Studies in Bacterial Genome Dynamics

A DISSERTATION PRESENTED
BY
Arva KauL
TO
THE D1visioN OF MEDICAL SCIENCES

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
DocTOR OF PHILOSOPHY
IN THE SUBJECT OF
BioMEDICAL INFORMATICS

HaARVARD UNIVERSITY
CAMBRIDGE, MASSACHUSETTS
APRIL 2026



© 2026 Arvya KauL
ALL RIGHTS RESERVED.



Thesis advisor: Professor Michael Baym Arya Kaul

Studies in Bacterial Genome Dynamics

ABSTRACT

Bacteria are among the most genetically dynamic organisms on Earth, continuously reshaping their
genomes through gene gain, loss, and modification. Understanding how new genes arise, how they
spread, and how selective pressures like antibiotic use reshape this diversity remain central questions
in bacteriology. This thesis investigates these questions through three complementary studies unified
by a shared interest in the fluid dynamics of bacterial genomes.

First, we explore a mechanism by which the streamlining bias that trims bacterial genomes can
also serve as a source of evolutionary innovation. We propose and characterize a model of “deletion-
born fusion genes,” in which adaptive deletions fuse distant gene fragments into novel open reading
frames. Unlike other gene birth mechanisms that begin with rare, neutral intermediates, these fusions
reach high frequency by hitchhiking on the selective advantage of the deletion itself. We document
examples in the Lenski Long-Term Evolution Experiment and in the CI0I0000I00000 000000000000-
000 divergence. Finally, we develop a scalable screen to efhiciently detect these genes across multi-
million bacterial genome collections.

Second, we collate 1,817 high-quality genomes from the British National Collection of Type Cul-
tures, spanning isolates collected from 1885 to the present, and trace how human antibiotic use re-
shaped the frequency and mobility of genomic resistance. We find that functional resistance genes cir-
culated in clinically relevant isolates before the age of antibiotics, but were generally rare and chromo-
somally encoded. Following the clinical introduction of specific antibiotics, corresponding genomic
resistance significantly increased in frequency and became progressively associated with multiple mo-
bile genetic elements. These findings suggest that anthropogenic use of antibiotics did not generate
resistance de novo, but both amplified and refined pre-existing genetic potential.

Third, we introduce the phylogeny-colored de Bruijn graph (pcDBG), a data structure that re-
colors each unitig in a compacted pangenome graph with the phylogenetic branch where its pres-
ence/absence pattern most parsimoniously changed state. Applied to over 1,000 DIO0O0II0000C 0O000E
ST8 genomes, we show that co-inherited sequence blocks extend roughly one kilobase before decay-
ing, and that mapping evolutionary signals onto the USA300 reference recovers the known mobile
element landscape without prior annotation. The pcDBG provides a general framework for charac-
terizing the spatial organization of evolutionary history across bacterial pangenomes.

Together, these studies suggest a view of bacterial genomes as dynamic mosaics, continually being
reshaped both by their environment and the pressures we impose on them. The genomes we sequence
today are not endpoints, but fleeting snapshots of a continuous evolutionary process that long pre-
dates humanity and will long outlast us.
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Introduction

BACTERIA ARE BOTH THE OLDEST AND MOST GENETICALLY DIVERSE DOMAIN OF KNOWN TER-
RESTRIAL LIFE°. They thrive in habitats spanning the deep subterranean crust, the labyrinthine lin-
ing of the human gut, and even the clouds overhead; collectively their metabolic capabilities underpin
12,1 56,81,56‘

diverse global biogeochemical cycles ranging from nitrogen fixation to oxygen respiration

Belying their outsize impact, bacteria are predominantly composed of microscopic single-celled or-



ganisms; yet, all together bacteria make up an estimated 15% of Earth’s biomass ®>'°.

The evolutionary success and environmental ubiquity of bacteria may be partially attributed to
their genetic diversity '7>'°>7#4, The hereditary material of terrestrial life is encoded in DNA, and the
functional units of this DNA are called ‘genes.” Bacteria, compared to their eukaryotic counterparts,
retain the capacity to rapidly gain, lose, and modify their gene content '7#. However, this flexibility also
raises a paradox. Bacterial genomes are extremely compact and shaped by a pervasive ‘streamlining’
pressure that favors the loss of non-essential DNA '2"*'®'79. Given this bias towards minimalism,
how do bacteria then exhibit such a cacophony of diverse genes? And how might external selection
pressures, say the human introduction of antibiotics, reshape this diversity over time? In this thesis,
we attempt to explore these central biological questions through three complementary investigations

into the origins, spread, and the topology of bacterial genome dynamics.

ON THE BACTERIAL GENETIC LANDSCAPE

The scale of bacterial genetic diversity is staggering.” Studies of well-characterized species routinely
identify tens of thousands of distinct gene families, and metagenomic surveys of complex environ-
ments like the human gut have cataloged millions of coding sequences with no detectable similarity
to known genes '7#*"97:1359 The realization that the genetic repertoire of a bacterial species can be
much larger than the gene content of an individual strain has given rise to the concept of the bacterial
“pangenome.’” The pangenome refers to the collective gene pool accessible to a bacterial species, and
many have been demonstrated to be significantly larger than the total number of genes found in any
one member of that species'7+°7. Together, these findings point to a view of the bacterial genome
as less a static blueprint, and more a fluid mosaic. Where on the species level, bacterial genomes are

continually reshaped by gene gain and gene loss.

*And the central reason I switched to computational microbiology!
"Note that this gene-centric definition is distinct from the newer sequence-centric definition''".



The resultis a mode of evolution that operates on gene contentas much as gene sequence, a paradigm
where the presence or absence of entire genes can rapidly shift®7. Understanding the forces that gov-

ern this flux is a central goal of bacteriology.

SOURCES OF BACTERIAL GENETIC NOVELTY

Where do new bacterial genes come from? Several mechanisms have been characterized, each involving
distinct tradeoffs between the generation of novelty and the preservation of function.

Gene duplication followed by diversification is perhaps the most intuitive route#'%'#4. When
a gene is duplicated, one copy can maintain its original function while the other is free to accumu-
late mutations, and potentially acquire new capabilities. This mechanism ensures that novel genes
derive from functional templates, but the ancestral sequence constrains their evolutionary potential.
Duplicated genes all begin from a common template and thus are constrained by the functional neigh-
borhood of their progenitors.

Horizontal gene transfer allows bacteria to acquire genes wholesale from distantly related organ-
isms®®. This process can introduce entirely new functions in a single event. Yet the acquired genes
must still integrate into the recipient’s regulatory and metabolic networks, and many transferred se-
quences can be quickly lost if they fail to provide immediate benefit 27176181,

At the other extreme, de novo gene birth can generate proteins with no homology to any existing
sequence. Overprinting, in which a new gene emerges from an alternative reading frame overlapping
an existing coding sequence, and the expression of previously non-coding DNA both represent routes

to genuinely novel proteins 136,131

. But proteins born from random or near-random sequence face
steep challenges: they tend toward excessive hydrophobicity, aggregation, and disorder, making the

path to stable function narrow 3¢+,

Gene fusion occupies a middle ground. By joining fragments of distinct genes into a single new



open reading frame, fusion events can bring together existing protein domains in novel arrangements 734,
The resulting proteins inherit some functional potential from their parent sequences while gaining
new capabilities from their new juxtaposition. Yet fusion genes face the same threat as any sequence
of bacterial DNA, they must avoid being lost to drift or purged by selection before they can demon-
strate their usefulness 8.

This is especially pertinent because bacterial genomes are shaped by a pervasive deletional bias that
relentlessly trims non-essential DNA. Genomes that have undergone reductive evolution, like many
intracellular obligate pathogens, illustrate the endpoint of this process, but even free-living bacteria

68,67:116 Deletions arise

with large genomes experience constant pressure toward genomic minimalism
through diverse mechanisms, from homologous recombination to replication slippage to erroneous
repair, and can be positively selected when they reduce the metabolic cost of DNA replication or elim-
inate genes whose products have become deleterious* 17:179,68 Against this backdrop, the emergence
of new genes seems almost paradoxical: how can novelty arise when the genome is under constant
pressure to contract?

One possibility, explored in Chapter 1 of this thesis, is the idea that this deletional bias need not
be merely destructive. Deletions rearrange existing genetic material, and in doing so, they can create
new genes even as they remove old ones. A deletion that fuses the upstream portion of one gene to
the downstream portion of another generates a novel open reading frame. Unlike other mechanisms
of gene birth, which produce neutral or deleterious intermediates that must survive drift before ac-
quiring function, these deletion-born fusions can reach high frequency by hitchhiking 00 100 100000000
000000000 07000 DI00o0 DOI00. The very same destructive force that threatens to purge nascent genes

may also serve as an engine of their creation.



SELECTION AND THE SPREAD OF GENES

The generation of new genetic material is only half the story. Whether a gene persists depends on the
selective forces acting upon it, and these forces can change dramatically in response to environmental
shifts.

Antibiotic resistance provides a stark illustration. Nature has produced antimicrobial compounds
for millennia, and resistance mechanisms are correspondingly ancient; functional resistance genes have
been recovered from permafrost samples tens of thousands of years old 43, Yet the clinical introduc-
tion of antibiotics in the twentieth century transformed the selective landscape. What may have once
been rare curiosities, maintained at low frequency by the occasional encounter with a competitor’s
toxins, suddenly became essential for survival in clinical settings. The result was a proliferation of re-
sistance genes, accompanied by their mobilization onto plasmids and other transferable elements that
could readily spread these resistance genes across species boundaries *+.

Understanding this transformation requires examining the state of resistance genes before and af-
ter the antibiotic era’*. This presents an obvious difficulty: how can we measure resistance to an
antibiotic before that antibiotic was discovered? Historical culture collections offer a solution to this
conundrum. The British National Collection of Type Cultures, founded in 1920, has preserved bac-
terial isolates stretching back over a century, and recent sequencing efforts have made thousands of
these genomes available for analysis**3. By matching isolates to their year of collection, we can trace
the changing frequency and genomic context of resistance determinants across the advent of the an-
tibiotic age.

Chapter 2 of this thesis undertakes this analysis. We find that resistance genes, while present in pre-
antibiotic isolates, were generally rare and chromosomally encoded. With the introduction of specific
antibiotics, the corresponding resistance genes significantly increased in frequency and became in-

creasingly associated with mobile genetic elements. Over time, resistance determinants accumulated



on elements nested within other mobile elements, a genomic architecture that enables their rapid dis-
semination. Human antibiotic use did not generate resistance de novo; however, our analysis shows

it significantly amplified both the prevalence and mobility of previously infrequent resistance genes.

COMPUTATIONAL BACTERIOLOGY AT SCALE

The questions explored in this thesis: how new genes arise, how they spread, and how external pres-
sures reshape genomes are increasingly tractable because of the veritable explosion in available bacterial
genomic sequences. Public databases now contain petabytes of sequence data, and this bounty of data
affords the depth to detect rare events, trace evolutionary trajectories, and identify patterns invisible
at smaller scales.

But scale creates its own challenges. Traditional approaches to comparative genomics can strug-
gle in the face of this data deluge. New methods capable of leveraging the size of modern genomic
databases are increasingly needed. This need is particularly acute given the majority of bacteria remain
unculturable””. As a result, techniques that can derive meaningful biological insight from genomic
sequences are essential for cleverly navigating the jungle of bacterial diversity.

Chapter 3 develops a new framework for integrating evolutionary history into pangenome graphs.
Colored de Bruijn graphs, which annotate graph structures with the genomes that contribute each
sequence, have become a standard tool for pangenome analysis. Yet these graphs capture only the pat-
tern of sequence sharing, not its evolutionary origin. We propose phylogeny-colored de Bruijn graphs,
in which sequences are annotated not with the raw set of genomes containing them but with the phy-
logenetic branches where their distribution most parsimoniously changed state. This representation
fuses graph adjacency with evolutionary history, enabling analyses of how co-inherited blocks are spa-

tially organized and where evolutionary boundaries fall across the pangenome.



OVERVIEW OF THIS THESIS

This thesis investigates the dynamics of bacterial genomes through three complementary studies, uni-
fied by a shared interest in how genes arise, spread, and can be computationally analyzed at scale.

0000000 O asks whether the deletional bias that shapes bacterial genomes can also serve as a source
of innovation. We first formalize our proposed model of “deletion-born fusion genes,” then document
these genes arising in both the Lenski Long-Term Evolution Experiment and in the divergence of
LI0II000000I00 I000000I00E and 0000000000000 000X Finally, we develop a scalable computational
screen to detect these genes across all 2.4 million publicly available bacterial genomes. Our findings
reframe deletions as not merely destructive but as potential catalysts for evolutionary innovation.

0000000 O queries how human antibiotic use reshaped the landscape of resistance genes. Using
1,817 high-quality genomes from the National Collection of Type Cultures, matched to their years
of isolation spanning 1885 to the present, we trace the frequency and genomic context of genomic
resistance determinants before and after the introduction of major antibiotic classes. We find that
resistance genes were present but rare in pre-antibiotic isolates, and that clinical introduction of an-
tibiotics is associated with increases in both prevalence and mobility. Over time, resistance elements
have become increasingly nested within multiple mobile elements, an architecture that helps facilitate
their rapid dissemination. These findings suggest that human antibiotic use did not create resistance
de novo, but instead significantly amplified pre-existing genetic potential.

(000000 O introduces phylogeny-colored de Bruijn graphs, a data structure that bridges the gap be-
tween pangenome graph representations and phylogenetic inference. Each sequence in the graphis an-
notated with the branch or branches of a phylogeny where its presence most parsimoniously changed
state, fusing graph adjacency with evolutionary history. We define two complementary analyses en-
abled by this structure: evolutionary persistence, which measures the spatial extent of co-inherited

blocks, and boundary severity, which characterizes the phylogenetic distance across evolutionary bound-



aries. We demonstrate that both recapitulate the known mobile element landscape of a diverse collec-
tion of methicillin-resistant DI000000000000 0ODOOI genomes without prior annotation.

Together, these chapters aim to understand the fluid dynamism of bacterial genomes leveraging the
power of computation. From the birth of new genes to the mobile architecture of antibiotic resistance,
this thesis seeks to investigate a domain of life defined by ubiquitous and rapid transformation. Bac-
teria are among the most consequential organisms on the planet, and this work represents my humble

offering to shed additional light on these tiny titans of terrestrial life.



Life and death appeared to me ideal bounds,
which I should first break through, and pour a

torrent of light into our dark world.

Mary Shelley, DI0O0COMO00 (1818)

Novel genes arise from genomic deletions

across the bacterial tree of life

The following chapter has been preprinted, with DOI: 10.64898/2026.01.05.697752

BACTERIA ARE THE MOST GENETICALLY DIVERSE DOMAIN OF LIFE ON EARTH 76’II5. This genetic

diversity also translates to a profound diversity in their protein-coding genic repertoire. New genes



and gene families continually arise across the bacterial tree of life; pangenome studies of single species
can identify tens of thousands of protein families, and metagenomic sequencing of environments like
the human gut has revealed millions of protein-coding genes of unknown function '74*"97:135:9 This
diversity raises the question of where new bacterial genes and their corresponding functions come
from.

Different mechanisms for bacterial gene birth have been proposed and each uniquely constrains the
generation of functional novelty. On the one hand, duplication and subsequent diversification en-

sures that novel genes derive from functional templates %5

44, but the preexisting functionality and
domain structure constrain their evolutionary potential. On the other hand, overprinting 136131 the
expression of a novel gene overlapping a previously existing sequence but in a different reading frame,
generates protein products without homology to existing proteins or prior functional constraints.
Yet new proteins created from random peptides often suffer from excessive hydrophobicity, aggrega-
tion propensity, and intrinsic disorder®>*. Considering these tradeoffs, gene fusion, the stitching
together of entire fragments of distinct genes, provides a gene birth mechanism that balances innova-
tion with functionality by bringing together existing protein domains into new contexts >4, though
such fusions must still avoid being lost to selection or genetic drift.

Random loss of newborn genes is compounded by a deletional bias that threatens to purge them

from bacterial genomes before they can acquire beneficial function. Compact bacterial genomes,

often less than fifteen percent non—coding67, reflect a pervasive bias favoring loss of non-essential

168 16,18

DNA 1116179 This process, seen in natural ®®, clinical®'®, and experimental settings *>>"3?, is typ-

ically framed as a loss of genetic potential. These deletions may arise through diverse mechanisms,

including homologous recombination "4, replication-associated slippage '35

, erroneous repair’#, or
site-specific recombinases "®*. Regardless of mechanism, deletions are a hallmark of bacterial genome
evolution and can be positively selected by reducing the metabolic cost of replicating DNA or by tun-

ing gene interaction networks ®7179:117.
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Deletions can also generate new arrangements of existing material. In a recent analysis of the Lenski
Long-Term Evolution Experiment (LTEE)'°°, uz-Zaman et al. found that deletions moving regula-
tory elements contributed the largest share to the transcription and translation of previously non-
coding DNA . In other instances, deletions generated functional gene fusions that led to new anti-

phage defense functions '7°

, to phenotypes with increased colony spread >7, and to potentially adaptive
gene products in Mycobacterium tuberculosis lineages®®. Despite the importance of gene fusions in
generating novel phenotypes and individual cases linking deletions to the emergence of fusion genes, it
remains unknown whether this represents a widespread mechanism for bacterial genome innovation.

