | Z¢
820 .10 ¥6°0 YUuBgsYIY s8busAs | $0°0 | 020 Sl puejal] jo yueg [eud) | |~
Ge0 x¢C'0 SlL. puelbuz joyueg | LO00 | €€0 00¢ puejeaz maN JO Yued 8Alesay | 0C
200 220 " [seis| joyueg | €40 | «LE0 040 juegsspung ayosineq | 61
¥¥0 «1€°0 6l°L- epeue) joyueqg | 8L°0 | 8€°0 8G°¢C Jueq|euoheN 8yosuszIamyos | gl
700 9€'0 €Ll puowiyory Jo yued aAlesay |eleped | /00 | PO AN sllodesuul|y JO Yueq aAIesay [esepad | /|
.10 L0 61°0- [ebnpod ep ooueg | €20 | €60 ge'e MIOA MBN JO Yued 8AI8sSaY |elspad | 9|
6€0 70 8Ll Juegsspung ayosineqg | +2'0 | LSO LY uojsog Jo yued 8AIesSaY |elsped | G|
0G0 A4 vZ'L- Jueg syospuepspaN 8q | LE0 | «G9°0 8- |ebnuod ap ooueq | |
€20 €60 eyl HIOA MBN JO Yued dAI8SaY |elepad | 670 | «LL0 8¢’ /- eljey,p esueg | ¢
€10 G0 ev'l puejall jo yuegd [enusd | 02’0 | 08°0 69°1L eueds3 ep ooueg | zi
Y20 G0 12 uojsog JO yued dAIeSaY |elepead | 8€°0 | «¥8°0 1G0- A3D sesuey| Jo yueg anlesay [eiopad | L
S9°0 x0L°0 90'S elje}|,p eoueg | ¢0°0 | ¢6°0 «,99 8%88l9 Joyueg | Ol
(01740] x92°0 G8'0 eueds3 ep ooueg | /10 | /60 10°8- puowiyory Jo yued sAlesay |elepe | 6
€10 260 Leci sllodesuul|\l JO Jueg 9AI18SaY [eJ9pad | L¥'0 | «66°0 9€°G- Juegd ayospuepspsN ©g | 8
L0 «L0°L 6G'9- 0b6ed|yQ Jo yueg aAI1esaY [eJopaS | /G0 | «20°'L | «£8°02- EJUEJlY JO Yued BAlesaY |eJepad | L
L¥0 ge’l +88°G1- AND sesuey| Jo yueq oISy [BIBpa] | 9870 | «£0°1 Ll°e- puelbu3 joyueg | 9
€20 or'lL ecel- BjUE|)Y JO Yued BAI8SaY |eleped | L0 | «L0°L 6G'9- obeoly) 4o yueg aAIosaY [BISpad | G
1G0 LVl «00'v1- SIN0T IS JO Yued dAlesay |elepa | 0€°0 | «02°L 88°91- aouel ap enbueg | ¥
ge0 «81°¢C 60°¥L- @ouel ap enbueg | /60 | «2L'L | .8Z8L- SINOT IS JO Yued dSAISSaY |elopa | ¢
710 9€C 0/.°8z- 00SIouBl{ UBS JO Yueg aAIasay |elepad | #1L°0 | 952 0.°82- 00SIouBI4 UBS JO Yueg dAIasSay [elopad | ¢
€80 x€G°C ¥8'.¢- yueg [eaua) ueadoin | €8°0 | «£6°C ¥8°.2- Jueg [epua) ueadoing | |
2 g oc jueg |enuad | zo d oc jueg |enuad
sayd induj SI9y21easay induj

€002-0661 ‘suonesljgnd |euinop ‘squyd/siaydieasay Jo jJonpoud jeuibieyy :eg ajqeL

