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ABSTRACT 

 

Climate shapes the distributions of and interactions among species and thus 

influences many evolutionary processes related to the generation and maintenance of 

biodiversity. Oscillations in climatic regimes have played an important role in shaping the 

patterns of diversity by driving speciation events when previously connected populations 

become allopatrically isolated in different environments. Changing climates also are 

associated with extinction events when populations are unable to track their climatic niche 

or adapt to novel conditions. The rapid climate change caused by human activity 

emphasizes the need to understand the role climate plays in mediating species interactions 

and distributions. This work combines the use of climatic and genomic data across a variety 

of vertebrate systems to explore how climate has shaped the processes of speciation and 

evolution, and how climate may threaten the continued persistence of both recognized and 

unrecognized diversity.  

7KH�HYROXWLRQ�RI�D�VSHFLHV¶�FOLPDWLF�QLFKH��RU�WKH�FOLPDWLF�FRQGLWLRQV�XQGHU�ZKLFK�

a species occurs, plays a central role in generating diversity and adaptation to new 

environmental conditions. Faster rates of climatic niche evolution are associated with 

increased diversification rates, suggesting that the exploration of novel climate space can 

facilitate isolation and subsequent diversification. The evolution of traits that may increase 

or decrease rates of climate niche evolution, then, may play an important role in the 

colonization of novel environments and the formation of species. In my first chapter, I 

show that the evolution of a short aquatic larval stage in Desmognathus salamanders led to 

an increase in the rate of climatic niche evolution, which may have played a central role in 

the adaptive radiation of this group. 

Changes in climate have the potential to bring long-isolated species into contact 

with one another. Oftentimes, these species can produce viable offspring with one another 

and form hybrid zones. These hybrid zones often form along ecological gradients, with 

hybrids occurring in habitats intermediate to the climatic conditions occupied by the pure 

parental populations. In the Southern Appalachian Mountains, Plethodon shermani and 

Plethodon teyahalee hybridize extensively along an elevational gradient. P. shermani 
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occurs on different mountaintop isolates, and P. teyahalee is distributed in between them 

at lower elevations. In my second chapter, I explore the genomic evidence for hybridization 

between these two species and whether climatic variation associated with elevation 

maintains species boundaries in this system. All surveyed parental P. shermani populations 

have experienced some degree of introgression from P. teyahalee, and multiple lines of 

evidence suggest that selection for P. teyahalee alleles drives asummetric introgression 

from P. teyahalee into P. shermani. We identify no intrinsic genetic barriers to gene flow, 

suggesting that these hybrid zones are regulated by ecological, rather than intrinsic factors. 

These findings suggest that all P. shermani populations are in danger of swamping by P. 

teyahalee as conditions in the Appalachians become warmer and drier. 

Genomics and niche modeling are powerful tools for identifying cryptic lineages 

of conservation concern within widespread species. In addition to identifying lineages, 

these approaches can inform managing agencies about threats to population persistence 

such as climate change-induced habitat loss and inbreeding. In my final chapter, I assess 

patterns of genomic and environmental differentiation among populations of Kinosternon 

hirtipes. Within this group, we identified multiple evolutionarily distinct lineages, many of 

which correspond to described subspecies. Genetic and ecological differentiation among 

these lineages appears to be due to vicariance associated with the Trans-Mexican Volcanic 

Belt. Northern populations exhibit low genetic diversity, high levels of inbreeding, and 

may lose over 85% of climatically suitable habitat to climate change, raising concern over 

their long-term viability. 

 
 

 

  



 v 

Table of Contents 

List of Tables......................................................................................................................vi 

List of Figures....................................................................................................................vii 

 

Chapter 1..............................................................................................................................1 

Chapter 2............................................................................................................................25 

Chapter 3............................................................................................................................57 

Bibliography................................................................................................................... 107 

     

    

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 vi 

LIST OF TABLES 

 

Table 1.1: Larval period designations and niche breadth metrics.....................................21 

Table 1.2: Climatic PCA loadings....................................................................................22 

Table 1.3: Species tree climatic niche evolution rates......................................................23 

Table 1.4: Concatenated alignment climatic niche evolution rates..................................24 

 

Table 2.1: Absolute divergence and diversity metrics......................................................51 

Table 2.2: Relative genetic differentiation. ......................................................................52 

 

Table 3.1: Dxy DQG�ʌ�IRU�DOO�OLQHDJHV.................................................................................84 

Table 3.2: Changes in climatically suitable habitat..........................................................85 

Table S3.1: Appendix.......................................................................................................92 

Table S3.2: Climatic variables for niche modeling...........................................................99 

Table S3.3: Population differentiation............................................................................100 

Table S3.4: Inbreeding coefficients................................................................................101 

Table S3.5: Variance explained by migration events.....................................................102 

Table S3.6: ADMIXTURE model parameters................................................................103 

Table S3.7: Climatic variable permutation importance..................................................104 

Table S3.8: Niche overlap metrics..................................................................................105 

 

 

 

 

 

 

 

 

 
 
 



 vii 

LIST OF FIGURES 

 

Figure 1.1: Ancestral state reconstruction........................................................................17 

Figure 1.2: Species climatic niche position......................................................................18 

Figure 1.3: Climatic niche evolution rate estimates- species tree.....................................19 

Figure 1.4: Climatic niche evolution rate estimates- concatenated alignment.................20 

 

Figure 2.1: Species photographs and sampling site locations..........................................46 

Figure 2.2: Four taxon topologies for introgression tests.................................................47 

Figure 2.3: Population structure across hybrid zones.......................................................48 

Figure 2.4: Associations between phenotype-based and genomic hybrid indexes...........49 

Figure 2.5: Cline center and Fst outliers...........................................................................50 

Figure S2.1: Parental population divergence patterns......................................................53 

Figure S2.2: Divergence patterns among all samples.......................................................54 

Figure S2.3: K=3 ADMIXTURE.....................................................................................55 

Figure S2.4: Neighbor-joining Dendrogram.....................................................................56 

 

Figure 3.1: Relationships among K. hirtipes populations.................................................80 

Figure 3.2: Pairwise difference matrix.............................................................................81 

Figure 3.3: Population structure within K. hirtipes..........................................................82 

Figure 3.4: Distribution models for K. hirtipes lineages..................................................83 

Figure S3.1: Sampling localities and subspecies ranges...................................................86 

Figure S3.2: Geographic patterns of inbreeding...............................................................87 

Figure S3.3: Isolation by distance.....................................................................................88 

Figure S3.4: Association between genetic diversity and measures of differentiation......89 

Figure S3.5: ADMIXTURE models for K=3 and K=4....................................................90 

Figure S3.6: SVDQuartets phylogeny..............................................................................91 



&+$37(5��

7KH�HYROXWLRQ�RI�DQ�DTXDWLF�ODUYDO�VWDJH�LV�DVVRFLDWHG�ZLWK�YDULDWLRQ�LQ�UDWHV�RI

FOLPDWLF�QLFKH�HYROXWLRQ�LQ 'HVPRJQDWKXV VDODPDQGHUV

$EVWUDFW

5DWHV RI FOLPDWLF QLFKH HYROXWLRQ YDU\ ZLGHO\ DFURVV WKH WUHH RI OLIH DQG DUH

VWURQJO\ DVVRFLDWHG ZLWK UDWHV RI GLYHUVLILFDWLRQ DPRQJ FODGHV� +RZHYHU� ZK\ WKH FOLPDWLF

QLFKH HYROYHV PRUH UDSLGO\ LQ VRPH FODGHV WKDQ RWKHUV UHPDLQV XQFOHDU� 9DULDWLRQ LQ OLIH

KLVWRU\ WUDLWV RIWHQ SOD\V D NH\ UROH LQ GHWHUPLQLQJ WKH HQYLURQPHQWDO FRQGLWLRQV XQGHU

ZKLFK VSHFLHV FDQ VXUYLYH� DQG WKHUHIRUH� FRXOG LPSDFW WKH UDWH DW ZKLFK OLQHDJHV FDQ

H[SDQG LQ DYDLODEOH FOLPDWLF QLFKH VSDFH� +HUH� ZH H[SORUH WKH UHODWLRQVKLSV DPRQJ

OLIH�KLVWRU\ YDULDWLRQ� FOLPDWLF QLFKH EUHDGWK� DQG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ� :H

UHFRQVWUXFW D SK\ORJHQ\ IRU WKH JHQXV 'HVPRJQDWKXV� DQ DGDSWLYH UDGLDWLRQ RI

VDODPDQGHUV GLVWULEXWHG DFURVV HDVWHUQ 1RUWK $PHULFD� EDVHG RQ QXFOHDU DQG

PLWRFKRQGULDO JHQHV� 8VLQJ WKLV SK\ORJHQ\� ZH HVWLPDWH UDWHV RI FOLPDWLF QLFKH HYROXWLRQ

IRU VSHFLHV ZLWK ORQJ� VKRUW� DQG QR DTXDWLF ODUYDO VWDJH� 5DWHV RI FOLPDWLF QLFKH HYROXWLRQ

DUH XQUHODWHG WR WKH PHDQ FOLPDWLF QLFKH EUHDGWK RI VSHFLHV ZLWK GLIIHUHQW OLIH KLVWRULHV�

,QVWHDG� ZH ILQG WKDW WKH HYROXWLRQ RI D VKRUW ODUYDO SHULRG SURPRWHV JUHDWHU H[SORUDWLRQ RI

FOLPDWLF VSDFH� OHDGLQJ WR LQFUHDVHG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DFURVV VSHFLHV

KDYLQJ WKLV WUDLW� :H SURSRVH WKDW PRUSKRORJLFDO DQG SK\VLRORJLFDO GLIIHUHQFHV DVVRFLDWHG

ZLWK YDULDWLRQ LQ ODUYDO VWDJH OHQJWK XQGHUOLH WKH KHWHURJHQHRXV DELOLW\ RI OLQHDJHV WR

H[SORUH FOLPDWLF QLFKH VSDFH� 5DSLG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DPRQJ VSHFLHV ZLWK

VKRUW ODUYDO SHULRGV ZHUH DQ LPSRUWDQW GLPHQVLRQ RI WKH FODGH
V DGDSWLYH UDGLDWLRQ DQG

OLNHO\ FRQWULEXWHG WR WKH UDSLG UDWH RI OLQHDJH DFFXPXODWLRQ IROORZLQJ WKH HYROXWLRQ RI DQ

DTXDWLF OLIH KLVWRU\ LQ WKLV FODGH� 2XU UHVXOWV VKRZ KRZ YDULDWLRQ LQ D NH\ OLIH�KLVWRU\ WUDLW

FDQ FRQVWUDLQ RU SURPRWH GLYHUJHQFH RI WKH FOLPDWLF QLFKH� OHDGLQJ WR YDULDWLRQ LQ UDWHV RI

FOLPDWLF�QLFKH�HYROXWLRQ�DPRQJ�VSHFLHV�

,QWURGXFWLRQ

�



:K\ UDWHV RI HYROXWLRQ DUH IDVWHU LQ VRPH FODGHV WKDQ RWKHUV LV D IXQGDPHQWDO

TXHVWLRQ DW WKH LQWHUVHFWLRQ RI HYROXWLRQDU\ ELRORJ\ DQG HFRORJ\� 8QGHUVWDQGLQJ ZK\ UDWHV

RI HYROXWLRQ YDU\ LV FHQWUDO WR XQGHUVWDQGLQJ WKH GLVSDULW\ LQ SKHQRW\SLF GLYHUVLW\ DPRQJ

FODGHV DFURVV WKH WUHH RI OLIH �+DUPRQ HW DO� ������ 9DULDWLRQ LQ UDWHV RI SKHQRW\SLF

HYROXWLRQ PD\ DOVR H[SODLQ ZK\ VRPH FODGHV GLYHUVLI\ PRUH UDSLGO\ WKDQ RWKHUV� DQG

WKHUHE\�REWDLQ�JUHDWHU�VSHFLHV�ULFKQHVV��6LPSVRQ�������6FKOXWHU�������

7KH FOLPDWLF QLFKH LQFOXGHV WKH WHPSHUDWXUH DQG SUHFLSLWDWLRQ FRQGLWLRQV WKDW DUH

UHTXLUHG IRU D VSHFLHV WR SHUVLVW LQ D JLYHQ DUHD �*ULQQHOO ����� 6REHUyQ ����� DQG DULVHV

IURP SK\VLRORJLFDO FRQVWUDLQWV WKDW GHWHUPLQH ZKHUH SRSXODWLRQV FDQ SHUVLVW �+HOPXWK HW

DO� ����� .HDUQH\ DQG 3RUWHU ������ 7KH UDWH DW ZKLFK WKH FOLPDWLF QLFKH HYROYHV PD\

XQGHUOLH WKH FDSDFLW\ RI OLQHDJHV WR H[SORUH DYDLODEOH JHRJUDSKLF DQG HFRORJLFDO VSDFH�

DQG LQ WXUQ� PD\ LQIOXHQFH UDWHV RI GLYHUVLILFDWLRQ E\ GHFUHDVLQJ UDWHV RI H[WLQFWLRQ DQG�RU

LQFUHDVLQJ UDWHV RI VSHFLDWLRQ� 5HFHQW VWXGLHV KDYH VKRZQ WKDW WKH UDWH RI FOLPDWLF QLFKH

HYROXWLRQ LV SRVLWLYHO\ DVVRFLDWHG ZLWK WKH UDWH DW ZKLFK FODGHV GLYHUVLI\� DQG DOVR ZLWK WKH

VSHFLHV ULFKQHVV RI FODGHV �.R]DN DQG :LHQV ����� ����� *RPH]�5RGULJXH] HW DO� �����

7LWOH�DQG�%XUQV�������&DVWUR�,QVXD�HW�DO��������

:K\� WKHQ� GR UDWHV RI FOLPDWLF QLFKH HYROXWLRQ YDU\ DFURVV WKH WUHH�RI�OLIH" 2QH

PLJKW H[SHFW UDWHV RI FOLPDWLF QLFKH HYROXWLRQ WR EH DVVRFLDWHG ZLWK FOLPDWLF QLFKH

EUHDGWK� )RU H[DPSOH� FODGHV FRQWDLQLQJ VSHFLHV ZLWK EURDG FOLPDWLF QLFKHV PLJKW EH

PRUH SURQH WR YLFDULDQW VSHFLDWLRQ �6DQPDUWtQ DQG 5RQTXLVW ����� :HLU DQG 6FKOXWHU

����� DQG DOVR OHVV VXVFHSWLEOH WR H[WLQFWLRQ JLYHQ WKDW WKH\ DUH PRUH OLNHO\ WR EH DEOH WR

WROHUDWH FKDQJLQJ FOLPDWLF FRQGLWLRQV RYHU WLPH �-DQVVRQ DQG '\QHVLXV ������ %RWK RI WKH

ODWWHU SURFHVVHV VKRXOG UHVXOW LQ HOHYDWHG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ� &RQYHUVHO\�

VSHFLDOL]DWLRQ IRU D QDUURZ UDQJH RI FOLPDWLF FRQGLWLRQV PLJKW FRQVWUDLQ WKH DELOLW\ RI

VSHFLHV WR HYROYH �)XWX\PD DQG 0RUHQR ������ UHVXOWLQJ LQ GHFUHDVHG UDWHV RI FOLPDWLF

QLFKH HYROXWLRQ� 6PLWK DQG %HDXOLHX ������ IRXQG WKDW IORZHULQJ SODQW OLQHDJHV ZLWK D

ZRRG\ JURZWK IRUP RFFXS\ VPDOOHU FOLPDWLF VSDFHV WKDQ KHUEDFHRXV OLQHDJHV� ZKLFK

VHHPLQJO\�VORZV�UDWHV�RI�FOLPDWLF�QLFKH�HYROXWLRQ�

1HYHUWKHOHVV� WKH UHODWLRQVKLS EHWZHHQ FOLPDWLF QLFKH EUHDGWK DQG UDWHV RI FOLPDWLF

QLFKH HYROXWLRQ UHPDLQV XQFOHDU �)LVKHU�5HLG HW DO� ������ ,I HYROYLQJ D EURDG FOLPDWLF
�



QLFKH SURPRWHV KLJKHU GLVSHUVDO UDWHV� ODUJHU SRSXODWLRQ VL]HV� DQG KLJKHU UDWHV RI

LQWUDVSHFLILF JHQH IORZ �*DVWRQ DQG %ODFNEXUQ ����� 3\URQ ����� %LUDQG HW DO� �����

6ODW\HU HW DO� ������ WKHQ QLFKH JHQHUDOL]DWLRQ FRXOG OHDG WR VORZHU UDWHV RI FOLPDWLF QLFKH

HYROXWLRQ� ,Q FRQWUDVW� QLFKH VSHFLDOL]DWLRQ PLJKW LQFUHDVH RSSRUWXQLWLHV IRU VSHFLDWLRQ

WKURXJK ORFDO DGDSWDWLRQ DQG GLYHUJHQW VHOHFWLRQ �.R]DN DQG :LHQV ����� %LUDQG HW DO�

������ WKHUHE\ SURPRWLQJ IDVWHU UDWHV RI FOLPDWLF QLFKH HYROXWLRQ �H�J�� .R]DN DQG :LHQV

������7LWOH�DQG�%XUQV�������EXW�VHH�%DVHOJD�HW�DO��������

)LQDOO\� WKH UDWH DW ZKLFK WKH FOLPDWLF QLFKH HYROYHV PD\ EH PRUH VWURQJO\

DVVRFLDWHG ZLWK WKH YDULDQFH LQ QLFKH EUHDGWK DPRQJ VSHFLHV ZLWKLQ D FODGH WKDQ ZLWK KRZ

ZLGH RU QDUURZ VSHFLHV¶ QLFKHV DUH �)LVKHU�5HLG HW DO� ������ &ODGHV LQ ZKLFK WKHUH LV

VXEVWDQWLDO YDULDWLRQ LQ QLFKH EUHDGWK DPRQJ VSHFLHV PD\ HQFRPSDVV PRUH FOLPDWLF VSDFH

WKDQ WKRVH WKDW JHQHUDOO\ FRQWDLQ VSHFLHV ZLWK ZLGH �RU QDUURZ� QLFKHV� SRVVLEO\ OHDGLQJ

WR IDVWHU UDWHV RI QLFKH HYROXWLRQ� )RU H[DPSOH� ZKHQ WKH SUROLIHUDWLRQ RI VSHFLHV LV OLQNHG

WR HFRORJLFDO RSSRUWXQLW\ �<RGHU HW DO� ������ WKH HYROXWLRQ RI WUDLWV WKDW SURPRWH �RU

OLPLW� H[SDQVLRQ RI VSHFLHV LQ HFRORJLFDO VSDFH FRXOG LQIOXHQFH UDWHV RI FOLPDWLF QLFKH

HYROXWLRQ �2ZHQV DQG %HQQHWW ����� %HDXOLHX DQG 6PLWK ����� 3|\U\ HW DO� ������ ,Q

PDPPDOV DQG GDPVHOILVK� WURSKLF DQG GLHWDU\ VSHFLDOL]DWLRQ FRQVWUDLQV WKH H[SORUDWLRQ RI

HQYLURQPHQWDO VSDFH� UHVXOWLQJ LQ VORZHU UDWHV RI FOLPDWLF QLFKH HYROXWLRQ LQ PRUH

VSHFLDOL]HG�OLQHDJHV��&RRSHU�HW�DO��������/LWVLRV�HW�DO��������

+HUH� ZH H[DPLQH WKH UHODWLRQVKLSV DPRQJ FOLPDWLF QLFKH EUHDGWK� OLIH�KLVWRU\

YDULDWLRQ� DQG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ LQ D VDODPDQGHU DGDSWLYH UDGLDWLRQ�

3OHWKRGRQWLG VDODPDQGHUV RI WKH JHQXV 'HVPRJQDWKXV H[KLELW D ZLGH UDQJH RI YDULDWLRQ LQ

GHYHORSPHQWDO OLIH KLVWRU\� ERG\�VL]H� DQG PLFURKDELWDW XVH WKDW LV H[FHSWLRQDO DPRQJ

VDODPDQGHUV� 7KH FODGH LV XQLTXH DPRQJ SOHWKRGRQWLGV LQ KDYLQJ VSHFLHV ZLWK GLUHFW

GHYHORSPHQW DQG DTXDWLF ODUYDO SHULRGV �+DLUVWRQ ������ %RG\ VL]H�YDULDWLRQ DPRQJ

'HVPRJQDWKXV VSHFLHV LV DOVR UHPDUNDEOH DPRQJ YHUWHEUDWH JHQHUD �7LOOH\ DQG %HUQDUGR

����� %UXFH ������ 6SHFLHV LQ WKH FODGH SDUWLWLRQ QLFKH VSDFH DORQJ D VWUHDP�WR�IRUHVW

IORRU PLFURKDELWDW JUDGLHQW� DQG ODUYDO GHYHORSPHQW DQG ERG\ VL]H FRYDU\ ZLWK WKH

SRVLWLRQ WKDW VSHFLHV RFFXS\ DFURVV WKH JUDGLHQW �+DLUVWRQ ������ /DUJH�ERGLHG VSHFLHV

KDYH PXOWL�\HDU DTXDWLF ODUYDO SHULRGV DQG RFFXS\ WKH VWUHDP FKDQQHO� 0HGLXP�VL]HG
�



VSHFLHV KDYH ODUYDO SHULRGV RI � \HDU RU OHVV DQG LQKDELW VWUHDP EDQNV� VHHSDJHV� DQG

IRUHVW IORRU� 7KH VPDOOHVW VSHFLHV DUH IXOO\ WHUUHVWULDO DQG H[KLELW GLUHFW GHYHORSPHQW �ODFN

RI D IUHH�OLYLQJ DTXDWLF ODUYDO VWDJH�� &RPSDUDWLYH SK\ORJHQHWLF DQDO\VHV LQGLFDWH WKH

DQFHVWUDO OLIH KLVWRU\ PRGH IRU 'HVPRJQDWKXV LV GLUHFW GHYHORSPHQW DQG WKDW WKH DTXDWLF

ODUYDO VWDJH ZDV UH�HYROYHG HDUO\ LQ WKH HYROXWLRQ RI 'HVPRJQDWKXV �7LWXV DQG /DUVRQ

����� &KLSSLQGDOH HW DO� ����� 0XHOOHU HW DO� ������ OHDGLQJ WR D UDSLG DFFXPXODWLRQ RI

OLQHDJHV�DQG�DGDSWLYH�SKHQRW\SLF�GLVSDULW\��.R]DN�HW�DO��������

6KLIWV LQ GHYHORSPHQWDO OLIH KLVWRU\ PD\ XQGHUOLH YDULDWLRQ LQ WKH UDWH RI FOLPDWLF

QLFKH HYROXWLRQ E\ SURPRWLQJ RU UHVWULFWLQJ WKH H[SORUDWLRQ RI FOLPDWLF VSDFH� ,Q RUGHU WR

UHDFK UHSURGXFWLYH PDWXULW\� 'HVPRJQDWKXV VSHFLHV ZLWK ORQJ ODUYDO SHULRGV ��±� \HDUV�

7LOOH\ DQG %HUQDUGR ����� UHTXLUH FOLPDWHV WKDW PDLQWDLQ FRRO� IDVW�IORZLQJ VWUHDPV ZLWK

SHUPDQHQW IORZ UHJLPHV �&DPS HW DO� ������ FRQGLWLRQV WKDW DUH JHRJUDSKLFDOO\ ORFDOL]HG

LQ WKH VRXWKHUQ $SSDODFKLDQ +LJKODQGV UHJLRQ ZLWKLQ WKH FODGH
V UDQJH� 6LPLODUO\�

DOWKRXJK RQH PLJKW SUHGLFW WKDW GLUHFW GHYHORSHUV ZRXOG KDYH IHZHU KDELWDW FRQVWUDLQWV

EHFDXVH WKH\ ODFN WKH UHTXLUHPHQW RI DTXDWLF PLFURKDELWDWV� WKHLU VPDOO VL]H OHDYHV WKHP

PRUH VXVFHSWLEOH WR WKHUPDO DQG GHVLFFDWLRQ VWUHVV �5D\ ����� 7UDF\ HW DO� ������ ZKLFK

DOVR UHVWULFWV WKHLU JHRJUDSKLF UDQJHV WR FRROHU� ZHWWHU FOLPDWHV� ,Q FRQWUDVW� JLYHQ WKDW

VSHFLHV ZLWK VKRUW ODUYDO SHULRGV PHWDPRUSKRVH UDSLGO\ ��� \HDU� 7LOOH\ DQG %HUQDUGR

������ WKH\ DUH PRUH UHVLVWDQW WR GHK\GUDWLRQ DQG WKHUPDO VWUHVV WKDQ VPDOO�ERGLHG

VSHFLHV��ZKLFK�PD\�SURPRWH�DFFHVV�WR�D�JUHDWHU�UDQJH�RI�FOLPDWLF�FRQGLWLRQV�

,Q WKLV VWXG\� ZH TXDQWLI\ WKH UHODWLRQVKLS EHWZHHQ GHYHORSPHQWDO OLIH KLVWRU\ �L�H��

OHQJWK RI DTXDWLF ODUYDO SHULRG�� FOLPDWLF QLFKH EUHDGWK� DQG UDWHV RI FOLPDWLF QLFKH

HYROXWLRQ LQ VDODPDQGHUV RI WKH JHQXV 'HVPRJQDWKXV� :H SUHVHQW SK\ORJHQHWLF

K\SRWKHVHV IRU WKH JURXS EDVHG RQ �� QXFOHDU ORFL DQG RQH PLWRFKRQGULDO ORFXV� 8VLQJ

WKLV VDODPDQGHU FODGH DV D FDVH VWXG\� ZH LOOXVWUDWH KRZ YDULDWLRQ LQ D NH\ OLIH�KLVWRU\ WUDLW

LQIOXHQFHV�WKH�UDWH�RI�FOLPDWLF�QLFKH�HYROXWLRQ�

0HWKRGV

3K\ORJHQ\�UHFRQVWUXFWLRQ

�



:H REWDLQHG JHQRPLF '1$ IURP �� LQGLYLGXDO VDODPDQGHUV UHSUHVHQWLQJ �� WD[D

LQFOXGLQJ� ��� �� RI WKH �� FXUUHQWO\ UHFRJQL]HG VSHFLHV RI 'HVPRJQDWKXV� PLVVLQJ RQO\

WKH QHZO\ GHVFULEHG '� YDOHQWLQHL �0HDQV HW DO� ������ ��� WZR KLJKO\ GLYHUJHQW

PLWRFKRQGULDO OLQHDJHV WKDW PD\ UHSUHVHQW XQGHVFULEHG FU\SWLF VSHFLHV �'� RFRHH & DQG +�

'� IXVFXV $% DQG &� .R]DN HW DO� ������ DQG ��� RQH 3KDHRJQDWKXV KXEULFKWL� WKH VLVWHU

WD[RQ RI 'HVPRJQDWKXV �7LWXV DQG /DUVRQ ����� &KLSSLQGDOH HW DO� ����� .R]DN HW DO�

����� .R]DN HW DO� ������ :H QRWH WKDW VRPH UHFHQW VWXGLHV VXJJHVW WKDW '� DXULFXODWXV� '�

FRQDQWL� '� IXVFXV� DQG '� RFRHH PD\ FRQWDLQ DGGLWLRQDO FU\SWLF VSHFLHV WKDW ZH KDYH QRW

LQFOXGHG KHUH �%HDPHU DQG /DPE ����� ����� 7LOOH\ HW DO� ����� 3\URQ HW DO� ������ $OO

RI WKHVH SXWDWLYH VSHFLHV EHORQJ WR WKH OLIH�KLVWRU\ JURXS ZLWK WKH IDVWHVW UDWH RI FOLPDWLF

QLFKH HYROXWLRQ �VKRUW ODUYDO SHULRG�� 7KHUHIRUH� QRW LQFOXGLQJ WKHVH SXWDWLYH FU\SWLF

VSHFLHV VKRXOG QRW ELDV RXU ILQGLQJV JLYHQ WKDW LQFRPSOHWH WD[RQ VDPSOLQJ LV H[SHFWHG WR

XQGHUHVWLPDWH�HYROXWLRQDU\�UDWHV�

0DQ\ RI RXU LQFOXGHG VDPSOHV ZHUH VHTXHQFHG SUHYLRXVO\ IRU WKH PLWRFKRQGULDO

1'� JHQH �.R]DN HW DO� ������ :H VHTXHQFHG WKH UHPDLQLQJ LQGLYLGXDOV IRU 1'�

IROORZLQJ .R]DN HW DO� ������ DQG DOVR REWDLQHG VHTXHQFH GDWD DW �� QXFOHDU ORFL IRU DOO

LQGLYLGXDOV� $OO ORFL ZHUH VHTXHQFHG LQ ERWK GLUHFWLRQV� /RFXV LQIRUPDWLRQ� SULPHU

VHTXHQFHV� VRXUFHV� DQG 3&5 FRQGLWLRQV DUH SURYLGHG LQ WKH RQOLQH 'U\DG VXSSOHPHQW

�GRL���������GU\DG�P�FI[SS�N�� :H YLVXDOL]HG FKURPDWRJUDPV� HGLWHG EDVH FDOOV� FDOOHG

KHWHUR]\JRXV VLWHV� WULPPHG IODQNLQJ SULPHU VHTXHQFH� HQVXUHG DQ RSHQ UHDGLQJ IUDPH LQ

SURWHLQ�FRGLQJ VHTXHQFH� DQG FUHDWHG FRQWLJV LQ *HQHLRXV �.HDUVH HW DO� ������ :H

UHVROYHG OHQJWK KHWHUR]\JRWHV �GXH WR SRO\PRUSKLF LQGHOV� ZLWK WKH DLG RI WKH SURJUDP

,QGHOOLJHQW �'PLWULHY DQG 5DNLWRY ����D�E�� :H XVHG 086&/( �(GJDU ����� WR JHQHUDWH

DOLJQPHQWV IRU HDFK ORFXV DQG YLVXDOO\ LQVSHFWHG WKHP IRU DFFXUDF\� )RU HDFK QXFOHDU

ORFXV� ZH XVHG 3+$6( �6WHSKHQV HW DO� ����� WR SKDVH DOOHOHV DQG WKHQ GHWHUPLQHG WKH

EHVW VXEVWLWXWLRQ PRGHO IRU HDFK DOLJQPHQW XVLQJ WKH %D\HVLDQ ,QIRUPDWLRQ &ULWHULRQ LQ

M0RGHO7HVW��*XLQGRQ�DQG�*DVFXHO�������3RVDGD�������

:H LQIHUUHG D VSHFLHV WUHH ZLWK WKH ���ORFXV GDWDVHW XVLQJ 
%($67 LQ %($67

YHUVLRQ ����� �'UXPPRQG HW DO� ����� +HOHG DQG 'UXPPRQG ������ :H SDUWLWLRQHG

VHTXHQFH GDWD E\ ORFXV DQG IXUWKHU SDUWLWLRQHG 1'� E\ FRGRQ SRVLWLRQ� :H XQOLQNHG WKH
�



JHQH WUHHV RI HDFK ORFXV� JDYH HDFK ORFXV LWV RZQ XQFRUUHODWHG ORJQRUPDO UHOD[HG FORFN

PRGHO �'UXPPRQG HW DO� ������ DQG LQIHUUHG D VSHFLHV WUHH XQGHU D ELUWK�GHDWK VSHFLDWLRQ

SURFHVV� :H FRQGXFWHG WKUHH LQGHSHQGHQW VHDUFKHV RI ��� PLOOLRQ JHQHUDWLRQV VDPSOLQJ

HYHU\ ������WK� :H YLHZHG ORJ ILOHV LQ 7UDFHU YHUVLRQ ��� �5DPEDXW HW DO� ����� WR HQVXUH

WKDW WUHH �OQ/ YDOXHV DQG SDUDPHWHU HVWLPDWHV KDG UHDFKHG VWDWLRQDULW\� LQGHSHQGHQW UXQV

FRQYHUJHG RQ VLPLODU UHVXOWV� DQG (IIHFWLYH 6DPSOH 6L]H �(66� IRU DOO SDUDPHWHUV ZDV

!��� ZKHQ WKH WKUHH UXQV DUH FRPELQHG �'UXPPRQG DQG %RXFNDHUW ������ :H GLVFDUGHG

��� RI LQLWLDO VSHFLHV WUHH VDPSOHV LQ HDFK UXQ DV EXUQ�LQ� :H WKHQ XVHG /RJ&RPELQHU

�'UXPPRQG DQG 5DPEDXW ����� WR FRPELQH SRVW�EXUQ�LQ VSHFLHV WUHHV IURP WKH WKUHH

UXQV� UHVDPSOLQJ HYHU\ IRXUWK WUHH WR \LHOG ������ WUHHV SHU UXQ� ������ WUHHV WRWDO�

)LQDOO\� ZH XVHG 7UHH$QQRWDWRU �'UXPPRQG DQG 5DPEDXW ����� WR JHQHUDWH D PD[LPXP

FODGH FUHGLELOLW\ VSHFLHV WUHH ZLWK PHDQ QRGH KHLJKWV� 1RGHV ZHUH FRQVLGHUHG WR KDYH

KLJK VXSSRUW ZKHQ WKH %D\HVLDQ SRVWHULRU SUREDELOLW\ �33� ZDV ������ :H DFNQRZOHGJH

WKDW WKH LQIHUUHG VSHFLHV WUHH GRHV QRW DFFRXQW IRU WKH SRVVLELOLW\ WKDW JHQH IORZ EHWZHHQ

VSHFLHV PD\ LQIOXHQFH WKH UHFRQVWUXFWLRQ RI SK\ORJHQHWLF UHODWLRQVKLSV� +RZHYHU� UHFHQW

ZRUN VXJJHVWV WKDW DQ\ UHWLFXODWLRQ HYHQWV WKDW RFFXUUHG GXULQJ WKH FODGHV
V HYROXWLRQDU\

KLVWRU\ DUH EHWZHHQ VSHFLHV ZLWK VKRUW ODUYDO SHULRGV �3\URQ HW DO� ������ 7KHUHIRUH� ZH

GR QRW H[SHFW RXU HYROXWLRQDU\ UDWH HVWLPDWHV WR EH FRQIRXQGHG DV D UHVXOW RI

K\EULGL]DWLRQ�EHWZHHQ�VSHFLHV�ZLWK�GLIIHUHQW�GHYHORSPHQWDO�OLIH�KLVWRULHV�

,Q DGGLWLRQ WR D VSHFLHV WUHH� ZH DOVR UDQ D FRQFDWHQDWHG DQDO\VLV XVLQJ VLQJOH

H[HPSODUV RI HDFK RI WKH �� VSHFLHV� )RU WKH �� QXFOHDU ORFL� ZH XVHG ,83$& DPELJXLW\

FRGHV IRU KHWHUR]\JRXV SRVLWLRQV� :H FRQVWUXFWHG D FKURQRJUDP XVLQJ %($67 YHUVLRQ

����� �'UXPPRQG HW DO� ������ ZKLFK HPSOR\V D %D\HVLDQ DSSURDFK WR VLPXOWDQHRXVO\

LQIHU SK\ORJHQHWLF UHODWLRQVKLSV DQG HVWLPDWH GLYHUJHQFH WLPHV� :H SDUWLWLRQHG VHTXHQFH

GDWD E\ ORFXV DQG IXUWKHU SDUWLWLRQHG 1'� E\ FRGRQ SRVLWLRQ� :H FKRVH WKH PRVW

DSSURSULDWH VXEVWLWXWLRQ PRGHO IRU HDFK SDUWLWLRQ XVLQJ M0RGHO7HVW �*XLQGRQ DQG *DVFXHO

����� 3RVDGD ������ :H JDYH HDFK ORFXV LWV RZQ XQFRUUHODWHG ORJQRUPDO UHOD[HG FORFN

PRGHO �'UXPPRQG HW DO� ����� DQG LQIHUUHG D VLQJOH WUHH IURP WKH ���ORFXV FRQFDWHQDWHG

GDWDVHW XQGHU D ELUWK�GHDWK VSHFLDWLRQ SURFHVV� 7R FDOLEUDWH WKH WLPHVFDOH RI WKH WUHH� ZH

XVHG WKH DJH HVWLPDWH IRU WKH PRVW UHFHQW FRPPRQ DQFHVWRU �05&$� RI 'HVPRJQDWKXV
�



DQG 3� KXEULFKWL IURP .R]DN HW DO� ������ WR SODFH D ORJQRUPDOO\ GLVWULEXWHG SULRU �0HDQ

 ���� PLOOLRQ \HDUV� 6'  ����� RQ WKH URRW DJH RI WKH WUHH� 'LYHUJHQFH WLPHV IURP

.R]DN HW DO� ������ ZHUH EDVHG RQ D IRVVLO�FDOLEUDWHG SHQDOL]HG�OLNHOLKRRG DQDO\VLV RI

WKUHH PLWRFKRQGULDO JHQHV �F\WE� 1'�� 1'�� DQG WKUHH QXFOHDU JHQHV �%'1)� 320&�

5$*�� IRU ��� SOHWKRGRQWLG WD[D� $OWKRXJK GLYHUJHQFH WLPH HVWLPDWHV IRU SOHWKRGRQWLGV

YDU\ DPRQJ VWXGLHV� DJHV IURP .R]DN HW DO� ������ DUH PRUH VLPLODU WR WKRVH RI D UHFHQW

VWXG\ XVLQJ �� QXFOHDU ORFL IRU D UHGXFHG VHW RI SOHWKRGRQWLG WD[D �6KHQ HW DO� ������ 2XU

URRW DJH SULRU VSHFLILHG ��� RI VDPSOLQJ WR RFFXU EHWZHHQ ���� DQG ���� PLOOLRQ \HDUV�

DOORZLQJ VRPH XQFHUWDLQW\� 5HJDUGOHVV� UHODWLYH DJHV DUH PRUH LPSRUWDQW WKDQ DEVROXWH

DJHV IRU WKH TXHVWLRQV EHLQJ DGGUHVVHG KHUH DQG WKXV� RXU FKRLFH RI D URRW�DJH FRQVWUDLQW

VKRXOG KDYH OLWWOH WR QR HIIHFW RQ UHVXOWV� :H FRQGXFWHG WZR LQGHSHQGHQW VHDUFKHV RI ��

PLOOLRQ JHQHUDWLRQV VDPSOLQJ HYHU\ ����� :H YLHZHG ORJ ILOHV LQ 7UDFHU YHUVLRQ ���

�5DPEDXW HW DO� ����� WR HQVXUH WKDW WUHH �OQ/ YDOXHV DQG SDUDPHWHU HVWLPDWHV KDG UHDFKHG

VWDWLRQDULW\� ERWK LQGHSHQGHQW UXQV FRQYHUJHG RQ VLPLODU UHVXOWV� DQG (IIHFWLYH 6DPSOH

6L]H �(66� IRU DOO SDUDPHWHUV ZDV !��� �'UXPPRQG DQG %RXFNDHUW ������ :H GLVFDUGHG

��� RI LQLWLDO WUHH VDPSOHV DV EXUQ�LQ� :H XVHG /RJ&RPELQHU DQG 7UHH$QQRWDWRU

�'UXPPRQG DQG 5DPEDXW ����� WR FRPELQH SRVW�EXUQ�LQ WUHHV IURP WKH WZR UXQV DQG

JHQHUDWH D PD[LPXP FODGH FUHGLELOLW\ WUHH ZLWK PHDQ QRGH KHLJKWV� 1RGHV ZHUH

FRQVLGHUHG�WR�KDYH�KLJK�VXSSRUW�ZKHQ�WKH�%D\HVLDQ�SRVWHULRU�SUREDELOLW\��33��ZDV�������

$QFHVWUDO�VWDWH�UHFRQVWUXFWLRQ

7R UHFRQVWUXFW SDWWHUQV RI OLIH�KLVWRU\ HYROXWLRQ� ZH FDWHJRUL]HG VSHFLHV DV KDYLQJ

GLUHFW GHYHORSPHQW �QR IUHH�OLYLQJ DTXDWLF ODUYDO VWDJH�� ORQJ ODUYDO SHULRGV �!� \HDUV�� RU

VKRUW ODUYDO SHULRGV ��� \HDU�� /LIH KLVWRU\ DQG PLFURKDELWDW DVVRFLDWLRQV RI VSHFLHV DUH

VXPPDUL]HG LQ 7DEOH ���� :H PDSSHG DQFHVWUDO OLIH�KLVWRU\ VWDWHV DORQJ WKH VSHFLHV WUHH

DQG WKH FKURQRJUDP IRU WKH FRQFDWHQDWHG GDWDVHW XVLQJ WKH FRQWLQXRXV�WLPH UHYHUVLEOH

0DUNRY PRGHO LQ WKH PDNH�VLPPDS IXQFWLRQ LQ WKH 5�SDFNDJH SK\WRROV YHUVLRQ ������

�5HYHOO ������ :H XVHG D PRGHO DVVXPLQJ HTXDO UDWHV RI WUDQVLWLRQ EHWZHHQ WKH WKUHH

FKDUDFWHU VWDWHV WR SHUIRUP ���� VWRFKDVWLF�FKDUDFWHU PDSSLQJ VLPXODWLRQV� 7KH UHVXOWLQJ

VLPPDSV ZHUH XVHG WR WHVW IRU GLIIHUHQFHV LQ UDWHV RI FOLPDWLF QLFKH�HYROXWLRQ DPRQJ
�



OLQHDJHV ZLWK GLUHFW GHYHORSPHQW� ORQJ ODUYDO SHULRGV� DQG VKRUW ODUYDO SHULRGV �VHH

EHORZ��

&OLPDWH�GDWD��FOLPDWLF�QLFKH�EUHDGWK��DQG�UDWHV�RI�FOLPDWLF�QLFKH�HYROXWLRQ

:H PDSSHG ���� RFFXUUHQFH UHFRUGV REWDLQHG IURP SXEOLVKHG V\VWHPDWLF VWXGLHV

DQG 9HUW1HW �YHUWQHW�RUJ�� 7KHVH UHFRUGV VXPPDUL]H WKH NQRZQ GLVWULEXWLRQV RI WKH ��

VSHFLHV�OLQHDJHV RI 'HVPRJQDWKXV DQG 3KDHRJQDWKXV LQFOXGHG LQ WKH FKURQRJUDP� 7KH

JHRJUDSKLF GLVWULEXWLRQV DUH ZHOO NQRZQ IRU WKH VSHFLHV LQ WKLV VWXG\� DQG WKH

JHRUHIHUHQFHG VDPSOHV VSDQ WKH JHRJUDSKLF UDQJHV RI HDFK VSHFLHV� HQVXULQJ WKDW FOLPDWLF

YDULDWLRQ LV DGHTXDWHO\ UHSUHVHQWHG� :H SORWWHG DOO SRLQWV LQ $UF*,6 YHUVLRQ ����� WR

YHULI\ WKDW JHRUHIHUHQFHG ORFDOLWLHV ILW ZLWKLQ WKH NQRZQ JHRJUDSKLF GLVWULEXWLRQ RI HDFK

VSHFLHV� DQG WR HQVXUH WKDW SRLQWV GLG QRW RFFXU LQ WKH VDPH � NP� JULG FHOO� ZHUH

UHDVRQDEO\ VSUHDG DFURVV WKH H[WHQW RI WKH NQRZQ UDQJH� DQG ZHUH QRW FOXVWHUHG ZLWKLQ

SDUWLFXODU DUHDV� $OO RFFXUUHQFH UHFRUGV DUH DYDLODEOH LQ WKH RQOLQH 'U\DG VXSSOHPHQW

�GRL���������GU\DG�P�FI[SS�N��

)RU HDFK UHFRUG� ZH H[WUDFWHG WKH YDOXHV IRU ILYH FOLPDWLF YDULDEOHV IURP WKH

:RUOG&OLP GDWD VHW DW �� V �䍐� NP�� VSDWLDO UHVROXWLRQ �+LMPDQV HW DO� ������ %LR�� PHDQ

GLXUQDO WHPSHUDWXUH UDQJH� %LR� PD[LPXP WHPSHUDWXUH RI WKH ZDUPHVW PRQWK� %LR��

PLQLPXP WHPSHUDWXUH RI WKH FROGHVW PRQWK� %LR��� SUHFLSLWDWLRQ VHDVRQDOLW\ �FDOFXODWHG

DV WKH FRHIILFLHQW RI YDULDWLRQ LQ DQQXDO SUHFLSLWDWLRQ�� DQG %LR��� SUHFLSLWDWLRQ RI WKH

GULHVW TXDUWHU� (DFK RI WKHVH YDULDEOHV UHSUHVHQWV RQH RI D JURXS RI KLJKO\ FRUUHODWHG

YDULDEOHV �U � ����� WKDW ZHUH LGHQWLILHG IURP WKH 3HDUVRQ�SURGXFW FRUUHODWLRQ PDWUL[ RI

WKH �� FOLPDWLF YDULDEOHV LQ WKH :RUOG&OLP GDWDVHW� :H WKHQ FDOFXODWHG WKH PHDQ YDOXH IRU

HDFK RI WKH ILYH YDULDEOHV IRU HDFK VSHFLHV� 7R FKDUDFWHUL]H FOLPDWLF YDULDWLRQ DFURVV WKH

JHRJUDSKLF UDQJHV RI HDFK VSHFLHV� ZH FRQGXFWHG D SULQFLSDO FRPSRQHQWV DQDO\VLV �3&$�

RQ�WKH�FRUUHODWLRQ�PDWUL[�RI�WKH�ILYH�FOLPDWLF�YDULDEOHV�

2XU DQDO\VHV RQ WKH FOLPDWLF QLFKH DVVXPH WKDW WKHUH LV D UHODWLRQVKLS EHWZHHQ

FOLPDWLF YDULDWLRQ DQG WKH FOLPDWLF WROHUDQFHV RI VSHFLHV DQG WKDW WKH WUDLW WKDW DFWXDOO\

HYROYHV LV WKH SK\VLRORJ\ WKDW OLPLWV VSHFLHV¶ UDQJHV �L�H�� LW LV QRW WKH FOLPDWLF YDULDEOHV

WKDW DUH HYROYLQJ� EXW UDWKHU WKH DVVRFLDWLRQ EHWZHHQ FOLPDWLF DQG SK\VLRORJLFDO
�



YDULDWLRQ�� :H DOVR DVVXPH WKDW D UHODWLRQVKLS H[LVWV EHWZHHQ WKH UHDOL]HG FOLPDWLF QLFKH

PRGHOHG E\ 0D[HQW �3KLOOLSV DQG 'XGtN ����� DQG WKH EUHDGWK RI WKH IXQGDPHQWDO

FOLPDWLF QLFKH� )LQDOO\� ZH DVVXPH WKDW RXU HVWLPDWHV RI FOLPDWLF QLFKH EUHDGWK DUH QRW

ELDVHG ZLWK UHVSHFW WR GHYHORSPHQWDO OLIH KLVWRU\� )RU H[DPSOH� LI WKH FOLPDWLF QLFKH

EUHDGWKV RI VSHFLHV ZLWK GLUHFW GHYHORSPHQW DQG ORQJ ODUYDO SHULRGV DUH XQGHUHVWLPDWHG

EHFDXVH IDFWRUV RWKHU WKDQ FOLPDWH OLPLW WKHLU JHRJUDSKLF UDQJHV �H�J�� FRPSHWLWRUV�

SUHGDWRUV�� WKHQ UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DFURVV VSHFLHV ZLWK VKRUW ODUYDO SHULRGV

FRXOG DOVR EH XQGHUHVWLPDWHG� UHVXOWLQJ LQ D VSXULRXV UHODWLRQVKLS EHWZHHQ OLIH KLVWRU\

JURXSLQJ DQG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ� 5HFHQW ZRUN RQ SOHWKRGRQWLGV