Here, we explore a model of bacterial gene birth in which a deletion results in the fusion of the start
of one open reading frame (ORF) and the end of another to create a novel ORF. Next, we identify
the creation and maintenance of these deletion-born fusions in two densely sampled contexts: in the
Lenski LTEE, and during mycobacterial speciation. Finally, we develop a computational technique to
efficiently query putative deletion-born fusions across multi-million bacterial isolate genome collec-

tions and find evidence for this mechanism of gene birth across the bacterial tree of life. Our findings

reframe the bacterial deletional bias as not merely destructive, but as a possible creative force.

1.1 FUSION GENES CAN SPREAD BY HITCHHIKING ON THE FITNESS BENEFIT OF THEIR

CAUSAL DELETION

Deletions in a bacterial genome result in the fusing of two distal sections of genetic material spanning
the deletion junction. Either one or both deletion boundaries can fall inside an existing gene, thus
generating a chimeric ORF at the junction. This is made more likely by the gene-dense architecture of
bacterial genomes'7. Both the novel ORF and the removal of intervening material can cause changes
in relative fitness.

If a deletion confers a fitness benefit, any fusion ORF created as a by-product can increase in fre-
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ERUQIURPRWKHU PHFKDQIL&/PY ORQB\WHMEHU RI WKH SRSXODWLRQ
WKHJHQH :HGHPRQVWUDWHH @WWEKW DFHWRWYYNGHHYVHRBLQDQW R
PHPEHURIWKHSRSXODWLRQIXQFWLRQDOL]LQJWKHWHK®HEHIRUH |
LQLWLDO IUHTXHQF\ Rl VeK WKHIQJH QK BB YHU IXQFWLRQDOL]HG FRQV
DV LQFUHDVHG WKH SUREDELOLW\RIIXQFWLRQDOL]LQJLQFUHD
SUREDELOLW\VWLOO |B G §HPRYCFD\Q\ YWKMHXIKY RRQ LV GHOHWHUL
W ZDV RQO\BERHQRDFKHG WKDW QHRIXQFWLRQDOL]DWLRQ RFFXU
RI SDUDPHWHUY 7KHVHUHVXOWY VXJJHVWHG WKDW \RXQJ GHOHV
SRSXODWLRQV WKDW DUHDGDSWLQJWR QHZHQYLURQPHQWYV ZKH
DGYDQWDJHRXWHKHHKLIKHVW

i $3°8% = ... % % O®°a|°E3 " Bieo2 g%l 3O ™% /%2100 /7 ((

7JRLQYHVWLIJDWHWKHHPHUJHQFHRIGHOHWLRQ ERUQIXVLRQV ZH
WKH /7((WUDFNV WKHHYROXWLRMRAIi1 GH S0P E QWRDSR S K G DIV IR@AH
VSDQQLQJRYHU JHQH %D A ROW BYVIRQJ SUHGLFWHG 25)V IUR
FORQDOLVRODWHVDJDLQVWWKHDQFHVWUDO JHQRPH ZHLGHQWL
WLRQLQWKHS$UD OLQHD BHD 7 KDRWRHBGMWQRDDPKOGNEVOL W6 1% R
VIQWKHWDVS#S )LIXUH
7KHIXVHRQMAE4eV H{TSUHVVHGDQG SRWHQWLDOO\IROGVEXWLV O]
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WLRQDOO\LQHUW 5H DQDO\VLV RIH[LVWLQJ51$ VHT DQG ULERVF
$UD UHYHD QHE&HW @& RVKHY ERWK H[SUHVVHG DQG WUDQVODWHG
XUH% 'RPDLQDQQRWDWLRQVKRZVWKDW WKH IXVIR®HIHWDLQHG
EXWQRFDWDO\WLF GR P DdQ&FAHMYDIHYFHOR G BOULRRODWHY VHTXH
DQFH WKHIXVLRQJHQHVKRZVQRQXFOHRWLGHVXEVWLWXWLRQV
PXWDWLRQ UDWHV ZHHVWLPDWH WKH SUREDELOLW\RIDW OHDVW
EM % FRQVLVWHQW ZLWK WKH REVHUYHG DEVHQFH RI YDULDWLRQ
WKHIXVLRQ

%RWKWKHIXVLRQDQG WKHGHOHWLRQLWDURVHIURPDUH xUVW
DURXQGJHQHUDWLRQ DQGEOSHWDWWREYZMMNKISBIHG RI WKLV
VHOHFWLYHVZHHSLQGLFDWHY WKDW HEHW K&AL W& 1B GMIDG\VE RRQH. W/
DQDSSURBRDAMHYYV DGYDQWDJIH XQGHU$/7((FRQGLWLRQV VHH 1RV

6XSSRUWLQJWKHK\SRWKHVLY WKDW WKHVHOHFWLYHDGYDQWD
VLRQJHQH D SDUDOOHO NE GHOHWLRQ LQGHSHQGHQWO\ DURYV
JHQRPLF ORFXV EXW GLG QRW S# R GKGG LDMQRYQH® | X @ DRQV HIVI K UW U
VHTXHQFLQJ GDWD FRQxUPHG WKDW GLVUXSW L @HWGEH XFLRIQ JHC
WKHLQWHUSUHWDWLRQ WKDW WKHGHOHWLRQ QRW WKHJHQH LV
GHOHWLRQV | NEH[KLELWHG VLIQLXFDQWO\JUHDWHU DQG PRUH )
WLRQWKDQUDQGRPO\ VP P STKHHE H HIHR QY GHPOUHG ZLWK LQFUHDYV
FRQVLVWHQW ZLWK GHOHWLRQV LQGXFLQJORFDOL]JHG SURPRWHU
FRQWH[W 7KLV VXSSRUWV DPRGHOLQ ZKLFK GHOHWLRQV UHPRG'
VFDSHVY RFFDVLRQDOO\JHQHUDWLQJQRYHO WUDQVFULEHG RU WL
7KHVHUHVXOWVLQGLFDWHWKDW HYHQLQWKHUHODWLYHO\FRC
FDQDULVHIURPODUJHGHOHWLRQVDQG TXLFNO\LQFUHDVHLQ IUH



i "% % Oe3al°E3 @3 %2% E”"%0 ... DE &&X P A %de deegf D023 03O ™
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‘HQH[WWXUQHGWRDZHOO FKDUDFWHUL]HGDQ B@&HMOA\ VHTXHQF
11 > ;>4i14p GL¥HUJHQFH WRLQYHVWLIJDWH WKH SRWHQWLDO IR
FRPSOH[QDWXUDKVYWGMHAMIJHQFH LV FKDUDFWHUL]HG E\PXOWLS
ZzZ5HJLRQV RI'LTHUHQFH{ 5'V WKDW VHUYHDV SK\ORJHQHWLF PDUN
07%&

‘HLGHQWLXxHG WZR SXWDW LY HGEH G HIWA_ AR DE R\LEQG M ¥ HRVQ. RIQQ AR U
VSRQGLQJWRZ DKQGRPD NEGHOHWLRQ FRUUHVSRQGLQJWR
WKLV GLYHUJHQ$WHL QUIXERIOOHFWLRQRI BXrRA@BEHHO&BVVHPEOLH\
SUHGLFWHGDOO 25)V FOXVWHUHGWKHPLQWRRUWKRORJRXV JUR
ZLWK GHOHWLRQV VHHO(7+2'6 3K\ORBHGHRWEFXKPDSSLHFOKRIME O
LBE 4!]ZKLAH ;.ZDV IRXQGHKRER®MEE /4 QHDJH WKHFORVHVW UHO
BE 4!] 47TKHVH PRQRSK\OHWLF GLVWULEXW IORQ X \iX§\BHEHW HDFK | XV
A1JVMSOLWDQGKQ MEH!]/4GLYHUJHQFH



IHLWKHU IXVLRQ DSSHDUV WR EH L P FHaA XDEVEL@MWOQ BW URHDIEQ. Q&)
IUDPH FRQWLQXLW\ EHW Z HiD@ W MK H 8/ MVOHLLARIBGHDURIEB IV ; . X
IXVH®& LQ IUDPHWRDQ RXW R/|.kWBDE P GIRIPTPLHQQWHRIUFKHY UHYHD OH (
IXVLRQV ORVW WKH FDWDO\WLF PRWLIVRIWKHLUDQFHVWRUV DQG
'KLOH QBAWMK QAR U . KM[KLELW QXFOHRWLGH YDULDWLRQLQ WKH J
DO DQG &KDUOMEWHRMDB® U DQDO\VLY QH[WVHFWLRQ UHYHDOHGE
VHOHFWLRQ 7KHREVHUYDWLRQRIGHOHWLRQ ERUQIXVLRQVLQW
QDWXUDOVSHFLDWLRQLQHYROXWLRQDULO\GLVWDQW EDFWHULD
EDFWHULDO GLYHUVLW\

i $3q—ICE”32%030a“E%0%° QEﬁEEOQ'TM OO'TMQEQ'G%OEQI%OICEQ'CQ

q2@-0caz2oe--0.°3|qeO%Eeg-"%3°2% *°- =% +Oa°3

7TR TXHU\ VWUXFWXUDO YDULDWLRQ DW WKH VFDOH RI WKH EDFWH L
WHFKQLTXHVZHUHFRPSXWDWLRQDOO\LQIHDVLEOH :HWKHUHIRU
TXHULHV VKRUWN PHUV IURP WKH EHJLQQLQJ }SUHx[~ DQG WKH I
LQIHU VWUXFWXUDO UHDUUDQJHPHQWY EDVHG XSRQ WKH JHQRPL
$ %HFDXVH WKLV PHWKRG UHOLHV RQO\RQ WKH ORFDWLRQRIH
LQGLFHVIRU VXEOLRB®UQIXHUD WRKHWDFURVV PLOOLRQV RIJHQRP
WKLY DSSURDFKWR $O0O7KH%DFWHULD $7% WKHODUJHVW FXUUL
PLOOLRQ XQLIRUPO\DVVHPEOHGVLQJOHLVRODWHJHQRPHYV



b]tu; sN=0orro%bfm]$%JoQ ;t;ZomJO0oum =tvbomd |-E8 W0y, 1b-Zom ;" ;m]|:

P Q®®wu;ru;v;m|-27;ru;J?ltuzdimimolbl m;b]_Oou &pPpmol;9 !')J$ sevaQol 9 u;ru;v;mJd

[-27; rov|Jd7;t;ZbumiH]iimolbl m;b]_Oou_®0&BH; mol;9 0<v""Q:

P Q®ru;lJ7;t;komH_|fsmolbl m;b]_Oou_&pdPpmol;9 ee—Mlova@1 9 rov|J7;t;lZ7end

_|r*];molbl m;b]_Oou_&0d tbmu P];mol;9 0'u*'Q:

P Q«<to];m;z1 |u;;0=]_; “s-m-t<@E&;7 v-Irt;v: t-7; lotouv 7;mo];|_;tbm;-];;-1_bvot-|; =-ttv %b|_bm7
vtt-u;vbm;-1_ubm]7;mol;|_; FIudHhw®HBl- H_|rr;vr;1Z27;t«<:



b]tu; «:N9om¥m+t;70



7KHGLVWULEXWLRQRIREVHUYHG SUHx[ VXN[GLVWDQFHV UHUHF
1HDUO\DOOLQVHUWLRQ GHOHWLRQ RUSDUWLDOLQYHUVLRQHYF
GHOHWLRQV WKHDQFHVWUDO SUH GHOHWLRQVHTXHQFHZLOOKD
GHOHWLRQVHTXHQFH :HXVHGPXOWL PRGDOLW\LQWKHSUHxX[ VX
VWUXFWXUDO YDULDWLRQ ZLWKLQ D ORFXV VHHO(7+2'6
‘HxUVW YDOLGDWHG WKLV SUHx[ VXN[DSSURDFK RQ WKH WKUHH
REVHUYHG GLVWLQFW SHDNV DW WKH DQF$ VWRWDEQSG VXK H & FE0LO M
RI$7% UHYHDOHG DGGLWLRQDO VWUXFWXUDO YDULDWLRQ DW WKF
VFDOHDQDQ\¥MHV ORF XWKHH LGHQWLXxHG QLQH GLVWLQFW GLVWDQ
RIVWUXFWXUDO YDULDQWY 7KH JHQRPHVLQFOXVWHU SUHX[ V
IRUPHG D PRQRSK\OHWLF FODGH UHVWULFWHG WR /7(( GHULYHG L\
VKRZHG H{WHQGHG SUHx[ VXN[GLVWDQFHVUDQJLQJIURP WR NI
WLRQVDQG GHOHWLRQV DW WKLV ORFXV &OXVWHU FRPSULVLQJ
FHQWHUHGDW NE PDWFKHVWKHDQFHVWUDO /7((OHQJWK WKHU
VWUXFWXUDO FRQxJXUDWLRQV UHYHDO% @B DGGLWLRQDO GLYHU\
,Q O\FREDFWHULD WKH GHHSHU VDPSOQ&IXURPBTBHWQEQEHUHG
® ;.POOHOHV $OLIJQPHQW EDVHG %D\HVLDQ VHOHFWLRQDQDO'
LQJVHOHFWLR @ BWKFIB&RR@HUQRU ! DQG SXULI\LQJVHOHFWLRQ
LO ;. xXVHH O(7+2'6 7KHVHSDWWHUQV LQGLFDWH WKD)\
QL]DEOH FDWDO\WLF GRPDLQV WKHVHIXVLRQV DUHH[SHULHQFLQ
RUPDLQWDLQHG IXQFWLRQ
‘KLOH ZH GHYHORSHG WKH SUHx[ VXN[ PHWKRG WRLGHQWLI\GHO
WHFWV DQ\UHFXUUHQW VWUXFWXUDO YDULDWLRQDW D ORFXV ,Q
ERUQIXVLRQV EXWPDQ\RIWKHHYHQWY ZHxOWHU RXW DUH WKHP\
LGHQWLxXxFDWLRQ RI LQ W HIHXDHEL&H O HBUISR QMHISH VW KB URSKDJH LQ V|
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WLRQVILDWHR QBEQ>4i14»L14$W% DQG YDULDEOHJHQHFDUJRLQDQ
LJHG PRELOH HOHP HQIWHGQ HEWOXS W LQUUWKE 7KXV WKH SUHx[ VXN

VLIJQDO LV JHQHUDOL]DEOH WR VXUYH\LQJ VWUXFWXUDO YDULDWL
RILWVFRPSXWDWLRQDOHNFLHQF\ VFDOHV UHDGLO\WRHYHU H[S

i 30090 ®a% ... %% Oe°3a|°E3 “@ie 3 qE% “°@3...qeE°I1 O™ %o |

- 02 “ %o

‘HQH[WDVNHG KRZSHUYDVLYHGHOHWLRQ ERUQIXVLRQVDUHDFU
SUHx[ VXN[N PHUVFUHHQWRDOODQQRWDWHG SURWHLQ FRGLQJ
ZHOO VWXGLHG DQG GLA/&HUVH ED&EBVA UM IAOCD GHM B&> 14 4
Ci 4471 Ou!)d1 !'idi.d '1ad4&;i1&7%& DIQI3.;141884>4 . 7>*6 O
‘HVHOHFWHG WKHVHVSHFLHVVLQFHWKH\VSDQ SK\ORJHQHWLFDO
SRUWDQFHKDVPDGHWKHPDPRQJWKHPRVWGHHSO\VHTXHQFHGE
JHQRPHVLQ WKH $7%
$FURVV WKH VWUDLQV RXU SLSHOLQHUHVROYHG SXWDWLYH G
}VSOLW~DW WKH 05&$ RI WKH EHRORPHWBEDPHE Q&6 54 4 QL Q
CEu! 111)$i07 LE i A&7& DQG[EL®@> ! Mf5 )LIXUH
‘HLGHQWLXHG WKHVH SXWDWLYHGHOHWLRQ ERUQIXVLRQV YLD
OHFWHGJHQHV ZKRVHSUHXx[ VXN[GLVWDQFHV ZHUHPXOWLPRGDO
UHWDLQHGFDQGLGDWHV WKDW VKRZHG RQHFOXVWHUFHQWHUHG
SO\LQJDQLQWDFWJHQH DQGDWOHDVWRQHPRUHFOXVWHUDWD
VHTXHQFH VHHO(7+2'6 %\VROHO\UHO\LQJRQ WKHGLVWDQFH E}
ZHDUH XQDEOHWR GLVWLQJXLVK EHWZHHQ LQVHUWLRQ LQWR D Jt
RIWKDW JHQH 7RGLVWLQJXLVKEHWZHHQ WKHVH SRVVLELOLWLH)



SOHWH JHQRPHV ZLWK HTXDO UHSUHVHQWDWLRQ IURP HDFK FOXV
GLVWDQFH WUHH DQG SHUIRUPHG SDUVLPRQ\ EDVHG DQFHVWUDC
GLVFUHWH VWDWHY VHHO(7+2'6 &DQGLGDWHV ZHUH UHWDLQHG :
VLIQPHQW IRUWKHPRVW UHFHQW FRPPRQ DQFHVWRU 05&$ RIDOC
DSRVLWLYHGLVWDQFHOHQJWK VSOLWJHQH LPSO\LQJWKDW WKI
H[SHULHQFHG D GHOHWLRQDQG JHQH IRUPDWLRQ