50



80 «91°0 TAN) «€JOL $G°0 | x0€°0 | 82°9C- | x««IBIOL
X X X JueqeuoheN ayosusziamyos | X X X MUBQSHIY S8bUeAS | #¢
X X X puejeaz MaN JO Jueg aAlesay | X X X yueqeuoneN ayosiydlals}saQ | €€
X X X jyueqgeuoneN ayosiyoleaalsaQ | X X X se||leq JO Yueg aAIasay [elspad | Z€
X X X se|leq JO Yueg aAIaSay |eiopa X X X S¥4 9y} JO SIOUIBAOD) Jo pJeog | LS
X X X jueqjeuocneN sylewueq X X X ueder joueg | 0¢
X X X S¥4 8y} JO SIouIBA09 Jo pleog | 20°0 | €2°0- €69 elydiape|iud Jo Jueg aAIesY |elopad | 62
X X X ueder joueg | L00 | 60°0- 9€9 puelaAs|D JO Jueg 8AIsSaY [eJspe | 8¢
X X X 8088l9 Joueg | 000 | €0°0- ¥6°C eueds3 ap ooueg | /2
€00 92°0- 8L elydiape|iyd Jo Jueg aAIasay [elepad | 000 | £0°0- 80’ puowiyory Jo yued sAlesay |elsped | 9¢
€00 91°0- 2l puowiyory Jo yued aAlesay |etspad | 20°0 | ¢0°0 600 wniblag jo juegq [euoneN | Gz
100 60°0- 129 puejsAs|] Jo yueg aAIeseyY |esspad | €10 | 900 60°0- puejal| jo yueg |eausd | ¢
100 100 L0 wniblag jo yuegq [euolleN | 0Z°0 | 200 .00 epeue Jo yueg | €¢
T S0°0 (o1 40] puejuij joyueg | G€'0 | 60°0 €0°0- juegsspung ayosineq | ¢¢
12’0 200 28'c puejbu3 jo yueq | zz'0 | «60°0 1871~ puejuij jo yueg | g
[4A0] .00 oo Jueg syospuepspaNeg | L0 | LL'O 90°0- eljelisny JO jued 8Alesay | 0C
ero +80°0 L¥°0- Muegsyry sebueas | L0 | 10 eLe [oeis| Jo queg | 61
ge0 600 €0°0- Jjuegsspung ayosineg | 0’0 | 910 1€°0- Jueg syospuepspeN e | 8l
€00 600 690 |seis| joyueg | Z+°0 | «9L°0 100 jueqjeuoneN sylewueq | /|
¥vo «01°0 9€°0- epeued joxueg | GL'0 | LL'O 8- aoueld ep enbueg | 9|
G0 AN 190 eljedisny Jo yueg 8Alesay | 620 | 8L°0 S0°0- jueqgjeuoneN ayoslezismyos | g
rAN0] €10 080 eueds3 ep ooueg | 90°0 | 61°0 9v'0- uojsog JO yued aAIesSaY |elsped | V|
0€0 «S1°0 S0°0 puejal| jo jueg [ejued | 250 | «02°0 6G°¢- elje},p eoueg | ¢l
190 «81°0 810 elje}|,p edueg | 200 | ¢2¢0 «6E° 8088l9 jJoyueg | ¢L
900 610 82°0- uojsog Jo yueg dAI8SdY |elepad | #0°0 | SZ°0 68'8 sllodesuul|y JO dueg aAlesay [esepad | ||
12’0 610 ¥€0- |eBnyiod ap ooueg | G0 | «62°0 1€°¢C |leBnuod ap ooueg | 0l
92’0 €0 7% souel ap enbueg | 0Z'0 | 0€0 100 puebu3z joyueg | 6
2e0 o1 40] AN NIOA MBN JO Yued dAIeSaY [elepa | 820 | «9€°0 L€0- AND sesuey| Jo yueg anlesaY [e1opad | 8
ov'o «G¥°0 ¥0°¢- oBeoly Jo yueg anlesay [esepad | 0G0 | «b¥'0 | «L0°6- EJUEJlY JO Yued BAlesaY |eJepad | L
090 «1G°0 «EEP- SINO7 1S JO Yued BAlesaY |eJepad | ¢€°0 | S¥'0 16°0L- MHIOA MBN JO Yueg 8AISSaY [elspad | 9
0l0 GG'0 €L'8 sijodeauul|y Jo Yueg aAIasaY [elopad | 070 | «5¥°0 ¥0°¢- 0Bed|yd Jo yueg aA1esay [BiopaS | G
v +€9°0 0L AND sesuey| Jo yueg aA1esay [B1epad | LL°0 | €50 80°¢- puejeaz maN JO Jued BAlessyY | ¢
.20 %010 9’ .- Bjue|ly JO Yued eAlesay |elepdq | 6G°0 | x6G°0 | «CL'G- SIN0T IS JO Yued BAIeSaY |elepe | ¢
880 «€L°0 «€0'6- yueg [enuad ueadoin | 88°0 | «£2°0 | «£0°6- yueg [enyuag uesdoiny | g
600 JLL 6. VL- 00SI0UEB.I UBS JO Yueg oAlosay |eJopad | 60°0 | ZL'L 6. VL- 00SI0UBI] UBS JO Yueg aAlosay |eJopad | |
2y d - jueg [enuad | zo d o jueg |enuad
saud nduj SI9y21easay nduj

£002-0661 ‘PaIyBIap-ANjeNnD ‘suonesl|gng [eUINOf ‘SQYd/SIaYd1easay Jo Jonpoid [eulbiel :qg ajqel