GHPRQVWUDWHV VWURQJ FRUUHODWLRQV EHWZHHQ HVWLPDWHV RI FOLPDWLF QLFKH EUHDGWK FDOFXODWHG

IURP FOLPDWLF YHUVXV SK\VLRORJLFDO GDWD �0DUNOH ������ 0RUHRYHU� PHFKDQLVWLF QLFKH

PRGHOV EDVHG RQ SK\VLRORJ\ SURGXFH VLPLODU HVWLPDWHV RI WKH FRQWHPSRUDU\ JHRJUDSKLF

GLVWULEXWLRQV RI SOHWKRGRQWLG VSHFLHV �H�J�� *LIIRUG DQG .R]DN ����� /\RQV DQG .R]DN

������ 7RJHWKHU� WKHVH ILQGLQJV VXJJHVW WKDW YLRODWLRQV RI WKHVH DVVXPSWLRQV VKRXOG QRW

ELDV�RXU�UHVXOWV�

7R TXDQWLI\ WKH FOLPDWLF QLFKH EUHDGWK RI HDFK VSHFLHV� ZH ILUVW XVHG 0D[(QW

YHUVLRQ ����� �3KLOOLSV DQG 'XGtN ����� WR PRGHO WKH SRWHQWLDO JHRJUDSKLF GLVWULEXWLRQ RI

HDFK VSHFLHV EDVHG RQ LWV RFFXUUHQFH UHFRUGV DQG YDULDWLRQ DFURVV WKH ILYH FOLPDWLF

YDULDEOHV� &OLPDWH GDWD OD\HUV ZHUH WULPPHG WR DQ DUHD WKDW LQFOXGHG WKH 2XDFKLWD

+LJKODQGV DQG (DVWHUQ 1RUWK $PHULFD� 0RGHOV ZHUH FRQVWUXFWHG XVLQJ DXWR IHDWXUHV DQG

WKH GHIDXOW UHJXODUL]DWLRQ PXOWLSOLHU� 0RGHO SHUIRUPDQFH ZDV HYDOXDWHG E\ GLYLGLQJ

VSHFLHV¶ RFFXUUHQFH UHFRUGV LQWR WUDLQLQJ DQG WHVW VHWV ���� YV ���� UHVSHFWLYHO\� DQG

$8& �DUHD XQGHU WKH FXUYH�� )RU DOO VSHFLHV� PRGHOV VWURQJO\ GLVFULPLQDWHG WHVW ORFDOLWLHV

IURP UDQGRPO\ VHOHFWHG EDFNJURXQG SRLQWV �$8& � ������ 7KH PRGHOV ZHUH WKHQ

LPSRUWHG LQWR (10WRROV YHUVLRQ ��� �:DUUHQ HW DO� ����� WR HVWLPDWH WKH FOLPDWLF QLFKH

EUHDGWK IRU HDFK VSHFLHV� (107RROV WUHDWV VXLWDELOLW\ DV SURSRUWLRQDO WR XWLOL]DWLRQ IRU WKH

SXUSRVHV RI WKH EUHDGWK PHWULFV� DQG FDOFXODWHV WZR QLFKH EUHDGWK PHWULFV� /HYLQV¶ %� DQG

/HYLQV¶ %� �/HYLQV ������ %RWK PHWULFV DUH EDVHG RQ WKH XQLIRUPLW\ RI HDFK VSHFLHV¶

GLVWULEXWLRQ LQ DVVRFLDWLRQ ZLWK HQYLURQPHQWDO YDULDWLRQ� DQG KLJKHU YDOXHV RI HDFK PHWULF

DUH�DVVRFLDWHG�ZLWK�D�EURDGHU�FOLPDWLF�QLFKH�
�



:H XVHG SK\ORJHQHWLF DQDO\VHV RI YDULDQFH LPSOHPHQWHG LQ WKH 5�SDFNDJH

SK\WRROV YHUVLRQ ������ �5HYHOO ����� WR WHVW ZKHWKHU VSHFLHV ZLWK GLUHFW GHYHORSPHQW�

ORQJ ODUYDO SHULRGV� DQG VKRUW ODUYDO SHULRGV GLIIHUHG LQ PHDQ FOLPDWLF QLFKH EUHDGWK� ZLWK

WKH OLIH�KLVWRU\ JURXS PHPEHUVKLS RI VSHFLHV DV WKH IDFWRU DQG FOLPDWLF QLFKH EUHDGWK DV

WKH�GHSHQGHQW�YDULDEOH�

:H XVHG WZR DSSURDFKHV WKDW DVVXPHG D %URZQLDQ PRWLRQ PRGHO RI HYROXWLRQ WR

WHVW ZKHWKHU OLQHDJHV ZLWK GLUHFW GHYHORSPHQW� ORQJ ODUYDO SHULRGV� DQG VKRUW ODUYDO

SHULRGV KDYH GLIIHUHQW UDWHV RI FOLPDWLF QLFKH HYROXWLRQ� )LUVW� ZH XVHG WKH SK\WRROV

EURZQLH�OLWH IXQFWLRQ �5HYHOO ������ WR WHVW ZKHWKHU D PRGHO DVVXPLQJ GLIIHUHQW UDWHV IRU

WKH WKUHH OLIH�KLVWRU\ JURXSV UHFHLYHG JUHDWHU VXSSRUW WKDQ RQH LQ ZKLFK D VLQJOH UDWH LV

DVVXPHG IRU DOO OLQHDJHV� )RU WKLV DQDO\VLV� ZH HVWLPDWHG UDWHV RI HYROXWLRQ IRU WKH ILUVW

WZR�SULQFLSDO�FRPSRQHQW�D[HV��ZKLFK�H[SODLQHG�����RI�WKH�YDULDWLRQ�LQ�FOLPDWH�

6HFRQG� ZH XVHG WKH FRPSDUH�HYRO�UDWHV IXQFWLRQ LQ WKH 5�SDFNDJH JHRPRUSK

�$GDPV DQG 2WiUROD�&DVWLOOR ����� WR WHVW ZKHWKHU PXOWLYDULDWH UDWHV RI FOLPDWLF QLFKH

HYROXWLRQ FDOFXODWHG XVLQJ DOO ILYH SULQFLSDO FRPSRQHQWV GLIIHU DPRQJ WKH WKUHH

OLIH�KLVWRU\ JURXSV� 7KLV PHWKRG WHVWV ZKHWKHU WKH REVHUYHG UDQN�RUGHUHG UDWLR RI WKH UDWHV

IRU GLIIHUHQW JURXSV LV VLJQLILFDQWO\ !�� 6LJQLILFDQFH ZDV HYDOXDWHG E\ FRPSDULQJ WKH

REVHUYHG UDWLR WR D GLVWULEXWLRQ RI SRVVLEOH UDWLRV WKDW LV JHQHUDWHG IURP SK\ORJHQHWLF

VLPXODWLRQV DVVXPLQJ WKH QXOO K\SRWKHVLV RI QR UDWH GLIIHUHQFH EHWZHHQ JURXSV �$GDPV

������ :H DOVR SHUIRUPHG WKH DQDO\VHV RQ WKH VSHFLHV WUHH DQG WKH FKURQRJUDP IURP WKH

FRQFDWHQDWHG DQDO\VLV ZLWK 3KDHRJQDWKXV KXEULFKWL H[FOXGHG WR HQVXUH WKDW WKLV RXWJURXS

ZDV QRW GULYLQJ DQ\ REVHUYHG GLIIHUHQFHV LQ UDWHV RI QLFKH HYROXWLRQ EHWZHHQ WKH WKUHH

OLIH�KLVWRU\�JURXSV�

5HVXOWV

3K\ORJHQ\

7KH VSHFLHV WUHH LQIHUUHG IURP �� QXFOHDU ORFL DQG RQH PLWRFKRQGULDO ORFXV �����

EDVH�SDLUV� UHFRYHUV VRPH UHODWLRQVKLSV LQ FRPPRQ ZLWK D SUHYLRXVO\ SXEOLVKHG

SK\ORJHQ\ RI 'HVPRJQDWKXV XVLQJ RQO\ PW'1$ �0HDG HW DO� ����� 5LVVOHU DQG 7D\ORU

����� .R]DN HW DO� ����� %HDPHU DQG /DPE ����� 7LOOH\ HW DO� ������ EXW DOVR SURYLGHV
��



VRPH QRYHO LQVLJKW LQWR WKH HYROXWLRQDU\ KLVWRU\ RI WKH JHQXV� $V LQ SULRU VWXGLHV� D FODGH

FRQWDLQLQJ WKH GLUHFW�GHYHORSLQJ '� ZULJKWL � '� RUJDQL LV UHVROYHG DV WKH VLVWHU OLQHDJH WR

DOO UHPDLQLQJ VSHFLHV RI 'HVPRJQDWKXV �)LJ� ���$�� $OVR� DOO WD[D ZLWK DQ DTXDWLF ODUYDO

SKDVH IRUPHG D FODGH ZLWK WKH GLUHFW�GHYHORSLQJ '� DHQHXV EHLQJ WKH VLVWHU WD[RQ WR WKLV

FODGH �33  ����� 7KH '� TXDGUDPDFXODWXV JURXS �'� IRONHUWVL � '� PDUPRUDWXV � '�

TXDGUDPDFXODWXV� DOVR IRUPHG D PRQRSK\OHWLF JURXS� DOWKRXJK VXSSRUW ZDV ORZ �33  

������ $OO RWKHU WD[D ZLWK DQ DTXDWLF ODUYDO SKDVH IRUPHG D ZHOO�VXSSRUWHG FODGH �33  

���� VLVWHU WR WKH '� TXDGUDPDFXODWXV JURXS� 7KLV FODGH LQFOXGHV '� LPLWDWRU� ZKLFK LQ

SUHYLRXV VWXGLHV ZDV UHFRYHUHG DV WKH VLVWHU WD[RQ RI WKH '� TXDGUDPDFXODWXV JURXS � DOO

RWKHU ELSKDVLF WD[D �.R]DN HW DO� ������ 7KH UHPDLQLQJ VSHFLHV DUH JURXSHG LQWR WZR

ZHOO�VXSSRUWHG FODGHV WKDW DOVR SDUDOOHO WKRVH UHFRYHUHG LQ SUHYLRXV VWXGLHV� DOWKRXJK

PRVW UHODWLRQVKLSV ZLWKLQ WKHVH FODGHV KDYH ORZ VXSSRUW� ��� '� DSDODFKLFRODH � '�

FRQDQWL � '� PRQWLFROD � WZR OLQHDJHV RI '� RFRHH � '� VDQWHHWODK �33  ����� ��� '�

FDUROLQHQVLV � '� RFKURSKDHXV � '� RUHVWHV � '� DEGLWXV � '� DXULFXODWXV � WZR OLQHDJHV

RI '� IXVFXV � '� SODQLFHSV � '� ZHOWHUL �33  ������ 5HODWLRQVKLSV DPRQJ WKHVH WZR

FODGHV DQG '� EULPOH\RUXP� WKH ORQH VSHFLHV IURP WKH ,QWHULRU +LJKODQGV� DUH XQUHVROYHG�

'LUHFW GHYHORSPHQW LV LQIHUUHG DV WKH PRVW OLNHO\ DQFHVWUDO OLIH�KLVWRU\ PRGH ZLWK DQ

DTXDWLF ODUYDO SKDVH HYROYLQJ D VLQJOH WLPH DQG ORQJ�ODUYDO SHULRGV HYROYLQJ LQ SDUDOOHO LQ

WKH�'��IRONHUWVL���'��PDUPRUDWXV���'��TXDGUDPDFXODWXV�FODGH��DQG�LQ�'��ZHOWHUL�

%D\HVLDQ DQDO\VLV RI WKH FRQFDWHQDWHG QXFOHDU DQG PLWRFKRQGULDO GDWDVHW �����

EDVH�SDLUV� UHVXOWHG LQ D SK\ORJHQ\ LQ ZKLFK PRVW QRGHV ZHUH VXSSRUWHG ZLWK SRVWHULRU

SUREDELOLWLHV � ���� �)LJ� ���%�� 7KH WZR H[FHSWLRQV LQFOXGH WKH QRGH JURXSLQJ '� RFRHH

+ � '� PRQWLFROD �33  ����� DQG WKH QRGH JURXSLQJ '� DXULFXODWXV DQG '� SODQLFHSV �33

 ������ $V LQ WKH VSHFLHV WUHH� D FODGH FRQWDLQLQJ '� ZULJKW � '� RUJDQL ZDV UHVROYHG DV

WKH VLVWHU OLQHDJH WR DOO UHPDLQLQJ VSHFLHV RI 'HVPRJQDWKXV� +RZHYHU� WKH '�

TXDGUDPDFXODWXV JURXS �'� IRONHUWVL � '� PDUPRUDWXV � '� TXDGUDPDFXODWXV�� ZKLFK

IRUPHG D FODGH LQ WKH VSHFLHV WUHH� LV SDUDSK\OHWLF� 'HVPRJQDWKXV LPLWDWRU LV UHVROYHG DV

WKH VLVWHU OLQHDJH WR '� DHQHXV � D FODGH FRQWDLQLQJ DOO UHPDLQLQJ VSHFLHV WKDW KDYH

IUHH�OLYLQJ DTXDWLF ODUYDH� 7KHVH UHPDLQLQJ VSHFLHV DUH JURXSHG LQWR WKH VDPH WZR FODGHV

DV UHFRYHUHG LQ WKH VSHFLHV WUHH H[FHSW WKDW DQ XQGHVFULEHG OLQHDJH RI ³'� IXVFXV´ �'�
��



IXVFXV &� IURP WKH 6RXWK &DUROLQD 3LHGPRQW �.R]DN HW DO� ����� LV UHVROYHG DV WKH VLVWHU

VSHFLHV WR FODGH � DQG '� EULPOH\RUXP LV UHVROYHG DV WKH VLVWHU VSHFLHV WR FODGH ��

1RWDEO\� '� FDUROLQHQVLV LV UHFRYHUHG DV WKH VLVWHU WD[RQ RI D '� RFKURSKDHXV � '� RUHVWHV

FODGH LQ WKH FRQFDWHQDWHG WUHH� 7KH FRQFDWHQDWHG DQDO\VLV LQGLFDWHV WKDW GLUHFW

GHYHORSPHQW ZDV WKH OLNHO\ DQFHVWUDO OLIH�KLVWRU\ PRGH IRU 'HVPRJQDWKXV� WKDW DQ DTXDWLF

ODUYDO SHULRG HYROYHG ODWHU LQ WKH HYROXWLRQDU\ KLVWRU\ RI WKH FODGH� DQG WKDW GLUHFW

GHYHORSPHQW DQG ORQJ DTXDWLF ODUYDO SHULRGV HYROYHG LQ SDUDOOHO LQ '� DHQHXV DQG '�

ZHOWHUL��UHVSHFWLYHO\

&OLPDWLF�QLFKH�HYROXWLRQ

3ULQFLSDO FRPSRQHQWV DQDO\VLV VHSDUDWHG VSHFLHV DORQJ D[HV UHIOHFWLQJ YDULDWLRQ LQ

SUHFLSLWDWLRQ DQG VHDVRQDOLW\ RI WHPSHUDWXUH �3&��� DQG DYHUDJH DQQXDO WHPSHUDWXUH DQG

H[WUHPHV RI WHPSHUDWXUH �3&��� 7RJHWKHU� WKH ILUVW WZR SULQFLSDO FRPSRQHQWV DFFRXQWHG

IRU�����RI�WKH�YDULDWLRQ�LQ�FOLPDWH�DPRQJ�VSHFLHV��7DEOH������

&OLPDWLF QLFKH EUHDGWK YDULHG ZLGHO\ DPRQJ VSHFLHV �7DEOH ����� 6SHFLHV ZLWK WKH

ZLGHVW QLFKH EUHDGWKV KDYH VKRUW ODUYDO SHULRGV �7DEOH ����� DQG RYHUDOO WKH WRWDO FOLPDWLF

VSDFH RFFXSLHG E\ VSHFLHV ZLWK VKRUW ODUYDO SHULRGV ZDV JUHDWHU WKDQ WKDW IRU VSHFLHV ZLWK

ORQJ ODUYDO SHULRGV RU GLUHFW GHYHORSPHQW �)LJ� ����� +RZHYHU� VSHFLHV LQ WKH WKUHH

OLIH�KLVWRU\ JURXSV GLG QRW GLIIHU VLJQLILFDQWO\ LQ FOLPDWLF QLFKH EUHDGWK �SK\$129$� 3  

�����±�������

:KHQ UDWHV RI FOLPDWLF QLFKH HYROXWLRQ ZHUH FDOFXODWHG VHSDUDWHO\ IRU 3&� DQG

3&� � EURZQLH�OLWH VXSSRUWHG PRGHOV ZKHUH WKH WKUHH GLIIHUHQW OLIH�KLVWRU\ JURXSV KDG

GLIIHUHQW UDWHV IRU 3&�� EXW QRW 3&� �3&�� 3  ����� � 3&�� 3  ������� 2Q DYHUDJH�

VSHFLHV ZLWK ORQJ ODUYDO SHULRGV KDG WKH VORZHVW UDWH� GLUHFW GHYHORSHUV ZHUH LQWHUPHGLDWH�

DQG VSHFLHV ZLWK VKRUW ODUYDO SHULRGV KDG WKH IDVWHVW UDWH �7DEOH ���� )LJ� ����� 7KHVH

UHVXOWV DUH IRU WKH VSHFLHV WUHH DQG ZHUH TXDOLWDWLYHO\ XQFKDQJHG IRU WKH FRQFDWHQDWHG GDWD

FKURQRJUDP��7DEOH������)LJ�������DQG�ZKHQ�3��KXEULFKWL LV�H[FOXGHG��UHVXOWV�QRW�VKRZQ��

0XOWLYDULDWH UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DOVR GLIIHUHG ZLWK UHVSHFW WR OLIH

KLVWRU\ PRGH �7DEOHV ��� DQG ����� 6SHFLHV ZLWK ORQJ ODUYDO SHULRGV KDYH WKH VORZHVW UDWH

RI FOLPDWLF QLFKH HYROXWLRQ �ı�  ������� 'LUHFW�GHYHORSLQJ VSHFLHV H[KLELW DQ
��



LQWHUPHGLDWH UDWH �ı�  ������� DQG VSHFLHV ZLWK VKRUW ODUYDO SHULRGV H[KLELW WKH KLJKHVW

UDWH RI FOLPDWLF QLFKH HYROXWLRQ �ı�  �������� ,Q SDLUZLVH FRPSDULVRQV RI UDWH UDWLRV� WKH

VKRUW ODUYDO SHULRG JURXS VLJQLILFDQWO\ GLIIHUHG IURP ERWK RWKHU OLIH�KLVWRU\ JURXSV LQ WKHLU

UDWHV RI FOLPDWLF QLFKH HYROXWLRQ �ı�VKRUW ODUYDO SHULRG�ı�GLUHFW GHYHORSPHQW  ������ 3

� ������ ı�VKRUW ODUYDO SHULRG�ı�ORQJ ODUYDO SHULRG  ������� 3 � ������� +RZHYHU� WKHUH

ZDV QR VLJQLILFDQW GLIIHUHQFH LQ UDWHV EHWZHHQ WKH ORQJ ODUYDO DQG GLUHFW GHYHORSLQJ

JURXSV �ı�GLUHFW GHYHORSPHQW�ı�ORQJ ODUYDO SHULRG  ������ 3  ������� 7KH UDWH UDWLRV

DQG 3�YDOXHV UHSRUWHG DERYH DUH WDNHQ IURP WKH PXOWLYDULDWH DQDO\VLV RI WKH VSHFLHV WUHH�

WKH UHVXOWV ZHUH TXDOLWDWLYHO\ XQFKDQJHG IRU WKH DQDO\VLV RI WKH FRQFDWHQDWHG GDWD

FKURQRJUDP��DQG�ZKHQ�3��KXEULFKWL�LV�H[FOXGHG�

'LVFXVVLRQ

5DWHV RI FOLPDWLF QLFKH HYROXWLRQ YDU\ ZLGHO\ DFURVV WKH WUHH RI OLIH �-H]NRYD DQG

:LHQV ����� DQG DUH VWURQJO\ DVVRFLDWHG ZLWK WKH DFFXPXODWLRQ RI VSHFLHV GLYHUVLW\

DPRQJ FODGHV �.R]DN DQG :LHQV ����� ����� 7LWOH DQG %XUQV ������ 7KH UDWH DW ZKLFK

WKH FOLPDWLF QLFKH HYROYHV PLJKW DOVR EH LPSRUWDQW IRU EXIIHULQJ FODGHV DQG VSHFLHV IURP

H[WLQFWLRQ LQ D UDSLGO\ FKDQJLQJ JOREDO FOLPDWH �4XLQWHUR DQG :LHQV ����� -H]NRYD DQG

:LHQV ������ +RZHYHU� IHZ VWXGLHV KDYH DGGUHVVHG ZK\ WKH FOLPDWLF QLFKHV RI VRPH

VSHFLHV HYROYH PRUH UDSLGO\ WKDQ RWKHUV �H�J� /DZVRQ DQG :HLU ����� 3LH HW DO� �����

+HUH� ZH VKRZHG WKDW YDULDWLRQ LQ OLIH KLVWRU\ �L�H� ODUYDO GHYHORSPHQW WLPH� LV DVVRFLDWHG

ZLWK GLIIHUHQWLDO UDWHV RI FOLPDWLF QLFKH HYROXWLRQ� OLNHO\ E\ FRQVWUDLQLQJ �RU SURPRWLQJ�

WKH�H[SORUDWLRQ�RI�FOLPDWLF�QLFKH�VSDFH�

0DQ\ VWXGLHV VXJJHVW WKDW UDWHV RI FOLPDWLF QLFKH HYROXWLRQ VKRXOG EH DVVRFLDWHG

ZLWK FOLPDWLF QLFKH EUHDGWK �)LVKHU�5HLG HW DO� ������ 2Q DYHUDJH� FOLPDWLF QLFKH EUHDGWK

GRHV QRW GLIIHU DPRQJ VSHFLHV LQ WKH GLIIHUHQW OLIH�KLVWRU\ JURXSV� ,QGHHG� 'HVPRJQDWKXV

VSHFLHV ZLWK GLUHFW�GHYHORSPHQW� VKRUW� DQG ORQJ ODUYDO SHULRGV DUH FRQFHQWUDWHG LQ

PRQWDQH KDELWDWV LQ WKH VRXWKHUQ $SSDODFKLDQ +LJKODQGV OHDGLQJ WR WKLV FRQVHUYHG

SDWWHUQ� 2QO\ VSHFLHV ZLWK VKRUW ODUYDO SHULRGV KDYH EHHQ DEOH WR H[SDQG LQWR WKH

VXUURXQGLQJ ZDUPHU� GULHU FOLPDWHV WKDW DUH FXUUHQWO\ IRXQG DW ORZHU HOHYDWLRQV� $V D

��



UHVXOW� VSHFLHV ZLWK VKRUW ODUYDO SHULRGV KDYH HYROYHG PRUH UDSLGO\ LQ FOLPDWLF QLFKH VSDFH

WKDQ�WKRVH�ZLWK�ORQJ�ODUYDO�SHULRGV�RU�GLUHFW�GHYHORSPHQW�

7KH VWURQJ OLQNDJH EHWZHHQ GHYHORSPHQWDO OLIH KLVWRU\ DQG UDWHV RI FOLPDWLF QLFKH

HYROXWLRQ LV OLNHO\ H[SODLQHG E\ D FRPELQDWLRQ RI LQWULQVLF DQG H[WULQVLF IDFWRUV WKDW

JRYHUQ WKH GLVWULEXWLRQ RI VSHFLHV LQ FOLPDWLF VSDFH� :H K\SRWKHVL]H WKDW HFRORJLFDO DQG

SK\VLRORJLFDO FRQVWUDLQWV XQGHUOLH WKH VORZHU UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DFURVV

VSHFLHV ZLWK GLUHFW GHYHORSPHQW DQG ORQJ DTXDWLF ODUYDO SHULRGV� &OLPDWLF FRQGLWLRQV IRU

VSHFLHV ZLWK GLUHFW GHYHORSPHQW DQG ORQJ�DTXDWLF ODUYDO FRQGLWLRQV �L�H�� FRRO� ZHW� DUH

JHQHUDOO\ UHVWULFWHG WR WKH VRXWKHUQ $SSDODFKLDQ +LJKODQGV� OLPLWLQJ RSSRUWXQLWLHV IRU

H[SDQVLRQ LQWR DGMDFHQW� ORZ�HOHYDWLRQ UHJLRQV LQ HDVWHUQ 1RUWK $PHULFD ZKHUH WKH

FOLPDWHV DUH ZDUPHU DQG GULHU� &RQYHUVHO\� VSHFLHV ZLWK VKRUW ODUYDO SHULRGV

PHWDPRUSKRVH UDSLGO\ ��� \HDU� DQG DUH DOVR ODUJHU LQ VL]H WKDQ PLQLDWXUL]HG

GLUHFW�GHYHORSLQJ VSHFLHV �'� DHQHXV� '� RUJDQL� DQG '� ZULJKWL� PDNLQJ WKHP OHVV

VXVFHSWLEOH WR WKHUPDO DQG GHK\GUDWLRQ VWUHVV �5D\ ����� 7UDF\ HW DO� ������ 7KXV� VSHFLHV

ZLWK VKRUW ODUYDO SHULRGV KDYH EHHQ DEOH WR FRORQL]H D ZLGH UDQJH RI FOLPDWHV IRXQG DFURVV

KLJKODQG DQG ORZODQG UHJLRQV RI HDVWHUQ 1RUWK $PHULFD ZKHUH VWUHDPVLGH DQG VHHSDJH

PLFURKDELWDWV GU\ LQWHUPLWWHQWO\� UHVXOWLQJ LQ IDVWHU UDWHV RI FOLPDWLF QLFKH HYROXWLRQ�

,QWULJXLQJO\� H[WHQVLYH RYHUODS �HFRORJLFDO LQWHUDFWLRQV� DPRQJ FRH[LVWLQJ FODGHV DSSHDUV

WR FRQVWUDLQ UDWHV RI FOLPDWLF QLFKH HYROXWLRQ LQ SOHWKRGRQWLGV �.R]DN DQG :LHQV ������

VXJJHVWLQJ WKDW HYROXWLRQ RI D VKRUW ODUYDO SHULRG PD\ KDYH LQFUHDVHG UDWHV RI

FOLPDWLF�QLFKH HYROXWLRQ E\ SURYLGLQJ HFRORJLFDO DFFHVV WR QHZ FOLPDWLF QLFKHV EH\RQG

WKH VRXWKHUQ $SSDODFKLDQV ZKHUH IHZ VSHFLHV RI 'HVPRJQDWKXV DUH V\PSDWULF�

3KHQRW\SHV WKDW SURPRWH DFFHVV WR D JUHDWHU UDQJH RI FOLPDWLF FRQGLWLRQV DOVR VHHPLQJO\

XQGHUOLH IDVWHU UDWHV RI FOLPDWLF QLFKH HYROXWLRQ LQ PDPPDOV �&RRSHU HW DO� ����� DQG

GDPVHOILVK �/LWVLRV HW DO� ������ VXJJHVWLQJ WKDW VLPLODU SURFHVVHV PD\ H[SODLQ YDULDWLRQ

LQ�UDWHV�RI�FOLPDWLF�QLFKH�HYROXWLRQ�DFURVV�D�ZLGH�UDQJH�RI�WD[D�

2XU UHVXOWV KDYH LPSRUWDQW LPSOLFDWLRQV IRU XQGHUVWDQGLQJ WKH DFFXPXODWLRQ RI

VSHFLHV RYHU WLPH� DV WKH\ LPSO\ WKDW LQFUHDVHV LQ UDWHV RI FOLPDWLF QLFKH HYROXWLRQ PD\

DOVR XQGHUOLH LQFUHDVHV LQ GLYHUVLILFDWLRQ UDWHV� )ROORZLQJ WKH RULJLQ RI D ELSKDVLF OLIH

KLVWRU\� WKH UDWH RI GLYHUVLILFDWLRQ LQ 'HVPRJQDWKXV LQFUHDVHG UDSLGO\ DV VSHFLHV GLYHUJHG
��



LQ ERG\ VL]H� ODUYDO�SHULRG OHQJWK� DQG PLFURKDELWDW XVH DORQJ DQ DTXDWLF�WHUUHVWULDO

JUDGLHQW �.R]DN HW DO� ������ 7KLV VKLIW LQ OLIH KLVWRU\ VHHPLQJO\ SURPRWHG HFRORJLFDO

DFFHVV WR DQ DTXDWLF DGDSWLYH ]RQH� UHVXOWLQJ LQ UDSLG DGDSWLYH GLYHUVLILFDWLRQ DV VSHFLHV

UDGLDWHG LQWR VWUHDP� VWUHDP�HGJH� DQG VHHSDJH PLFURKDELWDWV �&KLSSLQGDOH HW DO� �����

.R]DN HW DO� ������ 2XU UHVXOWV VXJJHVW WKDW UDSLG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DFURVV

VSHFLHV ZLWK VKRUW ODUYDO SHULRGV ZHUH DOVR DQ LPSRUWDQW GLPHQVLRQ RI WKLV FODGH
V

DGDSWLYH UDGLDWLRQ DQG OLNHO\ FRQWULEXWH WR WKH UDSLG UDWH RI GLYHUVLILFDWLRQ IROORZLQJ WKH

HYROXWLRQ�RI�DQ�DTXDWLF�OLIH�KLVWRU\�LQ�WKH�FODGH�

)DVWHU UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DUH DVVRFLDWHG ZLWK LQFUHDVHG UDWHV RI

GLYHUVLILFDWLRQ DFURVV D UDQJH RI WD[D �(YDQV HW DO� ����� .R]DN DQG :LHQV ����� �����

7LWOH DQG %XUQV ����� &DVWUR�,QVXD HW DO� ������ ,Q SOHWKRGRQWLG VDODPDQGHUV� VKDUSHU

FOLPDWLF ]RQDWLRQ RI WURSLFDO PRXQWDLQV VHHPLQJO\ LQFUHDVHV RSSRUWXQLWLHV IRU

GLYHUVLILFDWLRQ� DQG H[SODLQV YDULDWLRQ LQ UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DPRQJ PDMRU

FODGHV �.R]DN DQG :LHQV ����� ������ +RZHYHU� WKHUH LV DOVR JUHDW YDULDWLRQ LQ UDWHV RI

FOLPDWLF QLFKH HYROXWLRQ DPRQJ SOHWKRGRQWLG FODGHV WKDW DUH UHVWULFWHG WR WURSLFDO YHUVXV

WHPSHUDWH UHJLRQV �.R]DN DQG :LHQV ������ $PRQJ WHPSHUDWH SOHWKRGRQWLG FODGHV� UDWHV

RI GLYHUVLILFDWLRQ DQG FOLPDWLF QLFKH HYROXWLRQ DUH UDSLG LQ 'HVPRJQDWKXV �.R]DN DQG

:LHQV ������ +RZ PLJKW HYROXWLRQ RI WKH FOLPDWLF QLFKH SURPRWH GLYHUVLILFDWLRQ LQ WKLV

DGDSWLYH�UDGLDWLRQ��DQG�SRVVLEO\�RWKHUV�"