,QJHQHV ZKRVH SDUVLPRQLRXVDQFHVWUDO VWDWH LV SUHGLFW
VXN[GLVWDQFH SHDNV DUHVLJQLXFDQWO\H[SODLQHG E\WKHLQV
ELOHJHQHWLF HOHPHQWYV 0*(¥ DRGBQRIKDIM VDWORFH ZKRVH 05
IHUUHG QRW WR KDYH FDUULHG WKH LQWDFW JHQH WKHLQWHUYH(
WR 0*(VRUSURSKDJHVY FRQVLVWHQW ZLWK VHSDUDWLRQ IXVLRQ \
LQVHUWLRQ

7JRHQVXUHWKHGLVWDQFHVLIJQDOVLGHQWL*XxHGZHUHQRW GHULY
DOLJQHG WKH SXWDWLYHIXVLRQJHQHWRJHQRPHV ZKHUH LW ZDV
WDWLYHGHOHWLRQ ERAUIDIX\H[RQX EDGE H ®MQOHDYWEREWKHLU VSOL
WKH SUHx[ VXN[DSSURDFK GHWHFWHG WUXH VHTXHQFH KRPRORJ\
FRQWULEXWLRQV RI WKH ODUJHVW DOLJQPHQW IUDJPHQW LQ SXW
VSOLW PDWFKHG WKDW RIGLVUXSWHG JHQHV 05&$ *HQHLQWDFW
LPSO\LQJWKDW VSXULRXVN PHUPDWFKHVWRHLWKHUWKH SUHX[F

7KHODFNRIVSXULRXVN PHUPDWFKHVLVOLNHO\DWWULEXWHG
DWOHDVW EDVHSDLUVRIH[DFWQXFOHRWLGHVPDWFKLQJRQ WK
DPRXQW DFURVV QXPHURXV JHQRPHV 7R WHVW KRZ ZRIEXVW WKLV
DOVRWHVWHG QXPHURXV YDOXHV IRUWKUHH VHWV RI UDQGRP
EHORZE WKHQXPEHURIJHQHVZLWKPXOWLPRGDOTKIRMIKLEXWLR G



VRPHRIWKHVHVLIQDOVPLIKWEHUHDO ZHHOHFW HGWRR FRQWLQ X
HQVXUHKLIKFRQXGHQFHPDWFKHYV

i %O %O @I [OO™ %% Oe3a|°ES @ie3iqs.. [EO].. %E (O
qO @3 el ... % A %o2... %30 °3 [q2/E 003" ... % AO ™

‘HQH[WDSSOLHGWKHSUHx[ VXN[DSSURDFKWRVXEVDPSOHGFROO

HIWUDFWHGIURPDOO }JFRPSOHWH~5HI6HTIJHQR®PHV DYDLODE
7TKHVHIJHQRPHVY FRQWDLQHG D WRWDO RI SURWHLQ FRGLQ
LQWR SURWHLQ IDPLOLHY VHHO(7+2'6 &RQFRUGDQW ZLW

PRVWOBERI WKH SURWHLQ IDPLOLHY KDYH RQO\RQH VHTXHQFH ZL\
)L J XU $ 7KLV REVHUYDWLRQ FDQ SDUWLDOO\ EH H[SODLQHG
JHQRPHV DUH VHOHFWHG IRUVHTXHQFLQJ DVVHPEOHG ZLWK KLJK
ZHxQG WKDW WKHWRS UHSUHV®B@WMIGH/SHF IMB\HER N M X B DERKXEG/D
WKH GDWD® KoV )LIXUH

‘HVDPSOHG SURWHLQIDPLOLHVDQGVHOHFWHG UHSUHVHOQ\
,QWKHxXxUVW DOO SURWHLQIDPLOLHVZHUHJLYHQDQHTXDO FKDQF
RQG RQO\WKRVHIDPLOLHY ZLWK DW OHDVW RQH RWKHU VDPSOHG
,QWKHWKLUG RQO\IDPLOLHV ZLWKPRUHWKDQ VHTXHQFHVLQW
LOLHV~

$SSO\LQIJWKHSUHx[ VXN[DSSURDFKWRWKHVH SURWHLQV .
IXVLRQV ZKHQ PRYLQJWRPRUHUHSUHVHQWHG SURWHLQ IDPLOLH\
WLXxHG LQ }$00 )DPLOLHV~ JHQHVLQ}1RQ VLQJOHWRQV~DQG J
,PSRUWDQWO\ WKHVHVDPHWUHQGVDUHDOVRREVHUYHG IRUWKH
KDV QRW RQO\WKH PRVW SXWDWLYH GHOHWLRQ ERUQ IXVLRQV E»



b]tu;«:"9 7;mzCl-Zomo=7;t;zomJ0oum =tvbomvvl-t;v%b|_];molblv-lrtbm]7;r|_:

P Qlrtbm]v|u-|;J¢<vl_;l1-Z1: uo|;bmJ1lo7bm] ! v=uol”"“7u’slolrt;|;!;=";t];mol;v%;u; lttv]|;u;7bm]|o -
-M7 eee7eee =-|btb;V %o;u; v-Irt;7 tm7;u|_u;; viu-|;]b;v9 ? tt -Ibtb;v? Ptmb=0ulQ7 ? omJvbm]t;|lomv
? -u]; -Ibtb;v? P»‘«1;10;uvQ:

P Qt|;ubm] 1-v1-7;v_0%bm]];m;vr-vvbm];-1_v]|-];: ? -u]; -Ibtb;v? <b;t7v ““ 7;t;ZomJ0Ooum =tvbon
vbm]t;Jlomv?Q -m7 « P? tt -Ibtb;v?Q: -uloomvl_;l-Z1o=I1ttzlo7-t7bv|-m1; Ct|;ubm]v]|-];bv 7;rbl];"
P QIrtbm] 7;r|_vlou; P|o|-t];mol;v F |o|-t Tmbtt; vr;1b;vQ =ou -ttv-Irt;7 ruo|;bmv-m7Ittzlo7-truo
v-lrtbm] v|u-[;]«:



WXUDO UHDUUDQJHPHQW ZDV REVHUYHG PXOWLPRGDO GLVWD(
JHQHLQVHUWLRQVYV LQ}$00)DPLOLHV~

‘HVRXJKW WR H[DPLQH WKH H[WHQW WR ZKLFK WKLV GLVSDULW\ |
ORJLFDO GLVWULEXWLRQ E\GHxQLQJD VDPSOLQJGHSWK VFRUH D
PHPEHUV RIWKDW IDPLO\GLYLGHG E\WKH QXPEHU RI XQLTXH VSHF
DSURWHLQ IDPLO\VDPSOHG HLWKHU RQFHRUEURDGO\DFURVV PD
UHSHDWHG VDPSOLQJZLWKLQ WKHVDPHVSHFLHVDQG WKXV GHHS|
/IDUJHU SURWHLQ IDPLOLHY ZHUH HQULFKHG IRU PRUH GHHSO\ VI
}/DUJH )DPLOLHV~ FDWHJRU\H[KLELWHG D PHDQ VDPSOLQJ GHSWK
SURWHLQLQ WKLV VHWLVYUHSUHVHQWHG RQDYHUD&H E\ v JHQ]
7KLV GHSWK ZDV VLIJQLXxFDQWO\JUHDWHU WKDQ WKDW RI WKH }1RQ
OLHV~ PHDQ FDWHJRULHY i@PfORW IKQ O/PRIR S PMHVWRQV H[SODL
JUHDWHU SRZHUWR GHWHFW VWUXFWXUDO YDULDWLRQLQPRUHG
3URWHLQVH[KLELWLQJPXOWLPRGDOSUHxX[ VXN[GLVWDQFHGLV\
SOLQJGHSWKWKDQWKHIXOOVHWRISURWHLQV GUDZQ ZLWK WKDW
VLQJOHWRQV~PHDQ }/DUJH)DPLOLHV~RHBH IRUD@OQQV: KL
FRPSDULVRQV 7KLV SDWWHUQ LQGLFDWHY WKDW HYHQ FRQWUR
VWUXFWXUDO YDULDWLRQLVELDVHG WRZDUG SURWHLQ IDPLOLHYV
7RIHWKHU WKHVHUHVXOWY GHPRQVWUDWH WKDW WKH DSSDUHC
WDLQ GDWDVHWYV LV GULYHQ E\ VDPSOLQJ GHSWK UDWKHU WKDQ E
UHTXLUHV REVHUYLQJERWK SUH GHOHWLRQ DQG SRVW GHOHWLRH
GHPDQGV QRW RQO\EURDG SK\ORJHQHWLF VDPSOLQJEXW DOVR Gt
GDWDEDVHV FRQWLQXHWRH[SDQGDQGVDPSOLQJEHFRPHV GHHSF
SDWHWKDW GHOHWLRQ ERUQ IXVLRQV ZLOOEH UHYHDOHG DV PRUHI



i 'cele@iicees

,Q WKLV ZRUN ZH GHVFULEHD GLVWLQFW URXWH WR JHQH ELUWK L
25)VDV E\ SURGXFWV 7KHVH}GHOHWLRQ ERUQIXVLRQJHQHV~LQ
HxFLDO VWUXFWXUDO FKDQJH UDWKHU WKDQ GULIWLQJIURP UDUL
PDWHULDO UDWKHU WKDQDULVLQJGHQRYR

7KLV PHFKDQLVP FRPSOHPHQWV H[LVWLQJPRGHOV ZKLOH RFFXS!
GLYHUVLXxFDWLRQUHTXLUHPDLQWDLQLQJUHGXQGDQW FRSLHV LQ
RYHUSULQWLQJPXVW SUHVHUYHWKHDQFHVWUDO UHDGLQJIUDPH
HOW\ EXW GHIHUV RULJLQ WR DQ H{WHUQDO GRQRU &ODVVLFDO J
IXVLRQ LV EH®HRRQMAUDVW GHOHWLRQ ERUQ IXVLRQV DULVH DV L
WLRQDFWLQJDWWKHOHYHORIJHQRPHDUFKLWHFWXUH UDWKHU W
PDWHULDO QRORQJ WHUP PDLQWHQDQFHRIUHGXQGDQF\ DQG QF
6LQFH WKHVH IXVLRQVDUHDVVHPEOHG IURP H[LVWLQJVHTXHQFH\
FDOO\YLDEOH SURWHLQV WKDQVHTXHQFHVHPHUJLQJGHQRYRIUF
JHQHV DULVLQJ LQ2HOUNDLIPAROMHVLRQV IRUPDOL]JH WKH KLWFKKLNLQ
HOHYDWHG VWDUWLQJIUHTXHQF\LVWKHGRPLQDQW GHWHUPLQDC
ORVV

‘H GRFXPHQW WKLV SURFHVV DFURVV PXOWLSOH HYROXWLRQDU\
VHUYH D ODUJH GHOHWLRQ WKDW UDSLGO\VZHHSV WR x[DWLRQ JF
FRQYHUJHQW GHOHWLRQ DW WKH VDPH ORFXV VXJJHVWYV VHOHFWL
$W D ORQJHUWLPHVFDOH ZHLGHQWLI\ BHAHWBRQ ERURILA¥LIRQV |
4 BE 8/ GLYHUJHQFH GHPRQVWUDWLQJWKDW VXFKIXVLRQV FDQ SH
E\WFUHHQLQJPLOOLRQV RIEDFWHULDOJHQRPHV ZHLGHQWLI\SX
EDFWHULDO FODGHV LQGLFDWLQJWKDW WKLV PHFKDQLVP UHUHF



LQQRYDWLRQ

‘HKDYHQRW KRZHYHU LGHQWLxHG DQ\FOHDUQRYHO EHQHXFLD
IXVLRQd AKH M¥ELRQ LQ WKH /7(( VKRZV QR QXFOHRWLGH YDULDWL
POD( KWS; IXVLRQVLQ WKHO07%& ODFN FDWDO\WLF GRPDLQV DQG \
GDWHV IURPRXUWUHH RI OLIHVFUHHQH[KLELW G1 G6 UDWLRV FR(
SXULI\LQJ VHOHFWLRQ VXJJHVWLQJWKH\UHPDLQLQ WKHHDUO\V
LGHQWLXHG KHUHOLNHO\UHSUHVHQW VQDSVKRWV RIWKLV SURFH"
SOHVHTXHQFHVSDFHEXWKDYHQRW\HW XQGHUJRQHVWURQJIXQF
JHQRPH VWUHDPOLQLQJOLWHUDWXUH SURYLGHVY VWURQJLQGLUF
ZHKDYH QRW SURYHQ DQ\VSHFLxF GHOHWLRQ ZDVDGYDQWDJHRX\
RUGHOHWHULRXV

7KH DEVHQFH RI FOHDUO\ IXQFWLRQDO IXVLRQV PD\UHUHFW ELR
YDWLVP RIRXUDSSURDFK 2XUVXUYH\SURYLGHV DORZHUERXQG |
VLRQV $VLQJOHQXFOHRWLGHPXWDWLRQLQHLWKHUWKHSUHxX[R!
IURP WKHVHDUFK VRIXVLRQVWKDWKDYHDFFXPXODWHG WHUPLQ
SUREOHPLVFRPSRXQGHG E\WKHELRORJ\RIWKHHYHQWYV ZHDUH V
FRPELQDWLRQEHWZHHQ UHSHWLWLYHVHTXHQFHV \HWUHSHDWYV
WR EUHDN SODFLQJWUXHGHOHWLRQ MXQFWLRQV RQ FRQWLJHG]J
WDQFH EHWZHHQ WKHP )XWXUH VWXGLHY HPSOR\LQJ PRUH VHQVI
UHTXLUHPHQW SRWHQWLDOO\UHYHDOLQJIXQFWLRQDOL]JHG IXVL
6DPSOLQJELDV IXUWKHU FRQVWUDLQV GHWHFWLRQ :HVKRZ WK
WKH }/DUJH)DPLOLHV~FDWHJRU\ GUDZQ IURP GHHSO\VDPSOHG SL
IXVLRQ FDQGLGDWHY FRPSDUHG WR MXVW LQWKH XQLIRUPO\VDPE
OLNHO\UHUHFWV WKHUHTXLUHPHQW WR REVHUYHERWK SUH DQG
UDWKHU WKDQ WUXHELRORJLFDO HQULFKPHQW LQ ZHOO VWXGLHC



LQDWHG E\FXOWXUDEOH KXPDQ DVVRFLDWHG SDWKRJHQV HQYL!
7KLV FUHDWHV D GRXEOHELQG ZHERWKODFNWKHEUHDGWK WR G
WKH GHSWK WR GHWHFW UHFHQW IXVLRQV LQ SRRUO\VDPSOHG OL
SUHGLVSRVH WKHP WR GHOHWLRQV L H LQWUDFHOOXODU SDWKR
\HW PDQ\UHPDLQ WRR VSDUVHO\VHTXHQFHG WRWHVW WKLV K\SRW
7KLV LV QRW PHUHO\ D OLPLWDWLRQ RI RXU DSSURDFK $Q\ EUREL
GDWDEDVHV ZLOO LQKHULW WKHVH JDSV D IDFW SDUWLFXODUO\ S
WHLQ ODQJXDJHPRGHOV 2XUSURWHLQIDPLO\DQDO\VLY GHPRQV\
TXDOLW\JHQRPHFROOHFWLRQVUHPDLQVLQJOHWRQV VROHO\VD
SOLQJELDV ZHVLPSO\KDYHQRW FRQGXFWHG GHHS KLJK TXDOLW
JHWHG VHTXHQFLQJRI XQGHUUHSUHVHQWHG WD[D ZLOO EH QHFH\
ODUJH VFDOH FRPSXWDWLRQDODQDO\WHVDUHRQO\DV SRZHUIXO
7KH SUHx[ VXN[N PHUDSSURDFK GHYHORSHG KHUH KDV XWLOLW
DEOHV GHWHFWLRQ RIUHFXUUHQW VWUXFWXUDO YDULDWLRQ DW
WLRQV QHLWKHU UHO\LQJRQ DOLJQPHQWY QRU SULRUNQRZOHGJ}
FKDUDFWHUL]HG LQWHUQDO GHOHWLRQV UHSHDW SURSKDJHLQV
WHUL]HG PRELOH HOHPHQW ORUH EURDGO\ WKH PHWKRG VKRXOC
WKHJHQRPLF GLVWDQFHEHWZHHQ FRQVHUYHG UDQNLQJ VHTXHQF
LQWHJURQ FDVVHWW H DI ®BHEOLIRPL\E FRHWR UDO YDULDWLRQ LQ FF
QRPLFFRPPXQILKDIYHHVQ RW \HW FKDUDFWHUL]HG ZKLFK SURWHLQ GRI
DUHHQULFKHGDPRQJVWUXFWXUDOO\YDULDEOHORFL VXFKPHWEL
GDWDEDVHV H[SDQG LQ VFDOHDQG FRPSOH[LW\ DOLJQPHQW IUHH
PHDQVRIH[WUDFWLQJELRORJLFDOVLJQDO IURPWKHQRLV\FKRUX
2XU FKDUDFWHUL]DWLRQ RI GHOHWLRQ ERUQ IXVLRQV FDUULHV
,Q FOLQLFDO PLFURELRORJ\ ODUJH GHOHWLRQV DUH IUHTXHQWO\