51



(0] 40) 010 | C8'8l | x«IBJOL 0 | *6L°0 | LZ9 | «xIBIOL
X X X jueqjeuoneN ayosLszIamyds X X X MUEQSHIY S8bueAs | p¢
X X X puejeaz MaN JO jueqd aAlasay X X X JyueqgeuoneN ayosiydiaaslsaQ | €€
X X X JueqgeuoneN ayosIyoiallalsaQ X X X Se||leq JO Yueg aAIasay [eJdpa | z€
X X X Se||eq JO Yueg aAIasay |elapa X X X S¥4 89U} JO SI0UIBA0S) Jo pleog | LE
X X X jueqjeuoleN s)iewueq X X X ueder joyueg | o¢
X X X Sdd 8y} JO siouldA09 Jo pleog | OL'0 | 9€°0- | 694 elydiape|iyd Jo Mueg aAIesaY |elepad | 62
X X X ueder joxueg | €00 | 9L°0- | 929 PUBISAS|D JO Yueg BAIBSaY |elepad | 8¢
X X X 929319 joueg | LO0 | 80'0- | €C¥ puowiydry JO yueg dAISSaY |eldpad | /¢
600 9€'0- | 1’8 elydiape|iyd Jo dueg aAlesay |esopad | 00°0 | 000 €10 wnibjag jo jueq [euoneN | 9z
€00 9L'0- | LL9 PUEISAS|D JO Mueg dAISSIY [eJdpad | 000 | ¥0°0 XA sllodesuul|y JO Yueg aAIesaY [esepa | Gz
c00 LL'O- | 09% puowydry JO yueg SAISSaY |eJspad | LL'0 | S0°0 | 60°0- puejal] Jo jueg [enus)d | ¢
000 000 | SL0 wnibag jo jueq [euoieN | 91°0 | 90°0 AN jueqjeuoneN s)ylewueq | €¢
200 c00 €90 puejui4 joxueg | €00 | 900 So'L eueds3 ep ooueq | zz
120 700 | 80°¢C pueibuz joxueg [ GL'0 | 900 | 86°0- puejuid jo yueg | |¢
(A S0°0 0G0 jueg ayospuepispaN 8 | 800 | 90°0 820 ellesisny JO jueg sAI8say | 0¢
700 S0°0 LL'0 ellesjsny JoO jueg aAIssay | ¥2°0 | 90°0 €0 jueqgsspung syosineq | 61
1G0 «L00 | 8€°0- yueqgsyry sebueAg | G20 | 200 | 8L°0- epeue) joyueg | gl
€¥0 «80°0 | LEO- epeued joxueg | €L°0 | OL'O ¥¥0 jueqjeuoleN ayosuaziemyos | L|
920 800 .10 jueqgsspung ayosineq | L00 | OL'0 | «£0°L 928319 Joyueg | 9|
L1°0 0L0 L0 euedsgep ooueg | 6L°0 | LLO c00 jueg syospuelispaN oq | Sl
900 LL'0 | L0 |9eIs| Joqueg | 61°0 | «SL°0 | S¥'C- elje},p edsueg | 4
S0 710 | €L°0 |leBnyod ep ooueg | #1°0 | GL°O0 | ¥S')- @oueld ap enbueg | ¢}
960 10 | 9¥0 elej,pesueg | /€0 | «8L°0 | vL'C- |oels| joqjueg | ¢l
€e0 610 | €0°0- puejaJ] jo jueg [enjusd | LL'0 | 8L°0 T AND sesuey| Jo yueg oISy [BJopaS | L1
€00 020 | «91'8 sllodesuul|y JO yueg aAI18saY [esopad | 6L°0 | 610 LE0 puejbu3 jo yueg | oL
0L0 €20 | LS'L- uo)sog JO yueg dAISSSY |elspad] | 92°0 | L0 | €9'L- |ebnpod ep ooueg | 6
L€0 G20 | ¥C'0- obeoiyQ Jo yueg anlesay [esepad | 0L'0 | €20 | 08'L- uojsog JO jueg dAISSSY |elspad] | 8
810 820 | LT'L- souelq ep enbueg | Le0 | 4,620 | ¥Z0- 0Bed|yg Jo yueg aA1esay [eiopaS | /
1G0 €0 | V¥e- SINOT 1S JO Jued SAISSdY [eldpdd | 0F'0 | «L2°0 | L¥'G- Blue|)Y JO Yueg BAles8Y |elspad] | 9
L¥0 ge'o | oL'e JIOA MBN JO Yueg dAlesaY |elspad] | 60°0 | ¥€'0 | €€} puejeaz maN JO yueg BAIesdyY | G
G0 .0 | sg'¢- Blue|lY JO Yueg dAlesaY |elepad | L¥'0 | GE'0 | LSOl YIOA MBN JO Yueg dAlesaY |elspad] | §
SS°0 87’0 | «80°9- AND sesuey| Jo yueg oISy [BIOPBS | 67°0 | «9E°0 | SZ'E- SINOT 1S JO Jueg SAISSAY |eJdpdd] | €
080 960 | 88'9- yuegq [ejjua ueadoin | 08°0 | «95°0 | 88°9- yueg [esyuad ueadoing | ¢
/00 2.0 | zgg- 09SIouUBI{ UBS JO Yueg aAIasay |eJdpad | 200 | 220 | 288 09SIoUBIH UBS JO Yueg 9AI9SaY |eJdpa | |
2y d o jueg [esuad | go d o jueg [enuad
squd jnduj S19yd.1easay ndu