0DQ\ VWXGLHV KDYH OLQNHG OLIH�KLVWRU\ YDULDWLRQ ZLWK SK\VLRORJLFDO GLYHUVLW\ DQG

GLYHUVLILFDWLRQ UDWHV �:LQHPLOOHU DQG 5RVH ����� 5LFNOHIV DQG :LNHOVNL ����� *ROGEHUJ

HW DO� ������ $PRQJ VSHFLHV RI 'HVPRJQDWKXV ZLWK VKRUW ODUYDO SHULRGV� WKHUH LV

VXEVWDQWLDO YDULDWLRQ LQ WKHUPDO SK\VLRORJ\ �L�H�� WKHUPDO WROHUDQFH EUHDGWK� WKHUPDO

DFFOLPDWLRQ FDSDFLW\� DQG PHWDEROLF UDWH� WKDW LV DVVRFLDWHG ZLWK KRZ UHVWULFWHG RU

ZLGHVSUHDG VSHFLHV DUH �%HUQDUGR HW DO� ����� .HDUQH\ DQG 3RUWHU ����� 0DUNOH �����

0DUNOH DQG .R]DN ������ ,Q WHPSHUDWH UHJLRQV OLNH 1RUWK $PHULFD� ZKHUH WKH FOLPDWH KDV

EHHQ XQVWDEOH RYHU VSDFH DQG WLPH� WKH DELOLW\ WR WROHUDWH DQG WR H[SORLW D ZLGHU GLYHUVLW\

RI FOLPDWLF FRQGLWLRQV PD\ SURPRWH VSHFLDWLRQ DQG WKH ORQJ�WHUP SHUVLVWHQFH RI OLQHDJHV

�-DQVVRQ DQG '\QHVLXV ������ )RU H[DPSOH� LI VRPH VSHFLHV FDQ H[SDQG WKHLU FOLPDWLF

QLFKHV WR RFFXS\ DUHDV LQ ZKLFK RWKHU OLQHDJHV FDQQRW SHUVLVW� WKLV FRXOG LQFUHDVH
��



RSSRUWXQLWLHV IRU LVRODWLRQ DQG VSHFLDWLRQ �.R]DN DQG :LHQV ����� 6REHO HW DO� �����

<RGHU HW DO� ������ $ FDSDFLW\ IRU UDSLG FOLPDWLF QLFKH HYROXWLRQ PD\ DOVR PDNH VSHFLHV

OHVV VXVFHSWLEOH WR H[WLQFWLRQ GXULQJ SHULRGV RI FOLPDWH FKDQJH �+ROW ����� &DUOVRQ HW DO�

�������UHVXOWLQJ�LQ�KLJKHU�GLYHUVLILFDWLRQ�UDWHV�

,Q VXPPDU\� YDULDWLRQ LQ UDWHV RI FOLPDWLF QLFKH HYROXWLRQ LV DVVRFLDWHG ZLWK

SDWWHUQV RI GLYHUVLILFDWLRQ DQG VSHFLHV ULFKQHVV DFURVV D ZLGH YDULHW\ RI WD[D� <HW� WUDLWV

XQGHUO\LQJ GLYHUJHQFH RI WKH FOLPDWLF QLFKH KDYH UDUHO\ EHHQ VWXGLHG� 2XU UHVXOWV VKRZ

KRZ YDULDWLRQ LQ D NH\ OLIH�KLVWRU\ WUDLW �ODUYDO GHYHORSPHQW WLPH� FDQ FRQVWUDLQ RU

SURPRWH GLYHUJHQFH RI WKH FOLPDWLF QLFKH� 2YHUDOO� ZH ILQG QR VXSSRUW IRU D GLUHFW OLQN

EHWZHHQ VSHFLHV¶ FOLPDWLF QLFKH EUHDGWKV DQG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ� VSHFLHV

ZLWK GLIIHUHQW ODUYDO GHYHORSPHQW WLPHV KDYH VLPLODU FOLPDWLF QLFKH EUHDGWKV� ,QVWHDG� WKH

HYROXWLRQ RI D VKRUW ODUYDO SHULRG SURPRWHV JUHDWHU YDULDQFH LQ FOLPDWLF QLFKH EUHDGWK DQG

UDSLG H[SORUDWLRQ RI FOLPDWLF VSDFH� OHDGLQJ WR LQFUHDVHG UDWHV RI FOLPDWLF QLFKH HYROXWLRQ

DFURVV VSHFLHV KDYLQJ WKLV WUDLW� $ GHHSHU XQGHUVWDQGLQJ RI WKH PHFKDQLVWLF EDVLV RI WKLV

SDWWHUQ ZLOO UHTXLUH IXUWKHU FRPSDUDWLYH SK\ORJHQHWLF VWXG\ RI WKH UHODWLRQVKLS EHWZHHQ

OLIH KLVWRU\ DQG NH\ SK\VLRORJLFDO WUDLWV WKDW JRYHUQ WKH GLVWULEXWLRQ RI OLQHDJHV LQ FOLPDWLF

DQG�JHRJUDSKLF�VSDFH

��



)LJXUHV�DQG�7DEOHV

)LJXUH ���� $QFHVWUDO VWDWH UHFRQVWUXFWLRQ� �$� 6SHFLHV WUHH RI 'HVPRJQDWKXV EDVHG RQ �� ORFL

ZLWK PDSSHG DQFHVWUDO�VWDWH OLNHOLKRRGV� VXSSRUW YDOXHV IRU DOO VSHFLHV WUHH QRGHV FDQ EH IRXQG LQ

WKH RQOLQH 'U\DG VXSSOHPHQW� �%� &KURQRJUDP RI 'HVPRJQDWKXV EDVHG RQ D FRQFDWHQDWHG

DOLJQPHQW RI �� ORFL ZLWK PDSSHG DQFHVWUDO�VWDWH OLNHOLKRRGV� $OO QRGHV KDYH D SRVWHULRU

SUREDELOLW\ � ����� H[FHSW IRU '� RFRHH + � '� PRQWLFROD �33  ������ DQG '� DXULFXODWXV � '�

SODQLFHSV �33� �������

��



)LJXUH ���� 6SHFLHV FOLPDWLF QLFKH SRVLWLRQ� 9LVXDOL]DWLRQ RI WKH FOLPDWLF QLFKH VSDFH RFFXSLHG

E\�WKH�WKUHH�OLIH�KLVWRU\�JURXSV�LQ�WKLV�VWXG\�

��



)LJXUH ���� &OLPDWLF QLFKH HYROXWLRQ UDWH HVWLPDWHV� VSHFLHV WUHH� 5DWHV RI FOLPDWLF QLFKH

HYROXWLRQ IRU HDFK OLIH�KLVWRU\ JURXS DORQJ WKH ILUVW WZR SULQFLSDO FRPSRQHQW D[HV IRU WKH VSHFLHV

WUHH

��



)LJXUH ���� &OLPDWLF QLFKH HYROXWLRQ UDWH HVWLPDWHV� FRQFDWHQDWHG DOLJQPHQW� 5DWHV RI

FOLPDWLF QLFKH HYROXWLRQ IRU HDFK OLIH�KLVWRU\ JURXS DORQJ WKH ILUVW WZR SULQFLSDO FRPSRQHQW D[HV

IRU�WKH�FRQFDWHQDWHG�DOLJQPHQW�

��



6SHFLHV 0LFURKDELWDW /DUYDO�3HULRG /HYLQV¶�%� /HYLQV¶�%�

'��DEGLWXV VHHSDJH VKRUW ����� �����

'��DHQHXV WHUUHVWULDO GLUHFW�GHYHORSPHQW ���� ����

'��DSDODFKLFRODH VHHSDJH VKRUW ���� �����

'��DXULFXODWXV VWUHDP�HGJH VKRUW ����� �����

'��EULPOH\RUXP VWUHDP�HGJH VKRUW ����� �����

'��FDUROLQHQVLV VHHSDJH VKRUW ����� �����

'��FRQDQWL VWUHDP�HGJH VKRUW ����� �����

'��IRONHUWVL VWUHDP�HGJH ORQJ ����� �����

'��IXVFXV�$% VWUHDP�HGJH VKRUW ����� �����

'��IXVFXV�& VWUHDP�HGJH VKRUW ����� �����

'��LPLWDWRU VHHSDJH VKRUW ����� �����

'��PRQWLFROD VWUHDP�HGJH VKRUW ����� �����

'��RFKURSKDHXV VHHSDJH VKRUW ����� ����

'��RFRHH�& VHHSDJH VKRUW ����� �����

'��RFRHH�+ VHHSDJH VKRUW ����� �����

'��RUHVWHV VHHSDJH VKRUW ����� �����

'��RUJDQL WHUUHVWULDO GLUHFW�GHYHORSPHQW ����� �����

'��SODQLFHSV VWUHDP�HGJH VKRUW ����� �����

'��TXDGUDPDFXODWXV VWUHDP ORQJ ����� �����

'��PDUPRUDWXV VWUHDP ORQJ ����� �����

'��VDQWHHWODK VWUHDP�HGJH VKRUW ����� �����

'��ZHOWHUL VWUHDP�HGJH ORQJ ����� �����

'��ZULJKWL WHUUHVWULDO GLUHFW�GHYHORSPHQW ����� �����

3KDHRJQDWKXV�KXEULFKWL WHUUHVWULDO GLUHFW�GHYHORSPHQW ����� �����

7DEOH ���� /DUYDO SHULRG GHVLJQDWLRQV DQG QLFKH EUHDGWK PHWULFV� 0LFURKDELWDW� ODUYDO JURXS

GHVLJQDWLRQ� DQG YDOXHV IRU WZR QLFKH EUHDGWK PHWULFV �/HYLQV ����� IRU 'HVPRJQDWKXV VSHFLHV

LQFOXGHG LQ WKLV VWXG\� 0LFURKDELWDW FDWHJRULHV IROORZ .R]DN HW DO� ������� /DUYDO SHULRG GDWD DUH

IURP�7LOOH\�DQG�%HUQDUGR��������DQG�.R]DN�HW�DO���������

��



9DULDEOH 3&� 3&� 3&� 3&� 3&�

%,2� ���� í���� í���� ���� í����

%,2� ���� í���� � í���� ����

%,2� ���� í���� ���� í���� í����

%,2�� ���� ���� ���� ��� í����

%,2�� í���� í���� ���� ���� ����

(LJHQYDOXH ���� ���� ���� ���� ����

��9DULDWLRQ ����� ����� ���� ���� ����

7DEOH ���� &OLPDWLF 3&$ ORDGLQJV� )DFWRU ORDGLQJV DQG HLJHQYDOXHV IURP WKH

SULQFLSDO�FRPSRQHQWV DQDO\VLV RI WKH ILYH HQYLURQPHQWDO YDULDEOHV� 3&��3&� H[SODLQHG ��� RI

WKH�YDULDWLRQ

��



/DUYDO�6WDJH 3&��ı 3&��ı ı��PXOWLYDULDWH�

'LUHFW

'HYHORSPHQW

����� ����� �����

/RQJ ���� ����� �����

6KRUW ������ ����� ������

7DEOH ���� 6SHFLHV WUHH FOLPDWLF QLFKH HYROXWLRQ UDWHV� 5DWHV RI FOLPDWLF QLFKH HYROXWLRQ IRU

HDFK�OLIH�KLVWRU\�JURXS�DORQJ�WKH�ILUVW�WZR�SULQFLSDO�FRPSRQHQW�D[HV�IRU�WKH�VSHFLHV�WUHH�

��



/DUYDO�6WDJH 3&��ı 3&��ı ı��PXOWLYDULDWH�

'LUHFW

'HYHORSPHQW

����� ����� �����

/RQJ ����� ����� �����

6KRUW ����� ����� �����

7DEOH ���� &RQFDWHQDWHG DOLJQPHQW FOLPDWLF QLFKH HYROXWLRQ UDWHV� 5DWHV RI FOLPDWLF QLFKH

HYROXWLRQ IRU HDFK OLIH�KLVWRU\ JURXS DORQJ WKH ILUVW WZR SULQFLSDO FRPSRQHQW D[HV IRU WKH

FRQFDWHQDWHG�DOLJQPHQW�

��



&+$37(5��
:DUPLQJ�WHPSHUDWXUHV�LQIOXHQFH�WKH�G\QDPLFV�RI�D�VDODPDQGHU�K\EULG�LQ�WKH

6RXWKHUQ�$SSDODFKLDQ�0RXQWDLQV�

$EVWUDFW

&OLPDWH FKDQJH KDV IDFLOLWDWHG VKLIWV LQ WKH GLVWULEXWLRQV RI PDQ\ VSHFLHV�

RIWHQWLPHV EULQJLQJ SUHYLRXVO\ LVRODWHG OLQHDJHV LQWR FRQWDFW ZLWK RQH DQRWKHU� :KHQ

WKHVH OLQHDJHV PHHW� WKH\ PD\ SURGXFH RIIVSULQJ LI WKHUH DUH LQVXIILFLHQW EDUULHUV WR

UHSURGXFWLRQ� OHDGLQJ WR WKH IRUPDWLRQ RI K\EULG ]RQHV� ,I WKH WZR K\EULGL]LQJ VSHFLHV DUH

DGDSWHG WR GLIIHUHQW HQYLURQPHQWV� WKHVH K\EULG ]RQHV PD\ IRUP DORQJ HQYLURQPHQWDO

FOLQHV LQ ODWLWXGH RU HOHYDWLRQ� 7KH OXQJOHVV VDODPDQGHU 3OHWKRGRQ VKHUPDQL LV GLVWULEXWHG

DFURVV PXOWLSOH PRXQWDLQWRS LVRODWHV DQG IUHTXHQWO\ K\EULGL]HV ZLWK LWV FRQJHQHU�

3OHWKRGRQ WH\DKDOHH� DW WKH ORZHU HGJH RI LWV HOHYDWLRQDO UDQJH� ,Q WKLV VWXG\� ZH XVH

GG5$' VHTXHQFLQJ WR H[SORUH JHQRPH�ZLGH SDWWHUQV RI LQWURJUHVVLRQ DFURVV IRXU K\EULG

]RQHV WR DVVHVV ZKHWKHU HFRORJLFDO VHOHFWLRQ PDLQWDLQV VSHFLHV ERXQGDULHV LQ WKLV V\VWHP�

DQG KRZ ZDUPLQJ FOLPDWLF FRQGLWLRQV PD\ LPSDFW WKH RXWFRPH RI K\EULGL]DWLRQ EHWZHHQ

WKHVH VSHFLHV� $W DOO IRXU K\EULG ]RQHV� VLJQLILFDQW LQWURJUHVVLRQ ZDV GHWHFWHG EHWZHHQ 3�

VKHUPDQL DQG 3� WH\DKDOHH SRSXODWLRQV DORQJ WKH HOHYDWLRQDO JUDGLHQW ZKLFK VSDQV WKH WZR

SDUHQWDO SRSXODWLRQV� ,QWURJUHVVLRQ DSSHDUV WR EH ZLGHVSUHDG DQG DV\PPHWULF IURP 3�

WH\DKDOHH LQWR 3� VKHUPDQL� SDUWLFXODUO\ LQ ORFL WKDW PD\ SRWHQWLDOO\ EH LQYROYHG LQ ORFDO

DGDSWDWLRQ� 7KH ILQGLQJV SUHVHQWHG KHUH� FRPELQHG ZLWK SDVW VWXGLHV LQ WKLV V\VWHP� DOO

SRLQW WRZDUGV D K\EULG ]RQH VWURQJO\ UHJXODWHG E\ HFRORJLFDO IDFWRUV� HVSHFLDOO\

HOHYDWLRQDO YDULDWLRQ LQ FOLPDWH� $V WKH $SSDODFKLDQV FRQWLQXH WR ZDUP� WKHVH ILQGLQJV

VXJJHVW WKDW DOO 3� VKHUPDQL LVRODWHV DUH LQ GDQJHU RI JHQRPLF H[WLQFWLRQ GXH WR JHQHWLF

VZDPSLQJ E\ WKH LQWURJUHVVLRQ RI 3� WH\DKDOHH DOOHOHV DV WKH K\EULG ]RQH FRQWLQXHV WR

PRYH�XSZDUGV�LQ�HOHYDWLRQ�

,QWURGXFWLRQ

3HULRGV RI FOLPDWH FKDQJH RIWHQ IDFLOLWDWH WKH H[SDQVLRQ RU PRYHPHQW RI VSHFLHV¶

UDQJHV DV WKH\ WUDFN WKH FRQGLWLRQV WR ZKLFK WKH\ DUH DGDSWHG �3DUPHVDQ DQG <RKH �����

5RRW HW DO� ����� 0DF/HDQ DQG %HLVVLQJHU ������ *OREDO WHPSHUDWXUHV KDYH VWHDGLO\
��



FOLPEHG VLQFH WKH ODVW JODFLDO PD[LPD a������ \HDUV DJR� DQG DQWKURSRJHQLF DFWLYLWLHV

KDYH PRUH UHFHQWO\ FRQWULEXWHG WR UDSLG FKDQJHV LQ WKH (DUWK¶V FOLPDWH �3UHQWLFH HW DO�

����� 6PLWK HW DO� ������ 7KLV FKDQJH LQ FOLPDWH KDV IDFLOLWDWHG VKLIWV LQ PDQ\ VSHFLHV

GLVWULEXWLRQV� OHDGLQJ WR WKH IRUPDWLRQ RI K\EULG ]RQHV ZKHUH SUHYLRXVO\ LVRODWHG VSHFLHV

FRPH LQWR VHFRQGDU\ FRQWDFW ZLWK RQH DQRWKHU� �%UHQQDQ HW DO� ����� &KXQFR �����

*UDEHQVWHLQ DQG 7D\ORU ������ +\EULGL]DWLRQ FDQ UHVXOW LQ D QXPEHU RI HYROXWLRQDU\

RXWFRPHV� 6SHFLDWLRQ FDQ RFFXU ZKHQ WKH QRYHO JHQRW\SLF FRPELQDWLRQV LQ K\EULG

RIIVSULQJ UHVXOW LQ QHZ WUDLWV WKDW FDQ FRQWULEXWH WR LVRODWLRQ DQG GLYHUVLILFDWLRQ �0DOOHW

����� .HOOHU HW DO� ����� 5LFKDUGV DQG 0DUWLQ ������ 2Q WKH RWKHU KDQG� JHQHWLF

VZDPSLQJ RI RQH VSHFLHV E\ WKH RWKHU FDQ OHDG WR JHQRPLF H[WLQFWLRQ DV RQH RU ERWK SXUH

SDUHQWDO JHQRW\SHV DUH ORVW WR LQWURJUHVVLRQ �5K\PHU DQG 6LPEHUORII ����� 7RGHVFR HW DO�

������ 7KLV LV PRUH OLNHO\ LI WKH WZR K\EULGL]LQJ VSHFLHV IUHHO\ EUHHG ZLWK RQH DQRWKHU

ZLWKRXW ILWQHVV FRQVHTXHQFHV LQ DGPL[HG LQGLYLGXDOV �&ROHPDQ HW DO� ����� %RJ HW DO�

������ $ WKLUG UHVXOW� KRZHYHU� RFFXUV ZKHQ EDFNFURVVLQJ LV OLPLWHG DQG VSHFLHV

ERXQGDULHV UHPDLQ LQWDFW� OHDGLQJ WR WKH IRUPDWLRQ RI D VWDEOH K\EULG ]RQH �0RRUH �����

%DUWRQ�������%DUWRQ�DQG�+HZLWW�������

6WDEOH K\EULG ]RQHV SURYLGH D XVHIXO V\VWHP LQ ZKLFK WR LQYHVWLJDWH WKH HIIHFWV RI

GLIIHUHQW HQYLURQPHQWDO DQG LQWULQVLF IDFWRUV WKDW FRQWULEXWH WR UHSURGXFWLYH LVRODWLRQ LQ

GLIIHUHQW V\VWHPV �$QGHUVRQ ����� %DUWRQ DQG +HZLWW ������ HVSHFLDOO\ VLQFH PDQ\

K\EULG ]RQHV IRUP DORQJ HFRORJLFDO JUDGLHQWV LQ ODWLWXGH �*DUURZD\ HW DO� ����� 7D\ORU HW

DO� ����� &DOIHH HW DO� ����� DQG HOHYDWLRQ �5DVPXVVHQ HW DO� ����� $EERWW DQG %UHQQDQ

����� 'X%D\ DQG :LWW ����� )LODWRY HW DO� ������ ,Q WKHVH V\VWHPV� K\EULGV IRUP� EXW

K\EULGL]DWLRQ LV OLPLWHG WR D QDUURZ SDUW RI WKH JHRJUDSKLF UDQJH RI ERWK SDUHQWDO VSHFLHV

GXH WR VHOHFWLRQ DJDLQVW K\EULGV DQG OLPLWHG GLVSHUVDO RXW RI WKH K\EULG ]RQH �%DUWRQ DQG

+HZLWW ����� 5DQG DQG +DUULVRQ ����� &XUU\ ������ 'LIIHUHQW VHOHFWLYH IRUFHV� ERWK

HQGRJHQRXV DQG H[RJHQRXV� DFW ZLWKLQ VWDEOH K\EULG ]RQHV WR OLPLW LQWURJUHVVLRQ EHWZHHQ

SDUHQWDO VSHFLHV DQG PDLQWDLQ VSHFLHV ERXQGDULHV� (QGRJHQRXV VHOHFWLRQ LV LQGHSHQGHQW RI

WKH HQYLURQPHQW� DQG VHOHFWV DJDLQVW K\EULGV GXH WR JHQHWLF LQFRPSDWLELOLWLHV WKDW IRUP DV

D UHVXOW RI GLYHUJHQFH EHWZHHQ WKH SDUHQWDO VSHFLHV �%DUWRQ ����� 7XUQHU HW DO� �����

%ODQFNDHUW DQG 3D\VHXU ������ /LNHZLVH� WKH EUHDNGRZQ RI DGDSWLYH JHQH FRPSOH[HV LQ
��



K\EULGV RIWHQ UHGXFHV ILWQHVV RU IHUWLOLW\ LQ DGYDQFHG K\EULGV ZKLOH QRW UHGXFLQJ ILWQHVV LQ

)� K\EULGV� OLPLWLQJ EDFNFURVVLQJ DQG LQWURJUHVVLRQEHWZHHQ VSHFLHV �%DUWRQ DQG +HZLWW

����� 0XKOIHOG HW DO� ����� *LEVRQ HW DO� ����� /DIRQ�3ODFHWWH DQG .|KOHU ����� 6WHONHQV

HW�DO��������

([RJHQRXV IDFWRUV� VXFK DV HQYLURQPHQWDO VHOHFWLRQ DQG FRPSHWLWLYH LQWHUDFWLRQV�

DOVR SOD\ DQ LPSRUWDQW UROH LQ PDLQWDLQLQJ VSHFLHV ERXQGDULHV� HVSHFLDOO\ ZKHQ WKH

K\EULGL]LQJ VSHFLHV DUH DGDSWHG WR GLIIHUHQW HQYLURQPHQWV �%DUWRQ DQG +HZLWW �����

-LJJLQV DQG 0DOOHW ����� 6ZHQVRQ ������ $GDSWLYH GLIIHUHQFHV EHWZHHQ VSHFLHV VKRXOG

OLPLW WKH IUHH H[FKDQJH RI JHQHV EHWZHHQ WKHP� VLQFH DOOHOHV ZKLFK DUH EHWWHU VXLWHG IRU

RSSRVLQJ HQYLURQPHQWDO FRQGLWLRQV LQ RQH VSHFLHV PD\ UHGXFH ILWQHVV LI WKH\ DUH

LQWURJUHVVHG LQWR WKH RWKHU VSHFLHV �%DUWRQ DQG +HZLWW ����� :ROI HW DO� ������ +\EULGV

DOVR IUHTXHQWO\ VXIIHU UHGXFHG ILWQHVV LI WKH\ H[KLELW LQWHUPHGLDWH SKHQRW\SHV ZKLFK DUH

XQILW LQ WKH KDELWDW RI HLWKHU RI WKH SDUHQWDO VSHFLHV �5LFH DQG +RVWHUW ����� +DWILHOG DQG

6FKOXWHU�������

+\EULG ]RQHV OLPLWHG E\ HFRORJLFDO VHOHFWLRQ KDYH VKLIWHG XSZDUGV LQ HOHYDWLRQ

DQG ODWLWXGH DV VSHFLHV WUDFN WKHLU HFRORJLFDO QLFKHV �7D\ORU HW DO� ����� %LOOHUPDQ HW DO�

����� 5\DQ HW DO� ����� :LHOVWUD ������ ,Q PRQWDQH V\VWHPV� WKH UDWHV RI WKLV XSZDUG VKLIW

KDYH DFFHOHUDWHG DV ZDUPLQJ UDWHV KDYH LQFUHDVHG �&KHQ HW DO� ����� ������ $V ZDUPLQJ

SHUVLVWV� PRQWDQH HQGHPLF VSHFLHV ILQG WKHPVHOYHV RQ DQ ³HVFDODWRU WR H[WLQFWLRQ�´ EHLQJ

SXVKHG WR KLJKHU DQG KLJKHU HOHYDWLRQV XQWLO WKH\ UXQ RXW RI VXLWDEOH KDELWDW LQ ZKLFK WR

VKLIW �)UHHPDQ HW DO� ����� 8UEDQ ������ $V ORZHU HOHYDWLRQ VSHFLHV DUH LQFUHDVLQJO\ DEOH

WR SHUVLVW LQ WKH KDELWDW RI WKH KLJK HOHYDWLRQ VSHFLDOLVW� WKH K\EULG ]RQH ZLOO VKLIW XSZDUG

LQ HOHYDWLRQ DV WKH ILWQHVV GLIIHUHQWLDO WKDW OLPLWHG LQWURJUHVVLRQ EHWZHHQ WKH VSHFLHV

EHFRPHV QHJOLJLEOH� 7KLV PD\ OHDG WR LQFUHDVHG LQWURJUHVVLRQ RI '1$ IURP WKH ORZ

HOHYDWLRQ VSHFLHV LQWR WKH KLJK HOHYDWLRQ VSHFLHV� UHVXOWLQJ LQ JHQHWLF VZDPSLQJ DQG

JHQRPLF�H[WLQFWLRQ�RI�WKH�KLJK�HOHYDWLRQ�VSHFLDOLVW��*yPH]�HW�DO��������%RJ�HW�DO��������

7KH OXQJOHVV VDODPDQGHU 3OHWKRGRQ VKHUPDQL LV QDWLYH WR WKH VRXWKHUQ

$SSDODFKLDQ 0RXQWDLQV DQG RFFXUV DFURVV PXOWLSOH PRXQWDLQWRS LVRODWHV �6WHMQHJHU

������ 3� VKHUPDQL LV NQRZQ WR IUHTXHQWO\ K\EULGL]H ZLWK RWKHU FRQJHQHULF VSHFLHV DW WKH

ORZHU HGJH RI LWV HOHYDWLRQDO UDQJH� SDUWLFXODUO\ 3OHWKRGRQ WH\DKDOHH �+LJKWRQ DQG
��



3HDERG\ ������ 3OHWKRGRQ VKHUPDQL LV FKDUDFWHUL]HG E\ EULJKW UHG OHJV DQG XQLIRUP�

EODFN GRUVDO FRORUDWLRQ� 3OHWKRGRQ WH\DKDOHH ODFNV UHG OHJV EXW H[KLELWV H[WHQVLYH ZKLWH

VSRWWLQJ RQ LWV EDFN DQG VLGHV �)LJ� ����� 3KHQRW\SLF GDWD VXJJHVWV WKDW WKH QXPEHU RI

LQGLYLGXDOV H[KLELWLQJ PRUH 3� WH\DKDOHH�OLNH WUDLWV KDV LQFUHDVHG DW LQWHUPHGLDWH DQG

KLJKHU HOHYDWLRQV� VXJJHVWLQJ DQ XSZDUG VKLIW LQ HOHYDWLRQ RI WKLV K\EULG ]RQH DV FOLPDWH

FKDQJH PDNHV WKH $SSDODFKLDQ PRXQWDLQV ZDUPHU �:DOOV ������ *OREDO &LUFXODWLRQ

0RGHOV SUHGLFW WKDW FOLPDWH FKDQJH ZLOO OHDG WR KLJKHU WHPSHUDWXUHV DFURVV WKH

$SSDODFKLDQV �)ODWR DQG %RHU ����� -RKQV HW DO� ������ 7KLV PD\ IDFLOLWDWH LQFUHDVHG

LQWURJUHVVLRQ RI 3� WH\DKDOHH DOOHOHV DW KLJKHU HOHYDWLRQV UHVXOWLQJ LQ VZDPSLQJ RI

KLJK�HOHYDWLRQ 3� VKHUPDQL SRSXODWLRQV DV VHHQ LQ RWKHU PRQWDQH K\EULG ]RQHV LPSDFWHG

E\ FOLPDWH FKDQJH �0XKOIHOG HW DO� ������ 7KLV PD\ KDYH DOUHDG\ RFFXUUHG DW VRPH K\EULG

]RQHV EHWZHHQ 3� VKHUPDQL DQG 3� WH\DKDOHH� DV WZR PRXQWDLQWRS SRSXODWLRQV RI 3�

VKHUPDQL LQGLYLGXDOV H[KLELW PLWRFKRQGULDO KDSORW\SHV RI 3� WH\DKDOHH� ZKHUHDV DOPRVW QR

3� WH\DKDOHH LQGLYLGXDOV SRVVHVV 3� VKHUPDQL PLWRFKRQGULDO KDSORW\SHV� 7KLV VXJJHVWV D

GLUHFWLRQDO H[FKDQJH RI JHQHWLF PDWHULDO IURP IHPDOH 3� WH\DKDOHH WR 3� VKHUPDQL

�:HLVURFN�HW�DO��������

+HUH� ZH XVH JHQRPLF GDWD WR H[SORUH WKH HYROXWLRQDU\ G\QDPLFV RI IRXU K\EULG

]RQHV EHWZHHQ 3� VKHUPDQL DQG 3� WH\DKDOHH LQ WKH VRXWKHUQ $SSDODFKLDQ PRXQWDLQV� :H

FKDUDFWHUL]H WKH JHQHWLF VWUXFWXUH RI WKHVH K\EULG ]RQHV E\ DVVHVVLQJ JHQHWLF

GLIIHUHQWLDWLRQ ZLWKLQ DQG EHWZHHQ VSHFLHV� 7R GHWHUPLQH ZKHWKHU DQ\ SXUH 3� VKHUPDQL

SRSXODWLRQV UHPDLQ� ZH DVVHVV WKH H[WHQW RI DGPL[WXUH EHWZHHQ 3� VKHUPDQL DQG 3�

WH\DKDOHH DFURVV HDFK K\EULG ]RQH DQG FRQGXFW WHVWV IRU LQWURJUHVVLRQ� 7R GHWHUPLQH WKH

UHODWLYH FRQWULEXWLRQV RI LQWULQVLF DQG H[WULQVLF IDFWRUV LQ PDLQWDLQLQJ WKH ERXQGDULHV

EHWZHHQ WKHVH WZR VSHFLHV� ZH XVH JHQRPLF FOLQHV WR LGHQWLI\ ORFL WKDW PD\ UHVLVW

LQWURJUHVVLRQ� :H DOVR WHVW IRU DV\PPHWULF JHQH IORZ WKDW PD\ IDFLOLWDWH OLQHDJH PHUJLQJ

DQG VZDPSLQJ WR GHWHUPLQH LI ZDUPLQJ FRQGLWLRQV KDYH IDYRUHG LQFUHDVHG LQWURJUHVVLRQ

RI 3� WH\DKDOHH DOOHOHV� )LQDOO\� ZH DVVHVV ZKHWKHU YDULDWLRQ LQ FRORU PRUSKRORJ\� XVHG LQ

SUHYLRXV VWXGLHV LQ WKLV V\VWHP� LV D JRRG SUHGLFWRU RI JHQHWLF FRPSRVLWLRQ RI K\EULG DQG

SDUHQWDO JHQRW\SHV� 7KHVH DQDO\VHV LQIRUP RXU XQGHUVWDQGLQJ RI ZKHWKHU 3� VKHUPDQL DQG

3��WH\DKDOHH FDQ�UHPDLQ�GLVWLQFW�VSHFLHV�DFURVV�WKHLU UDQJH�LQ�WKH�IDFH�RI�FOLPDWH�FKDQJH�
��



0HWKRGV

6DPSOH�&ROOHFWLRQ

7LVVXH VDPSOHV XVHG LQ WKLV VWXG\ ZHUH WDNHQ IURP WDLO WLSV FROOHFWHG IURP ���� WR

���� DORQJ IRXU FRQWDFW ]RQHV EHWZHHQ 3OHWKRGRQ VKHUPDQL DQG 3� WH\DKDOHH LQ WKH

6RXWKHUQ $SSDODFKLDQ PRXQWDLQV �)LJ� ����� $W HDFK K\EULG ]RQH� LQGLYLGXDOV ZHUH

FDSWXUHG DORQJ DQ HOHYDWLRQDO WUDQVHFW FRQVLVWLQJ RI VL[ VLWHV� ZLWK WKH ORZHVW VLWHV

LQWHQGHG WR FDSWXUH WKH ³SXUH´ 3� WH\DKDOHH JHQRW\SH LQ HDFK K\EULG ]RQH DQG WKH KLJKHVW

VLWHV LQWHQGHG WR UHSUHVHQW SXUH 3� VKHUPDQL JHQRWSHV� 7KH 6QRZELUG 0RXQWDLQ K\EULG

]RQH LV ORFDWHG LQ WKH 8QLFRL VXEUDQJH RI WKH $SSDODFKLDQV� DQG KDV WKH ORZHVW PD[LPXP

HOHYDWLRQ RI DOO IRXU K\EULG ]RQHV VDPSOHG� 7KLV K\EULG ]RQH� QRWDEO\� ODFNV DQ\

LQGLYLGXDOV ZLWK FRPSOHWHO\ UHG OHJV HYHQ DW WKH KLJKHVW HOHYDWLRQ VLWH� 7KH )LUH¶V &UHHN

FRQWDFW ]RQH LV LQ WKH 7XVTXLWHH PRXQWDLQV� EXW ZH ZHUH XQDEOH WR VHTXHQFH DQ\

LQGLYLGXDOV IURP LQWHUPHGLDWH SRSXODWLRQV DW WKLV WUDQVHFW� :D\DK %DOG DQG &RZHHWD� WKH

ILQDO WZR K\EULG ]RQHV� DUH ERWK ORFDWHG LQ WKH 1DQWDKDOD PRXQWDLQV DQG KDYH WKH KLJKHVW

PD[LPXP HOHYDWLRQV RI DOO IRXU K\EULG ]RQHV� $W &RZHHWD� IRXU DGGLWLRQDO VLWHV ZHUH

VDPSOHG�LQ������IRU�D�WRWDO�RI�WHQ�VLWHV�

$W 6QRZELUG� ZH VHTXHQFHG �� VDPSOHV IURP WKH ORZHVW VLWH� �� VDPSOHV IURP

LQWHUPHGLDWH VLWHV� DQG �� VDPSOHV IURP WKH KLJKHVW VLWH ��� WRWDO�� $W )LUH¶V &UHHN� ZH

VHTXHQFHG � VDPSOHV IURP WKH ORZHVW DQG KLJKHVW VLWHV ��� WRWDO�� $W :D\DK� ZH

VHTXHQFHG �� LQGLYLGXDOV IURP WKH ORZHVW VLWH� �� LQGLYLGXDOV IURP LQWHUPHGLDWH VLWHV� DQG

� LQGLYLGXDOV IURP WKH KLJKHVW VLWH ��� WRWDO�� $W &RZHHWD� ZH REWDLQHG �� VDPSOHV IURP

WKH ORZHVW HOHYDWLRQ VLWH� �� VDPSOHV IURP WZR KLJK HOHYDWLRQ VLWHV� DQG �� VDPSOHV IURP

VLWHV�DW�LQWHUPHGLDWH�HOHYDWLRQV�����WRWDO��

)RU D VXEVHW RI LQGLYLGXDOV �Q  ����� FRORU VFRUHV ZHUH FDOFXODWHG XVLQJ WKH

PRUSKRORJLFDO VFRULQJ V\VWHP RI +DLUVWRQ HW DO� ������� :KHQ VHOHFWLQJ VDPSOHV IRU

JHQRPLF VHTXHQFLQJ� ZH FKRVH WR PD[LPL]H WKH GLYHUVLW\ RI SKHQRW\SLF VFRUHV DW HDFK

VLWH LQ RUGHU WR DVVHVV WKH UHODWLRQVKLSV EHWZHHQ FRORU VFRUH DQG JHQRPLF FRPSRVLWLRQ�

��



2XWJURXS VDPSOHV �3� PHWFDOIL DQG 3� FLQHUHXV� ZHUH FDSWXUHG LQ ����� DQG ZHUH REWDLQHG

IURP�WKH�*HQHWLF�5HVRXUFHV�FROOHFWLRQ�IURP�WKH�%HOO�0XVHXP�RI�1DWXUDO�+LVWRU\�

'1$�H[WUDFWLRQ�DQG�VHTXHQFLQJ

7KH 8QLYHUVLW\ RI 0LQQHVRWD *HQRPLFV &HQWHU �80*&� XVHG 4LDJHQ¶V '1HDV\

%ORRG 	 7LVVXH NLW WR H[WUDFW '1$ IURP WDLO WLSV� 7KH 80*& SHUIRUPHG

JHQRW\SLQJ�E\�VHTXHQFLQJ �*%6� ZLWK D GRXEOH�GLJHVW 5HVWULFWLRQ VLWH�$VVRFLDWHG '1$

�GG5$'� SURWRFRO� %ULHIO\� ��� QJ RI '1$ ZDV GLJHVWHG ZLWK �� XQLWV HDFK RI 7DT, DQG

6EI, UHVWULFWLRQ HQ]\PHV DQG LQFXEDWHG DW ���& IRU � KRXUV� (Q]\PHV ZHUH KHDW

LQDFWLYDWHG DW ���& IRU �� PLQXWHV� 6DPSOHV ZHUH WKHQ OLJDWHG ZLWK ��� XQLWV RI 7� OLJDVH

�1(%� DQG SKDVHG DGDSWRUV ZLWK *$7& DQG 7*&$ RYHUKDQJV DW ���& IRU � KRXU� /LJDVH

ZDV WKHQ KHDW NLOOHG� DQG WKH OLJDWHG VDPSOHV ZHUH SXULILHG ZLWK 635, EHDGV DQG WKHQ

DPSOLILHG IRU �� F\FOHV ZLWK �; 1(% 7DT 0DVWHU 0L[ WR DGG EDUFRGHV� /LEUDULHV ZHUH

SXULILHG� TXDQWLILHG� SRROHG DQG VL]H VHOHFWHG IRU WKH �������ES OLEUDU\ UHJLRQ� DQG

GLOXWHG WR � Q0 IRU VHTXHQFLQJ RQ WKH ,OOXPLQD 1H[W6HT ��� XVLQJ VLQJOH�HQG �;���

UHDGV�LQ�WKUHH�VHSDUDWH�EDWFKHV�

9DULDQW�FDOOV

5DZ UHDGV ZHUH FOHDQHG XVLQJ D FXVWRP VFULSW DQG SURFHVVHG ZLWK 6WDFNV Y� ���

�&DWFKHQ HW DO� ����� 5RFKHWWH HW DO� ������ 6LQFH WKHUH LV QR UHIHUHQFH JHQRPH DYDLODEOH

IRU DQ\ 3OHWKRGRQ VSHFLHV� DOO ORFL ZHUH FRQVWUXFWHG XVLQJ WKH GH QRYR 6WDFNV SLSHOLQH� ,Q

86WDFNV� HDFK KDSORW\SH KDG WR EH FRYHUHG E\ DW OHDVW WKUHH UHDGV� DQG XS WR WKUHH

PLVPDWFKHV EHWZHHQ UHDGV ZHUH DOORZHG WR EH LQ WKH VDPH KDSORW\SH� )RU &6WDFNV� ZH

DOORZHG WKUHH PLVPDWFKHV EHWZHHQ KDSORW\SHV IURP WKH VDPH VDPSOH IRU EXLOGLQJ WKH

FRQVHQVXV VHTXHQFH LQ WKH FDWDORJ ILOH� ,Q SRSXODWLRQV� ZH UHTXLUHG WKDW HDFK ORFXV EH

SUHVHQW LQ DW OHDVW RQH VDPSOH SHU SRSXODWLRQ DQG WKDW WKH ORFXV EH SUHVHQW LQ DW OHDVW ���

RI DOO VDPSOHV� :H DOVR H[FOXGHG VLQJOHWRQV� VLWHV PLVVLQJ LQ PRUH WKDQ ��� RI

LQGLYLGXDOV� DQG VLWHV ZLWK D UHDG GHSWK ORZHU WKDQ ��� DV ZHOO DV VLWHV ZLWK D UHDG GHSWK

KLJKHU WKDQ ��� :H UHPRYHG DQ\ QRQ�RXWJURXS LQGLYLGXDOV ZLWK PRUH WKDQ ��� PLVVLQJ

GDWD� 7KLV UHVXOWHG LQ D 9&) FRQWDLQLQJ ������� VLWHV DQG ��� LQGLYLGXDOV� :H IXUWKHU
��



ILOWHUHG WKH 9&) WR WKLQ VLWHV IRU OLQNDJH GLVHTXLOLEULXP E\ NHHSLQJ RQO\ RQH VLWH SHU

5$' ORFXV� 7KLV GDWDVHW FRQVLVWHG RI ������ VLWHV� $'0,;785( FDQ RQO\ UXQ RQ

GDWDVHWV ZLWK IHZHU WKDQ ������ ORFL� VR ZH IXUWKHU ILOWHUHG WKH /'�WKLQQHG GDWDVHW WR

H[FOXGH VLWHV PLVVLQJ LQ PRUH WKDQ ��� RI VDPSOHV WR PHHW WKDW UHTXLUHPHQW �������

613V��

3RSXODWLRQ�6WUXFWXUH

:H LPSOHPHQWHG ERWK RUGLQDWLRQ DQG PRGHO�EDVHG DSSURDFKHV WR LQYHVWLJDWH

SDWWHUQV RI SRSXODWLRQ VWUXFWXUH DPRQJ DQG ZLWKLQ K\EULG ]RQHV IRU 3OHWKRGRQ VKHUPDQL

DQG 3� WH\DKDOHH VDPSOHV� :H SHUIRUPHG D JHQRPLF SULQFLSDO FRPSRQHQWV DQDO\VLV �3&$�

XVLQJ WKH 6135HODWH Y���� SDFNDJH �=KHQJ HW DO� ����� LQ 5� :H DOVR XVHG WKH

PRGHO�EDVHG JHQHWLF DVVLJQPHQW PHWKRG LPSOHPHQWHG E\ $'0,;785( Y��� �$OH[DQGHU

HW DO� ����� WR LGHQWLI\ JHQHWLF SRSXODWLRQV� $'0,;785( ZDV UXQ LQ WZR GLIIHUHQW ZD\V�

)LUVW� ZH UDQ WKH SURJUDP LQFOXGLQJ HYHU\ VDPSOH IURP DOO IRXU K\EULG ]RQHV� :H DOVR UDQ

$'0,;785( VHSDUDWHO\ IRU HDFK RI WKH WKUHH K\EULG ]RQHV IRU ZKLFK ZH KDG VDPSOHV

IURP LQWHUPHGLDWH HOHYDWLRQDO VLWHV �&RZHHWD� :D\DK %DOG� DQG 6QRZELUG 0RXQWDLQ�� )RU

DOO $'0,;785( UXQV� ZH LPSOHPHQWHG WKH EORFN RSWLPL]DWLRQ PHWKRG ZLWK D

FRQYHUJHQFH FULWHULRQ RI ᶭ  ��í�� DQG XVHG ��IROG FURVV�YDOLGDWLRQ WR DVVHVV PRGHO

SHUIRUPDQFH� :H XVHG WKH UHVXOWV RI $'0,;785( WR GHVLJQDWH LQGLYLGXDOV DV SDUHQWDO 3�

VKHUPDQL RU 3� WH\DKDOHH ZLWKLQ HDFK WUDQVHFW� ,QGLYLGXDOV ZHUH DVVLJQHG WR SDUHQWDO

SRSXODWLRQV LI WKH\ KDG D VFRUH RI ������ IRU HLWKHU 3� WH\DKDOHH RU 3� VKHUPDQL DQFHVWU\�

:H GHVLJQDWHG WKHVH LQGLYLGXDOV DV SDUHQWDO 3� VKHUPDQL RU SDUHQWDO 3� WH\DKDOHH IRU WKH

FDOFXODWLRQ�RI�GLYHUJHQFH�PHWULFV�DPRQJ�DQG�ZLWKLQ�DOO�K\EULG�]RQHV�

7R EHWWHU XQGHUVWDQG WKH GHJUHH RI GLIIHUHQWLDWLRQ DQG GLYHUJHQFH DPRQJ DQG

ZLWKLQ WKH 3� VKHUPDQL DQG 3� WH\DKDOHH LVRODWHV IURP WKH VDPSOHG WUDQVHFWV� ZH HVWLPDWHG

SDLUZLVH PHDVXUHV RI DEVROXWH GLYHUJHQFH �';<� DQG UHODWLYH GLIIHUHQWLDWLRQ �:HLU DQG

&RFNHUKDP¶V )67� DPRQJ SDUHQWDO SRSXODWLRQV DFURVV DOO IRXU WUDQVHFWV� ';< ZDV

FDOFXODWHG DV WKH DYHUDJH QXPEHU RI SDLUZLVH GLIIHUHQFHV EHWZHHQ SRSXODWLRQV XVLQJ D

FXVWRP S\WKRQ VFULSW� DQG :HLU DQG &RFNHUKDP¶V )67 ZDV FDOFXODWHG DW HDFK ORFXV DQG DW

WKH�SRSXODWLRQ�OHYHO�XVLQJ�YFIWRROV�Y��������'DQHFHN�HW�DO��������
��



$VVRFLDWLRQ�EHWZHHQ�FRORU�VFRUH�DQG�JHQRPLF�K\EULG�LQGH[

7R GHWHUPLQH ZKHWKHU FRORU VFRUHV DUH D JRRG LQGLFDWRU RI WKH JHQHWLF FRPSRVLWLRQ

RI LQGLYLGXDOV FROOHFWHG DFURVV K\EULG ]RQHV� ZH FROOHFWHG FRORU PRUSKRORJ\ GDWD IRU

LQGLYLGXDOV VDPSOHG DW LQWHUPHGLDWH VLWHV DQG WZR SDUHQWDO SRSXODWLRQV DW &RZHHWD� &RORU

VFRUHV ZHUH FDOFXODWHG XVLQJ WKH PRUSKRORJLFDO VFRULQJ V\VWHP RI +DLUVWRQ HW DO� �������

ZLWK ZKLWH GRUVDO VSRWWLQJ DVVRFLDWHG ZLWK 3� WH\DKDOHH DQFHVWU\ DQG UHG OHJV DVVRFLDWHG

ZLWK 3� VKHUPDQL DQFHVWU\� 7KHVH VFRUHV UDQJH IURP � WR �� 7R FDOFXODWH D FRPSRVLWH

VFRUH� ZH VXEWUDFWHG WKH VSRW VFRUH IURP WKH OHJ VFRUH� $ VFRUH RI � IRU UHG OHJV LQGLFDWHV

QR UHG SLJPHQWDWLRQ RQ DQ\ RI WKH IRXU OHJV� ZKLOH D VFRUH RI � LQGLFDWHV DEXQGDQW UHG

SLJPHQWDWLRQ RQ DOO IRXU OHJV� $ VFRUH RI � IRU ZKLWH VSRWV FRUUHVSRQGV WR QR GRUVDO

VSRWWLQJ� ZKLOH D VFRUH RI � LQGLFDWHV DEXQGDQW VSRWWLQJ RQ WKH EDFN DQG VLGHV� :H

FRQVWUXFWHG D PL[HG OLQHDU PRGHO ZLWK WUDQVHFW LQFOXGHG DV D UDQGRP HIIHFW WR GHWHUPLQH

ZKHWKHU WKLV FRPSRVLWH FRORU VFRUH� ZKLFK KDV EHHQ XVHG LQ RWKHU VWXGLHV DV D SUR[\ IRU

K\EULG LQGH[ �+DLUVWRQ 6U� HW DO� ����� :DOOV ����� /RZH ������ LV DVVRFLDWHG ZLWK

JHQRPLF FRPSRVLWLRQ �K\EULG LQGH[ GHULYHG IURP . � DGPL[WXUH SURSRUWLRQ ZLWKLQ HDFK

WUDQVHFW��

7HVWV�IRU�LQWURJUHVVLRQ

7R DVVHVV WKH OHYHOV RI LQWURJUHVVLRQ DPRQJ 3� WH\DKDOHH DQG 3� VKHUPDQL DW

GLIIHUHQW WUDQVHFWV� ZH XVHG WKH XVHG WKH SURJUDP 'VXLWH �0DOLQVN\ HW DO� ����� WR FDOFXODWH

' VWDWLVWLFV �$%%$�%$%$� DQG I� UDWLRV EHWZHHQ SDUHQWDO LVRODWHV RI HDFK VSHFLHV DV

GHILQHG LQ 3DWWHUVRQ HW DO� ����� )RU DOO $%%$�%$%$ FRPSDULVRQV DQG FDOFXODWLRQV RI I�

UDWLRV� 3� PHWFDOIL VDPSOHV ZHUH XVHG DV DQ RXWJURXS DQG WKUHH 3� VKHUPDQL � 3� WH\DKDOHH

LVRODWHV ZHUH FRPSDUHG IRU WUHH�OLNH UHODWLRQVKLSV DPRQJ WKHP �)LJ� ����� 7R FDOFXODWH

VWDQGDUG HUURUV DQG DVVHVV WKH VLJQLILFDQFH RI ' VWDWLVWLFV� ZH XVHG D MDFNNQLIH DSSURDFK

VHSDUDWLQJ�613V�LQWR�EORFNV�RI�����VLWHV�

*HQRPLF�FOLQHV

��



7R LGHQWLI\ ORFL WKDW PD\ UHVLVW LQWURJUHVVLRQ EHWZHHQ 3� VKHUPDQL DQG 3� WH\DKDOHH

DQG DVVHVV ZKHWKHU WKHUH LV DV\PPHWULF JHQH IORZ IURP 3� WH\DKDOHH LQWR 3� VKHUPDQL� ZH

XVHG WKH %D\HVLDQ JHQRPLF FOLQH DSSURDFK LPSOHPHQWHG LQ WKH SURJUDP EJF �*RPSHUW

DQG %XHUNOH ����� ������ *LYHQ WKH KLJK GHJUHH RI JHQHWLF GLIIHUHQWLDWLRQ DPRQJ 3�

VKHUPDQL LVRODWHV� ZH FRQGXFWHG JHQRPLF FOLQH DQDO\VHV VHSDUDWHO\ IRU HDFK K\EULG ]RQH�

%JF UHTXLUHV WKDW SRSXODWLRQ DVVLJQPHQW �3�� 3�� RU DGPL[HG� LV GRQH EHIRUH UXQQLQJ WKH

SURJUDP� 3DUHQWDO DQG DGPL[HG SRSXODWLRQ GHVLJQDWLRQV IRU HDFK LQGLYLGXDO ZHUH

DVVLJQHG EDVHG RQ K\EULG LQGH[ YDOXHV REWDLQHG IURP WKH . � UXQV RI $'0,;785(

ZKHQ UXQ VHSDUDWHO\ IRU HDFK K\EULG ]RQH� ,I DQ LQGLYLGXDO KDG D VFRUH RI ������ IRU HLWKHU

3� WH\DKDOHH RU 3� VKHUPDQL� WKH\ ZHUH DVVLJQHG WR WKH SDUHQWDO SRSXODWLRQV� $OO RWKHU

VDPSOHV ZHUH GHVLJQDWHG DV K\EULGV� )RU RXU EJF UXQV� ZH XVHG WKH /'�WKLQQHG JHQRPLF

GDWDVHW ������� ORFL�� :H UDQ WZR LWHUDWLRQV RI EJF IRU HDFK RI WKH WKUHH K\EULG ]RQHV WKDW

ZHUH VDPSOHG� DQG XVHG WKHVH UXQV WR DVVHVV FRQYHUJHQFH RI WKH 0&0& FKDLQV� )RU HDFK

FKDLQ� ZH LQFRUSRUDWHG D JHQRW\SH XQFHUWDLQW\ HUURU RI ������� (DFK UXQ FRQVLVWHG RI

������ 0&0& VWHSV ZLWK WKH ILUVW ����� VWHSV GLVFDUGHG DV D EXUQ�LQ� DQG ZH UHWDLQHG

HYHU\���WK�YDOXH��3DUDPHWHU�FRQYHUJHQFH�ZDV�DVVHVVHG�YLVXDOO\�

$IWHU UXQQLQJ EJF� ZH XVHG WKH 5 SDFNDJH &OLQH+HOS5

�KWWSV���JLWKXE�FRP�EWPDUWLQ����&OLQH+HOS5� WR YLVXDOL]H FOLQHV DQG LGHQWLI\ RXWOLHU ORFL�

:H ZHUH SULPDULO\ LQWHUHVWHG LQ WZR SDUDPHWHUV JHQHUDWHG E\ EJF� Į DQG �� 7KH Į

SDUDPHWHU HVWLPDWHV WKH FHQWHU RI WKH JHQRPLF FOLQH� ZKLFK UHSUHVHQWV WKH SUREDELOLW\ RI

DQFHVWU\ IURP RQH VSHFLHV RU DQRWKHU DW D ORFXV JLYHQ WKH JHQRPH�ZLGH DGPL[WXUH

SURSRUWLRQ� Į RXWOLHUV UHSUHVHQW ORFL WKDW KDYH PRUH DQFHVWU\ WKDQ H[SHFWHG IURP RQH

SDUHQWDO VSHFLHV JLYHQ WKH JHQHWLF EDFNJURXQG RI WKH LQGLYLGXDO� DQG FDQ EH LQWHUSUHWHG DV

DOOHOHV LQWURJUHVVLQJ IURP WKH VSHFLHV WKDW WKH FHQWHU LV ELDVHG WRZDUGV LQWR WKH RWKHU

VSHFLHV� 7KH � SDUDPHWHU UHSUHVHQWV WKH VWHHSQHVV RI WKH JHQRPLF FOLQH� RU WKH UDWH RI

WUDQVLWLRQ LQ WKH SUREDELOLW\ RI DQFHVWU\ IURP RQH VSHFLHV WR WKH RWKHU� � RXWOLHUV UHSUHVHQW

DOOHOHV WKDW HLWKHU UHVLVW LQWURJUHVVLRQ �SRVLWLYH RXWOLHUV� RU LQWURJUHVV DW D KLJKHU UDWH WKDQ

WKH JHQRPLF EDFNJURXQG �QHJDWLYH RXWOLHUV�� /RFL ZHUH GHVLJQDWHG DV RXWOLHUV XQGHU RQH

RI WZR VFHQDULRV� )LUVW� LI WKH FUHGLELOLW\ LQWHUYDO RI WKH SRVWHULRU SUREDELOLW\ GLVWULEXWLRQ

��

https://github.com/btmartin721/ClineHelpR


RI Į RU � H[FOXGHG ]HUR� WKH ORFXV ZDV GHVLJQDWHG DV DQ RXWOLHU� 6HFRQG� LI WKH SRVWHULRU

HVWLPDWH RI Į RU � IRU DQ DOOHOH ZDV QRW FRQWDLQHG LQ WKH LQWHUYDO ERXQGHG E\ WKH ����� DQG

������TXDQWLOHV�RI�DOO�HVWLPDWHV�IRU�WKDW�SDUDPHWHU��WKH�ORFXV�ZDV�LGHQWLILHG�DV�DQ�RXWOLHU�

)VW�RXWOLHUV

:H ZHUH LQWHUHVWHG LQ LGHQWLI\LQJ ORFL WKDW H[KLELW KLJK OHYHOV RI GLIIHUHQWLDWLRQ

EHWZHHQ VSHFLHV� VLQFH VXFK ORFL DUH PRUH OLNHO\ WR KDYH EHHQ LQIOXHQFHG E\ GLYHUJHQW

VHOHFWLRQ WKDQ QRQRXWOLHU ORFL �%HDXPRQW DQG 1LFKROV ����� 1RVLO HW DO� ����E� *RPSHUW

DQG %XHUNOH ����E� :H JHQHUDWHG SDLUZLVH OHYHOV RI GLIIHUHQWLDWLRQ EHWZHHQ SDUHQWDO

LVRODWHV E\ FDOFXODWLQJ :HLU DQG &RFNHUKDP¶V )67 DPRQJ DOO SDLUV RI SDUHQWDO SRSXODWLRQV

XVLQJ YFIWRROV� :H DOVR FDOFXODWHG ORFXV�VSHFLILF :HLU DQG &RFNHUKDP¶V )67 EHWZHHQ HDFK

SDLU RI SDUHQWDO SRSXODWLRQV ZLWKLQ HDFK K\EULG ]RQH WR LGHQWLI\ ORFL WKDW H[KLELW WKH

KLJKHVW OHYHOV RI GLIIHUHQWLDWLRQ EHWZHHQ 3� VKHUPDQL LVRODWHV DQG 3� WH\DKDOHH� :H

LGHQWLILHG RXWOLHU )67 ORFL DV ORFL WKDW ZHUH LQ WKH ��WK SHUFHQWLOH RU KLJKHU RI )VW YDOXHV

DFURVV DOO VLWHV� 6LQFH WKHVH ORFL DUH PRUH OLNHO\ WR KDYH EHHQ LQIOXHQFHG E\ GLYHUJHQW

VHOHFWLRQ WKDQ QRQRXWOLHU ORFL �%HDXPRQW DQG 1LFKROV ����� 1RVLO HW DO� ����E� *RPSHUW

DQG %XHUNOH ����E�� ZH FKRVH WR LQYHVWLJDWH ZKHWKHU WKHVH ORFL LQWURJUHVV PRUH

IUHTXHQWO\ IURP RQH VSHFLHV WKDQ WKH RWKHU WR VHH LI VHOHFWLRQ PLJKW IDYRU LQWURJUHVVLRQ RI

DOOHOHV IURP HLWKHU VSHFLHV� :H VXPPDUL]HG WKH DYHUDJH Į YDOXHV �IURP WKH JHQRPLF FOLQH

DQDO\VLV� RI DOO )67 RXWOLHU DOOHOHV WR VHH ZKHWKHU WKH DQFHVWU\ RI WKHVH )67 RXWOLHUV ZHUH

FRQVLVWHQWO\�ELDVHG�WRZDUGV�RQH�VSHFLHV�RU�DQRWKHU�

5HVXOWV

9DULDQW�&DOOLQJ�DQG�)LOWHULQJ

:H JHQHUDWHG WZR JHQRPLF GDWDVHWV IURP WKH VHTXHQFH GDWD� RQH FRQVLVWLQJ RI

ELDOOHOLF 613V DQG RQH FRQWDLQLQJ ERWK YDULDQW DQG LQYDULDQW VLWHV� 7KH YDULDQW � LQYDULDQW

GDWDVHW ZDV XVHG WR FDOFXODWH DEVROXWH PHDVXUHV RI GLYHUVLW\ �ᶢ� DQG GLYHUJHQFH �';<��

7KH 613�EDVHG GDWDVHW ZDV XVHG WR FDOFXODWH )67 DQG SHUIRUP DOO RWKHU JHQRPLF DQDO\VHV�

7KH 6WDFNV ZRUNIORZ WR FDOO 613V DQG ILOWHU LQGLYLGXDOV ZLWK KLJK OHYHOV RI PLVVLQJ GDWD
��



LGHQWLILHG ������� 6LQJOH 1XFOHRWLGH 3RO\PRUSKLVPV �613V� DFURVV ��� LQGLYLGXDOV�

$IWHU DSSO\LQJ WKH ILOWHULQJ SDUDPHWHUV WR FUHDWH DQ /'�WKLQQHG VHW RI ORFL �VHH 0HWKRGV�

DERYH�� ZH UHWDLQHG ������ YDULDQW VLWHV� 7KLV GDWDVHW FRQWDLQHG � 3� FLQHUHXV LQGLYLGXDOV�

� 3� PHWFDOIL LQGLYLGXDOV� DQG DOO RWKHU LQGLYLGXDOV UHSUHVHQWHG 3� VKHUPDQL� 3� WH\DKDOHH�

DQG WKHLU K\EULGV� )RU DOO FRPSDULVRQV LQFOXGLQJ LQYDULDQW VLWHV� SDLUZLVH FRPSDULVRQV

DPRQJ 3� WH\DKDOHH DQG 3� VKHUPDQL UDQJHG IURP ��������� WR ��������� EDVH SDLUV

�PHGLDQ ����������� &RPSDULVRQV EHWZHHQ WKHVH WZR VSHFLHV DQG WKH RXWJURXS VSHFLHV

UDQJHG IURP ������ VLWHV WR ������� IRU 3� FLQHUHXV FRPSDULVRQV DQG ������� WR

����������VLWHV�IRU 3��PHWFDOIL FRPSDULVRQV�

3RSXODWLRQ�JHQHWLFV

0HDVXUHV RI DEVROXWH GLYHUJHQFH DQG GLYHUVLW\ ZHUH REWDLQHG IURP WKH YDULDQW �

LQYDULDQW JHQRPLF GDWDVHW �)LJ� 6��� � 6���� 7DEOH ����� :H HVWLPDWHG WKH DYHUDJH

QXFOHRWLGH GLYHUVLW\ �ᶢ� RI HDFK LQGLYLGXDO LGHQWLILHG DV ³SXUH´ 3� VKHUPDQL DQG ³SXUH´ 3�
WH\DKDOHH DW HDFK K\EULG ]RQH� 7KH DYHUDJH QXFOHRWLGH GLYHUVLW\ LQ 3OHWKRGRQ VKHUPDQL

LVRODWHV UDQJHG IURP ������ WR ������ �PHDQ �������� 1XFOHRWLGH GLYHUVLW\ ZDV ORZHU

DFURVV 3� WH\DKDOHH SRSXODWLRQV� UDQJLQJ IURP ������ WR ������ �PHDQ �������� 1R

FRQVLVWHQW WUHQGV ZHUH REVHUYHG DPRQJ WUDQVHFWV� DOWKRXJK WKH 6QRZELUG PRXQWDLQ

LVRODWHV H[KLELWHG WKH ORZHVW ᶢ DPRQJ 3� VKHUPDQL DQG WKH KLJKHVW ᶢ DPRQJ 3� WH\DKDOHH

SRSXODWLRQV�ZKLFK�PD\�VXJJHVW�D�K\EULG�VZDUP�

:H DOVR FDOFXODWHG WKH DYHUDJH QXPEHU RI SDLUZLVH GLIIHUHQFHV DPRQJ LQGLYLGXDOV

DFURVV DOO LVRODWHV �';<�� (VWLPDWHV RI ';< DPRQJ 3� VKHUPDQL SRSXODWLRQV UDQJHG IURP

������ WR ������ �PHDQ �������� 7KHVH OHYHOV RI GLYHUJHQFH DUH PXFK KLJKHU WKDQ

GLYHUJHQFH DPRQJ 3� WH\DKDOHH SRSXODWLRQV� ZKLFK UDQJHG IURP ������ WR ������ �PHDQ

 �������� ';< YDOXHV ZHUH FRQVLVWHQWO\ ORZHVW ZKHQ FRPSDULQJ :D\DK SRSXODWLRQV RI

ERWK VSHFLHV WR WKHLU FRUUHVSRQGLQJ FRQVSHFLILF SRSXODWLRQV DW &RZHHWD� ';< HVWLPDWHV

EHWZHHQ 3� VKHUPDQL DQG 3� WH\DKDOHH LVRODWHV ZHUH ������ � ������ �PHDQ �������

,QWHUVSHFLILF ';< ZDV DOZD\V ORZHVW ZKHQ FRPSDULQJ 3� VKHUPDQL IURP WKH 6QRZELUG

WUDQVHFW WR DQ\ 3� WH\DKDOHH LVRODWH� IXUWKHU VXJJHVWLQJ H[WHQVLYH VZDPSLQJ RI WKH 3�

VKHUPDQL DW�6QRZELUG�E\�DOOHOHV�IURP 3��WH\DKDOHH�
��



3RSXODWLRQ�VWUXFWXUH

7KH EHVW�ILWWLQJ $'0,;785( PRGHO VXSSRUWHG WKUHH GLVWLQFW SRSXODWLRQV ZKHQ

UXQ RQ D GDWDVHW FRPELQLQJ DOO K\EULG ]RQHV WRJHWKHU �)LJ� 6����� 7KH ILUVW SRSXODWLRQ

FRUUHVSRQGHG WR 3OHWKRGRQ WH\DKDOHH DFURVV DOO WUDQVHFWV� 7KH VHFRQG SRSXODWLRQ

SULPDULO\ LQFOXGHG 3� VKHUPDQL IURP WKH 1DQWDKDOD PRXQWDLQV �:D\DK %DOG DQG

&RZHHWD�� 3� VKHUPDQL IURP WKH 8QLFRL DQG 7XVTXLWHH PRXQWDLQV �6QRZELUG DQG )LUH¶V

&UHHN� UHVSHFWLYHO\� FRPSULVHG WKH WKLUG SRSXODWLRQ� $W ERWK 6QRZELUG DQG )LUH¶V &UHHN�

RXU $'0,;785( DQDO\VLV VXJJHVWHG WKDW QR ³SXUH´ 3� VKHUPDQL ZHUH VDPSOHG� :H DOVR

UDQ $'0,;785( VHSDUDWHO\ IRU HDFK K\EULG ]RQH� ZKHUH . � ZDV WKH PRVW VWURQJO\

VXSSRUWHG PRGHO LQ HYHU\ K\EULG ]RQH� :H REVHUYHG D ODUJH GHJUHH RI DGPL[WXUH ZLWKLQ

HDFK LVRODWH� ZLWK DQFHVWU\ SURJUHVVLYHO\ VKLIWLQJ IURP 3� WH\DKDOHH DW ORZHU HOHYDWLRQV WR

3� VKHUPDQL DW KLJKHU HOHYDWLRQV �)LJ� ���%�� $FURVV DOO WKUHH K\EULG ]RQHV� ZH REVHUYHG D

ODFN RI EDFNFURVVHG 3� WH\DKDOHH�OLNH LQGLYLGXDOV UHODWLYH WR WKH QXPEHU RI 3�

VKHUPDQL�OLNH�LQGLYLGXDOV�

2XU JHQRPLF 3&$ UHYHDOHG VHYHUDO SRSXODWLRQ FOXVWHUV WKDW VWURQJO\ FRUUHVSRQGHG

ZLWK WKH SRSXODWLRQV LGHQWLILHG E\ WKH . � $'0,;785( PRGHO �)LJ� ���$�� ³3XUH´ 3�

WH\DKDOHH LQGLYLGXDOV FOXVWHUHG WRJHWKHU� ZLWK 3� WH\DKDOHH IURP HDFK WUDQVHFW

GLVWLQJXLVKHG E\ PLQRU VHSDUDWLRQ LQ 3& VSDFH� 3� VKHUPDQL LVRODWHV VKRZHG D PXFK

FOHDUHU SDWWHUQ RI GLIIHUHQWLDWLRQ FRQVLVWHQW ZLWK GLYHUJHQFH DPRQJ GLVSDUDWH

PRXQWDLQWRSV ZLWK WKH H[FHSWLRQ RI WKH :D\DK %DOG DQG &RZHHWD LVRODWHV �ERWK ORFDWHG LQ

WKH 1DQWDKDOD 0RXQWDLQV�� ZKLFK ZHUH QHDUO\ LQGLVWLQJXLVKDEOH IURP RQH DQRWKHU LQ 3&

VSDFH� (DFK RI WKH WKUHH 3� VKHUPDQL FOXVWHUV ZDV FOHDUO\ GHILQHG DORQJ ERWK 3& D[LV �

����� RI YDULDQFH H[SODLQHG� DQG 3&� ����� YDULDQFH H[SODLQHG�� 7KH 6QRZELUG LVRODWH

VDPSOHV FOXVWHUHG PXFK FORVHU WR 3� WH\DKDOHH WKDQ DQ\ RWKHU 3� VKHUPDQL LVRODWHV� EXW

FRXOG VWLOO EH GLVWLQJXLVKHG IURP RWKHU 3� WH\DKDOHH DQG 3� VKHUPDQL SRSXODWLRQV�

$GPL[HG LQGLYLGXDOV RFFXSLHG LQWHUPHGLDWH DUHDV RI 3& VSDFH EHWZHHQ SDUHQWDO

SRSXODWLRQV��ZLWK�PRVW�K\EULGV�FOXVWHULQJ�FORVHU�WR�WKH�WUDQVHFW¶V 3��VKHUPDQL VDPSOHV�

(VWLPDWHV RI :HLU 	 &RFNHUKDP¶V )67 IXUWKHU VXSSRUW WKH SDWWHUQV RI SRSXODWLRQ

VWUXFWXUH REVHUYHG DERYH �7DEOH ����� ,QWUDVSHFLILF GLIIHUHQWLDWLRQ ZDV PXFK VWURQJHU
��



DPRQJ 3� VKHUPDQL SRSXODWLRQV WKDQ DPRQJ 3� WH\DKDOHH SRSXODWLRQV� /HYHOV RI

GLIIHUHQWLDWLRQ EHWZHHQ :D\DK %DOG DQG &RZHHWD ZHUH FRQVLVWHQWO\ ORZHU WKDQ

LQWUDVSHFLILF FRPSDULVRQV ZLWKLQ 3� VKHUPDQL DQG 3� WH\DKDOHH DFURVV DOO RWKHU K\EULG

]RQHV� ,W LV ZRUWK QRWLQJ WKDW WKHVH SRSXODWLRQV GLG QRW H[KLELW OHYHOV RI QXFOHRWLGH

GLYHUVLW\ �ᶢ� WKDW ZHUH KLJKHU WKDQ RWKHU SRSXODWLRQV LQ ERWK VSHFLHV� VR YDULDWLRQ LQ ᶢ
GRHV QRW H[SODLQ WKHVH SDWWHUQV LQ )VW� ,QWHUVSHFLILF GLIIHUHQWLDWLRQ ZDV ORZHVW ZKHQ