PHQWW XU UHVXOWYV VXJIJHVW WKDW VRPH RI WKHVH HYHQWYV PD\ .
GLFWDEOH SURSHUWLHV ,Q VIQWKHWLF ELRORJ\ UDWLRQDO SUR\
IXVLQJ IXQFWLRQDO PRGXOHV IURP GLTHUHQW SURWIBHMY WR FUHL
VWDQGLQJKRZQDWXUHDVVHPEOHVDQG xOWHUV VXFKFKLPHUDYV |
WLRQDO QRYHOW\

i 0% O ™o .
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‘HVLPXODWHG WKHIDWHRIDQRYHOJHQH XVLQJDPLQLPDOIRUZDU
KDSORLG SR SO0 DEVWDIGRQWZRH.QLWLDO VWDWHY QR IXVLRQ DQG
JHQH 6WDWH FDEUHODWAWE KAKQERWWDWHY KDG xWQHVV 6W
WKHQRYHOJHQHIXQFWLRQDOL]JHY DQGQRLQGLYLGXDOVWDUWHC
WKHIXVLRQLQVWD\WB GDVWKIWHRXYW®W VWDWH 3RSXODWLRQVZHU
E\xWQHVVY SURSRUWLRQDWHPXOWLQRPLDOVDPSOLQJ VHOHFWLI
LQVWDWH FRXOGIXQFWLRQDOL]H WUDQVLWERQJIHRP VDAL MWRQ WF
DQG QRYHO JHQH EHDULQJLQGLYLGXDOVLQ VWDWH FDQ ORVH WK
. >1iSHU JHQHUDWLRQ (DFKUHSOLFDWH ZDV UXQ XQWLO WKH QRY}
GHXxQHG DV WKHxUVWDSSHDUDQFHRIDQ\VWDWH LQGLYLGXDO z
YRU SDUDPHWHUS$V Z HHHSH/Y PIJXDWHG D ORJ VSD EBRBRIWELG SRLQW
WRI®QG:JlURPS®WR 16RUHDFK FRPEDQOWKRQRQ®J UHSOLFDWH VLF
ODWLRQV SHUJULG SRLQW ZLWK D x[HGVHHG Rl 6LPXODWLRQV Z
DQG UHVXOWY ZHUH VDYHG DV PDWULF FV. RX DXOQF W R R Q D S]IDRWLLR]
VHDERBAGH IRUVLPXODWLRQVLVDYDLODEOHLQ WKHSURMHFW Ut



i i /7(('qg0qg$3g-eicei
‘HREWDLQHG PXWDWLRQFDOO xOHVIRU/7((FORQDO LVRODWHYV IU
KWWSYV JLWKXE FRP EDUULFNODE /7(( (FROL )RUHDFK JG xOH
DQLVRODWH VSHFLxFJHQRPHVHTXHQFHE\DSSO\LQJWKHFXUDWI
LVRODWH )$678$ RXWSXWV 7KHVH LVRODWH VSHFLxF DVVHPEOLHYV
SDQJHQRPHFRQVWUXFWLRQDFURVVDOOLVRODWHYV
7TRSURYLGHVWDQGDUGL]HGJHQHPRGHOVIRUSDQJHQRPHLQIHU
)$67$ ZLWK 3UBNRBXFLQJSHU LVRODWH *)) xOHV 7KHVH *))V ZHUH |
URR ) RUHDFKRIWKHWZHOYHOLQHDJHYV ZHUDQ3DQDURRRQWKHYV
SRSXODWLROQWRJIJHWKHU ZLWKWKHFRUUHVSRQGLQJDQFHVWUDO
ZLWKVPHUJHBSDUDORJVHQDEOHGDQG ZLWK VWULQJHQW VLPLOD
VWKUHVKROG VIDPLO\BWKUHVKROG XVLQIJWKH}PRGHUDWF
7RLGHQWLI\FDQGLGDWH QRYHO JHQHV DULVLQJ GXULQJHYROXV
SDQDURRUXQ XVLQJD FXVWRPVFULSW %ULHU\ LVRODWHLGHQWL
ODWLRQDQGJHQHUDWLRQ DQG3DQDURR{VJHQHBSUHVHQFHBDE
ZHUHVFDQQHGWRLGHQWLI\JHQHFOXVWHUV ZKRVHXXUVWDSSHDUI
LQSUHVHQFHDPRQJODWHULVRODWHY }DSSHDULQJJHQHV~

7R GLVWLQJIJXLVKIJHQH IDPLOLHYVY SODXVLEO\DULVLQJIURP VWU X
LQJDQQRWDWLRQ QRLVH RU QHDU LGHQWLFDO DQFHVWUDO VHTX
VHTXHQFH VLPLODULW\WR WKH 5(/ DQFHVWRU )RUHDFKFDQGLC
VHOWDWLYHQXFOHRWLGHVHTXHQFHIURPSDQBJHQRPHBUHIHUHQ
JHQRPHZLWK %HSBRPSXWHGWKHIUDFWLRQRIWKHFDQGLGDWHJHQ
%/$67 PDWFK WR 5(/ DOG UHPRYWHGRNMEODAGD WHVKH WHKVW PDWFK
WHQWZLWKWKRVHEHLQJODUJHO\DQFHVWUDO VHTXHQFHUDWKH!



d &H ABPY LGHQWLxXxHGLQ WKLV PDQQHUDQG LWV JHQRPLFFRQWH
XVLQJ'1$ )HDWXUKBL S MVHZIMHQFLQJDQG 5LERVRPH SURXOLQJ ZHUF
)DYDWHHW DO DQG SURFHVVHG DFFRUG L QU )Y H\DRMXKH V B PHZHS U F
ZDV DJDLQ XVHG WR YLVXDOL]HWKHUHDGVY WRWKHUHOHYDQW FOR

JRUFDQGLGDWHV WKDW SDVVHG WKH5(/ VLPLODULW\xOWHU ZI
SXWDWLYHQRYHO MXQFWLRQ :KHQ %/$67 SURGXFHG WZR GLVWLQF
KLWLQWHUYDOVWR % (' IRUPDWDQG XVHGEHGRSVZLWKD ESUDQ
MXQFWLRQ IKHQRQ$67 SURGXFHG D VLQJOH KLW ZH H{[WUDEFEWHG D
LQIHUUHG ERXQGDU\RI WKH PDWFK GHSHQGLQJRQKLW RULHQWD
VHTXHQFH ZDV H[WUDFWHG IURP WKH FDQGLGDWH JHQH VHTXHQFF
TXHU\WKH UHODWLYH IUDFWLRQ RI WKH SRSXODWLRQ ZLWK D VSH
WKHRULJLQDOVHTXHQFH ZHUHDOLJQHG ZLWKPLQLPDS WRDOO
7KHUHODWLYHIUDFWLRQRIUHDGV VXSSRUWLQJHDFK YDULDQW Z|
VHDERUQ 'RPDLQDQQRWDWLRQZDV SHUIRUPHGE\XVLQJKPPVHDL
WHLQ VHTXHQFHDJDLQVW 3IDP $GDWDEDVH YHUVLRQ

7RDQDO\]JHWKH51$ VHTDQG5LER VHTFRYHUDJHFKDQJHV DURXQ
ORDGHGD/7((VWUXFWXUDOYDULDQWWDEOHIURPKWWSVY EDUUL
‘HxUVW UHVWULFWHG WRWKH VHTXHQFHGHQGSRLQW FORQHV VI
OHFWHG HYHQWYV DQQRWDWHG DV GHOHWLRQV RU VXEVWLWXWLR
GHOHWLRQFRRUGLQDWHV ZHUHUHSRUWHGLQ5(/ UHIHUHQFHFR
HDFK HYROYHG FORQH{V FRRUGLQDWH V\VWHP XVLQJ ZKROH JHQR
JHQHUDWHG EYRUY FMHK FORQH ZH SDUVHG DOLJQPHQW EORFNV Gt
LQWHUYDO PDSSLQJVDQG PDSSHG HDFK EUHDNSRLQW E\ ORFDWLC
ESWROHUDQFH DQGDSSO\LQJWKHZLWKLQ EORFNRIVHW HYHQW
FOXGHG ZKLOHHYHQWY ZLWK RQO\RQH EUHDNSRLQW PDSSDEOH .



DURXQG WKHPDSSHG EUHDNSRLQW

3HU EDVH51$% VHTDQG5LER VHTFRYHUDJH ZDV SURYLGHG DV VW
FDWHV SHUFORQHDQGIRUDQFHVWUDO FRQWUROV )RUHDFKGHOF
DJHDFURVV WKHPDSSHGLQWHUYDO DYHUDJHG FRYHUDJH DFURV\
VLQJOHPHDQ FRYHUDJH Y D O'X HRIDGG W B & OH R IPEYKR\CHYGH W K IH UV XV D Q
FRYHUDJH LQ WKH VDPH ZLQGRZ 7R DVVHVV VSDWLDO VFDOH ZH U
GRZVL]HV ESWR NE $VDPDWFKHGFRQWURO IRUHDFKFORQ
VDPHQXPEHURIUDQGRPJHQRPLFZLQGRZV H[FOXGLQJUHJLRQVR
LQJUDQNV PDSSHGWKRVHZLQGRZVLQWRFORQHFRRUGLQDWHYV >
DQGFRPSXWHG@I RRGHAKIIGIHY LGHQW L F D O O il RIO/GVAKLIEXIMLYRIQOXRIND |
ZHUH WKHQ FRPSDUHG EHWZHHQ GHOHWLRQ UDQNLQJ ZLQGRZV D
VHTDQGS5LER VHT

i i 0€+°|qeO0O%E®RD20D|%E-D-°lcel &°2E£-%¢ $3q-eicei

‘HxUVW GRZQORDGBE ;WKMR PHYLDMVFDREOHG LQ ODULQ HW DO U
%LR3URMHFWV 35-1% 35-1% 35-1% DRIBBB AL $
] 4HQRPHV XVHG ZHUHDOVR GRZQORDGHG IURP 1&9QRNHEJ % LR3U
ZHUH UHWULHYHG LQ )$67$ IRUPDW B@ G>RULEQ EVHIGHIS HUH @ R DW H
JHQRPH DFFHVVLRQ $/ ZDVDOVR GRZQORDGHG LQ *HQ%DQN I
GRZQVWUHDPDQDO\VHV

7RHQDEOHFRQVLVWHQW JHQH FRQWHQW FRPSDULVRQV DFURVYV
GHQRYRIRUDOOJHQRPHVXVLQJS\URGLJDODQGH[SRUWHGSUHGL
$O0SUHGLFWHG SURWHLQVDFURVVJHQRPHV ZHUH WKHQ FOXVWH
FUHDWHG D VLQJOH O0OVHTV VHTXHQFH GDWDEDVH IURP DOO SURW
EDVHGFOXVWHULQJ PLQLPXPVHTXHQFHLGHQWLW\ DQGH[SRU



WDEOH 7KHVHFOXVWHUVY ZHUH XVHG WR GHxQHJHQH IDPLOLHV DQ
YDULH®B FUPB¥VA!LMRODWH YV

7R SULRULWL]H FDQGLGDWH GHOHWLRQ ERUQ IXVLRQV ZHH[DPL
UHVWULFWHG SUHVHQFHSDWWHUQVDQGWKHQSHUIRUPHG QXFOH|
IDPLO\ )RUHDFKFDQGLGDWHIDPLO\ ZHH[WUDFWHG UHSUHVHQWEL
WR WKHFRUUHVSRQGLQJJHQRPH)$67$ xOHV XVLQJ %/$671 %/$67 k
LQWHUYDOV PHUJHGWRLGHQWLI\GLVFUHWHPDWEFKLQJUHJLRQV
ZLWK GHOHWLRQ ERUQ IXVLRQ UDWKHU WKDQ VLPSOH DEVHQFH |
UHWDLQHG FDQGLGDWWWR WIDTDXD O HIEQHE 6 RDN WD DEFURVYV PHUJH(
OHQJWK QRWAHHFWHKE UBARHEOHQIWK DQG PXOWLSOHKLWY VHSDUD)
JHQRPH &DQGLGDWHV SDVVLQJWKHVHFULWHULD ZHUH WUHDWH ¢
PDLQDQDO\VLV ZDV GR @H DEHRRUH IRU WKH

7R SODFHFDQGLGDWHHYHQWVLQDQHYROXWLRQDU\FRQWH[W Z
SK\ORJHQ\ XVLQJ3DUVQS ZLWK + 5Y DB/EWEKGRY HilIpWN @ PE OXCHM J W K
DQDO\]HG DERYHVXOWLQJSK\ORJHQ\ZDV YLVXDOL]JHGLQL72/DQG
XVLQJ'1$)HDWXUHV 9LHZHU

i i 3E%“cecab@““cec.a2% E 6¢E %o %o3

‘HH[WUDFWHG SUHx[DQG VXN[N PHUVIURP HDFK TXHU\JHQH XVLQ
JRUHDFKJHQH VHTXHQFH ZH WRIRNIJRPPOIHIRU YKQAIWKHQG DQG D \
N PHURIOHQPWK DU WKH % HQG H[FOXGLQJDVPDOOEXIHU UHJLR
VWDUWDQGVWRSFRGRQVDQG WR VKLIWWKHN PHUVRXWRIIUDPH
6SHFLxFDOO\ ZH XVHGD [ GMKHSSULWVW NQFFHHU ZD VIWIRRNHQ IURP SRV

WR $VVXPHWKH OHQWWH®RWNKKH XHQN IPHU ZRXOGVRH WDNHQ IU

= 0



‘HTXHULHGWKHVHN PHUVDJDLQVWWKHS$OO7KH%DFWHULD FROC
EOLHV $VVHPEOLHV ZHUH SURFHVVHG LQ EDWFHQRPHPIBRTGLQJ WR
xOHV ZHUH VWRUHG LQ FRPSUHVVHG WDU [ DUFKLYHV DQG IRU HD
JHQRPHVLQWRWHPSRUDU\PXOWL )$67$xOHV DQGBKL@W B LQGL
SHUIRUPHG ZLWK EZDLQGH[ SURGXFLQJ)0 LQGLFHVIRUHDFKJHQ|

(IDFWN PHUSODFHPHQWY ZHUH WKHQ REWDLQHG XVLQJEZD IDVV
DQGDPDWFKLQJN PHUOHQJWKHTXDOWRN WKHVDPHYDOXH XVHC
KLWZLQGRZ Z WRUHWDLQDOOH[DFWPDWFKORFDWLRQV UHS
J]JLS FRPSUHVVHG DQG SDUVHG WR UHFRYHU IRU HDFK JHQRPH D¢
SUHx[DQGVXN[N PHUV

JRUHDFKJHQRPHDQGHDFK TXHU\JHQH ZHFRPSXWHG D SUHX[ VX
SUHx[PDWFKDQGRQHVXN[PDWFKRFFXUUHG RQ WKHVDPHFRQWL!
JHQRPLFFRRUGLQDWHVRIWKHPDWFKHGN PHUVRQWKDW FRQWLJ
DQGJHQRPHV ODFNLQJDVDPH FRQWLJSUHx[ VXN[SDLU ZHUH WUH

6XSSOHPHQWDU\WDEOHVFDQEHIRXQGDWWKHRQOLQHSUHSULQ
ERUQ IXVLRQ JHQHV (DFKJHQHKDG WKHLU DPLQRDFLG WUDQVOD
7DWWD %8SRUW WDEOHV ZHUH GRZQORDGHG DV &69V DQG FRQYHUW
LQDWLRQ

ii 00-0@2°...g-"ei0q3+% %O %+Om®°3q3... &~ DBiIO% E ce3”

‘HLGHQWLXxHG VWUXFWXUDOO\YDULDEOHJHQHV E\FOXVWHULQJ W
TXHU\JHQH DQG WHVWLQJ ZKHWKHU WKH UHVXOWLQJ GLVWDQFH G
ZH DJJUHJDWHG WKH VHW RI REVHUYHG }'LTHUHQFH~ YDOXHV DFUR
SUHVVHG UHODWLYH WR WKH H[SHFWHG JHQH OHQJWK DORQJZLW
GLPHQVLRQDO YDOXHV XVLQJD GHQVLW® XDWHG DDURLY. WXE Z P8 K



VLORQ ES DQGPLQBVDPSOHYV DQG ZH WUHDWHG "%6&%$1 QR
IURP GRZQVWUHDP VXPPDULHV $JHQHZDV FDOOHG }PXOWLPRGD
WZR QRQ QRLVHFOXVWHUYV FRUUHVSRQGLQIJWRWZRWLIJKW SHDN

7TRHQULFKVSHFLxXxFDOO\IRUFDQGLGDWHY FRQVLVWHQW ZLWK G
WLRQDO xOWHUV WR PXOWLPRGDO ORFL 'HUHTXLUHGRQHFOXVW]
REVHUYHG SUHx[ VXN[GLVWDQFH PDWFKHV WKHUHIHUHQFH JHQH
FHQWHUHGDWD SRVLWLYHGLVWDQFHJUHDWHU WKDQ ES FRQV
SUHx[DQG VXN[N PHUV DUH VHSDUDWHG E\D VXEVWDQWLDO LQW
SRVLWLYH VKLIWY HJ LOQWHUQDO GHOHWLRQV RUZLWKRXW DQ
VWDJH 7KHVHWRIJHQHV SDVVLQIWKHVHFOXVWHULQJDQG GLVW|
ORIJHQHWLF xOWHULQJDQG GRZQVWUHDPDQDO\VHV

i i 3T™ME-°"%3% O0es 5% OEDO0e®iqi.. $3 %I OEq-60q0 % ,3"