€002-0661 ‘S10Yyiny-09 10} pajoaLIo) ‘pajybiap-ANjenp ‘suonesljqngd [eudnor ‘sqyd/siayaieasay Jo jJonpoud jeulbiepy :o0g ajqel

52



190 | «L¥V'E C8'L0G- | x«lBIOL 69°0 | «L1L'9 | «CLECL- | x«IBJOL
X X X JjueqjeuoieN ayadsLazIamyos X X X MUEQSHIY S8bueAs | p¢
X X X puejeaz MaN JO Jued aAIasay X X X JyueqgeuoneN ayosiydiaaslsaQ | €€
X X X Jueqg[euoleN ayosIydiailalsaQ X X X Se||leq JO Yueg aAIasay [eJdpa | z€
X X X Se||leq JO Yueg aAIasay [elapa X X X S¥4 89U} JO SI0UIBA0S) Jo pleog | LE
X X X jueqjeuoheN syiewueq X X X ueder joyueg | o¢
X X X S¥d 8y} Jo sloulsnog Jo pleog | LO'0 | 9L'¢C- 86'8. elydiape|iyd Jo Mueg aAIesaY |elepad | 62
X X X ueder joueg | L00 | 29'}- 61°L8 puowiyory 10 yueg aAlesay |elspad | 82
X X X 929319 jJoMueg | 000 | LSO- S0°'S9 PUBISA3|D JO Yueg dAISSDY [elopad | /¢
00 | 08V cv'6cl puowiydry Jo yueg dAI8SaY |eJdpad | 000 | 60°0- 18°¢ wnibleg jo yueq [euoneN | 9z
700 | LOV- L00LL elydiepeliyd Jo Mueg aaiesay [esepad | 200 | 2€0 cr'e puejall jo jueg [ejusd | G2
000 | LSO YS9 PUEBISAS|D JO Yuedg dAISSaY |eJdpad | LO'0 | 960 80°'¢c eueds3 ep ooueq |
000 | 90°0- L0y wnibjag jo jueq [euoneN | €00 | ¥0'L 174" jueqjeuoneN sydsLszIamyds | €¢
9¢0| 640 So'¢ puejuijjoxueg | 00 | ZL'} ¥Z'¢ jueqjeuoneN sylewueq | ¢¢
610 680 0L'LL jueg syospuelispaN 8Q | 2’0 A (XA jueqgsspung ayosineqg | Lg
600 | 80} lT°¢ puejal] joueg [ejus) | €2°0 | <Pl 66°L¢- puejui{ jo yjueg | 0¢
€0 | 8L'L 8Y'G- Yueqsyry sebusAs | zv'0 | «€9°1 Sy'el- epeue) jojueg | 61
1G°0 | «GS°L 676~ epeuep joyueg | 0’0 | LS'L 6G°¢- elleljsny JO jueg dAlesay | gl
0.0 | «8G°} €0 puelbuz joxqueg | /L0 | 66°L ev'e jueg asyospuelispeN eq | LI
91’0 | ¢’} €09 ellessny Jo jueg aAlesay | LO'0 | 6L°C S¥'GSl silodesuul|y Jo yueg aAI8saY |elspad | 9|
120 | LL') 66°0- jueqgsepung syosineq | #1'0 | 0€'¢C o€ vi- |9els| jo qjueg | GL
GL'0| 0€c 0ce |[ebnpod ep ooueg | 910 | 2S¢ ov'Ly- @oueld ap enbueg |
G20 | 99¢ L1e- eueds3 ep ooueg | 8Z°0 | «.9°€ 11'8¢- [ebnpod ep ooueg | ¢|
GL'0| 99¢ S¥'Ge- |Seis| joqjueg | G50 | «6¥'V 8y’ v0L- eljeyj,p eoueg | ¢l
190 | <22V 8G°0¢- elej,peoueg | /€0 | OL'S 0L'v6- HIOA MBN JO Yueg SAISSSY [elspa] | L]
/€0 | 0L'S VA" HIOA MON JO Yueg SAISS3Y [elepa] | 00 | GC'S «E1°LL 9033l9 joueg | Ol
LL'0 | 209 8L'vG- uojsog JO yueg dAISSSY [elopad] | 8€'0 | «89°G ¥9'¢cl- BlUE[lY JO Yued SAISS3Y |elspad | 6
7€°0 | «98°9 gg'Le- oBeolyg jo yueg an1esay [esepad | LL'0 | 209 G8'09- uojsog JO jueg dAISSSY [elspad] | 8
6S°0 | «,6'9 «1G°G9- SINOT 1S JO Yueg SAISSdY |elspad | ¢€'0 | ¢€9 cesl- AND sesuey Jo yueg aAlesay [eiopaS |
SL0| ¥LL 2108 Blue|lY JO Yueg dAI8sSaY [elepad | 9170 189 v'ee- puejeaz MaN JO jueg dAlesay | 9
00| €62 60'GCl silodesuuliy Jo ueg aAIesaY |elspad | #€°0 | «98°9 qg'Le- oBes|yd Jo yueg eA1esey [eiepeS | G
LE'0 | «€1°8 G8'LS- souelj ep enbueg | L0 | «¥'L «0'€L- puebu3 joyueg | ¥
9%'0 | xb6°0L | £G°EVL- A)D sesuey| Jo yueg doAI9saY [BIdpad | 09'0 | «S51'8 x£1°G8- SINOT 1S JO Jueg SAISSAY |eJdpad | €
¢6'0 | ¥8'LL 6L LYl yueg [e)uag ueadoin | 26°0 | «F8LL | 6L LPL- yueg [esyuad ueadoing | ¢
600 | SSVI yy'egl- 03s|ouBl4 UEG JO Yued dAISSAY |BJdpad | 600 | S5Vl 144a%1% 03s|ouBl4 UEG JO Yued SAISSIY |eJspad | |
2y d o jueg [enuad | 2y d o jueg [esuad
saud jnduj S19Yd.1easay jnduj