FRPSDULQJ 6QRZELUG 3� VKHUPDQL WR DQ\ 3� WH\DKDOHH SRSXODWLRQV� PLUURULQJ WKH ILQGLQJV

IURP RXU ';< FRPSDULVRQV DQG $'0,;785( DQDO\VHV WKDW VXJJHVW 6QRZELUG 3�

VKHUPDQL KDV H[SHULHQFHG H[WHQVLYH LQWURJUHVVLRQ RI DOOHOHV IURP 3� WH\DKDOHH� 7KHUH

ZHUH UHODWLYHO\ IHZ ORFL WKDW H[KLELWHG IL[HG GLIIHUHQFHV EHWZHHQ SDUHQWDO SRSXODWLRQV DW

HDFK�WUDQVHFW����DW�6QRZELUG������DW�:D\DK�%DOG��DQG����DW�&RZHHWD��

$VVRFLDWLRQ�EHWZHHQ�FRORUDWLRQ�DQG�JHQRPLF�K\EULG�LQGH[

:H IRXQG D IDLUO\ VWURQJ� SRVLWLYH FRUUHODWLRQ EHWZHHQ HDFK VSHFLHV¶ DVVRFLDWHG

FRORU VFRUH DQG JHQRPLF K\EULG LQGH[ DW WKH :D\DK %DOG DQG &RZHHWD K\EULG ]RQHV� :H

REVHUYHG D VWURQJ� SRVLWLYH UHODWLRQVKLS EHWZHHQ 3� VKHUPDQL DQFHVWU\ DQG WKH DPRXQW RI

UHG SLJPHQWDWLRQ RQ DQ DQLPDO¶V OHJ �U�  ����� � S � ������ :H DOVR REVHUYHG D

VLJQLILFDQW� QHJDWLYH UHODWLRQVKLS EHWZHHQ 3� VKHUPDQL DQFHVWU\ DQG WKH DPRXQW RI

ODWHUDO�GRUVDO VSRWWLQJ �U�  ����� � S � ������� 7KLV UHODWLRQVKLS ZDV QRW REVHUYHG DW

6QRZELUG 0RXQWDLQ� ZKHUH JHQRPLF VZDPSLQJ RI 3� VKHUPDQL E\ 3� WH\DKDOHH KDV

UHVXOWHG LQ D QHDUO\ FRPSOHWH ORVV RI WKH UHG OHJV DVVRFLDWHG ZLWK 3� VKHUPDQL DQFHVWU\ LQ

WKDW K\EULG ]RQH �)LJ� ����� :KLOH WKHVH FRORU VFRUHV GR JHQHUDOO\ DSSHDU WR FKDUDFWHUL]H

JHQRPH�ZLGH DQFHVWU\ DW &RZHHWD DQG :D\DK� WKH\ DUH LQDFFXUDWH ZKHQ XVHG WR GHVFULEH

LQGLYLGXDOV DV ³SXUH´ 3� WH\DKDOHH RU 3� VKHUPDQL� 0DQ\ LQGLYLGXDOV H[KLELWLQJ WKH SXUH 3�

VKHUPDQL SKHQRW\SH GLVSOD\HG D KLJK GHJUHH RI DGPL[WXUH LQ WKHLU JHQRPH� 0DQ\

LQGLYLGXDOV ZLWK WKH SXUH 3� WH\DKDOHH SKHQRW\SH DOVR H[KLELWHG HYLGHQFH RI DGPL[WXUH

GHVSLWH�VKRZLQJ�QR�SKHQRW\SLF�HYLGHQFH�RI�LQWURJUHVVLRQ�

*HQRPLF�FOLQHV���2XWOLHU�ORFL

��



*HQRPLF FOLQHV ZHUH HVWLPDWHG VHSDUDWHO\ IRU WKH 6QRZELUG� &RZHHWD� DQG :D\DK

%DOG K\EULG ]RQHV� 2XW RI WKH ������ DOOHOHV WKDW ZHUH VXUYH\HG� ZH GHWHFWHG QR � RXWOLHUV

DFURVV WKH WKUHH K\EULG ]RQHV� VXJJHVWLQJ WKDW DOO RI WKH ORFL VDPSOHG LQWURJUHVV DW D

UHODWLYHO\ XQLIRUP UDWH� ZLWK QR VLWHV UHVLVWLQJ LQWURJUHVVLRQ RU LQWURJUHVVLQJ DW D UDWH

IDVWHU WKDQ WKH JHQRPLF EDFNJURXQG� :H GLG GHWHFW D ODUJH QXPEHU RI Į RXWOLHUV� RU ORFL

ZLWK D FOLQH FHQWHU ELDVHG WRZDUGV RQH VSHFLHV RU WKH RWKHU JLYHQ WKHLU JHQRPH�ZLGH

DQFHVWU\� :H FODVVLILHG ORFL DV HLWKHU SRVLWLYH RXWOLHUV �ELDVHG WRZDUGV 3� VKHUPDQL

DQFHVWU\�� QHJDWLYH RXWOLHUV �ELDVHG WRZDUGV 3� WH\DKDOHH DQFHVWU\�� RU QRQ�RXWOLHUV�

*HQHUDOO\� ZH IRXQG IDU PRUH RXWOLHUV WKDW ZHUH ELDVHG WRZDUGV 3� WH\DKDOHH DQFHVWU\ WKDQ

3� VKHUPDQL� FRQVLVWHQW ZLWK LQWURJUHVVLRQ EHLQJ ELDVHG IURP ORZ WR KLJK HOHYDWLRQ� $W

&RZHHWD� ZH LGHQWLILHG ����� SRVLWLYH Į RXWOLHUV DQG ����� QHJDWLYH Į RXWOLHUV� $W :D\DK

%DOG� ZH LGHQWLILHG ��� SRVLWLYH Į RXWOLHUV DQG ����� QHJDWLYH Į RXWOLHUV� $W 6QRZELUG� ZH

LGHQWLILHG ��� SRVLWLYH Į RXWOLHUV DQG ����� QHJDWLYH Į RXWOLHUV� :H IRXQG WKDW Į RXWOLHUV

ELDVHG WRZDUGV 3� WH\DKDOHH ZHUH IUHTXHQWO\ RXWOLHUV DW WZR RU PRUH RI WKH WKUHH K\EULG

]RQHV� VXJJHVWLQJ FRQVLVWHQW UHWHQWLRQ RI D VXEVHW RI 3� WH\DKDOHH DOOHOHV LQ K\EULGV �)LJ�

����� ,Q FRQWUDVW� ZH IRXQG YHU\ IHZ RXWOLHUV WRZDUGV 3� VKHUPDQL DQFHVWU\ WKDW ZHUH

VKDUHG�DFURVV�WZR�RU�PRUH�WUDQVHFWV�

:H LGHQWLILHG ����� )67 RXWOLHUV DW &RZHHWD� ����� )67 RXWOLHUV DW :D\DK %DOG� DQG

����� RXWOLHUV DW 6QRZELUG� $W &RZHHWD� �� ORFL ZHUH LGHQWLILHG DV ERWK )67 DQG EJF Į

RXWOLHUV� DQG WKH DYHUDJH Į YDOXHV IRU WKH )67 RXWOLHUV ZDV ������� ZKLOH DYHUDJH Į IRU

EDFNJURXQG VLWHV ZDV ����� $W :D\DK %DOG� �� VLWHV ZHUH LGHQWLILHG DV ERWK )67 DQG EJF Į

RXWOLHUV� DQG WKH DYHUDJH Į YDOXHV IRU WKH )67 RXWOLHUV ZDV ������� ZKLOH DYHUDJH Į IRU

EDFNJURXQG VLWHV ZDV ����� $W 6QRZELUG� �� RI WKH )VW RXWOLHUV ZHUH DOVR Į RXWOLHUV� DQG

WKH DYHUDJH Į YDOXHV IRU WKH )67 RXWOLHUV ZDV ������� ZKLOH DYHUDJH Į IRU EDFNJURXQG VLWHV

ZDV ������ 7KH GLIIHUHQFH LQ PHDQ Į YDOXHV EHWZHHQ )67 RXWOLHUV DQG EDFNJURXQG VLWHV

ZDV KLJKHVW DW &RZHHWD� LQWHUPHGLDWH DW :D\DK� DQG ORZHVW DW 6QRZELUG� $OO VLWHV

LGHQWLILHG DV ERWK )67 DQG Į RXWOLHUV KDG FOLQH FHQWHUV ELDVHG WRZDUGV 3� WH\DKDOHH

DQFHVWU\�

7HVWV�IRU�LQWURJUHVVLRQ
��



' VWDWLVWLFV VXSSRUWHG QRQ�WUHHOLNH UHODWLRQVKLSV DPRQJ �� RXW RI WKH SRVVLEOH ��

WULRV RI VSHFLHV ZKHQ VHWWLQJ 3� PHWFDOIL DV DQ RXWJURXS� 7R IRFXV RQ SDWWHUQV RI

LQWURJUHVVLRQ ZLWKLQ HDFK K\EULG ]RQH� ZH IRFXV RXU UHSRUWLQJ RI ' VWDWLVWLFV DQG I��

UDWLRV RQ FRPSDULVRQV EHWZHHQ 3� VKHUPDQL DQG 3� WH\DKDOHH SDLUV DFURVV DOO IRXU K\EULG

]RQHV� 7KHUH ZDV VLJQLILFDQW HYLGHQFH IRU JHQH IORZ DW &RZHHWD� ZKHUH 3� VKHUPDQL

VKDUHG H[FHVV DQFHVWU\ ZLWK &RZHHWD 3� WH\DKDOHH UHODWLYH WR 3� WH\DKDOHH LVRODWHV DW

6QRZELUG DQG )LUH¶V &UHHN �S a ��� 7KH I�� UDWLRV IRU WKHVH FRPSDULVRQV ZHUH ����� DQG

������ UHVSHFWLYHO\� 7KH RQO\ QRQ�VLJQILFDQW VLJQDWXUH RI LQWURJUHVVLRQ ZDV ZKHQ

GHWHUPLQLQJ ZKHWKHU &RZHHWD 3� VKHUPDQL VKDUHG H[FHVV DQFHVWU\ ZLWK &RZHHWD YV�

:D\DK 3� WH\DKDOHH �S  ������ I�UDWLR  ������������ 5HVXOWV DW :D\DK %DOG VWURQJO\

PLUURUHG WKH UHVXOWV IURP &RZHHWD FRPSDULVRQV� 7KHUH ZDV VLJQLILFDQW HYLGHQFH IRU

LQWURJUHVVLRQ EHWZHHQ :D\DK 3� VKHUPDQL DQG :D\DK 3� WH\DKDOHH YV� 3� WH\DKDOHH IURP

6QRZELUG DQG )LUH¶V &UHHN� 7KH ODFN RI JHQHWLF GLIIHUHQWLDWLRQ EHWZHHQ WKH &RZHHWD DQG

:D\DK 3� WH\DKDOHH LVRODWHV LV OLNHO\ GULYLQJ WKH LQVLJQLILFDQW ' VWDWLVWLFV DW :D\DK DQG

&RZHHWD� QRW D ODFN RI LQWURJUHVVLRQ EHWZHHQ ORFDO 3� VKHUPDQL DQG 3� WH\DKDOHH LVRODWHV�

$W )LUH¶V &UHHN� ZH DOVR REVHUYHG VLJQLILFDQW SDWWHUQV RI LQWURJUHVVLRQ EHWZHHQ 3�

VKHUPDQL DQG 3� WH\DKDOHH �S � ���� IRU DOO FRPSDULVRQV�� $W 6QRZELUG� ZH REVHUYHG

VLJQLILFDQW VKDUHG DQFHVWU\ EHWZHHQ ORFDO 3� VKHUPDQL DQG 3� WH\DKDOHH LQ DOO FRPSDULVRQV�

DQG I�� UDWLRV UDQJHG EHWZHHQ ����� DQG ������ ZKLFK ZHUH PXFK KLJKHU WKDQ UDWLRV DW

DQ\ RWKHU WUDQVHFW� 7KLV� DORQJ ZLWK DOO RWKHU UHVXOWV� VXJJHVWV WKDW WKH 6QRZELUG 3�

VKHUPDQL SRSXODWLRQ�LV�WKH�PRVW�DGPL[HG�RI�DQ\�VXUYH\HG SRSXODWLRQ�

'LVFXVVLRQ

7KH JHQHWLF VWUXFWXUH RI WKLV K\EULG ]RQH LV FRPSOH[� 3� WH\DKDOHH SRSXODWLRQV

H[KLELW PXFK ORZHU OHYHOV RI LQWUDVSHFLILF GLIIHUHQWLDWLRQ WKDQ 3� VKHUPDQL� LPSO\LQJ

JUHDWHU FRQQHFWLYLW\ DPRQJ 3� WH\DKDOHH SRSXODWLRQV WKDQ LQ 3� VKHUPDQL� 2Q WKH RWKHU

KDQG� WKHUH DUH GLVWLQFW JHQHWLF FOXVWHUV RI 3� VKHUPDQL ZLWK FOHDU GLIIHUHQWLDWLRQ EHWZHHQ

3� VKHUPDQL IURP WKH 1DQWDKDOD PRXQWDLQV �:D\DK DQG &RZHHWD� DQG 3� VKHUPDQL LQ WKH

7XVTXLWHH DQG 8QLFRL PRXQWDLQV �)LUH¶V &UHHN DQG 6QRZELUG�� ,Q IDFW� WKHUH LV JUHDWHU

GLYHUJHQFH EHWZHHQ WKHVH WZR 3� VKHUPDQL OLQHDJHV WKDQ EHWZHHQ VRPH 3� VKHUPDQL
��



SRSXODWLRQV DQG 3� WH\DKDOHH� 7KHUH DUH PXOWLSOH HYROXWLRQDU\ IRUFHV WKDW FRXOG FRQWULEXWH

WR WKHVH SDWWHUQV RI GLIIHUHQWLDWLRQ� $OORSDWULF LVRODWLRQ DQG VXEVHTXHQW GULIW ZLWKLQ 3�

VKHUPDQL SRSXODWLRQV RQ VHSDUDWH PRXQWDLQWRSV FRXOG IDFLOLWDWH JHQHWLF GLIIHUHQWLDWLRQ DV

VHHQ LQ RWKHU PRQWDQH VSHFLHV �2VERUQH HW DO� ����� 3DWR HW DO� ����� $UULDJD�-LPpQH] HW

DO� ������ $GGLWLRQDOO\� DQFLHQW LQWURJUHVVLRQ IURP DQRWKHU VSHFLHV LQWR 3� VKHUPDQL IURP

)LUH¶V &UHHN DQG 6QRZELUG FRXOG IDFLOLWDWH KLJK REVHUYHG OHYHOV RI GLIIHUHQWLDWLRQ �0DR HW

DO� ����� =KDQJ HW DO� ������ 7KHUH LV VRPH HYLGHQFH IURP PLWRFKRQGULDO '1$ WKDW WKHVH

WZR LVRODWHV VKDUH DQFHVWU\ ZLWK 3OHWKRGRQ DXUHROXV DQG 3OHWKRGRQ JOXWLQRVXV� VXSSRUWLQJ

DQFLHQW LQWURJUHVVLRQ IURP RWKHU� XQVDPSOHG WD[D DV DQRWKHU SRWHQWLDO GULYHU RI

GLIIHUHQWLDWLRQ DPRQJ 3� VKHUPDQL LVRODWHV �:HLVURFN HW DO� ������ 1XFOHRWLGH GLYHUVLW\

�ᶢ� ZDV� RQ DYHUDJH� PXFK KLJKHU LQ 3� VKHUPDQL �������� UHODWLYH WR 3� WH\DKDOHH

��������� ZKLFK VHHPV FRXQWHULQWXLWLYH JLYHQ WKH ZLGHU� FRQQHFWHG UDQJH RI 3� WH\DKDOHH

UHODWLYH WR 3� VKHUPDQL� 7KLV GLIIHUHQFH PD\ EH H[SODLQHG E\ DV\PPHWULF JHQH IORZ IURP

3� WH\DKDOHH LQWR 3� VKHUPDQL� ZKLFK KDV GULYHQ VLPLODU GLIIHUHQFHV LQ ᶢ EHWZHHQ VSHFLHV

LQ RWKHU K\EULG ]RQHV �=DODSD HW DO� ����� %UXQHW HW DO� ����� $OH[ 6RWROD HW DO� ����� GXH

WR DQ LQFUHDVH LQ QXFOHRWLGH GLYHUVLW\ LQ WKH VSHFLHV WKDW UHFHLYHV DQ LQIOX[ RI DOOHOHV IURP

WKH RWKHU� ,W LV DOVR ZRUWK QRWLQJ WKDW GLYHUVLW\ HVWLPDWHV LQ HDFK VSHFLHV DUH ZLWKLQ WKH

UDQJH RI HVWLPDWHV REWDLQHG LQ RWKHU VDODPDQGHU VSHFLHV �/LDQJ HW DO� ����� 6XQQ\ HW DO�

������1LFH�HW�DO��������

+LJK GLIIHUHQWLDWLRQ DPRQJ 3� VKHUPDQL SRSXODWLRQV LV OLNHO\ QRW GXH WR

K\EULGL]DWLRQ ZLWK V\PSDWULF 3� WH\DKDOHH SRSXODWLRQV IRU PXOWLSOH UHDVRQV� 3ULPDULO\�

GLIIHUHQWLDWLRQ DPRQJ 3� WH\DKDOHH SRSXODWLRQV LV FOHDUO\ ORZHU WKDQ GLIIHUHQWLDWLRQ DPRQJ

3� VKHUPDQL LVRODWHV� VR LQWURJUHVVLRQ RI 3� WH\DKDOHH DOOHOHV DORQH FRXOG QRW H[SODLQ WKH

REVHUYHG OHYHOV RI GLIIHUHQWLDWLRQ LQ 3� VKHUPDQL� $GGLWLRQDOO\� DOOHOHV WKDW DUH KLJKO\

GLIIHUHQWLDWHG DPRQJ 3� VKHUPDQL LVRODWHV VKRZ KLJK OHYHOV RI GLIIHUHQWLDWLRQ EHWZHHQ 3�

VKHUPDQL DQG 3� WH\DKDOHH ZLWKLQ K\EULG ]RQHV ZKLFK VXJJHVWV WKDW JHQH IORZ IURP 3�

WH\DKDOHH KDV QRW SURYLGHG WKH DOOHOHV XQGHUO\LQJ GLIIHUHQWLDWLRQ DPRQJ 3� VKHUPDQL

LVRODWHV�

2XU UHVXOWV LPSO\ WKDW WKHUH DUH QR ³SXUH´ 3� VKHUPDQL LVRODWHV UHPDLQLQJ DW DQ\ RI

WKH IRXU K\EULG ]RQHV VDPSOHG� *HQRPLF HYLGHQFH VXJJHVWV WKDW DOO 3� VKHUPDQL
��



SRSXODWLRQV KDYH H[SHULHQFHG VRPH GHJUHH RI LQWURJUHVVLRQ IURP 3� WH\DKDOHH� PHDQLQJ

WKDW ZKDWHYHU WKH ³SXUH´ 3� VKHUPDQL JHQRW\SH ZDV KLVWRULFDOO\� LW KDV DOPRVW FHUWDLQO\

EHHQ ORVW GXH WR LQWURJUHVVLRQ RI 3� WH\DKDOHH DOOHOHV� :H GHWHFWHG D VWURQJ VLJQDWXUH RI

LQWURJUHVVLRQ DPRQJ DOO V\PSDWULF 3� VKHUPDQL DQG 3� WH\DKDOHH LVRODWHV ZLWKLQ HDFK

K\EULG ]RQH� FRQVLVWHQW ZLWK REVHUYDWLRQV EDVHG RQ SKHQRW\SHV� DOOR]\PHV� DQG

PLWRFKRQGULDO '1$ �+LJKWRQ DQG 3HDERG\ ����� :HLVURFN HW DO� ������ 7KH GHJUHH RI

LQWURJUHVVLRQ DOVR YDULHG DFURVV K\EULG ]RQHV� ZLWK WKH 6QRZELUG 3� VKHUPDQL SRSXODWLRQ

H[KLELWLQJ WKH KLJKHVW GHJUHH RI LQWURJUHVVLRQ DPRQJ WKH IRXU 3� VKHUPDQL SRSXODWLRQV�

FRQVLVWHQWO\ H[KLELWLQJ ORZHU OHYHOV RI GLIIHUHQWLDWLRQ DQG GLYHUJHQFH IURP 3� WH\DKDOHH�

:HLVURFN HW DO� ������ IRXQG WKDW WKH PLWRFKRQGULDO KDSORW\SH RI WKH 6QRZELUG 3�

VKHUPDQL LVRODWH KDV EHHQ FRPSOHWHO\ VZDPSHG E\ WKH 3� WH\DKDOHH PLWRFKRQGULDO

KDSORW\SH� DQG DOO RXU JHQRPLF DQDO\VHV VXSSRUW QHDU WRWDO JHQHWLF VZDPSLQJ RI 3�

VKHUPDQL E\ 3� WH\DKDOHH DW WKLV VLWH� 7KH 6QRZELUG K\EULG ]RQH KDV E\ IDU WKH ORZHVW

PD[LPXP HOHYDWLRQ� DQG WKH VZDPSLQJ RI 3� VKHUPDQL DW WKLV VLWH PD\ EH GXH WR DQ

LQDELOLW\ RI 3� VKHUPDQL WR FRPSHWLWLYHO\ H[FOXGH 3� WH\DKDOHH HYHQ DW WKH KLJKHVW

HOHYDWLRQ FRQGLWLRQV DW WKLV K\EULG ]RQH� 3� VKHUPDQL SRSXODWLRQV DW :D\DK DQG &RZHHWD

H[KLELWHG VLPLODU DPRXQWV RI DGPL[WXUH ZLWK 3� WH\DKDOHH WR RQH DQRWKHU� ZLWK D ORZHU

GHJUHH�RI�PL[WXUH�UHODWLYH�WR�WKH�6QRZELUG�LVRODWH�

:H IRXQG YHU\ OLWWOH HYLGHQFH IRU LQWULQVLF LQFRPSDWLELOLWLHV WKDW PD\ FRQWULEXWH WR

UHSURGXFWLYH LVRODWLRQ EHWZHHQ 3� VKHUPDQL DQG 3� WH\DKDOHH� 2IWHQWLPHV� GHVSLWH

ZLGHVSUHDG LQWURJUHVVLRQ DFURVV WKH JHQRPH� WKHUH DUH VRPH ORFL WKDW UHVLVW LQWURJUHVVLRQ

ZKLFK DUH DVVRFLDWHG ZLWK UHSURGXFWLYH LVRODWLRQ EHWZHHQ WKH K\EULGL]LQJ VSHFLHV

�&DUQHLUR HW DO� ����� &RXJKODQ DQG 0DWXWH ����� 'XIUHVQHV HW DO� ������ 6XFK ORFL

VKRXOG H[KLELW VWHHS JHQRPLF FOLQHV� DQG VKRXOG H[KLELW VWHHSHU FOLQHV WKDQ WKH JHQRPLF

EDFNJURXQG �*RPSHUW HW DO� ����E�� :H IRXQG QR VORSH ��� RXWOLHUV DW DQ\ RI WKH K\EULG

]RQHV VDPSOHG� ZKLFK LV FRQVLVWHQW ZLWK ZHDN LVRODWLRQ EHWZHHQ VSHFLHV RU GLIIXVH

LVRODWLRQ VSUHDG DFURVV D ZLGH YDULHW\ RI ORFL� $ ODFN RI ORFL WKDW UHVLVW LQWURJUHVVLRQ

VXJJHVWV WKDW JHQH IORZ ZLOO OLNHO\ FRQWLQXH XQLQKLELWHG XQOHVV FRQVWUDLQHG E\ H[RJHQRXV

IDFWRUV�

��



:H IRXQG VWURQJ HYLGHQFH IRU DV\PPHWULF LQWURJUHVVLRQ IURP 3� WH\DKDOHH LQWR 3�

VKHUPDQL GHVSLWH JHQHUDO XQLIRUPLW\ LQ FOLQH VORSHV� :H LGHQWLILHG WKRXVDQGV RI Į RXWOLHU

ORFL WKDW H[KLELW FOLQH FHQWHUV ZKLFK DUH SUHGRPLQDQWO\ ELDVHG WRZDUGV 3� WH\DKDOHH

DQFHVWU\� 7KLV SDWWHUQ LV FRQVLVWHQW ZLWK DV\PPHWULF JHQH IORZ IURP 3� WH\DKDOHH LQWR 3�

VKHUPDQL �*RPSHUW DQG %XHUNOH ������ $V\PPHWULF JHQH IORZ IURP 3� WH\DKDOHH LQWR 3�

VKHUPDQL LV DOVR FRQVLVWHQW ZLWK RXU HDUOLHU REVHUYDWLRQV RI HOHYDWHG ᶢ LQ 3� VKHUPDQL

UHODWLYH WR 3� WH\DKDOHH� :LGHVSUHDG� PRGHUDWH Į RXWOLHUV ELDVHG WRZDUGV DQFHVWU\ IURP

RQH VSHFLHV LV FRQVLVWHQW ZLWK GLYHUJHQW VHOHFWLRQ DIIHFWLQJ PDQ\ WUDLWV �*RPSHUW DQG

%XHUNOH ������ $ ODUJH SURSRUWLRQ ������������ RI RXWOLHUV DUH VKDUHG DPRQJ K\EULG

]RQHV� FRQVLVWHQW ZLWK VHOHFWLRQ IRU WKH UHWHQWLRQ RI WKH VDPH ORFL DFURVV K\EULG ]RQHV�

/RFXV�VSHFLILF )67 RXWOLHUV DOVR VXJJHVW WKDW DOOHOHV SRWHQWLDOO\ LQYROYHG LQ ORFDO

DGDSWDWLRQ DSSHDU WR FRQVLVWHQWO\ EH ELDVHG WRZDUGV 3� WH\DKDOHH DQFHVWU\ DFURVV DOO

K\EULG ]RQHV� ZKLFK KDV EHHQ VKRZQ LQ RWKHU V\VWHPV ZKHUH VHOHFWLRQ IDYRUV WKH DOOHOHV

RI RQH VSHFLHV RYHU WKH RWKHU �*RPSHUW HW DO� ����D� 7D\ORU HW DO� ����� %DL] HW DO� �����

(EHUVEDFK HW DO� ������ 7KHUH DUH RWKHU SRWHQWLDO H[SODQDWLRQV IRU GLUHFWLRQDO VHOHFWLRQ LQ

IDYRU RI HOHYDWHG 3� WH\DKDOHH DQFHVWU\� ,I K\EULGV RU 3� VKHUPDQL LQGLYLGXDOV

GLVSURSRUWLRQDWHO\ SUHIHU WR PDWH ZLWK 3� WH\DKDOHH�OLNH LQGLYLGXDOV WKDW FRXOG DOVR GULYH

DV\PPHWULF LQWURJUHVVLRQ� FDXVLQJ FOLQHV WR VKLIW WRZDUGV 3� WH\DKDOHH DQFHVWU\� 7KLV LV

XQOLNHO\ VLQFH FRXUWVKLS WULDOV VKRZ WKDW� ZLWK WKH H[FHSWLRQ RI WKH )LUH¶V &UHHN +\EULG

=RQH� 3� VKHUPDQL PDOHV GR QRW PDWH ZLWK 3� WH\DKDOHH IHPDOHV DW D KLJKHU UDWH WKDQ WKH\

PDWH�ZLWK�K\EULG�RU 3��VKHUPDQL IHPDOHV��/RZH�������

$V\PPHWULF LQWURJUHVVLRQ RI 3� WH\DKDOHH DOOHOHV PD\ UHIOHFW ZDUPLQJ

WHPSHUDWXUHV LQ WKH UHJLRQ� ZKLFK VKRXOG VHOHFW IRU DOOHOHV IURP 3� WH\DKDOHH� ZKLFK LV

EHWWHU DGDSWHG WR WKH ZDUPHU� GULHU FRQGLWLRQV DVVRFLDWHG ZLWK ORZ HOHYDWLRQV� 7KLV PD\

H[SODLQ ZK\ WKH 6QRZELUG 3� VKHUPDQL LVRODWH KDV EHHQ VZDPSHG ZKLOH RWKHU LVRODWHV

UHPDLQ ZHOO GLIIHUHQWLDWHG IURP 3� WH\DKDOHH� DV 6QRZELUG 0RXQWDLQ H[KLELWV E\ IDU WKH

ORZHVW PD[LPXP HOHYDWLRQ ������P� RI DQ\ WUDQVHFW �)LUH¶V &UHHN  �����P� &RZHHWD  

�����P� :D\DK  �����P�� 3K\VLRORJLFDO PRGHOLQJ VXJJHVWV 3� WH\DKDOHH FDQ VXUYLYH DW

KLJK DOWLWXGHV EXW DUH FXUUHQWO\ H[FOXGHG IURP WKRVH HQYLURQPHQWV E\ 3� VKHUPDQL �DQG

RWKHU PHPEHUV RI WKH 3� MRUGDQL FRPSOH[� GXH WR DJJUHVVLRQ E\ 3� VKHUPDQL WRZDUGV RWKHU
��



3OHWKRGRQ VSHFLHV �'UXPPRQG ������ :DUPLQJ WHPSHUDWXUHV PD\ LPSHGH WKH DELOLW\ RI

3� VKHUPDQL WR H[FOXGH 3� WH\DKDOHH DW KLJK HOHYDWLRQV� ZKLFK PD\ FDXVH WKH K\EULG ]RQH

WR VKLIW IXUWKHU XSZDUGV LQ HOHYDWLRQ� 7KLV VFHQDULR LV FRQVLVWHQW ZLWK REVHUYHG LQFUHDVHV

LQ 3� WH\DKDOHH�OLNH SKHQRW\SHV DW KLJKHU HOHYDWLRQV DV FOLPDWH ZDUPV �+DLUVWRQ 6U� HW DO�

����� :DOOV ������ *LYHQ WKDW WKH FRORU VFRUHV XVHG IRU WKHVH REVHUYDWLRQV DUH D IDLUO\

JRRG UHSUHVHQWDWLRQ RI LQFUHDVHG 3� WH\DKDOHH DQFHVWU\� ZH FDQ UHDVRQDEO\ LQIHU WKDW

VHOHFWLRQ IRU 3� WH\DKDOHH DOOHOHV LV GULYLQJ DQ XSZDUG VKLIW LQ WKH K\EULG ]RQH DV FOLPDWH

FKDQJH SURJUHVVHV� ,I 3� VKHUPDQL DUH HYHQWXDOO\ XQDEOH WR H[FOXGH 3� WH\DKDOHH RU

K\EULGV WKURXJK FRPSHWLWLRQ DW KLJK HOHYDWLRQV� LW FRXOG OHDG WR WKH JHQHWLF VZDPSLQJ RI

DOO 3��VKHUPDQL SRSXODWLRQV�E\ 3��WH\DKDOHH DOOHOHV�

7KH FRORU VFRUHV XVHG LQ SUHYLRXV VWXGLHV LQ WKLV V\VWHP JHQHUDOO\ DSSHDU WR EH D

JRRG LQGLFDWRU RI JHQRPLF K\EULG LQGH[ RXWVLGH RI WKH 6QRZELUG K\EULG ]RQH� ZKHUH QR

LQGLYLGXDOV UHWDLQ UHG OHJV HYHQ DW WKH KLJKHVW HOHYDWLRQV� $Q LQFUHDVH LQ ZKLWH VSRWWLQJ LV

DVVRFLDWHG ZLWK LQFUHDVHG 3� WH\DKDOHH DQFHVWU\� ZKLOH DQ LQFUHDVH LQ UHG OHJ FRORUDWLRQ LV

DVVRFLDWHG ZLWK DQ LQFUHDVH LQ 3� VKHUPDQL DQFHVWU\� 7KH RQO\ SRWHQWLDO LVVXH LQ XVLQJ

WKHVH FRORU VFRUHV ZRXOG EH DVVXPLQJ ZKLWH VSRWV DQG D ODFN RI UHG OHJV LQGLFDWH

XQ�DGPL[HG 3� WH\DKDOHH ZKLOH D ODFN RI ZKLWH VSRWV DQG DEXQGDQW UHG OHJ SLJPHQWDWLRQ

LQGLFDWHV SXUH 3� VKHUPDQL� 0DQ\ LQGLYLGXDOV H[KLELWLQJ WKHVH ³SXUH´ SKHQRW\SHV

H[KLELWHG JHQRPLF HYLGHQFH RI DGPL[WXUH� DQG HYHQ ³SXUH´ 3� VKHUPDQL JHQRW\SHV

SRVVHVV LQWURJUHVVHG DOOHOHV IURP 3� WH\DKDOHH� &RORU�EDVHG PRQLWRULQJ RI HDFK K\EULG

]RQH¶V SRVLWLRQ WKURXJK WLPH VKRXOG EH D YDOXDEOH ZD\ RI WUDFNLQJ K\EULG ]RQH PRYHPHQW

DV�FOLPDWH�FKDQJH�SURJUHVVHV�

:KHWKHU RU QRW 3� VKHUPDQL DQG 3� WH\DKDOHH VKRXOG VWLOO EH FRQVLGHUHG VSHFLHV

JLYHQ WKHVH UHVXOWV LV DQ LPSRUWDQW TXHVWLRQ WR FRQVLGHU� +\EULGL]DWLRQ LV FRPPRQ DPRQJ

3OHWKRGRQ VSHFLHV� \HW JHQHWLF GLVWDQFHV DUH VLPLODU EHWZHHQ V\PSDWULF 3OHWKRGRQ VSHFLHV

WKDW GR QRW K\EULGL]H FRPSDUHG WR VSHFLHV SDLUV WKDW GR HQJDJH LQ K\EULGL]DWLRQ �+LJKWRQ

DQG 3HDERG\ ������ VXJJHVWLQJ WKDW HYHQ GHHSO\ GLYHUJHG OLQHDJHV ZLWKLQ WKLV IDPLO\ DUH

FDSDEOH RI K\EULGL]DWLRQ� $GGLWLRQDOO\� VDODPDQGHUV KDYH EHHQ VKRZQ WR K\EULGL]H DW

VLPLODU OHYHOV RI JHQHWLF GLYHUJHQFH WR RWKHU WHWUDSRGV �0HODQGHU DQG 0XHOOHU ������ DQG

WKH JHQRPH�ZLGH OHYHOV RI GLIIHUHQWLDWLRQ DQG GLYHUJHQFH EHWZHHQ 3� VKHUPDQL DQG 3�
��



WH\DKDOHH �PHDQ )67  ������ PHDQ ';<  ������ DUH VWLOO JUHDWHU WKDQ RU HTXDO WR WKH

GLYHUJHQFH EHWZHHQ K\EULGL]LQJ VSHFLHV LQ IURJV� UHSWLOHV� DQG ELUGV �6WUHLFKHU HW DO� �����

0DQWKH\ HW DO� ����� <DQJ HW DO� ������ 7KHVH KLJK OHYHOV RI GLYHUJHQFH ZRXOG EH

FRQVLVWHQW ZLWK VSHFLHV VWDWXV LQ RWKHU V\VWHPV� DQG VXSSRUW PDLQWDLQLQJ WKHVH JURXSV DV

XQLTXH VSHFLHV� $GGLWLRQDOO\� HVWLPDWHV RI WKH ZLGWK RI WKLV K\EULG ]RQH IURP SDVW VWXGLHV

LQGLFDWH WKDW WKH ]RQH LV QDUURZHU WKDQ H[SHFWHG JLYHQ WKH WLPLQJ RI VHFRQGDU\ FRQWDFW

DQG WKH GLVSHUVDO DELOLWLHV RI ERWK VSHFLHV �/RZH ������ +RZHYHU� GHVSLWH KLJK

JHQRPH�ZLGH GLIIHUHQWLDWLRQ DQG HYLGHQFH IRU D FRQVWUDLQHG K\EULG ]RQH� WKHUH DUH YHU\

IHZ VLWHV WKDW H[KLELW IL[HG GLIIHUHQFHV EHWZHHQ SDUHQWDO 3� WH\DKDOHH DQG 3� VKHUPDQL

SRSXODWLRQV ZLWKLQ HDFK K\EULG ]RQH ����� ��� DQG � DW :D\DK� &RZHHWD� DQG 6QRZELUG�

UHVSHFWLYHO\�� $GGLWLRQDOO\� D ODFN RI VLWHV WKDW H[KLELW VWHHS JHQRPLF FOLQHV LPSOLHV YHU\

IHZ LQWULQVLF JHQHWLF LQFRPSDWLELOLWLHV EHWZHHQ WKHVH VSHFLHV� ZKLFK LV RIWHQ UHTXLUHG IRU

WKH PDLQWHQDQFH RI VSHFLHV ERXQGDULHV LQ WKH SUHVHQFH RI JHQH IORZ �%HKP HW DO� �����

/LQGWNH DQG %XHUNOH ����� &RXJKODQ DQG 0DWXWH ������ 0RQLWRULQJ SDUHQWDO SRSXODWLRQV

RI 3� VKHUPDQL DQG 3� WH\DKDOHH WR GHWHUPLQH ZKHWKHU WKLV GLIIHUHQWLDWLRQ FDQ EH

PDLQWDLQHG LQ WKH IXWXUH ZRXOG EH D XVHIXO ZD\ WR DVVHVV WKH ORQJ�WHUP YLDELOLW\ RI WKHVH

VSHFLHV�DQG�ZKHWKHU�RU�QRW 3��VKHUPDQL FDQ�UHVLVW JHQHWLF�VZDPSLQJ�E\ 3��WH\DKDOHH�

&RQFOXVLRQV

7KH ILQGLQJV SUHVHQWHG KHUH� FRPELQHG ZLWK SDVW VWXGLHV LQ WKLV V\VWHP� DOO SRLQW

WRZDUGV D K\EULG ]RQH VWURQJO\ UHJXODWHG E\ HFRORJLFDO IDFWRUV� HVSHFLDOO\ HOHYDWLRQDO

YDULDWLRQ LQ FOLPDWH� $W DOO IRXU K\EULG ]RQHV� VLJQLILFDQW LQWURJUHVVLRQ ZDV GHWHFWHG

EHWZHHQ 3� VKHUPDQL DQG 3� WH\DKDOHH SRSXODWLRQV DORQJ WKH HOHYDWLRQDO JUDGLHQW ZKLFK

VSDQV WKH WZR SDUHQWDO SRSXODWLRQV� 7KHUH ZHUH QR ORFL WKDW H[KLELWHG SDWWHUQV FRQVLVWHQW

ZLWK UHVLVWLQJ LQWURJUHVVLRQ� VXJJHVWLQJ D ODFN RI LQWULQVLF JHQHWLF LQFRPSDWLELOLWLHV

EHWZHHQ WKHVH VSHFLHV� )XUWKHUPRUH� LQWURJUHVVLRQ DSSHDUV WR EH ZLGHVSUHDG DQG

DV\PPHWULF IURP 3� WH\DKDOHH LQWR 3� VKHUPDQL� FRQVLVWHQW ZLWK VHOHFWLRQ IRU 3� WH\DKDOHH

DOOHOHV� /RFL WKDW PD\ SRWHQWLDOO\ EH LQYROYHG LQ ORFDO DGDSWDWLRQ DOVR VKRZ VWURQJ

HYLGHQFH IRU DV\PPHWULF LQWURJUHVVLRQ IURP 3� WH\DKDOHH LQWR 3� VKHUPDQL� $V\PPHWULF

JHQH IORZ IURP 3� WH\DKDOHH LQWR 3� VKHUPDQL PD\ EH WKH SURGXFW RI VHOHFWLRQ IRU 3�
��



WH\DKDOHH DOOHOHV WKDW DUH DVVRFLDWHG ZLWK ZDUPHU FOLPDWLF FRQGLWLRQV� 7KLV KDV LPSRUWDQW

LPSOLFDWLRQV IRU WKH IXWXUH RI 3� VKHUPDQL DV WKH FOLPDWH LQ WKH 6RXWKHUQ $SSDODFKLDQV

FRQWLQXHV�WR�JURZ�ZDUPHU�

$FNQRZOHGJHPHQWV

:H ZRXOG OLNH WR WKDQN 'U� -RKQ 0DHU]� 'U� 7RGG 3LHUVRQ� DQG &\QGL &DUWHU IRU

WKHLU ZLOOLQJQHVV WR VKDUH WLVVXHV DQG WKHLU FRUUHVSRQGLQJ GDWD IURP WKH &RZHHWD K\EULG

]RQH IRU JHQHWLF VHTXHQFLQJ� 'U� %HQ /RZH FROOHFWHG PDQ\ 3� VKHUPDQL DQG 3� WH\DKDOHH

VDPSOHV� DQG JHQHURXVO\ SURYLGHG SKHQRW\SLF DQG HFRORJLFDO GDWD DVVRFLDWHG ZLWK WKHVH

WLVVXHV� :H WKDQN 'U� $OH[ %XHUNOH IRU KLV FRUUHVSRQGHQFH DQG GHEXJJLQJ VXSSRUW UHODWHG

WR WKH XVH RI EJF� :H DOVR WKDQN 'U� %UDGOH\ 6FKDIIHU IRU KLV DVVLVWDQFH ZLWK JHQHUDWLQJ

EJF LQSXW ILOHV� 7KLV ZRUN ZDV VXSSRUWHG E\ D 1DWLRQDO 6FLHQFH )RXQGDWLRQ JUDQW

�'(%���������WR�.HQQHWK�+��.R]DN�

��



)LJXUHV�DQG�7DEOHV

)LJXUH ���� 6SHFLHV SKRWRJUDSKV DQG VDPSOLQJ VLWH ORFDWLRQV� 3KRWRJUDSKV RI LQGLYLGXDOV H[KLELWLQJ

FRORU PRUSKRORJLHV RI $� 3OHWKRGRQ VKHUPDQL %� 3OHWKRGRQ WH\DKDOHH &� 3� VKHUPDQL [ 3� WH\DKDOHH K\EULG

'� 6DPSOLQJ ORFDWLRQV DFURVV IRXU K\EULG ]RQHV EHWZHHQ 3� VKHUPDQL DQG 3� WH\DKDOHH� 5HG FLUFOHV LQGLFDWH

VLWHV GHVLJQDWHG DV SXUH 3� VKHUPDQL LVRODWHV� ZKLOH EODFN FLUFOHV LQGLFDWH VLWHV GHVLJQDWHG DV SXUH 3�

WH\DKDOHH LVRODWHV� *UD\ VLWHV UHSUHVHQW VLWHV WKDW ZHUH FRPSRVHG RI HLWKHU HQWLUHO\ RU SDUWLDOO\ RI DGPL[HG

LQGLYLGXDOV��1R�LQWHUPHGLDWH�VLWHV�ZHUH�LQFOXGHG�IRU�WKH�)LUH¶V�&UHHN�K\EULG�]RQH�

��



)LJXUH ���� )RXU WD[RQ WRSRORJLHV IRU LQWURJUHVVLRQ WHVWV� ([SHFWHG JHQH WUHH WRSRORJLHV XQGHU

GLYHUJHQFH KLVWRULHV ZLWK QR JHQH IORZ �$� DQG JHQH IORZ EHWZHHQ 3� VKHUPDQL DQG RQH RI WZR SRWHQWLDO 3�

WH\DKDOHH LVRODWHV �% DQG &�� 8QGHU LQFRPSOHWH OLQHDJH VRUWLQJ ZLWKRXW JHQH IORZ� WKH QXPEHU RI DOOHOHV

ZKLFK H[KLELW $%%$ WRSRORJLHV �%� VKRXOG EH HTXDO WR WKH QXPEHU RI DOOHOHV H[KLELWLQJ %$%$ WRSRORJLHV

�&��

��



)LJXUH ���� 3RSXODWLRQ VWUXFWXUH DFURVV K\EULG ]RQHV� $� *HQRPLF 3&$ RI DOO VDPSOHV LQ WKH VWXG\�

6KDSHV LQGLFDWH ZKLFK K\EULG ]RQH WKH VDPSOHV ZHUH WDNHQ IURP� DQG FRORU LQGLFDWHV ZKHWKHU LQGLYLGXDOV

ZHUH GHVLJQDWHG DV 3� VKHUPDQL RU 3� WH\DKDOHH EDVHG RQ DQFHVWU\ SURSRUWLRQV LQ $'0,;785(� %�

$VWHULVNV LQGLFDWH WKDW $'0,;785( ZDV UXQ VHSDUDWHO\ IRU HDFK RI WKH WKUHH K\EULG ]RQHV� (DFK EDU

UHSUHVHQWV RQH LQGLYLGXDO� DQG WKH FRORUV UHSUHVHQW WKH SHUFHQWDJH RI DOO VLWHV FRUUHVSRQGLQJ WR DQFHVWU\

IURP HLWKHU 3� VKHUPDQL �UHG VKDGHV� RU 3� WH\DKDOHH �EODFN DQG JUD\�� ,QGLYLGXDOV DUH VRUWHG ZLWKLQ WUDQVHFWV

E\�HOHYDWLRQ�

��



)LJXUH ���� $VVRFLDWLRQV EHWZHHQ SKHQRW\SH�EDVHG DQG JHQRPLF K\EULG LQGH[HV� $� $VVRFLDWLRQ

EHWZHHQ /HJ 6FRUH �DPRXQW RI UHG FRORUDWLRQ RQ WKH OHJV� DQG JHQRPLF K\EULG LQGH[ DV GHWHUPLQHG E\

$'0,;785(� %� $VVRFLDWLRQ EHWZHHQ 6SRW 6FRUH �DPRXQW RI ODWHUDO DQG GRUVDO VSRWWLQJ ZKLWH VSRWWLQJ�

DQG JHQRPLF K\EULG LQGH[ DV GHWHUPLQHG E\ $'0,;785(� &RORUV DQG VKDSHV DUH DVVRFLDWHG ZLWK WKH WKUHH

GLIIHUHQW�K\EULG�]RQHV�ZKHUH�VDPSOHV�IURP�LQWHUPHGLDWH�HOHYDWLRQ�VLWHV�ZHUH�FROOHFWHG�

��



)LJXUH ���� &OLQH FHQWHU DQG )67 RXWOLHUV� $� 1XPEHU RI 3� VKHUPDQL ELDVHG �$� DQG 3� WH\DKDOHH ELDVHG

�%� Į RXWOLHUV LGHQWLILHG E\ EJF� 1XPEHUV LQ WKH RYHUODS EHWZHHQ FLUFOHV LQGLFDWH ORFL GHVLJQDWHG DV RXWOLHUV

DW ERWK WUDQVHFWV� %� Į YDOXHV IRU )67 RXWOLHU DOOHOHV WKDW H[KLELWHG KLJK GLIIHUHQWLDWLRQ EHWZHHQ 3� VKHUPDQL

DQG 3� WH\DKDOHH SRSXODWLRQV DW HDFK WUDQVHFW� 1HJDWLYH YDOXHV RI Į LQGLFDWH D FOLQH FHQWHU ELDVHG WRZDUGV 3�

WH\DKDOHH� ZKLOH�D�SRVLWLYH�Į�YDOXH�LQGLFDWHV�D�FOLQH FHQWHU�ELDVHG�WRZDUGV 3��VKHUPDQL�

��



7DEOH ���� $EVROXWH GLYHUJHQFH DQG GLYHUVLW\ PHWULFV�0HDVXUHV RI WKH DYHUDJH QXPEHU

RI SDLUZLVH GLIIHUHQFH EHWZHHQ LQGLYLGXDOV ZLWKLQ �ᶢ� DQG DPRQJ �';<�SRSXODWLRQV�

&RPSDULVRQV VKDGHG LQ JUD\ UHSUHVHQW ZLWKLQ SRSXODWLRQ FRPSDULVRQV� ZKHUHDV DOO RWKHU

YDOXHV�UHSUHVHQW�FRPSDULVRQV�EHWZHHQ�SRSXODWLRQV�

&RZHHWD

3�

VKHUPDQ

L
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7DEOH ���� 5HODWLYH JHQHWLF GLIIHUHQWLDWLRQ� (VWLPDWHV RI :HLU DQG &RFNHUKDP¶V )67
EHWZHHQ DOO SDUHQWDO SRSXODWLRQV VDPSOHG LQ WKLV VWXG\� &RPSDULVRQV VKDGHG LQ JUD\

UHSUHVHQW FRPSDULVRQV RI GLIIHUHQW LQWUDVSHFLILF SDUHQWDO SRSXODWLRQV� ZKHUHDV DOO RWKHU

YDOXHV�UHSUHVHQW�FRPSDULVRQV�EHWZHHQ�VSHFLHV�
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)LJXUH 6���� 3DUHQWDO SRSXODWLRQ GLYHUJHQFH SDWWHUQV� $YHUDJH SDLUZLVH GLIIHUHQFHV DPRQJ DOO 3�

VKHUPDQL DQG 3� WH\DKDOHH VDPSOHV� 'DUNHU VKDGHV RI RUDQJH LQGLFDWH PRUH GLIIHUHQFHV� DQG OLJKWHU VKDGHV

LQGLFDWH�IHZHU�GLIIHUHQFHV�

��



)LJXUH 6���� 'LYHUJHQFH SDWWHUQV DPRQJ DOO VDPSOHV� $YHUDJH SDLUZLVH GLIIHUHQFHV DPRQJ DOO VDPSOHV�

LQFOXGLQJ K\EULGV� ,QGLYLGXDOV DUH VRUWHG E\ K\EULG LQGH[ ZLWKLQ WUDQVHFWV RQ WKH \�D[LV� DQG FRORUV RQ WKH <

D[LV LQGLFDWH ZKLFK K\EULG ]RQH VDPSOHV FDPH IURP� 'DUN UHG VKDGHV LQGLFDWH PRUH GLIIHUHQFHV EHWZHHQ

LQGLYLGXDOV��DQG�EOXH�VKDGHV�LQGLFDWH�IHZHU�GLIIHUHQFHV�

��



)LJXUH 6���� . � $'0,;785( UXQ� $GPL[WXUH SURSRUWLRQV IRU LQGLYLGXDOV ZKHQ . � ZKHQ UXQ RQ DOO

SRSXODWLRQV WRJHWKHU� (DFK EDU UHSUHVHQWV RQH LQGLYLGXDO� DQG WKH FRORUV UHSUHVHQW WKH SHUFHQWDJH RI DOO VLWHV

FRUUHVSRQGLQJ WR DQFHVWU\ IURP RQH RI WKUHH SRWHQWLDO SRSXODWLRQV� ,QGLYLGXDOV DUH VRUWHG ZLWKLQ WUDQVHFWV E\

HOHYDWLRQ�

��



)LJXUH 6���� 1HLJKERU�MRLQLQJ 'HQGURJUDP� 1HLJKERU�MRLQLQJ GHQGURJUDP GLVSOD\LQJ UHODWLRQVKLSV

DPRQJ LQGLYLGXDOV IURP SDUHQWDO SRSXODWLRQV� &RZHHWD DQG :D\DK 3� VKHUPDQL VDPSOHV DUH FORVHO\ UHODWHG

WR RQH DQRWKHU� )LUH¶V &UHHN 3� VKHUPDQL IRUP D VHFRQG JURXS ZKLOH 6QRZELUG 0RXQWDLQ 3� VKHUPDQL IRUP D

WKLUG��7KH�ILQDO�JURXS�FRQVLVWV�RI�DOO�WKH 3��WH\DKDOHH SRSXODWLRQV�

��



&+$37(5��
$VVHVVLQJ�JHQRPLF�DQG�HFRORJLFDO�GLIIHUHQWLDWLRQ�DPRQJ�VXEVSHFLHV�RI�WKH

5RXJK�IRRWHG�0XG�7XUWOH� .LQRVWHUQRQ�KLUWLSHV

$EVWUDFW

&RPELQLQJ JHQHWLF DQG HFRORJLFDO PHDVXUHV RI GLIIHUHQWLDWLRQ FDQ SURYLGH

FRPSHOOLQJ HYLGHQFH IRU HFRORJLFDO DQG JHQHWLF GLYHUJHQFH DPRQJ OLQHDJHV� 7KH

5RXJK�IRRWHG 0XG 7XUWOH� .LQRVWHUQRQ KLUWLSHV� LV GLVWULEXWHG IURP WKH 7UDQV�3HFRV

UHJLRQ RI 7H[DV WR WKH KLJKODQGV RI &HQWUDO 0H[LFR DQG FRQWDLQV VL[ GHVFULEHG VXEVSHFLHV�

ILYH RI ZKLFK DUH H[WDQW� :H XVH GG5$' VHTXHQFLQJ DQG VSHFLHV GLVWULEXWLRQ PRGHOV WR

DVVHVV OHYHOV RI HFRORJLFDO DQG JHQHWLF GLIIHUHQWLDWLRQ DPRQJ WKHVH VXEVSHFLHV� :H DOVR

SUHGLFW FKDQJHV LQ FOLPDWLFDOO\ VXLWDEOH KDELWDW XQGHU GLIIHUHQW FOLPDWH FKDQJH VFHQDULRV

DQG DVVHVV OHYHOV RI JHQHWLF GLYHUVLW\ DQG LQEUHHGLQJ ZLWKLQ HDFK OLQHDJH� 2XU UHVXOWV

VKRZ WKDW WKHUH LV VWURQJ JHQHWLF DQG HFRORJLFDO GLIIHUHQWLDWLRQ DPRQJ PXOWLSOH OLQHDJHV

ZLWKLQ .� KLUWLSHV� DQG WKDW WKLV GLIIHUHQWLDWLRQ DSSHDUV WR EH WKH UHVXOW RI YLFDULDQFH

DVVRFLDWHG ZLWK WKH 7UDQV�0H[LFDQ 9ROFDQLF %HOW� :H SURSRVH FKDQJHV WR VXEVSHFLHV

GHVLJQDWLRQV WR PRUH DFFXUDWHO\ UHIOHFW WKH HYROXWLRQDU\ UHODWLRQVKLSV DPRQJ SRSXODWLRQV�

DQG�DVVHVV�WKUHDWV�WR�HDFK�VXEVSHFLHV�

,QWURGXFWLRQ

7KH LGHQWLILFDWLRQ DQG FRQVHUYDWLRQ RI HYROXWLRQDULO\ GLVWLQFW OLQHDJHV LV YLWDO IRU

WKH SUHVHUYDWLRQ RI IXQFWLRQDO DQG SK\ORJHQHWLF GLYHUVLW\ DV ZHOO DV WKH SURWHFWLRQ RI

HYROXWLRQDU\ SRWHQWLDO LQ QDWXUDO SRSXODWLRQV �5RVDXHU HW DO� ����� .OLQJ HW DO� �����

+DQVRQ HW DO� ������ 6XFK HYROXWLRQDULO\ GLVWLQFW OLQHDJHV DUH RIWHQ GHVLJQDWHG DV

VXEVSHFLHV �:LOVRQ DQG %URZQ -U ����� WR DFNQRZOHGJH WKHLU XQLTXH HYROXWLRQDU\

WUDMHFWRULHV DQG XQGHUVFRUH WKH QHHG IRU WKHLU FRQVHUYDWLRQ �7KDNXU HW DO� ����� +XPHDX

HW DO� ������ 6XEVSHFLHV GHVLJQDWLRQV KDYH WUDGLWLRQDOO\ EHHQ EDVHG RQ GLIIHUHQFHV LQ

KDELWDW��GLVWULEXWLRQ��DQG�SKHQRW\SH�EH

��
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WZHHQ SRSXODWLRQV� 'HILQLQJ VXEVSHFLHV EDVHG RQ SKHQRW\SH DORQH FDQ EH

SUREOHPDWLF VLQFH SKHQRW\SLF GLIIHUHQFHV EHWZHHQ SRSXODWLRQV PD\ EH GXH WR SKHQRW\SLF

SODVWLFLW\ LQ GLIIHUHQW KDELWDWV �*UXEHU HW DO� ����� (QQHQ HW DO� �����

%DUULHQWRV�9LOODORERV HW DO� ����� RU UHSUHVHQW RSSRVLWH HQGV RI FOLQDO YDULDWLRQ LQVWHDG RI

HYROXWLRQDULO\ GLVWLQFW OLQHDJHV �)URVW DQG +LOOLV ����� =LQN ����� 3KLOOLPRUH DQG 2ZHQV

����� +LOOLV ������ 7R DGGUHVV WKHVH LVVXHV� PRVW PRGHUQ DSSURDFKHV WR GHILQH VXEVSHFLHV

RU WD[RQRPLF XQLWV IRU FRQVHUYDWLRQ LQFRUSRUDWH JHQHWLF GDWD WR LGHQWLI\ OLQHDJHV �+XDQJ

DQG .QRZOHV ����� $UFKHU HW DO� ����� 7D\ORU HW DO� ����� +LOOLV ������ 7KH XVH RI

JHQHWLF GDWD KDV SURYHQ WR EH YDOXDEOH LQ GHOLPLWLQJ WD[D WKDW ZRXOG QRW KDYH EHHQ

UHFRJQL]HG EDVHG RQ PRUSKRORJ\ DORQH �6SLQNV DQG 6KDIIHU ����� :HQQHU HW DO� �����

0F(OUR\�HW�DO��������5RGUtJXH]�HW�DO��������

(FRORJLFDO GLIIHUHQWLDWLRQ LV DQ LPSRUWDQW VWHS LQ OLQHDJH GLYHUVLILFDWLRQ� DV LW PD\

GHFUHDVH JHQH IORZ EHWZHHQ SRSXODWLRQV �0D\U ����� &R\QH DQG 2UU ����� )XQN HW DO�

����� &RUWpV HW DO� ������ 1RWDEO\� FOLPDWLF QLFKH GLIIHUHQWLDWLRQ KDV EHHQ DVVRFLDWHG ZLWK

WKH GLYHUVLILFDWLRQ RI PDQ\ FODGHV �.R]DN DQG :LHQV ����� 7LWOH DQG %XUQV �����

6HHKRO]HU HW DO� ����� 5HLV HW DO� ������ DQG QLFKH GLYHUVLILFDWLRQ LV RIWHQ DVVRFLDWHG ZLWK

GLYHUVLILFDWLRQ LQ SK\VLRORJLFDO DQG OLIH�KLVWRU\ WUDLWV �$FNHUO\ HW DO� ����� /DZVRQ DQG

:HLU ����� :HDYHU HW DO� ������ &DOOV WR LQFRUSRUDWH HFRORJLFDO QLFKH GDWD LQWR WKH

LGHQWLILFDWLRQ RI OLQHDJHV �5D[ZRUWK\ HW DO� ����� 5LVVOHU DQG $SRGDFD ����� KDYH OHG WR

WKH LQFUHDVHG XVH RI HFRORJLFDO QLFKH PRGHOLQJ WR LGHQWLI\ XQUHFRJQL]HG SK\ORJHQHWLF

GLYHUVLW\ ZLWKLQ VSHFLHV �=KHQJ HW DO� ����� $OYDUDGR�6L]]R HW DO� ����� :DQJ HW DO�

������ DOWKRXJK VRPH DUH KHVLWDQW WR XVH HFRORJLFDO GLIIHUHQWLDWLRQ DV VXSSRUW IRU OLQHDJH

GHOLPLWDWLRQ��H�J� 0HLN�HW�DO��������

0XG WXUWOHV �JHQXV .LQRVWHUQRQ� DUH GLVWULEXWHG DFURVV WKH $PHULFDV� IURP

VRXWKHUQ &DQDGD WR QRUWKHUQ $UJHQWLQD� 7KH 5RXJK�IRRWHG 0XG 7XUWOH� .LQRVWHUQRQ

KLUWLSHV �:DJOHU ������ LV RQH RI WKH PRVW ZLGHVSUHDG VSHFLHV LQ WKH JHQXV� UDQJLQJ IURP

3UHVLGLR &RXQW\� 7H[DV WR WKH 7UDQV�0H[LFDQ 9ROFDQLF %HOW �709%� LQ FHQWUDO�VRXWKHUQ

0H[LFR �,YHUVRQ ������ .LQRVWHUQRQ KLUWLSHV FRQWDLQV VL[ GHVFULEHG VXEVSHFLHV� WKH

QRPLQRW\SLFDO VXEVSHFLHV .� K� KLUWLSHV� UHVWULFWHG WR WKH 9DOOH GH 0p[LFR �0H[LFR &LW\

9DOOH\�� .� K� PXUUD\L �*ODVV DQG +DUWZHJ ������ UDQJLQJ IURP 3UHVLGLR &RXQW\� 7H[DV WR
��
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WKH KLJKODQGV RI FHQWUDO 0LFKRDFiQ� .� K� FKDSDODHQVH� HQGHPLF WR ODNHV &KDSDOD DQG

=DSRWOiQ LQ HDVWHUQ -DOLVFR� .� K� PDJGDOHQVH� UHVWULFWHG WR WKH 0DJGDOHQD 9DOOH\ LQ

ZHVWHUQ 0LFKRDFiQ� .� K� WDUDVFHQVH� UHVWULFWHG WR WKH 3iW]FXDUR EDVLQ LQ 0LFKRDFiQ� DQG

WKH UHFHQWO\�H[WLQFW� PLFURHQGHPLF .� K� PHJDFHSKDOXP� NQRZQ RQO\ IURP DQ LVRODWHG

FLHQHJD�LQ�9LHVFD��&RDKXLOD �6HUE�HW�DO��������5H\HV�9HODVFR HW�DO��������

7KH GHVFULSWLRQ RI WKHVH VXEVSHFLHV ZDV SULPDULO\ EDVHG RQ PRUSKRORJ\ DQG

JHRJUDSK\ �,YHUVRQ ������ DQG WKH HYROXWLRQDU\ UHODWLRQVKLSV DPRQJ WKHVH VXEVSHFLHV DUH

XQFOHDU� 3UHYLRXV VWXGLHV KDYH LQYHVWLJDWHG WKH UHODWLRQVKLSV DPRQJ NLQRVWHUQLG VSHFLHV

EDVHG RQ PROHFXODU GDWD �,YHUVRQ HW DO� ����� 6SLQNV HW DO� ������ EXW GLG QRW LQFOXGH

VDPSOHV RI PXOWLSOH .� KLUWSHV VXEVSHFLHV LQ WKHLU DQDO\VHV� OHDYLQJ WKH UHODWLRQVKLSV

DPRQJ VXEVSHFLHV RI .� KLUWLSHV XQUHVROYHG� 3K\ORJHQHWLF VWXGLHV RI RWKHU PXG DQG PXVN

WXUWOHV GHPRQVWUDWHG WKDW VRPH ZLGHVSUHDG VSHFLHV DUH FRPSRVHG RI PXOWLSOH

HYROXWLRQDULO\ GLVWLQFW OLQHDJHV RI FRQVHUYDWLRQ FRQFHUQ �6HUE HW DO� ����� 6FRWW HW DO�

����� /RF�%DUUDJiQ HW DO� ������ KLJKOLJKWLQJ D QHHG IRU JHQHWLF DQDO\VHV WR WHVW IRU

FU\SWLF�OLQHDJHV�DQG�UHVROYH�UHODWLRQVKLSV�DPRQJ .� KLUWLSHV VXEVSHFLHV�

$OWKRXJK ZLGHO\ GLVWULEXWHG� .LQRVWHUQRQ KLUWLSHV IDFHV PDQ\ FRQVHUYDWLRQ

WKUHDWV IURP VHYHUDO DQWKURSRJHQLF IDFWRUV LQFOXGLQJ KDELWDW ORVV DQG GHJUDGDWLRQ�

LQFUHDVHG KDELWDW IUDJPHQWDWLRQ� DQG UHGXFHG FRQQHFWLYLW\ DPRQJ SRSXODWLRQV

�5H\HV�9HODVFR HW DO ����� 6PLWK ����� 0DFLS�5LRV HW DO� ������ )XUWKHUPRUH� WKH

SHUVLVWHQFH RI WKLV VSHFLHV DFURVV PXFK RI LWV UDQJH LV WKUHDWHQHG E\ FOLPDWH FKDQJH� DQG LW

LV H[SHFWHG WR VXIIHU D ������ UHGXFWLRQ LQ VXLWDEOH KDELWDW E\ ���� �%XWOHU HW DO� �����

%HUULR]DEDO�,VODV HW DO� ������ SDUWLFXODUO\ LQ WKH 1RUWKHUQ SDUW RI LWV UDQJH� &OLPDWH

FKDQJH PD\ DOVR UHQGHU VRPH SRSXODWLRQV RI .� KLUWLSHV LQYLDEOH E\ VNHZLQJ SRSXODWLRQ

VH[ UDWLRV� ZKLFK DUH WKHUPDOO\ GHWHUPLQHG LQ WKLV VSHFLHV �(ZHUW HW DO� ����� $SDULFLR HW

DO� ������ $GGLWLRQDOO\� PRVW RI WKH FXUUHQWO\ UHFRJQL]HG VXEVSHFLHV DUH UHSUHVHQWHG E\ D

IHZ VPDOO SRSXODWLRQV RU DUH UHVWULFWHG WR D VLQJOH VPDOO EDVLQ �DV LV WKH FDVH ZLWK .� K�

WDUDVFHQVH DQG .� K� PDJGDOHQVH�� 2QH VXEVSHFLHV� .� K� PHJDFHSKDOXP� ZHQW H[WLQFW LQ

WKH SDVW KDOI FHQWXU\ GXH WR WKH ORVV RI KDELWDW DW LWV RQO\ NQRZQ ORFDOLWLHV �5H\HV�9HODVFR

HW DO� ������ .� K� KLUWLSHV ZDV DOVR WKRXJKW WR EH H[WLQFW GXH WR KDELWDW ORVV DQG WKH

LPSDFWV RI LQWURGXFHG VSHFLHV LQ WKH 9DOOH GH 0p[LFR� +RZHYHU� WKUHH .� K� KLUWLSHV
��
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LQGLYLGXDOV ZHUH FDSWXUHG LQ ���� �0DFLS�5tRV� SHUV� FRP��� LQGLFDWLQJ WKH SHUVLVWHQFH RI

DW OHDVW RQH SRSXODWLRQ RI WKLV VXEVSHFLHV� *LYHQ WKH RQJRLQJ DQG SURMHFWHG ORVV RI

KDELWDW� D ULJRURXV� UDQJHZLGH DVVHVVPHQW RI LQWUDVSHFLILF GLYHUVLW\ DPRQJ SRSXODWLRQV RI

.� KLUWLSHV LV WLPHO\ DQG PD\ KDYH VLJQLILFDQW LPSOLFDWLRQV ZLWK UHVSHFW WR LWV

FRQVHUYDWLRQ�VWDWXV�DQG�PDQDJHPHQW�

+HUH� ZH DVVHVV WKH VWDWXV RI .LQRVWHUQRQ KLUWLSHV VXEVSHFLHV E\ FRQGXFWLQJ D

UDQJH�ZLGH SRSXODWLRQ JHQHWLFV DQDO\VLV XVLQJ UHGXFHG UHSUHVHQWDWLRQ 5$'VHT GDWD� 7KH

JRDO RI WKLV SURMHFW ZDV WR VXPPDUL]H JHQHWLF GLYHUVLW\ DQG HFRORJLFDO GLYHUJHQFH DPRQJ

VXEVSHFLHV DQG SRSXODWLRQV DFURVV WKH UDQJH RI .� KLUWLSHV WR LQIRUP FRQVHUYDWLRQ HIIRUWV

DQG KHOS GLVFHUQ ZKHWKHU FXUUHQWO\ UHFRJQL]HG VXEVSHFLHV DUH VXSSRUWHG E\ JHQRPLF DQG

HFRORJLFDO�GDWD�

0HWKRGV

6DPSOH�&ROOHFWLRQ

:H VDPSOHG PXOWLSOH SRSXODWLRQV ��� VSHFLILF ORFDOLWLHV� LQWHQGHG WR UHSUHVHQW DOO

H[WDQW .LQRVWHUQRQ KLUWLSHV VXEVSHFLHV �.� K� FKDSDODHQVH� .� K� KLUWLSHV� .� K�

PDJGDOHQVH� .� K� PXUUD\L� DQG .� K� WDUDVFHQVH�� DV ZHOO DV IRXU RXWJURXS WD[D� .�

FKLPDOKXDFD� .� LQWHJUXP� .� RD[DFDH� .� VRQRULHQVH�� /RFDWLRQV IRU .� KLUWLSHV VDPSOHV

LQ WKH FRQWH[W RI WKH VSHFLHV¶ IXOO UDQJH DUH UHSUHVHQWHG LQ )LJ� 6���� ,GHQWLILFDWLRQ NH\V

IURP ,YHUVRQ ������ DQG *ODVV DQG +DUWZHJ ������ ZHUH XVHG WR PRUSKRORJLFDOO\ DVVLJQ

LQGLYLGXDOV WR .LQRVWHUQRQ KLUWLSHV VXEVSHFLHV� )LHOG VDPSOLQJ LQFOXGHG SRSXODWLRQV RI .�

KLUWLSHV LQ 7H[DV DQG QRUWKHUQ 0H[LFR� ZLWK D IRFXV RQ SRSXODWLRQV FRQVLGHUHG WR EH RI

FRQVHUYDWLRQ FRQFHUQ E\ WKH 7H[DV 3DUNV DQG :LOGOLIH 'HSDUWPHQW� )RUW\�RQH WLVVXH

VDPSOHV ZHUH FROOHFWHG LQ 3UHVLGLR &RXQW\� 7H[DV E\ FDWFKLQJ WXUWOHV XVLQJ GRXEOH WKURDW

ZLUH PHVK WUDSV �� P ORQJ [ �� FP GLDPHWHU� EDLWHG ZLWK VDUGLQHV LQ RLO� (DFK WXUWOH ZDV

JLYHQ D XQLTXH LGHQWLILHU E\ FUHDWLQJ D � PP GHHS WULDQJXODU QRWFK RQ WKH PDUJLQDO VFXWHV�

6FXWH VKDYLQJV ZHUH FROOHFWHG DQG SUHVHUYHG LQ ��� HWKDQRO� 7KH ULJKW ILUVW FODZ ZDV

DOVR FOLSSHG DQG SUHVHUYHG LQ HWKDQRO� $OO DQLPDOV ZHUH UHOHDVHG DW WKH SRLQW RI FDSWXUH

IROORZLQJ�WLVVXH�FROOHFWLRQ�

��



7KLUW\�ILYH VDPSOHV ZHUH FROOHFWHG IURP WKH 709% LQ ���������� (LWKHU

LQWHUGLJLWDO ZHE VNLQ ZDV FOLSSHG DQG SUHVHUYHG LQ ��� HWKDQRO RU EORRG ZDV VDPSOHG

IURP WKH GRUVDO FRFF\JHDO YHLQ LQ WKH WDLO DQG VWRUHG LQ 4XHHQ¶V O\VLV EXIIHU �6HXWLQ HW DO�

������ :H DOVR WRRN EORRG VDPSOHV IURP WKLUW\ WXUWOHV WKDW ZHUH WUDSSHG IURP D SRSXODWLRQ

LQ *DOHDQD� &KLKXDKXD XVLQJ KRRS WUDSV EDLWHG ZLWK VDUGLQHV� DQG HDFK WXUWOH ZDV JLYHQ D

VFXWH QRWFK IRU LGHQWLILFDWLRQ� 7KHVH VDPSOHV ZHUH SUHVHUYHG LQ EXIIHU ����� P 7ULV� ��

PP�('7$�������P�1D&O��DQG����6'6��DQG�IUR]HQ�XQWLO�XVH�

2XWJURXS VDPSOHV LQFOXGHG .� FKLPDOKXDFD ���� .� LQWHJUXP ���� .� RD[DFDH ����

.� VRQRULHQVH ORQJLIHPRUDOH ���� DQG .� V� VRQRULHQVH ���� 7KHVH VDPSOHV ZHUH FROOHFWHG

IRU SUHYLRXV VWXGLHV E\ WKH DXWKRUV ZLWK WKH H[FHSWLRQ RI WKH VDPSOHV RI .� VRQRULHQVH�

ZKLFK ZHUH GRQDWHG E\ 3KLO 5RVHQ DQG 3DXO 6WRQH� :H VXFFHVVIXOO\ H[WUDFWHG DQG

VHTXHQFHG '1$ IURP ��� LQGLYLGXDOV UHSUHVHQWLQJ ILYH NLQRVWHUQLG VSHFLHV� 6XEVSHFLHV

GHVLJQDWLRQ DQG EDVLQ RI FROOHFWLRQ ZHUH XVHG WR DVVLJQ SRSXODWLRQ SULRUV WR DOO VDPSOHV RI

.��KLUWLSHV WKDW�ZHUH�LQFOXGHG�LQ�SRSXODWLRQ�JHQHWLFV DQDO\VLV��7DEOH�6�����

'1$�([WUDFWLRQ�DQG�VHTXHQFLQJ

7KH 8QLYHUVLW\ RI 0LQQHVRWD *HQRPLFV &HQWHU �80*&� XVHG 4LDJHQ¶V '1HDV\

%ORRG 	 7LVVXH NLW WR H[WUDFW '1$ IURP VNLQ DQG PXVFOH WLVVXH DQG D PRGLILHG YHUVLRQ RI

WKH '1HDV\ %ORRG 	 7LVVXH NLW �VHH 6XSSOHPHQWDU\ PDWHULDOV� WR H[WUDFW '1$ IURP

����PJ RI ERQH� QDLO� FDUDSDFH� DQG FODZ VDPSOHV� '1$ H[WUDFWLRQ SURWRFROV IRU DOO

WLVVXH W\SHV FDQ EH IRXQG LQ WKH 6XSSOHPHQWDU\ 0DWHULDOV� 7KH 80*& SHUIRUPHG D

GRXEOH�GLJHVW 5HVWULFWLRQ 6LWH�$VVRFLDWHG '1$ �GG5$'� SURWRFRO� %ULHIO\� ��� QJ RI

'1$ ZHUH GLJHVWHG ZLWK �� XQLWV HDFK RI %DP+,�+) DQG 1VL,�+) �1HZ (QJODQG

%LRODEV� 1(%� UHVWULFWLRQ HQ]\PHV DQG LQFXEDWHG DW ���& IRU � KRXUV� (Q]\PHV ZHUH

KHDW LQDFWLYDWHG DW ���& IRU �� PLQXWHV� 6DPSOHV ZHUH WKHQ OLJDWHG ZLWK ��� XQLWV RI 7�

OLJDVH �1(%� DQG SKDVHG DGDSWRUV ZLWK *$7& DQG 7*&$ RYHUKDQJV DW ���& IRU � KRXU�

7KH OLJDVH ZDV WKHQ KHDW NLOOHG� DQG WKH OLJDWHG VDPSOHV ZHUH SXULILHG ZLWK 635, EHDGV

DQG WKHQ DPSOLILHG IRU �� F\FOHV ZLWK �; 1(% 7DT 0DVWHU 0L[ WR DGG EDUFRGHV� /LEUDULHV

ZHUH SXULILHG� TXDQWLILHG� SRROHG� DQG VL]H VHOHFWHG IRU WKH ������� ES OLEUDU\ UHJLRQ� DQG

GLOXWHG WR � Q0 IRU VHTXHQFLQJ RQ WKH ,OOXPLQD 1H[W6HT ��� XVLQJ VLQJOH�HQG �;���
��
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UHDGV LQ WKUHH VHSDUDWH EDWFKHV� $OO UDZ UHDGV FDQ EH IRXQG RQ 1&%,¶V 6HTXHQFH 5HDG

$UFKLYHV�XQGHU�WKH 65$�%LR3URMHFW�,'�35-1$�������

9DULDQW�&DOOV

6LQJOH�UHDG 5$'VHT GDWD ZHUH FROOHFWHG IRU D WRWDO RI ��� LQGLYLGXDOV� 5HDGV

ZHUH FOHDQHG ZLWK 7ULPPRPDWLF ���� �%ROJHU HW DO� ����� DQG SURFHVVHG ZLWK 6WDFNV Y�

��� �&DWFKHQ HW DO� ����� 5RFKHWWH HW DO� ������ ,Q 86WDFNV� HDFK KDSORW\SH KDG WR EH

FRYHUHG E\ DW OHDVW WKUHH UHDGV� DQG XS WR WKUHH PLVPDWFKHV EHWZHHQ UHDGV ZHUH DOORZHG

WR EH LQ WKH VDPH KDSORW\SH� )RU &6WDFNV� ZH DOORZHG WKUHH PLVPDWFKHV EHWZHHQ

KDSORW\SHV IURP WKH VDPH VDPSOH IRU EXLOGLQJ WKH FRQVHQVXV VHTXHQFH LQ WKH FDWDORJ ILOH�

,Q WKH SRSXODWLRQV SURJUDP� ZH UHTXLUHG WKDW HDFK ORFXV EH SUHVHQW LQ DW OHDVW RQH VDPSOH

SHU SRSXODWLRQ DQG WKDW WKH ORFXV EH SUHVHQW LQ DW OHDVW ��� RI DOO VDPSOHV� 7KH

SDUDPHWHUV IRU WKH VWDFNV SLSHOLQH ZHUH VHW WR EH SDUWLFXODUO\ OHQLHQW WR HQFRXUDJH WKH

UHWHQWLRQ RI PRUH ORFL IRU GRZQVWUHDP ILOWHULQJ� 8QGHU WKHVH VHWWLQJV� ZH SURGXFHG D 9&)

�YDULDQW FDOO ILOH� WKDW FRQWDLQHG ������� VLQJOH�QXFOHRWLGH SRO\PRUSKLVPV �613V� DFURVV

������ ORFL� :H DOVR H[SRUWHG WKH LQYDULDQW VLWHV IRU DOO VDPSOHV DW DOO ORFL� DOORZLQJ XV WR

FDOFXODWH DEVROXWH DYHUDJH SDLUZLVH GLIIHUHQFHV ZLWKLQ DQG EHWZHHQ SRSXODWLRQV �L�H� ᶢ
DQG ';<�� &DOFXODWLRQV RI SDLUZLVH QXFOHRWLGH GLIIHUHQFHV LQFOXGLQJ YDULDQW DQG LQYDULDQW

VLWHV ZHUH EDVHG RQ WKLV GDWDVHW� DQG WKH QXPEHU RI EDVH SDLUV FRPSDUHG EHWZHHQ

LQGLYLGXDOV�UDQJHG�EHWZHHQ���������ES�DQG�����������ES�

)URP WKH 9&) JHQHUDWHG E\ 6WDFNV� ZH FDOFXODWHG SHU�LQGLYLGXDO PLVVLQJ FDOO UDWH�

SHU�613 PLVVLQJ FDOO UDWH� SHU�VLWH KHWHUR]\JRVLW\� DQG SHU�613 PLQRU DOOHOH IUHTXHQF\�

:H JHQHUDWHG WZR JHQHWLF GDWDVHWV IRU DQDO\VHV� �� D SK\ORJHQHWLF GDWDVHW WKDW SULRULWL]HG

WKH LQFOXVLRQ RI RXWJURXS VDPSOHV IURP RWKHU .LQRVWHUQLG VSHFLHV DQG �� D SRSXODWLRQ

JHQHWLFV GDWDVHW WKDW SULRULWL]HG NHHSLQJ RQO\ LQGLYLGXDOV DQG VLWHV ZLWK ORZ PLVVLQJQHVV

IRU SRSXODWLRQ JHQHWLFV DQDO\VHV� )RU WKH SK\ORJHQHWLF GDWDVHW� ZH ILOWHUHG WKH 9&)

JHQHUDWHG E\ 6WDFNV WR H[FOXGH DOO VDPSOHV WKDW KDG PLVVLQJ JHQRW\SHV DW !��� RI ORFL�

7KHQ� ZH ILOWHUHG RXW VLQJOHWRQV �DOOHOHV RQO\ SUHVHQW LQ RQH LQGLYLGXDO�� JHQRW\SHV

VXSSRUWHG E\ IHZHU WKDQ �� UHDGV� DQG VLWHV SUHVHQW LQ IHZHU WKDQ ��� RI WKH UHPDLQLQJ

LQGLYLGXDOV� ,Q WRWDO� WKLV GDWD VHW FRQWDLQHG ������ ELDOOHOLF 613V DQG ��� LQGLYLGXDOV�
��
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$IWHU ILOWHULQJ WKLV GDWDVHW WR UHWDLQ RQH PDUNHU SHU ORFXV� ZH UHWDLQHG ����� ELDOOHOLF

613V�DFURVV�����LQGLYLGXDOV�

)RU WKH SRSXODWLRQ JHQHWLFV GDWDVHW� ZH ILOWHUHG WKH 9&) JHQHUDWHG E\ 6WDFNV WR

SURGXFH D KLJK�TXDOLW\� KLJK�GHQVLW\ PDUNHU GDWDVHW� :H H[FOXGHG VLQJOHWRQV� JHQRW\SHV

VXSSRUWHG E\ IHZHU WKDQ �� UHDGV� 613V PLVVLQJ LQ PRUH WKDQ ��� RI LQGLYLGXDOV� DQG

LQGLYLGXDOV ZLWK PRUH WKDQ ��� PLVVLQJ GDWD� ,Q WRWDO� WKLV GDWD VHW FRQWDLQHG ������

ELDOOHOLF 613V DQG �� LQGLYLGXDOV� $OOHOHV LQ OLQNDJH GLVHTXLOLEULXP �/'� ZLWK RQH

DQRWKHU FDQ YLRODWH WKH DVVXPSWLRQV RI VRPH DQDO\VHV� SDUWLFXODUO\ WKRVH RI SRSXODWLRQ

VWUXFWXUH� )RU WKLV UHDVRQ� ZH ILOWHUHG WKH SRSXODWLRQ JHQHWLFV GDWDVHW WR UDQGRPO\ NHHS

RQH VLWH SHU 5$' ORFXV �D JHQRPLF ORFDWLRQ IURP ZKLFK 5$' WDJV DUH GHULYHG�� 7KLV

UHVXOWHG LQ D VHW RI ������ 613V IURP �� LQGLYLGXDOV WKDW ZDV XVHG WR H[SORUH SDWWHUQV RI

LVRODWLRQ�E\�GLVWDQFH�DQG�SRSXODWLRQ�VWUXFWXUH��VHH�EHORZ��

3K\ORJHQ\�&RQVWUXFWLRQ

:H XVHG WKH PD[LPXP�OLNHOLKRRG DSSURDFK IRU WRSRORJ\ UHFRQVWUXFWLRQ

LPSOHPHQWHG LQ 5$[0/�1* Y����� �.R]ORY HW DO� ����� WR H[SORUH WKH HYROXWLRQDU\

UHODWLRQVKLSV DPRQJ WKH VDPSOHV LQ RXU VWXG\� )LUVW� ZH JHQHUDWHG D FRQFDWHQDWHG

PXOWL�VHTXHQFH DOLJQPHQW RI DOO WKH SRO\PRUSKLF VLWHV IURP WKH ILOWHUHG 9&) FRQWDLQLQJ

WKH IRXU RXWJURXS VSHFLHV �.� FKLPDOKXDFD� .� LQWHJUXP� .� RD[DFD� .� VRQRULHQVH� DQG

.� KLUWLSHV VDPSOHV XVLQJ D FXVWRP 3\WKRQ VFULSW� 7UHH WRSRORJLHV HVWLPDWHG XVLQJ RQO\

613V DUH PRVW VLPLODU WR IXOO�VHTXHQFH WUHHV ZKHQ QR DVFHUWDLQPHQW ELDV FRUUHFWLRQ LV

XVHG� DOWKRXJK QRW FRUUHFWLQJ IRU DVFHUWDLQPHQW ELDVHV FDQ VHYHUHO\ LPSDFW HVWLPDWLRQV RI

EUDQFK OHQJWKV �/HDFKp HW DO� ������ 6LQFH ZH ZHUH SULPDULO\ LQWHUHVWHG LQ WKH WRSRORJ\ RI

WKH VDPSOHG WD[D� ZH XVHG QR DVFHUWDLQPHQW ELDV FRUUHFWLRQ DQG LPSOHPHQWHG D *75 � *

PRGHO RI QXFOHRWLGH VXEVWLWXWLRQ WR SHUIRUP ��� ERRWVWUDS UHSOLFDWHV DQG FRQGXFW DQ 0/

VHDUFK IURP ��� SDUVLPRQLRXV WUHHV DQG ��� UDQGRP WUHHV� 6DPSOHV IURP .�

FKLPDOKXDFD� .� LQWHJUXP� .� RD[DFD� DQG .� VRQRULHQVH ZHUH XVHG DV DQ RXWJURXS WR URRW

WKH SK\ORJHQ\� 7KH PRVW OLNHO\ WRSRORJ\ ZLWK ERRWVWUDS VXSSRUW YDOXHV ZDV GUDZQ XVLQJ

WKH�SK\WRROV �5HYHOO������ SDFNDJH�LQ�5�Y�������5 &RUH�7HDP�������

��
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:H DOVR XWLOL]HG WKH TXDUWHW LQIHUHQFH DOJRULWKP RI 69'TXDUWHWV LPSOHPHQWHG LQ

3$83
 �6ZRIIRUG ����� &KLIPDQ DQG .XEDWNR ����� WR DVVHVV WKH WRSRORJ\ RI WKH

SK\ORJHQ\� 69'TXDUWHWV LQIHUV WUHH WRSRORJ\ E\ VXEVHWWLQJ GDWD LQWR TXDUWHWV� DVVHVVLQJ

WKH OLNHOLKRRG RI HDFK TXDUWHW XQGHU D FRDOHVFHQW PRGHO� DQG WKHQ FRPELQLQJ TXDUWHWV LQWR

D IXOO WUHH �&KLIPDQ 	 .XEDWNR� ������ 8VLQJ WKH VDPH 613 GDWDVHW DV WKH 0D[LPXP

/LNHOLKRRG DQDO\VLV� ZH HVWLPDWHG WKH WRSRORJ\ RI WKH PRVW OLNHO\ WUHH DQG JHQHUDWHG

������ ERRWVWUDS UHSOLFDWHV� %LSDUWLWLRQV REVHUYHG LQ RYHU ��� RI UHSOLFDWH WUHHV ZHUH

FRQVLGHUHG�WR�KDYH�VWURQJ�VXSSRUW�

3RSXODWLRQ�*HQHWLF�$QDO\VHV

7KH SRSXODWLRQ JHQHWLF DQDO\VHV VXPPDUL]HG SDLUZLVH GLYHUVLW\ DPRQJ DOO

VDPSOHV DQG DVVHVVHG WKH GHJUHH RI SRSXODWLRQ VWUDWLILFDWLRQ LQ WKH VDPSOHV� :H FDOFXODWHG

WKH QXPEHU RI GLIIHUHQFHV SHU EDVH SDLU IRU DOO SDLUZLVH FRPSDULVRQV ERWK ZLWKLQ WD[D �ᶢ�
DQG EHWZHHQ WD[D �';<�� $YHUDJH SDLUZLVH GLYHUVLW\ IRU DOO LQYDULDQW DQG YDULDQW VLWHV ZDV

FDOFXODWHG ZLWK D FXVWRP 3\WKRQ VFULSW� DQG PLVVLQJ FDOOV ZHUH KDQGOHG RQ D SDLU�E\�SDLU

EDVLV� :H DOVR FDOFXODWHG WKUHH UHODWLYH PHDVXUHV RI GLIIHUHQWLDWLRQ DPRQJ DOO .LQRVWHUQRQ

VSHFLHV DQG OLQHDJHV LQ RXU GDWDVHW WR H[SORUH KRZ OHYHOV RI GLIIHUHQWLDWLRQ DPRQJ .�

KLUWLSHV OLQHDJHV FRPSDUHG WR OHYHOV RI GLIIHUHQWLDWLRQ DPRQJ VSHFLHV� 7KHVH PHWULFV ZHUH

:HLU 	 &RFNHUKDP¶V )67 �:HLU DQG &RFNHUKDP ������ 1HL¶V )67 �1HL ������ DQG

&DYDOOL�6IRU]D�DQG�(GZDUGV�FKRUG�GLVWDQFH �&DYDOOL�6IRU]D DQG�(GZDUGV�������

7KH SRSXODWLRQ VWUDWLILFDWLRQ DQDO\VHV XVHG ERWK SULQFLSDO FRPSRQHQWV DQDO\VLV RI

WKH SRO\PRUSKLF VLWHV DQG PRGHO�EDVHG JHQHWLF DVVLJQPHQW ZLWK $'0,;785( Y���

�$OH[DQGHU HW DO� ������ 3ULQFLSDO FRPSRQHQWV DQDO\VLV ZDV SHUIRUPHG ZLWK WKH

6135HODWH Y������ SDFNDJH �=KHQJ HW DO� ����� LQ 5� $'0,;785( ZDV UXQ RQ WKH

/'�WKLQQHG GDWDVHW ������� 613V� ZLWK . YDOXHV �QXPEHU RI JHQHWLF FOXVWHUV� UDQJLQJ

IURP � WR ��� (DFK $'0,;785( UXQ ZDV SHUIRUPHG ZLWK WKH EORFN RSWLPL]DWLRQ

PHWKRG��D�FRQYHUJHQFH�FULWHULRQ�RI�ᶭ� ���í���DQG���IROG�FURVV�YDOLGDWLRQ�
7R DVVHVV SDWWHUQV RI LQEUHHGLQJ ZLWKLQ .� KLUWLSHV� ZH DVVLJQHG LQGLYLGXDOV WR

JHQHWLF SRSXODWLRQV EDVHG RQ WKH UHVXOWV RI WKH SK\ORJHQHWLF DQG $'0,;785( DQDO\VHV�

:H HVWLPDWHG OHYHOV RI LQEUHHGLQJ DW WZR VFDOHV� )LUVW� ZH FDOFXODWHG LQEUHHGLQJ
��
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FRHIILFLHQWV �)� IRU HDFK LQGLYLGXDO ZKHQ DOO VDPSOHV RI .� KLUWLSHV ZHUH FRQVLGHUHG DV

RQH SDQPLFWLF SRSXODWLRQ� 6HFRQG� ZH JHQHUDWHG LQEUHHGLQJ FRHIILFLHQWV IRU HDFK

LQGLYLGXDO ZLWKLQ WKHLU JHQHWLF VXESRSXODWLRQ �),6�� $OO LQEUHHGLQJ FRHIILFLHQWV ZHUH

FDOFXODWHG�XVLQJ�YFIWRROV�Y������ �'DQHFHN�HW�DO� ������

7R H[SORUH WKH H[WHQW RI KLVWRULF JHQH IORZ EHWZHHQ WD[D� ZH XVHG 7UHHPL[ Y����

�3LFNUHOO DQG 3ULWFKDUG ����� WR PRGHO WKH QXPEHU RI PLJUDWLRQ HYHQWV EHWZHHQ WD[D�

8VLQJ WKH /'�WKLQQHG GDWDVHW� ZH UDQ 7UHHPL[ DOORZLQJ IRU ���� PLJUDWLRQ HYHQWV �0�

EHWZHHQ WD[D� )RU HDFK YDOXH RI 0� ZH UDQ � VHSDUDWH LWHUDWLRQV RI WKH PRGHO� 7R DVVHVV

ZKLFK QXPEHU RI PLJUDWLRQ HYHQWV EHVW H[SODLQHG WKH HYROXWLRQDU\ KLVWRU\ RI WKHVH WD[D�

ZH JHQHUDWHG WKH PD[LPXP�OLNHOLKRRG WUHH �0 �� DQG DGGHG PLJUDWLRQ HYHQWV XQWLO WKH

SURSRUWLRQ�RI�YDULDQFH�H[SODLQHG�E\�WKH�PRGHOV�SODWHDXHG �3LFNUHOO�DQG�3ULWFKDUG�������

,VRODWLRQ�E\�'LVWDQFH

7R XQGHUVWDQG KRZ JHQHWLF GLYHUVLW\ LV VWUXFWXUHG DFURVV VDPSOLQJ ORFDWLRQV� ZH

WHVWHG IRU LVRODWLRQ�E\�GLVWDQFH DPRQJ SRSXODWLRQV RI .LQRVWHUQRQ KLUWLSHV� 8QGHU D

VFHQDULR RI OLPLWHG GLVSHUVDO GULYLQJ JHQHWLF VWUXFWXUH� ZH ZRXOG H[SHFW WR VHH D VWURQJ

OLQHDU UHODWLRQVKLS EHWZHHQ SDLUZLVH JHQHWLF DQG JHRJUDSKLF GLVWDQFH DFURVV DOO VDPSOHV�

)RU WKH /'�WKLQQHG 9&)� ��� VDPSOHV RI .� KLUWLSHV KDG JHRJUDSKLF GDWD� DQG WKHUH ZHUH

�� XQLTXH JHRJUDSKLF SRSXODWLRQV VDPSOHG� :H FRQVWUXFWHG D PDWUL[ RI DOOHOH FRXQWV IRU

WKH PLQRU DOOHOH IRU DOO LQGLYLGXDOV LQ HDFK SRSXODWLRQ� DQG DQRWKHU PDWUL[ ZLWK WKH VDPH

GLPHQVLRQV WKDW LQFOXGHG WKH FRXQWV RI HDFK DOOHOH DW HDFK ORFXV LQ DOO SRSXODWLRQV� 7R

FRQVWUXFW WKH JHRJUDSKLF GLVWDQFH PDWUL[� ZH WRRN WKH JHRJUDSKLF FRRUGLQDWHV IRU HDFK

SRSXODWLRQ DQG FDOFXODWHG (XFOLGHDQ GLVWDQFH EHWZHHQ DOO SDLUZLVH SRLQWV� :H WKHQ

LPSOHPHQWHG D 0DQWHO WHVW LQ WKH 5 SDFNDJH DGHJHQHW Y����� �-RPEDUW ����� -RPEDUW DQG

$KPHG ����� WR WHVW ZKHWKHU WKH REVHUYHG SDWWHUQV RI JHQHWLF GLIIHUHQWLDWLRQ DPRQJ

SRSXODWLRQV�RI .��KLUWLSHV FRXOG�EH�H[SODLQHG�PDLQO\ E\�LVRODWLRQ�E\�GLVWDQFH�

&OLPDWLF�1LFKH�&RQVWUXFWLRQ�DQG�$QDO\VLV

:H XVHG WKH SDFNDJH (10HYDO �0XVFDUHOOD HW DO� ����� LQ 5 �5 &RUH 7HDP �����

LQ FRQMXQFWLRQ ZLWK 0D[HQW �3KLOOLSV HW DO� ����� WR PRGHO WKH GLVWULEXWLRQ RI WKH FODGHV RI
��
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.LQRVWHUQRQ KLUWLSHV LGHQWLILHG LQ RXU SK\ORJHQ\� )RU WKH QLFKH FRQVWUXFWLRQ� ZH WUHDWHG

.� K� WDUDVFHQVH DV D SDUW RI 709% .� K� PXUUD\L GXH WR ODFN RI JHQHWLF GLIIHUHQWLDWLRQ�

2FFXUUHQFH UHFRUGV IRU HDFK VXEVSHFLHV LQFOXGHG VDPSOHV IURP WKLV VWXG\� DV ZHOO DV

RFFXUUHQFHV REWDLQHG IURP WKH 1DWLRQDO ,QIRUPDWLRQ 6\VWHP RI %LRGLYHUVLW\ GDWDEDVH

�&21$%,2� ������ 9HUWQHW �KWWS���YHUWQHW�RUJ�� L1DWXUDOLVW

�KWWSV���ZZZ�LQDWXUDOLVW�RUJ�KRPH�� -HQQLIHU 6PLWK� DQG -RKQ ,YHUVRQ¶V SHUVRQDO

FROOHFWLRQV� )RU WKLV DQDO\VLV� ZH GHVLJQDWHG DOO LQGLYLGXDOV QRUWK RI WKH 709% DV

.LQRVWHUQRQ KLUWLSHV PXUUD\L� DQG GHVLJQDWHG DOO RWKHU SRSXODWLRQV ZLWKLQ WKH 709% QRW

DVVLJQHG WR .� K� FKDSDODHQVH RU .� K� PDJGDOHQVH DV 709% .� K� PXUUD\L� $OO

RFFXUUHQFH UHFRUGV ZHUH ILOWHUHG WR H[FOXGH GXSOLFDWH ORFDOLWLHV ZLWKLQ HDFK FODGH� :H

RQO\ LGHQWLILHG WZR XQLTXH .� K� PDJGDOHQVH RFFXUUHQFHV� DQG FRQVWUXFWLQJ GLVWULEXWLRQ

PRGHOV ZLWK VR IHZ RFFXUUHQFHV LV LPSRVVLEOH� VR WKDW WD[RQ ZDV H[FOXGHG IURP

GLVWULEXWLRQ�PRGHOLQJ�

7R DVVHVV WKH GLVWULEXWLRQV DQG KDELWDW VXLWDELOLW\ RI HDFK .� KLUWLSHV FODGH� ZH

H[WUDFWHG YDOXHV IRU HOHYDWLRQ DQG �� ELRFOLPDWLF �%,2&/,0� YDULDEOHV IURP :RUOGFOLP

�)LFN DQG +LMPDQV ������ )RU HDFK FODGH� ZH JHQHUDWHG PRGHOV ZLWK VL[ 5HJXODUL]DWLRQ

0XOWLSOLHUV �50� UDQJLQJ IURP ��� WR �� +LJKHU 50V SHQDOL]H PRGHO FRPSOH[LW\� VXFK

WKDW KLJKHU YDOXHV GLVFRXUDJH WKH LQFOXVLRQ RI DGGLWLRQDO SDUDPHWHUV� PDNLQJ WKHP PRUH

JHQHUDOL]HG� :H H[SORUHG D ZLGH UDQJH RI IHDWXUH FODVVHV WR DOORZ IRU LQWHUDFWLRQV

EHWZHHQ HQYLURQPHQWDO YDULDEOHV� DV ZHOO DV VLPSOH OLQHDU DQG TXDGUDWLF UHVSRQVH FXUYHV�

7R VDPSOH EDFNJURXQG SRLQWV IRU HDFK FODGH� ZH GUHZ D ���NP EXIIHU DURXQG HDFK NQRZQ

RFFXUUHQFH� DQG WULPPHG WKH HQYLURQPHQWDO YDULDEOHV WR PDWFK WKH EXIIHU¶V H[WHQW� 7KH

���NP GLVWDQFH ZDV VHOHFWHG WR UHIOHFW REVHUYHG �DOEHLW UDUH� GLVSHUVDO RI .LQRVWHUQRQ

VRQRULHQVH LQGLYLGXDOV RI RYHU � NP �+DOO DQG 6WHLGO ������ :H WKHQ GUHZ ������ UDQGRP

SRLQWV IURP ZLWKLQ WKH EXIIHU WR VHUYH DV EDFNJURXQG SRLQWV� :H JHQHUDWHG DQ LQLWLDO VHW RI

6SHFLHV 'LVWULEXWLRQ 0RGHOV �6'0V� XVLQJ 0D[HQW DQG WKH VHW RI �� %,2&/,0 YDULDEOHV

� HOHYDWLRQ DV SUHGLFWRUV� $IWHU WKLV LQLWLDO URXQG RI PRGHOLQJ� ZH VHOHFWHG D UHGXFHG VHW

RI %,2&/,0 YDULDEOHV �7DEOH 6���� E\ UHPRYLQJ YDULDEOHV WKDW KDG OLWWOH WR QR LQIOXHQFH

RQ GHWHUPLQLQJ WKH GLVWULEXWLRQ RI WKH RFFXUUHQFHV DFURVV DOO WKUHH FODGHV EDVHG RQ WKH

YDULDEOH¶V SHUPXWDWLRQ LPSRUWDQFH� :H DOVR H[FOXGHG YDULDEOHV WKDW H[KLELWHG KLJK OHYHOV
��
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RI PXOWLFROOLQHDULW\ �U ! ���� �-RQHV HW DO� ������� :KHQ GHFLGLQJ EHWZHHQ WZR