7JRGLVWLQJXLVKGHOHWLRQ ERUQ IXVLRQV P RMIHH G [2HUSHBW L R
IRUPHG SK\ORJHQHWLF UHFRQVWUXFWLRQDQGDQFHVWUDO VWDW
PHQWVIURPWKHSUHx[ VXN[GLVWDQFHDQDO\VLY )RUHDFKFDQG!
SHDN VKDSHXxOWHUV ZHGRZQVDPSOHGJHQRPHVWRREWDLQD WU
LQJE\VDPSOLQJHTXDO QXPEHUV RIJHQRPHV IURPHDFK GLVWDQF
VSOLW HYHQO\DFURVV FOXVWHUV 6DPSOLQJZDV UHVWULFWHG \
UHGXFH DUWLIDFWV IURP IUDJPHQWHG DVVHPEOLHY )RUHDFK VD
SUHXx[DQG VXN[N PHU DV ZHOO DV WKHHQWLUHLQWHUOHDYLQJYV
WKDW VDPHUHJLRQLQ WKHZKROHJHQRPHVHTXHQFH

7UHHV ZHUH FRQVWUXFWHG IURP PDVNHG VHTXHQFHV XVLQJ DWW
ZLWK GHIDXOW RSWLRQV RQ WK H P D VANRHEQZIXEROHHUIRIRVR PGV H i YDHOQ/MR
WZR RXWJURXS JHQRPHV SHU IRFDO VSHFLHV FKRVE&®!'DV FORVH U



<jia4 i O.i>0r+01 *&)B PDQG'i O7 ;VHERYDU 7\

SKLPXULXP/7 *&)B BE ;4EIRBE &0 i1&B BESGO.10i

&3 CRW! '11)$710ICE O&; 0L &80 CEG U 0& 4

1&B RU 4&7& E&al1&B DD ®1&B DQG

IRLE . i> ! Q5 [E ;W D[EQ 10)54 JRUHDFK RI WKH WZR

SRVVLEOHRXWJURXSVLQFOXGHG ZHLGHQWLxHGWKHJHQRPH ZLYV
WKHRWKHUOHDYHVDQG FKRVHWKDWDV WKHRXWJURXSWRURRW
JRUHDFKFDQGLGDWH JHQH SDVVLQJWKHGLVWDQFH EDVHG xOW
ZDV}VSOLW~RU}LQWDFW~ XVLQJD WUHH EDVHG SDUVLPRQ\DSSU
FKDUDFWHU VWDWHY DQG ZH UHFRQVWUXFWHG LOWKHQDO QRGH
DQRQFHVWUDO VWDWH IRUHDFK JHQH ZDV GHxQHG DV WKH SDUVLPR(
DQFHVWRU 05&% RIWKHLQJURXS JHQRPHV *HQHV ZHUH FODV VL X
IXVLRQV ZKHQ WKH 05&% VWDWH FRUUHVSRQGHG WR D }VSOLW~ FO
VXN[GLIHUHQFH DQGDW OHDVW RQHGHVFHQGDQW FODGHFDUULLE
GLITHUHQFHQHDU &RQYHUVHO\ JHQHV ZKRVHO05&% VWDWH ZDV }L
WKHLQWDFWJIJHQH ZDVDQFHVWUDO DQG WKHSRVLWLYH GLVWDQF
DQGZHUHH[FOXGHGIURPWKHGHOHWLRQ ERUQIXVLRQ VHW

i O°|aa—u%o *%og%oOCE° (—-%02%030 q3 SEOAETMQH%O '%o(’j%o'(,\)CEO3

7RDVVHVV ZKHWKHU VWUXFWXUDOO\YDULDEOH ORFL ZHUH GRPLQ
0*(V RUSURSKDJRYV 2HIXQUH QHG WKH VHTXHQFH EHWZHHQ WKH PI
x[ N PHUV WR FXUDWHG 0*(DQG SURSKDJH GDWDEDVHV 7KH 0*( GL
DQG WKH SURSKDJH GDWDEDVH IURP 3URSKWKH WoZ FE PFBW $ U HIVY K R
ZHUH FRQFDWHQDWHG LQWRDVLQJOHQXFOHRWLGH %/$67 GDWDEI
WKHLQWHUYHQLQJVHTXHQFHEHWZHHQ WKHPDWFKHG SUHXx[DQG



VHTXHQFH ZKRVHOHQJWK GULYHV WKH SRVLWLYH SUHx[ VXN[GLVV
ELQHG GDWDEDVH XVLQJ %/$671 )RUHDFKLQWHUYHQLQJVHTXHQ]
LQWHUYDOVDORQJWKHTXHU\DQG FRPSXWHG WKHWRWDO QXPEH!
WLRQRIWKHLQWHUYHQLQJVHTXHQFHH[SODLQHG E\0*(V SURSKD.
GLYLGHG E\TXHU\OHQJWK 7KHVH SHU JHQRPHIUDFWLRQV ZHUH \
WZHHQ ORFLZKRVHLQIHUUHG 05&% VWDWH ZDV }VSOLW~YHUVXV }L
8 WHVW

i i 6% % 0Om®e3$3g-eiocei

JRUWKHVHOHFWQORQ PQ@EHIXLMBRQRPHY ZLWK WKHLQWDFW 25) ZHU|
EDVHGRQWKHLUPHPEHUVKLSWRWKHFOXVWHUZLWKDUHODWLYH
N PHUDQG LQWHUYHQLQJ QXFOHRWLGHV ZHUH H{WUDFWHG GHG X
ZLWK GHIDXOW RISWRREQ\RI WKHPDVNHG ZKROH JHQRPH VHTXHQFI
DQGVHOHFWLRQDQDO\VLV ZDV SHUIRUPHG ZLWK )8%$5 LPSOHPHC
RSWLRQV

‘HDVVHVVHG VLIQDWXUHV RIVHOHFWLRQ RQ FDQGLGDWH GHOHYV
G1 G6 VW\OHFRPSDULMRYW )WRMWWWLPDWHVHOHFWLRQ DFWLQJR
OHOH ZHIRFXVHG RQJHQRPHV DVVLIJQHG WRWKHFOXVWHU FORVF
JRUHDFKJHQRPH ZH XVHG WKHH[WUDFWHG ORFXVVHTXHQFHDQG C
LQJ UHWDLQLQJDFRXQWRIKRZPDQ\JHQRPHVVKDUHG HDFK XQLT)
WKHQ FRGRQ DOLJQHG WR WKH FDQRDQEZG FRHXQW&HEEXW QRI0 &KXV
QRQV\QRQ\PRXV GLIHUHQFHV DFURVV DOLJQHG FRGRQV LJQRULQ.
EDVHVDQG WUDFNLQJSUHPDWXUHVWRSJDLQVVHSDUDWHO\ 3HU
VIQRQ\PRXV DQG QRQVI\QRQ\PRXV FRXQWYV DFURVV XQLTXH VHTXH (¢
WKHQXPEHURIJHQRPHVLQZKLFKLWRFFXUUHG G1 G6ZDVWKHQ FI



GLYLGHG E\ZHLJKWHG VIQRQ\PRXV FKDQJHV

6HFRQG WRHVWLPDWHWKHGHJUHHRIGLYHUJHQFHH[SHFWHG IL
VWUXFWHG }VXUURJDWH~JHQHV IRUJHQRPHV DVVLJQHG WR WKH |
WHU IURP SDUVLPRQ\ )RUHDFKJHQRPHZH XVHG WKHH[WUDFWHG
LQJVHTXHQFH GHGXSOLFDWHG ERWK VHTXHQFH VHWYV DQG PDSS
LQWR LWV SDUHQW UDQN VHTXHQFH E\H[DFW VXEVWULQJPDWFKLC
DOLJQHG WKHFDQRQLFDO TXHU\ &'6 WR HDFK XQLTXH UHPRYHG UH
OHFWHG D VHW RIKLJK VFRULQJ VHJIJPHQW SDLUV WKDW DSSUR[LPEC
ZDV SURMHFWHG EDFN RQWR WKH SDUHQW UDQN FRRUGLQDWHYV D¢
UDQN VHTXHQFH XVLQJS\URGLJDO IRUHDFKVHJPHQW ZH VHOHEW
VWLWFKHG WKHUHVXOWLQJ25)QXFOHRWLGHVHTXHQFHV WRJHWK
}111~WR SUHVHUYHFRGRQ SKDVHDPELJXLW\ 7KHVHVWLWFKHG F|
GHOHWLRQ VHTXHQFHV DQG ZHUH FRGRQ DOLJQHG WR WKH FDQRQ
ZKLFK VIQRQ\PRXV DQG QRQV\QRQ\PRXV GLTHUHQFHV ZHUH FRXQW
ZHLIJKWHG G1 G6 HVWLPDWH

i i 3E°O% e3)q2e-¢&-Di0%E®3”qd... 692/& 3"

‘H FRQVWUXFWHG D ODUJH VFDOH EDFWHULDO SURWHLQ IDPLO\ FI
TXDQWLI\KRZVDPSOLQJGHSWKDIHFWV GHWHFW L$FO@RIRPHOHW LR
SOHWH EDFWHULDO JHQRPHV DYDLODEOH LQ 5HI6HT DW WKH WLPH
ORDGHG XVLQJQFEL JHQRPH GRZQORDGLQ*HQ%DQNIRUPDW )UR
WDWHG SURWHLQ FRGLQJVHTXHQFHV E\SDUVLQJWKH *HQ%DQN It
ERWKWKHQXFOHRWLGHVHTXHQFHDQG WKHFRUUHVSRQGLQJSUR
YLGHG LQ WKH *HQ%DQN UHFRUG LW ZDV XVHG GLUHFWO\ RWKHUZ|
LQ IUDPH 3URWHLQ VHTXHQFHY ZHUH ZULWWHQ WR SHU JHQRPH )



VLQJOHFRPELQHG SURWHLQ)$67$IRUFOXVWHULQJ

3URWHLQ VHTXHQFHV ZHUH FOXVWHUHG LQ WRODHNQHHDPQOZBV XV
SHUIRUPHG ZLWK D PLQLPXP SD L %Z DVFH. Qi P X R QUTHULIGHMVQRRLYW \UPDI JG- F
FRYHUDJHPRGH DQG N PHUVSHUVHTXHQFH XVLQJPPVHTV HL

SURWHLQIDPLOLHV VSDQQLQJERWKVLQJOHWRQDQGPXO)

WHU WDEOHDQG UHSUHVHQWDWLYHVHTXHQFHV ZHUH XVHG IRU GR
7JRHYDOXDWHKRZ GDWDEDVH VDPSOLQJDIHFWY GHWHFWLRQ RI V
SOHPHQWDU\ SURWHLQ IDPLO\VDPSOLQJ VWUDWHJILHV ,Q WKH }§
IDPLOLHV XQLIRUPO\DW UDQGRP IURP WKH IXO0 VHW RI 00VHTV F
}1RQ VLQJOHWRQV~VWUDWHJI\ ZHH[FOXGHG VLQJOHWRQ IDPLOLH
WDLQLQJDW OHDVWWZRPHPEHUV ,QWKH}/DUJH)DPLOLHV~VWUD
PRUHWKDQ PHPEHUV HQULFKLQJIRUGHHSO\VDPSOHGOLQHDJH'
QXPEHURISURWHLQ IDPLOLHV

JRUHDFK SURWHLQ IDPLO\ ZH TXDQWL*xHG VDPSOLQJGHSWK XVLC
WRWDO QXPEHURIJHQRPHVFRQWDLQLQJPHPEHUVRIWKDW IDPLO\
UHSUHVHQWHG DPRQJWKRVHJHQRPHY $VFRUHQHDU LQGLFDWH
DFURVVVSHFLHV ZKHUHDV KLJKHU YDOXHVLQGLFDWHUHSHDWHG
RIDVLQJOHOLQHDJH 6DPSOLQJGHSWKVFRUHVZHUHXVHG WR FRI
ERUQIXVLRQVDFURVVWKHWKUHHVDPSOLQJVWUDWHJILHV
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, ZRXOG OLNHWR ZDUPO\WKDQNDOO SDVWDQG SUHVHQW PHPEHU\
LOOXPLOQDWLQIJFRQYHUVDWLRQVDQGDGGLWLRQDO VFLHQWLxXxF L
UHWW +DUULVRQ IRUKHOSLQJWRFDWFKDPLVSULQW LQ RXUSUHS



RI'WKHI1DWLRQDO ,QVWLWXWHV RI +HDOWK 5 *0 DQRG S5 *0
SDFNDUG )RXQGDWLRQ WKH3HZ &KDULWDEOH 7TUXVWYV DQG WKH ¥
VXN[DSSURDFK LY EDVHG XSRQ UHVHDUFK SHUIRUPHG LQ )UDQFH .
&HQWHUDW5HQQHV 8QLYHUVLW\ 7KHZRUN ZDV VXSSRUWHG E\D &
IRUGFLHQFH 7HFKQRORJ\RIWKH (PEDVV\RI)UDQFHLQ WKH 8QLWI
WKH &ROO2JH GRFWRUDO GH %UHWDJQH 7KLV UHVHDUFK ZDV DGG|
5HVHDUFK $JHQF\ $15 XQGHU *UDQW $15 & ( IRUWKHS5($//S
RIWKLVYUHVHDUFK ZHUH FRQGXFWHG RQ WKH 2 +LJK3HUIRUPDQFL!
S5HVHDUFK &RPSXWLQJ*URXS DW+DUYDUGOHGLFDOG6FKRRO



SBKLOLS/DUNLQIDPRXVO\SURSRVHG WKDW ZKDW ZLOO VXUYLYHRI:
"'URQJ KDWZLOOVXUYLYHRIXVLVSODVWLF VZLQHERQHVDQGOF
WKHVWDEOHLVRWRSHDWWKHHQG RIWKHXUDQLXP GHFD\FKDL

SREHUW ODE&EI®UADOH ii.b i:!>1 id

*HQRPLFUHVLVWDQFHLQ
LQFUHDVHGLQIUHTXHQF\D
WKHDJHRIDQWL

7TKHIROORZLQJFKDSWHU KDV EHHQ SXEOLVKHG ZLWK'2, PJF
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iwi@q3°‘%)o’oDFWHULD DFTXLUHDQWLELRWLFUHVLVWDQFH WKHDEL
VDIHO\JLYHQWRD SDWLHQW ERWKE\PXWDWLQJWKHLUJHQRPHV I
RWLFVWKHQ VHOHFWV IRUUHVLVWDQW PXWDQWY DOORZLQJWKH
IRUHYHU\DQWLELRWLFLQWURGXFHG UHVLVWDQFHVRRQIROORZ"
TR XQGHUVWDQGWKHHYROXWLRQDU\KLVWRU\RIFOLQLFDO UHV
VHOHFWLYHSUHVVXUHVRQUHVLVWDQWPXWDQWY EXWDOVR ZKD'
OHVZHUHEHIRUHWKHZLGHVSUHDG XVHRIDQWLELRWLFYVY 7KLV SU
RIUHVLVWDQFHWRDQDQWLELRWLFEHIRUHLW ZDVHYHQ GLVFRYF
GLVFRYHU\ [IUHH]H GULHG FROOHFWLRQV RIEDFWHULDO LVRODW&G
, Q WKH8.{VIDWLRQDO &ROOHFWLRQRI7\SH&XOWXUHYV 1&7& Z
LFDODQG HQYLURQPHQWDO LVRODWHV IRUORQJ WHUP VWRUDJH
WRJIDLQLQVLIKWV IURP WKH SK\ORJHRJUDSK\RILQGLYLGXDO VW
GLVHDVHRXWBDRMWBNMFHQWO\ ODUJH VFDOHVHTXHQFLQJHIRUW\
DYDLODEOH KLJK TXDOLW\JHQRPLFDVVHPEOLHV IURP WKH 1&7&
DOOHOHVDURXQGWKHDGYHQWRIDQWLELRWLFV
ORVWH[SODQDWLRQVIRUDQWLELRWLFUHVLVWDQFHDWWULEXW
JHVWLQJ WKDW FRQVXPSWLRQ DQG SURGXFWLRQ RIWKHVH GUXJV
EDFWHULD WR GHYHOR SHRQCZG YVHW WIHFYHBWLXRMDNOVWVW XG\LQJ PLFURE
WKHZLGHVSUHDG XVHRIDQWLELRWLFV KDVIRXQG DQWLELRWLF L
7KH xUVW 1&7& LVRODWH DRFHVVQ R QHIR QEXW& G DQ LV UHVLVW
SHQLFLOOLQDQG HU\WKURP\FLQ ZHO OBKNORU H QH\M ICFLWIF RY € U WRJI>
KDV SUHGLFWHG WK DWCP. HOW!K L &4 4091 BbRAM UNWG Q@ WKH PLG v
\HDUV EHIRUH WKH LOWUR G XF W L RDWK A HH\@ K L BIRMPIHD MO WHKHRFQ|
LHY RIPLFURELDO LVRODWHV IURP SHUPDIURVW KDYHLGHQWLXxHC



RYHU INHDUMXKROBWKLY QDWXUDORFFXUUHQFHLV XQVXUSULVL
RWLF SURGXFWLRQ IDUSUHGDWHYV KXPDQ XVH WKHIUHTXHQF\ W\
KXPDQ DVVRFLDWHG EDFWHULD EHIRUHWKH XVHRIDQWLELRWLFV
+HUH ZHVRXJKWWRLGHQWLI\DQG TXDQWLI\WUHQGVLQUHVLVW
RWLFLQWURGXFWLRQLQJHQRPHV IURP WKH 1&7& H QRWH WKDW
VROHO\FRPSXWDWLRQDO RQO\FRQVLGHUV WKH SUHVHQFH RIJHQ
NQRZQ UHVLVWDQFHJHQHRUDOOHOH GRHV QRW QHFHVVDULO\LP
LIDUHVLVWDQFHJHQHLV XQH[SUHVVHG WKHPLFUREHPD\VWLOO
DUHVLVWDQFHHOHPHQWHQDEOHV D ODUJHUSRRORISRVVLEOHP;
‘H PHDVXUHG DQG FKDUDFWHUL]JHG WKH JHQRPLF UHVLVWDQFH W
WR EHWWHU XQGHUVWDQG KRZWKHFOLQLFDOLQWURGXFWLRQRI I
WKHIUHTXHQF\DQG IHDWXUHV RIUHVLVWDQFH 7KURXJK WKH FRQ
GDWDEDVHRIPLFURELDO JHQRPHV ZHVKRZWKDW KXPDQLQWURG
FKDQJLQJERWK WKH SUHYDOHQFHDQG PRELOLW\RIJHQRPLF UHVL
LQWKH 1&7&

i 0% O ™o |

i i &E%qOce°3°o“qOm®2%a2qOe™%... ... qO0q|gi% °“2eeE°|eq- " %o

7TRIHQHUDWHDKLVWRULFDOGDWDEDVHRIPLFURELDOJHQRPHYV Z
8. +tHDOWK 6HFXULW\$IJHQF\ :HFKRVHWKH 1&7& GXHWR LWV VWDW
WKHZRUOG DQGDVDUHVXOW LWLVRQHRIWKHPRVWGLYHUVH FI
RIDQWLEHRQRVWNWKDWDOWKRXIJKWKHGDWDEDVHKDV D SUHGRPL
YDULRXVHQYLURQPHQWDO LVRODWHY GHSRVLWHG
7TRIJHQHUDWHWKHGDWDEDVH ZHV\VWHPDWLFDOO\DQDO\]HG WK



IURPWKH1&7& ZHEVHUYHU DVQRFRPSOHWHGDWDEDVHRILVRODW
8SRQ GRZQORDGLQJHDFKLVRODWH{VPHWDGDWD ZHDJJUHJDWHZC
VHDUFKIRUD SXWDWLYH\HDURILVRODWLRQ 'XHWRWKH1&7&{V O
DQG GDWD ORJJLQJSUDFWLFHVDUHQRWFRPPRQ WKURXJKRXW WK
LWFDQDSSHDULQVHYHUDO GLTHUHQW xHOGYV )URPWKHUHJH[VHE
DQG UDQNRUGHU WKH SULRULW\RIHDFK\HDUEDVHG RQ D KHXULVV
ZLWK WKH 1&7& $OWKRXJK D ZFROOHFWLRQ GDWH{ xHOG H[LVWYV II
IRXQGLWWREHLQDFEFXUDWH RXW RI DVVHPEOLHVLQ WKH 1&7
FROOHFWLRQ GDWHVDQGRQO\ KDYHDVLQJOH\HDUOLVWHG LQ \
HUDO VWUDLQV ZLWK GHPRQVWUDEO\LQFRUUHFW FROOHFWLRQBC
DVEHLQJLVRODWHGLQ ZKLOHWKH*HQ%DQNHQWU\IRULW OLYV
LQVWDQFH 1&7& LVRQO\OLVWHG DV EHLQJzSUH {EXW KDV I
WKLVUHDVRQ ZHQHJOHFWHGWRXVHWKHFROOHFWLRQBGDWHHQ
ZLWKHDFKWR GHWHUPLQHD\HDURILVRODWLRQ

JRUDOO VWUDLQV IRUZKLFK D\HDURILVRODWLRQ ZDV GHWHUPL
VHPEOLHV ZLWKLQ WKH (XURSHDQ 1XFOHRWLGH $UFKLYH (1$ 5HI
JLYHQDFFHVVLRQKDG D JHQRPHDVVHPEO\LQ HLWKHU5HI6HT RU *
SRVLWHG ZLWKLQ WKH (1$ )RUFRQVLVWHQF\ ZHRQO\PRYHG IRUZE
WKH (1$ 7KLV RXWSXW ZDV WKHQ P H U2X¥Ms BIQMKIHQ DOVJHQRIRHXUBD R
GDWDEDVH DUHIURP WKHW & 7& H 1BER® OHEWV RBQMHUDWHG IUR]
FROODERUDWLRQ EHWZHHQ WKH 1&7& 3DFLxF %LRVFLHQFHV DQG )
TXHQFHGDQGDVVHPEOHGDURXQG 1&7& LVRODWHY XVLQJ ORQ

7JRHYDOXDWH WKH TXDOLW\RIRXU JHQRPLF GDWDVHW ZH FDOFX
QHVVDQGFRQWDPLQDWLRM\GHAIQHG DVABAPHIM ORZ TXDOLW\ LI
SOHWHQHVV %FRFIR @ WORZ @® W BRRUMFR UH DE@XH OHVV WKDQ NE
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DSSO\LQJWKHVH TXDOLW\FRQWURO FULWHULD ZH XOWHUHG RXW
DQRGZHUHOHIWZLWKD xQDO VHW RI KLIJK TXDOLW\A\JHQRPHV VX
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+HUH ZHXVHWKHWHUP zJHQRPLFUHVLVWDQFHHOHPHQWV{WRPF
SOHWH JHQHV ZKLFKKDYHEHHQDVVRFLDWHG ZLWK UHVLVWDQF!
JHQRPLFUHVLVWDQFHHOHPHQWY LY QRWDGLUHFW SUHGLFWRU R
SKHQRW\SLF UHRRVLEWQ@WEHN JHQRPLF UHVLVWDQFH HOHPHQWYV ZLW
RUWKRJRQDO DSSURDFKHV )LUVW ZH XVHG WKH5HVLVWDQFH *H
&RPSUHKHQVLYH$QWLELRWLF5HVLVWDQFH DWDEDVH &$5' ZLWK
H[FOXGHBRESIW DQH[WHQVLYHGDWDEDVHRIFXUDWHGDQWLPLF!
DQGUHVLVWDQFH FRQIHUULQJPXWDWLRQVDQGFDQSURYLGHD FI
SUHVHQW ZLWKLQDJLYHQ JHQRPH $GGLWLRQDOO\ ZH XVHG $05)]|
IROORZLQJWD[D XVLQJ Wik H v ®U JID QAR UBD Ja!! i Oi ;i1 a0

Qo

a 1;1a04;711a40>iQ'alad>4 g@iad>'alaa>4o>1844a>4[;dliaj!i4

alda>4 . 1> 1:;iQ1a04;11HQE6E! | 04 0i1>83059DQGHU30OXV VLPLODUC
SHUIRUPV DOLIJQPHQW VHDUFKHV LQ D ODUJH GDWDEDVH RINQRZC
ELQHG ZLWK WKHVRUJDQLVPUDJ LWDOVRLQFRUSRUDWHYV SULRU
FRPPRQO\IRXQGLQHDFKWD[RQDQG xOWHUV WKRVHUHVXOWV RX
xQHPHQW WRRO DOORZLQJIRUWKHLGHQWLXFDWLRQRIUHVLVWD
ERWKDSSURDFKHVDUHGHVFULEHG DQG LWLV QRWHG ZKHQ D JLY

RWKHU
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7R FODVVLI\ SODVPLGY SUHVHQW LQ WKH JHQRPLF DVVHPEOLHYV D
DQG02% W\SHUWRROV ZLWK GHIDXOW RSWLRQV DQGHYHU\FRQW
WKHFKURPRVRPH RO D% OB¥RIQLGHQWLXxHY SODVPLGV EDVHG RQ W
UHSOLFRQVDQG UHOD[DVHY DQG02% W\SHU IXUWKHU FKDUDFWH|
11 WHTXHQFHVDQGPDWH SDLUIRUPDWLRQPDUNHUV :KLOH WKLYV
LWLV SRVVLEOH WKDW D VPDOO QXPEHU RI LQWHJUDWLYHDQG FR
PRELOL]DEOHHOHPHQWY ZKLFKVKDUHVRPHFRQMXJDWLRQ UHOTL
WKHFODVVLXxFDWLRQ 7RLGHQWLI\LQWHJURQV 7RHLGHHGN, QIW HJUR
WUDQVSRVRQV 71 DQGLQVHUWLRQVHTXHQFHV ,6 SUHVHQWLQH
ZLWK GHID X O ZWRRSWIQRMIM\ SURSKDJHV ZH XVHG SKLJDUR ZLWK GHIL
JRUDOO JHQRPLF UHVLVWDQFHHOHPHQWY ZH FODVVLxHG WKHP
I WKHHOHPHQW ZDV SUHVHQW RQ D FRQWLJFODVVLXHG DV D SODV
WREH zSODVPLG®RYPRIDIWHGKH B®HPHQW VHTXHQFH ZDV HQFRP
JHQHFDVVHWWH WKHQ LW ZDV GHWHUPLQHG WREH zLQWHJURQ D
71RUWZR,6 HOHPHQWV ZLWKLQ NERIHDFKRWKHUDQGRIWKH VD
ZLWKD71RU,6 ZHFODVVLXxHGLWDVz71 ,6 DVVRFLDWHG{ ,IDUHYV
SURSKDJH ZHODEHOOHG LW zSURSKDJH DVVRFLDWHG{ 7R DFFRX(
EHHUURQHRXVO\SDFNDJHG LQVLGH QHDUE\ SURSKDJHV ZH DOVR
ZLWKLQ NE RI SUHGLFWRBHYUHRUS KBIJHRKQG PLQLPDO FKDQJHV WR !
HOHFWHG WR PRYHIRUZDUG ZLWK WKHPRUH VWULQJHQW RYHUODS
RIJHQRPLFUHVLVWDQFHHOHPHQWYV ZLWKLQ NEGLVWDQFHWR SU
PHWQRQHRIWKHVHUHTXLUHPHQWY WKHQLW ZDV FODVVLXHG DYV :
'HVDZD QHHG IRUD VWDQGDUGL]HG FRPSXWDWLRQDO SLSHOLQH



EDFWHULDOJHQRPHVDQGKDYHSDFNDIJHG WKLY SLSHOLQHIRU JHC
SLSHOLQHLVSXEOLFO\DYDLODEOHIRUGRZQORDGDQGLQVWDOOD
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7TKH\HDULQ ZKLFKDJLYHQDQWLELRWLFZDV FOUIRQGAHWYBOOPL@QWURG
WKHVLIJQLXFDQFHRIWKHREVHUYHG GLIHUHQFHEHWZHHQ WKH IU!
VLVWDQFH HOHPHQW DJDLQVWDQDQWLELRWLFEHIRUHDQGDIWH
GLVWULEXWLRQ XVLQJWZRVKXOLQJPHWKRGY ,QWKHxXxUVW PHWK
HDFK LVRODWH ZDV UDQGRPO\DVVLIJQHG D\HDU RILVRODWLRQ IU
SODFHPHQW 7KLV XQVWUXFWXUHG VKXOLQJDOORZHG IRULVROD
DQ\RWKHU\HDU IRUH[DPSOH VRPHLVRODWHV IURP FRXOG EH
EHDVVLIQHG WR TRDFFRXQWIRUSRVVLEOH VWUXFWXUHLQ Wk
PHWKRG VWUXFWXUHGVKXOLQJ ,QWKLVDSSURDFK DOOLVRODW
WR WKHVDPHQHZ\HDU )RUH[DPSOH DOOLVRODWHV FXOWXUHG L
VDPH\HDU

‘HSHUIRUPHGERWKVKXOLQJPHWKRGYV WLPHVWRJHQHUDWH
UHVLVWDQFH SUHYDOHQFHEHIRUHDQGDIWHUDQWLELRWLFLQWU
WKHFUHDWHG QXOO GLVWULEXWLRQ DQGHPSLULFDOS YDOXHYV Z
%HFDXVHWKHXQVWUXFWXUHG PHWKRG FRQVLVWHQWO\\LHOGHG
LPEDODQFHVDFURVV\HDUV ZHUHSRUWRQO\WKHS YDOXHV GHUL"
WHUDFFRXQWVIRUWKHVHWHPSRUDO VDPSOLQJELDVHYVY 7R FRUU
WLELRWLFFDWHIJRULHY ZHDSSOLHG WKH %HQMDPLQLV+RFKEHUJ
$GMXVWHGS YDOXHV ZHUHFRPSXWHG XVLQJWKHPXOWLSOHWHVW
PHWKRG {IGUBEK{ DQGUHVXOWVZHUHFRQVLGHUHGVLJQLxXxFDQ\
7TKLVFRUUHFWLRQPLQLPL]HVWKH SURSRUWLRQRIIDOVHSRVLWL"®



VWDWLVWLFDO SRZHU
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*HQRPHV ZHUH XQLIRUPO\DQQRWDWHG ZLWK %DNWD XVLQJ YHUVI
WLRQV1I$ )HDWXUHV 9LHZHU ZDV XVHG WR YLVBRWOLUDBHVXOWHQJ
SURFHVVHG ZLWK 3DQGDY DQGDOO SORWV ZHUHFUHDWHG ZLWK 6|
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7TRFRQVWUXFW D SK\ORJHQ\IURPWKHEHWD ODFWDPDVHVLQRXUG
IURP IDPLOLHV ZLWK DW OHDVW PHPEHUV EDVHG RQ WKHLU $05 J
VHTXHQFHVIRUHDFKUHVLVWDQFHJHQHZHUHH[WUDFWHG IURP WK
0$))7Y ZLWK GHIDXO W S DHENISURVIHTYXHQFH IURP &$5' ZDV
LQFOXGHGDVDQRXWJURXS 7KHUHVXOWLQJPXOWLSOHVHTXHQFF
OLNHOLKRRG SK\ORJHQHWLF WUHH XVLQJJDMWYUNKIYOL]DWILWRR G
PHWDGDWD DQQRWDWLRQ LQFOXGLQJVSHFLHV \HDURILVRODWL
XVLQJL72/ ,QWHUDFWLYH 7UHH 21/LIH Y

i i 6Q2/FE-e3 %eeql

$VZLWKDQ\DQDO\VLVRIDKLVWRULFDOGDWDEDVH VDPSOLQJELTL
XVLQIJWKH1&7& LV QRH[FHSWLRQ

JLUVW WKH 1&7& LVEDVHGLQWKHS8. DQGDGPLQLVWHUHG E\ WKF
UHVXOW PRVWLVRODWHV GHSRVLWHGDUHHLWKHUIURP WKH 8. R
YDQW 7KXV WKHLVRODWHVLQFOXGHGLQRXUVWXG\DUHQRW QHI
SRSXODWLRQ SUHVHQWGXULQJWKRVHSHULRGV



,QDGGLWLRQ WKHDYDLODELOLW\DQG SUHVHUYDWLRQ RILVRO
ZLWK VRPH SHULRGV EHLQJ PRUH KLJK®\ VKRS OWHPWR D QR BMKCHWUR/R
LPSDFWRXUDELOLW\WRDFFXUDWHO\DVVHVVWKHSUHYDOHQFHD
WKURXJKRXW KLVWRU\ , QDGGLWLRQ WKHLVRODWHV GHSRVLWHC
SRLQWV LQWLPH )RUH[DPSOH WKHUHLVDQRWLFHDEOHVSLNH LC
WDQFHHOHPHQWY GHSRVLWHG DIWHU WKH\HDU WKLV OLNHO\
UHVLVWDQFHDQGLWVYPDUNHUV

7TKRXJKZHVWURYHWRPLWLIDWHWKHVHELDVHVY WKURXJK UDQG
ODUJHVDPSOHVL]HV ZHQRWHWKDW WKHFRPSOHWHHOLPLQDWLF

i &E%qOcee3°“qOm®2%a2qOe™% ... ... q0q|qi% °“ |gqeO % Eceqg-"%:

$WWKHWLPHRIGRZQORDG LVRODWHYV ZHUH SUHVHQW LQ WKH
GLFWHG \HDU RILVRODWLRQIURP WKHPHWDGDWDDQG SXEOLFO\ |
LVRODWHV UHSUHVHQW VSHFLHV ZLWKaNKHaP DOVBRUILAW \ LVROD
47 O.1>1 Of(O i O1 ;i1 3@QO0. d '4alad>4 O>Rirn.;'a'4da>4 .d!
ar 14
‘'HSUHVHQWDQLQWHUDFWLYH-XS\WHUQRWHERRNLQWKHSURMI
HDVLO\DFFHVVLEOH IRURWKHUUHVHDUFKHUV KWWSV JLWKXE
SOHWH GDWD RI WKH LVRODWHV VFUDSHG IURP WKH 1&7& WKH
KLIK TXDOLWNJHQRPHV XVHGIRUWKHUHVWRIWKLVY FKDSWHU({V DC



i *%03°2ce E%ioeiOQq3e% 891 EE% %30 ce3e-0e3eeq-ei®=-qO %l |

q20ce|e°Oce-i

‘HxUVWPHDVXUHG WKH SUHYDOHQFH RIUHVLVWDQFH WR D JLYHQ
RIWKDWDQWLELRWLF 7RIRFXVRXUDQDO\WLVRQWKHPRVWLQIRI
WR OHDGWRDSKHQRW\SLFFKDQJHLQUHVLVWDQFHSURXOH ZHHF
VXEVHWRIWKHVSHFLHVLQRXUGDWDEDVH 7KHVHLQFOXGHG WKH
SDWKRJIHQ%'44>4 0di® >d 14144>4 O=limdi O . i> ! G i
1a404;1140> @4i>e!' 1 040i1>0DQAD11a04Si1 WKH LVRODWHVIUI
43 11 & GWXH LVRODWHO® RLELTWHKE LVRADWENRY4 NG 74
WKH LVRADWKEVARP4 . BULQULQJWKH WRWDO WR LVRODWHYV (D
EOLHYVDQGWKHLUVSHFLHVLQIRUPDWLRQZDVLQSXWWRS$05)LQGH
FRPPRQOVIRXQG ZLWKLQ WKHVHWD[D VHHO(7+2'6
TRLQYHVWLIDWHLIWKHVHLVRODWHVKDUERUHGJHQRPLFUHVLYV
RIDQDQWLELRWLF FODVV ZHFRPSXWHG WKHIUDFWLRQ RILVROD
JLYHQDQWLELRWLFWKDWFRQWDLQ DOOHOHVDVVRFLDWHG ZLWK
‘HQRWH WKDW WKHDQWLELRWLFFDWHIJRULHY XVHG LQ WKLV DQ
HOHPHQWYV GHWHFWHG QRW VWULFWO\E\FKHPLFDO FODVV RU FO
PHFKDQLVP FRQIHUV FURVV UHVLVWDQFH VWR AHOXWEBSX®8 DQWLELF
ZKLFKDIHFWV ERWK SKHQLFROVDQG  TXLQRORQHV ZHJURXSHG WK
&RQYHUVHO\ ZKHQGLVWLQFWPHFKDQLVPVWDUJHWDVLQJOHDQMW
UDPSKHQLFRO ZHWUHDWHGWKHPVHSDUDWHO\WRUHUHFW WKHL
DOORZVIRUPRUHDFFXUDWHLQWHUSUHWDWLRQ RIUHVLVWDQFH (
GHWHFWDEO\HQFRGHGLQWKHJHQRPHYV
HxQGWKDWDOWKRXJKXQFRPPRQ LWLVSRVVLEOHWRGHWHFW L



bltu; “:*9 !;vbv|-m1; -tt;t;v %o;u; ru;v;m| Of| tmlollom -1luovv vr;1b;v-m7 7ut] 1t-vv;v O;=ou; |[_; bm
-mz0bozlv:
P Ql1tItt-z"; _bv]oJu-lo=;-1_o=|_;];molbl bvot-|;vo~;uzl;bmotu7-|-v;| %o-v-m-t<E&;7 %b|_ ! bm
P Q-|l-ru;ru;v;mZzm]|_; =u-1Zomo=bvot-|;v_-uOoubm]u;vbv|-m1; -tt;t;vO0;=0ou;|_;bm|uo7tlZomo=
$ ;7;molbm-Joubm;-1_1;ttbv|_;mtIO;uo0=bvot-|;vo=-]b";mvr;1b;v1tt|tu;7 0;=0u;|_; 1tbmb1l-t
-mz20bozlvbm|_; louu;vrom7bm] uo% Pu;ru;v;m|;7 0<|_; <;-um;S|]o|_;-mz0boz1Q: $_; mtl;u-|ol
bvot-|;v1ft|tu;70;=0ou; ltbmbl-tbm|uo7ftlZomo=|_;-mZz0boZzl lom|-bmbm]u;vbv|-m1l; -tt;t;v]o|_-
LFDOO\UHOHYDQWLVRODWHVFXOWXUHGEHIRUHWKIHRARVOH QLFDO L(
% ORUHRYHU RXUDQDO\WLVUHYHDOV GLTHUHQWLDO UDWHV RI UL
ELDOVSHFLHV 7RH[SORUH WKLV IXUWKHU ZHUH UDQ WKH DQDO\\
DQ\WD[RQRPLFFRQVWUDLQWYV WR xOW H K IL\D BVSS_QR/M. FF KJIHQYF-® XVEDHQ\F
VLVWDQFHHOHPHQWV UHJDUGOHVVRIZKHWKHUWKH\DUHFRPPRQ
PDQ\JHQHV WKDWDUHFXUUHQWO\FRQVLGHUHG SDUW RIWKH QRU
ZLGHVSUHDG SUHYDOHQFHRIJHQRPLFUHVLVWDQFHHOHPHQWYV R/
WDQFHHOHPHQWYVY UDWKHU WKDQDFTXLUHGRUHPHUJHQW UHVLVYV
WKHLPSRUWDQFHRIWD[RQ DZDUHXOWHULQJZKHQHVWLPDWLQJU
SKHQRW\SLFDOO\ VLY QILIEDAW )LIXUH
TREHWWHUXQGHUVWDQGWKHVHLVRODWHY ZHVHOHFWHGD YDLU
UHVLVWDQFHDQGDQDO\|[HGWKHLULVRODWLRQVRXUFHDQGWKHJ
% )LIRMIH2YHUDOO ZHVKRZWKDWZKLOHUDUH KLVWRULFDO LVRC(

FOLQLFDODQG HQYLURQPHQWDO VHWWLQJV FRQWDLQ JHQRPLF U



EHIRUHFOLQLFDO XVDJHRIWKDWDQWLELRWLF

i *%03°2e E%ieiOqg3e% q"qae3i02°10 g30me|e°Oeiic’3e“mq?3

eme3eeq-e30E°..FeO0®?3°*0O0™q0 q30e|e°Oe:

7KRXJK ZH REVHUYHG VRPH JHQRPLF UHVLVWDQFH LQ LVRODWHYV E
WHUHVWHG LQ GHWHUPLQLQJLIWKHFOLQLFDOLQWURGXFWLRQ R
LQFUHDVHLQ WKHSUHYDOHQFHRIJHQRPLFUHVLVWDQFH WR WKDYV
WKHLU SUHYDOHQFHDQGGLYHUVLW\DUHZHOO DVVRFELDWHG ZLWHK
EHWD ODFWDPDVHV DUHWKRXJKWWRKDYHPLQLPDO SOHLRWURSL
)RUHDFK\HDU ZH KDG LVRODWHV I[URP ZH PHDVXUHG WKH IUDFW
PRUHEHWD ODFWDPDVHV :HWKHQ WRRN WKH PHDQ RI WKH IUDFW
SHQLFLOOLQLQ DQG DIWHUDQG PHDVXUHG WKH GLTHUHQFH EH
PHDVXUH WKH VLIQLXFDQFH RI GHOWD ZH VKXOHG WKH\HDU RI LV
WKHGHOWDDV EHIRUH 7KLV QXOOGLVWULEXWLRQZDV xWWHG WR
VLIQLXFDQFHZDVFRPSXWHG zOHWKRGV{ :HxQGWKDWWKHLQFU}
ODFWDPDVHVLVVLIQLXFDQWO\FRUUHODWHG ZLWK®KHFOLQLFDC
6XEVHWWLQJWKHGDWD WRRQO\ (6.$3( SDWKRJHQV SURYLGHV DQ |
% 7RGHWHUPLQHLIWKHVHUHVXOWYKHOGWREURDGHUFODVVE
LQFOXGHDOODQWLELRWLFVIRUZKLFKZHKDGDW OHDVW LVROD!



‘HDOVR QRWH D SHDN LQ UHVLVWDQFH SUHYDOHQFH VKRUWO\ DI
DURXQG 7KLVWUHQG FRUUHVSRQGVWRDVKLIWLQWKHVSHFLF
1&7& GXULQJ WKDW SHULRG 6SHFLXxFDOO\ WKHUHLVDQLQFUHDYV
GHFUHDVHLQ WKH QXPEHURIGHSRVLWHG (6.$3(SDWKRJHQV ZKLF
LQUHVLVWDQFH SUH Y D O%l Q EBXSIRV W JLIXUH

7R IXUWKHU H[SORUH WKH WHPSRUDO G\QDPLFV RI EHWD ODFWD
IDPLO\DQG IXQFWLRQDO FODVV GLV WU L EDXPALIOR QOVHRIHEH BVM@®D O D\FIVW/ T
OLJKWV WKHGRPLQDQFHRI6+9DQG 7(0HQ]\PHWI$Q WKMFPLG WZHQ)!
WLRQDO UHFODVVLXxFDWLRQ EDVHG RQ &$5' DQQRWDWLRQV DQG %
WKH HDUO\ SUHYDOHQFH RI SHQLFLOOLQDVHVY DQG FHSKDORVSRU
SHDUDQFHRIH[WHQGHG VSHFWUXP EHWD ODFWDPDVHV (6%/V DQ
% % HQRWHWKH SU# YHEHW R I®NFW D Da4HiL @D i>L V R@ID W H
1&7& KRZHYHU WKLV DOOHOHODFNVWKHNH\DFWLYHVLWH P)
VSHFWUXPDFWLYLW\LQ6+9EHWD ODFWDPDVHYV DRM[ZDR UMK HUH I
WKHHYROXWLRQDU\RULJLQVRIEHWD ODFWDPDVHJHQHVLQRXUG
SK\ORJHQHWLFWUHHRIDOO LGHQW¥%x HBKEHHMDDN O IFMA TFRIMWH. V W
PXOWLSOHLQGHSHQGHQWRULJLQVRIEHWD ODFWDPDVHJHQH IDP
VLVWHQW ZLWK WKH SDUDOOHO HPHUJHQFHDQG GLVVHPLQDWLRQ

‘HxQG WKDW IRUPRVW GUXJ FODVVHY WKHFOLQLFDO LQWURGX!
DWHG ZLWK D ULVHLQUHVLVWDQFHDOOHOHY SUHVHQW LQ WKH 1&
SKHQLFRO TXLQRORQHV DQG)LRYARPIEIHQ )LWHIMUDF\FOLQH UHVL\
GULYHQ E\WKH FKURPRVRPD,0;0LIQ®F R & HIMMQYX FROPBXLQRORQH UH
WDQFHEHIRUH LV O JH O XD SHPEVANDR | AV.KIE | 7RRXJIK
ERWKJHQRPLFHOHPHQWY DUH WKRXJKW WR RQO\LQGXFH ORZ WR
WKH\VWLOO FRQVWLWXWH FOLQLFDOO\UHOHYDQW JHQRW\SHV Wi



LVRODWHVRIWHQFRQWDLQHG JHQRPLFUHVLVWDQFHHOHPHQWV F
PDQLQWURGXFWLRQRIDQWLELRWLFV

,Q FRQWUDVW IRVIRP\FLQ UHVLVWDQFH SUH GDWLQJLWV FOLQL
DEURDGHU UDQJH RIPHFKDQLVPV )RVIRP\FLQ{V PHFKDQLVP RIDF
>1 ZKLFKFDWDO\VHVDQHDUO\VWHSLQFHOOZDOO® VAQWKHVLV
DQG.bZHUH REVHUYHG WKDW GHFUHDVH WKH XSWDQ RWKIHRWY IRP\FL
LQVWD-QFHMNKLELWHG PXWDWLRQV NQRZQ WR F DHG/GILIWH\RLQ/DCDOQ F H \
WKH SUHYHD®E ZDV QRWHG ZKLFK HQFRGH HQ]\PHV FDSDEOH RI G
HQWLUHKCHVH JHQRPLF GHWHUPLQDQWY RI UHVLVWDQFH ZHUH VSU
IRXQG QRDVVRFLDWLRQ ZLWK WKH FKDQJHLQ JHQRPLFUHVLVWDQ
DQWLELRWLFVE\PHFKDQLVP RIDFWLRQ )LJXUH

7RIJHWKHU WKHVH DQDO\VHV VKRZ WKDW IRUPRVW DQWLELRWL
JHQRPLF UHVLVWDQFHHOHPHQWY DPRQJ1&7& LVRODWHY LQFUHD
WURGXFWLRQ :HZHUHQH[WLQWHUHVWHGLQLQYHVWLIJDWLQJKR.
LIRQWDO JHQH WUDQVIHU KDYHFKDQJHG IRUUHVLVWDQFHHOHPHC

i *%03°2ce E% i Oq3e% %o¢c™am|eOle3«E%qie3”2°|e-00e °4%

TRLQYHVWLIDWH WKH WUHQGYVY LQ WKH DVVRFLDWLRQ RIDQWLELF
RYHUWLPH ZHFODVVLXHGHDFKUHVLVWDQFHHOHPHQWDV HLWKH
DVVRFLDWHG{ z, QWHJURQDVVRFLDWHG{ z71 ,6 DVVRFLDWHG{DQ
JRUWKRVHUHVLVWDQFHHOHPHQWY WKDW ZHUH PRELOH ZHLQYF
GLIHUHQWPRELOLW\W\SHVRYHUWLPH :HREVHUYHWKDW 71 ,6 D\
FRPPRQ IROORZHG E\SODVPLGDVVRFLDWHG LQWHJURQDVVRFLD
DOOIRXUVHHP WRVKRZDQLQFUHDVHRYHU WLPH VXJIHVWLQJHC



JHQRPLFUHVLVWDQFHHOHPHQWVDPRQJLVRODWHY GHSRVLWHGV
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b]tu; “:NOom¥mt;70



7JRLQYHVWLIDWH ZKHWKHU WKHFDXVHIRUWKLVLQFUHDVHLQUH
PRELOLW\RYHUDOO ZHLQYHVWLJDWHG WKHSUHYDOHQFHRIGLIH!
ZKHWKHUWKH\FDUULHGUHVLVWDQFHHOHPHQWY :HIRXQG WKDW \
SODVPLGVLVUHODWLYHO\FRQVWD®WAREHRMNUKRKMWMWKHMEHQ QRF
WKHIUDFWLRQRIWKRVH SODVPLGVY WKDWFRQWDLQRQHRUPRUH U
WLPH LQGLFDWLQJWKDW WKURXJKRXWWKH1&7& LWEHFRPHVPRL
HOHPHQWY FDUULHG RQ SO BV PHGEHR YRIWPMHIGP\M KL YO BH DQDO\VLYV I
DQG SURSKDJHVY ,QWHJURQVWHQGHG WREHUDUHULQRXUGDWDV
UHVLVWDQFHHOHPHQWY :HQRWHWKDWVLQFHZHKDYHIHZHULQW
LQWHUSUHWHG ZL WK FOMXRSIKDQ V. WHIHG HG WR EHDEXQGDQW DFUR
EHJDQWREHDVVRFLDWHG ZLWK UHVLVWDQFH 6IOPH.FO-DQWWR RAK PIR U
UHVLVWDQFH SUHYDOHQFHWUHQGY WKHGHFOLQHLQPRELOLW\ L
FKDQJHVLQLVRODWHFRPSRVLWLRQ 7KHSRVW VXEPLVVLRQV I
UHVLVWDQW (6.$3( SDWKRJHQV ZKRVHUHVLVWDQFHWHQGV WR EH

7KH SUHYLRXV DQDO\VLYV ZDVGRQHDFURVV DOO JHQRPLF UHVLVYV
GHWHUPLQHLIWKHVHVDPHUHVXOWY KHOGIRUDPRUHIRFXVHG VX
WR EHWD ODFWDPDVHV $QDO\]LQJWKHPRELOLW\RIEHWD ODFWLI
FUHDVHLQ DW OHDVW RQH FODVV RI PRELOLW\DQG DQ LQFUHDVH L
JRHVRQ %LIXUH

)LQDOO\ ZHREVHUYHD SURJUHVVLYHULVHLQWKHSURSRUWLRQ |
RQH SRVVLEOH PHFKDQLVP RIPRELOLW\ WUDQVSRVRQV SODVPLC
JLIXWH 2QH FRSERLWIKHQH ZDV IRXQG WR EHDVVRFLDWHG ZLWK WK U
PHFKDQLVPVWHVWHG WKLV YDBIDBRQRHG VKB YRYRMIWH WHRGAKUEF M
DQGLVFRPPRQO\OLQNHG Z1KEK E ZPWM RXQ\G RIUREAR 74 D
47 O.1i> VWUDLQ LVRODWHG IURP WKH % R QHD>Q@RG5W B DRWQLD/D LAR VIS L



PXOWDQHRXVO\DFDVVHWWHLQDFODVYVY LQWHJURQ ZLWKLQ WKH
FRQWLJSUHGLFWHG WR EHOR @C®®DMWKH. ERE@M X ZWDHNL PH)ESD OW KR X J
ZLWKLQD SURSKDJH LWGRHV UHVLGH ESIURPD SUHGLFWHG SU|I
WKHFXPXODWLYHPRELOLW\PHFKDQLVPVRIJHQRPLFUHVLVWDQFF
LQFUHDVHLQPRELOLW\DVVXSSRUWLQIJWKHzZQHVWLQJGROO{SDW
JHQHVEHFRPHPRUHIUHTXHQWO\LQWHJUDWHG LQWRPXOWLSOHP

i 'cele@iicees

,Q $OH[DQGHU )OHPLQJ{V1REHO 3UL]JHDFFHSWDQFHVSHHFK KH Gl
ZRXOG JUDGXDOO\VHOHFWIRUUHVLVWDQFH z0U ; KDVDVRUHWK
VHOlI QRWHQRXJKWRNLOO WKHVWUHSWRFRFFLEXWHQRXJK WR H
RXUVWXG\IXUWKHU UHLQIRUFHV WKDW HYHQ LQ WKH SUH DQWLEL
OLNHO\ FLUFXWRMWUL KDQ GHQRYRUHVLVWDQFHHPHUJLQJLQ UHV
IRXQG WKDW DQWLELRWLF UHVLVWDQFHDOOHOHY ZHUH DOUHDG\
SULRUWR WKH ZLGHVSUHDG XVHRIDQWLELRWLFV ,Q WKHPHWDSHF
HLWKHULQIHFWLQJOU ; RULQWKHHQYLURQPHQWDURXQGOU ; K
DQWLELRWLF OU ; {VXVHRISHQLFLOOLQ PHUHO\VHOHFWV IRU W
H[LVWLQJUHVLVWDQFH{LV FRQVLVWHQW ZLWK WKH LGHD WKDW F
JHQRPLFUHVLVWDQFHHOHPHQWY HYHQ EHKIRXIKAOK IOV A LG X ¥V DWHD F
HOHPHQWV ZHUHLQGHHG UDUH ZHQRWHWKHLUH[LVWHQFHDQG V>
RIDJLYHQDQWLELRWLF

)XUWKHUPRUH RYHUWLPH JHQRPLFUHVLVWDQFHHOHPHQWYV DL
JHQHWLF HOHPHQWY ORELOHJHQHWLFHOHPHQWY SOD\D FULWLF
UHVLVWDQFHJHQHVY EHWZKH QEPFMIML@ICPRE UDLWVRIJHQRPLF UH



RYHU WLPH VXJJHVWV WKH DFFXPXODWLRQ DQG GLVVHPLQDWLRQ
SRSXODWLRQVWKURXJKKRUL]IRQWDOJHQHWUDQVIHUPHFKDQLVP
SULRUZRUNLQYHVWLJIJDWLQJUHVLVWDQFHFDUULHGE\SUH DQWLE
UHFHQW VWXG\VHTXHQFLQJSUH DQWLELRWLFHUD SODVPLGVDQG
7KLV SKHQRPHQRQKDV VLIJQLXxFDQW LPSOLFDWLRQVIRUWRKHUDSE
ELOHHOHPHQWYV FDQIDFLOLWDWHWKHWUDQVIHURIUHVLVWDQFH
HUD ,QDGGLWLRQ ZHXxQGHYLGHQFHIRUWKHZQHVWLQJGROO{WK
HOHPHQWV EHFRPHLQFUHDVLQJO\QHVWHG ZLWKLQ PXOWLSOHPR
7KLV DFFUXDORIGLIHUHQW PRELOLW\PHFKDQLVPV FRXOG EH GXH
PRELOHHOHPHQWYDQG WKHVHOHFWLRQRIWKRVHPRELOHHOHPH

‘H QRWH VRPH GUDZEDFNV WR WKH SUHVHQW VWXG\ )LUVW E\YL
FDQQRWPDNHFODLPVDERXWWKHSKHQRW\SLFUHVLVWDQFHRI DC
DQDO\VLVLVUHOHJDWHG WRJHQRPLFUHVLVWDQFH ZHDUJXH WKI
IRUHYROXWLRQ WRDFW XSRQDQGLVQHFHVVDULO\FRUUHODWHG
LFDO DQDO\VHV RIDUFKLYHG LVRODWHV DUH ELDVHG E\ ZKDW VDP
DGGWRWKDWDUFKLYH :HGRQRWEHOLHYHWKLVELDVLPSDFWYV R
ZDV SUHVHQW DW ORZ OHYHOV LQ FOLQLFDOO\UHOHYDQW LVRODV
RWLFV VLQFH SUH GLVFRYHU\ WKHUH ZDV QR UHDVRQ WR SUHIHU
ZH GR DFNQRZOHGJH WKLV ELDV OLNHO\VNHZV WKH IXUWKHU UHV X
PRELOLW\RYHUWLPH 7KRXJKWKHVSHFLXxFPDJQLWXGHVDQG SUR
ELDV ZHEHOLHYH WKHRYHUDOO WUHQGV REVHUYHG OLNHO\ VWL
LQFRUSRUDWHDQWLELRWLF XVDJHGDWDLQWRRXUUHVLVWDQFH
VSDUVH LQFRQVLVWHQWDQGRIWHQ SURSULHWDU\FRQVXPSWLRC
VFDUFLW\RIULJRURXV XVDJH GDWD HVSHFLDOO\SUH DYDLOD
H[FOXGH LQIRUPDO PDUNHWY DQG DUH SUH I H{GHEQ W/ILIRQD®\OVD P & & H



1&7& GDWDVHW ODFNV SUHFLVH JHRJUDSKLF PHWDGDWD IRU PDQ\
VLVWDQFH SDWWHUQV ZLWK DQWLELRWLF XVDJH ,IPRUHFRPSUHH}
PHWDGDWD EHFRPHDYDLODEOH OLQNLQJDQWLELRWLF XVDJH WR
GLUHFWLRQIRUIXWXUH ZRUN

ORUHEURDGO\ ZKDW ZHFDOODUHVLVWDQFHJHQHLVLWVHOIWH
UHVLVWWKHDQWLELRWLFVZHXVHWRWUHDW SDWLHQWY WKH\PD
(OX[SXPSV IRUH[DPSOH FRQIHUUHVLVWDQFHWRDUDQJHRIQDW
JHQHV LQ EDFWHULDO SRSXODWLRQV SULRUWR WKH ZLGHVSUHDG
IXOxOOLQJLPSRUWDQW SK\VLRORJLFDO UROHYV

7KHSUHVHQFHRIUHVLVWDQFHHOHPHQWYVLQDVXEVDPSOHRIWK
WKH\ ZHUH OLNHO\D UHJXODU LILQIUHTXHQW RFFXUUHQFHLQLQ
VLVWHQW ZLWK RXU FRPPRQ XQGHUVWDQGLQJ WKHLQWURGXFWL
DFFHOHUDWHG WKH SUHYDOHQFH DQG PRELOLW\RIWKHVHRQFH U
SUHYDOHQFHRIUHVLVWDQFHREVHUYHG WRGD\
2XUXxQGLQJVDGG WRWKHJURZLQJOLWHUDWXUH VKRZLQJWKDW
VLVWDQFH GLG QRW DULVH VROHO\ LQ UB B3 KGWH WIRH ZMHLG BQ\V 7
IURP D ORQJ VWDQGLQJ UHSHUWRLUH RIUHVLVWDQFH DOOHOHV T
UHOHYDQWLVRODWHY 1HYHUWKHOHVV WKHLQWURGXFWLRQRID
WR EH IROORZHG E\DQ DFFHOHUDWLRQ RI WKH SUHYDOHQFH DQG P
1&7& 5HFRJQL]LQIJWKLV EURDGHU FRQWH[W UHLQIRUFHV WKDW W/
RWLFUHVLVWDQFHLV QRWVLPSO\DUHFHQW SKHQRPHQRQWULJJH
DQFLHQW JHQRPLFDGDSWDWLRQV WKDW KDYHEHHQDPSOLXHG E\
ZLGHVSUHDG DQWLELRWLF GHSOR\PHQW
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‘HWKDQNWKHS8. +HDOWKG6HFXULW\$JHQF\DQG WKH1DWLRQDO &R
LQIJDFFHVVWRWKHLUGDWDDQGH[SHUWLVH ZKLFKJXLGHGRXU Ul
HQWLUHW\RIWKH %D\P/DE ZKRVHLQVLJKWV DQG WKRXJKWIXO FR
RXUxQGLQJV 3RUWLRQVRIWKLVUHVHDUFKZHUHFRQGXFWHGRQ"
WHU VXSSRUWHG E\WKH5HVHDUFK &RPSXWLQJ*URXSDW +DUYDU
$DGDSWHGIURP && %<DUWZRUNE\WKH'DWDEDVH &HQWHU IRU /L
,EUDKHPDQG/DERUDWRLUHV6HUYLHU
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DEOH JHQRPLF UHILROWDQWHIKMIHQHUDWHG WKHP 'H %UXLMQ J
SURDFKHV KDYHEHFRPHFHQWUDO WR SDQJHQRPHUHSUHVHQWDW
LQJV RIVHTXHQFH YDULDWLRQ DFURV YV O-DRIZHYHRD OHRK Y G R @ M @ WIH
JDSUHPDLQV EHWZHHQ WKH LQIRUPDWLRQ HQFRGHG LQ WKHVH JUI
WKHLU WRSRORJ\

$ FRPSDFWHG GH %UXLMQ JUDSK GHFRPSRVHV D VHW RI LQSXW J
EUDQFKLQJ SDWKV LQ WKH JUDSK :BE8Q DHRFRHGW MK ELW 0 & DPDFE 9|
EHUVKLS LQIRUPDWLRQ WKHUHVXOWLQJFRORUHG GH %UXLMQ JU
ZKLFK XQLWKLV UHSUHVHQWDWLRQ KDV SURYHQ SRZHUIXO IRU WD\
FHVVRU\ JHQRPH FRR®RIGWQ QY JH Q RBIGF YW RN@PWYJ JHQRPH ZLGH
WDVLV DQG FRVHORRWVR@ B Q R G L\ZH \RXRWEMOH XVAG RWKHUV KDY H
PDGHFRQVWUXFWLRQRIFRORUHG GH%UXLMQJUDSKVWUDFWDEO}
JHQRPHV

<HW WKH FRORUHG GH %UXLMQ JUDSKRQO\FDWW KUY R & XWK HRSDDAUW
RULJLQ $ XQLWLJSUHVHQWLQDVXEVHWRIJHQRPHV PD\KDYH EH
DQFHVWRU DFTXLUHG E\D VLQJOH KRUL]JRQWDO WUDQVIHU HYHQV
SHQGHQWO\LQ PXOWLSOH OLQHDJHV 7KHVHVFHQDULRY SURGXF#
SO\ GLVWLQFW ELRORJLFDO HYHQWYV 'LVWLQJXLVKLQJEHWZHHQ \
LFDOO\ DQFHVWUDO VWDWH UHFRQVWUXFWLRQ RQ D WUHH UHODYV
SUHVHQFH DEVHQFH YHFWRU SDUVLPRQ\RUOLNHOLKRRG EDVHG
VWDWH FKDQJHV PRVW SODXVLEO\RFFXUUHG WKXV ORFDOL]LQJH
WKHHYROXWLRQDU\KLVWRU\RIWKHSRSXODWLRQ
$QFHVWUDOVWDWHUHFRQVWUXFWLRQDQGSDQJHQRPHJUDSKD
3K\ORJHQHWLFPHWKRGVIRUJHQHJDLQDQGORVVW\SLFDOO\RSHL
IURPDQQRWDWLRQSLSHOLQHY DEVWUDFWLQJDZD\WKH xQH JUDL



SUHVHUYH &RQYHUVHO\ JUDSK EDVHG SDQJHQRPHDQDO\VHV H[S
ODFNDQHYROXWLRQDU\GLPHQVLRQ 7KH\FDQLGHQWLI\WKDW W
PHPEHUVKLS EXWFDQQRWGHWHUPLQH ZKHWKHU WKRVH GLTHUHQ
DU\HYHQW IURP FORVHO\UHODWHG HYHQWV RQ QHLJKERULQJ EU
RSSRVLWHVLGHVRIWKHSK\ORJHQ\ 7KLVGLVWLQFWLRQPDWWHU"
VLQIJOHIJHQRPLFYDULDWLRQIURPIJHQXLQHERXQGDULHV EHWZHH

,QWKLV ZRUN ZHLQWURGXFHWKH SK\ORJHQ\ FRORUHG GH %UXL
EULGJHV WKLVIDSE\UHFRORULQJHDFKXQLWLIJLQDFRPSDFWHGF
PRQLRXV SK\ORJHQHWLF DMWMINM DPHHYW UDSKWDK MDFHQF\ ZLWK HYR ¢
LQWRDVLQJOHVWUXFWXUH WKHUHE\HQDEOLQJDQDO\VHV WKDW
GHVFULEHWZRFRPSOHPHQWDU\DQDO\VHV WKDW H[SORLW WKH MR
JHQHWLF ODEHOVDQGDSSO\WRHE WRDASGWORH PRIFROOHFWLRQ R
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,QDFODVVLFDOFRORUHG GH %UXLMQJUDSK HDFKXQLWLJFDUULH
WDLQ LW $LIXUIHSF'%* UHSODFHV WKHVH PHPEHUVKLS FRORUV ZLW
XQLWLJLVLQVWHDG FRORUHG E\WKHEUDQFKRUEUDQFKHV RI WK
WHUQ PRVW SDUVLPRQLRXV®\ FKRR@IGN D/FHIMWHX QILIXILIY VKDULQJ I
FRORUZHUHJDLQHG RUORVWDW WKHVDPHSRLQWLQHYROXWLRQI
FRORUVUHSUHVHQWDERXQGDU\EHWZHHQ GLTHUHQWO\LQKHULW
7KH SK\ORJHQHWLFDVVLJQPHQW RIHDFK XQLWLJLVY HQFRGHG DV
RIWKHEUDQFKRUEUDQFKHVY ZKHUHWKH VWDWH FKDQJHG $VLQJO
HYHQW DWDSDUWLFXODUQRGHLQWKHEUDQFKDQGDIHFWV DOO W
VWULQJLPSOLHVPXOWLSOHLQGHSHQGHQW FKDQJHV DQGLQWKH
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SDUVLPRQLRXV ZHVWRUHDOO SRVVLEOHVROXWLRQV $NH\TXHVV
DGMDFHQW XQLWLJV ZLWK GLVWLQFW FXW VWULQJV UHSUHVHQW
HQWRQHV 7RDQVZHUWKLY ZHFRQVWUXFWDQDQFHVWRU GHVFH
DUH zZFRQFRUGDQW{ LI WKH QRGHV LQ RQHDUH DQFHVWUDO WR WK
FDSWXUHV WKH FDVH ZKHUH D XQLWLJDVVLJQHG WR D GHHS FODG#
VLIQHGWRDPRUHUHFHQW EUDQFK ZLWKLQ WKDW VDPH FODGH 7k
WKHXxUVW GHHSHUHYROXWLRQDU\HYHQW (GJHV ZKHUH QHLWKH L
DUHFODVVLXxHGDV zGLVFRUGDQW({

i (4°- 20 ®°3qEe A% EiiO%3e% q3... |{TDFNAGBIEH % 8% EccOe w3

8VLQJWKLV FULWHULD ZHKDYHLPSOHPHQWHG WZR FRPSOHPHQW
SHUVLVWHQFHDQGERXQGDU\VHYHULW\ (YROXWLRQDU\SHUVLVW
EORFNV %HJLQQLQJIURPDUDQGRPVHHG XQLWLJ KRZTXLFNO\GF
GHED\DV RQH WUD Y H U \$HWRROWNDZDOAG W H ¥ BXJWM/\DVNV DW WKRVH HG.
GRHV FKDQJH GLVFRUGDQW KRZGLTHUHQW DUHWKHWZRUDQNLQ



‘HDSSOLHGERWKDQDO\WHVWRDSF'%E BRETVIHRRWHE | JLRP G
XUH& VHHO(7+2'6 67 HQFRPSDVVHVWKHJOREDOO\SUHYDOHQW P
HDJHDQGLVDQLGHDOWHVWFDVHVLQFHLWFDUULHV ZHOO FKDUL
HOHPHQW DQG6WDSK\ORFRFFDO 3DWKRJHQLFLW\,VODQGYV WKDV
GLYHUVH FREWHHVYXOWLQJSF'%* FRQWDLQHG XQLWLJIVDQG

7KHHYROXWLRQDU\SHUVLVWHQFHDQDO\VLY RQ WKLV VHW RI JH
WHQG ZHOO EH\RQG WKH LPPHGLD&V$ J TIPS KUDFIWKEQ BKRRBONX WX B
FRQFRUGDQW QHLJKERUV ZDV VWURQJO\HQULFKHG UHODWLYH WF
GHFD\HG VWHDGLO\ FURVVLQJWKH QXOO RQO\DURXQG WKH WK}
JUDSK ES&)WIXWHKLY FRUUHVSRQGV WRFR LQKHULWHG EORFENV R
VPDOO UHODW LMHONEMAKRIPRVRPH 7KHVKDSHRIWKHGHFD\FXUYH
IROORZHG E\D JUDGXDO DSSURDFK WR QX0O0O LQGLFDWHV D PL[WX!
FDUU\LQJO*(VRIYDU\LQJVL]HV

7KHERXQGDU\VHYHULW\DQDO\VLVUHYHDOHG WKDWDPRQJWKH |
PHDQ WUHH GLVWDQFH ZDV ORZHU WKDQ WKH QXOO H[SHFWD\
WUDQVLWLRQV DW O RZ W UKIHVGASLW Bl G RHW H VBRODHE VY WR GLVFRUG D (
LQJ XQLWLJV ZHUH JDLQHG RUORVW RQ LPPHGLDWHO\DGMDFHQW
PDQ\HYROXWLRQDU\ERXQGDULHVLQWKH67 SDQJHQRPHVHSDUD
VXE OLQHDJHPHPEHUVKLS UDWKHUWKDQLQ GHHS SK\ORJHQHWLF
WKHREVHUYHG GLVWULEXWLRQ UHODWLYHWR WKHQXOO LV FRQV]
SDQJHQRPLF YDULDWLRQ LY GULYHQ E\GLTHUHQWLDO 0*( DFTXLVL
LQKHULWHG EORFNVHQG WKHUDQNLQJKLVWRULHVWHQGWRLQYH
SDUWV RIWKH SK\ORJHQ\
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