€00Z-0661 ‘sabed pue sioyiny-09 10} pajoaLio) ‘pajybiap-A)jenp ‘suonesljgngd [eulnop ‘sqyd/siayaleasay Jo jonpoud jeuibiepy :pg ajqel

53



Table 9a: Correlation Coefficients between Output Measures and Explanatory Variables

Explanatory Output measures
variables Journal Quality- Quality- Quality- Quality-
publications weighted weighted + co- | weighted + co- | weighted + co-
(Table 5a) (Table 5b) authors authors + authors +
(Table 5c¢) pages pages +
(Table 5d) national
weights
(Table 5e)
Working +0.59 +0.50 +0.51 +0.49 +0.54
papers
(Table 2)
Policy +0.57 +0.61 +0.61 +0.59 +0.60
relevance
(Table 7a)
Collaboration +0.01 +0.11 +0.04 +0.03 -0.03
(Table 4)

Table 9b: Correlation Coefficients between Average Product Measures and Explanatory Variables

Explanatory Average product measures (Table 6b)

variables Survey (50%+ PhDs Authors
definition)

Size (Table 1a/ Table +0.05 -0.12 +0.05

1¢)

Concentration of PhDs -0.29 +0.50 +0.04

(Table 1b / Table 1a)
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Articles

Articles (central bank authors)

Figure 1: Articles and Working Papers, 1999-2003
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Figure 2: Articles and Working Papers, Excluding External
Researchers 1999-2003
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Relevance ranking

Figure 3: Quality-Adjusted Publications per Researcher
and BIS Citations per Researcher, by Ranking, 1999-2003
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Quality-adjusted output ranking
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Quality-adjusted ranking

Relevance ranking

Figure 4a: External Collaboration and Average Product of
Researchers, by Ranking, 1999-2003
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Figure 4b: External Collaboration and BIS Citations
per Researcher, by Ranking, 1999-2003
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Quality-adjusted output ranking

Relevance ranking

Figure 5a: Researchers and Average Product, by Ranking,

1999-2003
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Figure 5b: Researchers and BIS Citations per Researcher
by Ranking, 1999-2003
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Quality-adjusted output ranking

Relevance ranking

Figure 6a: Ratio of PhDs/Researchers and Average Product,
by Ranking, 1999-2003
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Figure 6b: Ratio of PhDs/Researchers and BIS Citations per
Researcher, by Ranking, 1999-2003
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Appendix B: Academic Journals and Their Weights

(based on Combes & Linnemer 2003)

Journal Name Weight

Econometric Theory 0.67
European Economic Review 0.67
Games and Economic Behavior 0.67
International Economic Review 0.67
Journal of Business and Economic Statistics 0.67
Journal of Econometrics 0.67
Journal of Finance 0.67
Journal of International Economics 0.67
Journal of Labor Economics 0.67
Journal of Monetary Economics 0.67
Journal of Money, Credit, and Banking 0.67
Journal of Public Economics 0.67
Journal of the American Statistical Association 0.67
RAND Journal of Economics 0.67
Review of Economics and Statistics 0.67
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Journal of Mathematical Economics
Journal of Population Economics
Journal of Risk and Uncertainty
Journal of Urban Economics

Land Economics

Public Choice

Regional Science and Urban Economics
Scandinavian Journal of Economics
Social Choice and Welfare

Theory and Decision

Accounting Review

American Political Science Review
Annales d'Economie et de Statistique
Applied Economics

British Journal of Industrial Relations
Brookings Papers on Economic Activity
Cambridge Journal of Economics

Carnegie-Rochester Conference Series on Public Policy

Demography

Economic Geography

Economic History Review

Economic Inquiry

Economic Modelling

Economic Policy

Economic Record

Economica

Economics and Philosophy

Economics and Politics

Economics of Transition

Energy Economics

Environment and Planning A

European Journal of Political Economy
European Review of Agricultural Economics
Experimental Economics