DXWRFRUUHODWHG YDULDEOHV� ZH NHSW WKH YDULDEOH WKDW KDG D KLJKHU SHUPXWDWLRQ LPSRUWDQFH

DFURVV�DOO�WKUHH�OLQHDJHV�

$IWHU VHOHFWLQJ RXU VHW RI HQYLURQPHQWDO SUHGLFWRUV� ZH JHQHUDWHG D VHFRQG VHULHV

RI 6'0V IRU HDFK FODGH XVLQJ WKH UHGXFHG YDULDEOHV� )RU HDFK VSHFLHV� ZH FRQVWUXFWHG D

VHW RI �� PRGHOV WKDW LQFOXGHG GLIIHUHQW UHJXODUL]DWLRQ PXOWLSOLHUV DQG DOORZHG IRU

GLIIHUHQW LQWHUDFWLRQV DPRQJ YDULDEOHV� )RU 1RUWKHUQ .� K� PXUUD\L DQG 709% .� K�

PXUUD\L� ZH XVHG D EORFN SDUWLWLRQLQJ PHWKRG WR WUDLQ DQG WHVW PRGHOV� ZKHUH RFFXUUHQFHV

ZHUH GLYLGHG LQWR � VSDWLDO EORFNV ZLWK HTXDO QXPEHUV RI RFFXUUHQFHV� ,Q OLQH ZLWK

UHFRPPHQGDWLRQV IRU VSHFLHV WKDW KDYH IHZHU WKDQ WKLUW\ RFFXUUHQFHV �6KFKHJORYLWRYD DQG

$QGHUVRQ ������ ZH XVHG D N�� MDFNNQLIH PHWKRG WR WUDLQ DQG WHVW WKH QLFKH PRGHOV IRU .�

K� FKDSDODHQVH� 7R FKRRVH WKH PRGHO WKDW EHVW GHVFULEHG WKH SUHVHQW GLVWULEXWLRQ RI HDFK

FODGH� ZH VHOHFWHG RQH RI WKH WKUHH PRGHOV ZLWK WKH ORZHVW $,&F �$NDLNH
V ,QIRUPDWLRQ

&ULWHULRQ� WKDW KDG WKH KLJKHVW WHVW $8& �DUHD XQGHU WKH FXUYH� IRU HDFK VSHFLHV� 7KLV

PRGHO ZDV XVHG IRU GRZQVWUHDP DQDO\VHV RI QLFKH RYHUODS DQG SURMHFWLRQ RQWR IXWXUH

FOLPDWHV�

7R GHWHUPLQH ZKHWKHU WKHUH ZDV VLJQLILFDQW RYHUODS LQ WKH QLFKHV RI WKH WKUHH WD[D

PRGHOHG� ZH LPSOHPHQWHG D V\PPHWULF EDFNJURXQG WHVW DV GHILQHG E\ :DUUHQ HW DO� ����

LQ (107RROV �:DUUHQ HW DO� ������ %DFNJURXQG SRLQWV ZHUH VDPSOHG LQ ���NP EXIIHUV

DURXQG RFFXUUHQFHV IRU HDFK FODGH� )LUVW� ZH WRRN WKH QLFKH PRGHOV FRQVWUXFWHG IURP WKH

NQRZQ RFFXUUHQFH UHFRUGV IRU HDFK FODGH DQG FDOFXODWHG WKH SDLUZLVH RYHUODS EHWZHHQ

HDFK PRGHO WR REWDLQ HPSLULFDO HVWLPDWHV RI 6FKRHQHU¶V ' �6FKRHQHU DQG *RUPDQ �����

DQG WKH , VWDWLVWLF GHVFULEHG LQ :DUUHQ HW DO� ������� (DFK RYHUODS PHWULF UDQJHV EHWZHHQ �

WR � ZKHUH � LQGLFDWHV QR RYHUODS LQ QLFKH VSDFH DQG � PHDQV WKH PRGHOV DUH LGHQWLFDO�

6HFRQG� ZH FDOFXODWHG RYHUODS EHWZHHQ WKH EHVW�VXSSRUWHG QLFKH PRGHO RI RQH VSHFLHV

DQG D VHW RI ��� QLFKH PRGHOV FRQVWUXFWHG IURP VXEVHWV RI WKH EDFNJURXQG SRLQWV RI WKH

RWKHU VSHFLHV� 7KLV UHVXOWV LQ D GLVWULEXWLRQ RI RYHUODS YDOXHV IRU FRPSDULVRQV EHWZHHQ WKH

QLFKH PRGHO RI FODGH $ DQG WKH EDFNJURXQG RI FODGH % �EDFNJURXQG FRPSDULVRQ YDOXHV��

,I WKH REVHUYHG RYHUODS EHWZHHQ FODGH $ DQG FODGH % LV ORZHU WKDQ ��� RI WKH

EDFNJURXQG FRPSDULVRQ YDOXHV� ZH FDQ FRQFOXGH WKDW WKH FOLPDWLF QLFKHV RI WKH WZR
��
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FODGHV DUH PRUH GLYHUJHQW WKDQ H[SHFWHG JLYHQ WKH KDELWDW DYDLODEOH WR FODGH %� ,I WKH

YDOXH LV VLJQLILFDQWO\ KLJKHU WKDQ WKH EDFNJURXQG FRPSDULVRQ YDOXHV� WKHQ WKH\ DUH PRUH

VLPLODU�WKDQ�H[SHFWHG�JLYHQ�WKH�KDELWDW�DYDLODEOH�WR�WKHP�

7R DVVHVV WKH IXWXUH KDELWDW VXLWDELOLW\ IRU HDFK OLQHDJH� ZH REWDLQHG IXWXUH FOLPDWH

GDWD IRU ���� DQG ���� XVLQJ WKH &150�&0� FOLPDWH SURMHFWLRQV �9ROGRLUH HW DO� �����

IURP :RUOGFOLP� :H SURMHFWHG WKH EHVW�ILWWLQJ PRGHO IRU HDFK FODGH RQWR WKH IXWXUH

FOLPDWLF GDWD DW D UHVROXWLRQ RI �� NP�� :H LQYHVWLJDWHG WZR FOLPDWH FKDQJH VFHQDULRV�

663����� �UHSUHVHQWV WKH XSSHU HQG RI SURMHFWHG &2� HPLVVLRQV DQG ZDUPLQJ� DQG

663����� �UHSUHVHQWV WKH ORZHVW HPLVVLRQV DQG LV WKH EHVW�FDVH VFHQDULR IRU UHGXFHG IXWXUH

HPLVVLRQV �*LGGHQ HW DO� ������ )RU ERWK FOLPDWH FKDQJH VFHQDULRV� ZH DOVR H[SORUHG WKUHH

GLIIHUHQW *&0V �JHQHUDO FLUFXODWLRQ PRGHOV� DQG SURMHFWHG KDELWDW VXLWDELOLW\ DFURVV HDFK

*&0�

:H DVVHVVHG WKH DPRXQW RI VXLWDEOH KDELWDW IRU HDFK FODGH XQGHU WKH GHVFULEHG

FOLPDWH VFHQDULRV� ,Q RUGHU WR GHWHUPLQH D WKUHVKROG RI ZKDW VXLWDELOLW\ VFRUH VKRXOG

TXDOLI\ DQ DUHD DV ³VXLWDEOH´ IRU HDFK FODGH� ZH WRRN WKH PHDQ VXLWDELOLW\ VFRUH IRU HDFK

RFFXUUHQFH UHFRUG� DV UHFRPPHQGHG E\ /LX HW DO� ������� ,Q HDFK IXWXUH FOLPDWH VFHQDULR�

ZH IRFXVHG RQ VXLWDEOH KDELWDW QHDU WKH FXUUHQW GLVWULEXWLRQ RI HDFK FODGH ZKHUH RWKHU

SRSXODWLRQV FRXOG FRQFHLYDEO\ EH IRXQG� RU ZKHUH WXUWOHV IURP H[LVWLQJ SRSXODWLRQV FRXOG

PLJUDWH� )RU WKLV UHDVRQ� ZH FDOFXODWHG WKH DUHD RI VXLWDEOH KDELWDW DFURVV WKHLU SUHVHQW

UDQJH� ZKLFK ZDV GHILQHG E\ JHQHUDWLQJ D FRQYH[ KXOO ZLWK D ���NP EXIIHU DURXQG DOO

NQRZQ RFFXUUHQFH UHFRUGV� :H GHVLJQDWHG FHOOV ZLWKLQ WKH SUHVHQW UDQJH DV VXLWDEOH

KDELWDW LI WKH VXLWDELOLW\ VFRUH ZDV HTXDO WR RU JUHDWHU WKDQ WKH DYHUDJH VXLWDELOLW\ VFRUH IRU

DOO RFFXUUHQFH UHFRUGV DFURVV WKH SUHVHQW UDQJH� 7KH FRQVHUYDWLRQ VWDWXV RI .� KLUWLSHV

WD[D ZDV DVVHVVHG XVLQJ WKH 1DWXUH6HUYH &RQVHUYDWLRQ 5DQN &DOFXODWRU �9����

�1DWXUH6HUYH�������

5HVXOWV

9DULDQW�&DOOLQJ�DQG�)LOWHULQJ

7KH 6WDFNV ZRUNIORZ UHVXOWHG LQ D WRWDO RI ������� YDULDQWV DFURVV ������ ORFL�

$IWHU DSSO\LQJ WKH ILOWHULQJ SDUDPHWHUV IRU WKH SK\ORJHQHWLF GDWDVHW �VHH 0HWKRGV� DERYH��
��
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ZH UHWDLQHG ��� RI WKH ��� RULJLQDOO\ VDPSOHG LQGLYLGXDOV DQG ������ ELDOOHOLF 613V�

)ROORZLQJ WKH UHPRYDO RI DOOHOHV WKDW ZHUH RQ WKH VDPH ORFXV RU LQ KLJK OLQNDJH

GLVHTXLOLEULXP �/'� ZLWK RQH DQRWKHU� ZH UHWDLQHG ����� 613V LQ WKH SK\ORJHQHWLF

GDWDVHW� 7KH ILOWHULQJ SDUDPHWHUV IRU WKH SRSXODWLRQ JHQHWLFV GDWDVHW UHVXOWHG LQ WKH

UHWHQWLRQ RI �� LQGLYLGXDOV DQG ������ ELDOOHOLF 613V� $IWHU IXUWKHU ILOWHULQJ WKLV GDWDVHW

WR UHPRYH DOOHOHV LQ /' ZLWK RQH DQRWKHU� ZH REWDLQHG D GDWDVHW RI ������ ELDOOHOLF 613V�

6DPSOH VL]HV IRU HDFK VSHFLHV RU OLQHDJH� DV ZHOO DV WKH FRYHUDJH IRU HDFK� DUH SUHVHQWHG

LQ 7DEOH 6����

3K\ORJHQHWLFV

8VLQJ PD[LPXP�OLNHOLKRRG DQG FRDOHVFHQW PHWKRGV� ZH UHFRQVWUXFWHG D

SK\ORJHQ\ WKDW VXSSRUWV VHYHUDO ZHOO�UHVROYHG FODGHV ZLWKLQ .LQRVWHUQRQ KLUWLSHV �)LJ�

����� :H LQIHUUHG WZR PDLQ FODGHV WKDW DUH GHHSO\ GLYHUJHG DQG ZHOO�VXSSRUWHG XVLQJ ERWK

PHWKRGRORJLHV� 6DPSOHV IURP SRSXODWLRQV QRUWK RI WKH 709%� ZKLFK DOO UHSUHVHQW .� K�

PXUUD\L� IRUP WKH ILUVW RI WKHVH WZR FODGHV ZKLFK UDQJHV IURP 'XUDQJR �0;� WR WKH

7UDQV�3HFRV UHJLRQ RI 7H[DV �86$�� :LWKLQ WKLV FODGH� WKHUH LV D VWURQJO\ VXSSRUWHG

GLYLGH EHWZHHQ VDPSOHV IURP QRUWK DQG VRXWK RI WKH 5LR *UDQGH� 7KH VHFRQG PDMRU FODGH

LV FRPSRVHG RI SRSXODWLRQV ZLWKLQ WKH 709%� :LWKLQ WKH 709% FODGH� WKHUH DUH WKUHH

ZHOO�VXSSRUWHG VXEFODGHV ZKLFK DUH FRQVLVWHQW LQ WKHLU WRSRORJ\ DFURVV ERWK SK\ORJHQHWLF

DSSURDFKHV� 7ZR VXEFODGHV UHSUHVHQW GHVFULEHG VXEVSHFLHV� .� K� PDJGDOHQVH DQG .� K�

FKDSDODHQVH� .� K� FKDSDODHQVH LV DQ RXWJURXS WR D FODGH FRQWDLQLQJ .� K� PDJGDOHQVH

DQG DOO RWKHU SRSXODWLRQV IURP WKH 709%� 7KH WKLUG VXEFODGH� DV LQGLFDWHG DERYH� LV

FRPSRVHG RI DOO RWKHU .� KLUWLSHV SRSXODWLRQV LQ WKH 709%� 8QGHU WKH FXUUHQW WD[RQRP\�

WKH PDMRULW\ RI WKHVH SRSXODWLRQV DUH FRQVLGHUHG WR EH .� K� PXUUD\L DQG .� K� WDUDVFHQVH�

ZLWK WKH H[FHSWLRQ RI RQH VDPSOH IURP WKH 9DOOH GH 0H[LFR� ZKLFK JHRJUDSKLFDOO\ VKRXOG

UHSUHVHQW .� K� KLUWLSHV� 7KLV VDPSOH� KRZHYHU� ZDV SKHQRW\SLFDOO\ LGHQWLILHG DV .� K�

PXUUD\L GHVSLWH LWV JHRJUDSKLF ORFDWLRQ� DQG PD\ KDYH EHHQ WUDQVSODQWHG DV D UHVXOW RI SHW

WUDGH DFWLYLW\� *LYHQ WKDW WKH 709% .� K� PXUUD\L SRSXODWLRQV DUH PRUH FORVHO\ UHODWHG WR

DOO RWKHU SRSXODWLRQV ZLWKLQ WKH 709% WKDQ WR .� K� PXUUD\L SRSXODWLRQV QRUWK RI WKH

709%� ZH ZLOO KHUHDIWHU UHIHU WR WKHVH SRSXODWLRQV DV D VHSDUDWH OLQHDJH FDOOHG 709% .�
��



K� PXUUD\L� 6DPSOHV RI .� K� WDUDVFHQVH DUH QHVWHG ZLWKLQ WKLV 709% .� K� PXUUD\L FODGH

DQG GR QRW IRUP D ZHOO�VXSSRUWHG FODGH� VXJJHVWLQJ WKH\ DUH QRW DQ HYROXWLRQDULO\ GLVWLQFW

OLQHDJH�

3RSXODWLRQ�*HQHWLFV

$YHUDJH QXFOHRWLGH GLYHUVLW\ YDULHG JUHDWO\ DPRQJ OLQHDJHV �7DEOH ����� ZLWK

1RUWKHUQ .� K� PXUUD\L H[KLELWLQJ WKH ORZHVW OHYHOV RI QXFOHRWLGH GLYHUVLW\ ������� DQG

709% .� K� PXUUD\L �DV GHVFULEHG DERYH� H[KLELWLQJ WKH KLJKHVW �������� 3DLUZLVH ';<

HVWLPDWHV DPRQJ DOO WD[D� LQFOXGLQJ NLQRVWHUQLG VSHFLHV DQG .� KLUWLSHV OLQHDJHV� UDQJHG

IURP ����� �709% .� K� PXUUD\L YV .� K� PDJGDOHQVH� WR ����� �.� RD[DFDH YV .�

VRQRULHQVH� �)LJ� ����� ';< HVWLPDWHV DPRQJ WKH OLQHDJHV ZLWKLQ .� KLUWLSHV UDQJHG

EHWZHHQ ����� DQG ������ DQG :	&¶V )67 HVWLPDWHV UDQJHG EHWZHHQ ����� DQG ������

�7DEOH 6����� :KHQ DOO OLQHDJHV ZLWKLQ .� KLUWLSHV ZHUH FRQVLGHUHG DV RQH SDQPLFWLF

SRSXODWLRQ� PHDQ LQEUHHGLQJ FRHIILFLHQWV �)� ZHUH KLJKHVW LQ 1RUWKHUQ .� K� PXUUD\L

�������� DQG ORZHU LQ WKH 709% OLQHDJHV ������� ������ DQG ����� LQ .� K� FKDSDODHQVH�

.� K� PDJGDOHQVH� DQG 709% .� K� PXUUD\L� UHVSHFWLYHO\�� 7KH QRUWKHUQPRVW SRSXODWLRQV

RI .� K� PXUUD\L VKRZHG SDUWLFXODUO\ VWURQJ HYLGHQFH RI LQEUHHGLQJ �)LJ� 6����� :KHQ

FRQVLGHUHG ZLWKLQ VXESRSXODWLRQV �),6�� SDWWHUQV RI LQEUHHGLQJ YDULHG VOLJKWO\� 1RUWKHUQ .�

K� PXUUD\L VWLOO H[KLELWHG WKH KLJKHVW OHYHOV RI LQEUHHGLQJ �������� ZKLOH .� K� PDJGDOHQVH

DQG .� K� FKDSDODHQVH VKRZHG ORZ OHYHOV RI LQEUHHGLQJ ������ DQG ������ UHVSHFWLYHO\��

709% .� K� PXUUD\L ZDV LQ EHWZHHQ WKHVH HVWLPDWHV� ZLWK D PHDQ ),6 YDOXH RI �����

�7DEOH�6���

2XU 7UHHPL[ DQDO\VLV LQFOXGHG PRGHOV WKDW UDQJHG IURP ]HUR PLJUDWLRQ HYHQWV WR

WHQ� 7KH DPRXQW RI YDULDQFH H[SODLQHG E\ WKH PRGHOV LQFUHDVHG IURP ����� WR �����

ZKHQ PRYLQJ IURP ]HUR PLJUDWLRQ WR D VLQJOH PLJUDWLRQ HYHQW EHWZHHQ .� K� PDJGDOHQVH

DQG .� K� FKDSDODHQVH� EXW VKRZHG QR LQFUHDVH ZKHQ DGGLQJ VXEVHTXHQW PLJUDWLRQ HYHQWV

�7DEOH 6��� 7KH ORZ DPRXQW RI YDULDQFH H[SODLQHG E\ DGGLQJ PLJUDWLRQ HYHQWV VXJJHVWV

OLWWOH�KLVWRULF�JHQH�IORZ�DPRQJ�WKH�OLQHDJHV�LGHQWLILHG�LQ�WKLV�VWXG\�

3RSXODWLRQ�6WUXFWXUH
��



:H XVHG WKH PRGHO�EDVHG DSSURDFK LPSOHPHQWHG LQ $'0,;785( WR LGHQWLI\

PDMRU FOXVWHUV RI JHQHWLF YDULDWLRQ ZLWKLQ .LQRVWHUQRQ KLUWLSHV� 9DOXHV RI . �QXPEHU RI

XQGHILQHG SRSXODWLRQV WR ZKLFK LQGLYLGXDOV DUH DVVLJQHG� ZLWK WKH ORZHVW FURVV�YDOLGDWLRQ

HUURU ZHUH � DQG � �)LJ� ���D� 7DEOH 6����� FORVHO\ IROORZHG E\ . �� $W . �� SRSXODWLRQV

QRUWK RI WKH 709% ZHUH VHSDUDWHG IURP WKRVH ZLWKLQ WKH 709%� $W . �� .� K�

FKDSDODHQVH DQG .� K� PDJGDOHQVH VDPSOHV DSSHDU DV D WKLUG SRSXODWLRQ� $W . �� WKH

SRSXODWLRQV DOPRVW SHUIHFWO\ FRUUHVSRQG WR WKH FODGHV LGHQWLILHG LQ WKH SK\ORJHQLHV� 7KH

UHVXOWV VXJJHVW PLQLPDO JHQH IORZ DPRQJ WKH JHQHWLF JURXSV LQ WKHVH VDPSOHV� ZLWK PRVW

LQGLYLGXDOV GLVSOD\LQJ OLWWOH WR QR HYLGHQFH RI DGPL[WXUH� 7KH JHQRPLF 3&$ RI DOO

.LQRVWHUQRQ KLUWLSHV VDPSOHV DOVR UHYHDOHG PXOWLSOH JHQHWLF FOXVWHUV ZLWKLQ WKH

ZLGHVSUHDG VSHFLHV �)LJ� ���E�� 1RUWKHUQ .� K� PXUUD\L ZDV RQ RQH H[WUHPH RI 3&�

������ YDULDWLRQ H[SODLQHG�� DQG WKH 709% OLQHDJHV FOXVWHUHG VHSDUDWHO\ RQ 3&�� VLPLODU

WR WKH UHVXOWV RI WKH 0/ DQG FRDOHVFHQW�EDVHG SK\ORJHQHWLF WUHHV� 7KHUH ZDV OHVV

GLIIHUHQWLDWLRQ DPRQJ OLQHDJHV DORQJ 3&� ����� YDULDWLRQ�� ZKHUH .� K� PDJGDOHQVH DQG

.� K� FKDSDODHQVH FOXVWHU WRJHWKHU DQG DUH PRUH GLVWDQW IURP WKH WZR .� K� PXUUD\L

OLQHDJHV� ZKLFK VKRZHG OLWWOH GLIIHUHQWLDWLRQ RQ WKLV D[LV� 6DPSOHV RI .� K� WDUDVFHQVH

ZHUH QHVWHG LQ WKH FHQWHU RI 709% .� K� PXUUD\L DORQJ ERWK 3& D[HV� IXUWKHU VXSSRUWLQJ

WKHLU�ODFN�RI�GLIIHUHQWLDWLRQ�

*LYHQ WKH KLJK OHYHOV RI VWUXFWXUH DQG GLYHUJHQFH DFURVV WKH UDQJH RI .LQRVWHUQRQ

KLUWLSHV� ZH LQYHVWLJDWHG WKH LPSDFW RI LVRODWLRQ E\ GLVWDQFH RQ SDWWHUQV RI JHQHWLF

GLIIHUHQWLDWLRQ DPRQJ .� KLUWLSHV SRSXODWLRQV WR GHWHUPLQH ZKHWKHU REVHUYHG OHYHOV RI

GLIIHUHQWLDWLRQ FDQ EH H[SODLQHG E\ WKH GLVWDQFH EHWZHHQ SRSXODWLRQV� 7KH FRUUHODWLRQ

EHWZHHQ REVHUYHG JHQHWLF DQG JHRJUDSKLF GLVWDQFH PDWULFHV LV QRW VLJQLILFDQWO\ JUHDWHU

WKDQ WKH FRUUHODWLRQ EHWZHHQ WKH PDWULFHV REWDLQHG IURP ������ UDQGRP SHUPXWDWLRQV �S

 ������ )LJ� 6����� 7KLV VXJJHVWV WKDW GLVWDQFH DORQH FDQQRW H[SODLQ WKH SDWWHUQV RI

GLIIHUHQWLDWLRQ�DPRQJ�WKH�VDPSOHG�SRSXODWLRQV�RI .� KLUWLSHV LQ�WKLV�VWXG\�

1LFKH�0RGHOLQJ

6SHFLHV 'LVWULEXWLRQ 0RGHOV ZHUH VXFFHVVIXOO\ FRQVWUXFWHG IRU WKUHH OLQHDJHV�

1RUWKHUQ .LQRVWHUQRQ KLUWLSHV PXUUD\L� 709% .� K� PXUUD\L� DQG .� K� FKDSDODHQVH
��



�)LJ� ����� 7KH PRVW LPSRUWDQW YDULDEOHV IRU SUHGLFWLQJ FOLPDWLF VXLWDELOLW\ RI 1RUWKHUQ .�

K� PXUUD\L ZHUH DQQXDO PHDQ WHPSHUDWXUH� HOHYDWLRQ� DQG SUHFLSLWDWLRQ GXULQJ WKH

ZDUPHVW TXDUWHU� �7DEOH 6����� 7KH PRVW LPSRUWDQW YDULDEOHV IRU SUHGLFWLQJ KDELWDW

VXLWDELOLW\ RI 709% .� K� PXUUD\L ZHUH DQQXDO SUHFLSLWDWLRQ� SUHFLSLWDWLRQ GXULQJ WKH

ZHWWHVW TXDUWHU� DQG WHPSHUDWXUH VHDVRQDOLW\ �7DEOH 6����� 7KH PRVW LPSRUWDQW YDULDEOHV

IRU SUHGLFWLQJ KDELWDW VXLWDELOLW\ RI .� K� FKDSDODHQVH ZHUH DQQXDO PHDQ WHPSHUDWXUH�

SUHFLSLWDWLRQ GXULQJ WKH ZDUPHVW TXDUWHU� DQG WHPSHUDWXUH VHDVRQDOLW\ �7DEOH 6����� :H

IRXQG HYLGHQFH IRU QLFKH GLIIHUHQWLDWLRQ DPRQJ WKH WKUHH WD[D IRU ZKLFK ZH ZHUH DEOH WR

FRQVWUXFW PRGHOV� %DFNJURXQG WHVWV VKRZHG WKDW FRPSDULVRQV RI QLFKH RYHUODS EHWZHHQ

OLQHDJHV DUH VLJQLILFDQWO\ ORZHU WKDQ H[SHFWHG JLYHQ WKH RYHUODS LQ WKHLU HQYLURQPHQWDO

EDFNJURXQGV ZKHQ FRPSDULQJ 1RUWKHUQ .� K� PXUUD\L WR .� K� FKDSDODHQVH RU 709% .�

K� PXUUD\L IRU ERWK RYHUODS PHWULFV �7DEOH 6����� .� K� FKDSDODHQVH DQG 709% .� K�

PXUUD\L DOVR H[KLELWHG VWURQJ SDWWHUQV RI HFRORJLFDO GLIIHUHQWLDWLRQ� DOWKRXJK WKLV

GLIIHUHQWLDWLRQ ZDV RQO\ PDUJLQDOO\ VLJQLILFDQW IRU ERWK RYHUODS PHWULFV �S ����� JLYHQ

WKHLU�FOLPDWLF�EDFNJURXQGV�

7KH DYHUDJH HVWLPDWHG VXLWDELOLW\ VFRUH RI HDFK RFFXUUHQFH UHFRUG IRU 1RUWKHUQ .�

K� PXUUD\L� 709% .� K� PXUUD\L� DQG .� K� FKDSDODHQVH ZHUH ����� ����� DQG �����

UHVSHFWLYHO\� :KLOH VXLWDELOLW\ VFRUHV WKHPVHOYHV KDYH QR LPSOLFLW ELRORJLFDO PHDQLQJ� WKH

PHDQ VFRUH RI HDFK RFFXUUHQFH UHFRUG JLYHV D WKUHVKROG WKDW UHSUHVHQWV WKH VHW RI

ELRORJLFDO FRQGLWLRQV WKDW DOORZ IRU SRSXODWLRQ SHUVLVWHQFH� :H XVHG WKLV YDOXH DV D

WKUHVKROG IRU HDFK OLQHDJH WR GHWHUPLQH WKH DPRXQW RI VXLWDEOH KDELWDW DYDLODEOH DFURVV

WKHLU FXUUHQW UDQJH IRU HDFK VSHFLHV LQ ���� �SUHVHQW�� ����� DQG ���� XQGHU ERWK WKH EHVW

DQG ZRUVW�FDVH FOLPDWH FKDQJH VFHQDULRV� 3URMHFWHG FKDQJHV LQ WKH DPRXQW RI KDELWDW

VXLWDELOLW\ YDU\ DFURVV DOO WKUHH OLQHDJHV �7DEOH ����� (YHQ XQGHU WKH EHVW�FDVH HPLVVLRQV

VFHQDULRV� 1RUWKHUQ .� K� PXUUD\L LV SURMHFWHG WR ORVH PRUH WKDQ ��� RI VXLWDEOH KDELWDW

E\ ����� DQG HYHQ PRUH E\ ����� 7KH 709% OLQHDJHV� RQ WKH RWKHU KDQG� PD\ DFWXDOO\

VHH DQ LQFUHDVH LQ FOLPDWLFDOO\ VXLWDEOH KDELWDW XQGHU GLIIHUHQW HPLVVLRQV VFHQDULRV�

709% .� K� PXUUD\L LV SURMHFWHG WR UHWDLQ EHWZHHQ �� DQG ���� RI LWV FOLPDWLFDOO\

VXLWDEOH KDELWDW E\ ����� .� K� FKDSDODHQVH LV DOVR SURMHFWHG WR DYRLG D UHGXFWLRQ LQ

��



FOLPDWLFDOO\ VXLWDEOH KDELWDW� UDQJLQJ EHWZHHQ ����� DQG ������� RI LWV VXLWDEOH KDELWDW

E\������

&RQVHUYDWLRQ�VWDWXV

&RQVHUYDWLRQ VWDWXV DVVHVVPHQWV IRU DOO .LQRVWHUQRQ KLUWLSHV OLQHDJHV ZHUH EDVHG

RQ WKH UHVXOWV SURYLGHG E\ 1DWXUH6HUYH &RQVHUYDWLRQ 5DQN &DOFXODWRU �9����

�1DWXUH6HUYH ������ $Q LQWUDVSHFLILF UDQN RI 7� ZDV FDOFXODWHG IRU .� K� FKDSDODHQVH�

709% .� K� PXUUD\L� DQG .� K� PDJGDOHQVH� :H FDOFXODWHG D UDQN RI *� �JOREDOO\

LPSHULOHG� IRU 1RUWKHUQ .� K� PXUUD\L� 7KLV WD[RQ ZDV SUHYLRXVO\ DVVLJQHG D JOREDO UDQN

RI *��7� �VHFXUH� ZLWK 1DWLRQDO �1� DQG 6XEQDWLRQDO UDQNV RI 1��6� �&ULWLFDOO\

,PSHULOHG� IRU 7H[DV SRSXODWLRQV� &ULWLFDOO\ LPSHULOHG WD[D DUH ³DW YHU\ KLJK ULVN RI

H[WLUSDWLRQ LQ WKH MXULVGLFWLRQ GXH WR YHU\ UHVWULFWHG UDQJH� YHU\ IHZ SRSXODWLRQV RU

RFFXUUHQFHV� YHU\ VWHHS GHFOLQHV� VHYHUH WKUHDWV� RU RWKHU IDFWRUV�´ $VVHVVPHQW RI

FRQVHUYDWLRQ VWDWXV UHYHDOHG WKDW DOO OLQHDJHV ZLWKLQ .LQRVWHUQRQ KLUWLSHV DUH LQVHFXUH

�JOREDO��QDWLRQDO��DQG�VXEQDWLRQDO�UDQNV������

'LVFXVVLRQ

7KH FXUUHQW WD[RQRP\ RI .LQRVWHUQRQ KLUWLSHV �,YHUVRQ ����� UHFRJQL]HV VL[

VXEVSHFLHV �ILYH H[WDQW DQG RQH H[WLQFW� EDVHG RQ PRUSKRORJ\ DQG JHRJUDSKLF

GLVWULEXWLRQ� 5HODWLRQVKLSV DPRQJ WKH VXEVSHFLHV RI .� KLUWLSHV ZHUH SUHYLRXVO\ XQFOHDU

GXH WR OLPLWHG VDPSOLQJ DQG UHOLDQFH RQ PRUSKRORJLFDO FKDUDFWHUV DPRQJ PHPEHUV RI D

JURXS WKDW LV IDPRXVO\ FRQVHUYDWLYH LQ WHUPV RI PRUSKRORJLFDO YDULDWLRQ �&KHUHSDQRY

������ *LYHQ WKH EURDG JHRJUDSKLF GLVWULEXWLRQ RI .LQRVWHUQRQ KLUWLSHV� ZH LQYHVWLJDWHG

SDWWHUQV RI JHQHWLF SRSXODWLRQ VWUXFWXUH DQG DQDO\]HG WKH SRWHQWLDO IRU OLQHDJHV WR ILQG

VXLWDEOH FOLPDWLF KDELWDW RYHU WKH QH[W VHYHUDO GHFDGHV� :H REVHUYHG VWURQJ SDWWHUQV RI

GLIIHUHQWLDWLRQ DPRQJ WKH VDPSOHG SRSXODWLRQ� ZLWK WKH VWURQJHVW GLIIHUHQWLDWLRQ

VHSDUDWLQJ SRSXODWLRQV QRUWK RI WKH 709% IURP SRSXODWLRQV ZLWKLQ WKH 709% LQ ERWK

PRGHO�EDVHG��$GPL[WXUH��DQG�RUGLQDWLRQ�EDVHG��3&$��DSSURDFKHV�

7KH WZR PRVW GLYHUJHQW FODGHV LQ RXU SK\ORJHQ\ VHSDUDWHG SRSXODWLRQV ZLWKLQ WKH

709% IURP WKRVH QRUWK RI WKH 709%� 7KH FODGH QRUWK RI WKH 709% JHQHUDOO\
��
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FRUUHVSRQGV ZLWK SUHYLRXV GHVFULSWLRQV RI .� K� PXUUD\L� DQG WKHVH SRSXODWLRQV KDYH EHHQ

GHVFULEHG DV PRUSKRORJLFDOO\ GLYHUJHQW IURP RWKHU .� KLUWLSHV SRSXODWLRQV� OLNHO\ GXH WR

LVRODWLRQ UHVXOWLQJ IURP JHRJUDSKLF DQG FOLPDWLF EDUULHUV �,YHUVRQ ������ :LWKLQ WKLV

1RUWKHUQ .� K� PXUUD\L FODGH� WKHUH LV D KLJK GHJUHH RI JHQHWLF GLIIHUHQWLDWLRQ EHWZHHQ

SRSXODWLRQV VHSDUDWHG E\ WKH 5LR *UDQGH� 7KLV GLYLVLRQ KDV KLJK VXSSRUW LQ WKH 0/ DQG

FRDOHVFHQW�EDVHG WUHHV DQG ZDV DOVR VWURQJO\ VXSSRUWHG E\ RXU $GPL[WXUH DQDO\VHV �)LJ�

���D�� $GGLWLRQDO VDPSOLQJ DW PRUH LQWHUPHGLDWH VLWHV� VXFK DV 'XUDQJR� =DFDWHFDV� DQG

WKH /HUPD�6DQWLDJR EDVLQ QRUWK RI WKH 709%� PD\ IXUWKHU UHVROYH UHODWLRQVKLSV ZLWKLQ

WKLV FODGH� ,W LV ZRUWK QRWLQJ WKDW WKH 7H[DV DQG &KLKXDKXD SRSXODWLRQV RI WKLV 1RUWKHUQ

.� K� PXUUD\L FODGH H[KLELWHG WKH KLJKHVW PHDVXUHV RI LQEUHHGLQJ DFURVV DOO .� KLUWLSHV

SRSXODWLRQV �)LJ� 6����� ,Q DGGLWLRQ WR KLJK OHYHOV RI LQEUHHGLQJ� WKHVH SRSXODWLRQV DOVR

H[KLELWHG WKH ORZHVW OHYHOV RI KHWHUR]\JRVLW\� 7KLV ODFN RI GLYHUVLW\ FRXOG UHIOHFW

SRVW�JODFLDO UDQJH H[SDQVLRQ IURP ORZHU ODWLWXGHV� ZLWK SRSXODWLRQV RQ WKH OHDGLQJ

�QRUWKHUQ� HGJH RI UDQJH H[SDQVLRQ H[KLELWLQJ OHVV GLYHUVLW\ WKDQ WKRVH LQ WKH DQFHVWUDO

UDQJH �5XVVHOO�HW�DO��������+HUPDQ�HW�DO��������&VDSy HW�DO��������

7KH VHFRQG FODGH ZLWKLQ .� KLUWLSHV FRQWDLQV VDPSOHV IURP IRXU VXEVSHFLHV IURP

WKH 709%� .� K� FKDSDODHQVH� .� K� PDJGDOHQVH� .� K� PXUUD\L� DQG .� K� WDUDVFHQVH

�GXH WR WKH SKHQRW\SLF LGHQWLILFDWLRQ RI WKH LQGLYLGXDO IURP WKH 9DOOH GH 0H[LFR DV .� K�

PXUUD\L� ZH GR QRW H[SOLFLWO\ FRQVLGHU WKLV VDPSOH WR UHSUHVHQW .� K� KLUWLSHV�� 7KLV FODGH

LQFOXGHV PRQRSK\OHWLF JURXSV WKDW FRUUHVSRQG WR SUHYLRXVO\ QDPHG VXEVSHFLHV� 6DPSOHV

RI .� K� FKDSDODHQVH DQG .� K� PDJGDOHQVH IRUP ZHOO�VXSSRUWHG PRQRSK\OHWLF VLVWHU

OLQHDJHV WR D FODGH ZKLFK FRQWDLQV DOO RWKHU SRSXODWLRQV ZLWKLQ WKH 709%� 7KHVH

UHPDLQLQJ SRSXODWLRQV UHSUHVHQW D FODGH FRPSRVHG RI VDPSOHV UHSUHVHQWLQJ PXOWLSOH

VXEVSHFLHV ZLWKLQ WKH 709%� 8QGHU WKH FXUUHQW WD[RQRP\� SRSXODWLRQV RI .� KLUWLSHV

RXWVLGH WKH 9DOOH GH 0H[LFR ZLWKLQ WKH 709% DUH GHVLJQDWHG DV .� K� PXUUD\L� 2XU

UHVXOWV LQGLFDWH WKDW WKHVH SRSXODWLRQV DUH GHHSO\ GLYHUJHG IURP 1RUWKHUQ .� K� PXUUD\L

SRSXODWLRQV� DQG VKRXOG QRW EH FRQVLGHUHG SDUW RI WKH VDPH OLQHDJH� $ SRWHQWLDO VROXWLRQ

WR WKLV GLVFRUGDQFH FRXOG EH WR PHUJH .� K� PXUUD\L SRSXODWLRQV IURP WKH 709% ZLWK .�

K� WDUDVFHQVH� VLQFH .� K� WDUDVFHQVH SRSXODWLRQV DUH QHVWHG LQ WKLV FODGH DQG WKH WZR VHWV

RI SRSXODWLRQV ZRXOG IRUP DQ HYROXWLRQDULO\ GLVWLQFW OLQHDJH LI PHUJHG� .� K� WDUDVFHQVH
��
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DORQH OLNHO\ GRHV QRW PHULW WD[RQRPLF UHFRJQLWLRQ� $W WKH YHU\ OHDVW� D WKRURXJK

UH�DVVHVVPHQW RI WKH VWDWXV RI .� K� PXUUD\L DV D VLQJOH WD[RQRPLF XQLW VKRXOG EH

FRQVLGHUHG� :H UHFRPPHQG UHWDLQLQJ WKH VXEVSHFLHV .� K� PDJGDOHQVH DQG .� K�

FKDSDODHQVH� DV�WKH\�IRUP�ZHOO�VXSSRUWHG�PRQRSK\OHWLF OLQHDJHV�

7KH 709% VHUYHV DV DQ LPSRUWDQW SK\ORJHRJUDSKLF EDUULHU IRU D ZLGH YDULHW\ RI

WD[D VXFK DV ILVKHV� VQDNHV� VDODPDQGHUV� DQG KXPPLQJELUGV �2UQHODV�*DUFtD HW DO� �����

%U\VRQ HW DO� ����� 3DUUD�2OHD HW DO� ����� 5RGUtJXH]�*yPH] DQG 2UQHODV ����� (YHUVRQ

HW DO� ������ DQG LW DSSHDUV WR SOD\ DQ LPSRUWDQW UROH LQ WKH HYROXWLRQDU\ KLVWRU\ RI WKHVH

OLQHDJHV DV ZHOO� $EVROXWH JHQHWLF GLYHUJHQFH �';<� EHWZHHQ WKH WZR PRVW GHHSO\

GLYHUJHG FODGHV ZLWKLQ .� KLUWLSHV �709% YHUVXV QRQ�709%� ZDV ������ ZKLFK� ZKLOH

ORZHU WKDQ FRPSDULVRQV DPRQJ UHFRJQL]HG NLQRVWHUQLG VSHFLHV LQFOXGHG LQ RXU VDPSOLQJ�

JUHDWO\ H[FHHGV WKRVH EHWZHHQ UHFRJQL]HG VSHFLHV LQ SODQWV �)HUULV HW DO� �����

3DSDGRSXORV HW DO� ������ LQVHFWV �7DOOD HW DO� ������ DQG ELUGV �&KDVH HW DO� ������

)XUWKHUPRUH� WKH JHQHWLF GLIIHUHQWLDWLRQ DPRQJ SRSXODWLRQV LGHQWLILHG LV QRW DQ DUWLIDFW RI

XQHYHQ VDPSOLQJ DORQJ D FRQWLQXRXV FOLQH LQ YDULDWLRQ� DV LVRODWLRQ E\ GLVWDQFH FDQQRW

H[SODLQ WKH SDWWHUQV RI GLIIHUHQWLDWLRQ DPRQJ VDPSOHV� :KLOH WKHVH HVWLPDWHV RI HFRORJLFDO

DQG JHQHWLF GLYHUJHQFH VXJJHVW D GHHS VSOLW EHWZHHQ WKHVH OLQHDJHV DQG XQLTXH

HYROXWLRQDU\ WUDMHFWRULHV� D ODFN RI VDPSOLQJ LQ WKH FRQWDFW ]RQH EHWZHHQ WKHVH WD[D QHDU

=DFDWHFDV� 0H[LFR� PDNHV LW GLIILFXOW WR GHWHUPLQH ZKHWKHU WKHVH OLQHDJHV VKRXOG EH

UHFRJQL]HG�DV�DQ\WKLQJ�PRUH�WKDQ�VXEVSHFLHV�

,Q DGGLWLRQ WR WKH JHQHWLF HYLGHQFH� ZH DOVR LGHQWLILHG VWURQJ SDWWHUQV RI

HFRORJLFDO GLIIHUHQWLDWLRQ DPRQJ OLQHDJHV� :H GHWHUPLQHG WKDW HDFK OLQHDJH RFFXSLHV

GLIIHUHQW KDELWDWV ZKHQ DFFRXQWLQJ IRU WKHLU HQYLURQPHQWDO EDFNJURXQG� LQGLFDWLQJ

HFRORJLFDO GLYHUJHQFH LQ WKH UHDOL]HG QLFKH RI HDFK OLQHDJH� 7KH REVHUYHG HFRORJLFDO

GLIIHUHQWLDWLRQ FRXOG FRQWULEXWH WR WKH DFFXPXODWLRQ RI JHQHWLF GLIIHUHQFHV DVVRFLDWHG ZLWK

WKHLU HQYLURQPHQWV� ZKLFK RIWHQ GULYHV OLQHDJH GLYHUVLILFDWLRQ LQ FRQMXQFWLRQ ZLWK GULIW

H[SHULHQFHG LQ DOORSDWU\ �6FKOXWHU ����� 5LVVOHU DQG $SRGDFD ����� /DYLQLD HW DO� �����

$QWXQHV HW DO� ������ $GGLWLRQDOO\� VKRXOG WKHVH OLQHDJHV FRPH LQWR VHFRQGDU\ FRQWDFW LQ

WKH IXWXUH� WKLV HFRORJLFDO GLYHUJHQFH PD\ UHGXFH WKH SRWHQWLDO IRU JHQH IORZ LQ V\PSDWU\

�7RUUH HW DO� ����� 6KDQHU HW DO� ����� 6XQ HW DO� ������ )XWXUH SK\VLRORJLFDO VWXGLHV FRXOG
��
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SURYLGH PRUH LQIRUPDWLRQ RQ WKH GHJUHH RI GLIIHUHQWLDWLRQ LQ WKH IXQGDPHQWDO HFRORJLFDO

QLFKHV DPRQJ OLQHDJHV WR VXSSOHPHQW WKH ILQGLQJV IURP RXU FRUUHODWLYH PHWKRGV� 1RWDEO\�

LI JHRJUDSKLF UDQJH OLPLWV LQ WKLV VSHFLHV DUH QRW FRQVWUDLQHG E\ WKH DELRWLF YDULDEOHV WKDW

ZH LQYHVWLJDWHG� EXW E\ ELRWLF LQWHUDFWLRQV RU YDULDEOHV QRW LQFOXGHG LQ WKLV DQDO\VLV� WKHVH

UHVXOWV�FRXOG�EH�PLVOHDGLQJ�

&RQVHUYDWLRQ�7KUHDWV�DQG�5HFRPPHQGDWLRQV

+LJK OHYHOV RI LQEUHHGLQJ DQG ORZ JHQHWLF GLYHUVLW\ DPRQJ SRSXODWLRQV RI

1RUWKHUQ .� K� PXUUD\L PD\ SRVH D VHULRXV WKUHDW WR WKHLU IXWXUH� 7KH DYHUDJH QXFOHRWLGH

GLYHUVLW\ LQ 1RUWKHUQ .� K� PXUUD\L ������� LV JUHDWHU WKDQ WKDW LQ FODVVLF H[DPSOHV RI

LQEUHHGLQJ VXFK DV WKH ,VOH 5R\DOH ZROYHV DQG )ORULGD SDQWKHU �+HGULFN HW DO� �����

6DUHPL HW DO� ������ DV ZHOO DV VRPH FULWLFDOO\ HQGDQJHUHG WXUWOH VSHFLHV �9DUJDV�5DPtUH]

HW DO� ����� *DOOHJR�*DUFtD HW DO� ������ 1XFOHRWLGH GLYHUVLW\ ZDV� KRZHYHU� ORZHU WKDQ

REVHUYHG OHYHOV LQ UHG�OLVWHG SRSXODWLRQV RI VKDUNV� ZROYHULQHV� DQG VQRZ OHRSDUGV

�3KLOOLSV HW DO� ����� *DUFLD HW DO� ����� (NEORP HW DO� ����� -DQMXD HW DO� ������ 0DQ\

1RUWKHUQ .� K� PXUUD\L SRSXODWLRQV DUH XQGHUJRLQJ VWHHS GHFOLQHV� DQG VRPH SRSXODWLRQV

DSSHDU WR EH FRPSRVHG RI RQO\ DGXOWV RU RQO\ DGXOW PDOHV �6PLWK ������ /HYHOV RI

VWDQGLQJ JHQHWLF GLYHUVLW\ DPRQJ SRSXODWLRQV LV YLWDO WR WKHLU SRWHQWLDO WR UHVSRQG DQG

DGDSW WR HQYLURQPHQWDO FKDQJH �3DXOV HW DO� ����� :HUQEHUJ HW DO� ����� 5D]JRXU HW DO�

������ UHWDLQ LPPXQLW\ WR SRWHQWLDO GLVHDVHV �6SLHOPDQ HW DO� ����� $QGHUVHQ HW DO� �����

.RVFK HW DO� ������ DQG DYRLG WKH DFFXPXODWLRQ RI GHOHWHULRXV JHQHWLF YDULDWLRQ �/\QFK HW

DO��������$OOHQGRUI�HW�DO��������.\ULD]LV�HW�DO��������

&DSWLYH EUHHGLQJ DFURVV LQEUHG SRSXODWLRQV KDV EHHQ VXFFHVVIXO LQ RWKHU V\VWHPV�

LQFUHDVLQJ ERWK UHSURGXFWLYH UDWHV DQG VXUYLYDO LQ RXWEUHG LQGLYLGXDOV �+RJJ HW DO� �����

:HHNV HW DO� ����� +HLQULFKV HW DO� ������ &DSWLYH EUHHGLQJ RI .LQRVWHUQRQ KLUWLSHV FRXOG

EH FKDOOHQJLQJ� GXH WR OLPLWHG LQIRUPDWLRQ FRQFHUQLQJ WKHLU UHSURGXFWLYH HFRORJ\ DQG

EUHHGLQJ� DV ZHOO DV XQNQRZQ SDWWHUQV RI VHDVRQDO HPEU\RQLF GLDSDXVH �5DIIHUW\ DQG

5HLQD ������ :LWK SURSHU ULVN DVVHVVPHQW DQG HVWLPDWHV RI KRZ PXFK JHQHWLF YDULDWLRQ

FRXOG EH JDLQHG IURP WKLV VWUDWHJ\� DXJPHQWLQJ WKH JHQHWLF YDULDWLRQ LQ WKLV ZD\ PD\

SURYH YDOXDEOH IRU WKHLU ORQJ�WHUP SHUVLVWHQFH HYHQ LQ WKH IDFH RI RWKHU WKUHDWV� VXFK DV
��
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KDELWDW ORVV GXH WR KXPDQ DFWLYLW\ �/RYH 6WRZHOO HW DO� ����� %HOO HW DO� ������

&RQVHUYDWLRQ VWDWXV DVVHVVPHQWV DUH FULWLFDOO\ LPSRUWDQW IRU WKH SRSXODWLRQV RI .� K�

PXUUD\L NQRZQ IURP QRUWK RI WKH 5LR *UDQGH �6PLWK ������ 7KH HVWLPDWHG SRSXODWLRQ

VL]H DW WKH ODUJHVW DQG PRVW LQWDFW KDELWDW FRPSOH[ LV DSSUR[LPDWHO\ ��� LQGLYLGXDO WXUWOHV

�6PLWK ����� DQG VHYHUDO VLWHV KDYH SRSXODWLRQV HVWLPDWHG WR EH LQ WKH VLQJOH GLJLWV� %RWK

DFXWH DQG FKURQLF DQWKURSRJHQLF GHFOLQHV LQ VXUIDFH DQG JURXQGZDWHU DYDLODELOLW\ DV ZHOO

DV DFFHOHUDWLQJ ORVV RI DTXDWLF DQG ULSDULDQ KDELWDW DUH ZLGHVSUHDG LQ WKH QRUWKHUQPRVW

UDQJH RI .� KLUWLSHV� ,Q FRQVHTXHQFH� KXPDQ LQWHUYHQWLRQ DQG PDQDJHPHQW RI GZLQGOLQJ

KDELWDW DQG ZDWHU UHVRXUFHV RQ ZKLFK .� K� PXUUD\L GHSHQGV PD\ EH FULWLFDO WR WKH

SHUVLVWHQFH�RI�WKLV�VSHFLHV�LQ�7H[DV�

3UHGLFWLRQV UHJDUGLQJ WKH IXWXUH DYDLODELOLW\ RI FOLPDWLFDOO\ VXLWDEOH KDELWDW IRU

HDFK OLQHDJH DUH FRQFHUQLQJ RQO\ IRU SRSXODWLRQV QRUWK RI WKH 709%� 1RUWKHUQ .� K�

PXUUD\L� DUH SURMHFWHG WR ORVH RYHU ��� RI WKHLU VXLWDEOH FOLPDWLF KDELWDW E\ ���� DQG

���� XQGHU DOO HPLVVLRQV VFHQDULRV� &RQYHUVHO\� .� K� FKDSDODHQVH DQG 709% .� K�

PXUUD\L PD\ DFWXDOO\ VHH DQ LQFUHDVH LQ WKH DPRXQW RI FOLPDWLFDOO\ VXLWDEOH KDELWDW DFURVV

WKHLU UDQJHV� 7KH SURMHFWHG ORVV RI KDELWDW LV LQ OLQH ZLWK SUHGLFWLRQV PDGH LQ SUHYLRXV

VWXGLHV �%XWOHU HW DO� ����� %HUULR]DEDO�,VODV HW DO� ������ 1DUURZO\ GLVWULEXWHG VSHFLHV DUH

SDUWLFXODUO\ SURQH WR H[WLQFWLRQ VLQFH WKH\ DUH PRUH VHQVLWLYH WR GLVWXUEDQFHV WR KDELWDW

LQWHJULW\ DFURVV WKHLU VPDOO UDQJH RI VXLWDEOH KDELWDW �.UXFNHEHUJ DQG 5DELQRZLW] �����

/R]DGD HW DO� ����� &RUGLHU HW DO� ����� /DVSLXU HW DO� ������ DQG WKH SURMHFWLRQV IRU WKH

PLFURHQGHPLF .� K� FKDSDODHQVH SURYLGH D SURPLVLQJ RXWORRN IRU WKLV VXEVSHFLHV� :H

FRXOG QRW DVVHVV WKH FOLPDWLF QLFKH RI .� K� PDJGDOHQVH� ZKLFK KDV DQ HYHQ VPDOOHU UDQJH

DQG LV DOVR UHVWULFWHG WR DQ LVRODWHG EDVLQ� GXH WR RQO\ WZR YHULILHG JHRJUDSKLF RFFXUUHQFHV

RI WKLV VXEVSHFLHV� +RZHYHU� JLYHQ WKH SURMHFWLRQV IRU RWKHU JHRJUDSKLFDOO\ SUR[LPDWH

709% OLQHDJHV� FOLPDWH FKDQJH VKRXOG QRW GUDVWLFDOO\ UHGXFH KDELWDW VXLWDELOLW\ IRU .� K�

PDJGDOHQVH��HLWKHU�

:H FDOFXODWHG 1DWXUH6HUYH FRQVHUYDWLRQ UDQNV IRU WKH IRXU OLQHDJHV GHILQHG E\

RXU SK\ORJHQLHV� 9XOQHUDEOH WD[D DUH ³DW PRGHUDWH ULVN RI H[WLUSDWLRQ LQ WKH MXULVGLFWLRQ

GXH WR D IDLUO\ UHVWULFWHG UDQJH� UHODWLYHO\ IHZ SRSXODWLRQV RU RFFXUUHQFHV� UHFHQW DQG

ZLGHVSUHDG GHFOLQHV� WKUHDWV� RU RWKHU IDFWRUV´ �1DWXUH6HUYH� ������ 1RUWKHUQ .� K�
��
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PXUUD\L ZDV GHVLJQDWHG DV LPSHULOHG �*��1�� ZKLOH WKH WKUHH 709% OLQHDJHV �.� K�

FKDSDODHQVH� 709% .� K� PXUUD\L� DQG .� K� PDJGDOHQVH� ZHUH DOO GHVLJQDWHG DV

FULWLFDOO\ LPSHULOHG �*�7��� 7KHVH GHVLJQDWLRQV DUH GUDPDWLFDOO\ GLIIHUHQW IURP WKH UDQN

RI *� �JOREDOO\ VHFXUH� FDOFXODWHG IRU .� KLUWLSHV DV RQH WD[RQRPLF HQWLW\� KLJKOLJKWLQJ

WKH�QHHG�WR�FRQVHUYH�WKH�GHHSO\�GLYHUJHG�OLQHDJHV�ZLWKLQ�WKLV�VSHFLHV�

&RQFOXVLRQV

:H LGHQWLILHG VWURQJ JHQHWLF DQG HFRORJLFDO GLIIHUHQWLDWLRQ DPRQJ PXOWLSOH

OLQHDJHV ZLWKLQ .LQRVWHUQRQ KLUWLSHV� 3DWWHUQV RI GLIIHUHQWLDWLRQ DSSHDU WR EH GULYHQ� LQ

SDUW� E\ LVRODWLRQ DPRQJ SRSXODWLRQV LQ WKH 709% DQG DUH JHQHUDOO\ FRQFRUGDQW ZLWK

GHVFULEHG VXEVSHFLHV� .� K� PXUUD\L LV WKH VXEVSHFLHV WKDW PRVW OLNHO\ UHTXLUHV UHYLVLRQ�

DQG ZH UHFRPPHQG WKDW .� K� PXUUD\L EH UHYLVHG WR UHIOHFW WKH GHHS VSOLW EHWZHHQ .� K�

PXUUD\L SRSXODWLRQV IRXQG QRUWK RI WKH 709% DQG .� K� PXUUD\L SRSXODWLRQV ZLWKLQ WKH

709%� :H DOVR VXJJHVW WKDW .� K� WDUDVFHQVH VKRXOG QRW EH WUHDWHG DV D GLVWLQFW

WD[RQRPLF XQLW JLYHQ LWV ODFN RI JHQHWLF GLVWLQFWLRQ IURP RWKHU OLQHDJHV� SDUWLFXODUO\

709% .��K��PXUUD\L�

1RUWKHUQ .� K� PXUUD\L SRSXODWLRQV DUH WKUHDWHQHG E\ ORZ OHYHOV RI JHQHWLF

GLYHUVLW\ DQG KLJK LQEUHHGLQJ� )XUWKHUPRUH� WKLV OLQHDJH LV SURMHFWHG WR VXIIHU WKH ODUJHVW

UHGXFWLRQ LQ FOLPDWLFDOO\ VXLWDEOH KDELWDW� /LQHDJHV LQ WKH 709% IDFH OLWWOH WR QR WKUHDW RI

KDELWDW UHGXFWLRQ GXH WR FOLPDWH FKDQJH� DQG H[KLELW KLJKHU OHYHOV RI JHQHWLF GLYHUVLW\�

$QWKURSRJHQLF DFWLYLWLHV DUH WKH SULPDU\ WKUHDW WR 709% OLQHDJHV� SDUWLFXODUO\ WKH

PLFURHQGHPLFV� .� K� FKDSDODHQVH DQG .� K� PDJGDOHQVH� 7KH GLUH FRQVHUYDWLRQ VWDWXV RI

DOO OLQHDJHV ZLWKLQ .� KLUWLSHV ZDV SUHYLRXVO\ REVFXUHG E\ WKHLU WUHDWPHQW DV D VLQJOH�

ZLGH�UDQJLQJ OLQHDJH� ,W LV RXU KRSH WKDW WKH XQLTXH HYROXWLRQDU\ WUDMHFWRULHV RI WKHVH

OLQHDJHV� DQG WKH UHYLVHG FRQVHUYDWLRQ DVVHVVPHQWV EDVHG RQ WKHP� ZLOO FRQWULEXWH WR

LQIRUPHG�DQG�IRFXVHG�PDQDJHPHQW�RI�WKHVH�WXUWOHV�

$FNQRZOHGJHPHQWV

:H WKDQN WKH 8QLYHUVLW\ RI 0LQQHVRWD *HQRPLFV &HQWHU IRU WKHLU JXLGDQFH DQG

SHUIRUPLQJ WKH '1$ H[WUDFWLRQV� 5$'VHT OLEUDU\ SUHSDUDWLRQV� DQG VHTXHQFLQJ� 7KH
��



0LQQHVRWD 6XSHUFRPSXWLQJ ,QVWLWXWH �06,� DW WKH 8QLYHUVLW\ RI 0LQQHVRWD SURYLGHG

UHVRXUFHV WKDW FRQWULEXWHG WR WKH UHVHDUFK UHVXOWV UHSRUWHG ZLWKLQ WKLV SDSHU� :H WKDQN

&XUWLV (FNHUPDQ DQG VWXGHQWV IURP 1HZ 0H[LFR 6WDWH 8QLYHUVLW\ LQ $ODPRJRUGR IRU

ILHOGZRUN DQG FROOHFWLRQV DV ZHOO DV SULYDWH ODQGRZQHUV IRU DFFHVV DQG WKHLU FRQWLQXHG

SDUWQHUVKLS� :H DOVR WKDQN 7RP 5DGRPVNL IRU SURYLGLQJ DGYLFH RQ PHWKRGV IRU QLFKH

PRGHOLQJ DQG RYHUODS WHVWV� -RKQ ,YHUVRQ� 3KLO 5RVHQ� DQG 3DXO 6WRQH JUDFLRXVO\ SURYLGHG

WLVVXH VDPSOHV� 7KH 0F*DXJK�%UDQGYDLQ ODEV DQG WZR DQRQ\PRXV UHYLHZHUV SURYLGHG

FRQVWUXFWLYH IHHGEDFN RQ HDUOLHU GUDIWV� -RKQ ,YHUVRQ SURYLGHG LQYDOXDEOH LQVLJKWV DQG

FRPPHQWV WKDW JUHDWO\ LPSURYHG WKH PDQXVFULSW� 'U� $QGHUV 5KRGLQ JHQHURXVO\ SURYLGHG

GDWD�SHUWDLQLQJ�WR�WKH�UDQJHV�RI�DOO�H[WDQW .��KLUWLSHV VXEVSHFLHV�

��



)LJXUHV�DQG�7DEOHV

)LJXUH ���� 5HODWLRQVKLSV DPRQJ .� KLUWLSHV SRSXODWLRQV� $� %HVW�VFRULQJ PD[LPXP

OLNHOLKRRG SK\ORJHQ\ JHQHUDWHG LQ 5$[0/� 1RGHV ZLWK ERRWVWUDS VXSSRUW YDOXHV RYHU ��

DUH LQGLFDWHG ZLWK DVWHULVNV� .LQRVWHUQRQ KLUWLSHV VXEVSHFLHV DUH FRORU�FRGHG� ZLWK

GLIIHUHQW VKDGHV UHSUHVHQWLQJ LPSRUWDQW JHRJUDSKLF DQG JHQHWLF FOXVWHUV ZLWKLQ HDFK

VXEVSHFLHV� 7KH JHRJUDSKLF ORFDWLRQV RI VDPSOHV IURP HDFK RI WKRVH FOXVWHUV DUH PDSSHG

LQ %��7KH�GDVKHG�UHG�RXWOLQH�RQ�WKH�PDS�VKRZV�WKH H[WHQW�RI�WKH�709%�

��



)LJXUH������3DLUZLVH�GLIIHUHQFH�PDWUL[� +HDWPDS�VKRZLQJ WKH�DYHUDJH�QXPEHU�RI

SDLUZLVH�GLIIHUHQFHV�SHU�VLWH�ZKHQ�FRPSDULQJ�LQGLYLGXDOV�WR�RQH�DQRWKHU��9DOXHV�LQ�UHG

LQGLFDWH�PRUH�GLIIHUHQFHV�EHWZHHQ�LQGLYLGXDOV��ZKLOH�EOXH�YDOXHV�LQGLFDWH�IHZHU

GLIIHUHQFHV��7D[D�DUH�JURXSHG�WRJHWKHU�DQG�GHQRWHG�RQ�WKH�[�DQG�\�D[HV�

��



)LJXUH ���� 3RSXODWLRQ VWUXFWXUH ZLWKLQ .� KLUWLSHV $� $GPL[WXUH DQFHVWU\ DVVLJQPHQWV

IRU VDPSOHV RI .LQRVWHUQRQ KLUWLSHV LQFOXGHG LQ WKLV VWXG\ ZKHQ DVVLJQHG WR HLWKHU � �WRS�

RU � �ERWWRP� SRSXODWLRQV� 7KHVH WZR N YDOXHV DUH VKRZQ EHFDXVH WKH\ KDYH WKH ORZHVW

&URVV�YDOLGDWLRQ HUURUV IRU D UDQJH RI . YDOXHV EHWZHHQ � DQG ��� 3RSXODWLRQ PHPEHUVKLS

LV UHSUHVHQWHG E\ WKH FRORU� DQG LQGLYLGXDOV ZLWK PXOWLSOH FRORUHG EDUV UHSUHVHQW

LQGLYLGXDOV ZLWK DQFHVWU\ IURP PXOWLSOH SRSXODWLRQV� :KHQ . �� WKH PDJHQWD DQG JUD\

UHSUHVHQW D VSOLW EHWZHHQ SRSXODWLRQV RI .� K� PXUUD\L IURP QRUWK DQG VRXWK RI WKH 5LR

*UDQGH� UHVSHFWLYHO\� %� *HQRPLF 3&$ RI DOO .LQRVWHUQRQ KLUWLSHV VXEVSHFLHV LQFOXGHG

WKLV VWXG\� 7KH DPRXQW RI YDULDQFH H[SODLQHG E\ HDFK SULQFLSDO FRPSRQHQW �3&� LV

GLVSOD\HG RQ WKH D[LV� 3&� FOHDUO\ GLVWLQJXLVKHV 1RUWKHUQ .� K� PXUUD\L IURP WKH 709%

OLQHDJHV� .� K� WDUDVFHQVH LV IXOO\ FRQWDLQHG ZLWKLQ WKH 709% .� K� PXUUD\L FOXVWHU RQ

HDFK 3& D[LV� 3&� VHSDUDWHV D FOXVWHU FRQWDLQLQJ .� K� PDJGDOHQVH DQG .� K� FKDSDODHQVH

IURP�D�FOXVWHU�FRQWDLQLQJ�DOO�RWKHU�SRSXODWLRQV�

��



)LJXUH ���� 'LVWULEXWLRQ PRGHOV IRU .� KLUWLSHV OLQHDJHV� 3UHVHQW�GD\ GLVWULEXWLRQ

0RGHOV IRU $� 1RUWKHUQ .LQRVWHUQRQ KLUWLSHV PXUUD\L� %� 709% .� K� PXUUD\L� DQG &�

.� K� FKDSDODHQVH� +DELWDW VXLWDELOLW\ VFRUHV DUH UHSUHVHQWHG E\ YDU\LQJ VKDGHV RI JUD\�

ZLWK VXLWDEOH KDELWDW IRU HDFK VSHFLHV VKRZQ LQ EODFN� &RORUHG GRWV UHSUHVHQW WKH

RFFXUUHQFH�UHFRUGV�XVHG�WR�FRQVWUXFW�WKH�GLVWULEXWLRQ�PRGHOV�IRU�HDFK�OLQHDJH�
��



7DEOH ���� '[\ DQG ʌ IRU DOO OLQHDJHV� ,QWHU DQG LQWUD�SRSXODWLRQ DYHUDJH SDLUZLVH

QXFOHRWLGH GLIIHUHQFHV IRU DOO OLQHDJHV DQG OLQHDJH SDLUV LQ WKLV VWXG\ �'[\ DQG ʌ�

UHVSHFWLYHO\�� 9DOXHV LQ JUD\ RQ WKH GLDJRQDO UHSUHVHQW DYHUDJH SL IRU WKDW SRSXODWLRQ� DQG

YDOXHV EHORZ WKH GLDJRQDO DUH '[\ IRU WKH SRSXODWLRQ SDLU� 9DOXHV DERYH WKH GLDJRQDO

UHSUHVHQW�FRDUVH�HVWLPDWHV�RI�WKH�QXPEHU�RI�JHQHUDWLRQV�VLQFH�SRSXODWLRQ�VSOLWV�RFFXUUHG�
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7DEOH ���� &KDQJHV LQ FOLPDWLFDOO\ VXLWDEOH KDELWDW� 7KH HVWLPDWHG DPRXQW RI