Geneva Papers on Risk and Insurance Theory
History of Political Economy

Industrial Relations

International Journal of Urban and Regional Research
International Organization

Journal of Agricultural Economics

Journal of Common Market Studies

Journal of Development Studies

Journal of Economic Growth

Journal of Economic Studies

Journal of Empirical Finance

Journal of Institutional and Theoretical Economics
Journal of International Business Studies
Journal of International Money and Finance
Journal of Post Keynesian Economics

Journal of Regional Science

Journal of Regulatory Economics

Journal of Risk and Insurance

Journal of the Japanese and International Economies

Journal of the Royal Statistical Society: Series A (Statistics in Society)

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33



Kyklos 0.33

Labour Economics 0.33
Marketing Science 0.33
Mathematical Methods of Operations Research 0.33
Mathematical Social Sciences 0.33
Michigan Law Review 0.33
National Tax Journal 0.33
Open Economies Review 0.33
Oxford Bulletin of Economics and Statistics 0.33
Oxford Economic Papers 0.33
Regional Studies 0.33
Research Policy 0.33
Review of Financial Studies 0.33
Review of International Economics 0.33
Review of Radical Political Economics 0.33
Weltwirtschaftliches Archiv/Review of World Economics 0.33
Sloan Management Review 0.33
Southern Economic Journal 0.33
Urban Studies 0.33
World Bank Economic Review 0.33
World Development 0.33
World Economy 0.33

Yale Law Journal 0.33
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All other publications




Appendix C: EconlLit Search Keywords

Country Central Bank Search Criteria

Australia Reserve Bank of Australia af reserve bank of australia

Austria Oesterreichische Nationalbank af oesterreichische nationalbank or af central bank of austria or af Austrian
National Bank

Belgium Banque Nationale de Belgique | af national bank of belgium or af "banque nationale de belgique"

Canada Bank of Canada af (bank of canada not royal not laurentian) or af banque du canada

Denmark Danmarks Nationalbank af denmarks nationalbank or af denmark national bank or af danmarks

nationalbank or af danmarks national bank

European Union

European Central Bank

af european central bank of af ecb

Finland

Suomen Pankki

af suomen pankki or af finlands bank or af bank of finland

France Banque de France af "banque de france" or af bank of france

Germany Deutsche Bundesbank af deutsche bundesbank

Greece Bank of Greece af bank of Greece not af “national bank of greece”

Ireland Central Bank of Ireland af central bank of ireland

Israel Bank of Israel af bank of israel no so bank of israel

Italia Banca d’Italia af "bank of italy" or af "banca ditalia" or (af "banca" and af "italia")

Japan Bank of Japan af bank of japan not so "monetary and economic studies" not af
“development bank of japan”

Netherlands De Nederlandsche Bank af nederlandsche bank

New Zealand Reserve Bank of New Zealand | af reserve bank of new zealand

Portugal Banco de Portugal af bank of portugal or af "banco de portugal"

Spain Banco de Espana af (bank of spain or "banco de espana") not so "banco de espana economic
bulletin"

Sweden Sveriges Riksbank af sveriges riksbank or af bank of sweden

Switzerland Schweizerische Nationalbank af (swiss national bnak or schweizerische nationalbank or banque nationale
suisse) not so schweizerische nationalbnak quartalsheft

United Kingdom | Bank of England af bank of England

United States

Board of Governors of the
Federal Reserve System

af federal reserve board not so federal reserve bulletin / af "federal reserve
system" not so federal reserve bulletin

United States

Federal Reserve Bank of Atlanta

af reserve bank of atlanta not so reserve bank of atlanta economic review

United States

Federal Reserve Bank of Boston

af reserve bank of boston ot so federal reserve bank of boston new england
economic review not so new england economic review

United States

Federal Reserve Bank of
Chicago

af reserve bank of chicago not so reserve bank of chicago economic
perspectives

United States

Federal Reserve Bank of
Cleveland

af reserve bank of cleveland not so federal reserve bank of cleveland
economic review

United States

Federal Reserve Bank of Dallas

af reserve bank of dallas no so "reserve bank of dallas economic and financial
review" not so reserve bank of dallas economic review no so financial
industry studies

United States

Federal Reserve Bank of Kansas

af reserve bank of kansas city not so reserve bank of kansas city economic

City review
United States Federal Reserve Bank of af reserve bank of minneapolis not so reserve bank of minneapolis quarterly
Minneapolis review

United States

Federal Reserve Bank of New
York

af reserve bank of new york not so federal reserve bank of new york
economic policy review not so federal reserve bank of new york quarterly
review

United States

Federal Reserve Bank of
Philadelphia

af reserve bank of philadelphia not so reserve bank of philadelphia business
review

United States

Federal Reserve Bank of
Richmond

af reserve bank of bank of richmond not so reserve bank of richmond
economic quarterly not so reserve bank of richmond economic review

United States

Federal Reserve Bank of San
Francisco

af reserve bank of san francisco no so reserve bank of san francisco economic
review

United States

Federal Reserve Bank of St.
Louis

af federal reserve bank of st louis not so federal reserve bank of st. louis
review
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Appendix D: BIS and U.S. Fed Search Keywords

Country Central Bank Search Criteria

Australia Reserve Bank of Australia "reserve bank of australia", "discussion paper", "reserve bank
bulletin"

Austria Oesterreichische Nationalbank "oesterreichische nationalbank", "austrian national bank", "austrian
nationalbank","bank of austria", "focus on austria", "focus on
transition", "financial stability report"

Belgium Banque Nationale de Belgique "national bank of belgium", "nbb working paper", "banque
nationale de belgique", "revue économique"

Canada Bank of Canada "bank of canada working paper", "working paper bank of canada",
"banque du canada document de travail", "document de travail
banque du canada", "bank of canada technical report", "technical
report no", "rapport technique banque du canada", "technical report
bank of canada", "rapport technique no", "bank of canada review",
"revue de la banque du canada"

Denmark Danmarks Nationalbank "danmarks nationalbank", "danmarks national bank", "denmark
national bank" "national bank of denmark", "monetaty review"

European European Central Bank "ecb working paper", "european central bank working paper", "ecb

Union occasional paper", "european central bank occasional paper",
"monthly bulletin"

Finland Suomen Pankki "suomen pankki", "finlands bank", "bank of finland", "discussion
paper"

France Banque de France "banque de france", "bank of france", "notes d'études et de
recherche", "notes d'etude", "france working paper", "ner",
"bulletin digest", "bulletin trimestriel", "france quarterly bulletin",
"bulletin de la france", "financial stability review", "revue de la
stabilité financiére"

Germany Deutsche Bundesbank "discussion paper", "bundesbank discussion", "bundesbank
working", "monthly report", "deutsche bundesbank"

Greece Bank of Greece "bank of greece", "economic bulletin"

Ireland Central Bank of Ireland "central bank of ireland", "ireland bulletin", "research technical
paper"

Israel Bank of Israel "bank of israel", "israel economic review", "israel banking review"

Italia Banca d’Italia "temi di discussione", "banca d'italia", "bank of italy"

Japan Bank of Japan "monetary and economic studies", "quarterly bulletin bank of
japan", "bank of japan quarterly bulletin", "bank of japan working
paper", "imes discussion paper"

Netherlands De Nederlandsche Bank "nederlandsche bank staff", "nederlandsche bank qarterly"

New Zealand | Reserve Bank of New Zealand "discussion paper", "research paper", "reserve bank
bulletin","reserve bank of new zealand", "rbnz"

Portugal Banco de Portugal "banco de portugal", "bank of portugal"

Spain Banco de Espaiia "banco de espana", "bank of spain", "banco de espafia”, "spain
working paper", "documento de trabajo", "spanish central bank",
"economic bulletin", "boletin econmico", "estudios econmicos"

Sweden Sveriges Riksbank "sveriges riksbank working paper", "bank of sweden", "sveriges
riksbank economic review", "sveriges riksbank quarterly review",
“arbetsrapport”

Switzerland Schweizerische Nationalbank "swiss national bank", "scheweizerische nationalbank", "banque
nationale suisse", "quartalsheft"

United Bank of England "bank of england working paper", "working paper bank of

Kingdom england", "bank of england discussion", "financial stability
review", "bank of england quarterly bulletin"

United States | Board of Governors of the Federal "federal reserve bulletin", "bulletin federal reserve", "reserve board

Reserve System bulletin", "staff studies", board staff studies", "staff study","finance
and economics discussion", "international finance discussion", "ifs
discussion paper"

United States | Federal Reserve Bank of Atlanta "bank of atlanta"
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United States

Federal Reserve Bank of Boston

"bank of boston", "fed boston","new england economic review"

United States | Federal Reserve Bank of Chicago "bank of chicago"
United States | Federal Reserve Bank of Cleveland "bank of cleveland"
United States | Federal Reserve Bank of Dallas "bank of dallas"

United States

Federal Reserve Bank of Kansas City

"bank of kansas"

United States

Federal Reserve Bank of Minneapolis

"bank of minneapolis"

United States

Federal Reserve Bank of New York

"bank of new york staff reports", "FRBNY staft", "york working
paper", "staff report federal reserve", "economic policy review",

"york quarterly"

United States

Federal Reserve Bank of Philadelphia

"bank of philadelphia", "business review"

United States

Federal Reserve Bank of Richmond

"bank of richmond", "richmond", "economic quarterly"

United States

Federal Reserve Bank of San
Francisco

"bank of san francisco"

United States

Federal Reserve Bank of St. Louis

"bank of st. louis"
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Appendix E: Working Papers

Central Bank
Banca d'ltalia
Banco de Espana
Banco de Portugal
Bank of Canada
Bank of England
Bank of Finland

Bank of Greece
Bank of Israel

Bank of Japan

Banque de France

Board of Governors of the Federal
Reserve Board

Central Bank of Ireland

Danmarks Nationalbank

De Nederlandsche Bank

Deutsche Bundesbank

European Central Bank

Federal Reserve Bank of Atlanta
Federal Reserve Bank of Boston
Federal Reserve Bank of Chicago

Federal Reserve Bank of Cleveland
Federal Reserve Bank of Dallas

Federal Reserve Bank of Kansas City

Federal Reserve Bank of Minneapolis
Federal Reserve Bank of New York
Federal Reserve Bank of Philadelphia
Federal Reserve Bank of Richmond

Federal Reserve Bank of San Francisco

Federal Reserve Bank of St. Louis
National Bank of Belgium
Oesterreichische Nationalbank
Reserve Bank of Australia
Reserve Bank of New Zealand
Schweizerische Nationalbank
Sveriges Riksbank

Working Paper Series

Termi di Discussione, Historical Research Papers
Working Papers, Economic Studies, Economic History Studies
Working Papers

Working Papers, Technical Reports

Working Papers

Working Papers, Studies in Economics and Finance, BOFIT
Discussion Papers

Working Papers

Research Department Discussion Papers, Monetary
Department Discussion Papers

IMES Discussion Papers, Working Papers

Working Papers

Finance and Economic Discussion Series, International
Finance Discussion Papers

Research Technical Papers

Working Papers

WO Research Memoranda, MEB Series, Research Series
Supervision, DNB Staff Reports, DNB Occasional Studies
Diskussionspapiere

Working Paper Series, Occasional Paper Series

Working Papers, Research Reports

Working Papers

Working Papers, Consumer and Community Affairs Policy
Studies, Emerging Issues Series, Occasional Papers;
Emerging Payments

Working Papers, Policy Discussion Papers

Working Papers, Centre for Latin American Economics
(CLAE) Working Papers

Research Working Papers, Payments System Research
Working Papers

Working Papers, Discussion Papers, Staff Reports

Staff Reports

Working Papers, Payment Cards Center Discussion Papers
Working Papers

Working Papers, Pacific Basin Working Papers

Working Papers

Working Papers

Working Papers

Research Discussion Papers

Discussion Papers, Research Papers

Working Papers

Working Papers
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Bank of Canada Working Papers

Documents de travail de la Banque du Canada

Working papersaregenerally published in the language of the author, with an abstract in both official
languages. Les documents de travail sont publiés généralement dans la langue utilisée par les auteurs; ils sont
cependant précédés d’'un résumé hilingue.

2005
2005-36 The Canadian Macroeconomy and the Yield Curve:

An Equilibrium-Based Approach R. Garciaand R. Luger
2005-35 Testing the Parametric Specification of the Diffusion

Function in a Diffusion Process F. Li
2005-34 The Exchange Rate and Canadian Inflation Targeting C. Ragan
2005-33 Does Financia Structure Matter for the

Information Content of Financial Indicators? R. Djoudad, J. Selody, and C. Wilkins
2005-32 Degree of Internationalization and Performance:

An Analysis of Canadian Banks W. Hegjazi and E. Santor
2005-31 Forecasting Canadian GDP: Region-Specific

versus Countrywide Information F. Demersand D. Dupuis
2005-30 Intertemporal Substitution in Macroeconomics: Evidence from

a Two-Dimensional Labour Supply Model with Money A. Dib and L. Phaneuf
2005-29 Has Exchange Rate Pass-Through Really Declined in Canada? H. Bouakez and N. Rebei
2005-28 Inflation and Relative Price Dispersion in Canada:

An Empirical Assessment A. Binetteand S. Martel
2005-27 Inflation Dynamics and the New Keynesian Phillips Curve:

An Identification-Robust Econometric Analysis J.-M. Dufour, L. Khalaf, and M. Kichian
2005-26 Uninsured Idiosyncratic Production Risk with Borrowing Constraints F. Covas
2005-25 The Impact of Unanticipated Defaults in Canada's Large Value Transfer System D. McVanel
2005-24 A Search Model of Venture Capital, Entrepreneurship,

and Unemployment R. Boadway, O. Secrieru, and M. Vigneault
2005-23 Pocket Banks and Out-of-Pocket Losses: Links between Corruption

and Contagion R.H. Solomon
2005-22 The Effects of the Exchange Rate on Investment: Evidence

from Canadian Manufacturing Industries T. Harchaoui, F. Tarkhani, and T. Yuen

Copies and acomplete list of working papers are available from:
Pour obtenir des exemplaires et une liste compléte des documents de travail, priere de s adresser a:

Publications Distribution, Bank of Canada Diffusion des publications, Banque du Canada
234 Wellington Street, Ottawa, Ontario K1A 0G9 234, rue Wellington, Ottawa (Ontario) K1A 0G9
E-mail: publications@bankofcanada.ca Adresse électronique : publications@banqueducanada.ca

Web site: http://www.bankofcanada.ca Site Web : http://www.bangqueducanada.ca