FOLPDWLFDOO\ VXLWDEOH KDELWDW �UHODWLYH WR ����� IRU HDFK VXEVSHFLHV XQGHU IXWXUH HPLVVLRQ

VFHQDULRV�ZLWKLQ�D���NP�EXIIHU�DURXQG�WKHLU�FXUUHQW�GLVWULEXWLRQ�

/LQHDJH
������/RZ

(PLVVLRQV�
������+LJK�(PLVVLRQV�
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6XSSOHPHQWDU\�)LJXUHV

)LJXUH 6���� 6DPSOLQJ ORFDOLWLHV DQG VXEVSHFLHV UDQJHV� 6DPSOLQJ ORFDOLWLHV RI .LQRVWHUQRQ

KLUWLSHV VXEVSHFLHV XVHG IRU JHQRPLF DQDO\VHV LQ WKLV VWXG\ DUH UHSUHVHQWHG E\ JROG VWDUV�

6DPSOLQJ ORFDOLWLHV RI RFFXUUHQFHV XVHG IRU OLQHDJH FOLPDWLF QLFKH PRGHOLQJ DUH

UHSUHVHQWHG E\ FRORUHG GRWV� 5DQJHV IRU HDFK VXEVSHFLHV DUH LQGLFDWHG E\ VKDGHG

SRO\JRQV�ZKLFK�ZHUH�REWDLQHG�IURP�VKDSHILOHV�SURYLGHG�E\�'U��$QGHUV�5KRGLQ�

��



)LJXUH 6���� *HRJUDSKLF SDWWHUQV RI LQEUHHGLQJ� 0HDQ ,QEUHHGLQJ FRHIILFLHQWV IRU DOO

LQGLYLGXDOV VDPSOHG LQ WKLV VWXG\� ELQQHG LQWR ���NP KH[DJRQV� 7KH LQEUHHGLQJ

FRHIILFLHQW UHSUHVHQWHG E\ HDFK KH[DJRQ LV WKH DYHUDJH RI DOO LQGLYLGXDOV IURP WKH

SRSXODWLRQV FRQWDLQHG LQ WKH KH[DJRQ� $� 5HSUHVHQWV LQEUHHGLQJ FRHIILFLHQWV ZLWK UHVSHFW

WR WKH VXESRSXODWLRQ �),6� DQG %� 5HSUHVHQWV LQEUHHGLQJ FRHIILFLHQWV ZKHUH DOO VDPSOHV

DUH�WUHDWHG�DV�SDUWV�RI�RQH�SDQPLFWLF�SRSXODWLRQ�

��



)LJXUH 6���� ,VRODWLRQ E\ GLVWDQFH� $� +LVWRJUDP VKRZLQJ WKH GLVWULEXWLRQ RI FRUUHODWLRQ

FRHIILFLHQWV EHWZHHQ JHRJUDSKLF DQG JHQHWLF GLVWDQFH PDWULFHV XQGHU ������ UDQGRP

SHUPXWDWLRQV� 7KH FRUUHODWLRQ EHWZHHQ WKH REVHUYHG PDWULFHV LV LQGLFDWHG E\ WKH EODFN

OLQH DQG GLDPRQG� %� &RUUHODWLRQ EHWZHHQ JHQHWLF DQG JHRJUDSKLF GLVWDQFHV EHWZHHQ DOO

.LQRVWHUQRQ KLUWLSHV VDPSOHV� 8QGHU ,%' DORQH� D FRQWLQXRXV� SRVLWLYH FRUUHODWLRQ VKRXOG

H[LVW EHWZHHQ JHQHWLF DQG JHRJUDSKLF GLVWDQFH� EXW QR VXFK WUHQG LV REVHUYHG KHUH� 7KLV

VXJJHVWV ,%' DORQH FDQQRW H[SODLQ WKH SDWWHUQV RI SRSXODWLRQ VWUXFWXUH REVHUYHG ZLWKLQ .�

KLUWLSHV DQG WKDW HYROXWLRQDU\ LQGHSHQGHQW XQLWV DUH OLNHO\ FRQWDLQHG ZLWKLQ WKH VSHFLHV�

5HG VKDGHV LQGLFDWH D KLJKHU GHQVLW\ RI REVHUYDWLRQV IRU FHOOV� DQG EOXH VKDGHV LQGLFDWH D

ORZHU�GHQVLW\�RI�REVHUYDWLRQV�

��



)LJXUH 6���� $VVRFLDWLRQ EHWZHHQ JHQHWLF GLYHUVLW\ DQG PHDVXUHV RI GLIIHUHQWLDWLRQ�

&RUUHODWLRQ EHWZHHQ LQWUDVSHFLILF JHQHWLF GLYHUVLW\ DQG YDULRXV PHWULFV RI GLIIHUHQWLDWLRQ�

5HODWLYH PHDVXUHV� VKRZQ LQ SDQHOV $� %� DQG &� VKRZ WKDW� ZKHQ FRPSDULVRQV DUH

EHWZHHQ WZR VSHFLHV ZLWK ORZ GLYHUVLW\� HVWLPDWHV RI )67 LQFUHDVH DV WKH PHDQ JHQHWLF

GLYHUVLW\ RI WZR VSHFLHV EHLQJ FRPSDUHG GHFUHDVHV� 7KLV UHODWLRQVKLS LV QRW REVHUYHG

ZKHQ HVWLPDWLQJ ';<� DQ DEVROXWH PHDVXUH RI GLYHUVLW\ �'�� 5HG GRWV UHSUHVHQW

FRPSDULVRQV�DPRQJ�WKH .��KLUWLSHV VXEVSHFLHV�

��



)LJXUH 6���� $'0,;785( PRGHOV IRU . � DQG . �� $GPL[WXUH DQFHVWU\

DVVLJQPHQWV IRU VDPSOHV RI .LQRVWHUQRQ KLUWLSHV LQFOXGHG LQ WKLV VWXG\ ZKHQ DVVLJQHG WR

HLWKHU � �WRS� RU � �ERWWRP� SRSXODWLRQV� 3RSXODWLRQ PHPEHUVKLS LV UHSUHVHQWHG E\ WKH

FRORU� DQG LQGLYLGXDOV ZLWK PXOWLSOH FRORUHG EDUV UHSUHVHQW LQGLYLGXDOV ZLWK DQFHVWU\ IURP

PXOWLSOH�SRSXODWLRQV�

��



)LJXUH 6���� 69'4XDUWHWV SK\ORJHQ\� 3K\ORJHQ\ JHQHUDWHG XVLQJ 69'4XDUWHWV� $OO

LQGLYLGXDOV DQG FODGHV DUH ODEHOHG� DQG VWDUV LQGLFDWH QRGHV ZLWK RYHU ���

VXSSRUW� %UDQFK OHQJWKV GR QRW UHSUHVHQW XQLWV RI WLPH RU PXWDWLRQ� DV

69'TXDUWHWV�GRHV�QRW�HVWLPDWH�GLYHUJHQFH�WLPHV��RQO\�WRSRORJ\�

��



7DEOH 6���� $SSHQGL[� ,QIRUPDWLRQ IRU DOO VDPSOHV XVHG LQ WKLV VWXG\� 6DPSOHV ZLWK JUD\

EDFNJURXQGV ZHUH H[FOXGHG IURP JHQRPLF DQDO\VHV GXH WR KLJK PLVVLQJQHVV�

0RUSKRORJLFDO�GHVLJQDWLRQV�ZHUH�EDVHG�RQ�VXEVSHFLHV�GHVFULSWLRQV�IURP�,YHUVRQ��������

6DPSOH�1DPH 5DZ�5HDGV %DWFK
0RUSKRORJLFDO�WD[RQ

GHVLJQDWLRQ

*HQHWLF�WD[RQ

GHVLJQDWLRQ
%DVLQ�/RFDOLW\ /RFDOLW\ 7LVVXH�7\SH 65$�$FFHVVLRQ��

� ������� � .��FKLPDOKXDFD .��FKLPDOKXDFD 3DFLILF &KDPHOD 6NLQ 655��������

� ������� � .��FKLPDOKXDFD .��FKLPDOKXDFD 3DFLILF &KDPHOD 6NLQ 655��������

� ������� � .��FKLPDOKXDFD .��FKLPDOKXDFD 3DFLILF &KDPHOD 6NLQ 655��������

� ������� � .��RD[DFDH .��RD[DFDH 3DFLILF 3RFKXWOD 0XVFOH 655��������

� ������� � .��RD[DFDH .��RD[DFDH 3DFLILF 3RFKXWOD 0XVFOH 655��������

� ������� � .��LQWHJUXP .��LQWHJUXP &KDSDOD -DPD\ %ORRG 655��������

� ������ � .��LQWHJUXP .��LQWHJUXP &KDSDOD -DPD\ %ORRG 655��������

����*/0�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

����*/0�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*/)�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*/)�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*/0�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*/0�� ������� � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*/0�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*/0�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*/0�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

��



������*5�� ������� � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L 1$ &DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L 1$ &DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5)�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*50�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

��/��/�5&3 ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD &ODZ��&DUDSDFH 655��������

������*5)�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*5)�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*50�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*50�� ������ � .��K��PXUUD\L 1$ &DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*50�� ������ � .��K��PXUUD\L 1$ &DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*50�� ������ � .��K��PXUUD\L 1$ &DVDV�*UDQGHV *DOHDQD %ORRG 655��������

������*50�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
&DVDV�*UDQGHV *DOHDQD %ORRG 655��������

��/��/�5&3 ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�/�5 ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�/�/�5&3 ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5��/&5�%�� ������� � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5��/&5�%�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/55�*�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/55�+�� ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5�/�/ ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/�/ ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/�/&3 ������� � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

���/��5 ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��:HEELQJ 655��������

��



�5��/��/55�

$��
������ � .��K��PXUUD\L

1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5��/��/55�

+��
������� � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5��/��/55 ������� � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5��/��/55�

*��
������� � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5��/��/55�

+��
������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5�/�/ ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/�/&3 ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/�/&3�*�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/�/&3�*�� ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5�/&5�'�� ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/&5�'�� ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5�/55�)�� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/55�*�� ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5�/&3 ������� � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/&3�)�� ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5�/&3�)�� ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�5�/&5�(�� ������� � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�/&5�(�� ������� � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�/�/��5&5�$

��
������ � .��K��PXUUD\L

1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�/�/��5&5�)�

�
������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

�/�/�3&3 ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�/�/�5&3 ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�5��/&5�&

��
������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR &ODZ��&DUDSDFH 655��������

�5�5��/&5�&

��
������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ��%ORRG 655��������

$**���� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR :HEELQJ 655��������

$**���� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR :HEELQJ 655��������

��



$**���� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR :HEELQJ 655��������

$**���� ������ � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR :HEELQJ 655��������

$**���� ������� � .��K��PXUUD\L
1RUWKHUQ�.��K�

PXUUD\L
%UDYR 3UHVLGLR :HEELQJ 655��������

$**���� ������ � .��K��PXUUD\L 1$ %UDYR 3UHVLGLR :HEELQJ 655��������

')� ������� � .��LQWHJUXP .��LQWHJUXP 9DOOH\�2I�0H[LFR 0H[LFR�&LW\ %ORRG 655��������

')� ������� � .��LQWHJUXP .��LQWHJUXP 9DOOH\�2I�0H[LFR 0H[LFR�&LW\ %ORRG 655��������

')� ������� � .��LQWHJUXP .��LQWHJUXP 9DOOH\�2I�0H[LFR 0H[LFR�&LW\ %ORRG 655��������

')� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
9DOOH\�2I�0H[LFR 0H[LFR�&LW\ %ORRG 655��������

*���' ������� � .��V��VRQRULHQVH .��VRQRULHQVH
0DGUHDQ�6N\

,VODQGV

3HORQFLOOR

0RXQWDLQV
%ORRG 655��������

.KD� ������ � .��K��PDJGDOHQVH .��K��PDJGDOHQVH 0DJGDOHQD &RWLMD %ORRG 655��������

.KD� ������� � .��K��PDJGDOHQVH .��K��PDJGDOHQVH 0DJGDOHQD &RWLMD %ORRG 655��������

.KD� ������ � .��K��PDJGDOHQVH .��K��PDJGDOHQVH 0DJGDOHQD &RWLMD %ORRG 655��������

.KD� ������� � .��K��PDJGDOHQVH .��K��PDJGDOHQVH 0DJGDOHQD &RWLMD %ORRG 655��������

.KF� ������� � .��K��FKDSDODHQVH .��K��FKDSDODHQVH &KDSDOD =DSRWOiQ %ORRG 655��������

.KF� ������ � .��K��FKDSDODHQVH .��K��FKDSDODHQVH &KDSDOD =DSRWOiQ 0XVFOH 655��������

.KF� ������ � .��K��FKDSDODHQVH .��K��FKDSDODHQVH &KDSDOD =DSRWOiQ 0XVFOH 655��������

.KF� ������ � .��K��FKDSDODHQVH .��K��FKDSDODHQVH &KDSDOD =DSRWOiQ 0XVFOH 655��������

.KP� ������� � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %ORRG 655��������

.KP� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %ORRG 655��������

.KP�� ������� � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %ORRG 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %ORRG 655��������

.KP�� ������ � .��K��PXUUD\L 1$
3UHVLGLR�6DQ

3HGUR
'XUDQJR %ORRG 655��������

.KP�� ������ � .��K��PXUUD\L 1$ /HUPD
9LOOD

9LFWRULD
%ORRG 655��������

.KP�� ������ � .��K��PXUUD\L 1$
3UHVLGLR�6DQ

3HGUR
'XUDQJR %ORRG 655��������

.KP�� ������ � .��K��PXUUD\L 1$
3UHVLGLR�6DQ

3HGUR
'XUDQJR %ORRG 655��������

.KP�� ������ � .��K��PXUUD\L 1$ /HUPD
9LOOD

9LFWRULD
%ORRG 655��������

.KP�� ������ � .��K��PXUUD\L 1$ &DPHFXDUR =DPRUD %ORRG 655��������

.KP� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLWH]R 0RUHOLD %ORRG 655��������

��



.KP�� ������ � .��K��PXUUD\L 1$ 1D]DV 'XUDQJR %ORRG 655��������

.KP�� ������ � .��K��PXUUD\L 1$ /HUPD
9DOOH�GH

*XDGDOXSH
%ORRG 655��������

.KP�� ������ � .��K��PXUUD\L 1$ /HUPD
9DOOH�GH

*XDGDOXSH
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ &RQFKRV 'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
1D]DV 'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 1D]DV 'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 6DQWLDJR
9DOOH�GH

*XDGDOXSH
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 6DQWLDJR
9DOOH�GH

*XDGDOXSH
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 6DQWLDJR
9DOOH�GH

*XDGDOXSH
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ /HUPD
9LOOD

9LFWRULD
%RQH 655��������

.KP� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLWH]R 0RUHOLD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 6DQWLDJR -DOLVFR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 6DQWLDJR -DOLVFR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 1D]DV 'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 1D]DV 'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ &DPHFXDUR =DPRUD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ &DPHFXDUR =DPRUD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 1D]DV 'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 1D]DV 'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ &DPHFXDUR =DPRUD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 1D]DV 'XUDQJR %RQH 655��������

.KP� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$
6DQ�3HGUR

0H]TXLWDO
'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ &DPHFXDUR =DPRUD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$
6DQ�3HGUR

0H]TXLWDO
'XUDQJR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L 1$ 6DQWLDJR -DOLVFR %RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

��



.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR

0RUHOLD

+LJKODQGV
%RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %RQH 655��������

.KP�� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %RQH 655��������

.KP� ������� � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %ORRG 655��������

.KP� ������ � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %ORRG 655��������

.KP� ������� � .��K��PXUUD\L
709%�.��K�

PXUUD\L
&XLW]HR 0RUHOLD %ORRG 655��������

.KW� ������� � .��K��WDUDVFHQVH
709%�.��K�

PXUUD\L
3DW]FXDUR

3DW]FXDUR

/DNH
%ORRG 655��������

.KW� ������ � .��K��WDUDVFHQVH 1$ 3DW]FXDUR
3DW]FXDUR

/DNH
%ORRG 655��������

.KW� ������ � .��K��WDUDVFHQVH
709%�.��K�

PXUUD\L
3DW]FXDUR

3DW]FXDUR

/DNH
%ORRG 655��������

.KW� ������� � .��K��WDUDVFHQVH
709%�.��K�

PXUUD\L
3DW]FXDUR

3DW]FXDUR

/DNH
%ORRG 655��������

.6�� ������� � .��V��VRQRULHQVH .��V��VRQRULHQVH 5LR�6RQRUD
6RQRUD

+LJKODQGV
%ORRG 655��������

.6�� ������� � .��V��VRQRULHQVH .��V��VRQRULHQVH &DVDV�*UDQGHV
1XHYR�&DVDV

*UDQGHV
%ORRG 655��������

.6�� ������� � .��V��VRQRULHQVH .��V��VRQRULHQVH <DTXL 6RQRUD %ORRG 655��������

.6�� ������� � .��V��ORQJLIHPRUDOH .��V��VRQRULHQVH 6RQR\WD
;RFKLPLOFR

VWUHDP
%ORRG 655��������

��



3����) ������� � .��V��VRQRULHQVH .��V��VRQRULHQVH
0DGUHDQ�6N\

,VODQGV

3HORQFLOOR

0RXQWDLQV
%ORRG 655��������

3����&Q ������� � .��V��VRQRULHQVH .��V��VRQRULHQVH
0DGUHDQ�6N\

,VODQGV

3HORQFLOOR

0RXQWDLQV
%ORRG 655��������

3�����) ������ � .��V��VRQRULHQVH .��V��VRQRULHQVH
0DGUHDQ�6N\

,VODQGV

3HORQFLOOR

0RXQWDLQV
%ORRG 655��������

3����&Q ������� � .��V��VRQRULHQVH .��V��VRQRULHQVH
0DGUHDQ�6N\

,VODQGV

3HORQFLOOR

0RXQWDLQV
%ORRG 655��������

3����&Q ������� � .��V��VRQRULHQVH .��V��VRQRULHQVH
0DGUHDQ�6N\

,VODQGV

3HORQFLOOR

0RXQWDLQV
%ORRG 655��������
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7DEOH 6���� &OLPDWLF YDULDEOHV IRU QLFKH PRGHOLQJ� &OLPDWH YDULDEOHV XVHG LQ WKLV VWXG\

DQG�WKHLU�GHVFULSWLRQV�

%LRFOLP�9DULDEOH 'HVFULSWLRQ 5HWDLQHG

%LR� $QQXDO�0HDQ�7HPSHUDWXUH <HV

%LR� 0HDQ�'LXUQDO�5DQJH��0HDQ�RI�PRQWKO\��PD[�WHPS���PLQ�WHPS�� 1R

%LR� ,VRWKHUPDOLW\��%,2��%,2����î���� 1R

%LR� 7HPSHUDWXUH�6HDVRQDOLW\��VWDQGDUG�GHYLDWLRQ�î���� <HV

%LR� 0D[�7HPSHUDWXUH�RI�:DUPHVW�0RQWK 1R

%LR� 0LQ�7HPSHUDWXUH�RI�&ROGHVW�0RQWK 1R

%LR� 7HPSHUDWXUH�$QQXDO�5DQJH��%,2��%,2�� 1R

%LR� 0HDQ�7HPSHUDWXUH�RI�:HWWHVW�4XDUWHU 1R

%LR� 0HDQ�7HPSHUDWXUH�RI�'ULHVW�4XDUWHU 1R

%LR�� 0HDQ�7HPSHUDWXUH�RI�:DUPHVW�4XDUWHU 1R

%LR�� 0HDQ�7HPSHUDWXUH�RI�&ROGHVW�4XDUWHU 1R

%LR�� $QQXDO�3UHFLSLWDWLRQ <HV

%LR�� 3UHFLSLWDWLRQ�RI�:HWWHVW�0RQWK 1R

%LR�� 3UHFLSLWDWLRQ�RI�'ULHVW�0RQWK 1R

%LR�� 3UHFLSLWDWLRQ�6HDVRQDOLW\��&RHIILFLHQW�RI�9DULDWLRQ� 1R

%LR�� 3UHFLSLWDWLRQ�RI�:HWWHVW�4XDUWHU <HV

%LR�� 3UHFLSLWDWLRQ�RI�'ULHVW�4XDUWHU <HV

%LR�� 3UHFLSLWDWLRQ�RI�:DUPHVW�4XDUWHU <HV

%LR�� 3UHFLSLWDWLRQ�RI�&ROGHVW�4XDUWHU 1R

(OHYDWLRQ (OHYDWLRQ <HV

��



7DEOH 6���� 3RSXODWLRQ GLIIHUHQWLDWLRQ� 0HDVXUHV RI GLIIHUHQWLDWLRQ EHWZHHQ DOO VSHFLHV

SDLUZLVH�FRPSDULVRQV�LQ�WKLV�VWXG\�

7D[RQ�� 7D[RQ��

:HLU�	

&RFNHUKDP
V

)VW

1HL
V

)VW

&DYDOOL�6IRU]D

FKRUG�GLVWDQFH
'[\

.��K��FKDSDODHQVH .��K��PDJGDOHQVH ����� ����� ����� �����

.��FKLPDOKXDFD .��K��FKDSDODHQVH ����� ����� ����� �����

.��FKLPDOKXDFD
709% .��K�

PXUUD\L
����� ����� ����� �����

.��FKLPDOKXDFD .��LQWHJUXP ����� ����� ����� �����

.��FKLPDOKXDFD .��K��PDJGDOHQVH ���� ����� ����� �����

.��FKLPDOKXDFD
1RUWKHUQ .��K�

PXUUD\L
���� ����� ����� �����

.��FKLPDOKXDFD .��RD[DFDH ����� ����� ���� �����

.��FKLPDOKXDFD .��VRQRULHQVH ����� ���� ����� �����

709% .��K��PXUUD\L .��K��FKDSDODHQVH ����� ����� ����� �����

709% .��K��PXUUD\L .��K��PDJGDOHQVH ����� ���� ����� �����

.��LQWHJUXP .��K��FKDSDODHQVH ���� ����� ����� �����

.��LQWHJUXP
709% .��K�

PXUUD\L
��� ����� ����� �����

.��LQWHJUXP .��K��PDJGDOHQVH ����� ����� ����� �����

.��LQWHJUXP
1RUWKHUQ .��K�

PXUUD\L
����� ����� ����� �����

.��LQWHJUXP .��RD[DFDH ����� ����� ����� �����

.��LQWHJUXP .��VRQRULHQVH ����� ����� ����� �����

1RUWKHUQ .��K�

PXUUD\L
.��K��FKDSDODHQVH ���� ����� ����� �����

1RUWKHUQ .��K�

PXUUD\L

709% .��K�

PXUUD\L
����� ����� ����� �����

���



1RUWKHUQ .��K�

PXUUD\L
.��K��PDJGDOHQVH ����� ����� ����� �����

.��RD[DFDH .��K��FKDSDODHQVH ����� ����� ����� �����

.��RD[DFDH
709% .��K�

PXUUD\L
����� ���� ���� �����

.��RD[DFDH .��K��PDJGDOHQVH ����� ����� ����� �����

.��RD[DFDH
1RUWKHUQ .��K�

PXUUD\L
����� ����� ����� �����

.��RD[DFDH .��VRQRULHQVH ����� ����� ����� �����

.��VRQRULHQVH .��K��FKDSDODHQVH ����� ����� ����� �����

.��VRQRULHQVH
709% .��K�

PXUUD\L
����� ����� ����� �����

.��VRQRULHQVH .��K��PDJGDOHQVH ����� ����� ����� �����

.��VRQRULHQVH
1RUWKHUQ .��K�

PXUUD\L
����� ����� ����� �����

���



7DEOH 6���� ,QEUHHGLQJ FRHIILFLHQWV� 0HDQ LQEUHHGLQJ FRHIILFLHQWV IRU HDFK SRSXODWLRQ

ZKHQ DOO .� KLUWLSHV VDPSOHV DUH FRQVLGHUHG DV RQH SDQPLFWLF SRSXODWLRQ �)� DQG ZLWKLQ

WKHLU�JHQHWLF�VXESRSXODWLRQ��),6��

/LQHDJH ) )�,6�

1RUWKHUQ .��K��PXUUD\L ����� �����

709% .��K��PXUUD\L ����� �����

.��K��PDJGDOHQVH ���� �����

.��K��FKDSDODHQVH ����� �����

���



7DEOH 6���� 9DULDQFH H[SODLQHG E\ PLJUDWLRQ HYHQWV� 3URSRUWLRQ RI YDULDQFH H[SODLQHG

E\�GLIIHUHQW�QXPEHUV�RI�PLJUDWLRQ�HYHQWV�XVLQJ�7UHHPL[�

0LJUDWLRQ�HYHQWV 9DULDQFH�([SODLQHG

� �����

� �����

� �����

� �����

� �����

� �����

� �����

� �����

� �����

� �����

�� �����

���



7DEOH 6���� $'0,;785( PRGHO SDUDPHWHUV� &URVV�YDOLGDWLRQ HUURUV DQG /RJ

/LNHOLKRRG HVWLPDWHV IRU UXQV RI $'0,;785( UDQJLQJ IURP . � WR . ��� 7KH WZR

PRGHOV ZLWK WKH ORZHVW &9 HUURU UDWHV �. � DQG . �� ZHUH FRQVLGHUHG WKH

EHVW�VXSSRUWHG�PRGHOV�

. &9�(UURU

/RJ

/LNHOLKRRG

� ������� ������������

� ������� ������������

� ������� ������������

� ������� ������������

� ������� ������������

� ������� ������������

� ������� ������������

� ������� ������������

�� ������� ������������

�� ������� ������������

�� ������� ������������

�� ������� ������������

�� ������� ������������

�� ������� ������������

�� ������� ������������

���



7DEOH 6���� &OLPDWLF YDULDEOH SHUPXWDWLRQ LPSRUWDQFH� 3HUPXWDWLRQ LPSRUWDQFH RI

HDFK HFRORJLFDO YDULDEOH LQ GHWHUPLQLQJ KDELWDW VXLWDELOLW\ IRU 1RUWKHUQ .� K� PXUUD\L�

709% .��K��PXUUD\L��DQG .��K��FKDSDODHQVH��+LJKHU YDOXHV�LQGLFDWH�JUHDWHU�LPSRUWDQFH�

9DULDEOH

1RUWKHUQ .��K�

PXUUD\L

709% .��K�

PXUUD\L .��K��FKDSDODHQVH

$QQXDO�3UHFLSLWDWLRQ ������ ������� ������

$QQXDO�0HDQ�7HPSHUDWXUH ������� ������� �������

(OHYDWLRQ ������ ������� ������

3UHFLSLWDWLRQ�'ULHVW�4XDUWHU ������� ������ �����

3UHFLSLWDWLRQ�:DUPHVW�4XDUWHU ������� � ������

3UHFLSLWDWLRQ�:HWWHVW�4XDUWHU ������� ������� �

7HPSHUDWXUH�6HDVRQDOLW\ ������ ������ �������

���



7DEOH 6���� 1LFKH RYHUODS PHWULFV� (VWLPDWHV RI SDLUZLVH QLFKH RYHUODS EHWZHHQ .�

KLUWLSHV VXEVSHFLHV� DQG S�YDOXHV IRU EDFNJURXQG FRPSDULVRQ WHVWV �:DUUHQ HW DO� ������

6LJQLILFDQW S�YDOXHV LQGLFDWH ORZHU RYHUODS YDOXHV RI WKH UHDOL]HG FOLPDWLF QLFKH RI HDFK

VSHFLHV�WKDQ�JLYHQ�WKHLU�HQYLURQPHQWDO�EDFNJURXQGV�

6SHFLHV�� 6SHFLHV��
2EVHUYHG

'

2EVHUYHG

,

0HGLDQ

EDFNJURXQG

'

0HGLDQ

EDFNJURXQG

,

3�YDOXH��'� 3�YDOXH��,�

1RUWKHUQ .�

K��PXUUD\L

709% .��K�

PXUUD\L
����� ����� ����� ����� ����� �����

1RUWKHUQ .�

K��PXUUD\L

.��K�

FKDSDODHQVH
����� ����� ����� ����� ����� �����

709% .��K�

PXUUD\L

.��K�

FKDSDODHQVH
����� ����� ����� ����� ����� �����

���



%,%/,2*5$3+<
$EERWW� 5� -�� DQG $� &� %UHQQDQ� ����� $OWLWXGLQDO JUDGLHQWV� SODQW K\EULG ]RQHV DQG

HYROXWLRQDU\ QRYHOW\� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ %�
%LRORJLFDO�6FLHQFHV���������������5R\DO�6RFLHW\�

$FNHUO\� '� '�� '� :� 6FKZLON� DQG &� 2� :HEE� ����� 1LFKH (YROXWLRQ DQG
$GDSWLYH 5DGLDWLRQ� 7HVWLQJ WKH 2UGHU RI 7UDLW 'LYHUJHQFH� (FRORJ\
���6��±6���

$GDPV� '� &� ����� 4XDQWLI\LQJ DQG &RPSDULQJ 3K\ORJHQHWLF (YROXWLRQDU\ 5DWHV
IRU 6KDSH DQG 2WKHU +LJK�'LPHQVLRQDO 3KHQRW\SLF 'DWD� 6\VWHPDWLF %LRORJ\
������±����

$GDPV� '� &�� DQG (� 2WiUROD�&DVWLOOR� ����� JHRPRUSK� DQ U SDFNDJH IRU WKH
FROOHFWLRQ DQG DQDO\VLV RI JHRPHWULF PRUSKRPHWULF VKDSH GDWD� 0HWKRGV LQ
(FRORJ\�DQG�(YROXWLRQ������±����

$OH[ 6RWROD� 9�� '� 6� 5XSSHO� 7� +� %RQQHU� &� &� 1LFH� DQG 1� +� 0DUWLQ� �����
$V\PPHWULF LQWURJUHVVLRQ EHWZHHQ ILVKHV LQ WKH 5HG 5LYHU EDVLQ RI 7H[DV LV
DVVRFLDWHG�ZLWK�YDULDWLRQ�LQ�ZDWHU�TXDOLW\��(FRORJ\�DQG�(YROXWLRQ�������±�����

$OH[DQGHU� '� +�� -� 1RYHPEUH� DQG .� /DQJH� ����� )DVW PRGHO�EDVHG HVWLPDWLRQ RI
DQFHVWU\�LQ�XQUHODWHG�LQGLYLGXDOV��*HQRPH�5HV���������±�����

$OOHQGRUI� )� :�� 3� $� +RKHQORKH� DQG *� /XLNDUW� ����� *HQRPLFV DQG WKH IXWXUH RI
FRQVHUYDWLRQ JHQHWLFV� 1DWXUH 5HYLHZV *HQHWLFV ������±���� 1DWXUH 3XEOLVKLQJ
*URXS�

$OOHQGRUI� )� :�� 5� )� /HDU\� 3� 6SUXHOO� DQG -� .� :HQEXUJ� ����� 7KH SUREOHPV
ZLWK K\EULGV� VHWWLQJ FRQVHUYDWLRQ JXLGHOLQHV� 7UHQGV LQ (FRORJ\ 	 (YROXWLRQ
������±����

cOXQG� 0�� 6� ,PPOHU� $� 0� 5LFH� DQG $� 4YDUQVWU|P� ����� /RZ IHUWLOLW\ RI ZLOG
K\EULG PDOH IO\FDWFKHUV GHVSLWH UHFHQW GLYHUJHQFH� %LRORJ\ /HWWHUV �����������
5R\DO�6RFLHW\�

$OYDUDGR�6L]]R� +�� $� &DVDV� )� 3DUUD� +� -� $UUHROD�1DYD� 7� 7HUUD]DV� DQG &�
6iQFKH]� ����� 6SHFLHV GHOLPLWDWLRQ LQ WKH 6WHQRFHUHXV JULVHXV �&DFWDFHDH�
VSHFLHV FRPSOH[ UHYHDOV D QHZ VSHFLHV� 6� KXDVWHFRUXP� 3/26 21(
���H���������3XEOLF�/LEUDU\�RI�6FLHQFH�

$PDGRQ� '� ����� 7KH VHYHQW\�ILYH SHU FHQW UXOH IRU VXEVSHFLHV� 7KH &RQGRU
������±�����-6725�

$QGHUVHQ� (� -�� 6� $OL� (� %\DPXNDPD� <� <HQ� DQG 0� 3� 1HSDO� ����� 'LVHDVH
5HVLVWDQFH 0HFKDQLVPV LQ 3ODQWV� *HQHV ������ 0XOWLGLVFLSOLQDU\ 'LJLWDO
3XEOLVKLQJ�,QVWLWXWH�

$QGHUVRQ� (� ����� +\EULGL]DWLRQ RI WKH +DELWDW� (YROXWLRQ ���±�� >6RFLHW\ IRU WKH
6WXG\�RI�(YROXWLRQ��:LOH\@�

$QGHUVRQ� (�� DQG *� /� 6WHEELQV� ����� +\EULGL]DWLRQ DV DQ (YROXWLRQDU\ 6WLPXOXV�
(YROXWLRQ������±�����>6RFLHW\�IRU�WKH�6WXG\�RI�(YROXWLRQ��:LOH\@�

$QWXQHV� %�� *� 9HOR�$QWyQ� '� %XFNOH\� 5� -� 3HUHLUD� DQG ,� 0DUWtQH]�6RODQR� �����
3K\VLFDO DQG HFRORJLFDO LVRODWLRQ FRQWULEXWH WR PDLQWDLQ JHQHWLF GLIIHUHQWLDWLRQ
EHWZHHQ�ILUH�VDODPDQGHU�VXEVSHFLHV��+HUHGLW\��������±����

���



$SDULFLR� È�� ,� (� 0HUFDGR� $� 0� 8JDOGH� (� *DRQD�0XULOOR� 7� %XWWHUILHOG� DQG 5�
0DFLS�5tRV� ����� (FRORJLFDO 2EVHUYDWLRQV RI WKH 0H[LFDQ 0XG 7XUWOH
�.LQRVWHUQRQ LQWHJUXP� LQ WKH 3iW]FXDUR %DVLQ� 0LFKRDFiQ� 0p[LFR� &KHORQLDQ
&RQVHUYDWLRQ�DQG�%LRORJ\�������±�����$OOHQ�3UHVV�

$UFKHU� )� ,�� .� .� 0DUWLHQ� DQG %� /� 7D\ORU� ����� 'LDJQRVDELOLW\ RI PW '1$ ZLWK
5DQGRP )RUHVWV� 8VLQJ VHTXHQFH GDWD WR GHOLPLW VXEVSHFLHV� 0DULQH 0DPPDO
6FLHQFH�������±�����:LOH\�2QOLQH�/LEUDU\�

$ULGD� %� /�� *� 6FRSHFH� 5� 0� 0DFKDGR� $� 3� 0RUDHV� (� )RUQL�0DUWLQV� DQG )�
3LQKHLUR� ����� 5HSURGXFWLYH EDUULHUV DQG IHUWLOLW\ RI WZR QHRWURSLFDO RUFKLG
VSHFLHV�DQG�WKHLU�QDWXUDO�K\EULG��(YRO�(FRO������±���

$UPEUXVWHU� 3�� :� (� %UDGVKDZ� DQG &� 0� +RO]DSIHO� ����� (YROXWLRQ RI WKH
*HQHWLF $UFKLWHFWXUH 8QGHUO\LQJ )LWQHVV LQ WKH 3LWFKHU�3ODQW 0RVTXLWR�
:\HRP\LD�6PLWKLL��(YROXWLRQ�������±����

$UULDJD�-LPpQH]� $�� %� .RKOPDQQ� /� 9i]TXH]�6HOHP� <� 8PDxD� DQG 0� 5|V�
����� 3DVW DQG IXWXUH VN\�LVODQG G\QDPLFV RI WURSLFDO PRXQWDLQV� $ PRGHO IRU
WZR *HRWUXSHV �&ROHRSWHUD� *HRWUXSLGDH� VSHFLHV LQ 2D[DFD� 0H[LFR� 7KH
+RORFHQH��������±������6$*(�3XEOLFDWLRQV�/WG�

$XELQ,� *DUEH&�0� &RORPER6� 'UHYHU&�5� 0F.HQQH\'�:� 0HVVLHU&� 3HGODU-�
6DQHU0�$� 9HQLHU/� :HOOVWHDG$�0� :LQGHU5� :LWWHQ(� DQG 6WH�0DULH&� �����
:K\ ZH GLVDJUHH DERXW DVVLVWHG PLJUDWLRQ�� (WKLFDO LPSOLFDWLRQV RI D NH\ GHEDWH
UHJDUGLQJ WKH IXWXUH RI &DQDGD¶V IRUHVWV� 7KH )RUHVWU\ &KURQLFOH� GRL�
��������WIF����������15&�5HVHDUFK�3UHVV�

%DL]� 0� '�� 3� .� 7XFNHU� DQG /� &RUWpV�2UWL]� ����� 0XOWLSOH IRUPV RI VHOHFWLRQ
VKDSH UHSURGXFWLYH LVRODWLRQ LQ D SULPDWH K\EULG ]RQH� 0ROHFXODU (FRORJ\
�������±�����

%DNHU� 5� -�� DQG 5� '� %UDGOH\� ����� 6SHFLDWLRQ LQ PDPPDOV DQG WKH JHQHWLF VSHFLHV
FRQFHSW� -RXUQDO RI PDPPDORJ\ ������±���� $PHULFDQ 6RFLHW\ RI
0DPPDORJLVWV�

%DUULHQWRV�9LOODORERV� -�� -� -� 6FKPLWWHU�6RWR� DQG $� -� (� GH ORV 0RQWHURV� �����
6HYHUDO VXEVSHFLHV RU SKHQRW\SLF SODVWLFLW\" $ JHRPHWULF PRUSKRPHWULF DQG
PROHFXODU DQDO\VLV RI YDULDELOLW\ RI WKH 0D\DQ FLFKOLG 0D\DKHURV XURSKWKDOPXV
LQ WKH <XFDWDQ� &RSHLD �������±���� 7KH $PHULFDQ 6RFLHW\ RI ,FKWK\RORJLVWV
DQG�+HUSHWRORJLVWV�

%DUWRQ��1��+��������7KH�G\QDPLFV�RI�K\EULG�]RQHV��+HUHGLW\�������±����
%DUWRQ� 1� +� ����� 7KH ILWQHVV RI K\EULGV EHWZHHQ WZR FKURPRVRPDO UDFHV RI WKH

JUDVVKRSSHU�3RGLVPD�SHGHVWULV��+HUHGLW\������±���
%DUWRQ� 1� +�� DQG *� 0� +HZLWW� ����� $GDSWDWLRQ� VSHFLDWLRQ DQG K\EULG ]RQHV�

1DWXUH��������±����
%DUWRQ� 1� +�� DQG *� 0� +HZLWW� ����� $QDO\VLV RI +\EULG =RQHV� $QQXDO 5HYLHZ RI

(FRORJ\�DQG�6\VWHPDWLFV�������±����
%DUWRQ� 1� +�� DQG *� 0� +HZLWW� ����� 7KH JHQHWLF EDVLV RI K\EULG LQYLDELOLW\ LQ WKH

JUDVVKRSSHU�3RGLVPD�SHGHVWULV��+HUHGLW\�������±����

���
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%DVHOJD� $�� (� 5HFXHUR� *� 3DUUD�2OHD� DQG 0� *DUFtD�3DUtV� ����� 3K\ORJHQHWLF
SDWWHUQV LQ ]RSKHULQH EHHWOHV DUH UHODWHG WR HFRORJLFDO QLFKH ZLGWK DQG GLVSHUVDO
OLPLWDWLRQ��0ROHFXODU�(FRORJ\��������±�����

%HDPHU� '� $�� DQG 7� /DPE� ����� 'XVN\ VDODPDQGHUV �'HVPRJQDWKXV�
3OHWKRGRQWLGDH� IURP WKH &RDVWDO 3ODLQ� 0XOWLSOH LQGHSHQGHQW OLQHDJHV DQG WKHLU
EHDULQJ RQ WKH PROHFXODU SK\ORJHQ\ RI WKH JHQXV� 0ROHFXODU 3K\ORJHQHWLFV DQG
(YROXWLRQ�������±����

%HDPHU� '� $�� DQG 7� /DPE� ����� 7RZDUGV UHFWLI\LQJ OLPLWDWLRQV RQ VSHFLHV
GHOLQHDWLRQ LQ GXVN\ VDODPDQGHUV �'HVPRJQDWKXV� 3OHWKRGRQWLGDH�� $Q
HFRUHJLRQ�GUDLQDJH VDPSOLQJ JULG UHYHDOV DGGLWLRQDO FU\SWLF FODGHV� =RRWD[D
�����

%HFNHU� 0�� 1� *UXHQKHLW� 0� 6WHHO� &� 9RHOFNHO� 2� 'HXVFK� 3� %� +HHQDQ� 3� $�
0F/HQDFKDQ� 2� .DUGDLOVN\� -� :� /HLJK� DQG 3� -� /RFNKDUW� �����
+\EULGL]DWLRQ PD\ IDFLOLWDWH LQ VLWX VXUYLYDO RI HQGHPLF VSHFLHV WKURXJK SHULRGV
RI FOLPDWH FKDQJH� 1DWXUH &OLPDWH &KDQJH ������±����� 1DWXUH 3XEOLVKLQJ
*URXS�

%HKP� -� (�� $� 5� ,YHV� DQG -� :� %RXJKPDQ� ����� %UHDNGRZQ LQ 3RVWPDWLQJ
,VRODWLRQ DQG WKH &ROODSVH RI D 6SHFLHV 3DLU WKURXJK +\EULGL]DWLRQ� 7KH
$PHULFDQ�1DWXUDOLVW�������±����7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV�

%HOO� '� $�� =� /� 5RELQVRQ� :� &� )XQN� 6� :� )LW]SDWULFN� )� :� $OOHQGRUI� '� $�
7DOOPRQ� DQG $� 5� :KLWHOH\� ����� 7KH ([FLWLQJ 3RWHQWLDO DQG 5HPDLQLQJ
8QFHUWDLQWLHV�RI�*HQHWLF�5HVFXH��7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ��������±�����

%HUQDUGR� -�� 5� -� 2VVROD� -� 6SRWLOD� DQG .� $� &UDQGDOO� ����� ,QWHUVSHFLHV
SK\VLRORJLFDO YDULDWLRQ DV D WRRO IRU FURVV�VSHFLHV DVVHVVPHQWV RI JOREDO
ZDUPLQJ�LQGXFHG HQGDQJHUPHQW� YDOLGDWLRQ RI DQ LQWULQVLF GHWHUPLQDQW RI
PDFURHFRORJLFDO DQG SK\ORJHRJUDSKLF VWUXFWXUH� %LRORJ\ /HWWHUV �����±����
5R\DO�6RFLHW\�

%HUULR]DEDO�,VODV� &�� $� 5DPtUH]�%DXWLVWD� )� 7RUUHV�ÈQJHOHV� -� )� 0RWD 5RGULJXHV�
5� 0DFLS�5tRV� DQG 3� 2FWDYLR�$JXLODU� ����D� &OLPDWH FKDQJH HIIHFWV RQ WXUWOHV
RI WKH JHQXV .LQRVWHUQRQ �7HVWXGLQHV� .LQRVWHUQLGDH�� DQ DVVHVVPHQW RI KDELWDW
VXLWDELOLW\�DQG�FOLPDWH�QLFKH�FRQVHUYDWLVP��+\GURELRORJLD���������±�����

%HUULR]DEDO�,VODV� &�� $� 5DPtUH]�%DXWLVWD� )� 7RUUHV�ÈQJHOHV� -� )� 0RWD 5RGULJXHV�
5� 0DFLS�5tRV� DQG 3� 2FWDYLR�$JXLODU� ����E� &OLPDWH FKDQJH HIIHFWV RQ WXUWOHV
RI WKH JHQXV .LQRVWHUQRQ �7HVWXGLQHV� .LQRVWHUQLGDH�� DQ DVVHVVPHQW RI KDELWDW
VXLWDELOLW\�DQG�FOLPDWH�QLFKH�FRQVHUYDWLVP��+\GURELRORJLD���������±�����

%LOOHUPDQ� 6� 0�� 0� $� 0XUSK\� DQG 0� '� &DUOLQJ� ����� &KDQJLQJ FOLPDWH
PHGLDWHV VDSVXFNHU �$YHV� 6SK\UDSLFXV� K\EULG ]RQH PRYHPHQW� (FRORJ\ DQG
(YROXWLRQ�������±�����

%LUDQG� $�� $� 9RVH� DQG 6� *DYULOHWV� ����� 3DWWHUQV RI 6SHFLHV 5DQJHV� 6SHFLDWLRQ�
DQG ([WLQFWLRQ� 7KH $PHULFDQ 1DWXUDOLVW �����±��� 7KH 8QLYHUVLW\ RI &KLFDJR
3UHVV�

%ODQFNDHUW� $�� DQG %� $� 3D\VHXU� ����� )LQGLQJ +\EULG ,QFRPSDWLELOLWLHV 8VLQJ
*HQRPH 6HTXHQFHV IURP +\EULG 3RSXODWLRQV� 0ROHFXODU %LRORJ\ DQG
(YROXWLRQ��GRL� ��������PROEHY�PVDE����

���
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%OHFKVFKPLGW� -�� 0� -� :LWWPDQQ� DQG &� %O�PO� ����� &OLPDWH &KDQJH DQG *UHHQ
6HD 7XUWOH 6H[ 5DWLR²3UHYHQWLQJ 3RVVLEOH ([WLQFWLRQ� *HQHV �������
0XOWLGLVFLSOLQDU\�'LJLWDO�3XEOLVKLQJ�,QVWLWXWH�

%RJ� 0�� &� %lVVOHU� DQG &� 2EHUSULHOHU� ����D� /RVW LQ WKH K\EULGLVDWLRQ YRUWH[�
KLJK�HOHYDWLRQ 6HQHFLR KHUF\QLFXV �&RPSRVLWDH� 6HQHFLRQHDH� LV JHQHWLFDOO\
VZDPSHG E\ LWV FRQJHQHU 6� RYDWXV LQ WKH %DYDULDQ )RUHVW 1DWLRQDO 3DUN �6(
*HUPDQ\���(YRO�(FRO�������±����

%RJ� 0�� &� %lVVOHU� DQG &� 2EHUSULHOHU� ����E� /RVW LQ WKH K\EULGLVDWLRQ YRUWH[�
KLJK�HOHYDWLRQ 6HQHFLR KHUF\QLFXV �&RPSRVLWDH� 6HQHFLRQHDH� LV JHQHWLFDOO\
VZDPSHG E\ LWV FRQJHQHU 6� RYDWXV LQ WKH %DYDULDQ )RUHVW 1DWLRQDO 3DUN �6(
*HUPDQ\���(YRO�(FRO�������±����

%ROJHU� $� 0�� 0� /RKVH� DQG %� 8VDGHO� ����� 7ULPPRPDWLF� D IOH[LEOH WULPPHU IRU
,OOXPLQD�VHTXHQFH�GDWD��%LRLQIRUPDWLFV��������±������2[IRUG�$FDGHPLF�

%RXFNDHUW� 5�� -� +HOHG� '� .�KQHUW� 7� 9DXJKDQ� &��+� :X� '� ;LH� 0� $� 6XFKDUG�
$� 5DPEDXW� DQG $� -� 'UXPPRQG� ����� %($67 �� $ 6RIWZDUH 3ODWIRUP IRU
%D\HVLDQ (YROXWLRQDU\ $QDO\VLV� 3/26 &RPSXWDWLRQDO %LRORJ\ ���H��������
3XEOLF�/LEUDU\�RI�6FLHQFH�

%UHQQDQ� $� &�� *� :RRGZDUG� 2� 6HHKDXVHQ� 9� 0XxR]�)XHQWHV� &� 0RULW]� $�
*XHOPDPL� 5� -� $EERWW� DQG 3� (GHODDU� ����� +\EULGL]DWLRQ GXH WR FKDQJLQJ
VSHFLHV GLVWULEXWLRQV� DGGLQJ SUREOHPV RU VROXWLRQV WR FRQVHUYDWLRQ RI
ELRGLYHUVLW\ GXULQJ JOREDO FKDQJH" (YROXWLRQDU\ (FRORJ\ 5HVHDUFK ������±����
(YROXWLRQDU\�(FRORJ\�/WG�

%UXFH� 5� &� ����� /LIH�+LVWRU\ 3HUVSHFWLYH RI $GDSWLYH 5DGLDWLRQ LQ
'HVPRJQDWKLQH 6DODPDQGHUV� &RSHLD ��������±���� >$PHULFDQ 6RFLHW\ RI
,FKWK\RORJLVWV�DQG�+HUSHWRORJLVWV��$6,+���$OOHQ�3UHVV@�

%UXQHW� -�� -� (� =DODSD� )� 3HFRUL� DQG $� 6DQWLQL� ����� +\EULGL]DWLRQ DQG
LQWURJUHVVLRQ EHWZHHQ WKH H[RWLF 6LEHULDQ HOP� 8OPXV SXPLOD� DQG WKH QDWLYH
)LHOG�HOP��8��PLQRU��LQ�,WDO\��%LRO�,QYDVLRQV��������±�����

%U\DQW� '�� 5� %RXFNDHUW� -� )HOVHQVWHLQ� 1� $� 5RVHQEHUJ� DQG $� 5R\&KRXGKXU\�
����� ,QIHUULQJ 6SHFLHV 7UHHV 'LUHFWO\ IURP %LDOOHOLF *HQHWLF 0DUNHUV�
%\SDVVLQJ *HQH 7UHHV LQ D )XOO &RDOHVFHQW $QDO\VLV� 0ROHFXODU %LRORJ\ DQG
(YROXWLRQ��������±�����

%U\VRQ� 5� :�� 8� 2� *DUFtD䇲9i]TXH]� DQG %� 5� 5LGGOH� ����� 3K\ORJHRJUDSK\ RI
0LGGOH $PHULFDQ JRSKHUVQDNHV� PL[HG UHVSRQVHV WR ELRJHRJUDSKLFDO EDUULHUV
DFURVV�WKH�0H[LFDQ�7UDQVLWLRQ�=RQH��-RXUQDO�RI�%LRJHRJUDSK\��������±�����

%XWOHU� &� -�� %� '� 6WDQLOD� -� %� ,YHUVRQ� 3� $� 6WRQH� DQG 0� %U\VRQ� ����� 3URMHFWHG
FKDQJHV LQ FOLPDWLF VXLWDELOLW\ IRU .LQRVWHUQRQ WXUWOHV E\ ���� DQG �����
(FRORJ\�DQG�(YROXWLRQ�������±�����

&DOIHH� (�� 0� 1� $JUD� 0� $� 3DODFLR� 6� 5� 5DPtUH]� DQG *� &RRS� ����� 6HOHFWLRQ
DQG K\EULGL]DWLRQ VKDSHG WKH UDSLG VSUHDG RI $IULFDQ KRQH\ EHH DQFHVWU\ LQ WKH
$PHULFDV��3/26�*HQHWLFV����H���������3XEOLF�/LEUDU\�RI�6FLHQFH�

&DPS� &� '�� -� /� 0DUVKDOO� DQG 5� 0� $XVWLQ� -U� ����� 7KH HYROXWLRQ RI DGXOW ERG\
VL]H LQ EODFN�EHOOLHG VDODPDQGHUV �'HVPRJQDWKXV TXDGUDPDFXODWXV FRPSOH[��
&DQ��-��=RRO���������±������15&�5HVHDUFK�3UHVV�

���



&DUOVRQ� 6� 0�� &� -� &XQQLQJKDP� DQG 3� $� +� :HVWOH\� ����� (YROXWLRQDU\ UHVFXH
LQ�D�FKDQJLQJ�ZRUOG��7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ�������±����

&DUQHLUR� 0�� -� $� %ODQFR�$JXLDU� 5� 9LOODIXHUWH� 1� )HUUDQG� DQG 0� :� 1DFKPDQ�
����� 6SHFLDWLRQ LQ WKH (XURSHDQ 5DEELW �RU\FWRODJXV &XQLFXOXV�� ,VODQGV RI
'LIIHUHQWLDWLRQ RQ WKH ; &KURPRVRPH DQG $XWRVRPHV� (YROXWLRQ
�������±�����

&DVWUR�,QVXD� $�� &� *yPH]�5RGUtJXH]� -� -� :LHQV� DQG $� %DVHOJD� ����� &OLPDWLF
QLFKH GLYHUJHQFH GULYHV SDWWHUQV RI GLYHUVLILFDWLRQ DQG ULFKQHVV DPRQJ PDPPDO
IDPLOLHV��6FL�5HS���������1DWXUH�3XEOLVKLQJ�*URXS�

&DWFKHQ� -� 0�� $� $PRUHV� 3� +RKHQORKH� :� &UHVNR� DQG -� +� 3RVWOHWKZDLW� �����
6WDFNV� %XLOGLQJ DQG *HQRW\SLQJ /RFL 'H 1RYR )URP 6KRUW�5HDG 6HTXHQFHV�
*���*HQHV��*HQRPHV��*HQHWLFV������±�����*���*HQHV��*HQRPHV��*HQHWLFV�

&DYDOOL�6IRU]D� /� /�� DQG $� :� )� (GZDUGV� ����� 3K\ORJHQHWLF DQDO\VLV� 0RGHOV
DQG�HVWLPDWLRQ�SURFHGXUHV��$P�-�+XP�*HQHW�������±����

&KDQJ� &� &�� &� &� &KRZ� /� &� 7HOOLHU� 6� 9DWWLNXWL� 6� 0� 3XUFHOO� DQG -� -� /HH�
����� 6HFRQG�JHQHUDWLRQ 3/,1.� ULVLQJ WR WKH FKDOOHQJH RI ODUJHU DQG ULFKHU
GDWDVHWV��*LJDVFLHQFH����2[IRUG�$FDGHPLF�

&KDVH� 0� $�� +� (OOHJUHQ� DQG &� )� 0XJDO� ����� 3RVLWLYH VHOHFWLRQ SOD\V D PDMRU
UROH LQ VKDSLQJ VLJQDWXUHV RI GLIIHUHQWLDWLRQ DFURVV WKH JHQRPLF ODQGVFDSH RI WZR
LQGHSHQGHQW�)LFHGXOD�IO\FDWFKHU�VSHFLHV�SDLUV��(YROXWLRQ�Q�D�

&KDWILHOG� 0� :� +�� .� +� .R]DN� %� 0� )LW]SDWULFN� DQG 3� .� 7XFNHU� �����
3DWWHUQV RI GLIIHUHQWLDO LQWURJUHVVLRQ LQ D VDODPDQGHU K\EULG ]RQH� LQIHUHQFHV
IURP JHQHWLF GDWD DQG HFRORJLFDO QLFKH PRGHOOLQJ� 0ROHFXODU (FRORJ\
�������±�����

&KHQ� ,��&�� -� .� +LOO� 5� 2KOHP�OOHU� '� %� 5R\� DQG &� '� 7KRPDV� ����� 5DSLG
5DQJH 6KLIWV RI 6SHFLHV $VVRFLDWHG ZLWK +LJK /HYHOV RI &OLPDWH :DUPLQJ�
6FLHQFH��$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH�

&KHQ� ,��&�� +��-� 6KLX� 6� %HQHGLFN� -� '� +ROORZD\� 9� .� &KH\� +� 6� %DUORZ� -� .�
+LOO� DQG &� '� 7KRPDV� ����� (OHYDWLRQ LQFUHDVHV LQ PRWK DVVHPEODJHV RYHU ��
\HDUV RQ D WURSLFDO PRXQWDLQ� 31$6 ��������±����� 1DWLRQDO $FDGHP\ RI
6FLHQFHV�

&KHUHSDQRY� *� 2� ����� 1DWXUH RI WKH WXUWOH VKHOO� 0RUSKRJHQHWLF FDXVHV RI ERQH
YDULDELOLW\�DQG�LWV�HYROXWLRQDU\�LPSOLFDWLRQ��3DOHRQWRO��-���������±�����

&KLIPDQ� -�� DQG /� .XEDWNR� ����� 4XDUWHW ,QIHUHQFH IURP 613 'DWD 8QGHU WKH
&RDOHVFHQW�0RGHO��%LRLQIRUPDWLFV��������±�����

&KLSSLQGDOH� 3� 7�� 5� 0� %RQHWW� $� 6� %DOGZLQ� DQG -� -� :LHQV� ����� 3K\ORJHQHWLF
(YLGHQFH IRU D 0DMRU 5HYHUVDO RI /LIH�+LVWRU\ (YROXWLRQ LQ 3OHWKRGRQWLG
6DODPDQGHUV��(YROXWLRQ��������±�����

&KXQFR� $� -� ����� +\EULGL]DWLRQ LQ D ZDUPHU ZRUOG� (FRORJ\ DQG (YROXWLRQ
������±�����

&ROHPDQ� 5� 5�� 0� 5� *DLWKHU� %� .LPRNHR� )� *� 6WDQWRQ� %� :� %RZHQ� DQG 5� -�
7RRQHQ� ����� /DUJH�VFDOH LQWURGXFWLRQ RI WKH ,QGR�3DFLILF GDPVHOILVK
$EXGHIGXI YDLJLHQVLV LQWR +DZDL¶L SURPRWHV JHQHWLF VZDPSLQJ RI WKH HQGHPLF
FRQJHQHU�$��DEGRPLQDOLV��0ROHFXODU�(FRORJ\��������±�����

���



&RRSHU� 1�� 5� 3� )UHFNOHWRQ� DQG :� -HW]� ����� 3K\ORJHQHWLF FRQVHUYDWLVP RI
HQYLURQPHQWDO QLFKHV LQ PDPPDOV� 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %�
%LRORJLFDO�6FLHQFHV���������±������5R\DO�6RFLHW\�

&RUGLHU� -� 0�� -� 1� /HVFDQR� 1� (� 5tRV� *� &� /H\QDXG� DQG -� 1RUL� ����� &OLPDWH
FKDQJH WKUHDWHQV PLFUR�HQGHPLF DPSKLELDQV RI DQ LPSRUWDQW 6RXWK $PHULFDQ
KLJK�DOWLWXGH�FHQWHU�RI�HQGHPLVP��$PSKLELD�5HSWLOLD�������±�����%ULOO�

&RUWpV� $� -�� /� 1� *DU]yQ� -� %� 9DOHQFLD� DQG 6� 0DGULxiQ� ����� 2Q WKH &DXVHV RI
5DSLG 'LYHUVLILFDWLRQ LQ WKH 3iUDPRV� ,VRODWLRQ E\ (FRORJ\ DQG *HQRPLF
'LYHUJHQFH�LQ�(VSHOHWLD��)URQWLHUV�LQ�3ODQW�6FLHQFH��������

&RXJKODQ� -� 0�� DQG '� 5� 0DWXWH� ����D� 7KH LPSRUWDQFH RI LQWULQVLF SRVW]\JRWLF
EDUULHUV WKURXJKRXW WKH VSHFLDWLRQ SURFHVV� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH
5R\DO�6RFLHW\�%��%LRORJLFDO�6FLHQFHV���������������5R\DO�6RFLHW\�

&RXJKODQ� -� 0�� DQG '� 5� 0DWXWH� ����E� 7KH LPSRUWDQFH RI LQWULQVLF SRVW]\JRWLF
EDUULHUV WKURXJKRXW WKH VSHFLDWLRQ SURFHVV� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH
5R\DO�6RFLHW\�%��%LRORJLFDO�6FLHQFHV���������������5R\DO�6RFLHW\�

&R\QH��-��$���DQG�+��$��2UU��������6SHFLDWLRQ��6LQDXHU�
&UDFUDIW� -� ����� 6SHFLHV FRQFHSWV DQG VSHFLDWLRQ DQDO\VLV� 3S� ���±��� LQ &XUUHQW

RUQLWKRORJ\��6SULQJHU�
&UDZIRUG� '� -�� DQG 7� )� 6WXHVV\� ����� &U\SWLF YDULDWLRQ� PROHFXODU GDWD� DQG WKH

FKDOOHQJH RI FRQVHUYLQJ SODQW GLYHUVLW\ LQ RFHDQLF DUFKLSHODJRV� WKH FULWLFDO UROH
RI SODQW V\VWHPDWLFV� .RUHDQ -� 3O� 7D[RQ ������±���� .RUHDQ 6RFLHW\ RI 3ODQW
7D[RQRPLVWV�

&UXLFNVKDQN� 7� (�� DQG 0� :� +DKQ� ����� 5HDQDO\VLV VXJJHVWV WKDW JHQRPLF LVODQGV
RI VSHFLDWLRQ DUH GXH WR UHGXFHG GLYHUVLW\� QRW UHGXFHG JHQH IORZ� 0ROHFXODU
(FRORJ\��������±�����

&VDSy� +�� 3� .U]\ZRĨQLDN� 0� *UDERZVNL� 5� :DWWLHU� .� %ąFHOD�6S\FKDOVND� 7�
0DPRV� 0� -HOLü� DQG 7� 5HZLF]� ����� 6XFFHVVIXO SRVW�JODFLDO FRORQL]DWLRQ RI
(XURSH E\ VLQJOH OLQHDJH RI IUHVKZDWHU DPSKLSRG IURP LWV 3DQQRQLDQ
3OLR�3OHLVWRFHQH�GLYHUVLILFDWLRQ�KRWVSRW��6FL�5HS����������

&XUU\� &� 0� ����� $Q ,QWHJUDWHG )UDPHZRUN IRU +\EULG =RQH 0RGHOV� (YRO %LRO
������±����

'DQHFHN� 3�� $� $XWRQ� *� $EHFDVLV� &� $� $OEHUV� (� %DQNV� 0� $� 'H3ULVWR� 5� (�
+DQGVDNHU� *� /XQWHU� *� 7� 0DUWK� 6� 7� 6KHUU\� *� 0F9HDQ� 5� 'XUELQ� DQG
���� *HQRPHV 3URMHFW $QDO\VLV *URXS� ����D� 7KH YDULDQW FDOO IRUPDW DQG
9&)WRROV��%LRLQIRUPDWLFV��������±�����

'DQHFHN� 3�� $� $XWRQ� *� $EHFDVLV� &� $� $OEHUV� (� %DQNV� 0� $� 'H3ULVWR� 5� (�
+DQGVDNHU� *� /XQWHU� *� 7� 0DUWK� 6� 7� 6KHUU\� *� 0F9HDQ� 5� 'XUELQ� DQG
���� *HQRPHV 3URMHFW $QDO\VLV *URXS� ����E� 7KH YDULDQW FDOO IRUPDW DQG
9&)WRROV��%LRLQIRUPDWLFV��������±�����

'DZVRQ� 7� 3�� 6� 7� -DFNVRQ� -� ,� +RXVH� ,� &� 3UHQWLFH� DQG *� 0� 0DFH� �����
%H\RQG 3UHGLFWLRQV� %LRGLYHUVLW\ &RQVHUYDWLRQ LQ D &KDQJLQJ &OLPDWH� 6FLHQFH
������±����$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH�
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'H 4XHLUR]� .� ����� $ XQLILHG FRQFHSW RI VSHFLHV DQG LWV FRQVHTXHQFHV IRU WKH
IXWXUH RI WD[RQRP\� 3URFHHGLQJV RI WKH &DOLIRUQLD $FDGHP\ RI 6FLHQFHV
������±����

'H 4XHLUR]� .� ����� 6SHFLHV &RQFHSWV DQG 6SHFLHV 'HOLPLWDWLRQ� 6\VWHPDWLF
%LRORJ\�������±����

'HOLü� 7�� 3� 7URQWHOM� 0� 5HQGRã� DQG &� )LãHU� ����� 7KH LPSRUWDQFH RI QDPLQJ
FU\SWLF VSHFLHV DQG WKH FRQVHUYDWLRQ RI HQGHPLF VXEWHUUDQHDQ DPSKLSRGV� 6FL
5HS��������

'PLWULHY� '� $�� DQG 5� $� 5DNLWRY� ����� 'HFRGLQJ RI 6XSHULPSRVHG 7UDFHV
3URGXFHG E\ 'LUHFW 6HTXHQFLQJ RI +HWHUR]\JRXV ,QGHOV� 3/26 &RPSXWDWLRQDO
%LRORJ\���H���������3XEOLF�/LEUDU\�RI�6FLHQFH�

'UXPPRQG� $� -�� DQG 5� 5� %RXFNDHUW� ����� %D\HVLDQ (YROXWLRQDU\ $QDO\VLV ZLWK
%($67��&DPEULGJH�8QLYHUVLW\�3UHVV�

'UXPPRQG� $� -�� DQG $� 5DPEDXW� ����� %($67� %D\HVLDQ HYROXWLRQDU\ DQDO\VLV
E\�VDPSOLQJ�WUHHV��%0&�(YRO�%LRO�������

'UXPPRQG� -� 3� Q�G� $JJUHVVLRQ DIIHFWV GLVWULEXWLRQV DQG K\EULG ]RQH H[SDQVLRQ LQ
PRQWDQH 3OHWKRGRQ VDODPDQGHUV� :HVWHUQ &DUROLQD 8QLYHUVLW\� 8QLWHG 6WDWHV ��
1RUWK�&DUROLQD�

'X%D\� 6� *�� DQG &� &� :LWW� ����� 'LIIHUHQWLDO KLJK�DOWLWXGH DGDSWDWLRQ DQG
UHVWULFWHG JHQH IORZ DFURVV D PLG�HOHYDWLRQ K\EULG ]RQH LQ $QGHDQ WLW�W\UDQW
IO\FDWFKHUV��0ROHFXODU�(FRORJ\��������±�����

'XIUHVQHV� &�� $� %UHOVIRUG� '� /� -HIIULHV� *� 0D]HSD� 7� 6XFKDQ� '� &DQHVWUHOOL� $�
1LFLH]D� /� )XPDJDOOL� 6� 'XEH\� ,� 0DUWtQH]�6RODQR� 6� 1� /LWYLQFKXN� 0�
9HQFHV� 1� 3HUULQ� DQG 3��$� &URFKHW� ����� 0DVV RI JHQHV UDWKHU WKDQ PDVWHU
JHQHV XQGHUOLH WKH JHQRPLF DUFKLWHFWXUH RI DPSKLELDQ VSHFLDWLRQ� 31$6 ����
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

(EHUVEDFK� -�� $� 3RVVR�7HUUDQRYD� 6� %RJGDQRZLF]� 0� *yPH]�'tD]� 0D� ;�
*DUFtD�*RQ]iOH]� :� %ROtYDU�*DUFtD� DQG -� $QGUpV� ����� &RPSOH[ SDWWHUQV RI
GLIIHUHQWLDWLRQ DQG JHQH IORZ XQGHUO\ WKH GLYHUJHQFH RI DSRVHPDWLF SKHQRW\SHV
LQ�2RSKDJD�SRLVRQ�IURJV��0ROHFXODU�(FRORJ\��������±�����

(GJDU� 5� &� ����� 086&/(� PXOWLSOH VHTXHQFH DOLJQPHQW ZLWK KLJK DFFXUDF\ DQG
KLJK�WKURXJKSXW��1XFOHLF�$FLGV�5HVHDUFK��������±�����

(NEORP� 5�� %� %UHFKOLQ� -� 3HUVVRQ� /� 6PHGV� 0� -RKDQVVRQ� -� 0DJQXVVRQ� ��
)ODJVWDG� DQG +� (OOHJUHQ� ����� *HQRPH VHTXHQFLQJ DQG FRQVHUYDWLRQ
JHQRPLFV LQ WKH 6FDQGLQDYLDQ ZROYHULQH SRSXODWLRQ� &RQVHUYDWLRQ %LRORJ\
�������±�����

(QQHQ� -� 5�� 0� (� .DOLV� $� /� 3DWWHUVRQ� %� 5� .UHLVHU� -� (� /RYLFK� -� *RGZLQ� DQG
&� 3� 4XDOOV� ����� &OLQDO YDULDWLRQ RU YDOLGDWLRQ RI D VXEVSHFLHV" $ FDVH VWXG\
RI WKH *UDSWHP\V QLJULQRGD FRPSOH[ �7HVWXGLQHV� (P\GLGDH�� %LRORJLFDO
-RXUQDO�RI�WKH�/LQQHDQ�6RFLHW\��������±�����2[IRUG�8QLYHUVLW\�3UHVV�

(YHUVRQ� .� 0�� /� 1� *UD\� $� *� -RQHV� 1� 0� /DZUHQFH� 0� (� )ROH\� .� /�
6RYDFRRO� -� '� .UDWRYLO� 6� +RWDOLQJ� 3� 0� +LPH� $� 6WRUIHU� *� 3DUUD�2OHD� 5�
3HUFLQR�'DQLHO� ;� $JXLODU�0LJXHO� (� 0� 2¶1HLOO� /� =DPEUDQR� +� %� 6KDIIHU�
DQG '� :� :HLVURFN� ����D� *HRJUDSK\ LV PRUH LPSRUWDQW WKDQ OLIH KLVWRU\ LQ

���



WKH UHFHQW GLYHUVLILFDWLRQ RI WKH WLJHU VDODPDQGHU FRPSOH[� 31$6 ���� 1DWLRQDO
$FDGHP\�RI�6FLHQFHV�

(YHUVRQ� .� 0�� /� 1� *UD\� $� *� -RQHV� 1� 0� /DZUHQFH� 0� (� )ROH\� .� /�
6RYDFRRO� -� '� .UDWRYLO� 6� +RWDOLQJ� 3� 0� +LPH� $� 6WRUIHU� *� 3DUUD�2OHD� 5�
3HUFLQR�'DQLHO� ;� $JXLODU�0LJXHO� (� 0� 2¶1HLOO� /� =DPEUDQR� +� %� 6KDIIHU�
DQG '� :� :HLVURFN� ����E� *HRJUDSK\ LV PRUH LPSRUWDQW WKDQ OLIH KLVWRU\ LQ
WKH UHFHQW GLYHUVLILFDWLRQ RI WKH WLJHU VDODPDQGHU FRPSOH[� 31$6 ���� 1DWLRQDO
$FDGHP\�RI�6FLHQFHV�

(ZHUW� 0�� &� 5� (WFKEHUJHU� DQG &� 1HOVRQ� ����� 7XUWOH 6H[�'HWHUPLQLQJ 0RGHV
DQG 76' 3DWWHUQV� DQG 6RPH 76' 3DWWHUQ &RUUHODWHV� 3S� ��±�� LQ
7HPSHUDWXUH�GHSHQGHQW�6H[�'HWHUPLQDWLRQ�LQ�9HUWHEUDWHV�

)HUULV� .� *�� -� 3� 6H[WRQ� DQG -� +� :LOOLV� ����� 6SHFLDWLRQ RQ D ORFDO JHRJUDSKLF
VFDOH� WKH HYROXWLRQ RI D UDUH URFN RXWFURS VSHFLDOLVW LQ 0LPXOXV� 3KLORVRSKLFDO
7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO 6FLHQFHV ������������� 5R\DO
6RFLHW\�

)LFN� 6� (�� DQG 5� -� +LMPDQV� ����� :RUOG&OLP �� QHZ ��NP VSDWLDO UHVROXWLRQ
FOLPDWH VXUIDFHV IRU JOREDO ODQG DUHDV� ,QWHUQDWLRQDO -RXUQDO RI &OLPDWRORJ\
�������±�����

)LODWRY� '� $�� 2� *� 2VERUQH� DQG $� 6� 7� 3DSDGRSXORV� ����� 'HPRJUDSKLF KLVWRU\
RI VSHFLDWLRQ LQ D 6HQHFLR DOWLWXGLQDO K\EULG ]RQH RQ 0W� (WQD� 0ROHFXODU
(FRORJ\��������±�����

)LVKHU�5HLG� 0� &�� .� +� .R]DN� DQG -� -� :LHQV� ����� +RZ ,V WKH 5DWH RI
&OLPDWLF�1LFKH (YROXWLRQ 5HODWHG WR &OLPDWLF�1LFKH %UHDGWK" (YROXWLRQ
�������±�����

)ROW]� '� :� ����� +\EULGL]DWLRQ )UHTXHQF\ LV 1HJDWLYHO\ &RUUHODWHG ZLWK
'LYHUJHQFH 7LPH RI 0LWRFKRQGULDO '1$ +DSORW\SHV LQ D 6HD 6WDU �/HSWDVWHULDV
633�� 6SHFLHV &RPSOH[� (YROXWLRQ ������±���� >6RFLHW\ IRU WKH 6WXG\ RI
(YROXWLRQ��:LOH\@�

)UHHPDQ� %� *�� 0� 1� 6FKROHU� 9� 5XL]�*XWLHUUH]� DQG -� :� )LW]SDWULFN� �����
&OLPDWH FKDQJH FDXVHV XSVORSH VKLIWV DQG PRXQWDLQWRS H[WLUSDWLRQV LQ D WURSLFDO
ELUG�FRPPXQLW\��31$6����������±�������1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

)URVW� '� 5�� DQG '� 0� +LOOLV� ����� 6SHFLHV LQ FRQFHSW DQG SUDFWLFH� KHUSHWRORJLFDO
DSSOLFDWLRQV��+HUSHWRORJLFD���±�����-6725�

)XQN� '� -�� 3� 1RVLO� DQG :� -� (WJHV� ����� (FRORJLFDO GLYHUJHQFH H[KLELWV
FRQVLVWHQWO\ SRVLWLYH DVVRFLDWLRQV ZLWK UHSURGXFWLYH LVRODWLRQ DFURVV GLVSDUDWH
WD[D��31$6���������±������1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

)XWX\PD� '� -�� DQG *� 0RUHQR� ����� 7KH (YROXWLRQ RI (FRORJLFDO 6SHFLDOL]DWLRQ�
$QQXDO�5HYLHZ�RI�(FRORJ\�DQG�6\VWHPDWLFV�������±����

*DOOHJR�*DUFtD� 1�� 6� &DEDOOHUR� DQG +� %� 6KDIIHU� ����� $UH *HQRPLF 8SGDWHV RI
:HOO�6WXGLHG 6SHFLHV :RUWK WKH ,QYHVWPHQW IRU &RQVHUYDWLRQ" $ &DVH 6WXG\ RI
WKH &ULWLFDOO\ (QGDQJHUHG 0DJGDOHQD 5LYHU 7XUWOH� -RXUQDO RI +HUHGLW\
�������±����

���



*DUFLD� *�� 6� 3HUH\UD� 9� *XWLHUUH]� 6� 2YLHGR� 3� 0LOOHU� DQG $� 'RPLQJR� �����
3RSXODWLRQ VWUXFWXUH RI 6TXDWLQD JXJJHQKHLP �6TXDWLQLIRUPHV� 6TXDWLQLGDH�
IURP�WKH�VRXWK�ZHVWHUQ�$WODQWLF�2FHDQ��-RXUQDO�RI�)LVK�%LRORJ\�������±����

*DUURZD\� &� -�� -� %RZPDQ� 7� -� &DVFDGHQ� *� /� +ROORZD\� &� *� 0DKDQ� -� 5�
0DOFROP� 0� $� 6WHHOH� *� 7XUQHU� DQG 3� -� :LOVRQ� ����� &OLPDWH FKDQJH
LQGXFHG�K\EULGL]DWLRQ�LQ�IO\LQJ�VTXLUUHOV��*OREDO�&KDQJH�%LRORJ\�������±����

*DVWRQ� .� -�� DQG 7� 0� %ODFNEXUQ� ����� *OREDO 6FDOH 0DFURHFRORJ\� ,QWHUDFWLRQV
EHWZHHQ 3RSXODWLRQ 6L]H� *HRJUDSKLF 5DQJH 6L]H DQG %RG\ 6L]H LQ WKH
$QVHULIRUPHV� -RXUQDO RI $QLPDO (FRORJ\ ������±���� >:LOH\� %ULWLVK
(FRORJLFDO�6RFLHW\@�

*LEVRQ� *�� DQG ,� 'ZRUNLQ� ����� 8QFRYHULQJ FU\SWLF JHQHWLF YDULDWLRQ� 1DWXUH
5HYLHZV�*HQHWLFV������±�����1DWXUH�3XEOLVKLQJ�*URXS�

*LEVRQ� -� '�� 2� 1LHKXLV� %� 5� (� 3HLUVRQ� (� ,� &DVK� DQG -� *DGDX� ����� *HQHWLF
DQG 'HYHORSPHQWDO %DVLV RI )� +\EULG %UHDNGRZQ LQ 1DVRQLD 3DUDVLWRLG
:DVSV��(YROXWLRQ��������±�����

*LGGHQ� 0�� .� 5LDKL� 6� 6PLWK� 6� )XMLPRUL� *� /XGHUHU� (� .ULHJOHU� '� 3� YDQ
9XXUHQ� 0� YDQ GHQ %HUJ� /� )HQJ� '� .OHLQ� .� &DOYLQ� -� 'RHOPDQ� 6� )UDQN�
2� )ULFNR� 0� +DUPVHQ� 7� +DVHJDZD� 3� +DYOLN� -� +LODLUH� 5� +RHVO\� -� +RULQJ�
$� 3RSS� (� 6WHKIHVW� DQG .� 7DNDKDVKL� ����� *OREDO HPLVVLRQV SDWKZD\V XQGHU
GLIIHUHQW VRFLRHFRQRPLF VFHQDULRV IRU XVH LQ &0,3�� D GDWDVHW RI KDUPRQL]HG
HPLVVLRQV WUDMHFWRULHV WKURXJK WKH HQG RI WKH FHQWXU\� *HRVFLHQWLILF 0RGHO
'HYHORSPHQW�'LVFXVVLRQV��������±������(XURSHDQ�*HRVFLHQFHV�8QLRQ�

*LIIRUG� 0� (�� DQG .� +� .R]DN� ����� ,VODQGV LQ WKH VN\ RU VTXHH]HG DW WKH WRS"
(FRORJLFDO FDXVHV RI HOHYDWLRQDO UDQJH OLPLWV LQ PRQWDQH VDODPDQGHUV�
(FRJUDSK\�������±����

*ODVV� %�� DQG 1� +DUWZHJ� ����� .LQRVWHUQRQ PXUUD\L� D 1HZ 0XVNWXUWOH RI WKH
KLUWLSHV *URXS IURP 7H[DV� &RSHLD �������±��� >$PHULFDQ 6RFLHW\ RI
,FKWK\RORJLVWV�DQG�+HUSHWRORJLVWV��$6,+���$OOHQ�3UHVV@�

*ROGEHUJ� (� (�� -� 5� .RKQ� 5� /DQGH� .� $� 5REHUWVRQ� 6� $� 6PLWK� DQG %� ,JLü�
����� 6SHFLHV 6HOHFWLRQ 0DLQWDLQV 6HOI�,QFRPSDWLELOLW\� 6FLHQFH �������±����
$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH�

*yPH]� -� 0�� $� *RQ]iOH]�0HJtDV� -� /RULWH� 0� $EGHOD]L]� DQG )� 3HUIHFWWL� �����
7KH VLOHQW H[WLQFWLRQ� FOLPDWH FKDQJH DQG WKH SRWHQWLDO K\EULGL]DWLRQ�PHGLDWHG
H[WLQFWLRQ�RI�HQGHPLF�KLJK�PRXQWDLQ�SODQWV��%LRGLYHUV�&RQVHUY��������±�����

*yPH]�5RGUtJXH]� &�� $� %DVHOJD� DQG -� -� :LHQV� ����� ,V GLYHUVLILFDWLRQ UDWH
UHODWHG�WR�FOLPDWLF�QLFKH�ZLGWK"�*OREDO�(FRORJ\�DQG�%LRJHRJUDSK\�������±����

*RPSHUW� =�� DQG &� $� %XHUNOH� ����� %D\HVLDQ HVWLPDWLRQ RI JHQRPLF FOLQHV�
0ROHFXODU�(FRORJ\��������±�����

*RPSHUW� =�� DQG &� $� %XHUNOH� ����� EJF� 6RIWZDUH IRU %D\HVLDQ HVWLPDWLRQ RI
JHQRPLF�FOLQHV��0ROHFXODU�(FRORJ\�5HVRXUFHV��������±�����

*RPSHUW� =�� /� .� /XFDV� &� &� 1LFH� DQG &� $� %XHUNOH� ����� *HQRPH 'LYHUJHQFH
DQG WKH *HQHWLF $UFKLWHFWXUH RI %DUULHUV WR *HQH )ORZ %HWZHHQ /\FDHLGHV ,GDV
DQG�/��0HOLVVD��(YROXWLRQ��������±�����
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*RPSHUW� =�� /� .� /XFDV� &� &� 1LFH� -� $� )RUG\FH� 0� /� )RULVWHU� DQG &� $�
%XHUNOH� ����D� *HQRPLF 5HJLRQV ZLWK D +LVWRU\ RI 'LYHUJHQW 6HOHFWLRQ $IIHFW
)LWQHVV�RI�+\EULGV�%HWZHHQ�7ZR�%XWWHUIO\�6SHFLHV��(YROXWLRQ��������±�����

*RPSHUW� =�� 7� /� 3DUFKPDQ� DQG &� $� %XHUNOH� ����E� *HQRPLFV RI LVRODWLRQ LQ
K\EULGV� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO 6FLHQFHV
�������±�����5R\DO�6RFLHW\�

*UDEHQVWHLQ� .� &�� DQG 6� $� 7D\ORU� ����� %UHDNLQJ %DUULHUV� &DXVHV�
&RQVHTXHQFHV� DQG ([SHULPHQWDO 8WLOLW\ RI +XPDQ�0HGLDWHG +\EULGL]DWLRQ�
7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ�������±����

*UHHQ� 5� (�� (� /� %UDXQ� -� $UPVWURQJ� '� (DUO� 1� 1JX\HQ� *� +LFNH\� 0� :�
9DQGHZHJH� -� $� 6� -RKQ� 6� &DSHOOD�*XWLpUUH]� 7� $� &DVWRH� &� .HUQ� 0� .�
)XMLWD� -� &� 2SD]R� -� -XUND� .� .� .RMLPD� -� &DEDOOHUR� 5� 0� +XEOH\� $� )�
6PLW� 5� 1� 3ODWW� &� $� /DYRLH� 0� 3� 5DPDNRGL� -� :� )LQJHU� $� 6XK� 6� 5�
,VEHUJ� /� 0LOHV� $� <� &KRQJ� :� -DUDWOHUGVLUL� -� *RQJRUD� &� 0RUDQ� $� ,ULDUWH�
-� 0F&RUPDFN� 6� &� %XUJHVV� 6� 9� (GZDUGV� (� /\RQV� &� :LOOLDPV� 0� %UHHQ�
-� 7� +RZDUG� &� 5� *UHVKDP� '� *� 3HWHUVRQ� -� 6FKPLW]� '� '� 3ROORFN� '�
+DXVVOHU� (� :� 7ULSOHWW� *� =KDQJ� 1� ,ULH� (� '� -DUYLV� &� $� %URFKX� &� -�
6FKPLGW� )� 0� 0F&DUWK\� %� &� )DLUFORWK� )� *� +RIIPDQQ� 7� &� *OHQQ� 7�
*DEDOGyQ� %� 3DWHQ� DQG '� $� 5D\� ����� 7KUHH FURFRGLOLDQ JHQRPHV UHYHDO
DQFHVWUDO SDWWHUQV RI HYROXWLRQ DPRQJ DUFKRVDXUV� 6FLHQFH ���� $PHULFDQ
$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH�

*ULQQHOO� -� ����� 7KH 1LFKH�5HODWLRQVKLSV RI WKH &DOLIRUQLD 7KUDVKHU� 7KH $XN
������±�����$PHULFDQ�2UQLWKRORJLFDO�6RFLHW\�

*UXEHU� .�� &� 6FK|QLQJ� 0� 2WWH� :� .LQXWKLD� DQG 0� +DVVHOPDQQ� ����� 'LVWLQFW
VXEVSHFLHV RU SKHQRW\SLF SODVWLFLW\" *HQHWLF DQG PRUSKRORJLFDO GLIIHUHQWLDWLRQ
RI PRXQWDLQ KRQH\ EHHV LQ (DVW $IULFD� (FRORJ\ DQG HYROXWLRQ ������±�����
:LOH\�2QOLQH�/LEUDU\�

*XLQGRQ� 6�� DQG 2� *DVFXHO� ����� $ 6LPSOH� )DVW� DQG $FFXUDWH $OJRULWKP WR
(VWLPDWH /DUJH 3K\ORJHQLHV E\ 0D[LPXP /LNHOLKRRG� 6\VWHPDWLF %LRORJ\
������±����

+DLUVWRQ� 1� *� ����� 7KH /RFDO 'LVWULEXWLRQ DQG (FRORJ\ RI WKH 3OHWKRGRQWLG
6DODPDQGHUV�RI�WKH�6RXWKHUQ�$SSDODFKLDQV��(FRORJLFDO�0RQRJUDSKV������±���

+DLUVWRQ 6U�� 1� *�� 5� +� :LOH\� &� .� 6PLWK� DQG .� $� .QHLGHO� ����� 7KH
'\QDPLFV RI 7ZR +\EULG =RQHV LQ $SSDODFKLDQ 6DODPDQGHUV RI WKH *HQXV
3OHWKRGRQ��(YROXWLRQ�������±����

+DOO� '� +�� DQG 5� -� 6WHLGO� ����� 0RYHPHQWV� $FWLYLW\� DQG 6SDFLQJ RI 6RQRUDQ
0XG 7XUWOHV �.LQRVWHUQRQ 6RQRULHQVH� LQ ,QWHUUXSWHG 0RXQWDLQ 6WUHDPV� &RSHLD
��������±����

+DOO� 0� &�� DQG -� +� :LOOLV� ����� 7UDQVPLVVLRQ 5DWLR 'LVWRUWLRQ LQ ,QWUDVSHFLILF
+\EULGV RI 0LPXOXV JXWWDWXV� ,PSOLFDWLRQV IRU *HQRPLF 'LYHUJHQFH� *HQHWLFV
�������±����

+lOOIRUV� 0� +�� 6� $LNLR� DQG /� (� 6FKXOPDQ� ����� 4XDQWLI\LQJ WKH QHHG DQG
SRWHQWLDO�RI�DVVLVWHG�PLJUDWLRQ��%LRORJLFDO�&RQVHUYDWLRQ�������±���

���



+DQVRQ� -� 2�� $� 0DUTXHV� $� 9HUtVVLPR� 0� &DPDFKR�6DQFKH]� *� 9HOR�$QWyQ� Ë�
0DUWtQH]�6RODQR� DQG 6� %� &DUYDOKR� ����� &RQVHUYDWLRQ SODQQLQJ IRU DGDSWLYH
DQG�QHXWUDO�HYROXWLRQDU\�SURFHVVHV��-RXUQDO�RI�$SSOLHG�(FRORJ\��������±�����

+DUPRQ� /� -�� -� %� /RVRV� 7� -RQDWKDQ 'DYLHV� 5� *� *LOOHVSLH� -� /� *LWWOHPDQ� :�
%U\DQ -HQQLQJV� .� +� .R]DN� 0� $� 0F3HHN� )� 0RUHQR�5RDUN� 7� -� 1HDU� $�
3XUYLV� 5� (� 5LFNOHIV� '� 6FKOXWHU� -� $� 6FKXOWH ,,� 2� 6HHKDXVHQ� %� /�
6LGODXVNDV� 2� 7RUUHV�&DUYDMDO� -� 7� :HLU� DQG $� �� 0RRHUV� ����� (DUO\ %XUVWV
RI %RG\ 6L]H DQG 6KDSH (YROXWLRQ $UH 5DUH LQ &RPSDUDWLYH 'DWD� (YROXWLRQ
�������±�����

+DWILHOG� 7�� DQG '� 6FKOXWHU� ����� (FRORJLFDO 6SHFLDWLRQ LQ 6WLFNOHEDFNV�
(QYLURQPHQW�'HSHQGHQW�+\EULG�)LWQHVV��(YROXWLRQ�������±����

+HGULFN� 3� :�� -� $� 5RELQVRQ� 5� 2� 3HWHUVRQ� DQG -� $� 9XFHWLFK� ����� *HQHWLFV
DQG H[WLQFWLRQ DQG WKH H[DPSOH RI ,VOH 5R\DOH ZROYHV� $QLPDO &RQVHUYDWLRQ
������±����

+HLQULFKV� -� $�� '� 7� 0F.LQQRQ� &� /� $OGULGJH� DQG $� 0RHKUHQVFKODJHU� �����
2SWLPL]LQJ WKH XVH RI HQGDQJHUHG VSHFLHV LQ PXOWL�SRSXODWLRQ FROOHFWLRQ� FDSWLYH
EUHHGLQJ�DQG�UHOHDVH�SURJUDPV��*OREDO�(FRORJ\�DQG�&RQVHUYDWLRQ����H������

+HOHG� -�� DQG $� -� 'UXPPRQG� ����� %D\HVLDQ ,QIHUHQFH RI 6SHFLHV 7UHHV IURP
0XOWLORFXV�'DWD��0ROHFXODU�%LRORJ\�DQG�(YROXWLRQ�������±����

+HOPXWK� %�� -� *� .LQJVROYHU� DQG (� &DUULQJWRQ� ����� %,23+<6,&6�
3+<6,2/2*,&$/ (&2/2*<� $1' &/,0$7( &+$1*(� 'RHV 0HFKDQLVP
0DWWHU"�$QQXDO�5HYLHZ�RI�3K\VLRORJ\�������±����

+HUPDQ� $�� <� %UDQGYDLQ� -� :HDJOH\� :� 5� -HIIHU\� $� &� .HHQH� 7� -� <� .RQR� +�
%LODQGåLMD� 5� %RURZVN\� /� (VSLQDVD� .� 2¶4XLQ� &� 3� 2UQHODV䇲*DUFtD� 0�
<RVKL]DZD� %� &DUOVRQ� (� 0DOGRQDGR� -� %� *URVV� 5� $� &DUWZULJKW� 1� 5RKQHU�
:� &� :DUUHQ� DQG 6� (� 0F*DXJK� ����� 7KH UROH RI JHQH IORZ LQ UDSLG DQG
UHSHDWHG HYROXWLRQ RI FDYH�UHODWHG WUDLWV LQ 0H[LFDQ WHWUD� $VW\DQD[ PH[LFDQXV�
0ROHFXODU�(FRORJ\��������±�����

+HUPDQ� -� 6�� $� '� 0F'HYLWW� $� .DZDáNR� 0� -DDUROD� -� 0� :yMFLN� DQG -� %�
6HDUOH� ����� /DQG�%ULGJH &DOLEUDWLRQ RI 0ROHFXODU &ORFNV DQG WKH 3RVW�*ODFLDO
&RORQL]DWLRQ RI 6FDQGLQDYLD E\ WKH (XUDVLDQ )LHOG 9ROH 0LFURWXV DJUHVWLV�
3/26�21(���H��������3XEOLF�/LEUDU\�RI�6FLHQFH�

+LJKWRQ� 5�� DQG 5� %� 3HDERG\� ����D� *HRJUDSKLF 3URWHLQ 9DULDWLRQ DQG 6SHFLDWLRQ
LQ 6DODPDQGHUV RI WKH 3OHWKRGRQ -RUGDQL DQG 3OHWKRGRQ *OXWLQRVXV &RPSOH[HV
LQ WKH 6RXWKHUQ $SSDODFKLDQ 0RXQWDLQV ZLWK WKH 'HVFULSWLRQ RI )RXU 1HZ
6SHFLHV� 3S� ��±�� LQ 5� &� %UXFH� 5� *� -DHJHU� DQG /� '� +RXFN� HGV� 7KH
%LRORJ\�RI�3OHWKRGRQWLG�6DODPDQGHUV��6SULQJHU�86��%RVWRQ��0$�

+LJKWRQ� 5�� DQG 5� %� 3HDERG\� ����E� *HRJUDSKLF SURWHLQ YDULDWLRQ DQG VSHFLDWLRQ
LQ VDODPDQGHUV RI WKH 3OHWKRGRQ MRUGDQL DQG 3OHWKRGRQ JOXWLQRVXV FRPSOH[HV LQ
WKH VRXWKHUQ $SSDODFKLDQ 0RXQWDLQV ZLWK WKH GHVFULSWLRQV RI IRXU QHZ VSHFLHV�
3S� ��±�� LQ 7KH ELRORJ\ RI 3OHWKRGRQWLG 6DODPDQGHUV� .OXZHU $FDGHPLF �
0OHQXP�3XEOLVKHUV�

���



+LMPDQV� 5� -�� 6� (� &DPHURQ� -� /� 3DUUD� 3� *� -RQHV� DQG $� -DUYLV� ����� 9HU\
KLJK UHVROXWLRQ LQWHUSRODWHG FOLPDWH VXUIDFHV IRU JOREDO ODQG DUHDV� ,QWHUQDWLRQDO
-RXUQDO�RI�&OLPDWRORJ\��������±�����

+LOOLV� '� 0� ����� 6SHFLHV GHOLPLWDWLRQ LQ KHUSHWRORJ\� -RXUQDO RI +HUSHWRORJ\
����±����WKH�6RFLHW\�IRU�WKH�6WXG\�RI�$PSKLELDQV�DQG�5HSWLOHV�

+LOOLV� '� 0� ����� 7KH GHWHFWLRQ DQG QDPLQJ RI JHRJUDSKLF YDULDWLRQ ZLWKLQ VSHFLHV�
+HUSHWRORJLFDO�5HYLHZ������±���

+RJJ� -� 7�� 6� +� )RUEHV� %� 0� 6WHHOH� DQG *� /XLNDUW� ����� *HQHWLF UHVFXH RI DQ
LQVXODU SRSXODWLRQ RI ODUJH PDPPDOV� 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %�
%LRORJLFDO�6FLHQFHV���������±������5R\DO�6RFLHW\�

+ROW� 5� '� ����� 7KH PLFURHYROXWLRQDU\ FRQVHTXHQFHV RI FOLPDWH FKDQJH� 7UHQGV LQ
(FRORJ\�	�(YROXWLRQ������±����

+XDQJ� -��3�� DQG /� /� .QRZOHV� ����� 7KH VSHFLHV YHUVXV VXEVSHFLHV FRQXQGUXP�
TXDQWLWDWLYH GHOLPLWDWLRQ IURP LQWHJUDWLQJ PXOWLSOH GDWD W\SHV ZLWKLQ D VLQJOH
%D\HVLDQ DSSURDFK LQ +HUFXOHV EHHWOHV� 6\VWHPDWLF %LRORJ\ ������±���� 2[IRUG
8QLYHUVLW\�3UHVV�

+XGVRQ� 5� 5�� 0� .UHLWPDQ� DQG 0� $JXDGp� ����� $ 7HVW RI 1HXWUDO 0ROHFXODU
(YROXWLRQ�%DVHG�RQ�1XFOHRWLGH�'DWD��*HQHWLFV��������±�����*HQHWLFV�

+XJKHV� :� 2� +�� DQG -� -� %RRPVPD� ����� *HQHWLF SRO\PRUSKLVP LQ OHDI�FXWWLQJ
DQWV LV SKHQRW\SLFDOO\ SODVWLF� 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO
6FLHQFHV���������±������5R\DO�6RFLHW\�

+XPHDX� /�� 0� /H &RUUH� 6� -� 5H\QROGV� &� :HDUQ� -� &� +HQQLFNH� -� &� 5XVVHOO� <�
*RPDUG� +� 0DJDORQ� 3� 3LQHW� 3� *pOLQ� )��;� &RX]L� (� %HPDQDMD� 9� 7DWD\DK�
%� 2XVVHQL� *� 5RFDPRUD� 3� 7DOERW� 1� 6KDK� /� %XJRQL� '� 'D 6LOYD� DQG $�
-DHJHU� ����� *HQHWLF VWUXFWXULQJ DPRQJ FRORQLHV RI D SDQWURSLFDO VHDELUG�
,PSOLFDWLRQ IRU VXEVSHFLHV YDOLGDWLRQ DQG FRQVHUYDWLRQ� (FRORJ\ DQG (YROXWLRQ
��������±������

,YHUVRQ� -� ����� %LRV\VWHPDWLFV RI WKH .LQRVWHUQRQ KLUWLSHV 6SHFLHV *URXS
�7HVWXGLQHV��.LQRVWHUQLGDH���7XODQH�6WXGLHV�LQ�=RRORJ\�DQG�%RWDQ\����

,YHUVRQ� -� %�� 0� /H� DQG &� ,QJUDP� ����� 0ROHFXODU SK\ORJHQHWLFV RI WKH PXG DQG
PXVN WXUWOH IDPLO\ .LQRVWHUQLGDH� 0ROHFXODU 3K\ORJHQHWLFV DQG (YROXWLRQ
������±����

-DQMXD� 6�� -� /� 3HWHUV� %� :HFNZRUWK� )� ,� $EEDV� 9� %DKQ� 2� -RKDQVVRQ� DQG 7� 3�
5RRQH\� ����� ,PSURYLQJ RXU FRQVHUYDWLRQ JHQHWLF WRRONLW� GG5$'�VHT IRU
613V�LQ�VQRZ�OHRSDUGV��&RQVHUYDWLRQ�*HQHW�5HVRXU�������±����

-DQVVRQ� 5�� DQG 0� '\QHVLXV� ����� 7KH )DWH RI &ODGHV LQ D :RUOG RI 5HFXUUHQW
&OLPDWLF &KDQJH� 0LODQNRYLWFK 2VFLOODWLRQV DQG (YROXWLRQ� $QQXDO 5HYLHZ RI
(FRORJ\�DQG�6\VWHPDWLFV�������±����

-H]NRYD� 7�� DQG -� -� :LHQV� ����� 5DWHV RI FKDQJH LQ FOLPDWLF QLFKHV LQ SODQW DQG
DQLPDO SRSXODWLRQV DUH PXFK VORZHU WKDQ SURMHFWHG FOLPDWH FKDQJH� 3URFHHGLQJV
RI�WKH�5R\DO�6RFLHW\�%��%LRORJLFDO�6FLHQFHV���������������5R\DO�6RFLHW\�

-LJJLQV� &� '�� DQG -� 0DOOHW� ����� %LPRGDO K\EULG ]RQHV DQG VSHFLDWLRQ� 7UHQGV LQ
(FRORJ\�	�(YROXWLRQ�������±����

���



-RPEDUW� 7� ����� DGHJHQHW� D 5 SDFNDJH IRU WKH PXOWLYDULDWH DQDO\VLV RI JHQHWLF
PDUNHUV��%LRLQIRUPDWLFV��������±������2[IRUG�$FDGHPLF�

-RPEDUW� 7�� DQG ,� $KPHG� ����� DGHJHQHW ������ QHZ WRROV IRU WKH DQDO\VLV RI
JHQRPH�ZLGH�613�GDWD��%LRLQIRUPDWLFV��������±������2[IRUG�$FDGHPLF�

-RQHV� &� &�� 6� $� $FNHU� DQG &� %� +DOSHUQ� ����� &RPELQLQJ ORFDO� DQG ODUJH�VFDOH
PRGHOV WR SUHGLFW WKH GLVWULEXWLRQV RI LQYDVLYH SODQW VSHFLHV� (FRORJLFDO
$SSOLFDWLRQV�������±����

.HDUQH\� 0�� DQG :� 3RUWHU� ����� 0HFKDQLVWLF QLFKH PRGHOOLQJ� FRPELQLQJ
SK\VLRORJLFDO DQG VSDWLDO GDWD WR SUHGLFW VSHFLHV¶ UDQJHV� (FRORJ\ /HWWHUV
������±����

.HDUVH� 0�� 5� 0RLU� $� :LOVRQ� 6� 6WRQHV�+DYDV� 0� &KHXQJ� 6� 6WXUURFN� 6�
%X[WRQ� $� &RRSHU� 6� 0DUNRZLW]� &� 'XUDQ� 7� 7KLHUHU� %� $VKWRQ� 3� 0HLQWMHV�
DQG $� 'UXPPRQG� ����� *HQHLRXV %DVLF� $Q LQWHJUDWHG DQG H[WHQGDEOH
GHVNWRS VRIWZDUH SODWIRUP IRU WKH RUJDQL]DWLRQ DQG DQDO\VLV RI VHTXHQFH GDWD�
%LRLQIRUPDWLFV��������±�����

.HOOHU� ,�� &� (� :DJQHU� /� *UHXWHU� 6� 0ZDLNR� 2� 0� 6HO]� $� 6LYDVXQGDU� 6�
:LWWZHU� DQG 2� 6HHKDXVHQ� ����� 3RSXODWLRQ JHQRPLF VLJQDWXUHV RI GLYHUJHQW
DGDSWDWLRQ� JHQH IORZ DQG K\EULG VSHFLDWLRQ LQ WKH UDSLG UDGLDWLRQ RI /DNH
9LFWRULD�FLFKOLG�ILVKHV��0ROHFXODU�(FRORJ\��������±�����

.LVHO� <�� DQG 7� *� %DUUDFORXJK� ����� 6SHFLDWLRQ +DV D 6SDWLDO 6FDOH 7KDW 'HSHQGV
RQ /HYHOV RI *HQH )ORZ� 7KH $PHULFDQ 1DWXUDOLVW �������±���� 7KH 8QLYHUVLW\
RI�&KLFDJR�3UHVV�

.OLQJ� 0� 0�� %� '� 0LVKOHU� $� +� 7KRUQKLOO� %� *� %DOGZLQ� DQG '� '� $FNHUO\�
����� )DFHWV RI SK\ORGLYHUVLW\� HYROXWLRQDU\ GLYHUVLILFDWLRQ� GLYHUJHQFH DQG
VXUYLYDO DV FRQVHUYDWLRQ WDUJHWV� 3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\
%��%LRORJLFDO�6FLHQFHV���������������5R\DO�6RFLHW\�

.RVFK� 7� $�� &� 1� 6� 6LOYD� /� $� %UDQQHOO\� $� $� 5REHUWV� 4� /DX� *� 0DUDQWHOOL�
/� %HUJHU� DQG /� )� 6NHUUDWW� ����� *HQHWLF SRWHQWLDO IRU GLVHDVH UHVLVWDQFH LQ
FULWLFDOO\ HQGDQJHUHG DPSKLELDQV GHFLPDWHG E\ FK\WULGLRP\FRVLV� $QLPDO
&RQVHUYDWLRQ�������±����

.R]DN� .� +�� $� /DUVRQ� 5� 0� %RQHWW� DQG /� -� +DUPRQ� ����� 3K\ORJHQHWLF
$QDO\VLV RI (FRPRUSKRORJLFDO 'LYHUJHQFH� &RPPXQLW\ 6WUXFWXUH� DQG
'LYHUVLILFDWLRQ 5DWHV LQ 'XVN\ 6DODPDQGHUV �SOHWKRGRQWLGDH� 'HVPRJQDWKXV��
(YROXWLRQ��������±�����

.R]DN� .� +�� 5� :� 0HQG\N� DQG -� -� :LHQV� ����� &DQ 3DUDOOHO 'LYHUVLILFDWLRQ
2FFXU LQ 6\PSDWU\" 5HSHDWHG 3DWWHUQV RI %RG\�6L]H (YROXWLRQ LQ &RH[LVWLQJ
&ODGHV�RI�1RUWK�$PHULFDQ�6DODPDQGHUV��(YROXWLRQ��������±�����

.R]DN� .� +�� DQG -� -� :LHQV� ����D� $FFHOHUDWHG UDWHV RI FOLPDWLF�QLFKH HYROXWLRQ
XQGHUOLH�UDSLG�VSHFLHV�GLYHUVLILFDWLRQ��(FRORJ\�/HWWHUV��������±�����

.R]DN� .� +�� DQG -� -� :LHQV� ����E� $FFHOHUDWHG UDWHV RI FOLPDWLF�QLFKH HYROXWLRQ
XQGHUOLH�UDSLG�VSHFLHV�GLYHUVLILFDWLRQ��(FRORJ\�/HWWHUV��������±�����

.R]DN� .� +�� DQG -� -� :LHQV� ����� &OLPDWLF ]RQDWLRQ GULYHV ODWLWXGLQDO YDULDWLRQ LQ
VSHFLDWLRQ PHFKDQLVPV� 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO
6FLHQFHV���������±������5R\DO�6RFLHW\�

���



.R]DN� .� +�� DQG -� -� :LHQV� ����� :KDW H[SODLQV SDWWHUQV RI VSHFLHV ULFKQHVV" 7KH
UHODWLYH LPSRUWDQFH RI FOLPDWLF�QLFKH HYROXWLRQ� PRUSKRORJLFDO HYROXWLRQ� DQG
HFRORJLFDO�OLPLWV�LQ�VDODPDQGHUV��(FRORJ\�DQG�(YROXWLRQ�������±�����

.R]ORY� $� 0�� '� 'DUULED� 7� )ORXUL� %� 0RUHO� DQG $� 6WDPDWDNLV� �����
5$[0/�1*� D IDVW� VFDODEOH DQG XVHU�IULHQGO\ WRRO IRU PD[LPXP OLNHOLKRRG
SK\ORJHQHWLF�LQIHUHQFH��%LRLQIRUPDWLFV��������±������2[IRUG�$FDGHPLF�

.UXFNHEHUJ� $� 5�� DQG '� 5DELQRZLW]� ����� %LRORJLFDO $VSHFWV RI (QGHPLVP LQ
+LJKHU�3ODQWV��$QQX��5HY��(FRO��6\VW��������±�����$QQXDO�5HYLHZV�

.\ULD]LV� &� &�� 5� .� :D\QH� DQG .� (� /RKPXHOOHU� ����� 6WURQJO\ GHOHWHULRXV
PXWDWLRQV DUH D SULPDU\ GHWHUPLQDQW RI H[WLQFWLRQ ULVN GXH WR LQEUHHGLQJ
GHSUHVVLRQ��(YROXWLRQ�/HWWHUV�����±���

/DIRQ�3ODFHWWH� &�� DQG &� .|KOHU� ����� (SLJHQHWLF PHFKDQLVPV RI SRVW]\JRWLF
UHSURGXFWLYH�LVRODWLRQ�LQ�SODQWV��&XUUHQW�2SLQLRQ�LQ�3ODQW�%LRORJ\������±���

/DVSLXU� $�� -� &� 6DQWRV� 6� 0� 0HGLQD� -� (� 3L]DUUR� (� $� 6DQDEULD� %� 6LQHUYR� DQG
1� 5� ,EDUJ�HQJR\WtD� ����� 9XOQHUDELOLW\ WR FOLPDWH FKDQJH RI D PLFURHQGHPLF
OL]DUG�VSHFLHV�IURP�WKH�FHQWUDO�$QGHV��6FL�5HS����������

/DYLQLD� 3� '�� $� 6� %DUUHLUD� /� &DPSDJQD� 3� /� 7XEDUR� DQG '� $� /LMWPDHU� �����
&RQWUDVWLQJ HYROXWLRQDU\ KLVWRULHV LQ 1HRWURSLFDO ELUGV� 'LYHUJHQFH DFURVV DQ
HQYLURQPHQWDO�EDUULHU�LQ�6RXWK�$PHULFD��0ROHFXODU�(FRORJ\��������±�����

/DZVRQ� $� 0�� DQG -� 7� :HLU� ����D� /DWLWXGLQDO JUDGLHQWV LQ FOLPDWLF�QLFKH
HYROXWLRQ DFFHOHUDWH WUDLW HYROXWLRQ DW KLJK ODWLWXGHV� (FRORJ\ /HWWHUV
�������±�����

/DZVRQ� $� 0�� DQG -� 7� :HLU� ����E� /DWLWXGLQDO JUDGLHQWV LQ FOLPDWLF�QLFKH
HYROXWLRQ DFFHOHUDWH WUDLW HYROXWLRQ DW KLJK ODWLWXGHV� (FRORJ\ /HWWHUV
�������±�����

/HDFKp� $� '�� %� /� %DQEXU\� -� )HOVHQVWHLQ� $� QLHWR�0RQWHV GH 2FD� DQG $�
6WDPDWDNLV� ����� 6KRUW 7UHH� /RQJ 7UHH� 5LJKW 7UHH� :URQJ 7UHH� 1HZ
$FTXLVLWLRQ %LDV &RUUHFWLRQV IRU ,QIHUULQJ 613 3K\ORJHQLHV� 6\VWHPDWLF
%LRORJ\��������±�����

/HYLQV� 5� ����� (YROXWLRQ LQ &KDQJLQJ (QYLURQPHQWV� 6RPH 7KHRUHWLFDO
([SORUDWLRQV���03%�����3ULQFHWRQ�8QLYHUVLW\�3UHVV�

/L� 0��5�� +��<� :DQJ� 1� 'LQJ� 7� /X� <��&� +XDQJ� +��;� ;LDR� %� /LX� DQG /��)�
/L� ����� 5DSLG 'LYHUJHQFH )ROORZHG E\ $GDSWDWLRQ WR &RQWUDVWLQJ (FRORJLFDO
1LFKHV RI 7ZR &ORVHO\ 5HODWHG &ROXPELQH 6SHFLHV $TXLOHJLD MDSRQLFD DQG $�
R[\VHSDOD��*HQRPH�%LRORJ\�DQG�(YROXWLRQ�������±����

/LDQJ� =��4�� :��7� &KHQ� '��4� :DQJ� 6��+� =KDQJ� &��5� :DQJ� 6��3� +H� <��$�
:X� 3� +H� -� ;LH� &��:� /L� -� 0HULOl� DQG 4��:� :HL� ����� 3K\ORJHRJUDSKLF
SDWWHUQV DQG FRQVHUYDWLRQ LPSOLFDWLRQV RI WKH HQGDQJHUHG &KLQHVH JLDQW
VDODPDQGHU��(FRORJ\�DQG�(YROXWLRQ�������±�����

/LQGWNH� '�� DQG &� $� %XHUNOH� ����� 7KH JHQHWLF DUFKLWHFWXUH RI K\EULG
LQFRPSDWLELOLWLHV DQG WKHLU HIIHFW RQ EDUULHUV WR LQWURJUHVVLRQ LQ VHFRQGDU\
FRQWDFW��(YROXWLRQ��������±�����

/LWVLRV� *�� /� 3HOOLVVLHU� )� )RUHVW� &� /H[HU� 3� %� 3HDUPDQ� 1� (� =LPPHUPDQQ� DQG
1� 6DODPLQ� ����� 7URSKLF VSHFLDOL]DWLRQ LQIOXHQFHV WKH UDWH RI HQYLURQPHQWDO

���



QLFKH HYROXWLRQ LQ GDPVHOILVKHV �3RPDFHQWULGDH�� 3URFHHGLQJV RI WKH 5R\DO
6RFLHW\�%��%LRORJLFDO�6FLHQFHV���������±������5R\DO�6RFLHW\�

/LX� &�� 3� 0� %HUU\� 7� 3� 'DZVRQ� DQG 5� *� 3HDUVRQ� ����� 6HOHFWLQJ WKUHVKROGV RI
RFFXUUHQFH�LQ�WKH�SUHGLFWLRQ�RI�VSHFLHV�GLVWULEXWLRQV��(FRJUDSK\�������±����

/RF�%DUUDJiQ� -� $�� -� 5H\HV�9HODVFR� *� $� :RROULFK�3LxD� &� ,� *U�QZDOG� 0� 9�
'� $QD\D� -� $� 5DQJHO�0HQGR]D� DQG 0� $� /ySH]�/XQD� ����D�
�S!�VWURQJ!$ 1HZ 6SHFLHV RI 0XG 7XUWOH RI *HQXV �HP!.LQRVWHUQRQ��HP!
�7HVWXGLQHV� .LQRVWHUQLGDH� IURP WKH 3DFLILF &RDVWDO 3ODLQ RI 1RUWKZHVWHUQ
0H[LFR��VWURQJ!��S!��=RRWD[D�����������������±����

/RF�%DUUDJiQ� -� $�� -� 5H\HV�9HODVFR� *� $� :RROULFK�3LxD� &� ,� *U�QZDOG� 0� 9�
'� $QD\D� -� $� 5DQJHO�0HQGR]D� DQG 0� $� /ySH]�/XQD� ����E� 1HZ 6SHFLHV
RI 0XG 7XUWOH RI *HQXV �HP!.LQRVWHUQRQ��HP! �7HVWXGLQHV� .LQRVWHUQLGDH�
IURP�WKH�3DFLILF�&RDVWDO�3ODLQ�RI�1RUWKZHVWHUQ�0H[LFR��=RRWD[D���������±����

/RYH 6WRZHOO� 6� 0�� &� $� 3LQ]RQH� DQG $� 3� 0DUWLQ� ����� 2YHUFRPLQJ EDUULHUV WR
DFWLYH LQWHUYHQWLRQV IRU JHQHWLF GLYHUVLW\� %LRGLYHUVLW\ 	 &RQVHUYDWLRQ�
'RUGUHFKW �������±����� 6SULQJHU 1DWXUH %�9�� 'RUGUHFKW� 1HWKHUODQGV�
'RUGUHFKW�

/RZH� %� ����� +RZ 6DODPDQGHU 6SHFLHV &DQ +\EULGL]H ([WHQVLYHO\ <HW 5HPDLQ
'LVWLQFW��,QVLJKWV�IURP�+DELWDW�'DWD��0ROHFXOHV��DQG�%HKDYLRU�

/R]DGD� 7�� *� +� -� GH .RQLQJ� 0� .HVVOHU� $��0� .OHLQ� DQG 7� 7VFKDUQWNH� �����
*HRJUDSKLFDO UDQJH VL]H RI WURSLFDO SODQWV LQIOXHQFHV WKHLU UHVSRQVH WR
DQWKURSRJHQLF�DFWLYLWLHV��'LYHUVLW\�DQG�'LVWULEXWLRQV������±���

/\QFK� 0�� -� &RQHU\� DQG 5� %XUJHU� ����� 0XWDWLRQ $FFXPXODWLRQ DQG WKH
([WLQFWLRQ RI 6PDOO 3RSXODWLRQV� 7KH $PHULFDQ 1DWXUDOLVW �������±���� 7KH
8QLYHUVLW\�RI�&KLFDJR�3UHVV�

/\RQV� 0� 3�� DQG .� +� .R]DN� ����� 9DQLVKLQJ LVODQGV LQ WKH VN\" $ FRPSDULVRQ RI
FRUUHODWLRQ� DQG PHFKDQLVP�EDVHG IRUHFDVWV RI UDQJH G\QDPLFV IRU PRQWDQH
VDODPDQGHUV�XQGHU�FOLPDWH�FKDQJH��(FRJUDSK\�������±����

0DFLS�5tRV� 5�� &� $� 0HUFKDQW� (� *� 0XULOOR� $� 0� 8JDOGH� DQG 0� GH /D
&UX]�0HUOR� ����� 3RSXODWLRQ 9LDELOLW\ $QDO\VLV RI .LQRVWHUQRQ KLUWLSHV
PXUUD\L LQ &HQWUDO 0p[LFR� ZLWK 1RWHV RQ WKH &RQVHUYDWLRQ 6WDWXV RI WKH 2WKHU
7KUHH 6XEVSHFLHV RI WKH /LQHDJH� &KHORQLDQ &RQVHUYDWLRQ DQG %LRORJ\
�����±���

0DFLS�5tRV� 5�� 5� 2QWLYHURV� 6� /ySH]�$OFDLGH� DQG *� &DVDV�$QGUHX� ����� 7KH
FRQVHUYDWLRQ VWDWXV RI WKH IUHVKZDWHU DQG WHUUHVWULDO WXUWOHV RI 0H[LFR� D FULWLFDO
UHYLHZ RI ELRGLYHUVLW\ FRQVHUYDWLRQ VWUDWHJLHV� 5HYLVWD 0H[LFDQD GH
%LRGLYHUVLGDG��������±�����

0DF/HDQ� 6� $�� DQG 6� 5� %HLVVLQJHU� ����� 6SHFLHV¶ WUDLWV DV SUHGLFWRUV RI UDQJH
VKLIWV XQGHU FRQWHPSRUDU\ FOLPDWH FKDQJH� $ UHYLHZ DQG PHWD�DQDO\VLV� *OREDO
&KDQJH�%LRORJ\��������±�����

0DOLQVN\� 0�� 0� 0DWVFKLQHU� DQG +� 6YDUGDO� ����� 'VXLWH � )DVW '�VWDWLVWLFV DQG
UHODWHG DGPL[WXUH HYLGHQFH IURP 9&) ILOHV� 0ROHFXODU (FRORJ\ 5HVRXUFHV
������±����

0DOOHW��-��������+\EULG�VSHFLDWLRQ��1DWXUH��������±����

���



0DOOHW� -� ����� +\EULGL]DWLRQ DV DQ LQYDVLRQ RI WKH JHQRPH� 7UHQGV LQ (FRORJ\ 	
(YROXWLRQ�������±����

0DQWKH\� -� '�� -� .OLFND� DQG *� 0� 6SHOOPDQ� ����� 7KH *HQRPLF 6LJQDWXUH RI
$OORSDWULF 6SHFLDWLRQ LQ D 6RQJELUG ,V 6KDSHG E\ *HQRPH $UFKLWHFWXUH �$YHV�
&HUWKLD�DPHULFDQD���*HQRPH�%LRORJ\�DQG�(YROXWLRQ����HYDE����

0DR� ;�� *� +H� 3� +XD� *� -RQHV� 6� =KDQJ� DQG 6� -� 5RVVLWHU� ����� +LVWRULFDO
LQWURJUHVVLRQ DQG WKH SHUVLVWHQFH RI JKRVW DOOHOHV LQ WKH LQWHUPHGLDWH KRUVHVKRH
EDW��5KLQRORSKXV�DIILQLV���0ROHFXODU�(FRORJ\��������±�����

0DUNOH� 7� 0� Q�G� (FRORJ\ DQG (YROXWLRQ RI *HRJUDSKLF 5DQJH 6L]H 9DULDWLRQ LQ
1RUWK $PHULFDQ 3OHWKRGRQWLG 6DODPDQGHUV� 3HUVSHFWLYHV IURP 7KHUPDO
3K\VLRORJ\��8QLYHUVLW\�RI�0LQQHVRWD��8QLWHG�6WDWHV����0LQQHVRWD�

0DUNOH� 7� 0�� DQG .� +� .R]DN� ����� /RZ DFFOLPDWLRQ FDSDFLW\ RI QDUURZ�UDQJLQJ
WKHUPDO VSHFLDOLVWV H[SRVHV VXVFHSWLELOLW\ WR JOREDO FOLPDWH FKDQJH� (FRORJ\ DQG
(YROXWLRQ�������±�����

0D\U��(��������$QLPDO�6SHFLHV�DQG�(YROXWLRQ��+DUYDUG�8QLYHUVLW\�3UHVV�
0D\U� (� ����� (FRORJLFDO )DFWRUV LQ 6SHFLDWLRQ� (YROXWLRQ �����±���� >6RFLHW\ IRU

WKH�6WXG\�RI�(YROXWLRQ��:LOH\@�
0F(OUR\� .�� .� %HDWWLH� 0� 5� (� 6\PRQGV� DQG /� -RVHSK� ����� 0LWRJHQRPLF DQG

QXFOHDU GLYHUVLW\ LQ WKH 0XOJD 3DUURW RI WKH $XVWUDOLDQ DULG ]RQH� FU\SWLF
VXEVSHFLHV DQG WHVWV IRU VHOHFWLRQ� (PX � $XVWUDO 2UQLWKRORJ\ ������±��� 7D\ORU
	�)UDQFLV�

0F/DFKODQ� -� 6�� -� -� +HOOPDQQ� DQG 0� :� 6FKZDUW]� ����� $ )UDPHZRUN IRU
'HEDWH RI $VVLVWHG 0LJUDWLRQ LQ DQ (UD RI &OLPDWH &KDQJH� &RQVHUYDWLRQ
%LRORJ\�������±����

0HDG� /� 6�� 6� *� 7LOOH\� DQG /� $� .DW]� ����� *HQHWLF 6WUXFWXUH RI WKH %OXH 5LGJH
'XVN\ 6DODPDQGHU �GHVPRJQDWKXV 2UHVWHV�� ,QIHUHQFHV IURP $OOR]\PHV�
0LWRFKRQGULDO�'QD��DQG�%HKDYLRU��(YROXWLRQ��������±�����

0HDQV� '�� -� /DPE� DQG -� %HUQDUGR� ����� $ QHZ VSHFLHV RI GXVN\ VDODPDQGHU
�$PSKLELD� 3OHWKRGRQWLGDH� 'HVPRJQDWKXV� IURP WKH (DVWHUQ *XOI &RDVWDO 3ODLQ
RI WKH 8QLWHG 6WDWHV DQG D UHGHVFULSWLRQ RI '� DXULFXODWXV� =RRWD[D
��������±����

0HLN� -� 0�� -� :� 6WUHLFKHU� $� 0� /DZLQJ� 2� )ORUHV�9LOOHOD� DQG 0� .� )XMLWD�
����� /LPLWDWLRQV RI &OLPDWLF 'DWD IRU ,QIHUULQJ 6SHFLHV %RXQGDULHV� ,QVLJKWV
IURP 6SHFNOHG 5DWWOHVQDNHV� 3/26 21( ���H�������� 3XEOLF /LEUDU\ RI
6FLHQFH�

0HODQGHU� 6� /�� DQG 5� /� 0XHOOHU� ����� &RPSUHKHQVLYH $QDO\VLV RI 6DODPDQGHU
+\EULGL]DWLRQ 6XJJHVWV D &RQVLVWHQW 5HODWLRQVKLS EHWZHHQ *HQHWLF 'LVWDQFH DQG
5HSURGXFWLYH�,VRODWLRQ�DFURVV�7HWUDSRGV��&RSHLD��������±�����

0RQWZp� '�� 0� ,VDDF�5HQWRQ� $� +DPDQQ� DQG +� 6SLHFNHU� ����� &ROG DGDSWDWLRQ
UHFRUGHG LQ WUHH ULQJV KLJKOLJKWV ULVNV DVVRFLDWHG ZLWK FOLPDWH FKDQJH DQG
DVVLVWHG�PLJUDWLRQ��1DWXUH�&RPPXQLFDWLRQV���������1DWXUH�3XEOLVKLQJ�*URXS�

0RRUH� :� 6� ����� $Q (YDOXDWLRQ RI 1DUURZ +\EULG =RQHV LQ 9HUWHEUDWHV� 7KH
4XDUWHUO\�5HYLHZ�RI�%LRORJ\�������±�����7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV�

���



0XHOOHU� 5� /�� -� 5� 0DFH\� 0� -DHNHO� '� %� :DNH� DQG -� /� %RRUH� �����
0RUSKRORJLFDO KRPRSODV\� OLIH KLVWRU\ HYROXWLRQ� DQG KLVWRULFDO ELRJHRJUDSK\ RI
SOHWKRGRQWLG VDODPDQGHUV LQIHUUHG IURP FRPSOHWH PLWRFKRQGULDO JHQRPHV�
31$6����������±�������1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

0XKOIHOG� &� &�� 6� 7� .DOLQRZVNL� 7� (� 0F0DKRQ� 0� /� 7DSHU� 6� 3DLQWHU� 5� )�
/HDU\� DQG )� :� $OOHQGRUI� ����� +\EULGL]DWLRQ UDSLGO\ UHGXFHV ILWQHVV RI D
QDWLYH�WURXW�LQ�WKH�ZLOG��%LRORJ\�/HWWHUV������±�����5R\DO�6RFLHW\�

0XVFDUHOOD� 5�� 3� -� *DODQWH� 0� 6ROH\�*XDUGLD� 5� $� %RULD� -� 0� .DVV� 0� 8ULDUWH�
DQG 5� 3� $QGHUVRQ� ����D� (10 HYDO� $Q 5 SDFNDJH IRU FRQGXFWLQJ VSDWLDOO\
LQGHSHQGHQW HYDOXDWLRQV DQG HVWLPDWLQJ RSWLPDO PRGHO FRPSOH[LW\ IRU 0D[HQW
HFRORJLFDO QLFKH PRGHOV� 0HWKRGV LQ HFRORJ\ DQG HYROXWLRQ ������±����� :LOH\
2QOLQH�/LEUDU\�

0XVFDUHOOD� 5�� 3� -� *DODQWH� 0� 6ROH\䇲*XDUGLD� 5� $� %RULD� -� 0� .DVV� 0� 8ULDUWH�
DQG 5� 3� $QGHUVRQ� ����E� (10HYDO� $Q 5 SDFNDJH IRU FRQGXFWLQJ VSDWLDOO\
LQGHSHQGHQW HYDOXDWLRQV DQG HVWLPDWLQJ RSWLPDO PRGHO FRPSOH[LW\ IRU 0D[HQW
HFRORJLFDO�QLFKH�PRGHOV��0HWKRGV�LQ�(FRORJ\�DQG�(YROXWLRQ�������±�����

1HL��0��������0ROHFXODU�(YROXWLRQDU\�*HQHWLFV��&ROXPELD�8QLYHUVLW\�3UHVV�
1LFH� &� &�� -� $� )RUG\FH� 9� $� 6RWROD� -� &URZ� DQG 3� +� 'LD]� ����� *HRJUDSKLF

SDWWHUQV RI JHQRPLF YDULDWLRQ LQ WKH WKUHDWHQHG 6DODGR VDODPDQGHU� (XU\FHD
FKLVKROPHQVLV��&RQVHUY�*HQHW�������±����

2UQHODV�*DUFtD� &� 3�� 2� 'RPtQJXH]�'RPtQJXH]� DQG ,� 'RDGULR� �����
(YROXWLRQDU\ KLVWRU\ RI WKH ILVK JHQXV $VW\DQD[ %DLUG 	 *LUDUG ������
�$FWLQRSWHU\JLL� &KDUDFLGDH� LQ 0HVRDPHULFD UHYHDOV PXOWLSOH PRUSKRORJLFDO
KRPRSODVLHV��%0&�(YROXWLRQDU\�%LRORJ\�������

2VERUQH� 0� -�� 6� -� &RUGRYD� $� &� &DPHURQ� DQG 7� )� 7XUQHU� ����� ,VRODWLRQ E\
HOHYDWLRQ� PLWRFKRQGULDO GLYHUJHQFH DPRQJ VN\ LVODQG SRSXODWLRQV RI
6DFUDPHQWR�0RXQWDLQ�VDODPDQGHU��$QHLGHV�KDUGLL���&RQVHUY�*HQHW�������±����

2ZHQV� ,� 3� )�� DQG 3� 0� %HQQHWW� ����� $QFLHQW HFRORJLFDO GLYHUVLILFDWLRQ H[SODLQV
OLIH�KLVWRU\ YDULDWLRQ DPRQJ OLYLQJ ELUGV� 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ RI
/RQGRQ��6HULHV�%��%LRORJLFDO�6FLHQFHV��������±�����5R\DO�6RFLHW\�

3DSDGRSXORV� $� 6� 7�� -� ,JHD� /� 7� 'XQQLQJ� 2� *� 2VERUQH� ;� 4XDQ� -� 3HOOLFHU� &�
7XUQEXOO� ,� +XWWRQ� :� -� %DNHU� 5� .� %XWOLQ� DQG 9� 6DYRODLQHQ� �����
(FRORJLFDO VSHFLDWLRQ LQ V\PSDWULF SDOPV� �� *HQHWLF PDS UHYHDOV JHQRPLF
LVODQGV�XQGHUO\LQJ�VSHFLHV�GLYHUJHQFH�LQ�+RZHD��(YROXWLRQ��������±�����

3DUPHVDQ� &� ����� (FRORJLFDO DQG (YROXWLRQDU\ 5HVSRQVHV WR 5HFHQW &OLPDWH
&KDQJH��$QQXDO�5HYLHZ�RI�(FRORJ\��(YROXWLRQ��DQG�6\VWHPDWLFV�������±����

3DUPHVDQ� &�� DQG *� <RKH� ����� $ JOREDOO\ FRKHUHQW ILQJHUSULQW RI FOLPDWH FKDQJH
LPSDFWV�DFURVV�QDWXUDO�V\VWHPV��1DWXUH�������±���

3DUUD䇲2OHD� *�� -� &� :LQGILHOG� *� 9HOR䇲$QWyQ� DQG .� 5� =DPXGLR� ����� ,VRODWLRQ
LQ KDELWDW UHIXJLD SURPRWHV UDSLG GLYHUVLILFDWLRQ LQ D PRQWDQH WURSLFDO
VDODPDQGHU��-RXUQDO�RI�%LRJHRJUDSK\�������±����

3DWR� -�� -� &� ,OOHUD� -� 5� 2EHVR� DQG 3� /DLROR� ����� 7KH UROHV RI JHRJUDSK\� FOLPDWH
DQG VH[XDO VHOHFWLRQ LQ GULYLQJ GLYHUJHQFH DPRQJ LQVHFW SRSXODWLRQV RQ
PRXQWDLQWRSV��-RXUQDO�RI�%LRJHRJUDSK\�������±����

���



3DWWHUVRQ� 1�� 3� 0RRUMDQL� <� /XR� 6� 0DOOLFN� 1� 5RKODQG� <� =KDQ� 7� *HQVFKRUHFN�
7� :HEVWHU� DQG '� 5HLFK� ����D� $QFLHQW $GPL[WXUH LQ +XPDQ +LVWRU\�
*HQHWLFV���������±�����

3DWWHUVRQ� 1�� 3� 0RRUMDQL� <� /XR� 6� 0DOOLFN� 1� 5RKODQG� <� =KDQ� 7� *HQVFKRUHFN�
7� :HEVWHU� DQG '� 5HLFK� ����E� $QFLHQW $GPL[WXUH LQ +XPDQ +LVWRU\�
*HQHWLFV���������±�����

3DXOV� 6� 8�� &� 1RZDN� 0� %iOLQW� DQG 0� 3IHQQLQJHU� ����� 7KH LPSDFW RI JOREDO
FOLPDWH FKDQJH RQ JHQHWLF GLYHUVLW\ ZLWKLQ SRSXODWLRQV DQG VSHFLHV� 0ROHFXODU
(FRORJ\�������±����

3KLOOLPRUH� $� %�� DQG ,� 3� 2ZHQV� ����� $UH VXEVSHFLHV XVHIXO LQ HYROXWLRQDU\ DQG
FRQVHUYDWLRQ ELRORJ\" 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO 6FLHQFHV
��������±������7KH�5R\DO�6RFLHW\�/RQGRQ�

3KLOOLSV� 1� 0�� -� $� &KDSOLQ� '� /� 0RUJDQ� DQG 6� &� 3HYHUHOO� ����� 3RSXODWLRQ
JHQHWLF VWUXFWXUH DQG JHQHWLF GLYHUVLW\ RI WKUHH FULWLFDOO\ HQGDQJHUHG 3ULVWLV
VDZILVKHV�LQ�$XVWUDOLDQ�ZDWHUV��0DU�%LRO��������±����

3KLOOLSV� 6� -�� 5� 3� $QGHUVRQ� DQG 5� (� 6FKDSLUH� ����� 0D[LPXP HQWURS\
PRGHOLQJ RI VSHFLHV JHRJUDSKLF GLVWULEXWLRQV� (FRORJLFDO 0RGHOOLQJ
�������±����

3KLOOLSV� 6� -�� DQG 0� 'XGtN� ����� 0RGHOLQJ RI VSHFLHV GLVWULEXWLRQV ZLWK 0D[HQW�
QHZ�H[WHQVLRQV�DQG�D�FRPSUHKHQVLYH�HYDOXDWLRQ��(FRJUDSK\�������±����

3LFNUHOO� -�� DQG -� 3ULWFKDUG� ����� ,QIHUHQFH RI SRSXODWLRQ VSOLWV DQG PL[WXUHV IURP
JHQRPH�ZLGH DOOHOH IUHTXHQF\ GDWD� 1DWXUH 3UHFHGLQJV �±�� 1DWXUH 3XEOLVKLQJ
*URXS�

3LH� 0� 5�� /� /� )� &DPSRV� $� /� 6� 0H\HU� DQG $� 'XUDQ� ����� 7KH HYROXWLRQ RI
FOLPDWLF QLFKHV LQ VTXDPDWH UHSWLOHV� 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %�
%LRORJLFDO�6FLHQFHV���������������5R\DO�6RFLHW\�

3RUWLN� '� 0�� $� '� /HDFKp� '� 5LYHUD� 0� )� %DUHM� 0� %XUJHU� 0� +LUVFKIHOG�
0��2� 5|GHO� '� &� %ODFNEXUQ� DQG 0� .� )XMLWD� ����� (YDOXDWLQJ PHFKDQLVPV
RI GLYHUVLILFDWLRQ LQ D *XLQHR�&RQJROLDQ WURSLFDO IRUHVW IURJ XVLQJ GHPRJUDSKLF
PRGHO�VHOHFWLRQ��0ROHFXODU�(FRORJ\��������±�����

3RVDGD� '� ����� M0RGHO7HVW� 3K\ORJHQHWLF 0RGHO $YHUDJLQJ� 0ROHFXODU %LRORJ\
DQG�(YROXWLRQ��������±�����

3|\U\� -�� 0� /XRWR� 5� .� +HLNNLQHQ� 0� .XXVVDDUL� DQG .� 6DDULQHQ� ����� 6SHFLHV
WUDLWV H[SODLQ UHFHQW UDQJH VKLIWV RI )LQQLVK EXWWHUIOLHV� *OREDO &KDQJH %LRORJ\
������±����

3UHQWLFH� ,� &�� 3� -� %DUWOHLQ� DQG 7� :HEE ,,,� ����� 9HJHWDWLRQ DQG &OLPDWH &KDQJH
LQ (DVWHUQ 1RUWK $PHULFD 6LQFH WKH /DVW *ODFLDO 0D[LPXP� (FRORJ\
�������±�����

3\URQ� 0� ����� 5HODWLRQVKLSV EHWZHHQ JHRJUDSKLFDO UDQJH VL]H� ERG\ VL]H� ORFDO
DEXQGDQFH� DQG KDELWDW EUHDGWK LQ 1RUWK $PHULFDQ VXFNHUV DQG VXQILVKHV�
-RXUQDO�RI�%LRJHRJUDSK\�������±����

3\URQ� 5� $�� .� $� 2¶&RQQHOO� (� 0� /HPPRQ� $� 5� /HPPRQ� DQG '� $� %HDPHU�
����� 3K\ORJHQRPLF GDWD UHYHDO UHWLFXODWLRQ DQG LQFRQJUXHQFH DPRQJ

���



PLWRFKRQGULDO FDQGLGDWH VSHFLHV LQ 'XVN\ 6DODPDQGHUV �'HVPRJQDWKXV��
0ROHFXODU�3K\ORJHQHWLFV�DQG�(YROXWLRQ������������

4XLQWHUR� ,�� DQG -� -� :LHQV� ����� 5DWHV RI SURMHFWHG FOLPDWH FKDQJH GUDPDWLFDOO\
H[FHHG SDVW UDWHV RI FOLPDWLF QLFKH HYROXWLRQ DPRQJ YHUWHEUDWH VSHFLHV� (FRORJ\
/HWWHUV��������±�����

5DIIHUW\� $� 5�� DQG 5� '� 5HLQD� ����� $UUHVWHG HPEU\RQLF GHYHORSPHQW� D UHYLHZ
RI VWUDWHJLHV WR GHOD\ KDWFKLQJ LQ HJJ�OD\LQJ UHSWLOHV� 3URFHHGLQJV RI WKH 5R\DO
6RFLHW\�%��%LRORJLFDO�6FLHQFHV���������±������5R\DO�6RFLHW\�

5DPEDXW� $�� 0� $� 6XFKDUG� '� ;LH� DQG $� -� 'UXPPRQG� ����� 7UDFHU Y ����
8QLYHUVLW\�RI�(GLQEXUJK��(GLQEXUJK��8.�

5DQG� '� 0�� DQG 5� *� +DUULVRQ� ����� (FRORJLFDO *HQHWLFV RI D 0RVDLF +\EULG
=RQH� 0LWRFKRQGULDO� 1XFOHDU� DQG 5HSURGXFWLYH 'LIIHUHQWLDWLRQ RI &ULFNHWV E\
6RLO�7\SH��(YROXWLRQ�������±����

5DVPXVVHQ� -� %�� 0� '� 5RELQVRQ� $� +RQWHOD� DQG '� '� +HDWK� ����� 0HWDEROLF
WUDLWV RI ZHVWVORSH FXWWKURDW WURXW� LQWURGXFHG UDLQERZ WURXW DQG WKHLU K\EULGV LQ
DQ HFRWRQDO K\EULG ]RQH DORQJ DQ HOHYDWLRQ JUDGLHQW� %LRORJLFDO -RXUQDO RI WKH
/LQQHDQ�6RFLHW\�������±���

5D[ZRUWK\� &� -�� &� 0� ,QJUDP� 1� 5DELELVRD� DQG 5� *� 3HDUVRQ� �����
$SSOLFDWLRQV RI HFRORJLFDO QLFKH PRGHOLQJ IRU VSHFLHV GHOLPLWDWLRQ� D UHYLHZ DQG
HPSLULFDO HYDOXDWLRQ XVLQJ GD\ JHFNRV �3KHOVXPD� IURP 0DGDJDVFDU� 6\VW %LRO
������±����

5D\� &� ����� 9LWDO /LPLWV DQG 5DWHV RI 'HVLFFDWLRQ LQ 6DODPDQGHUV� (FRORJ\
�����±����(FRORJLFDO�6RFLHW\�RI�$PHULFD�

5D]JRXU� 2�� %� )RUHVWHU� -� %� 7DJJDUW� 0� %HNDHUW� -� -XVWH� &� ,EixH]� 6� -�
3XHFKPDLOOH� 5� 1RYHOOD�)HUQDQGH]� $� $OEHUGL� DQG 6� 0DQHO� �����
&RQVLGHULQJ DGDSWLYH JHQHWLF YDULDWLRQ LQ FOLPDWH FKDQJH YXOQHUDELOLW\
DVVHVVPHQW UHGXFHV VSHFLHV UDQJH ORVV SURMHFWLRQV� 31$6 ���������±������
1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

5HLV� -�� &� -� %LGDX� 5� 0DHVWUL� DQG 3� $� 0DUWLQH]� ����� 'LYHUVLILFDWLRQ RI WKH
FOLPDWLF QLFKH GURYH WKH UHFHQW SURFHVVHV RI VSHFLDWLRQ LQ 6LJPRGRQWLQDH
�5RGHQWLD��&ULFHWLGDH���0DPPDO�5HYLHZ�������±����

5HYHOO� /� -� ����� SK\WRROV� DQ 5 SDFNDJH IRU SK\ORJHQHWLF FRPSDUDWLYH ELRORJ\
�DQG RWKHU WKLQJV�� SK\WRROV� 5 SDFNDJH� 0HWKRGV LQ (FRORJ\ DQG (YROXWLRQ
�����±����

5H\HV�9HODVFR� -�� -� %� ,YHUVRQ� DQG 2� )ORUHV�9LOOHOD� ����� 7KH &RQVHUYDWLRQ
6WDWXV RI 6HYHUDO (QGHPLF 0H[LFDQ .LQRVWHUQLG 7XUWOHV� &KHORQLDQ
&RQVHUYDWLRQ�DQG�%LRORJ\�������±�����$OOHQ�3UHVV�

5K\PHU� -� 0�� DQG '� 6LPEHUORII� ����� ([WLQFWLRQ E\ +\EULGL]DWLRQ DQG
,QWURJUHVVLRQ��$QQXDO�5HYLHZ�RI�(FRORJ\�DQG�6\VWHPDWLFV������±����

5LFFLDUGL� $�� DQG '� 6LPEHUORII� ����� $VVLVWHG FRORQL]DWLRQ LV QRW D YLDEOH
FRQVHUYDWLRQ�VWUDWHJ\��7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ�������±����

5LFH� :� 5�� DQG (� (� +RVWHUW� ����� /DERUDWRU\ ([SHULPHQWV RQ 6SHFLDWLRQ� :KDW
+DYH�:H�/HDUQHG�LQ����<HDUV"�(YROXWLRQ��������±�����

���



5LFKDUGV� (� -�� DQG &� +� 0DUWLQ� ����� $GDSWLYH LQWURJUHVVLRQ IURP GLVWDQW
&DULEEHDQ LVODQGV FRQWULEXWHG WR WKH GLYHUVLILFDWLRQ RI D PLFURHQGHPLF DGDSWLYH
UDGLDWLRQ RI WURSKLF VSHFLDOLVW SXSILVKHV� 3/26 *HQHWLFV ���H�������� 3XEOLF
/LEUDU\�RI�6FLHQFH�

5LFNOHIV� 5� (�� DQG 0� :LNHOVNL� ����� 7KH SK\VLRORJ\�OLIH�KLVWRU\ QH[XV� 7UHQGV LQ
(FRORJ\�	�(YROXWLRQ�������±����

5LVVOHU� /� -�� DQG -� -� $SRGDFD� ����� $GGLQJ PRUH HFRORJ\ LQWR VSHFLHV
GHOLPLWDWLRQ� HFRORJLFDO QLFKH PRGHOV DQG SK\ORJHRJUDSK\ KHOS GHILQH FU\SWLF
VSHFLHV�LQ�WKH�EODFN�VDODPDQGHU��$QHLGHV�IODYLSXQFWDWXV���6\VW�%LRO�������±����

5LVVOHU� /� -�� DQG '� 5� 7D\ORU� ����� 7KH SK\ORJHQHWLFV RI 'HVPRJQDWKLQH
VDODPDQGHU SRSXODWLRQV DFURVV WKH VRXWKHUQ $SSDODFKLDQV� 0ROHFXODU
3K\ORJHQHWLFV�DQG�(YROXWLRQ�������±����

5RFKHWWH� 1� &�� $� *� 5LYHUD䇲&ROyQ� DQG -� 0� &DWFKHQ� ����� 6WDFNV �� $QDO\WLFDO
PHWKRGV IRU SDLUHG�HQG VHTXHQFLQJ LPSURYH 5$'VHT�EDVHG SRSXODWLRQ
JHQRPLFV��0ROHFXODU�(FRORJ\��������±�����

5RGUtJXH]� $�� %� 5RGUtJXH]� 7� 0RQWHORQJR� -� *DUFLD�3RUWD� 7� 3LSD� 0� &DUW\� -�
'DQLHOVHQ� -� 1XQHV� &� 6LOYD� 3� *HUDOGHV� )� 0� 0HGLQD� DQG -� &� ,OOHUD� �����
&U\SWLF GLIIHUHQWLDWLRQ LQ WKH 0DQ[ VKHDUZDWHU KLQGHUV WKH LGHQWLILFDWLRQ RI D
QHZ�HQGHPLF�VXEVSHFLHV��-RXUQDO�RI�$YLDQ�%LRORJ\����

5RGUtJXH]䇲*yPH]� )�� DQG -� )� 2UQHODV� ����� $W WKH SDVVLQJ JDWH� SDVW
LQWURJUHVVLRQ LQ WKH SURFHVV RI VSHFLHV IRUPDWLRQ EHWZHHQ $PD]LOLD YLROLFHSV
DQG $� YLULGLIURQV KXPPLQJELUGV DORQJ WKH 0H[LFDQ 7UDQVLWLRQ =RQH� -RXUQDO RI
%LRJHRJUDSK\��������±�����

5RRW� 7� /�� -� 7� 3ULFH� .� 5� +DOO� 6� +� 6FKQHLGHU� &� 5RVHQ]ZHLJ� DQG -� $�
3RXQGV� ����� )LQJHUSULQWV RI JOREDO ZDUPLQJ RQ ZLOG DQLPDOV DQG SODQWV�
1DWXUH�������±���

5RVDXHU� '� )�� /� -� 3ROORFN� 6� /LQNH� DQG :� -HW]� ����� 3K\ORJHQHWLFDOO\ LQIRUPHG
VSDWLDO SODQQLQJ LV UHTXLUHG WR FRQVHUYH WKH PDPPDOLDQ WUHH RI OLIH� 3URF� 5� 6RF�
%���������������

5RX[� &�� &� )UDLVVH� -� 5RPLJXLHU� <� $QFLDX[� 1� *DOWLHU� DQG 1� %LHUQH� �����
6KHGGLQJ OLJKW RQ WKH JUH\ ]RQH RI VSHFLDWLRQ DORQJ D FRQWLQXXP RI JHQRPLF
GLYHUJHQFH� 3/R6 ELRORJ\ ���H�������� 3XEOLF /LEUDU\ RI 6FLHQFH 6DQ
)UDQFLVFR��&$�86$�

5XVVHOO� -�� 0� YDQ =RQQHYHOG� ,� .� 'DZVRQ� $� %RRWK� 5� :DXJK� DQG %�
6WHIIHQVRQ� ����� *HQHWLF 'LYHUVLW\ DQG (FRORJLFDO 1LFKH 0RGHOOLQJ RI :LOG
%DUOH\� 5HIXJLD� /DUJH�6FDOH 3RVW�/*0 5DQJH ([SDQVLRQ DQG /LPLWHG
0LG�)XWXUH�&OLPDWH�7KUHDWV"�3/26�21(���H�������3XEOLF�/LEUDU\�RI�6FLHQFH�

5\DQ� 6� )�� -� 0� 'HLQHV� -� 0� 6FULEHU� 0� (� 3IUHQGHU� 6� (� -RQHV� 6� -� (PULFK� DQG
-� -� +HOOPDQQ� ����� &OLPDWH�PHGLDWHG K\EULG ]RQH PRYHPHQW UHYHDOHG ZLWK
JHQRPLFV� PXVHXP FROOHFWLRQ� DQG VLPXODWLRQ PRGHOLQJ� 31$6
����(����±(������1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

6DOHPL� 0�� DQG $��0� 9DQGDPPH� ����� 7KH 3K\ORJHQHWLF +DQGERRN� $ 3UDFWLFDO
$SSURDFK�WR�'1$�DQG�3URWHLQ�3K\ORJHQ\��&DPEULGJH�8QLYHUVLW\�3UHVV�

���



6DUHPL� 1� )�� 0� $� 6XSSOH� $� %\UQH� -� $� &DKLOO� /� /� &RXWLQKR� /� 'DOpQ� +� 9�
)LJXHLUy� :� (� -RKQVRQ� +� -� 0LOQH� 6� -� 2¶%ULHQ� %� 2¶&RQQHOO� '� 3�
2QRUDWR� 6� 3� '� 5LOH\� -� $� 6LNLFK� '� 5� 6WDKOHU� 3� 0� 6� 9LOOHOD� &� 9ROOPHUV�
5� .� :D\QH� (� (L]LULN� 5� %� &RUEHWW�'HWLJ� 5� (� *UHHQ� &� &� :LOPHUV� DQG
%� 6KDSLUR� ����� 3XPD JHQRPHV IURP 1RUWK DQG 6RXWK $PHULFD SURYLGH
LQVLJKWV LQWR WKH JHQRPLF FRQVHTXHQFHV RI LQEUHHGLQJ� 1DWXUH &RPPXQLFDWLRQV
���������1DWXUH�3XEOLVKLQJ�*URXS�

6FKOXWHU��'������D��7KH�(FRORJ\�RI�$GDSWLYH�5DGLDWLRQ��283�2[IRUG�
6FKOXWHU��'������E��7KH�(FRORJ\�RI�$GDSWLYH�5DGLDWLRQ��283�2[IRUG�
6FKRHQHU� 7� :�� DQG *� &� *RUPDQ� ����� 6RPH 1LFKH 'LIIHUHQFHV LQ 7KUHH /HVVHU

$QWLOOHDQ�/L]DUGV�RI�WKH�*HQXV�$QROLV��(FRORJ\�������±����
6FRWW� 3� $�� 7� &� *OHQQ� DQG /� -� 5LVVOHU� ����� 5HVROYLQJ WD[RQRPLF WXUEXOHQFH

DQG XQFRYHULQJ FU\SWLF GLYHUVLW\ LQ WKH PXVN WXUWOHV �6WHUQRWKHUXV� XVLQJ UREXVW
GHPRJUDSKLF�PRGHOLQJ��0ROHFXODU�3K\ORJHQHWLFV�DQG�(YROXWLRQ������±���

6HHKRO]HU� *� )�� 6� &ODUDPXQW� DQG 5� 7� %UXPILHOG� ����� 1LFKH HYROXWLRQ DQG
GLYHUVLILFDWLRQ LQ D 1HRWURSLFDO UDGLDWLRQ RI ELUGV �$YHV� )XUQDULLGDH�� (YROXWLRQ
������±����

6HUE� -� 0�� &� $� 3KLOOLSV� DQG -� %� ,YHUVRQ� ����� 0ROHFXODU SK\ORJHQ\ DQG
ELRJHRJUDSK\ RI .LQRVWHUQRQ IODYHVFHQV EDVHG RQ FRPSOHWH PLWRFKRQGULDO
FRQWURO UHJLRQ VHTXHQFHV� 0ROHFXODU 3K\ORJHQHWLFV DQG (YROXWLRQ ������±����
(OVHYLHU�

6HXWLQ� *�� %� 1� :KLWH� DQG 3� 7� %RDJ� ����� 3UHVHUYDWLRQ RI DYLDQ EORRG DQG WLVVXH
VDPSOHV�IRU�'1$�DQDO\VHV��&DQ��-��=RRO�������±����15&�5HVHDUFK�3UHVV�

6KDIIHU� %� +�� 3� 0LQ[� '� (� :DUUHQ� $� 0� 6KHGORFN� 5� &� 7KRPVRQ� 1�
9DOHQ]XHOD� -� $EUDP\DQ� &� 7� $PHPL\D� '� %DGHQKRUVW� .� .� %LJJDU� *� 0�
%RUFKHUW� &� :� %RWND� 5� 0� %RZGHQ� (� /� %UDXQ� $� 0� %URQLNRZVNL� %� *�
%UXQHDX� /� 7� %XFN� %� &DSHO� 7� $� &DVWRH� 0� &]HUZLQVNL� .� '� 'HOHKDXQW\�
6� 9� (GZDUGV� &� &� )URQLFN� 0� .� )XMLWD� /� )XOWRQ� 7� $� *UDYHV� 5� (�
*UHHQ� :� +DHUW\� 5� +DULKDUDQ� 2� +HUQDQGH]� /� :� +LOOLHU� $� .� +ROORZD\�
'� -DQHV� )� -� -DQ]HQ� &� .DQGRWK� /� .RQJ� $� -� GH .RQLQJ� <� /L� 5� /LWHUPDQ�
6� (� 0F*DXJK� /� 0RUN� 0� 2¶/DXJKOLQ� 5� 7� 3DLW]� '� '� 3ROORFN� &� 3�
3RQWLQJ� 6� 5DGKDNULVKQDQ� %� -� 5DQH\� -� 0� 5LFKPDQ� -� 6W -RKQ� 7� 6FKZDUW]�
$� 6HWKXUDPDQ� 3� 4� 6SLQNV� .� %� 6WRUH\� 1� 7KDQH� 7� 9LQDU� /� 0�
=LPPHUPDQ� :� &� :DUUHQ� (� 5� 0DUGLV� DQG 5� .� :LOVRQ� ����� 7KH ZHVWHUQ
SDLQWHG WXUWOH JHQRPH� D PRGHO IRU WKH HYROXWLRQ RI H[WUHPH SK\VLRORJLFDO
DGDSWDWLRQV�LQ�D�VORZO\�HYROYLQJ�OLQHDJH��*HQRPH�%LRORJ\����5���

6KDQHU� 3��-� /�� 7��+� 7VDR� 5��&� /LQ� :� /LDQJ� &��)� <HK� ;��-� <DQJ� )��0� /HL� )�
=KRX� &��&� <DQJ� /� 0� +XQJ� <��&� +VX� DQG 6��+� /L� ����� &OLPDWH QLFKH
GLIIHUHQWLDWLRQ EHWZHHQ WZR SDVVHULQHV GHVSLWH RQJRLQJ JHQH IORZ� -RXUQDO RI
$QLPDO�(FRORJ\�������±����

6KFKHJORYLWRYD� 0�� DQG 5� 3� $QGHUVRQ� ����� (VWLPDWLQJ RSWLPDO FRPSOH[LW\ IRU
HFRORJLFDO QLFKH PRGHOV� $ MDFNNQLIH DSSURDFK IRU VSHFLHV ZLWK VPDOO VDPSOH
VL]HV��(FRORJLFDO�0RGHOOLQJ������±���

���



6KHQ� ;��;�� '� /LDQJ� 0��<� &KHQ� 5��/� 0DR� '� %� :DNH� DQG 3� =KDQJ� �����
(QODUJHG 0XOWLORFXV 'DWD VHW 3URYLGHV 6XUSULVLQJO\ <RXQJHU 7LPH RI 2ULJLQ IRU
WKH 3OHWKRGRQWLGDH� WKH /DUJHVW )DPLO\ RI 6DODPDQGHUV� 6\VWHPDWLF %LRORJ\
�����±���

6LPOHU� $� %�� 0� $� :LOOLDPVRQ� 0� :� 6FKZDUW]� DQG '� 0� 5L]]R� �����
$PSOLI\LQJ SODQW GLVHDVH ULVN WKURXJK DVVLVWHG PLJUDWLRQ� &RQVHUYDWLRQ /HWWHUV
���H������

6LPSVRQ��*��*��������7HPSR�DQG�0RGH�LQ�(YROXWLRQ��&ROXPELD�8QLYHUVLW\�3UHVV�
6ODW\HU� 5� $�� 0� +LUVW� DQG -� 3� 6H[WRQ� ����� 1LFKH EUHDGWK SUHGLFWV JHRJUDSKLFDO

UDQJH�VL]H��D�JHQHUDO�HFRORJLFDO�SDWWHUQ��(FRORJ\�/HWWHUV��������±�����
6PLWK� +� -�� +� )LVFKHU� 0� :DKOHQ� '� 0DVWURLDQQL� DQG %� 'HFN� ����� 'XDO PRGHV

RI�WKH�FDUERQ�F\FOH�VLQFH�WKH�/DVW�*ODFLDO�0D[LPXP��1DWXUH��������±����
6PLWK� 6� $�� DQG -� 0� %HDXOLHX� ����� /LIH KLVWRU\ LQIOXHQFHV UDWHV RI FOLPDWLF QLFKH

HYROXWLRQ LQ IORZHULQJ SODQWV� 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ %� %LRORJLFDO
6FLHQFHV���������±������5R\DO�6RFLHW\�

6REHO� -� 0�� *� )� &KHQ� /� 5� :DWW� DQG '� :� 6FKHPVNH� ����� 7KH %LRORJ\ RI
6SHFLDWLRQ��(YROXWLRQ�������±����

6REHUyQ� -� ����� *ULQQHOOLDQ DQG (OWRQLDQ QLFKHV DQG JHRJUDSKLF GLVWULEXWLRQV RI
VSHFLHV��(FRORJ\�/HWWHUV��������±�����

6SLHOPDQ� '�� %� :� %URRN� '� $� %ULVFRH� DQG 5� )UDQNKDP� ����� 'RHV ,QEUHHGLQJ
DQG /RVV RI *HQHWLF 'LYHUVLW\ 'HFUHDVH 'LVHDVH 5HVLVWDQFH" &RQVHUYDWLRQ
*HQHWLFV������±����

6SLQNV� 3� 4�� DQG +� %� 6KDIIHU� ����� 5DQJH�ZLGH PROHFXODU DQDO\VLV RI WKH ZHVWHUQ
SRQG WXUWOH �(P\V PDUPRUDWD�� FU\SWLF YDULDWLRQ� LVRODWLRQ E\ GLVWDQFH� DQG WKHLU
FRQVHUYDWLRQ LPSOLFDWLRQV� 0ROHFXODU (FRORJ\ �������±����� :LOH\ 2QOLQH
/LEUDU\�

6SLQNV� 3� 4�� 5� &� 7KRPVRQ� 0� *LGLú� DQG +� %UDGOH\ 6KDIIHU� ����� 0XOWLORFXV
SK\ORJHQ\ RI WKH 1HZ�:RUOG PXG WXUWOHV �.LQRVWHUQLGDH� VXSSRUWV WKH
WUDGLWLRQDO FODVVLILFDWLRQ RI WKH JURXS� 0ROHFXODU 3K\ORJHQHWLFV DQG (YROXWLRQ
������±����

6WHONHQV� 5� %�� &� 6FKPLG� DQG 2� 6HHKDXVHQ� ����� +\EULG %UHDNGRZQ LQ &LFKOLG
)LVK��3/26�21(����H���������3XEOLF�/LEUDU\�RI�6FLHQFH�

6WHSKHQV� 0�� 1� -� 6PLWK� DQG 3� 'RQQHOO\� ����� $ 1HZ 6WDWLVWLFDO 0HWKRG IRU
+DSORW\SH 5HFRQVWUXFWLRQ IURP 3RSXODWLRQ 'DWD� 7KH $PHULFDQ -RXUQDO RI
+XPDQ�*HQHWLFV�������±����

6WUHLFKHU� -� :�� 7� -� 'HYLWW� &� 6� *ROGEHUJ� -� +� 0DORQH� +� %ODFNPRQ� DQG 0� .�
)XMLWD� ����� 'LYHUVLILFDWLRQ DQG DV\PPHWULFDO JHQH IORZ DFURVV WLPH DQG VSDFH�
OLQHDJH VRUWLQJ DQG K\EULGL]DWLRQ LQ SRO\W\SLF EDUNLQJ IURJV� 0ROHFXODU (FRORJ\
�������±�����

6XQ� <�� <� 6XUJHW䇲*URED� DQG 6� *DR� ����� 'LYHUJHQFH PDLQWDLQHG E\ FOLPDWLF
VHOHFWLRQ GHVSLWH UHFXUUHQW JHQH IORZ� D FDVH VWXG\ RI &DVWDQRSVLV FDUOHVLL
�)DJDFHDH���0ROHFXODU�(FRORJ\��������±�����

6XQQ\� $�� /� 'XDUWH�GH-HVXV� $� $JXLOHUD�+HUQiQGH]� )� 5DPtUH]�&RURQD� 0�
6XiUH]�$WLODQR� 5� 3HUFLQR�'DQLHO� -� 0DQMDUUH]� 2� 0RQUR\�9LOFKLV� DQG $�

���



*RQ]iOH]�)HUQiQGH]� ����� *HQHWLF GLYHUVLW\ DQG GHPRJUDSK\ RI WKH FULWLFDOO\
HQGDQJHUHG 5REHUWV¶ IDOVH EURRN VDODPDQGHU �3VHXGRHXU\FHD UREHUWVL� LQ &HQWUDO
0H[LFR��*HQHWLFD��������±����

6ZDIIRUG� '� ����� 3$83
� 3K\ORJHQHWLF $QDO\VLV 8VLQJ 3DUVLPRQ\ �
DQG 2WKHU
0HWKRGV�� 3S� ���±��� LQ 7KH 3K\ORJHQHWLF +DQGERRN� $ 3UDFWLFDO $SSURDFK
WR�'1$�DQG�3URWHLQ�3K\ORJHQ\��&DPEULGJH�8QLYHUVLW\�3UHVV�

6ZHLJDUW� $� /�� DQG -� +� :LOOLV� ����D� 3DWWHUQV RI 1XFOHRWLGH 'LYHUVLW\ LQ 7ZR
6SHFLHV RI 0LPXOXV $UH $IIHFWHG E\ 0DWLQJ 6\VWHP DQG $V\PPHWULF
,QWURJUHVVLRQ��(YROXWLRQ��������±�����

6ZHLJDUW� $� /�� DQG -� +� :LOOLV� ����E� 3DWWHUQV RI 1XFOHRWLGH 'LYHUVLW\ LQ 7ZR
6SHFLHV RI 0LPXOXV $UH $IIHFWHG E\ 0DWLQJ 6\VWHP DQG $V\PPHWULF
,QWURJUHVVLRQ��(YROXWLRQ��������±�����

6ZHQVRQ� 1� *� ����� *LV�EDVHG QLFKH PRGHOV UHYHDO XQLI\LQJ FOLPDWLF PHFKDQLVPV
WKDW PDLQWDLQ WKH ORFDWLRQ RI DYLDQ K\EULG ]RQHV LQ D 1RUWK $PHULFDQ VXWXUH
]RQH��-RXUQDO�RI�(YROXWLRQDU\�%LRORJ\�������±����

7DOOD� 9�� $� -RKDQVVRQ� 9� 'LQFă� 5� 9LOD� 0� )ULEHUJ� &� :LNOXQG� DQG 1�
%DFNVWU|P� ����� /DFN RI JHQH IORZ� 1DUURZ DQG GLVSHUVHG GLIIHUHQWLDWLRQ
LVODQGV LQ D WULSOHW RI /HSWLGHD EXWWHUIO\ VSHFLHV� 0ROHFXODU (FRORJ\
�������±�����

7DOOPRQ� '� $�� *� /XLNDUW� DQG 5� 6� :DSOHV� ����� 7KH DOOXULQJ VLPSOLFLW\ DQG
FRPSOH[�UHDOLW\�RI�JHQHWLF�UHVFXH��7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ�������±����

7D\ORU� %� /�� :� )� 3HUULQ� 5� 5� 5HHYHV� 3� (� 5RVHO� -� <� :DQJ� )� &LSULDQR� &�
6FRWW %DNHU� DQG 5� /� %URZQHOO -U� ����� :K\ ZH VKRXOG GHYHORS JXLGHOLQHV
DQG TXDQWLWDWLYH VWDQGDUGV IRU XVLQJ JHQHWLF GDWD WR GHOLPLW VXEVSHFLHV IRU
GDWD�SRRU RUJDQLVPV OLNH FHWDFHDQV� 0DULQH 0DPPDO 6FLHQFH �����±��� :LOH\
2QOLQH�/LEUDU\�

7D\ORU� 6� $�� 5� /� &XUU\� 7� $� :KLWH� 9� )HUUHWWL� DQG ,� /RYHWWH� ����D�
6SDWLRWHPSRUDOO\ FRQVLVWHQW JHQRPLF VLJQDWXUHV RI UHSURGXFWLYH LVRODWLRQ LQ D
PRYLQJ�K\EULG�]RQH��(YROXWLRQ��������±�����

7D\ORU� 6� $�� 7� $� :KLWH� :� 0� +RFKDFKND� 9� )HUUHWWL� 5� /� &XUU\� DQG ,� /RYHWWH�
����E� &OLPDWH�0HGLDWHG 0RYHPHQW RI DQ $YLDQ +\EULG =RQH� &XUUHQW %LRORJ\
������±����

7KDNXU� 0�� (� :� 6FKlWWLQ� DQG :� -� 0F6KHD� ����� *OREDOO\ FRPPRQ� ORFDOO\ UDUH�
UHYLVLWLQJ GLVUHJDUGHG JHQHWLF GLYHUVLW\ IRU FRQVHUYDWLRQ SODQQLQJ RI ZLGHVSUHDG
VSHFLHV��%LRGLYHUV�&RQVHUY��������±�����

7KRPVRQ� 5� &�� 3� 4� 6SLQNV� DQG +� %� 6KDIIHU� ����� $ JOREDO SK\ORJHQ\ RI WXUWOHV
UHYHDOV D EXUVW RI FOLPDWH�DVVRFLDWHG GLYHUVLILFDWLRQ RQ FRQWLQHQWDO PDUJLQV�
31$6������1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

7LOOH\� 6� *�� DQG -� %HUQDUGR� ����� /LIH +LVWRU\ (YROXWLRQ LQ 3OHWKRGRQWLG
6DODPDQGHUV��+HUSHWRORJLFD�������±�����>+HUSHWRORJLVWV¶�/HDJXH��$OOHQ�3UHVV@�

7LOOH\� 6� *�� -� %HUQDUGR� /� $� .DW]� /� /ySH]� -� 'HYRQ 5ROO� 5� /� (ULNVHQ� -�
.UDWRYLO� 1� .� -� %LWWQHU� DQG .� $� &UDQGDOO� ����� )DLOHG VSHFLHV� LQQRPLQDWH
IRUPV� DQG WKH YDLQ VHDUFK IRU VSHFLHV OLPLWV� FU\SWLF GLYHUVLW\ LQ GXVN\

���



VDODPDQGHUV �'HVPRJQDWKXV� RI HDVWHUQ 7HQQHVVHH� (FRORJ\ DQG (YROXWLRQ
������±�����

7,//(<� 6� *�� 5� /� (5,.6(1� DQG /� $� .$7=� ����� 6\VWHPDWLFV RI GXVN\
VDODPDQGHUV� 'HVPRJQDWKXV �&DXGDWD� 3OHWKRGRQWLGDH�� LQ WKH PRXQWDLQ DQG
3LHGPRQW UHJLRQV RI 9LUJLQLD DQG 1RUWK &DUROLQD� 86$� =RRORJLFDO -RXUQDO RI
WKH�/LQQHDQ�6RFLHW\��������±����

7tVFDU� 3� $�� 0� (� /XFDV�%RUMD� DQG '� &DQGHO�3pUH]� ����� /DFN RI ORFDO
DGDSWDWLRQ WR WKH HVWDEOLVKPHQW FRQGLWLRQV OLPLWV DVVLVWHG PLJUDWLRQ WR DGDSW
GURXJKW�SURQH 3LQXV QLJUD SRSXODWLRQV WR FOLPDWH FKDQJH� )RUHVW (FRORJ\ DQG
0DQDJHPHQW��������±����

7LWOH� 3� 2�� DQG .� -� %XUQV� ����D� 5DWHV RI FOLPDWLF QLFKH HYROXWLRQ DUH FRUUHODWHG
ZLWK VSHFLHV ULFKQHVV LQ D ODUJH DQG HFRORJLFDOO\ GLYHUVH UDGLDWLRQ RI VRQJELUGV�
(FRORJ\�/HWWHUV�������±����

7LWOH� 3� 2�� DQG .� -� %XUQV� ����E� 5DWHV RI FOLPDWLF QLFKH HYROXWLRQ DUH FRUUHODWHG
ZLWK VSHFLHV ULFKQHVV LQ D ODUJH DQG HFRORJLFDOO\ GLYHUVH UDGLDWLRQ RI VRQJELUGV�
(FRORJ\�/HWWHUV�������±����

7LWXV� 7� $�� DQG $� /DUVRQ� ����� 0ROHFXODU 3K\ORJHQHWLFV RI 'HVPRJQDWKLQH
6DODPDQGHUV �&DXGDWD� 3OHWKRGRQWLGDH�� $ 5HHYDOXDWLRQ RI (YROXWLRQ LQ
(FRORJ\��/LIH�+LVWRU\��DQG�0RUSKRORJ\��6\VWHPDWLF�%LRORJ\�������±����

7RGHVFR� 0�� 0� $� 3DVFXDO� *� /� 2ZHQV� .� /� 2VWHYLN� %� 7� 0R\HUV� 6� +�EQHU�
6� 0� +HUHGLD� 0� $� +DKQ� &� &DVH\V� '� *� %RFN� DQG /� +� 5LHVHEHUJ� �����
+\EULGL]DWLRQ�DQG�H[WLQFWLRQ��(YROXWLRQDU\�$SSOLFDWLRQV������±����

7RHZV� '� 3�� DQG '� (� ,UZLQ� ����� &U\SWLF VSHFLDWLRQ LQ D +RODUFWLF SDVVHULQH
UHYHDOHG E\ JHQHWLF DQG ELRDFRXVWLF DQDO\VHV� 0ROHFXODU (FRORJ\
�������±������:LOH\�2QOLQH�/LEUDU\�

7RUUH� $� 5� '� /�� '� 5� 5REHUWV� DQG 6� 1� $LWNHQ� ����� *HQRPH�ZLGH DGPL[WXUH
DQG HFRORJLFDO QLFKH PRGHOOLQJ UHYHDO WKH PDLQWHQDQFH RI VSHFLHV ERXQGDULHV
GHVSLWH ORQJ KLVWRU\ RI LQWHUVSHFLILF JHQH IORZ� 0ROHFXODU (FRORJ\
�������±�����

7UDF\� &� 5�� .� $� &KULVWLDQ� DQG &� 5� 7UDF\� ����� 1RW MXVW VPDOO� ZHW� DQG FROG�
HIIHFWV RI ERG\ VL]H DQG VNLQ UHVLVWDQFH RQ WKHUPRUHJXODWLRQ DQG DUERUHDOLW\ RI
IURJV��(FRORJ\��������±�����

7XUQHU� /� 0�� '� -� 6FKZDKQ� DQG %� +DUU� ����� 5HGXFHG 0DOH )HUWLOLW\ ,V &RPPRQ
EXW +LJKO\ 9DULDEOH LQ )RUP DQG 6HYHULW\ LQ D 1DWXUDO +RXVH 0RXVH +\EULG
=RQH��(YROXWLRQ�������±����

8UEDQ� 0� &� ����� (VFDODWRU WR H[WLQFWLRQ� 31$6 ���������±������ 1DWLRQDO
$FDGHP\�RI�6FLHQFHV�

9DUJDV�5DPtUH]� 0�� +� 6WXFNDV� 2� 9� &DVWDxR�0RUD� DQG 8� )ULW]� ����D�
([WUHPHO\ ORZ JHQHWLF GLYHUVLW\ DQG ZHDN SRSXODWLRQ GLIIHUHQWLDWLRQ LQ WKH
HQGDQJHUHG &RORPELDQ ULYHU WXUWOH 3RGRFQHPLV OHZ\DQD �7HVWXGLQHV�
3RGRFQHPLGLGDH���&RQVHUYDWLRQ�*HQHWLFV�����±���

9DUJDV�5DPtUH]� 0�� +� 6WXFNDV� 2� 9� &DVWDxR�0RUD� DQG 8� )ULW]� ����E�
([WUHPHO\ ORZ JHQHWLF GLYHUVLW\ DQG ZHDN SRSXODWLRQ GLIIHUHQWLDWLRQ LQ WKH

���



HQGDQJHUHG &RORPELDQ ULYHU WXUWOH 3RGRFQHPLV OHZ\DQD �7HVWXGLQHV�
3RGRFQHPLGLGDH���&RQVHUY�*HQHW������±���

9ROGRLUH� $�� (� 6DQFKH]�*RPH]� '� 6� \ 0pOLD� %� 'HFKDUPH� &� &DVVRX� 6� 6pQpVL�
6� 9DOFNH� ,� %HDX� $� $OLDV� 0� &KHYDOOLHU� 0� 'pTXp� -� 'HVKD\HV� +� 'RXYLOOH�
(� )HUQDQGH]� *� 0DGHF� (� 0DLVRQQDYH� 0��3� 0RLQH� 6� 3ODQWRQ� '�
6DLQW�0DUWLQ� 6� 6]RSD� 6� 7\WHFD� 5� $ONDPD� 6� %HODPDUL� $� %UDXQ� /�
&RTXDUW� DQG )� &KDXYLQ� ����� 7KH &150�&0��� JOREDO FOLPDWH PRGHO�
GHVFULSWLRQ�DQG�EDVLF�HYDOXDWLRQ��&OLP�'\Q��������±�����

:DJOHU� -� *� ����� 1DW�UOLFKHV 6\VWHP GHU $PSKLELHQ� PLW YRUDQJHKHQGHU
&ODVVLILFDWLRQ GHU 6lXJHWKLHUH XQG 9|JHOௗ� HLQ %HLWUDJ ]XU YHUJOHLFKHQGHQ
=RRORJLH��-�*��&RWWD�

:DOOV� 6� &� ����� 7KH UROH RI FOLPDWH LQ WKH G\QDPLFV RI D K\EULG ]RQH LQ
$SSDODFKLDQ�VDODPDQGHUV��*OREDO�&KDQJH�%LRORJ\��������±�����

:DQJ� )�� '� :DQJ� *� *XR� <� +X� -� :HL� DQG -� /LX� ����� 6SHFLHV GHOLPLWDWLRQ RI
WKH 'HUPDFHQWRU WLFNV EDVHG RQ SK\ORJHQHWLF FOXVWHULQJ DQG QLFKH PRGHOLQJ�
3HHU-���H������3HHU-�,QF�

:DQJ� *��'�� %��/� =KDQJ� :��:� =KRX� <��;� /L� -��4� -LQ� <� 6KDR� +� <DQJ� <��+�
/LX� )� <DQ� +��0� &KHQ� /� -LQ� )� *DR� <� =KDQJ� +� /L� %� 0DR� 5� :�
0XUSK\� '� %� :DNH� <��3� =KDQJ� DQG -� &KH� ����� 6HOHFWLRQ DQG
HQYLURQPHQWDO DGDSWDWLRQ DORQJ D SDWK WR VSHFLDWLRQ LQ WKH 7LEHWDQ IURJ
1DQRUDQD�SDUNHUL��31$6�����(����±(������1DWLRQDO�$FDGHP\�RI�6FLHQFHV�

:DUUHQ� '� /�� 5� (� *ORU� DQG 0� 7XUHOOL� ����D� (107RROV� D WRROER[ IRU
FRPSDUDWLYH�VWXGLHV�RI�HQYLURQPHQWDO�QLFKH�PRGHOV��(FRJUDSK\�������±����

:DUUHQ� '� /�� 5� (� *ORU� DQG 0� 7XUHOOL� ����E� (107RROV� D WRROER[ IRU
FRPSDUDWLYH�VWXGLHV�RI�HQYLURQPHQWDO�QLFKH�PRGHOV��(FRJUDSK\�������±����

:DUUHQ� '� /�� 5� (� *ORU� DQG 0� 7XUHOOL� ����� (QYLURQPHQWDO 1LFKH (TXLYDOHQF\
9HUVXV &RQVHUYDWLVP� 4XDQWLWDWLYH $SSURDFKHV WR 1LFKH (YROXWLRQ� (YROXWLRQ
�������±�����

:HDYHU� 6�� '� %� 6KHSDUG� DQG .� +� .R]DN� ����� 'HYHORSPHQWDO OLIH KLVWRU\ LV
DVVRFLDWHG ZLWK YDULDWLRQ LQ UDWHV RI FOLPDWLF QLFKH HYROXWLRQ LQ D VDODPDQGHU
DGDSWLYH�UDGLDWLRQ
��(YROXWLRQ��������±�����

:HHNV� $� 5�� '� +HLQ]H� /� 3HUULQ� -� 6WRNORVD� $� $� +RIIPDQQ� $� YDQ 5RR\HQ� 7�
.HOO\� DQG ,� 0DQVHUJK� ����� *HQHWLF UHVFXH LQFUHDVHV ILWQHVV DQG DLGV UDSLG
UHFRYHU\ RI DQ HQGDQJHUHG PDUVXSLDO SRSXODWLRQ� 1DWXUH &RPPXQLFDWLRQV
��������1DWXUH�3XEOLVKLQJ�*URXS�

:HLU� %� 6�� DQG &� &� &RFNHUKDP� ����� (VWLPDWLQJ )�6WDWLVWLFV IRU WKH $QDO\VLV RI
3RSXODWLRQ 6WUXFWXUH� (YROXWLRQ �������±����� >6RFLHW\ IRU WKH 6WXG\ RI
(YROXWLRQ��:LOH\@�

:HLU� -� 7�� DQG '� 6FKOXWHU� ����� ,FH VKHHWV SURPRWH VSHFLDWLRQ LQ ERUHDO ELUGV�
3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ RI /RQGRQ� 6HULHV %� %LRORJLFDO 6FLHQFHV
��������±������5R\DO�6RFLHW\�

:HLVURFN� '� :�� .� +� .R]DN� DQG $� /DUVRQ� ����� 3K\ORJHRJUDSKLF DQDO\VLV RI
PLWRFKRQGULDO JHQH IORZ DQG LQWURJUHVVLRQ LQ WKH VDODPDQGHU� 3OHWKRGRQ
VKHUPDQL��0ROHFXODU�(FRORJ\��������±�����

���



:HQQHU� 7� -�� 0� $� 5XVVHOOR� DQG 7� )� :ULJKW� ����� &U\SWLF VSHFLHV LQ D
1HRWURSLFDO SDUURW� JHQHWLF YDULDWLRQ ZLWKLQ WKH $PD]RQD IDULQRVD VSHFLHV
FRPSOH[ DQG LWV FRQVHUYDWLRQ LPSOLFDWLRQV� &RQVHUYDWLRQ *HQHWLFV
�������±������6SULQJHU�

:HUQEHUJ� 7�� 0� $� &ROHPDQ� 6� %HQQHWW� 0� 6� 7KRPVHQ� )� 7X\D� DQG %� 3�
.HODKHU� ����� *HQHWLF GLYHUVLW\ DQG NHOS IRUHVW YXOQHUDELOLW\ WR FOLPDWLF VWUHVV�
6FL�5HS��������

:KLWORFN� 0� &�� DQG .� (� /RWWHUKRV� ����� 5HOLDEOH 'HWHFWLRQ RI /RFL 5HVSRQVLEOH
IRU /RFDO $GDSWDWLRQ� ,QIHUHQFH RI D 1XOO 0RGHO WKURXJK 7ULPPLQJ WKH
'LVWULEXWLRQ RI )67� 7KH $PHULFDQ 1DWXUDOLVW ����6��±6��� 7KH 8QLYHUVLW\ RI
&KLFDJR�3UHVV�

:LHOVWUD� %� ����� +LVWRULFDO K\EULG ]RQH PRYHPHQW� 0RUH SHUYDVLYH WKDQ
DSSUHFLDWHG��-RXUQDO�RI�%LRJHRJUDSK\��������±�����

:LHQV� -� -� ����� 6SHFLHV GHOLPLWDWLRQ� QHZ DSSURDFKHV IRU GLVFRYHULQJ GLYHUVLW\�
6\VWHPDWLF�%LRORJ\�������±�����6RFLHW\�RI�6\VWHPDWLF�=RRORJ\�

:LOH\� (� 2� ����� 7KH HYROXWLRQDU\ VSHFLHV FRQFHSW UHFRQVLGHUHG� 6\VWHPDWLF
]RRORJ\������±����6RFLHW\�RI�6\VWHPDWLF�=RRORJ\�

:LOVRQ� (� 2�� DQG :� /� %URZQ -U� ����� 7KH VXEVSHFLHV FRQFHSW DQG LWV WD[RQRPLF
DSSOLFDWLRQ��6\VWHPDWLF�]RRORJ\�����±�����6RFLHW\�RI�6\VWHPDWLF�=RRORJ\�

:LQHPLOOHU� .� 2�� DQG .� $� 5RVH� ����� 3DWWHUQV RI /LIH�+LVWRU\ 'LYHUVLILFDWLRQ LQ
1RUWK $PHULFDQ )LVKHV� LPSOLFDWLRQV IRU 3RSXODWLRQ 5HJXODWLRQ� &DQ� -� )LVK�
$TXDW��6FL���������±������15&�5HVHDUFK�3UHVV�

:ROI� '� (�� 1� 7DNHED\DVKL� DQG /� +� 5LHVHEHUJ� ����� 3UHGLFWLQJ WKH 5LVN RI
([WLQFWLRQ�WKURXJK�+\EULGL]DWLRQ��&RQVHUYDWLRQ�%LRORJ\��������±�����

<DQJ� :�� 1� )HLQHU� &� 3LQKR� *� 0� :KLOH� $� .DOLRQW]RSRXORX� '� -� +DUULV� '�
6DOYL� DQG 7� 8OOHU� ����� ([WHQVLYH LQWURJUHVVLRQ DQG PRVDLF JHQRPHV RI
0HGLWHUUDQHDQ�HQGHPLF�OL]DUGV��1DW�&RPPXQ���������

<RGHU� -� %�� (� &ODQFH\� 6� 'HV 5RFKHV� -� 0� (DVWPDQ� /� *HQWU\� :� *RGVRH� 7� -�
+DJH\� '� -RFKLPVHQ� %� 3� 2VZDOG� -� 5REHUWVRQ� %� D� -� 6DUYHU� -� -� 6FKHQN� 6�
)� 6SHDU� DQG /� -� +DUPRQ� ����� (FRORJLFDO RSSRUWXQLW\ DQG WKH RULJLQ RI
DGDSWLYH�UDGLDWLRQV��-RXUQDO�RI�(YROXWLRQDU\�%LRORJ\��������±�����

=DODSD� -� (�� -� %UXQHW� DQG 5� 3� *XULHV� ����D� 25,*,1$/ $57,&/(� 7KH H[WHQW
RI K\EULGL]DWLRQ DQG LWV LPSDFW RQ WKH JHQHWLF GLYHUVLW\ DQG SRSXODWLRQ VWUXFWXUH
RI DQ LQYDVLYH WUHH� 8OPXV SXPLOD �8OPDFHDH�� (YROXWLRQDU\ $SSOLFDWLRQV
�����±����

=DODSD� -� (�� -� %UXQHW� DQG 5� 3� *XULHV� ����E� 25,*,1$/ $57,&/(� 7KH H[WHQW
RI K\EULGL]DWLRQ DQG LWV LPSDFW RQ WKH JHQHWLF GLYHUVLW\ DQG SRSXODWLRQ VWUXFWXUH
RI DQ LQYDVLYH WUHH� 8OPXV SXPLOD �8OPDFHDH�� (YROXWLRQDU\ $SSOLFDWLRQV
�����±����

=KDQJ� '�� /� 7DQJ� <� &KHQJ� <� +DR� <� ;LRQJ� *� 6RQJ� <� 4X� )� (� 5KHLQGW� 3�
$OVWU|P� &� -LD� DQG )� /HL� ����� ³*KRVW ,QWURJUHVVLRQ´ $V D &DXVH RI 'HHS
0LWRFKRQGULDO 'LYHUJHQFH LQ D %LUG 6SHFLHV &RPSOH[� 0ROHFXODU %LRORJ\ DQG
(YROXWLRQ��������±�����

���



=KHQJ� +�� /� )DQ� 5� ,� 0LOQH� /� =KDQJ� <� :DQJ� DQG .� 0DR� ����� 6SHFLHV
'HOLPLWDWLRQ DQG /LQHDJH 6HSDUDWLRQ +LVWRU\ RI D 6SHFLHV &RPSOH[ RI $VSHQV LQ
&KLQD��)URQW��3ODQW�6FL�����)URQWLHUV�

=KHQJ� ;�� '� /HYLQH� -� 6KHQ� 6� 0� *RJDUWHQ� &� /DXULH� DQG %� 6� :HLU� ����� $
KLJK�SHUIRUPDQFH FRPSXWLQJ WRROVHW IRU UHODWHGQHVV DQG SULQFLSDO FRPSRQHQW
DQDO\VLV�RI�613�GDWD��%LRLQIRUPDWLFV��������±������2[IRUG�$FDGHPLF�

=LQN� 5� 0� ����� 7KH UROH RI VXEVSHFLHV LQ REVFXULQJ DYLDQ ELRORJLFDO GLYHUVLW\ DQG
PLVOHDGLQJ FRQVHUYDWLRQ SROLF\� 3URFHHGLQJV RI WKH 5R\DO 6RFLHW\ RI /RQGRQ�
6HULHV�%��%LRORJLFDO�6FLHQFHV��������±�����7KH�5R\DO�6RFLHW\�

1�G� 7H[DV &RQVHUYDWLRQ $FWLRQ 3ODQ ���� � ����� 2YHUYLHZ� 7H[DV 3DUNV DQG
:LOGOLIH�'HSDUWPHQW��$XVWLQ��7;�

���


