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AbVWUacW 

 
  
Traditional empirical asset pricing focuses on the average cases. We propose 
a new approach to analyze the cross-section of the returns. We test the 
predictive power of market-beta, size, book-to-market ratio, profitability, 
investment, momentum, and liquidity, across the whole conditional distribution 
of market returns. Our results indicate that the relevant characteristics to 
explain the winners¶ tail, the losers¶ tail and the center of the distribution, in a 
given period, differ. Indeed, some characteristics can be discarded from our 
specification if our main interest is to model expected extreme losses (such as 
traditional momentum), and some others should be kept even if they do not 
seem particularly significant for the average scenario, because they become 
significant at the tails (such as size). Book-to-market is mainly a left tail factor, 
in the sense that it explains to a greater extent the loser¶s tail than either the 
center or the tail of the winners. On the contrary, liquidity and investment are 
right-tail factors, because they explain in greater proportion the winners¶ tail 
than the rest of the distribution. Market beta is relevant throughout the whole 
cross-section, but affect winners and losers in diametrically opposite ways (the 
effect is positive on the right tail and negative on the left tail).  We show that the 
practice of adding characteristics to our pricing equation should be clearly 
informed by our particular interests regarding the cross-sectional distribution of 
the returns, that is, whether we are more interested in a certain fragment of the 
distribution than in other parts. Our results emphasize the need to consider 
carefully what factors to include in the pricing equation, which depends on the 
dynamics that one wants to understand and even on one attitude towards risk. 
In short, not all factors serve all purposes. 
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1. IQWURGXFWLRQ 

The WZR fXQdameQWal TXeVWiRQV iQ aVVeW SUiciQg aUe Zh\ diffeUeQW aVVeWV eaUQ diffeUeQW UaWeV Rf UeWXUQ 

aQd ZhaW aUe Whe V\VWemaWic facWRUV WhaW e[SlaiQ mRYemeQWV aQd cRmmRQaliWieV iQ Wime Rf WheVe 

UeWXUQV. AQVZeUiQg WheVe TXeVWiRQV UeTXiUeV deVcUibiQg aQd XQdeUVWaQdiQg Whe fRUceV WhaW deWeUmiQe 

Whe ZhRle cURVV-VecWiRQal diVWUibXWiRQ Rf Whe UeWXUQV aQd QRW RQl\ iWV ceQWUal fUagmeQW, aV iV imSliciWl\ 

aVVXmed b\ YiUWXall\ all Whe emSiUical aVVeW SUiciQg liWeUaWXUe. We Uemed\ WhiV limiWaWiRQ Rf Whe 

WUadiWiRQal aSSURach Zhich XVeV iQ cURVV-VecWiRQal YaUiaWiRQV Rf maUkeW 

UeWXUQV. The cRQVeTXeQceV Rf Whe limiWaWiRQ WhaW Ze Veek WR RYeUcRme aUe cRQVideUable. FRU iQVWaQce, 

if Whe chaUacWeUiVWicV WhaW e[SlaiQ Whe UighW Wail, Whe lefW Wail aW Whe ceQWeU Rf Whe cURVV-VecWiRQal 

diVWUibXWiRQ Rf maUkeW UeWXUQV diffeU, RU if VXch chaUacWeUiVWicV e[eUW a diffeUeQW imSacW RQ diffeUeQW 

 diVWUibXWiRQ, iQYeVWmeQW UecRmmeQdaWiRQV baVed RQ Whe e[amiQaWiRQ Rf Whe 

UiVk imSlied aQd Whe UeWXUQ RffeUed b\ a giYeQ aVVeW RU SRUWfRliR Zill diffeU aV Zell. IQ SaUWicXlaU, 

iQcRUUecW VSecificaWiRQV Rf Whe SUiciQg eTXaWiRQ ma\ lead WR XQdeUeVWimaWe RU RYeUeVWimaWe Whe UiVk Rf 

VXch aQ aVVeW RU SRUWfRliR, aQd VR-called VmaUW-beWa  VWUaWegieV WhaW aUe baVed RQ e[SlRiWiQg aUbiWUage 

RSSRUWXQiWieV baVed RQ Whe eVWimaWiRQ Rf Whe SUice Rf UiVk dXe WR Whe chaUacWeUiVWicV aSSeaUiQg iQ Whe 

SUiciQg eTXaWiRQ Zill be iQcRUUecWl\ iQfRUmed.  

OXU aSSURach e[SaQdV Whe liWeUaWXUe iQ WZR geQeUal Za\V. FiUVW, Ze e[SaQd Whe cURVV-VecWiRQal aVVeW-

SUiciQg mRdel UeceQWl\ UeYiViWed b\ Fama aQd FUeQch (2019) baVed RQ chaUacWeUiVWicV WR Whe TXaQWile-

SUiciQg caVe. We aUe able WR SURYide TXaQWile facWRU VeUieV Zhich caQ be WhRXghW Rf aV iQdicaWRUV Rf 

Whe Wime-YaU\iQg effecWV Rf aVVeW chaUacWeUiVWicV RQ Whe ZhRle diVWUibXWiRQ Rf cURVV-VecWiRQal UeWXUQV iQ 

Whe VWRck maUkeW. SecRQd, Ze VhRZ WhaW Whe SaUWicXlaU iQWeUeVW Rf maUkeW SaUWiciSaQWV iQ diffeUeQW 

fUagmeQWV Rf Whe VWRck UeWXUQV diVWUibXWiRQ (fRU iQVWaQce dXe WR diffeUeQW aWWiWXdeV WRZaUdV UiVk) iV a 

fiUVW-RUdeU cRQVideUaWiRQ ZheQ VSecif\iQg aQ aVVeW SUiciQg eTXaWiRQ. IQ VhRUW, QRW all facWRUV VeUYe all 

SXUSRVeV. OXU maiQ SUagmaWic meVVage caQ be VXmmaUi]ed aV fRllRZV: cRQVideU caUefXll\ ZhaW 

facWRUV WR iQclXde iQ \RXU mRdel Rf Whe UeWXUQV, Zhich ZRXld deSeQd RQ Whe iVVXe RU d\QamicV \RX 

ZaQW WR XQdeUVWaQd. FRU iQVWaQce, if \RX aUe iQWeUeVWed iQ mRdeliQg Whe SUiceV Rf VWRckV ZiWh aQ 

e[SecWed cRmbiQaWiRQ Rf high-UiVk, high-UeZaUd (i.e. \RXU VWRck/SRUWfRliR WeQdV WR be aW Whe cURVV-

VecWiRQal WailV Rf Whe maUkeW diVWUibXWiRQ), Whe chaUacWeUiVWicV QeceVVaU\ WR XQdeUVWaQd WhiV kiQd Rf 

aVVeWV aUe diffeUeQW WR WhRVe QeceVVaU\ WR mRdel aVVeWV ZiWh hiVWRUical gaiQV aQd lRVVeV mXch clRVeU WR 

Whe aYeUage VceQaUiR. The Vame meVVage VXiWV Whe eVWimaWiRQ Rf ValXe aW RiVk VWaWiVWicV cRQdiWiRQed 
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RQ SUiciQg facWRUV XVed iQ UiVk maQagemeQW aSSlicaWiRQV b\ SUacWiWiRQeUV aQd UegXlaWRUV, Zhich 

VhRXld cRQVideU WheiU SaUWicXlaU iQWeUeVW iQ Whe lefW Wail Rf Whe maUkeW UeWXUQV diVWUibXWiRQ.  

FURm a diffeUeQW bXW UelaWed SeUVSecWiYe, Whe heWeURgeQeiWieV iQ Whe UelaWiRQVhiS beWZeeQ 

chaUacWeUiVWicV aQd cURVV-VecWiRQal UeWXUQV WhaW Ze dRcXmeQW call fURm mRUe cRmSUeheQViYe aQd 

cRmSlemeQWaU\ Za\V WR eYalXaWe aVVeW-SUiciQg mRdelV WhaQ WhRVe cXUUeQWl\ iQ SUacWice, baVed RQ 

cRQdiWiRQal meaQ-WaUgeWV, eYeQ aV WhRVe cRQVideUed b\ BaUillaV aQd ShaQkeQ (2018), GigliR aQd XX 

(2019), GigliR eW al. (2020), Chib eW al. (2020) RU FeQg eW al. (2020), aUe QRW Zell VXiWed WR fXll\ eYalXaWe 

Whe SeUfRUmaQce Rf aQ aVVeW-SUiciQg mRdel iQ Whe WailV Rf Whe cURVV-VecWiRQal diVWUibXWiRQ. 

CRmSlemeQWaU\ VWaWiVWicV VXch aV Whe lRcal TXaQWile-R2, RU Whe glRbal aYeUage R2 WhaW ZeighWV 

diffeUeQWl\ Whe YaUiRXV fUagmeQWV Rf Whe diVWUibXWiRQ, VhRXld be UeSRUWed alRQgVide Whe WUadiWiRQal 

RQeV, aV a UegXlaU SUacWice. MXch ZRUk iV Qeeded VeekiQg WR cRQQecW Whe liQeaU SUiciQg eUURUV liWeUaWXUe 

ZiWh Whe facWRUV-iQ-TXaQWileV liWeUaWXUe. OXU cRQVeUYaWiYe gRal iQ WhiV UeVSecW iV WR dUaZ Whe aWWeQWiRQ 

Rf Whe SURfeVViRQ WR WhiV imSRUWaQW iVVXe aQd WR giYe a fiUVW VWeS iQ Whe deViUed diUecWiRQ.  

MRdeliQg Whe UeWXUQV XViQg fiUmV  chaUacWeUiVWicV haV Whe adYaQWage Rf SURdXciQg iQWeUSUeWable facWRUV 

WhaW XQdeUla\ maUkeW mRYemeQWV. ThiV iQ WXUQ helSV XV WR XQdeUVWaQd maUkeW d\QamicV, aQd QRW RQl\ 

WR SUedicW iW. The lack Rf ecRQRmic iQVighW highlighWed fRU iQVWaQce b\ CamSbell (2018, Ch. 3), WhaW 

XVXall\ accRmSaQieV facWRU aQal\ViV iQ fiQaQce, SiRQeeUed b\ Whe ZRUkV Rf ChambeUlaiQ aQd 

RRWhVchild (1983) aQd CRQQRU aQd KRUajc]\k (1988), iV aQ imSRUWaQW limiWaWiRQ Rf Whe VWaWiVWical 

aSSURach WhaW Ze aim WR RYeUcRme fRU Whe TXaQWile facWRUV caVe. HeQce, Ze SURSRVe hRZ WR eVWimaWe 

TXaQWile facWRU mRdelV baVed RQ chaUacWeUiVWicV fRU mRdeliQg aVVeW SUiceV aQd fRU UiVk maQagemeQW 

aSSlicaWiRQV. OXU SURSRVal iV aQ e[WeQViRQ Rf Whe WUadiWiRQal cURVV-VecWiRQal SUiciQg fUameZRUk baVed 

RQ chaUacWeUiVWicV iQ Fama aQd FUeQch (2019), bXW iQVWead Rf limiWiQg RXU aQal\ViV WR Whe aYeUage 

UeWXUQV, RXU emSiUical mRdel cRQVideUV Whe effecWV Rf aVVeWV chaUacWeUiVWicV alRQgVide Whe fXll 

cRQdiWiRQal diVWUibXWiRQ Rf Whe cURVV-VecWiRQ Rf WheVe UeWXUQV. IQ SaUWicXlaU, RXU VWUaWeg\ allRZV XV WR 

WeVW Whe h\SRWheViV WhaW WUadiWiRQal aVVeW chaUacWeUiVWicV VXch aV fiUmV  maUkeW beWa, Vi]e, bRRk-WR-

maUkeW UaWiR, liTXidiW\, mRmeQWXm, SURfiWabiliW\ RU iQYeVWmeQW, Zhich aUe aUgXabl\ Whe mRVW SRSXlaU 

fiUmV  chaUacWeUiVWicV ideQWified b\ Whe liWeUaWXUe, e[SlaiQ Whe WailV Rf Whe cURVV-VecWiRQal diVWUibXWiRQ Rf 

VWRck UeWXUQV WR a diffeUeQW e[WeQW Rf ZhaW Whe\ e[SlaiQ iWV ceQWeU. MRUeRYeU, Whe chaUacWeUiVWicV 

XQdeUl\iQg Whe d\QamicV Rf Whe ZiQQeUV (UighW Wail) RU Whe lRVeUV (lefW Wail) aUe QRW QeceVVaUil\ Whe Vame, 

aQd WheiU ecRQRmic imSacW iV aV\mmeWUic alRQgVide Whe -VecWiRQ. ThiV facW, iQdeed, 

VhRXld QRW be YeU\ VXUSUiViQg fURm a WheRUeWical SRiQW Rf YieZ, ViQce maQ\ SURmiQeQW ZRUkV haYe 
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SRiQWed RXW WR a QRQliQeaU UelaWiRQVhiS beWZeeQ VWaWe YaUiableV aQd maUkeW UeWXUQV (e.g. AmihXd aQd 

MeQdelVRQ 1986; CamSbell aQd CRchUaQe, 1999; BaQVal aQd YaURQ, 2004; He aQd KUiVhQamXUWh\, 

2013), \eW Whe liWeUaWXUe haV fRcXVed almRVW e[clXViYel\ RQ e[SlaiQiQg Whe ceQWUal SaUW Rf Whe UeWXUQV  

cURVV-VecWiRQal diVWUibXWiRQ.  

OXU emSiUical VWUaWeg\ UelieV RQ cRQdXcWiQg mRQWhl\ cURVV-VecWiRQal cRQdiWiRQal TXaQWile UegUeVViRQV 

(KReQkeU aQd BaVVeWW, 1978) XViQg daWa fURm JaQXaU\ 1928 WR DecembeU 2019 fRU Whe XQiYeUVe Rf 

VWRckV iQ Whe US maUkeW, alWhRXgh Ze fRcXV RXU maiQ aQal\VeV RQ Whe laVW 20 \eaUV Rf Whe VamSle. 

QXaQWile UegUeVViRQ iV a SRZeUfXl WRRl WR aQal\]e VWRck UeWXUQV, bXW QeYeUWheleVV iWV XVage iQ emSiUical 

aVVeW SUiciQg haV beeQ UaWheU limiWed. QXaQWileV aUe RUdeU VWaWiVWicV aQd WheUefRUe URbXVW WR RXWlieUV, 

Zhich geQeUall\ SlagXe fiQaQcial VeUieV. QXaQWile UegUeVViRQV dR QRW Uel\ RQ VWURQg diVWUibXWiRQal 

aVVXmSWiRQV RQ Whe eUURU WeUm WhaW aUe iQaSSURSUiaWe ZheQ mRdeliQg UeWXUQV (e.g. mXlWiYaUiaWe 

GaXVViaQ RU i.i.d. cURVV-VecWiRQal eUURUV). MRUe imSRUWaQWl\, Whe\ allRZ Whe UeVeaUcheU WR eVWimaWe Whe 

effecWV Rf e[SlaQaWRU\ chaUacWeUiVWicV RQ Whe fXll cRQdiWiRQal diVWUibXWiRQ Rf Whe e[SlaiQed YaUiable. 

QXaQWile UegUeVViRQV haYe beeQ UeceQWl\ XVed iQ Whe fiQaQcial liWeUaWXUe QRWabl\ WR mRdel V\VWemic UiVk 

iQ Whe baQkiQg VecWRU b\ AdUiaQ aQd BUXQQeUmeieU (2016), RU iQ Whe macUR-fiQaQcial liWeUaWXUe aimiQg 

WR aVVeVV Whe SUedicWabiliW\ Rf ecRQRmic acWiYiW\ b\ fiQaQcial cRQdiWiRQV (AdUiaQ, eW al. 2019). 

OXU maiQ emSiUical UeVXlWV caQ be VXmmaUi]ed aV fRllRZV: i) QRW all WUadiWiRQal chaUacWeUiVWicV aUe 

UeleYaQW WR e[SlaiQ Whe ZiQQeUV  Wail, Whe lRVeUV  Wail aQd aYeUage aVVeW UeWXUQV, WR Whe Vame degUee. 

IQdeed, VRme chaUacWeUiVWicV WhaW aUe UeleYaQW WR e[SlaiQ UeWXUQV clRVe WR Whe ceQWeU Rf Whe diVWUibXWiRQ 

lRVe mXch Rf WheiU UeleYaQce aW Whe WailV. ThaW iV Whe caVe Rf mRmeQWXm aQd, WR VRme e[WeQW, 

RSeUaWiQg SURfiWabiliW\. The RSSRViWe caVe iV alVR fRXQd iQ RXU UeVXlWV. Namel\, VRme chaUacWeUiVWicV, 

VXch aV Vi]e, aUe faU mRUe UeleYaQW WR e[SlaiQ bRWh WailV Rf Whe diVWUibXWiRQ WhaQ iWV ceQWeU. IQ Whe Vame 

liQe, VRme chaUacWeUiVWicV aUe beWWeU aW e[SlaiQiQg RQl\ , Zhile VRme RWheUV W

Wail. We iQclXde iQYeVWmeQW aQd liTXidiW\ iQ Whe fRUmeU gURXS aQd Whe bRRk-WR-maUkeW UaWiR iQ Whe 

laWWeU. ii) SRme chaUacWeUiVWicV, VXch aV Whe maUkeW beWa RU Vi]e, VhRZ diameWUicall\ RSSRViWe effecWV RQ 

bRWh WailV Rf Whe maUkeW UeWXUQV diVWUibXWiRQ, WR Whe SRiQW WhaW Whe VigQ Rf Whe effecWV chaQgeV fURm 

QegaWiYe WR SRViWiYe fRU Whe maUkeW beWa, aQd fURm SRViWiYe WR QegaWiYe fRU Vi]e. iii) The jRiQW abiliW\ Rf 

Whe SRSXlaU chaUacWeUiVWicV cRQVideUed iQ RXU mRdel YaUieV VigQificaQWl\ iQ Wime aQd alVR acURVV 

TXaQWileV. IW VeemV eaVieU WR e[SlaiQ Whe WailV Rf Whe diVWUibXWiRQ (aYeUage R2=0.10 fRU bRWh WailV), WhaQ 

Whe ceQWeU Rf Whe diVWUibXWiRQ (aYeUage R2=0.03). RegaUdiQg Whe Wime-YaUiaWiRQ Rf Whe jRiQW e[SlaQaWRU\ 

SRZeU, Zhich iV QRWRUiRXV (ma[ R2=0.26 aQd miQ R2  R2=0.35 aQd 

miQ R2=0.01 fRU Whe Wail Rf Whe ZiQQeUV), Ze cRQjecWXUe WhaW Whe VeW Rf facWRUV cRQVideUed iQ RXU 
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VSecificaWiRQ gaiQ ecRQRmic UeleYaQce XQdeU ceUWaiQ macUR-ecRQRmic VWaWeV. iY) We VhRZ WhaW 

VXcceVVfXll\ VelecWiQg chaUacWeUiVWicV fRU RXU aVVeW SUiciQg eTXaWiRQ cleaUl\ deSeQdV RQ ZhaW SaUW Rf 

Whe diVWUibXWiRQ Rf Whe maUkeW UeWXUQV Ze aUe SaUWicXlaUl\ iQWeUeVWed iQ. FRU iQVWaQce, if Ze caUe mRUe 

abRXW Whe UighW Vide Rf Whe diVWUibXWiRQ, Ze ZRXld add WR RXU baVeliQe mRdel Whe HQWHUSULVH PXOWLSOH 

SURSRVed b\ LRXghUaQ aQd WellmaQ (2011), Zhile if RXU iQWeUeVW iV iQ Whe lefW Vide Rf Whe diVWUibXWiRQ 

Ze ZRXld add Whe DVVHW JURZWK YaUiable Rf CRRSeU eW al. (2008). 

The UeVW Rf WhiV dRcXmeQW iV RUgaQi]ed aV fRllRZV. SecWiRQ WZR iV a bUief UeYiViRQ Rf Whe UelaWed 

liWeUaWXUe WhaW SXWV RXU cRQWUibXWiRQ iQ SeUVSecWiYe. SecWiRQ WhUee cRQViVWV Rf Whe meWhRdRlRg\. IQ Whe 

fRXUWh VecWiRQ Ze deVcUibe RXU daWa aQd VRXUceV, Zhich (e[ceSW fRU Whe UeWXUQV) iV SXblicl\ aYailable 

WhaQkV WR CheQ aQd ZimmeUmaQQ (2020), Yia Whe OSHQ VRXUFH IRU DVVHW SULFLQJ SURjecW. IQ Whe fifWh 

VecWiRQ Ze SUeVeQW RXU maiQ UeVXlWV aQd SURYide iQWXiWiRQ fRU RXU fiQdiQgV. ThiV VecWiRQ alVR iQclXdeV 

URbXVWQeVV e[eUciVeV, maiQl\ cRQViVWiQg Rf chaQgiQg Whe ZRUkiQg VamSle, WhXV cRQdiWiRQiQg RXU 

UeVXlWV RQ diffeUeQW macURecRQRmic VWaWeV, aQd WakiQg a mRUe hiVWRUical SeUVSecWiYe fRU RXU 

eVWimaWiRQV. The Vi[Wh VecWiRQ cRQclXdeV aQd highlighWV VRme fXWXUe liQeV Rf UeVeaUch fRU Whe WRSic Rf 

SUiciQg Whe WailV Rf ZiQQeUV aQd lRVeUV iQ Whe VWRck maUkeW.  

2. 5HODWHG LLWHUDWXUH DQG CRQWULEXWLRQ 

OXU ZRUk iV maiQl\ UelaWed WR Whe mRdel VWXdied b\ Fama aQd FUeQch (2019). TheVe aXWhRUV haYe 

emShaVi]ed Whe imSRUWaQce Rf cRQVideUiQg cURVV-VecWiRQal YaUiaWiRQ Rf chaUacWeUiVWicV (aV RSSRVed WR 

Wime-VeUieV YaUiaWiRQ), ZheQ e[SlaiQiQg maUkeW UeWXUQV. ThiV liQe Rf UeVeaUch gReV back aW leaVW WR 

Fama aQd McBeWh (1973) aQd emShaVi]eV Whe Wime-YaU\iQg facWRU lRadV Rf ecRQRmic facWRUV, Zhich 

aUe beWWeU eQcaSVXlaWed iQ aQ aVVeW SUiciQg mRdel b\ cRQdXcWiQg cURVV-VecWiRQal UegUeVViRQV each 

-

VRUWed cUiWeUiRQ aQd WheQ cRQdXcWiQg Wime-VeUieV UegUeVViRQV, aV iW haV beeQ dRQe fRU iQVWaQce b\ Whe 

Vame aXWhRUV iQ SUeYiRXV RSSRUWXQiWieV (Fama aQd FUeQch, 1993, 2015). The fRUmeU VWUaWeg\ ZRUkV 

eVSeciall\ Zell iQ WeUmV Rf UedXciQg Whe SUiciQg eUURUV fRU iQdiYidXal VWRck UeWXUQV (iQVWead Rf 

SRUWfRliRV), Zhich iV RXU XQiW Rf iQWeUeVW. 

FURm a VWaWiVWical SRiQW Rf YieZ RXU ZRUk iV UelaWed WR SUeYiRXV meWhRdRlRgical VWXdieV WhaW haYe 

SURSRVed SaQel-TXaQWile RU RWheU QRQ-liQeaU SaQel VWUXcWXUeV WR mRdel aVVeW UeWXUQV RU RWheU VeWV Rf 

ecRQRmic VeUieV ZiWh Wime-VeUieV aQd cURVV-VecWiRQal dimeQViRQV. FRU iQVWaQce, AmeQgXal aQd 

SeQWaQa (2018) UejecW Whe h\SRWheViV Rf a GaXVViaQ cRSXla deVcUibiQg Whe cURVV-VecWiRQal deSeQdeQce 
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amRQg mRQWhl\ UeWXUQV RQ iQdiYidXal US VWRckV. IQdeed, Whe\ fiQd VWURQg QRQliQeaU Wail deSeQdeQceV, 

cR-VkeZQeVV aQd cR-kXUWRViV amRQg Whe aQal\]ed UeWXUQV. AQdR aQd Bai (2020) UeSRUW WhaW cRmmRQ 

VWaWiVWical facWRU VWUXcWXUeV e[SlaiQiQg aVVeW UeWXUQV diVWUibXWiRQ iQ glRbal fiQaQcial maUkeWV deSicW 

diYeUgeQW SaWWeUQV RQ Whe lRZeU aQ XSSeU WailV Rf Whe diVWUibXWiRQ, afWeU Whe GlRbal FiQaQcial CUiViV. 

CheQ eW al. (2021) UeSRUW WhaW Whe QXmbeU Rf VWaWiVWical TXaQWile-facWRUV iV lRZeU aW Whe WailV Rf Whe 

UeWXUQV diVWUibXWiRQ WhaQ aW Whe ceQWeU. The liWeUaWXUe Rf VWaWiVWical TXaQWile-facWRU mRdelV, fURm RXU 

SeUVSecWiYe, SURYideV Whe mRVW cRQYiQciQg cRUSXV Rf eYideQce Rf a chaQgiQg QXmbeU Rf VWaWiVWical 

facWRUV RU a chaQgiQg iQflXeQce Rf VXch facWRUV acURVV Whe cRQdiWiRQal diVWUibXWiRQ Rf Whe UeWXUQV, 

alWhRXgh iW RffeUV QR cleaU eYideQce RQ ZhaW Whe facWRUV aUe. IQ WhiV liQe, BellRQi eW al. (2019) aQd Ma 

eW al. (2020) gR RQe VWeS fRUZaUd, aV Whe\ SURSRVe SaQel TXaQWile mRdelV WhaW XVe laWeQW VWaWiVWical 

facWRUV aV bXildiQg blRckV aQd RWheU cRYaUiaWeV aV a cRmSlemeQW. The\ WeVW WheiU mRdelV XViQg VWRck 

maUkeW UeWXUQV, aV a caVe Rf VWXd\, aQd dRcXmeQW imSRUWaQW diffeUeQceV acURVV TXaQWileV Rf SUiciQg 

cRYaUiaWeV aQd facWRUV, ZiWh a mRQWhl\ aQd dail\ fUeTXeQc\ UeVSecWiYel\.  

AlWhRXgh iW iV a VWeS iQ Whe UighW diUecWiRQ, Whe TXaQWile-facWRUV UeSRUWed b\ WheVe laWWeU aXWhRUV alVR 

lack ecRQRmic iQWeUSUeWabiliW\ b\ WhemVelYeV, becaXVe Whe\ VeUYe Whe UelaWed SXUSRVe Rf iQdXciQg 

Wime-YaU\iQg facWRUV lRadV WhURXgh Zhich chaUacWeUiVWicV MRLQWO\ imSacW Whe UeWXUQV, heQce VXch facWRUV 

aUe VWill SXUel\ VWaWiVWical iQ QaWXUe. IQ RWheU ZRUdV, Whe facWRUV UemaiQ aV a cRmbiQaWiRQ aW Whe TXaQWile 

leYel Rf all Whe iQfRUmaWiRQ ZiWhiQ Whe VamSle, Zhich, VimilaU WR WUadiWiRQal PCAV, dR QRW RffeU aQ 

ecRQRmic iQVighW. AQRWheU imSRUWaQW diffeUeQce Rf RXU mRdel ZiWh UeVSecW WR Whe afRUemeQWiRQed 

liWeUaWXUe iV WhaW WhiV liWeUaWXUe QeedV WR UeVRUW WR a balaQced SaQel VWUXcWXUe WR eVWimaWe WheiU mRdelV. 

IQ WXUQ, WhiV fRUceV Whe UeVeaUcheU WR UeWaiQ RQl\ Whe fiUmV SUeVeQW iQ Whe maUkeW dXUiQg Whe ZhRle 

VamSle SeUiRd, Zhich caQ eaVil\ UeQdeU VXUYiYRUVhiS biaV WR Whe eVWimaWeV. FRU iQVWaQce, RQl\ aURXQd 

23% Rf fiUmV WhaW ZeUe liVWed iQ Whe maUkeW iQ Whe \eaU 2000, ZeUe SUeVeQW aW Whe eQd Rf 2019. SXch 

aQ aSSURach iV XQVXiWable WR aQal\]e Whe VWRck maUkeW fURm a mRUe hiVWRUical SeUVSecWiYe, aV Ze dR iQ 

VecWiRQ 5.4 Rf Whe UeVXlWV, VimSl\ becaXVe WRR feZ fiUmV ZeUe liVWed iQ Whe maUkeW dXUiQg Whe ZhRle 

VamSle SeUiRd aV WR cRQVWUXcW a UeSUeVeQWaWiYe SaQel fURm 1928 WR 2019, iQdeed RQl\ 38 iQ RXU 

daWaVeW. OXU aSSURach iV fle[ible eQRXgh WR RYeUcRme WhiV SURblem. MRUeRYeU, eYeQ if Whe SaQelV iQ 

Whe SUeYiRXV liWeUaWXUe ZeUe XQbalaQced, Whe VWUaWeg\ fRllRZed b\ WheVe aXWhRUV keeSV Whe UeVeaUcheU 

fURm aQal\]iQg Whe Wime-YaU\iQg QaWXUe Rf Whe dRcXmeQWed UelaWiRQVhiSV aW Whe TXaQWile leYel, Zhich 

aV Ze Zill Vee, iV ke\ WR XQdeUVWaQd Whe heWeURgeQeRXV flRZV Rf iQfRUmaWiRQ fURm aVVeW chaUacWeUiVWicV 

WR e[ceVV UeWXUQV, aQd WR eYalXaWe Whe URbXVWQeVV Rf Whe dRcXmeQWed TXaQWile-effecWV iQ Wime. FiQall\, 

QRQe Rf Whe VWXdieV abRYe e[amiQe aQd TXaQWif\ Whe imSRUWaQce Rf cRQVideUiQg TXaQWile 
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heWeURgeQeiWieV ZheQ Ze aUe VeWWiQg RXU aVVeW SUiciQg eTXaWiRQ (Vee VXbVecWiRQ 5.6), Zhich iV RQe Rf 

RXU WZR maiQ cRQWUibXWiRQV.  

AQRWheU liQe Rf VWXdieV UelaWed WR RXUV, deYelRSV diffeUeQW fUameZRUkV VeekiQg WR iQcRUSRUaWe aVVeW 

chaUacWeUiVWicV WR iQfRUm laWeQW facWRU eVWimaWiRQ aQd WR RffeU Whe SRVVibiliW\ Rf a QRQliQeaU 

UelaWiRQVhiS beWZeeQ e[SlaQaWRU\ facWRUV aQd aVVeW UeWXUQV. FRU iQVWaQce, CRQQRU eW al. (2012), FeQg 

eW al. (2019), LeWWaX eW al. (2020), Kell\ eW al. (2019), Kell\ eW al. (2020) all Veek WR eVWimaWe laWeQW 

facWRUV aQd facWRU-lRadiQgV Zhich aUe WheRUeWicall\ iQfRUmed b\ cRYaUiaWeV. GX eW al. (2020 a,b) aQd 

CheQ eW al. (2020), SXUVXe Whe Vame RbjecWiYe bXW Whe\ XVe MachiQe LeaUQiQg WRRlV VXch aV (deeS) 

QeXUal QeWZRUkV aQd deciViRQ WUeeV WR V\QWheWi]e Whe Uich iQfRUmaWiRQ cRQWaiQed iQ Whe chaUacWeUiVWicV 

dimeQViRQ. DeeS QeXUal QeWZRUkV, iQ SaUWicXlaU AXWReQcRdeUV, caQ be XQdeUVWRRd aV a geQeUali]aWiRQ 

Rf PCA WR a QRQliQeaU VSace (Vee fRU iQVWaQce FeQg eW al. (2018) aQd AQdUeiQi eW al. (2020)). ThiV liQe 

Rf VWXdieV VeekV WR eQcaSVXlaWe QRQliQeaUiWieV iQ Whe UelaWiRQVhiS beWZeeQ UeWXUQV aQd chaUacWeUiVWicV 

WhaW RWheUZiVe cRXld QRW be iQcRUSRUaWed iQWR Whe mRdel, becaXVe Whe\ aUe QRW UedXcible WR a liQeaU 

aSSUR[imaWiRQ Yia VRme WUaQVfRUmaWiRQ Rf Whe RUigiQal YaUiableV (RU VRme dRXble RU WUiSle VRUWiQg 

cRQdiWiRQal RQ chaUacWeUiVWicV). ThiV laWWeU VeW Rf VWXdieV iV WRWall\ VileQW abRXW RXU maiQ cRQceUQ. 

Namel\, Ze caUe abRXW Whe ZhRle cRQdiWiRQal diVWUibXWiRQ Rf Whe cURVV-VecWiRQ Rf Whe UeWXUQV, aQd QRW 

RQl\ Whe aYeUage. IQ RWheU ZRUdV, RXU fRcXV iV RQ Whe ZhRle cURVV-VecWiRQal diVWUibXWiRQ Rf Whe UeWXUQV 

(i.e., lefW Wail, UighW Wail, ceQWeU) aQd QRW RQ Whe VhaSe Rf Whe UelaWiRQVhiS beWZeeQ chaUacWeUiVWicV aQd 

Whe aYeUage cURVV-VecWiRQal UeWXUQV. 

3. MHWKRGRORJ\ 

We fRllRZ Whe QRWaWiRQ iQ Fama aQd FUeQch (2019). IQ Whe fRllRZiQg mRdel, UeWXUQV iQ mRQWh W, , 

, aUe e[SlaiQed b\ SaVW YalXeV Rf Vi]e ( ), bRRk-WR-maUkeW UaWiR ( ), RSeUaWiQg 

SURfiWabiliW\ ( ), aQd Whe UaWe Rf gURZWh Rf aVVeWV ( ): 

,  (1) 

ZheUe iV Whe iQWeUceSW Rf Whe cURVV-VecWiRQ UegUeVViRQ iQ mRQWh W. aQd  Whe QXmbeU Rf diffeUeQW 

cRmSaQieV ZiWh iQfRUmaWiRQ iQ mRQWh W. AV emShaVi]ed b\ Fama aQd FUeQch (2019) Whe VlRSe 

eVWimaWeV iQ ETXaWiRQ 1 (i.e. , , aQd ) aUe SRUWfRliR UeWXUQV WhaW caQ be iQWeUSUeWed 

aV facWRUV RQce Whe\ haYe beeQ VWacked. The iQWeUceSW iV Whe mRQWh W UeWXUQ cRmmRQ WR all aVVeWV, 
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Zhich iV QRW caSWXUed b\ Whe e[SlaQaWRU\ YaUiableV iQ Whe UegUeVViRQ (Vee aV Zell Fama aQd McBeWh 

(1973) aQd Fama (1976)).  iV a UeVidXal WeUm. 

A Vmall UeaUUaQgemeQW Rf WeUmV iQ ETXaWiRQ 1 VhRZV WhaW, iQdeed, VWackiQg Whe VlRSeV Rf Whe cURVV-

VecWiRQal UegUeVViRQV fRU all mRQWhV iQ Whe VamSle, ETXaWiRQ 1 caQ be iQWeUSUeWed aV a facWRU-aVVeW-

SUiciQg mRdel ZiWh Wime YaU\iQg facWRU lRadiQgV , iQ Whe fRllRZiQg Za\: 

.  (2) 

We haYe iQWeUchaQged Whe RUdeU Rf Whe chaUacWeUiVWicV aQd Whe Wime-YaU\iQg VlRSeV, iQ RUdeU WR 

emShaVi]e Whe cRmmRQ facWRU VWUXcWXUe. IQ bRWh YeUViRQV Rf Whe mRdel giYeQ b\ eTXaWiRQV 1 RU 2 Whe 

UelaWiRQVhiS iV liQeaU. ThaW iV, iW cRQViVWV Rf a meaQ-WR-meaQ maSSiQg WhaW meaVXUeV aYeUage 

mRYemeQWV Rf Whe RighW HaQd Side (RHS) YaUiableV RQ aYeUage UeVSRQVeV Rf Whe LefW HaQd Side 

(LHS) UeWXUQV.  

We e[SaQd Whe mRdel iQ eTXaWiRQV 1 aQd 2 iQ RUdeU WR e[SlaiQ Whe ZhRle cRQdiWiRQal diVWUibXWiRQ Rf 

UeWXUQV  iQ a giYeQ mRQWh, Zhich Ze SURSRVe WR VXmmaUi]e Yia aQ iQWeUSUeWable TXaQWile-facWRU 

VWUXcWXUe. TR WhiV eQd, Ze geQeUali]e ETXaWiRQ 1, iQ Whe fRllRZiQg Za\: 

,     (3) 

ZheUe  iV Whe Wh cRQdiWiRQal TXaQWile Rf  giYeQ aVVeW chaUacWeUiVWicV RQ Whe RHS Rf Whe 

eTXaWiRQ. We caQ alWeUQaWiYel\ SUeVeQW Whe mRdel XViQg maWUiceV QRWaWiRQ aV , ZheUe 

, VXch WhaW  ZheUe  iV Whe 

cXmXlaWiYe diVWUibXWiRQ fXQcWiRQ. NRWe WhaW ETXaWiRQ 3 dReV QRW cRQWaiQ a UaQdRm WeUm becaXVe  

chaUacWeUi]eV  bXW iW iV deWeUmiQiVWic iQ QaWXUe. NRWe WhaW Whe VlRSeV haYe VXSeUVcUiSWV becaXVe Whe\ 

chaQge fRU each YalXe Rf . SR, gRiQg back WR ETXaWiRQ 3 Ze haYe WhaW : 

,      (4)  

ZheUe  iV a lRVV fXQcWiRQ, giYeQ b\ , ZheUe  iV aQ 

iQdicaWRU fXQcWiRQ WhaW iV eTXal WR 1 ZheQ Whe VXbVcUiSW iV WUXe aQd 0 RWheUZiVe (Vee UUibe aQd GXilleQ 

(2020. Ch. 3)). AV iW iV Zell kQRZQ, Whe maWhemaWical fRUmXlaWiRQ iQ ETXaWiRQ 4 leadV WR Whe VRlXWiRQ 

Rf a liQeaU SURgUammiQg RSWimi]aWiRQ SURblem. IWV baVic VWUXcWXUe aQd Whe cRXQWeUSaUW algRUiWhm 

VRlXWiRQ caQ be fRXQd iQ KReQkeU (2005), aQd aUe RmiWWed heUe.  
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TR eVWimaWe Whe mRdel iQ eTXaWiRQV 3-4 Ze fRllRZ Whe mRVW SRSXlaU VSecificaWiRQ fRU Whe eVWimaWiRQ 

Rf cRQdiWiRQal TXaQWileV dXe WR KReQkeU aQd BaVVeW (1978), Zhich haV beeQ alVR fRllRZed b\ Whe 

UeceQW liWeUaWXUe iQ VWaWiVWical TXaQWile-facWRU mRdelV (Vee AQdR aQd Bai (2019); BellRQi eW al. (2019); 

CheQ eW al. (2021)). IQ VhRUW, Whe iQWeUSUeWable TXaQWileV SUiciQg WhaW Ze SURSRVe caQ be RbWaiQed b\ 

VWackiQg Whe TXaQWile VlRSeV Rf cURVV-VecWiRQal TXaQWile UegUeVViRQV 

chaUacWeUiVWicV fRU all mRQWhV iQ Whe ZRUkiQg VamSle. OXU aSSURach, RQ WRS Rf SURYidiQg 

iQWeUSUeWabiliW\ Rf Whe TXaQWile-facWRUV, b\ cRQVWUXcWiRQ, alVR Uela[eV Whe aVVXmSWiRQ Rf cRQVWaQW 

VlRSeV aVVRciaWed ZiWh each chaUacWeUiVWic made iQ SaVW TXaQWile-facWRU liWeUaWXUe. OXU mRdel iV alVR a 

geQeUali]aWiRQ Rf Whe facWRU mRdel SURSRVed b\ Fama aQd FUeQch (2019), Zhich haV Wime YaU\iQg 

facWRUV lRadV, bXW dReV QRW cRQVideU chaQgiQg VlRSeV acURVV Whe TXaQWileV Rf . MRUeRYeU iW Uela[eV, 

iQ ZRUdV Rf Fama aQd FUeQch (2019, S. 1893): Whe XQUealiVWic aVVXmSWiRQ WhaW Whe diVWXUbaQceV iQ (1) 

aUe cURVV-VecWiRQall\ iid ETXaWiRQ 5 giYeV aQ alWeUQaWiYe UeSUeVeQWaWiRQ Rf Whe mRdel iQ ETXaWiRQ 3, 

clRVeU WR WUadiWiRQal aVVeW SUiciQg VSecificaWiRQV: 

,    (5)

ZheUe  iV a YecWRU RU SaUameWeUV WR be eVWimaWed, Whe TXaQWile-

deSeQdeQW idiRV\QcUaWic eUURU  iV aVVXmed WR VaWiVf\ Whe fRllRZiQg TXaQWile UeVWUicWiRQ 

. We emShaVi]e WhaW ETXaWiRQ 5 iV QRW a UegUeVViRQ. IW iV a TXaQWile-SUiciQg mRdel iQ 

Zhich Whe facWRUV ma\ be diffeUeQW accRUdiQg WR Whe TXaQWileV WhaW RQe aimV WR aQal\]e, aQd Whe Wime-

YaU\iQg facWRU lRadV aUe idiRV\QcUaWic chaUacWeUiVWicV Rf Whe fiUmV.  

IQ RXU UeVXlWV VecWiRQ Ze iQclXde WhUee addiWiRQal chaUacWeUiVWicV iQ RXU baVeliQe VSecificaWiRQ. 

Namel\, , , , aQd  ( , Zhich UeQdeUV Whe 

fRllRZiQg mRdel: 

 

,  (6) 

The iQclXViRQ Rf WheVe WhUee chaUacWeUiVWicV Rbe\V a laUge bRd\ Rf emSiUical VWXdieV WhaW haV 

cRQViVWeQWl\ dRcXmeQWed Whe imSRUWaQce Rf WheVe chaUacWeUiVWicV (Vee fRU iQVWaQce CamSbell (2017, 

Ch.3), Bali eW al. (2016) fRU a UeYieZ Rf Whe VXbjecW). 
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3.1. TLPH DQG TXDQWLOH JRRGQHVV RI ILW 

We aVVeVV Whe UelaWiYe effecWiYeQeVV Rf Whe cURVV-VecWiRQal chaUacWeUiVWicV WR e[SlaiQ UeWXUQV alRQgVide 

Whe TXaQWileV aQd acURVV Wime. TR eYalXaWe iQdiYidXal aVVeW chaUacWeUiVWicV Ze eVWimaWe Whe W-VWaWiVWicV 

aVVRciaWed WR Whe TXaQWile cRefficieQWV aW each cURVV-VecWiRQal eVWimaWiRQ VWeS. CRmSlemeQWaUil\, WR 

e[amiQe Whe jRiQW lRcal adjXVWmeQW Rf Whe mRdel Ze eVWimaWe Whe SVeXdR-R VTXaUed VWaWiVWic, , 

SURSRVed b\ KReQkeU aQd MachadR (1999) giYeQ b\: 

,     (7) 

ZheUe  VWaQdV fRU Whe VTXaUe UeVidXalV Rf a UeVWUicWed RSWimi]aWiRQ SURblem WhaW RQl\ iQclXdeV aQ 

iQWeUceSW ZiWhiQ Whe VeW Rf UegUeVVRUV, VSecific WR Whe  TXaQWile, aQd  iV Whe UeVidXal YaUiaWiRQ lefW 

XQe[SlaiQed b\ a giYeQ cRQdiWiRQal TXaQWile aVVeW SUiciQg mRdel. NRWe WhaW b\ cRQVWUXcWiRQ  

lieV beWZeeQ ]eUR aQd RQe. UQlike a WUadiWiRQal  VWaWiVWic Zhich meaVXUeV Whe UelaWiYe SeUfRUmaQce 

Rf WZR liQeaU mRdelV Zhile e[SlaiQiQg Whe cRQdiWiRQal meaQ fXQcWiRQ,  iV a meaVXUe Rf Whe 

UelaWiYe VXcceVV Rf Whe cRUUeVSRQdiQg TXaQWile UegUeVViRQ. TheUefRUe,  cRQVWiWXWeV a lRcal 

meaVXUe Rf gRRdQeVV Rf fiW fRU a SaUWicXlaU TXaQWile (aQd a SaUWicXlaU mRQWh), UaWheU WhaQ a glRbal 

meaVXUe Rf Whe gRRdQeVV Rf fiW. 

3.2. AGGLQJ QHZ FKDUDFWHULVWLFV 

We alVR aim WR iQcUeaVe Whe mRdel SeUfRUmaQce aV meaVXUed b\ Whe TXaQWile- R2. NeYeUWheleVV, aV 

emShaVi]ed iQ VXbVecWiRQ 3.1 WheUe iV RQe R2 SeU each TXaQWile aQd SeU each SeUiRd. We aYeUage Whe 

VWaWiVWicV iQ Wime XViQg eTXall\-ZeighWed aYeUageV. BXW, giYeQ WhaW Ze ZiVh WR emShaVi]e Whe 

imSRUWaQce Rf cRQVideUiQg Whe iQWeUeVW iQ diffeUeQW fUagmeQWV Rf Whe diVWUibXWiRQ WhaW a maUkeW 

SaUWiciSaQW ma\ haYe, Ze XVe diffeUeQW ZeighWiQg VchemeV acURVV Whe TXaQWile dimeQViRQ. IQ 

SaUWicXlaU, leW  be Whe Wime-aYeUage Rf Whe TXaQWile . We cRQVideU fiYe YalXeV Rf , Qamel\ 

, fRU WheQ RXU glRbal gRRdQeVV Rf fiW VWaWiVWic Zill be giYeQ b\:  

,     (8) 

NRWe WhaW Whe SaUameWeU  UeflecWV Whe imSRUWaQce Rf a giYeQ TXaQWile fRU Whe glRbal adjXVWmeQW Rf 

Whe mRdel. WheQ  iV Vmall Whe aVVRciaWed TXaQWile iV QRW UelaWiYel\ imSRUWaQW fRU XV, Zhile a laUge  

meaQ WhaW Ze aVVigQ a UelaWiYel\ high imSRUWaQce WR Whe aVVRciaWed TXaQWile. We cRQVideU fiYe 

diffeUeQW ZeighWiQg VchemeV, each Rf Whem ZiWh fiYe cRmSRQeQWV , Zhich aim WR UeflecW 
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diffeUeQW iQWeUeVWV b\ Whe iQYeVWRU ZheQ decidiQg abRXW a QeZ YaUiable WR iQclXde iQ Whe aVVeW-SUiciQg 

mRdel. We iQde[ each ZeighiQg Vcheme ZiWh a diffeUeQW VXbVcUiSW, VR WhaW Ze eQd XS ZiWh fiYe 

. SXch WhaW , , 

, aQd , iQ WhiV Za\,  

UeflecWV a gUeaWeU iQWeUeVW RQ Whe lefW Wail Rf Whe cURVV-VecWiRQal diVWUibXWiRQ, Zhile  UeflecWV a gUeaWeU 

iQWeUeVW iQ Whe UighW Wail. The RWheU caVeV aUe iQ-beWZeeQ WheVe WZR e[WUemeV.  

4. DDWD 

OXU baVeliQe VSecificaWiRQ XVeV Whe fRllRZiQg defiQiWiRQV Rf YaUiableV:  iV Whe Vi]e Rf Whe fiUm, 

cRQVWUXcWed aV Whe QaWXUal lRg Rf Whe maUkeW caSiWali]aWiRQ Rf Whe fiUm L iQ SeUiRd W, aQd iW iV QRW 

iQclXded iQ CheQ aQd ZimmeUmaQ (2020) [CZ heQcefRUWh] daWa baVe, VR Ze cRQVWUXcWed iW XViQg 

CRSP mRQWhl\ daWa.  iV Whe bRRk-WR-maUkeW UaWiR cRQVWUXcWed aV Whe aQQXal bRRk eTXiW\ RYeU 

 iQ CZ daWabaVe.  UefeUV WR Whe gURZWh UaWe Rf 

-baVe. IW ZaV cRQVWUXcWed aV Whe gURZWh beWZeeQ RQe-

\eaU lagged caSiWal e[SeQdiWXUeV aQd WZR-\eaU lagged caSiWal e[SeQdiWXUeV.  UefeUV WR RSeUaWiQg 

SURfiWabiliW\, Zhich iV RXU baVe liQe VSecificaWiRQ iV meaVXUed aV Whe gURVV SURfiWabiliW\ iQdicaWRU 

emSlR\ed b\ NRY\-MaU[ (2013) calcXlaWed aV UeYeQXe miQXV cRVW Rf gRRdV VRld, diYided b\ WRWal 

V Whe lRQgeVW aQd mRVW cRQViVWeQW 

iQfRUmaWiRQ beWZeeQ Whe VeYeUal SURfiWabiliW\ meaVXUeV aYailable iQ Whe daWabaVe.  UefeUV WR 

mRmeQWXm, aQd cRUUeVSRQdV WR MRm12m iQ CZ, Zhich iV cRQVWUXcWed XViQg VWRck UeWXUQ beWZeeQ 

mRQWhV W-12 aQd W-1.  VWaQdV fRU Whe maUkeW beWa Rf fiUm L iQ mRQWh W, aQd iW cRUUeVSRQdV WR 

-mRQWh URlliQg ZiQdRZ 

UegUeVViRQ Rf mRQWhl\ VWRck UeWXUQV miQXV Whe UiVk-fUee UaWe RQ maUkeW UeWXUQ.  UefeUV WR 

liTXidiW\, Zhich iQ RXU baVe-

meaVXUe SURSRVed AmihXd (2002) cRQVWUXcWed XViQg Whe WZelYe mRQWh aYeUage Rf dail\ abVRlXWe 

YalXe Rf Whe UeWXUQ diYided b\ WXUQRYeU. 

OXU daWa RQ chaUacWeUiVWicV haYe a mRQWhl\ fUeTXeQc\, aQd Ze cRmbiQed Whem ZiWh hRldiQg SeUiRd 

UeWXUQV iQ Whe US maUkeW, RbWaiQed Yia CRSP. ThiV fiUm iQfRUmaWiRQ daWabaVe cRQViVWV iQ 3.75M 

RbVeUYaWiRQV aQd 208 chaUacWeUiVWicV fRU 26,852 diffeUeQW fiUmV beWZeeQ 1928 aQd 2019, beVideV, Ze 

haYe 4.61M UeWXUQV Rf caSiWal, WhaW Ze cRmbiQe alWRgeWheU WR geQeUaWe RXU VWXd\ daWabaVe. A 

deVcUiSWiRQ Rf Whe daWa iV SURYided iQ Table 1, ZheUe Ze SUeVeQW Whe meaQ, VWaQdaUd deYiaWiRQ, 
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VkeZQeVV aQd kXUWRViV aYeUaged acURVV Wime, fRU Whe VWaWiVWicV eVWimaWed RQ a mRQWhl\ fUeTXeQc\ fRU 

Whe cURVV VecWiRQ Rf chaUacWeUiVWicV. AV iW caQ be VeeQ, WheUe iV a gUeaW deal Rf YaUiabiliW\ acURVV 

chaUacWeUiVWicV. FRU WhiV UeaVRQ iQ RXU e[SlaQaWRU\ UegUeVViRQV Ze XVed VWaQdaUdi]ed YaUiableV RQ Whe 

RHS Rf ETXaWiRQ 6, iQ RUdeU WR make UegUeVViRQ cRefficieQW amRQg Whe YaUiableV aQd amRQg Whe 

-

WhiV caVe, Whe iQWeUceSWV aUe b\ cRQVWUXcWiRQ VeW eTXal WR ]eUR, fRU Whe aYeUage VceQaUiR, bXW QRW fRU Whe 

TXaQWileV (Whe\ becRme a URXgh eVWimaWe Rf Whe XQcRQdiWiRQal TXaQWileV) aQd Whe VlRSeV aUe diUecWl\ 

meaVXUed iQ UelaWiYe WeUmV, Zhich allRZ XV WR Uead WheiU magQiWXde RQ WRS Rf WheiU VigQ, acURVV Whe 

YaUieW\ Rf RXU VSecificaWiRQV. 

7DEOH 1 
6XPPDU\ 6WDWLVWLFV 

                  
RET BeWa BM MC LIQ OP INV MOM 

MHDQ 0.81 1.10 -0.72 12.88 0.00 0.26 2.30 0.12 
SWDQG. DHY. 16.76 0.83 1.02 2.10 0.00 0.36 110.27 0.66 
SNHZQHVV 4.02 2.05 -0.58 0.23 22.66 -4.06 38.09 5.26 
KXUWRVLV 94.82 42.82 2.77 -0.21 821.78 151.16 2467.08 117.29 

The Wable VhRZV Whe Wime-aYeUageV Rf Whe cURVV-VecWiRQal meaQ, VWaQdaUd deYiaWiRQ, VkeZQeVV aQd 

kXUWRViV calcXlaWed fRU each mRQWh fURm JaQXaU\ 2000 WR DecembeU 2019, fRU Whe maUkeW UeWXUQV 

(RET), aQd Whe fRllRZiQg chaUacWeUiVWicV: BeWa, BM (BRRk WR MaUkeW UaWiR), MV (Vi]e), LIQ (illiTXidiW\), 

OP (PURfiWabiliW\), INV (IQYeVWmeQW) aQd MOM (MRmeQWXm). 

Table 2 SURYideV Whe eYRlXWiRQ iQ Wime Rf Whe QXmbeU Rf fiUmV iQ RXU VamSle. IW VXmmaUi]eV Whe 

iQfRUmaWiRQ Rf RXU maiQ VWXd\ SeUiRd, Zhich iV aYailable RQ a mRQWhl\ fUeTXeQc\, fURm JaQXaU\ 2000 

WR DecembeU 2019. IW SUeVeQWV Whe iQfRUmaWiRQ RQl\ fRU fiYe mRQWhV: JaQXaU\ 2005, 2010, 2015 aQd 

DecembeU 2019. The URZV UeSUeVeQW Whe QXmbeU Rf fiUmV eQWeUiQg Whe VamSle iQ a SaUWicXlaU daWe. 

FRU iQVWaQce, aW Whe begiQQiQg Rf Whe VamSle 7,040 fiUmV eQWeUed Whe VamSle (becaXVe RXU maiQ 

VamSle VWaUWV RQ WhaW SaUWicXlaU daWe), Zhile, iQ JaQXaU\ 2005, 37 fiUmV eQWeUed Whe VamSle. IQ 

DecembeU 2019 15 QeZ fiUmV aSSeaUed iQ Whe VamSle. IW iV alVR SRVVible WR e[amiQe Whe SeUmaQeQc\ 

Rf a giYeQ VeW Rf fiUmV dXUiQg Whe VamSle SeUiRd. FRU iQVWaQce, Rf Whe 7,040 fiUmV VWaUWiQg iQ JaQXaU\ 

2000, RQl\ 1,609 had iQfRUmaWiRQ b\ Whe eQd Rf 2019. Of Whe 20 fiUmV WhaW eQWeUed Whe VamSle iQ 

JaQXaU\ 2010, RQl\ 9 ZeUe VWill SUeVeQW b\ Whe eQd Rf 2019.  

 

7DEOH 2 
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 JDQXDU\ 2000-DHFHPEHU 2019 

 

NRWe: The Wable VhRZV Whe fiUmV WhaW eQWeU Whe VamSle aW each SRiQW Rf Wime (iQ URZV), aQd hRZ maQ\ Rf Whe 

RQeV WhaW VWaUWed iQ a SaUWicXlaU daWe aUe VWill SUeVeQW iQ a laWWeU mRQWh (cRlXmQV). The RUigiQal WableV haYe a 

mRQWhl\ fUeTXeQc\, aQd iW iV aYailable fURm FebUXaU\ 1928. We SUeVeQW a VXmmaUi]ed YeUViRQ. 

The abRYe calcXlaWiRQV allRZ XV WR highlighW Whe iQfeaVibiliW\ Rf cRQVWUXcWiQg balaQced-SaQelV WR 

eVWimaWe RXU SUiciQg mRdelV aW Whe WailV. QXaQWileV UeTXiUe mRUe iQfRUmaWiRQ WR be accXUaWel\ 

SUedicWed WhaQ meaQV, VR Whe lRVV Rf iQfRUmaWiRQ dXe WR balaQciQg Whe SaQel VWUXcWXUe iV eYeQ mRUe 

cRVWl\ WhaQ iQ WUadiWiRQal emSiUical mRdelV WhaW fRcXV RQ Whe eVWimaWiRQ Rf Whe cRQdiWiRQal meaQ. FRU 

iQVWaQce, if Ze ZeUe gRiQg WR cRQVWUXcW a SaQel fRU RXU maiQ VamSle, Ze ZRXld eQd XS ZiWh 1,609 

fiUmV WhaW ZeUe SUeVeQW dXUiQg Whe ZhRle VamSle SeUiRd. OXU eVWimaWiRQV ZRXld XVe, iQ VXch a 

h\SRWheWical caVe, 1,609 RbVeUYaWiRQV SeU mRQWh. OQ Whe cRQWUaU\ if Ze cRQdXcW cURVV-VecWiRQal 

UegUeVViRQV aV Ze dR heUe, RXU eVWimaWeV XVe 7,040 iQ 00-01, 5,204 iQ 05-01, , 4165 iQ 19-12. IQ 

VhRUW, Whe balaQced-SaQel VWUXcWXUe UeTXiUeV dURSSiQg 69% Rf Whe ZRUkiQg VamSle. BXW iW iV QRW RQl\ 

abRXW Whe YaVW lRVV Rf iQfRUmaWiRQ, bXW alVR Whe fiUmV WhaW UemaiQ iQ Whe VamSle acURVV Whe \eaUV aUe 

likel\ Whe VWURQgeVW RQeV, VR Ze aUe faciQg a caVe Rf VXUYiYRUVhiS biaV. AQal\]iQg Whe effecWV Rf 

chaUacWeUiVWicV VXch aV YalXe, liTXidiW\, Vi]e, eWc. ZRXld be YeU\ iQaSSURSUiaWe iQ Whe caVe WhaW Ze RQl\ 

keSW VXch aQ XQUeSUeVeQWaWiYe VXbVeW Rf Whe SRSXlaWiRQ.  

OXU maiQ UeVXlWV UegaUd Whe UedXced VamSle JaQXaU\ 2000- DecembeU 2019, bXW Ze alVR cRQdXcW aQ 

hiVWRUical aQal\ViV WR WeVW Whe URbXVWQeVV Rf RXU claimV, Zhich XVeV all maUkeW iQfRUmaWiRQ fURm 1928 

WR 2019. We fRcXV RXU maiQ aQal\VeV RQ Whe UedXced aQd mRVW UeceQW VamSle. IQ WhiV UegaUd Ze 

fRllRZ Whe iQVighWV Rf SaVW liWeUaWXUe WhaW haV emShaVi]ed Whe diffeUeQW magQiWXde Rf Whe ecRQRmic 

effecWV Rf chaUacWeUiVWicV VXch aV YalXe iQ UeceQW \eaUV agaiQVW RldeU VamSleV (CRheQ eW al., 2003; Fama 

aQd FUeQch, 2021). The Vame SaWWeUQ haV beeQ eVWabliVhed fRU mRVW Rf Whe chaUacWeUiVWicV, Zhich 
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QaWXUall\ WeQd WR e[eUW a gUeaWeU imSacW RQ Whe UeWXUQV iQ RldeU VamSleV ZheQ Whe\ ZeUe RUigiQall\ 

QRWiced, WhaQ iQ mRUe UeceQW VamSleV (McLeaQ, aQd PRQWiff, J. 2016; LiQQaiQmaa, aQd RRbeUWV, 2018). 

OXU iQWeQWiRQ iV WhXV WR SURYide Wimel\ aQd cXUUeQWl\ UeleYaQW UeVXlWV. 

5. 5HVXOWV 

OXU UeVXlWV cRQViVW Rf Vi[ SaUWV. IQ VXbVecWiRQ 5.1 Ze UeSRUW aQd deVcUibe RXU eVWimaWed TXaQWile 

facWRUV. We cRQdXcW cURVV-VecWiRQal TXaQWile UegUeVViRQV each mRQWh aQd VaYe Whe TXaQWile VlRSeV 

OSeUaWiQg PURfiWabiliW\ (OP), IQYeVWmeQW (INV), MRmeQWXm (MOM), maUkeW beWa, aQd illiTXidiW\ 

(LIQ). We VWack Whe TXaQWile VlRSeV aVVRciaWed WR each chaUacWeUiVWic iQ a YecWRU, aQd Ze call WhiV 

YecWRU a TXaQWile facWRU. IQ VXbVecWiRQ 5.2 Ze eYalXaWe Whe jRiQW VigQificaQce Rf Whe mRdel acURVV Wime. 

IQ 5.3 Ze UeSRUW Whe iQdiYidXal VigQificaQce Rf Whe chaUacWeUiVWicV iQ Whe SUiciQg eTXaWiRQ aW diffeUeQW 

TXaQWileV. TheVe WhUee VXbVecWiRQV emSlR\ a daWaVeW VWaUWiQg iQ JaQXaU\ 2000 aQd eQdiQg iQ DecembeU 

2019, VR WhaW Ze caQ fRcXV RXU maiQ aQal\ViV iQ mRUe cRQWemSRUaQeRXV d\QamicV, VWill UeleYaQW 

WRda\. IQ VXbVecWiRQ 5.4 Ze SURYide a mRUe hiVWRUical SeUVSecWiYe, eQhaQciQg Whe UeVXlWV fURm Whe 

SUeYiRXV VXbVecWiRQV. ThXV, Ze UeSRUW Whe hiVWRUical TXaQWile facWRUV fURm FebUXaU\ 1928 WR 

DecembeU 2019. ThiV lRQgeU VamSle cRmeV aW a cRVW: We Qeed WR UeVWUicW RXU aWWeQWiRQ WR RQl\ fRXU 

WUadiWiRQal facWRUV: beWa, Vi]e, liTXidiW\, aQd mRmeQWXm. DaWa RQ SURfiWabiliW\, iQYeVWmeQW aQd bRRk-

WR-maUkeW, fRU Whe eaUl\ \eaUV, aUe QRW aV Ueliable aQd abXQdaQW aV fRU Whe RWheU fRXU chaUacWeUiVWicV. IQ 

VXbVecWiRQ 5.5 Ze eYalXaWe Whe URbXVWQeVV Rf RXU claimV acURVV diffeUeQW ecRQRmic VWaWeV (i.e. cUiViV 

YeUVXV QRUmal SeUiRdV; befRUe aQd afWeU Whe GUeaW ReceVViRQ). FiQall\, iQ Whe laVW VXbVecWiRQ, 5.6, Ze 

VhRZ WhaW VelecWiQg QeZ chaUacWeUiVWicV fRU RXU SUiciQg eTXaWiRQ deSeQdV RQ hRZ Ze cRQVideU Whe 

YaUiRXV fUagmeQWV Rf Whe cURVV-VecWiRQal diVWUibXWiRQ Rf maUkeW UeWXUQV. IQ WhiV VXbVecWiRQ Ze 

cRQVideU a VXbVeW Rf 21 chaUacWeUiVWicV WhaW aUe caQdidaWeV WR be added WR RXU SUiciQg eTXaWiRQ aQd Ze 

defiQe diffeUeQW ZeighWiQg VchemeV WhaW UeflecW a YaUieW\ Rf iQWeUeVWV Rf Whe iQYeVWRU ZheQ chRRViQg 

chaUacWeUiVWicV. We VhRZ WhaW if Whe ma[imXm QXmbeU Rf chaUacWeUiVWicV iV Vmall Whe SUiciQg mRdelV 

aUe QRW QeceVVaUil\ Whe Vame fRU iQYeVWRUV WhaW aVVigQ mRUe imSRUWaQce WR VRme fUagmeQWV Rf Whe 

-Wail, UighW-Wail, ceQWeU, eWc.). 
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5.1. QXDQWLOH IDFWRUV EDVHG RQ FKDUDFWHULVWLFV  

We eVWimaWe a cRQdiWiRQal TXaQWile UegUeVViRQ each mRQWh iQ RXU VamSle, ZheUe Whe e[SlaiQed (LHS) 

YaUiable iV Whe cURVV-

IQ RXU VSecificaWiRQ Whe facWRU lRadV aUe giYeQ b\ Whe chaUacWeUiVWicV (Zhich chaQge iQ Wime aQd acURVV 

fiUmV), QRW b\ Whe TXaQWile VlRSeV, Zhich Ze VWack iQ RUdeU WR cRQVWUXcW TXaQWile facWRUV VeUieV, 

cRmmRQ WR all fiUmV. HeQce, TXaQWile facWRUV YaU\ iQ Wime aQd acURVV TXaQWileV, bXW Whe\ dR QRW YaU\ 

acURVV fiUmV. BefRUe eVWimaWiRQ, all Whe chaUacWeUiVWicV ZeUe VWaQdaUdi]ed WR haYe XQiW YaUiaQce aQd 

meaQ eTXal WR ]eUR each mRQWh, Zhich eaVeV Whe cRmSaUiVRQV beWZeeQ Whe TXaQWile VlRSeV (i.e. 

facWRUV) aVVRciaWed ZiWh diffeUeQW chaUacWeUiVWicV. NRWe WhaW WheVe WUaQVfRUmaWiRQV dR QRW affecW RXU 

cRQclXViRQV becaXVe TXaQWile UegUeVViRQV aUe URbXVW WR mRQRWRQe WUaQVfRUmaWiRQV Rf RUigiQal 

YaUiableV. ThiV VXbVecWiRQ 5.1 iV RUgaQi]ed iQ fRXU SaUWV: The fiUVW RQe VhRZV Whe maiQ VWaWiVWicV Rf Whe 

eVWimaWed TXaQWile facWRUV. The VecRQd deVcUibeV hRZ WhRVe effecWV chaQge acURVV TXaQWileV. IQ Whe 

WhiUd SaUW, Ze chaQge RXU SeUVSecWiYe aQd cRmSaUe hRZ fiWWed TXaQWile facWRUV YaU\ acURVV Wime. IQ 

Whe fRXUWh aQd laVW RQe, Ze SUeVeQW aQd diVcXVV Whe cRUUelaWiRQV beWZeeQ TXaQWile facWRUV. 

A. SXPPDU\ VWDWLVWLFV RI TXDQWLOH IDFWRUV 

Table 3 VhRZV Whe VXmmaU\ VWaWiVWicV Rf Whe YaUiRXV TXaQWile facWRUV WhaW Ze eVWimaWe. The Wable 

VhRZV Whe meaQ, mediaQ, VWaQdaUd deYiaWiRQ, ma[imXm, miQimXm, VkeZQeVV aQd kXUWRViV Rf Whe 

iQWeUceSW Rf each UegUeVViRQ (AlSha) aQd Rf Whe TXaQWile facWRUV aVVRciaWed ZiWh each chaUacWeUiVWic. 

The laUgeVW effecWV iQ UelaWiYe WeUmV aUe SURdXced b\ Whe YaUiaWiRQ Rf maUkeW beWa acURVV fiUmV jRiQW WR 

Whe YaUiaWiRQ Rf Vi]e (MC), aV caQ be RbVeUYed SaQelV Rf MHDQ aQd MHGLDQ iQ Table 3. HRZeYeU, Whe 

diVWUibXWiRQ Rf Whe effecWV YaUieV gUeaWl\ acURVV TXaQWileV, aQd iQ XQSaiUed Za\V fRU Whe cRQVideUed 

Wail Rf Whe cURVV-VecWiRQal diVWUibXWiRQ Rf Whe UeWXUQV UeachiQg a ma[imXm aW =0.95 (meaQ=4.19, 

=0.95 (meaQ=-3.45, mediaQ=-2.89). We caQ cRmSaUe iW ZiWh Whe effecW Rf SURfiWabiliW\ (OP), Zhich 

iV YeU\ VWable acURVV TXaQWileV, aQd QeYeU fliSV iWV VigQ (Whe meaQ effecW iV 0.24 aW =0.05 aQd 0.37 aW 

-fURm meaQ=3.51 WR meaQ=-

4.51-, aQd illiTXidiW\ (LIQ), -fURm meaQ=-0.51 WR meaQ=2.96-, aW =0.05 aQd 0.95 UeVSecWiYel\-. The 

UeYeUVe iQ Whe VigQ iV ambigXRXV fRU mRmeQWXm (MOM), bRRk-WR-maUkeW (BM) aQd iQYeVWmeQW 

(INV), becaXVe iW cleaUl\ RccXUV jXVW fRU Whe faUWheU Wail Rf Whe diVWUibXWiRQ ZheQ =0.95, bXW QRW fRU 

fUagmeQWV clRVeU WR Whe ceQWeU (e.g. =0.75). 
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CRmSaUiQg MD[LPD aQd MLQLPD iQ SaQelV 4 aQd 5 Rf Table 3, helSV XV WR dRcXmeQW fXUWheU 

heWeURgeQeiWieV acURVV TXaQWile facWRUV. FRU iQVWaQce, Whe ma[imXm effecWV (laUgeVW YalXeV Rf TXaQWile 

VlRSeV) WeQd WR RccXU aW Whe UighW Wail Rf Whe diVWUibXWiRQ fRU all chaUacWeUiVWicV (e[ceSW fRU Vi]e), Zhile 

Whe miQima effecWV aUe mRUe eYeQl\ diYided iQ Whe WZR WailV. The mRVW QRWRUiRXV chaQge iQ magQiWXde 

beWZeeQ Whe effecWV UeSRUWed aW Whe ceQWeU Rf Whe diVWUibXWiRQ, =0.25, 0.5, 0.75 aQd Whe WailV Rf Whe 

diVWUibXWiRQ, RccXUV fRU illiTXidiW\ (ma[=35.70) aQd iQYeVWmeQW (ma[=25.33) aW Whe UighW Wail, =0.95. 

ThiV caQ be VeeQ aV aQ iQdicaWRU Rf QRQliQeaU effecWV acURVV Whe effecW Rf VXch chaUacWeUiVWicV RQ 

maUkeW UeWXUQ, Zhich iV SaUWic  

IQ WeUmV Rf VNHZQHVV aQd NXUWRVLV Whe SaQRUama iV QRW leVV heWeURgeQeRXV. IQ geQeUal, facWRUV aW Whe 

meQW). 

We emShaVi]e WhaW Ze aUe UeSRUWiQg a QegaWiYe VkeZQeVV iQ Whe WLPH diVWUibXWiRQ Rf Whe facWRUV. ThXV, 

iW meaQV WhaW Whe effecWV RQ Whe UeWXUQV Rf Whe chaUacWeUiVWicV fRU Whe lRVeUV WeQd WR be mRUe 

fUeTXeQWl\ QegaWiYe WhaQ RWheUZiVe. SRme facWRUV VXch aV WhRVe cRQVWUXcWed XViQg BM, MC RU MOM, 

aUe maiQl\ chaUacWeUi]ed b\ a QegaWiYe VkeZQeVV iQdeSeQdeQWl\ RQ Whe TXaQWile.  

FiQall\, accRUdiQg WR Whe kXUWRViV UeSRUWed iQ Whe laVW SaQel Rf Table 3 (Zhich meaVXUeV hRZ Whick aUe 

Whe WailV Rf Whe diVWUibXWiRQ), Whe facWRUV mRUe SURQe WR RXWlieUV aUe beWa aQd MC, eVSeciall\ aW Whe 

UighW cURVV-VecWiRQal Wail, aQd iQYeVWmeQW acURVV Whe ZhRle diVWUibXWiRQ. ThiV cRiQcideV ZiWh Whe 

aQal\ViV Rf ma[ima aQd miQima WhaW Ze UeSRUWed befRUe. IQYeVWmeQW effecW RQ SUiceV iV maiQl\ dXe 

WhURXgh RXWlieUV iQ Wime aQd iQ Whe cURVV-VecWiRQ WhaQ aV a SURdXcW Rf a geQeUali]ed SaWWeUQ iQ Whe 

daWa. 

7DEOH 3 

 6XPPDU\ 6WDWLVWLFV RI QXDQWLOH FDFWRUV  

  AOSKD BHWD BM MC LIQ OP IN9 MOM 
  MHDQ 
=0.05 -18.07 -3.45 0.61 3.51 -0.51 0.24 -0.02 0.54 
=0.25 -6.25 -1.97 0.42 1.35 -0.33 0.13 0.04 0.45 
=0.5 0.10 -0.48 0.25 0.48 -0.09 0.23 0.02 0.32 
=0.75 6.95 1.30 0.06 -0.65 0.30 0.43 -0.05 0.15 
=0.95 22.60 4.19 -0.21 -4.51 2.96 0.37 0.25 -0.11 

  MHGLDQ 
=0.05 -16.69 -2.89 0.74 3.70 -0.36 0.25 0.09 0.63 
=0.25 -5.05 -1.58 0.42 1.38 -0.33 0.15 0.00 0.32 
=0.5 0.26 -0.31 0.21 0.52 -0.09 0.22 -0.04 0.30 
=0.75 6.30 1.04 -0.09 -0.59 0.01 0.42 -0.11 0.23 
=0.95 20.24 3.05 -0.45 -4.33 1.39 0.39 -0.35 -0.03 

  SWDQGDUG DHYLDWLRQ 
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=0.05 7.22 2.75 1.38 1.64 1.83 1.12 1.20 1.35 
=0.25 5.53 2.58 1.06 1.19 1.08 0.79 0.66 1.26 
=0.5 5.11 2.74 1.11 1.15 0.87 0.75 0.63 1.34 
=0.75 6.03 3.26 1.49 1.36 1.40 0.92 0.52 1.60 
=0.95 10.39 4.98 2.76 2.17 5.92 1.81 2.90 2.13 

  MD[LPXQ 
=0.05 -4.94 1.05 4.60 7.50 6.69 3.39 14.18 3.49 
=0.25 5.04 6.18 4.48 5.23 4.79 3.27 8.91 4.24 
=0.5 17.70 13.27 4.26 5.05 3.31 3.30 7.65 4.85 
=0.75 34.15 21.02 6.65 5.71 7.15 3.83 5.08 7.06 
=0.95 76.31 39.02 11.30 3.47 35.70 8.77 25.33 10.51 

  MLQLPXQ 
=0.05 -52.07 -15.02 -5.60 -2.29 -9.32 -2.83 -4.40 -3.77 
=0.25 -33.17 -13.05 -3.29 -3.76 -5.84 -2.05 -1.00 -5.11 
=0.5 -21.15 -10.61 -6.88 -4.75 -4.16 -1.89 -0.96 -5.97 
=0.75 -10.01 -8.05 -11.28 -7.02 -5.30 -2.63 -1.08 -7.24 
=0.95 3.70 -3.55 -24.97 -18.36 -6.63 -8.05 -1.75 -9.21 

  SNHZQHVV 
=0.05 -1.32 -1.51 -0.40 -0.56 -1.02 -0.02 6.38 -0.35 
=0.25 -1.18 -1.15 -0.10 -0.51 -0.59 0.23 10.08 -0.22 
=0.5 -0.31 0.14 -0.39 -0.06 0.15 0.08 8.52 -0.50 
=0.75 0.85 1.62 -0.90 0.48 1.42 0.16 5.56 -0.63 
=0.95 1.87 3.01 -2.13 -0.78 2.59 0.19 7.02 -0.25 

  KXUWRVLV 
=0.05 2.56 2.74 1.30 0.97 5.19 0.09 80.85 0.13 
=0.25 2.54 2.51 2.63 2.03 6.30 1.10 132.21 1.66 
=0.5 1.69 3.41 8.06 3.30 4.04 1.20 95.51 3.08 
=0.75 2.52 7.04 15.29 5.15 5.33 1.68 48.60 3.64 
=0.95 6.03 13.93 27.98 7.21 9.06 3.44 53.37 3.90 

NRWe: The Wable VhRZV Whe Wime-VeUieV aYeUage, VWaQdaUd eUURU, VkeZQeVV, kXUWRViV, ma[imXm aQd miQimXm Rf 

Whe eVWimaWed TXaQWile facWRUV fURm JaQXaU\ 2000 WR DecembeU 2019. 

B. EIIHFWV RI FKDUDFWHULVWLFV DFURVV TXDQWLOHV  

IQ FigXUe 1 Ze SlRW Whe Vame iQfRUmaWiRQ bXW WhiV Wime Ze SUeVeQW iW XViQg a bR[-SlRW, Zhich allRZV 

XV WR cleaUl\ ideQWif\ SaWWeUQV acURVV TXaQWileV, igQRUiQg Whe Wime YaUiaWiRQ. The mRUe QRWRUiRXV facW iV 

WhaW maUkeW beWa aQd Vi]e aUe feaWXUed b\ RSSRViWe VigQV RQ Whe WZR WailV Rf Whe cURVV-VecWiRQal 

diVWUibXWiRQ Rf Whe UeWXUQV. ThaW iV, RQ Whe RQe haQd, aQ iQcUemeQW iQ Whe maUkeW beWa iV aVVRciaWed 

aQWile VlRSe aW , Zhile iW 

. The effecW iQ 

Whe mediaQ iV VRmeZheUe iQ beWZeeQ, aQd fRU WhiV UeaVRQ iV QRW VigQificaQW fRU a laUge QXmbeU Rf 

fiUmV. OQ Whe RWheU haQd, aQ iQcUemeQW iQ Vi]e iV aVVRciaWed WR a UedXcWiRQ Rf Whe TXaQWile Rf maUkeW 
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UeWXUQV aW , aQd aQ iQcUemeQW Rf Whe TXaQWile Rf maUkeW UeWXUQV aW . PXWWiQg WhiV 

WRgeWheU meaQV WhaW aQ iQcUemeQW Rf beWa eQlaUgeV Whe ZhRle VXSSRUW Rf Whe XQcRQdiWiRQal maUkeW 

UeWXUQ cURVV-VecWiRQal diVWUibXWiRQ, Zhile aQ iQcUemeQW Rf Vi]e VhUiQkV WhiV VXSSRUW. AQRWheU Za\ WR 

aQal\]e WhiV effecW iV b\ WhiQkiQg Rf Whe VXSSRUW Rf Whe diVWUibXWiRQ aV a meaVXUe Rf Whe diVSeUViRQ Rf 

Whe UeWXUQV, aV iW iV cleaUl\ Whe caVe ZheQ Ze XVe Whe iQWeUTXaUWile UaQge aV a SUR[\ fRU YRlaWiliW\. IQ WhiV 

caVe, Zhile beWa iQcUeaVeV Whe cURVV-VecWiRQal YRlaWiliW\, Vi]e decUeaVeV iW. 

SRme facWRUV VXch aV illiTXidiW\, Zhich iV meaVXUed fRllRZiQg AmihXd (2002), aV Whe WZelYe mRQWh 

aYeUage Rf dail\ UeWXUQ iQ abVRlXWe YalXe, diYided b\ Whe WXUQRYeU, SUeVeQW a cleaUl\ mRUe VigQificaQW 

mRUe imSRUWaQW fRU Whe lefW Wail WhaQ fRU Whe UighW Wail.  

FLJXUH 1. QXDQWLOH FDFWRUV  

 

NRWH: The figXUe VhRZV Whe diVWUibXWiRQ fURm JaQXaU\ 2000 WR DecembeU 2019 Rf Whe TXaQWile VeYeQ-facWRUV 

mRdel .  We SlRWWed Whe YalXeV beWZeeQ -20 aQd 20, iQ RUdeU WR make Whe effecWV mRUe 

eYideQW, VR WhaQ VRme SRiQWV fRU liTXidiW\ aUe QRW YiVible iQ Whe figXUe, bXW WhiV dReV QRW alWeU RXU maiQ 

cRQclXViRQV aW all.  
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PURfiWabiliW\ aQd iQYeVWmeQW VhRZ mRUe VWable effecWV acURVV TXaQWileV, aW leaVW fRU mRVW Rf Whe 

mRQWhV. NeYeUWheleVV, iQYeVWmeQW iV chaUacWeUi]ed b\ aQ e[WUemel\ high diVSeUViRQ, ZiWh VlRSe YalXeV 

Rf laUge magQiWXde aW Whe UighW Wail Rf Whe Wime diVWUibXWiRQ Rf Whe VlRSeV (feaWXUe WhaW iV VhaUed ZiWh 

Whe liTXidiW\ facWRU), VR WhaW iW WeQdV WR e[eUW iWV effecW maiQl\ WhURXgh RccaViRQall\ laUge VhRckV WR Whe 

-VecWiRQ Rf Whe UeWXUQV. MRmeQWXm alVR WeQdV WR e[SlaiQ Whe cURVV-VecWiRQ aW 

VimilaU magQiWXdeV acURVV TXaQWileV, bXW Whe diVSeUViRQ beWZeeQ Whe effecWV (i.e. Whe mRQWhl\ VlRSeV Rf 

Whe TXaQWileV) iV laUgeU aW Whe WailV, VSeciall\ Whe UighW Wail, WhaQ aW Whe ceQWeU Rf Whe diVWUibXWiRQ.  

C. QXDQWLOH IDFWRUV DFURVV WLPH  

FigXUe 2 VhRZV Whe eYRlXWiRQ Rf Whe TXaQWile facWRUV fURm JaQXaU\ 2000 WR DecembeU 2019, Zhich 

caQ be iQWeUSUeWed aV Whe Wime-YaU\iQg effecWV Rf a giYeQ chaUacWeUiVWic RQ a VSecific TXaQWile Rf Whe 

cURVV-VecWiRQal diVWUibXWiRQ Rf VWRck UeWXUQV. All Whe TXaQWile-facWRUV aUe YeU\ YRlaWile iQ Wime, Zhich 

highlighWV Whe imSRUWaQce Rf cRQVideUiQg Wime-YaU\iQg VlRSeV iQ Whe eVWimaWiRQ SURceVV. QXaQWile 

facWRUV aUe baVed RQ UeWXUQV, iQ Whe Vame Za\ WhaW cURVV-VecWiRQal facWRUV cRmiQg fURm Whe VlRSeV Rf 

liQeaU UegUeVViRQV, aV iQ Fama aQd FUeQch (2019), aUe baVed RQ UeWXUQV, Zhich e[SlaiQV Whe high 

YRlaWiliW\ RbVeUYed iQ FigXUe 2. IQ VhRUW, aV iW iV alZa\V Whe caVe ZiWh SUiciQg facWRUV iQ aVVeW SUiciQg, 

Whe aYeUage LQ WLPH Rf Whe facWRUV iV dRmiQaWed b\ iWV VWaQdaUd deYiaWiRQ.  

NRWe WhaW iQ RXU mRdel Whe facWRU lRadV iQ Whe aVVeW SUiciQg eTXaWiRQ aUe Wime-YaU\iQg (becaXVe aUe 

giYeQ b\ Whe chaUacWeUiVWicV) aQd Whe VlRSeV Rf Whe TXaQWile UegUeVViRQ aUe Wime-YaU\iQg aV Zell. ThiV 

giYeV a gUeaW deal Rf fle[ibiliW\ WR RXU eVWimaWeV, Zhich iV QeceVVaU\ becaXVe, fRU iQVWaQce, Whe facW WhaW 

facWRU lRadV aUe Wime-YaU\iQg haV beeQ QRWiced aW leaVW ViQce RRVeQbeUg (1974), aQd mRUe UeceQWl\ 

UeYiViWed b\ aXWhRUV VXch aV AYUamRY aQd ChRUdia (2006) RU Fama aQd FUeQch (2019). OXU fiQdiQgV 

helS WR eVWabliVh Whe Vame facW alVR acURVV TXaQWileV. ThaW iV, QRW RQl\ Whe effecWV Rf chaUacWeUiVWicV aW 

Whe meaQ Rf Whe diVWUibXWiRQ Rf Whe UeWXUQV aUe deVcUibed b\ Wime-YaU\iQg facWRUV lRadV bXW WhiV RccXUV 

aV Zell aW Whe TXaQWile leYel.  
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FLJXUH 2. EYROXWLRQ RI QXDQWLOH FDFWRUV JDQ 2000- DHF 2019 

SL]H- MC BRRN WR MDUNHW- BM 

  

 
PURILWDELOLW\- OP IQYHVWPHQW- IN9 

  

 
MDUNHW EHWD - EHWD IOOLTXLGLW\ - LIQ 
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MRPHQWXP 12 - MOM QXDQWLOH IQWHUFHSWV 

  

NRWH: The figXUe VhRZV Whe eYRlXWiRQ Rf Whe TXaQWile facWRUV fRU Whe VeYeQ-facWRU mRdel eVWimaWed aW 

 fURm JaQXaU\ 2000 WR DecembeU 2019. IQ Whe YeUWical a[iV iV VhRZQ Whe effecW Rf a giYeQ 

chaUacWeUiVWic RQ Whe cURVV-VecWiRQal TXaQWile Rf maUkeW UeWXUQV, Zhile Whe hRUi]RQWal effecW iV Whe 

cRUUeVSRQdiQg mRQWh. All Whe chaUacWeUiVWicV ZeUe QRUmali]ed WR haYe ]eUR meaQ aQd XQiWaU\ YaUiaQce each 

mRQWh. 

D. CRUUHODWLRQ EHWZHHQ WKH TXDQWLOH IDFWRUV 

IQ Table 4 Ze VhRZ Whe cRUUelaWiRQ beWZeeQ Whe TXaQWile facWRUV ZiWhiQ chaUacWeUiVWicV. AV highlighWed 

b\ CheQ eW al (2021) a lRZ cRUUelaWiRQ acURVV diffeUeQW TXaQWile facWRUV meaQV WhaW Whe iQfRUmaWiRQ 

cRQYe\ b\ VXch facWRUV iV diVVimilaU, aQd WheUefRUe, liQeaU UegUeVViRQV, Zhich cRQdeQVe iQfRUmaWiRQ aW 

Whe ceQWeU Rf Whe diVWUibXWiRQ Rf Whe LHS YaUiableV aUe iQadeTXaWe, RU aQalRgRXVl\ WhaW PCA iV 

iQaSSURSUiaWe, becaXVe iW fRcXVeV e[clXViYel\ RQ Whe aYeUage VceQaUiR. The eYideQce UeSRUWed iQ WhiV 

UeVSecW iV cRQclXViYe. Namel\, fRU all facWRUV Whe cRUUelaWiRQ VWeadil\ decUeaVeV ZheQ Whe diVWaQce 

beWZeeQ Whe TXaQWileV iQcUeaVeV. IQ RWheU ZRUdV, Whe effecWV Rf aVVeW chaUacWeUiVWicV aUe YeU\ diffeUeQW 

acURVV Whe cRQdiWiRQal diVWUibXWiRQ Rf Whe UeWXUQV. IQ VRme caVeV, VXch aV liTXidiW\ aQd iQYeVWmeQW, 

WhiV cRUUelaWiRQ eYeQ chaQgeV iWV VigQ fRU Whe faUWheU aZa\ facWRUV ( =-0.2 beWZeeQ LIQ aW =0.05 

aQd =0.95 aQd INV aW Whe Vame TXaQWileV). FacWRUV aUe mRUe VimilaU if Whe\ aUe clRVeU. FRU iQVWaQce, 

UegaUdiQg beWa, Whe cRUUelaWiRQ beWZeeQ Whe beWa-facWRU aW =0.05 aQd =0.25 aQd beWZeeQ =0.95 

aQd =0.75 iV 0.9, Zhile iW UedXceV WR = 0.5 beWZeeQ Whe facWRUV aW =0.05 aQd =0.75, aQd eYeQ 

fXUWheU WR =0.3 beWZeeQ Whe facWRUV aW =0.05 aQd =0.95. The Vame SaWWeUQ iV deWecWed fRU all Whe 

YaUiableV, VR Table 4 SURYideV VRlid eYideQce abRXW Whe heWeURgeQeiW\ Rf Whe effecWV Rf aVVeW 

chaUacWeUiVWicV RQ Whe cURVV-VecWiRQal UeWXUQV diVWUibXWiRQ, aQd Rf cRXUVe, RQ Whe SUeVeQce Rf QRQ-

UedXQdaQW TXaQWile facWRUV iQ aVVeW SUiceV. 
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7DEOH 4 

CRUUHODWLRQV ( ) ZLWKLQ  FDFWRUV DW DLIIHUHQW QXDQWLOHV 

BeWa BM 
  =0.05 =0.25 =0.5 =0.75 =0.95   =0.05 =0.25 =0.5 =0.75 =0.95 
=0.05 1.0     1.0     
=0.25 0.9 1.0    0.8 1.0    
=0.5 0.7 0.9 1.0   0.7 0.9 1.0   
=0.75 0.5 0.8 0.9 1.0 0.5 0.8 0.9 1.0 
=0.95 0.3 0.6 0.8 0.9 1.0   0.3 0.5 0.7 0.9 1.0 

MC LIQ 
  =0.05 =0.25 =0.5 =0.75 =0.95   =0.05 =0.25 =0.5 =0.75 =0.95 
=0.05 1.0     1.0     
=0.25 0.9 1.0    0.5 1.0    
=0.5 0.6 0.9 1.0   0.1 0.5 1.0   
=0.75 0.4 0.7 0.9 1.0 0.0 0.3 0.6 1.0 
=0.95 0.0 0.3 0.5 0.8 1.0   -0.2 -0.1 0.3 0.6 1.0 

 
OP 

 
INV 

  =0.05 =0.25 =0.5 =0.75 =0.95   =0.05 =0.25 =0.5 =0.75 =0.95 
=0.05 1.0     1.0     
=0.25 0.8 1.0    0.6 1.0    
=0.5 0.6 0.9 1.0   0.3 0.7 1.0   
=0.75 0.4 0.7 0.9 1.0 0.1 0.4 0.8 1.0 
=0.95 0.2 0.4 0.6 0.8 1.0   -0.2 0.0 0.3 0.4 1.0 

MOM 
  =0.05 =0.25 =0.5 =0.75 =0.95             
=0.05 1.0     
=0.25 0.8 1.0    
=0.5 0.6 0.9 1.0   
=0.75 0.5 0.8 0.9 1.0 
=0.95 0.2 0.5 0.7 0.8 1.0             

NRWe: The Wable VhRZV , Whe cRUUelaWiRQ Rf Whe facWRUV aW diffeUeQW 

TXaQWileV fRU Whe Vame chaUacWeUiVWic. The VamSle VWaUWV iQ JaQXaU\ 2000 aQd eQdV iQ DecembeU 2019. 

5.2. AQDO\VLV RI WKH MRLQW VLJQLILFDQFH LQ WLPH  

FigXUe 3 VhRZV Whe eYRlXWiRQ iQ Wime Rf Whe (SVeXdR) R-VTXaUe defiQed iQ ETXaWiRQ 7, fRU Whe VamSle 

UXQQiQg fURm JaQXaU\ 2000 XQWil DecembeU 2019. The cURVV-VecWiRQal aSSURach WhaW Ze fRllRZ 

eQableV XV WR XVe Whe R2 aV a lRcal meaVXUe Rf Whe gRRdQeVV Rf fiW Rf SUiciQg chaUacWeUiVWicV, becaXVe 

Ze aUe able WR eVWimaWe RQe VWaWiVWic fRU each TXaQWile, fRU each mRQWh. We UeVWUicW RXU aWWeQWiRQ agaiQ 

WR Whe WZR WailV Rf Whe diVWUibXWiRQ lRcaWed aW =0.05 aQd =0.95 aQd WR Whe mediaQ, =0.50. 



 23 

IQWeUmediaWe UeVXlWV aUe cRQViVWeQW ZiWh Whe RQeV UeSRUWed iQ WhiV VecWiRQ aQd Whe\ aUe aYailable fRU 

=0.25 aQd =0.75, XSRQ UeTXeVW. 

FLJXUH 3. 7LPH D\QDPLFV RI PVHXGR- 52 E\ QXDQWLOH 

 

NRWH: The figXUe VhRZV Whe eYRlXWiRQ fURm JaQXaU\ 2000 WR DecembeU 2019 Rf Whe SVeXdR-R2 giYeQ b\ 

, ZheUe  iV Whe VTXaUe UeVidXalV Rf a UeVWUicWed mRdel WhaW RQl\ cRQVideUV aQ 

iQWeUceSW, VSecific WR Whe  TXaQWile, aQd  iV Whe UeVidXal YaUiaWiRQ lefW XQe[SlaiQed Whe cRQdiWiRQal TXaQWile 

aVVeW SUiciQg mRdel. B\ cRQVWUXcWiRQ  lieV beWZeeQ ]eUR aQd RQe. We haYe SlRWWed iQ Whe figXUe Whe 

cRUUeVSRQdiQg VWaWiVWicV fRU .  

The fiUVW WhiQg WhaW caQ be QRWiced fURm e[amiQiQg Whe figXUe iV WhaW Whe Wime YaUiaWiRQ Rf Whe VWaWiVWic 

iV laUgeU WhaQ iWV TXaQWile-YaUiaWiRQ, QeYeUWheleVV bRWh VRXUceV Rf heWeURgeQeiWieV iQ Whe mRdel 

adjXVWmeQW aUe imSRUWaQW. TheUe aUe QRW cleaU WUeQdV RU c\cleV iQ Whe mRdel adjXVWmeQW, Zhich dReV 

QRW Veem SaUWicXlaUl\ affecWed b\ Whe 2008-2009 cUiViV eiWheU. RegaUdiQg Whe YaUiaWiRQ iQ Wime, Whe 

miQimXm YalXe Rf Whe R2 fRU =0.05 iV 0.01 aQd iW ZaV UecRUded iQ JaQXaU\ 2000, Zhile Whe ma[imXm 

YalXe iV 0.26, UecRUded iQ NRYembeU 2002, amRXQWiQg WR a diffeUeQce beWZeeQ Whe WZR Rf 0.25. WheQ 

Ze fRcXV RQ Whe higheVW TXaQWile, =0.95, Whe miQimXm R2 iV 0.01 aQd Whe ma[imXm 0.35, UecRUded 

iQ OcWRbeU 2007 aQd DecembeU 2000, UeVSecWiYel\ (ZiWh a diffeUeQce Rf 0.34). FRU Whe mediaQ WheVe 

QXmbeUV aUe 0.19 (DecembeU 2000) aQd 0.001 (JXQe 2013), amRXQWiQg WR a diffeUeQce Rf 0.19. WiWh 

UeVSecW WR Whe YaUiaWiRQ Rf R2 beWZeeQ Whe TXaQWileV, Whe mRdel dReV a mXch beWWeU jRb e[SlaiQiQg Whe 
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WailV Rf Whe diVWUibXWiRQ (aYeUage R2 fRU =0.05 iV 0.104 aQd R2 fRU =0.95 iV 0.098) WhaQ Whe ceQWeU Rf 

Whe diVWUibXWiRQ (aYeUage R2 fRU =0.50 eTXalV 0.033). ThiV laUge gaS iQ Whe e[SlaQaWRU\ SRZeU 

UemaiQV UelaWiYel\ VWable acURVV Whe VamSle, aV Whe mRdel almRVW all Whe Wime e[SlaiQV beWWeU Whe WailV 

WhaQ Whe ceQWeU. 

The diffeUeQce iQ Whe jRiQW e[SlaQaWRU\ SRZeU Rf Whe YaUiableV iQ RXU VSecificaWiRQ acURVV Whe VamSle 

SeUiRd ma\ Rbe\ Whe RmiVViRQ Rf VRme facWRUV (chaUacWeUiVWicV) WhaW aSSeaU WR be UeleYaQW RQl\ XQdeU 

VSecific ecRQRmic VWaWeV (aQd SeUhaSV aUe VhRUW-liYed). OQ Whe RWheU haQd, Whe UelaWiYe VWabiliW\ Rf Whe 

e[SlaQaWRU\ SRZeU iQ Whe WZR WailV Rf Whe diVWUibXWiRQ Zhich iV cRQVideUabl\ laUgeU WhaQ Whe 

e[SlaQaWRU\ SRZeU aW Whe ceQWeU, meaQV WhaW Whe e[SlaQaWRU\ SRZeU Rf Whe iQdiYidXal chaUacWeUiVWicV 

cRQVideUed iQ Whe mRdel VigQificaQWl\ chaQgeV acURVV Whe diVWUibXWiRQ Rf e[WUeme maUkeW UeWXUQV, aQd 

WhaW WheUe e[iVW QRWable iQcUemeQWV iQ Whe e[SlaQaWRU\ SRZeU Rf VRme facWRUV iQ Whe WailV cRmSaUed WR 

Whe ceQWeU Rf Whe diVWUibXWiRQ. FURm WheVe UeVXlWV Ze VWill dR QRW kQRZ if Whe UeleYaQce Rf Whe facWRUV 

iQcUeaVeV V\mmeWUicall\ fURm Whe mediaQ WRZaUdV Whe WZR WailV Rf Whe diVWUibXWiRQ, RU if b\ Whe 

cRQWUaU\, Whe iQcUemeQWV iQ Whe e[SlaQaWRU\ SRZeU Rf VRme facWRUV aUe cRmSeQVaWed b\ UedXcWiRQV iQ 

Whe e[SlaQaWRU\ SRZeU Rf RWheU facWRUV, accRUdiQg WR Whe Wail Rf Whe diVWUibXWiRQ WhaW Ze aim WR 

emShaVi]e. BXW, iQ aQ\ caVe, Whe e[SlaQaWRU\ SRZeU Rf Whe chaUacWeUiVWicV cRQVideUed iQ RXU mRdel 

chaQgeV VigQificaQWl\ acURVV Whe diVWUibXWiRQ Rf Whe UeWXUQV. IQ VhRUW, Whe UeVXlWV iQ FigXUe 3 SRiQW RXW 

WR Whe SUeVeQce Rf mRUe SRZeUfXl facWRUV iQ Whe WailV ZiWh UeVSecW WR Whe ceQWeU Rf diVWUibXWiRQ. 

5.3. AQDO\VLV RI LQGLYLGXDO VLJQLILFDQFH  

FigXUe 4 VhRZV Whe W-VWaWiVWicV aW diffeUeQW TXaQWileV, aVVRciaWed WR Whe iQdiYidXal chaUacWeUiVWicV 

iQclXded iQ RXU mRdel. The figXUe cRQViVWV Rf WhUee VWacked bR[-SlRWV fRU Whe caVeV 

 fRU each chaUacWeUiVWic. The hRUi]RQWal dRWWed liQe iQ Whe figXUe maUkV a W-VWaWiVWic 

eTXal WR WZR. The chaUacWeUiVWicV WhaW WeQd WR be VigQificaQW mRVW Rf Whe Wime acURVV all VSecificaWiRQV 

aUe beWa aQd Vi]e. The leaVW VigQificaQW iV iQYeVWmeQW. NeYeUWheleVV, Whe SlRW alVR dRcXmeQWV 

imSRUWaQW aV\mmeWUieV Rf VigQificaQce aW Whe TXaQWile leYel. BeWa SUeVeQWV laUgeU W-VWaWiVWicV aW Whe 

ceQWeU Rf Whe diVWUibXWiRQ (Zhich aUe alVR mRUe diVSeUVed) WhaQ aW Whe WailV, bXW Whe\ aUe VigQificaQW 

alRQgVide Whe ZhRle diVWUibXWiRQ, Zhile Vi]e VhRZV Whe RSSRViWe behaYiRU. MRmeQWXm SUeVeQWV laUgeU 

W-VWaWiVWicV aW Whe ceQWeU Rf Whe diVWUibXWiRQ WhaQ aW Whe WailV, Zhich meaQV WhaW mRmeQWXm haV mRUe 

UeleYaQce fRU Whe mediaQ VWRckV WhaQ fRU Whe VWRckV ZiWh UeWXUQV lRcaWed aW Whe WailV Rf Whe 

diVWUibXWiRQ. PURfiWabiliW\ iV QRW aV VigQificaQW aV mRmeQWXm, bXW iW alVR VhRZV a gUeaWeU QXmbeU Rf 

VWaWiVWicV abRYe WZR iQ Whe ceQWeU Rf Whe diVWUibXWiRQ, cRmSaUed WR iWV WailV. OQ iWV Vide, liTXidiW\ 
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cRQceQWUaWeV a laUgeU QXmbeU Rf W-

WR Whe ceQWeU aQd Whe lefW Wail (aQd alVR a laUgeU QXmbeU Rf RXWlieUV iQ Whe Vame Wail).  

FLJXUH 4. IQGLYLGXDO 6LJQLILFDQFH RI CKDUDFWHULVWLFV AFURVV QXDQWLOHV 

 

NRWH: The figXUe VhRZV Whe abVRlXWe YalXe Rf Whe W-VWaWiVWicV fURm JaQXaU\ 2000 WR DecembeU 2019, aVVRciaWed 

WR Whe e[SlaQaWRU\ chaUacWeUiVWicV iQ RXU baVeliQe VSecificaWiRQ: beWa, Vi]e, bRRk-maUkeW, SURfiWabiliW\, 

iQYeVWmeQW, liTXidiW\ aQd mRmeQWXm, fRU Whe caVeV . The heighW Rf each bR[ iV Whe 

iQWeUTXaUWile UaQge, VR WhaW ZiWhiQ Whe bR[ aUe fRXQd 50% Rf Whe VWaWiVWicV, Zhile Whe VRlid black liQe iV Whe Wime-

VeUieV-mediaQ Rf Whe VWaWiVWicV. The hRUi]RQWal dRWWed liQe WhaW cURVVeV Whe figXUe iV Whe cUiWical YalXe 2. Each W-

VWaWiVWic (iQ abVRlXWe YalXe) abRYe 2 cRUUeVSRQdV WR Whe cRmbiQaWiRQ Rf a mRQWh aQd a TXaQWile aW Zhich Whe 

chaUacWeUiVWic ZaV VigQificaQW WR e[SlaiQ Whe maUkeW UeWXUQV.  

5.4. HLVWRULFDO SHUVSHFWLYH RQ TXDQWLOH IDFWRUV  

FigXUe 5 deSicWV Whe eYRlXWiRQ Rf Whe TXaQWile facWRUV fRU Vi]e, maUkeW beWa, liTXidiW\ aQd mRmeQWXm, 

fRU Zhich WheUe iV eQRXgh daWa WR cRQdXcW cURVV-VecWiRQal TXaQWile UegUeVViRQ VWaUWiQg iQ FebUXaU\ 

1928. The aV\mmeWUic SaWWeUQV WhaW Ze haYe dRcXmeQWed befRUe, UegaUdiQg Whe Za\ iQ Zhich 

chaUacWeUiVWicV imSacW Whe cURVV-VecWiRQal diVWUibXWiRQ Rf Whe UeWXUQV, aUe cRQfiUmed b\ FigXUe 5. IQ 

SaUWicXlaU, beWa e[eUWV a VigQificaQW effecW RQ Whe UeWXUQV, QegaWiYe fRU Whe lefW Wail aQd SRViWiYe fRU Whe 

UighW Wail, Zhile Vi]e VhRZV Whe RSSRViWe d\QamicV. LiTXidiW\ iV mRUe Rf a UighW-Wail facWRU, Zhich gaiQV 
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UeleYaQce (aQd SUeVeQWV Whe laUgeVW YaUiabiliW\) fRU Whe ZiQQeUV  Wail Rf Whe diVWUibXWiRQ. FiQall\, 

mRmeQWXm VeemV WR e[eUW a mRUe mRdeVW aQd VWable effecW acURVV TXaQWileV. 

FLJXUH 5. QXDQWLOH EIIHFWV FHEUXDU\ 1928  DHFHPEHU 2019 

 

NRWH: The figXUe VhRZV Whe eYRlXWiRQ Rf Whe TXaQWile fRXU-facWRU mRdel eVWimaWed aW  

fURm FebUXaU\ 1928 WR DecembeU 2019. IQ Whe YeUWical a[iV iV VhRZQ Whe effecW Rf a giYeQ chaUacWeUiVWic RQ Whe 

cURVV-VecWiRQal TXaQWile Rf maUkeW UeWXUQV, Zhile Whe hRUi]RQWal effecW iV Whe cRUUeVSRQdiQg mRQWh. The facWRUV 

iQclXded iQ Whe mRdel ZeUe VelecWed baVed RQ daWa aYailabiliW\ fRU Whe lRQgeVW Wime VSaQ iQ Whe VamSle. 

IQ WeUmV Rf mRdel adjXVWmeQW Ze alVR cRQfiUm RXU SUeYiRXV aQal\VeV. FigXUe 6 VhRZV Whe eYRlXWiRQ 

Rf Whe TXaQWile R2 fRU Whe WZR WailV Rf Whe diVWUibXWiRQ aQd Whe mediaQ. DXUiQg WhiV lRQg VamSle, 

Zhich VSaQV almRVW a ceQWXU\, Whe WZR WailV aUe eaVieU WR e[SlaiQ WhaQ Whe ceQWeU Rf Whe diVWUibXWiRQ. IW 

alVR VeemV WhaW, iQ geQeUal, mRdel fiW ZaV laUgeU iQ Whe fiUVW half Rf Whe 20Wh ceQWXU\ WhaQ aW Whe eQd Rf 

Whe SeUiRd. IW VeemV aV Zell WhaW WheUe aUe SeUiRdV iQ Zhich mRdel adjXVWmeQW iQcUeaVeV, aQd VRme 

RWheU iQ Zhich iW decUeaVeV, deVcUibiQg a c\clical behaYiRU, aQd Whe YRlaWiliW\ Rf Whe VWaWiVWic ZaV 

gUeaWeU aW Whe begiQQiQg Rf Whe VamSle, Zhich iV e[SecWed aV Whe QXmbeU Rf fiUmV liVWed aW Whe maUkeW 

ZaV lRZeU. We caQ alVR RbVeUYe WhaW QRQe Rf Whe WailV iV eaVieU WR e[SlaiQ WhaQ Whe RWheU, iQ a geQeUal 

VeQVe, bXW iQVWead iW deSeQdV RQ Whe SeUiRd.  
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FLJXUH 6. 7LPH D\QDPLFV RI PVHXGR- 52 E\ QXDQWLOH 

 
NRWH: The figXUe VhRZV Whe eYRlXWiRQ fURm FebUXaU\ 1928 WR DecembeU 2019 Rf Whe SVeXdR-R2 giYeQ b\ 

, aV iW iV defiQed iQ eTXaWiRQ 7. B\ cRQVWUXcWiRQ  lieV beWZeeQ ]eUR aQd RQe. 

We haYe SlRWWed iQ Whe figXUe Whe cRUUeVSRQdiQg VWaWiVWicV fRU . 

5.5. CRPSDULVRQ XQGHU GLIIHUHQW HFRQRPLF VWDWHV 

IQ FigXUe 7 Ze SUeVeQW diffeUeQWl\ Whe iQfRUmaWiRQ UegaUdiQg Whe abVRlXWe YalXe Rf Whe W-VWaWiVWicV. 

Namel\, iW diYideV RXU maiQ VamSle iQ WhUee diffeUeQW SeUiRdV: SUe-cUiViV fURm JaQXaU\ 2000 WR 

OcWRbeU 2007, cUiViV fURm NRYembeU 2007 WR JXQe 2009, aQd SRVW-cUiViV JXl\ 2009 WR DecembeU 

2019. We WheQ SlRWWed Whe keUQel eVWimaWed deQViWieV Rf Whe VWaWiVWicV fRU each VXbVamSle aW Whe WhUee 

TXaQWileV, . Each VXbSlRW iQ Whe figXUe cRUUeVSRQdV WR a giYeQ chaUacWeUiVWic aW a 

giYeQ TXaQWile. If Whe deQViWieV diffeU VigQificaQWl\, iW meaQV WhaW Whe UeleYaQce (aVVimilaWed WR VWaWiVWical 

VigQificaQce iQ Whe figXUe) haV chaQged dXUiQg Whe VamSle SeUiRd, fRU iQVWaQce aV a cRQVeTXeQce Rf a 

chaQgiQg macURecRQRmic VWaWe, Zhich cRXld be aVVRciaWed WR QeZ emeUgiQg facWRUV RU ZiWh a 

UedXcWiRQ (RU iQcUemeQW) Rf Whe iQflXeQce Rf Whe Rld facWRUV iQclXded iQ Whe mRdel. OQ Whe RWheU 

haQd, if Whe deQViWieV lRRk alike fRU Whe diffeUeQW VXbVamSleV, bXW Whe\ dR QRW acURVV Whe cRlXmQV Rf 

Whe Wable, meaQV WhaW WheUe aUe aV\mmeWUieV acURVV Whe TXaQWileV, addiWiRQal WR WhRVe dRcXmeQWed iQ 

Whe SUeYiRXV VXbVecWiRQV.  
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FLJXUH 7. 7-VWDWLVWLFV EHIRUH WKH FULVLV (JDQ 00- OFW 07), GXULQJ WKH FULVLV (NRY 07- JXQ 09) DQG DIWHU WKH FULVLV (JXO 09- DHF 19) 
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BM 
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MC 

   

IN9 

   

OP 
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LIQ 

   

MOM 

   

NRWH: The figXUe VhRZV Whe deQViWieV Rf Whe abVRlXWe YalXe Rf W-VWaWicV fRU each e[SlaQaWRU\ chaUacWeUiVWic -tRS WR bRWWRm- aW WhUee diffeUeQW TXaQWileV, 

 -lefW WR UighW-. The deQViWieV cRUUeVSRQd WR WhUee SeUiRdV ZiWhiQ Whe VamSle: SUe-cUiViV fURm JaQXaU\ 2000 WR OcWRbeU 2007, cUiViV fURm NRYembeU 

2007 WR JXQe 2009, aQd SRVW-cUiViV JXl\ 2009 WR DecembeU 2019. The dRWWed YeUWical liQe iQ each VXbSlRW cRUUeVSRQdV WR Whe cUiWical YalXe Rf 2.  
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RegaUdiQg Whe maUkeW beWa, iQ Whe fiUVW URZ Rf Whe figXUe, Whe cUiViV aQd SRVW-cUiViV SeUiRdV 

SUeVeQW deQViWieV UelaWiYel\ VimilaU, iQ cRQWUaVW, befRUe Whe cUiViV Whe W-VWaWiVWicV WeQd WR be laUgeU, 

VR Whe diVWUibXWiRQ iV chaUacWeUi]ed b\ a lRQgeU UighW Wail iQ Whe SUe-cUiViV SeUiRd. TheUe aUe alVR 

diffeUeQceV acURVV Whe TXaQWileV, QRWabl\ Whe VWaWiVWic deQViW\ deSicWV a laUgeU Wail WRZaUdV Whe 

UighW Rf Whe Wime diVWUibXWiRQ fRU aQd . IQ all Whe caVeV Whe Seak Rf Whe deQViWieV iV 

UecRUded Zell abRYe Whe YalXe Rf 2, Zhich aWWeVWV WR Whe VigQificaQce Rf maUkeW beWa aW e[SlaiQiQg 

cURVV-VecWiRQal diffeUeQceV Rf Whe UeWXUQV. 

WiWh UeVSecW WR Whe chaUacWeUiVWic aVVRciaWed WR YalXe, BM iQ Whe figXUe, Whe WhUee deQViWieV aUe 

YeU\ VimilaU fRU aQd , Zhile Whe deQViW\ Rf Whe cUiViV SeUiRd iQ Whe mediaQ 

VceQaUiR hRXVed laUgeU W-VWaWiVWicV, meaQiQg WhaW dXUiQg Whe cUiViV, YalXe gaiQed VWaWiVWical SRZeU 

fRU Whe VWRckV geQeUaWiQg UeWXUQV clRVe WR Whe ceQWeU Rf Whe cURVV-VecWiRQal diVWUibXWiRQ. 

CRmSaUed WR beWa, BM iV leVV VigQificaQW. We caQ QRWice aV Zell WhaW Whe W-VWaWiVWicV aUe geQeUall\ 

laUgeU ZheQ  WhaQ RWheUZiVe. IQWeUeVWiQgl\, Ze dR QRW fiQd aQ\ UedXcWiRQ iQ Whe iQdiYidXal 

VigQificaQce Rf YalXe dXUiQg Whe VamSle SeUiRd fRU aQd . OQl\ ZheQ  =0.5 RQe 

cRXld Va\ WhaW Whe imSRUWaQce haV beeQ UedXced afWeU Whe cUiViV. AlWhRXgh Ze caQQRW diUecWl\ 

cRmSaUe RXU UeVXlWV ZiWh Whe SUeYiRXV liWeUaWXUe WhaW dRcXmeQWV Whe decUeaViQg imSRUWaQce Rf 

YalXe aV a facWRU (Vee UefeUeQceV iQ Fama aQd FUeQch (2021)), becaXVe Ze haYe fRcXVed RQ a 

UeceQW VamSle iQ WhiV VXbVecWiRQ, Ze caQ e[eUW WhaW aW leaVW iQ Whe laVW WZeQW\ \eaUV BM UemaiQV 

eTXall\ imSRUWaQW acURVV Wime, eVSeciall\ aW Whe WZR WailV Rf Whe cURVV-VecWiRQal diVWUibXWiRQ Rf Whe 

UeWXUQV. The imSRUWaQce haV decUeaVed RQl\ aW Whe ceQWeU Rf Whe diVWUibXWiRQ cRmSaUed WR Whe 

cUiViV SeUiRd. 

NRZ Ze WXUQ RXU aWWeQWiRQ WR Vi]e, MC iQ Whe figXUe. Si]e VhRZV heWeURgeQeiWieV aW Whe WZR 

leYelV WhaW Ze aUe aQal\]iQg. AW , lefW cRlXmQ Rf Whe figXUe, Vi]e haV gaiQed UeleYaQce 

ViQce 2000. IQdeed, WhiV chaUacWeUiVWic became mRUe imSRUWaQW WR e[SlaiQ UeWXUQV, dXUiQg Whe 

cUiViV (cRmSaUed ZiWh Whe SUeYiRXV 8 \eaUV), aQd eYeQ mRUe UeleYaQW afWeU Whe cUiViV, aV ZiWQeVVed 

b\ a Seak Rf Whe diVWUibXWiRQ VhifWed WR Whe UighW iQ Wime. AW , ceQWUal cRlXmQ Rf Whe 

figXUe, Whe WhUee deQViWieV Rf Whe VXbVamSleV aUe mRUe VimilaU, aQd iQdeed iW VeemV WhaW Vi]e 

gaiQed VRme UeleYaQce dXUiQg Whe cUiViV WhaW diVaSSeaUed afWeUZaUdV. AW , Whe UighW-

cRlXmQ, Whe deQViWieV Rf Whe SUe-cUiViV aQd cUiViV SeUiRdV lRRk alike, Zhile Whe Seak Rf Whe deQViW\ 

afWeU Whe cUiViV haV VhifWed WR Whe UighW, meaQiQg WhaW Whe Vi]e chaUacWeUiVWic haV gaiQed VRme 

-VecWiRQ acURVV Whe \eaUV. 

IQYeVWmeQW WellV XV a diffeUeQW hiVWRU\. IW iV cleaUl\ leVV VigQificaQW WhaQ all Rf Whe afRUemeQWiRQed 

chaUacWeUiVWicV, aV caQ be QRWiced RbVeUYiQg Whe SeakV Rf Whe deQViWieV, lRcaWed iQ all Whe caVeV 
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befRUe Whe dRWWed liQeV WhaW maUk a cUiWical YalXe eTXal WR 2. WheQ iQYeVWmeQW iV VigQificaQW, iW 

haV YeU\ lRQg WailV, aQd WhiV SaWWeUQ iV SUeVeQW alRQgVide Whe WhUee TXaQWileV, SlRWWed iQ Whe figXUe, 

eVSeciall\ aW . AQ imSRUWaQW aV\mmeWU\ ZiWh UeVSecW WR iQYeVWmeQW aSSeaUV ZheQ Ze 

cRmSaUe Whe mediaQ caVe ZiWh Whe WailV. FRU Whe mediaQ, Whe VWaWiVWical VigQificaQce Rf iQYeVWmeQW 

decUeaVed dXUiQg Whe cUiViV, aQd iW haV iQcUeaVed ViQce WheQ, UeachiQg VimilaU SUe-cUiViV leYelV fRU 

Whe WhiUd VXbVamSle (2008-2019), Zhile iW UemaiQed VWable fRU Whe WailV dXUiQg Whe laVW decadeV. 

PURfiWabiliW\ gaiQed UeleYaQce dXUiQg Whe cUiViV, SaUWicXlaUl\ fRU Whe ZRUVW SeUfRUmiQg aVVeWV, 

ZheQ bXW ViQce WheQ iW haV UeWXUQed WR iWV SUeYiRXV leYelV. IQ geQeUal, SURfiWabiliW\ iV QRW 

aV VigQificaQW aV Whe mRVW WUadiWiRQal chaUacWeUiVWicV iQ RXU mRdel (i.e. beWa, Vi]e), bXW iW iV mRUe 

UeleYaQW WhaQ iQYeVWmeQW fRU Whe cURVV-VecWiRQ Rf Whe UeWXUQV. IW alVR e[eUWV a VWable imSacW RQ 

Whe cURVV-VecWiRQ aW diffeUeQW TXaQWileV aQd WimeV.

LiTXidiW\ iV a YeU\ eVSecial facWRU. IQ VhRUW, Whe higheU Whe TXaQWile Whe laUgeU Whe effecWV Rf 

liTXidiW\ RQ Whe UeWXUQV. We caQ RbVeUYe WhaW liTXidiW\ hRXVeV YeU\ high YalXeV 

VWRckV, Zhich cRQfiUmV RXU claVVificaWiRQ Rf liTXidiW\ aV a UighW-Wail facWRU. ThaW liTXidiW\ iV a 

QRQliQeaU facWRU caQ be UaWiRQali]ed b\ WheRUeWical VWXdieV RQ Whe limiWV Rf aUbiWUage, WhaW SRiQW 

RXW WR a QRQliQeaU UelaWiRQVhiS beWZeeQ liTXidiW\ aQd SUiceV.  

FiQall\, UegaUdiQg mRmeQWXm, aW bRWh aQd , iW gaiQed VRme addiWiRQal UeleYaQce 

dXUiQg Whe cUiViV. IW alVR VeemV WhaW mRmeQWXm haV gaiQed UeleYaQce fRU Whe lRZeU aQd ceQWUal 

TXaQWileV Rf Whe diVWUibXWiRQ Rf Whe UeWXUQV iQ UeceQW \eaUV, aV ZiWQeVVed b\ Whe facW WhaW Whe 

deQViW\ Rf Whe W-VWaWiVWicV haV VhifWed WR Whe UighW fRU  aQd  NeYeUWheleVV, fRU aW 

, Whe WhUee deQViWieV aUe VWable iQ Wime.  

All iQ all, aV iW caQ be SeUceiYed afWeU a geQeUal e[amiQaWiRQ Rf Whe VXbSlRWV iQ Whe figXUe, WhaW Whe 

diYeUgeQce acURVV Whe TXaQWileV  SaWWeUQV dRcXmeQWed iQ Whe SUeYiRXV VXbVecWiRQV dRmiQaWe Whe 

chaQgeV e[SeUieQced b\ iQdiYidXal chaUacWeUiVWicV iQ WeUmV Rf VWaWiVWical VigQificaQce acURVV 

macURecRQRmic VWaWeV.  

5.6. CRPSHWLQJ FKDUDFWHULVWLFV, ZHLJKWLQJ WKH WDLOV 

IQ WhiV VecWiRQ Ze illXVWUaWe Whe imSRUWaQce Rf cRQVideUiQg Whe YaUiRXV mRWiYaWiRQV WhaW aQ 

iQYeVWRU, UegXlaWRU RU maUkeW aQal\VW ma\ haYe ZheQ Whe\ VWXd\ Whe cURVV-VecWiRQal diVWUibXWiRQ 

Rf aVVeW UeWXUQV. TheVe mRWiYaWiRQV caQ make maUkeW SaUWiciSaQWV mRUe iQWeUeVWed iQ VRme 

fUagmeQWV Rf Whe cURVV-VecWiRQal diVWUibXWiRQ WhaQ iQ RWheUV. FRU iQVWaQce, a UegXlaWRU ma\ be 

mRUe iQWeUeVWed iQ eYalXaWiQg Whe e[SecWed SeUfRUmaQce Rf Whe lefW Wail Rf Whe maUkeW UeWXUQV, 

Zhich cRQViVWV Rf Whe VWRckV ZiWh Whe mRVW QegaWiYe SeUfRUmaQce, aQd WheUefRUe, iV UelaWed WR Whe 
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 dRZQVide UiVk. OQ Whe cRQWUaU\, aQ iQYeVWRU ma\ be mRUe iQWeUeVWed iQ eYalXaWiQg Whe 

fXWXUe SeUfRUmaQce Rf Whe UighW Wail Rf Whe maUkeW UeWXUQV, Whe VR-called XSVide UiVk, if he hRldV a 

VhRUW SRViWiRQ agaiQVW a maUkeW iQde[. IW cRXld alVR be Whe caVe WhaW, giYeQ Whe QaWXUe Rf Whe 

VWRckV iQ RXU SRUWfRliR, Ze cRXld e[SecW YaUiaWiRQV Rf Whe UeWXUQV Rf RXU RZQ SRUWfRliR clRVeU WR 

Whe meaQ Rf Whe maUkeW diVWUibXWiRQ aQd iQ WhiV caVe, Ze Zill QRW be eTXall\ iQWeUeVWed iQ Whe 

maUkeW WailV WhaQ iQ Whe ceQWeU Rf Whe diVWUibXWiRQ. IQ all Whe caVeV abRYe, Whe iQWeUeVW cRXld be iQ 

SUiQciSle cRQQecWed ZiWh Whe aWWiWXde WRZaUdV UiVk Rf Whe ageQWV, Zhich iQ WXUQ, haV aQ effecW RQ 

Whe UiVk VWaWiVWic WhaW Whe\ VeW WR miQimi]e iQ WheiU RSWimi]aWiRQ SURgUam, i.e., YaUiaQce, lefW- RU 

UighW high- TXaQWileV, lefW- RU UighW- lRZ TXaQWileV, eWc. All WhiV iQfRUmaWiRQ iV lRVW iQ WUadiWiRQal 

emSiUical aVVeW SUiciQg e[eUciVeV WhaW e[clXViYel\ fRcXV RQ Whe aYeUage UeWXUQ. 

TheUe iV a laUge VeW Rf YaUiableV WR chRRVe fURm fRU addiQg WR RXU baVeliQe VSecificaWiRQ. CheQ 

aQd ZimmeUmaQ (2020) cRmSaUe Whe SeUfRUmaQce Rf iQdiYidXal cleaU SUedicWRUV Rf Whe cURVV-

VecWiRQ, b\ UeSRUWiQg Whe aVVRciaWed W-VWaWiVWic Rf each SUedicWRU. The\ bXilW XSRQ 210 fiUm-leYel 

SUedicWRUV WR cRQdXcW WheiU calcXlaWiRQV. AlWhRXgh WheVe aXWhRUV aUe RQl\ iQWeUeVWed iQ Whe 

SUedicWiRQ Rf Whe aYeUage UeWXUQV, WheiU ZRUk VeUYeV XV aV a VWaUWiQg SRiQW. We VelecW Whe 

SUedicWRUV ZiWh higheVW W-VWaWiVWic amRQg Whe 210 SUedicWRUV cRQVideUed b\ CheQ aQd 

ZimmeUmaQ (2020), aQd WheQ Ze e[clXde fURm WhiV VXbVeW VimilaU SUedicWRUV WR Whe RQeV alUead\ 

iQclXded iQ RXU baVeliQe VSecificaWiRQ. FRU iQVWaQce, Ze RQl\ cRQVideU RQe addiWiRQal mRmeQWXm 

chaUacWeUiVWic, RQ WRS Rf Whe mRmeQWXm SUedicWRU WhaW Ze alUead\ haYe iQclXded iQ ETXaWiRQ 6. 

Table A1 iQ Whe ASSeQdi[ UeSRUWV Whe YaUiableV deVcUiSWiRQ, jRiQW WR Whe W-

VWaWiVWicV UeSRUWed b\ CZ, Zhich Ze cRQVideU iQ WhiV VecWiRQ aV caQdidaWeV WR be iQclXded iQ RXU 

mRdel.  

AV VWaWed iQ Whe meWhRdRlRg\, Zhich UeflecW YaUiRXV iQWeUeVWV b\ Whe iQYeVWRU ZheQ decidiQg 

abRXW Whe aVVeW-SUiciQg eTXaWiRQ. We iQde[ each ZeighiQg Vcheme ZiWh a VXbVcUiSW, VR WhaW Ze 

eQd XS ZiWh fiYe . SXch WhaW , 

, , aQd 

.  UeflecWV a laUgeU iQWeUeVW RQ Whe lefW Wail Rf Whe cURVV-VecWiRQal 

diVWUibXWiRQ, Zhile  UeflecWV a gUeaWeU iQWeUeVW iQ Whe UighW Wail. The RWheU caVeV aUe iQ-beWZeeQ 

WheVe WZR e[WUemeV.  

FigXUe 8 SUeVeQWV a UaQkiQg Rf Whe YaUiableV accRUdiQg WR Whe  Rf Whe mRdel ZheQ Whe\ 

aUe iQclXded iQ Whe aVVeW SUiciQg eTXaWiRQ. The iQWeQViW\ Rf Whe cRlRU Rf each cell iQdicaWeV Whe 

YalXe Rf Whe VWaWiVWic, Whe daUkeU Whe cell Whe gUeaWeU Whe e[SlaQaWRU\ SRZeU Rf Whe aVVRciaWed 

mRdel. IW iV cleaU WhaW Whe UaQkiQg deSeQdV RQ Whe ZeighWiQg Vcheme. ThaW iV eYideQW becaXVe Whe 
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cRlRUV aUe QRW XQifRUml\ diVWUibXWed acURVV Whe figXUe. FRU iQVWaQce, leW XV cRmSaUed Vcheme  

aQd  Zhich aUe Whe mRUe e[WUeme Za\V WR aVVigQ Whe ZeighW WR each TXaQWile. AccRUdiQg WR 

WheVe WZR VchemeV (aQd all Whe VchemeV iQ beWZeeQ) Whe fiUVW YaUiable WhaW VhRXld be added WR 

RXU baVeliQe VSecificaWiRQ iV mRmeQWXm VeaVRQaliW\ 16-20 (MRmSeaVAlW16WR20a) SURSRVed 

amRQg RWheU fRUmV Rf mRmeQWXm b\ HeVWRQ aQd Sadka (2008). IQ Whe caVe Rf  Whe VecRQd 

YaUiable iQ Whe UaQkiQg iV NeW OSeUaWiQg AVVeWV (NOA) SURSRVed b\ HiUVhleifeU eW al. (2004), 

Zhile Whe VecRQd YaUiable iQ Whe UaQkiQg fRU iV Whe eQWeUSUiVe mXlWiSle (EQWMXlW) SURSRVed 

b\ LRXghUaQ aQd WellmaQ (2011). TheUe aUe VRme YaUiableV like IQdXVWU\ UeWXUQ Rf big fiUmV 

(IQdReWBig) SURSRVed b\ HRX (2007) Zhich aUe Slaced aW Whe bRWWRm Rf Whe UaQkiQg fRU all Whe 

mRdelV. NeYeUWheleVV, iQ RUdeU WR cRQVideU Whe maUgiQal effecW Rf a QeZ YaUiable, Ze Qeed WR gR 

RQe VWeS fRUZaUd (Vee FigXUeV 9 aQd 10). 

FLJXUH 8. 5DQNLQJ RI NHZ 9DULDEOHV (5RXQG OQH) 

 

NRWH: The figXUe VhRZV Whe UaQkiQg Rf Whe chaUacWeUiVWicV accRUdiQg WR diffeUeQW ZeighWiQg VchemeV XViQg aV a 

cUiWeUiRQ Whe AYg. R2 UeSRUWed iQ ETXaWiRQ 8 Rf Whe maiQ We[W. The daUkeU Whe cell Whe higheU Whe mRdel gRRdQeVV Rf 

fiW ZheQ a SaUWicXlaU YaUiable RQ Whe RHS Rf Whe figXUe iV added WR RXU baVeliQe VSecificaWiRQ. IQ SaUWicXlaU Ze 

eVWimaWe RXU mRdelV fRU , , 

,  aQd . MRYiQg fURm  WRZaUdV 

 UeflecWV a decUeaViQg iQWeUeVW iQ Whe lefW Wail Rf Whe diVWUibXWiRQ, aQd cRUUeVSRQdiQgl\ iQcUeaVed iQWeUeVW iQ Whe 

UighW Wail Rf Whe diVWUibXWiRQ. OXU VamSle VWaUWV iQ JaQXaU\ 2000 aQd eQdV iQ NRYembeU 2019. 
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NRZ Ze ZRQdeU ZhaW if Ze ZeUe iQWeUeVWed iQ cRQVideUiQg a VecRQd addiWiRQal YaUiable, RQ WRS 

Rf MRmSeaVAlW16WR20a. IW ZRXld QRW be aSSURSUiaWe jXVW VelecWiQg Whe Qe[W YaUiable iQ Whe 

UaQkiQg SURYided iQ FigXUe 7, becaXVe Whe eVWimaWiRQV WhaW VXSSRUW FigXUe 8 dR QRW Wake iQWR 

accRXQW Whe cRUUelaWiRQ beWZeeQ WZR SRVVible added YaUiableV, iQVWead, Whe\ RQl\ cRQVideU WheiU 

maUgiQal effecWV cRmSaUed WR Whe baVeliQe mRdel. IQ WhiV caVe, ZhaW RQe VhRXld dR iV WR 

cRQVWUXcW agaiQ Whe Vame figXUe, bXW WakiQg aV a baVeliQe Whe QeZ XSdaWed mRdel WhaW iQclXdeV 

MRmSeaVAlW16WR20a. ThiV iV ZhaW FigXUe 9 UeSRUWV. NRWe WhaW WhiV Wime Ze haYe e[clXded 

MRmSeaVAlW16WR20a becaXVe iW ZaV alUead\ iQcRUSRUaWed iQ Whe fiUVW URXQd Rf RXU aQal\ViV. NRZ 

NOA VeemV WR be Whe beVW elecWiRQ iQdeSeQdeQWl\ RQ Whe ZeighWiQg Vcheme.  

FLJXUH 9.  5DQNLQJ RI NHZ 9DULDEOHV (5RXQG 7ZR) 

 

NRWH: The figXUe VhRZV Whe UaQkiQg Rf Whe chaUacWeUiVWicV accRUdiQg WR diffeUeQW ZeighWiQg VchemeV XViQg aV a 

cUiWeUiRQ Whe AYg. R2 UeSRUWed iQ ETXaWiRQ 8 Rf Whe maiQ We[W. The daUkeU Whe cell Whe higheU Whe mRdel gRRdQeVV Rf 

fiW ZheQ a SaUWicXlaU YaUiable RQ Whe RHS Rf Whe figXUe iV added WR RXU baVeliQe VSecificaWiRQ. IQ SaUWicXlaU Ze 

eVWimaWe RXU mRdelV fRU , , 

,  aQd . MRYiQg fURm  WRZaUdV 

 UeflecWV a decUeaViQg iQWeUeVW iQ Whe lefW Wail Rf Whe diVWUibXWiRQ, aQd cRUUeVSRQdiQgl\ iQcUeaVed iQWeUeVW iQ Whe 

UighW Wail Rf Whe diVWUibXWiRQ. OXU VamSle VWaUWV iQ JaQXaU\ 2000 aQd eQdV iQ NRYembeU 2019. 
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If Ze UeSeaW Whe Vame e[eUciVe, aV Ze dR iQ FigXUe 10 RQe mRUe Wime, iQ RXU WhiUd URXQd, 

VRmeWhiQg iQWeUeVWiQg iV XQcRYeUed. IW WRWall\ deSeQdV RQ Whe ZeighWiQg Vcheme ZhaW YaUiable 

VhRXld be added Qe[W WR iQcUeaVe RXU mRdel SeUfRUmaQce. If Ze aVVigQ a higheU imSRUWaQce WR 

Whe lefW-Wail Ueali]aWiRQV Rf Whe maUkeW Ze ZRXld iQclXde aVVeW gURZWh, Zhile if Ze aVVigQ mRUe 

ZeighW WR Whe UighW-Wail Ueali]aWiRQ Ze VhRXld iQclXde Whe eQWeUSUiVe mXlWiSle.  

FLJXUH 10. 5DQNLQJ RI NHZ 9DULDEOHV (5RXQG 7KUHH) 

 

NRWH: The figXUe VhRZV Whe UaQkiQg Rf Whe chaUacWeUiVWicV accRUdiQg WR diffeUeQW ZeighWiQg VchemeV XViQg aV a 

cUiWeUiRQ Whe AYg. R2 UeSRUWed iQ ETXaWiRQ 8 Rf Whe maiQ We[W. The daUkeU Whe cell Whe higheU Whe mRdel gRRdQeVV Rf 

fiW ZheQ a SaUWicXlaU YaUiable RQ Whe RHS Rf Whe figXUe iV added WR RXU baVeliQe VSecificaWiRQ. IQ SaUWicXlaU Ze 

eVWimaWe RXU mRdelV fRU , , 

,  aQd . MRYiQg fURm  WRZaUdV 

 UeflecWV a decUeaViQg iQWeUeVW iQ Whe lefW Wail Rf Whe diVWUibXWiRQ, aQd cRUUeVSRQdiQgl\ iQcUeaVed iQWeUeVW iQ Whe 

UighW Wail Rf Whe diVWUibXWiRQ. OXU VamSle VWaUWV iQ JaQXaU\ 2000 aQd eQdV iQ NRYembeU 2019. 

WhaW if Ze ZeUe WR iQclXde aQ addiWiRQal YaUiable RQ WRS Rf Whe laVW WhUee? IQ WhiV caVe, Ze 

VhRXld SlRW agaiQ Whe Vame figXUe, e[clXdiQg Whe YaUiableV alUead\ iQcRUSRUaWed iQ RXU SUiciQg 

mRdel. HRZeYeU, RXU SUiciQg mRdel ZRXld be diffeUeQW deSeQdiQg RQ Whe ZeighWiQg Vcheme. 

FigXUe 11 illXVWUaWeV WhiV idea XS WR eighW URXQdV Rf iWeUaWiRQ Rf Whe Vame UeaVRQiQg. NRWice WhaW 

Whe deciViRQ aW each QRde Rf Whe SlRW fURm XS WR dRZQ iV cRQdiWiRQal RQ RXU SUeYiRXV deciViRQ, 

VR WhaW Whe fiQal mRdel afWeU WhUee RU fRXU URXQdV Rf addiQg a YaUiable ZRXld be VigQificaQWl\ 
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diffeUeQW. IQ SUiQciSle Ze caQQRW cRmSaUe acURVV WheVe mRdelV, eYeQ XViQg RXU TXaQWile SVeXdR 

R2. IQdeed, diffeUeQW mRdelV ZRXld be RSWimal fRU diffeUeQW ageQWV. ThiV iV a SRiQW RYeUlRRk b\ 

Whe liWeUaWXUe aQd WUadiWiRQal aVVeW SUiciQg e[eUciVeV, Zhich imSliciWl\ aVVXme eiWheU WhaW Whe 

iQYeVWRU RQl\ caUeV abRXW Whe ceQWeU Rf Whe diVWUibXWiRQ, VR WhaW  RU WhaW WheUe aUe 

QRW heWeURgeQeiWieV iQ Whe mRdel adjXVWmeQW (RU eTXiYaleQWl\ iQ Whe SUiciQg eUURUV) acURVV Whe 

diVWUibXWiRQ Rf Whe UeWXUQV. BRWh aVVXmSWiRQV aUe ZURQg, aV illXVWUaWed b\ FigXUe 10. 

FLJXUH 11. 9DULDEOH 6HOHFWLRQ GUDSK 

 

NRWH: The figXUe VhRZV Whe deciViRQ WhUee WhaW aQ h\SRWheWical maUkeW SaUWiciSaQW ZRXld face, if Vhe ZaV WR decide 

RQ ZhaW QeZ YaUiable WR iQclXde iQ heU mRdel, aW Whe WRS Rf Whe figXUe Whe iQYeVWRUV VWaUWV ZiWh RXU baVeliQe mRdel 

(Zhich Ze Wake aV gUaQWed), iQ each VXbVeTXeQW QRde, fURm WRS WR dRZQ, Whe iQYeVWRU ZRXld VelecW a QeZ YaUiable WR 

add WR Whe mRdel, bXW Whe deciViRQ ZRXld deSeQd RQ Whe ZeighWiQg Vcheme WhaW Vhe XVeV, Zhich UeflecWV Whe iQWeUeVW 

Rf WhaW SaUWicXlaU iQYeVWRU iQ Whe diffeUeQW fUagmeQWV Rf Whe cURVV-VecWiRQal diVWUibXWiRQ Rf Whe UeWXUQV. The WUee iV 

QRW h\SRWheWical bXW iW ZaV cRQVWUXcWed XViQg Whe AYg. R2 WhaW Ze UeSRUW iQ ETXaWiRQ 8 ZiWh fiYe diffeUeQW ZeighWiQg 

VchemeV , , ,

 aQd . MRYiQg fURm  WRZaUdV  UeflecWV a decUeaViQg 

iQWeUeVW iQ Whe lefW Wail Rf Whe diVWUibXWiRQ, aQd a cRUUeVSRQdeQW iQcUeaViQg iQWeUeVW iQ Whe UighW Wail Rf Whe diVWUibXWiRQ.  
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IQ Whe limiWiQg caVe iQ Zhich Ze eQd XS addiQg all SRVVible YaUiableV WR Whe mRdel (210 iQ RXU 

caVe), Whe UeaVRQiQg VkeWched iQ WhiV VXbVecWiRQ ZRXld be maiQl\ iUUeleYaQW. BXW iQ Ueal life Whe 

QXmbeU Rf YaUiableV iQ Whe mRdel dReV maWWeU. FRU iQVWaQce, MRlaYi eW al. (2021) haV UeceQWl\ 

e[SlaiQed Whe Za\ iQ Zhich mRdel cRmSle[iW\ fRXQd iQ Ueal life aSSlicaWiRQV, meaVXUed b\ Whe 

ma[imXm QXmbeU Rf facWRUV WhaW ageQWV caQ add WR WheiU SUiciQg mRdelV, iV likel\ aQ e[SlaQaWiRQ 

Rf Whe UeWXUQV  SUedicWabiliW\ SaWWeUQV fRXQd iQ aVVeW UeWXUQV. ThiV facW emShaVi]eV Whe 

imSRUWaQce Rf cRQVideUiQg ZhaW WR e[SlaiQ iQ Whe cURVV-VecWiRQ Rf Whe UeWXUQV, Zhich dR QRW 

haYe WR QeceVVaUil\ be Whe cURVV-VecWiRQal meaQ.  

6. CRQFOXVLRQV 

We SURSRVe a QeZ Za\ WR aQal\]e cURVV-VecWiRQal maUkeW UeWXUQV XViQg WUadiWiRQal 

chaUacWeUiVWicV. OXU mRdel iV able WR geQeUaWe TXaQWile facWRUV VeUieV WhaW caQ be iQWeUSUeWed aV 

Wime-YaU\iQg effecWV Rf WUadiWiRQal chaUacWeUiVWicV RQ Whe YaUiRXV cURVV-VecWiRQal TXaQWileV Rf 

VWRck UeWXUQV, RU alWeUQaWiYel\, aV XQdeUl\iQg Wime-YaU\iQg V\VWemic facWRUV WhaW deWeUmiQe Whe 

jRiQW d\QamicV Rf Whe fXll cRQdiWiRQal diVWUibXWiRQ Rf aVVeW UeWXUQV.  

FacWRU VeUieV YaU\ gUeaWl\ acURVV Wime, Zhich highlighWV Whe QeceVViW\ Rf cRQVideUiQg Wime-YaU\iQg 

facWRUV lRadV e[SliciWl\ iQ Whe aVVeW-SUiciQg mRdel fRUmXlaWiRQ. MRUeRYeU, Whe jRiQW fiW Rf Whe 

mRdel alVR YaUieV iQ Wime. IQdeed, aV alZa\V RccXUV ZiWh aVVeW SUiciQg facWRUV, Whe Wime-VeUieV 

YRlaWiliW\ Rf Whe facWRU dRmiQaWeV WheiU Wime-VeUieV aYeUageV. The cRUUelaWiRQV ZiWhiQ Whe 

TXaQWileV-facWRUV Rf a giYeQ chaUacWeUiVWic aUe lRZ iQ abVRlXWe YalXe. The lRZeVW cRUUelaWiRQ 

acURVV Whe WZR WailV (TXaQWileV aW 0.05 aQd 0.95) aUe UecRUded fRU iQYeVWmeQW aQd liTXidiW\ (-

0.2), aQd Whe higheVW fRU beWa (0.3), Zhich ZiWQeVVeV WR Whe imSRUWaQW dUaZback Rf RQl\ 

cRQVideUiQg facWRUV WhaW e[SlaiQ Whe ceQWeU Rf Whe diVWUibXWiRQ, aV iW iV dRQe b\ Whe e[WaQW 

liWeUaWXUe RQ emSiUical aVVeW SUiciQg. 

NRW all chaUacWeUiVWicV e[SlaiQ Whe cURVV-VecWiRQ aW Whe Vame leYel alRQgVide iWV YaUiRXV TXaQWileV. 

 facWRUV VXch aV iQYeVWmeQW RU 

liTXidiW\, Whe lRVeUV  Wail b\ Whe bRRk-WR-maUkeW UaWiR, aQd Whe ceQWeU Rf Whe diVWUibXWiRQ b\ 

mRmeQWXm RU SURfiWabiliW\. IQ geQeUal, eYeQ facWRUV VXch aV beWa aQd Vi]e WhaW e[eUW a VigQificaQW 

effecW RQ Whe ZhRle cURVV-VecWiRQal diVWUibXWiRQ Rf Whe UeWXUQV, SUeVeQW RSSRViWe VigQV iQ Whe WZR 

WailV. BeWa  

RSSRViWe hRldV fRU Vi]e. IQ geQeUal, Whe WailV Rf Whe diVWUibXWiRQ aUe beWWeU e[SlaiQed WhaQ Whe 

ceQWeU b\ Whe WUadiWiRQal aVVeW SUiciQg eTXaWiRQ WhaW Ze VWXdied, Zhich SRiQWV RXW WR Whe 
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e[iVWeQce Rf addiWiRQal VWaWiVWical SRZeU Rf Whe facWRUV iQ Whe mRdel aW Whe WailV Rf Whe diVWUibXWiRQ 

cRmSaUed WR Whe mediaQ.  

OXU UeVXlWV aUe URbXVW WR e[SaQdiQg RXU VamSle Vi]e aV eaUl\ aV FebUXaU\ 1928, ViQce Ze haYe 

Ueliable iQfRUmaWiRQ iQ RXU daWabaVe WR aVVeVV Whe TXaQWile effecWV Rf beWa, Vi]e, liTXidiW\ aQd 

mRmeQWXm. We cRQfiUm iQ WhiV lRQgeU VamSle WhaW beWa aQd Vi]e e[eUW RSSRViWe effecWV RQ Whe 

lefW aQd UighW WailV Rf Whe cURVV-VecWiRQ, Zhile mRmeQWXm imSacWV iW iQ a VWable faVhiRQ. LiTXidiW\ 

iQ WhiV lRQgeU VamSle alVR e[eUWV a diffeUeQW effecW RQ ZiQQeUV aQd lRVeUV, Zhich iV diffeUeQW WhaQ 

fRU Whe VhRUWeU VamSle. IQdeed, Whe effecW Rf aQ iQcUeaVe iQ illiTXidiW\ iV QegaWiYe RQ Whe lefW Rf 

Whe maUkeW aQd SRViWiYe RQ Whe UighW Wail, bXW iW iV gUeaWeU iQ magQiWXde RQ Whe UighW Wail, WhXV 

cRQfiUmiQg liTXidiW\ aV a UighW Wail facWRU. IQ VhRUW, liTXidiW\ iV a YeU\ SaUWicXlaU facWRU, Whe laUgeU 

Whe TXaQWile Rf Whe cURVV-VecWiRQ Whe lRQgeU Whe UighW Wail Rf Whe liTXidiW\ effecWV. ThaW liTXidiW\ iV 

a QRQliQeaU facWRU caQ be UaWiRQali]ed b\ WheRUeWical VWXdieV RQ Whe limiWV Rf aUbiWUage, WhaW SRiQW 

RXW WR a QRQliQeaU UelaWiRQVhiS beWZeeQ liTXidiW\ aQd SUiceV, fRU iQVWaQce dXe WR biQdiQg UiVk-

WakiQg cRQVWUaiQWV, RU WR Whe VXUSaVViQg Rf ceUWaiQ maUkeW YRlaWiliW\ WhUeVhRldV. NeYeUWheleVV, Whe 

aV\mmeWUic imSacW Rf liTXidiW\, Zhich iV eVSeciall\ laUge fRU Whe Wail Rf Whe ZiQQeUV, callV fRU a 

clRVeU e[amiQaWiRQ fRU iQVWaQce Rf Whe UelaWiRQVhiS beWZeeQ ceQWUal baQk liTXidiW\ aQd iQdiYidXal 

VWRck maUkeW liTXidiW\. IW cRXld be Whe caVe WhaW a gUeaWeU SURYiViRQ Rf liTXidiW\ imSacWV Whe 

VWURQg VWRckV iQ Whe maUkeW iQ a gUeaWeU magQiWXde WR ZhaW iW affecWV Whe QRQ-  

ThiV aQal\ViV iV RQl\ SRVVible becaXVe b\ cRQVWUXcWiRQ RXU mRdel dReV QRW Uel\ RQ a balaQced 

SaQel VWUXcWXUe, Zhich ZRXld UedXce Whe VamSle WR a SRiQW Rf makiQg XQfeaVible Whe eVWimaWiRQV. 

We alVR e[amiQe Whe VigQificaQce Rf Whe TXaQWile effecWV XQdeU Whe lighW Rf diffeUeQW ecRQRmic 

VWaWeV. IQ SaUWicXlaU, Ze cRmSaUe Whe W-VWaWiVWicV aW Whe WZR WailV aQd Whe ceQWeU Rf Whe 

diVWUibXWiRQ, befRUe, dXUiQg aQd afWeU Whe GUeaW ReceVViRQ iQ Whe US aQd Ze dRcXmeQW UelaWiYel\ 

VWable SaWWeUQV iQ WeUmV Rf VigQificaQce iQ Wime, Zhich mighW haYe chaQged dXUiQg Whe cUiViV, bXW 

afWeU Whe cUiViV came back WR Whe SUeYiRXV leYelV.   

TheVe UeVXlWV aUe Rf eYideQW iQWeUeVW fRU SRUWfRliR maQageUV, ZhR XVXall\ decide WR diYeUVif\ WheiU 

deSeQdiQg RQ Whe SRUWfRliR, ZheWheU iW WeQdV WR geQeUaWe UeWXUQV clRVeU WR Whe aYeUage RU WR Whe 

WailV, Whe iQclXViRQ Rf a QeZ VWRck baVed RQ chaUacWeUiVWicV mXVW be iQfRUmed b\ Whe abiliW\ Rf 

VXch chaUacWeUiVWic WR diYeUVif\ UiVk aW Whe SaUWicXlaU fUagmeQW Rf Whe diVWUibXWiRQ WhaW Whe 

maQageU caUeV mRUe abRXW (XVXall\ Whe lefW Wail). 

TheUe iV aQ imSRUWaQW iVVXe deUiYed fURm RXU aQal\ViV WhaW Ze aSSURach fURm a cRQVeUYaWiYe 

SeUVSecWiYe. If Whe effecW Rf chaUacWeUiVWicV iV diffeUeQW alRQgVide Whe YaUiRXV fUagmeQWV Rf Whe 
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cURVV-VecWiRQ diVWUibXWiRQ Rf Whe UeWXUQV, SUiciQg meWUicV baVed RQ alShaV, RU mRdel UeVidXalV 

cRQVWUXcWed WaUgeWiQg Whe meaQ iQ WheiU lRVV fXQcWiRQ, aUe QRW eQWiUel\ adeTXaWe WR meaVXUe Whe 

SeUfRUmaQce Rf SUiciQg mRdelV. The imSlicaWiRQV Rf WhiV facW aUe imSRUWaQW becaXVe SRWeQWial 

iQYeVWRUV cRXld be mRUe iQWeUeVWed iQ Whe lefW Wail Rf Whe diVWUibXWiRQ WhaQ iQ Whe ceQWeU, if fRU 

iQVWaQce Whe\ aUe SaUWicXlaUl\ UiVk-aYeUVe. CRQYeUVel\, mRUe aggUeVViYe iQYeVWRUV ZRXld be 

iQWeUeVWed iQ e[SlaiQiQg beWWeU Whe UighW Wail Rf Whe diVWUibXWiRQ WhaQ Whe ceQWeU. FURm WhiV 

SeUVSecWiYe, Whe iQfRUmaWiRQ RQ Whe leYel Rf UiVk-aYeUViRQ Rf SUacWiWiRQeUV, RU iQ geQeUal RQ Whe 

iQWeUeVW Rf Whe mRdeleUV, Zhich iV igQRUed b\ WUadiWiRQal alSha-WeVWV, becRmeV fXQdameQWal. We 

SURSRVe WR cRmSlemeQW WUadiWiRQal SUiciQg-eUURU VWaWiVWicV ZiWh Whe TXaQWile-R2, aQd aYeUage 

glRbal TXaQWile-R2 calcXlaWed XViQg diffeUeQW VchemeV WR ZeighW acURVV TXaQWileV. We VhRZ 

emSiUicall\ WhaW iQdeed heWeURgeQeiWieV iQ Whe TXaQWile dimeQViRQ maWWeU ZheQ VelecWiQg Whe 

RSWimal SUiciQg mRdel. IQ VhRUW, QRW all facWRUV VeUYe all SXUSRVeV. MRUe UeVeaUch iV Qeeded iQ 

WhiV UeVSecW, eVSeciall\ WR aggUegaWe Whe lRcal adjXVWmeQW meWUicV WhaW Ze UeSRUW iQWR a glRbal 

meaVXUe, eaVieU WR XVe aQd iQWeUSUeW, bXW alVR VeekiQg WR iQcRUSRUaWe iQ Whe TXaQWile dimeQViRQV 

Whe UeceQW SURgUeVVeV made iQ Whe field WR SeUfRUm effecWiYe (aQd XQbiaVed) iQWeQViYe VeaUch fRU 

facWRUV, bXW cRQVideUiQg Whe ZhRle cURVV-VecWiRQal Rf Whe UeWXUQV aQd QRW RQl\ Whe aYeUage caVeV. 

ThiV Vame UeaVRQiQg WhaW Ze haYe deYelRSed fRU Whe WUadiWiRQal 7-facWRU mRdel iQ Whe liWeUaWXUe 

cRXld be e[SaQded eYeQ WR WeVW Whe URbXVWQeVV WR VXch a WUadiWiRQal aSSURach. 
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ASSHQGL[ 

7DEOH A1. 

CDQGLGDWH 9DULDEOHV 

AXWKRUV NDPH (AFURQ\P) DHVFULSWLRQ W-VWDW. 
(OLQHDU) 

BUadVhaZ eW al. 
(2006) 
 

NeW debW fiQaQciQg 
(NeWDebWFiQaQce) 

LRQg-WeUm debW iVVXaQce miQXV lRQg-WeUm debW 
UedXcWiRQ miQXV cXUUeQW debW chaQgeV, Vcaled b\ Whe 
aYeUage WRWal aVVeWV iQ \eaUV W-1 aQd W.  

8.44 

ChaQ eW al. (1996) EaUQiQgV fRUecaVW 
UeYiViRQV (REV6) 

REV6 iV Whe VXm Rf UeYiViRQV fURm mRQWhV W-6 WR W. 
ReYiViRQV aUe Whe chaQge iQ Whe meaQ eaUQiQgV 
eVWimaWe fRU Whe Qe[W TXaUWeU fURm mRQWh W-1 WR W, 
Vcaled b\ VWRck SUice iQ mRQWh W-1.  

6.98 

ChaQ eW al. (1996) EaUQiQgV aQQRXQcemeQW 
UeWXUQ  
(AQQRXQcemeQWReWXUQ)  

SXm Rf Whe fiUm UeWXUQ fURm RQe da\ befRUe eaUQiQgV 
aQQRXQcemeQW WR 2 da\V afWeU Whe aQQRXQcemeQW.  
 

12.98 

CRRSeU eW al. (2008) AVVeW 
GURZWh (AVVeWGURZWh)  

AQQXal gURZWh UaWe Rf WRWal aVVeWV (aW)  
 

7.80 

HaUW]maUk aQd 
SalRmRQ (2013) 
 

DiYideQdV (DiYIQd ) DXmm\ YaUiable eTXal WR 1 if UeWXUQ ZiWh diYideQdV iV 
gUeaWeU WhaQ UeWXUQ ZiWhRXW diYideQdV 11 mRQWhV agR 
RU 2 mRQWhV agR, aQd 0 RWheUZiVe 

6.06 

HiUVhleifeU eW al. 
(2004) 
 

NeW OSeUaWiQg AVVeWV 
(NOA)  
 

DiffeUeQce beWZeeQ RSeUaWiQg aVVeWV aQd RSeUaWiQg 
liabiliWieV, Vcaled b\ lagged WRWal aVVeWV.  

7.71 

HRX (2007) IQdXVWU\ UeWXUQ Rf big 
fiUmV (IQdReWBig ) 
 

AYeUage mRQWhl\ UeWXUQ Rf Whe 30% laUgeVW cRmSaQieV 
b\ maUkeW YalXe Rf eTXiW\ iQ Fama-FUeQch 48 iQdXVWU\ 
SRUWfRliRV. The 30% laUgeVW cRmSaQieV ZeUe e[clXded. 

9.52 



 4ͷ 

JegadeeVh aQd 
LiYQaW (2006) 

ReYeQXe SXUSUiVe 
(ReYeQXeSXUSUiVe)  

YeaUl\ chaQge iQ UeYeQXe SeU VhaUe miQXV Whe aYeUage 
\eaUl\ chaQge iQ UeYeQXe SeU VhaUe, RYeU Whe SUeYiRXV 
WZR \eaUV, Vcaled b\ Whe VWaQdaUd deYiaWiRQ. 

7.23 

LRh aQd WaUachka 
(2012) 

NXmbeU Rf cRQVecXWiYe 
eaUQiQgV iQcUeaVeV 
(NXmEaUQIQcUeaVe)  

NXmbeU Rf fRXU-TXaUWeU QeW iQcRme iQcUeaVeV RYeU 
Whe SUeYiRXV 2 \eaUV.  
 

14.24 

LRXghUaQ aQd 
WellmaQ (2011) 

EQWeUSUiVe MXlWiSle 
(EQWMXlW)  

MaUkeW YalXe Rf eTXiW\ SlXV lRQg-WeUm debW, SlXV debW 
iQ cXUUeQW liabiliWieV, SlXV defeUUed chaUgeV, miQXV caVh 
aQd VhRUW-WeUm iQYeVWmeQW, diYided b\ RSeUaWiQg 
iQcRme. 

6.36 

L\aQdUeV eW al. 
(2008) 
 

ChaQge iQ SURSeUW\, 
SlaQWV aQd eTXiSmeQW, 
aQd iQYeVWmeQW aVVeWV, 
(IQYeVWPPEIQY ) 

OQe-\eaU chaQge iQ SURSeUW\, SlaQWV aQd eTXiSmeQW 
SlXV RQe-\eaU chaQge iQ iQYeQWRU\, Vcaled b\ RQe-\eaU 
lagged aVVeWV.  
 

9.19 

RichaUdVRQ eW al. 
(2005) 

ChaQge iQ fiQaQcial 
liabiliWieV (DelFINL ) 

FiQaQcial liabiliWieV aQd cXUUeQW liabiliWieV miQXV 
SUefeUUed VWRck, beWZeeQ \eaUV W-1 aQd W, Vcaled b\ 
aYeUage WRWal aVVeWV iQ \eaUV W-1 aQd W.  

11.88 

RichaUdVRQ eW al. 
(2005) 

ChaQge iQ QeW fiQaQcial 
aVVeWV (DelNeWFiQ)  

ShRUW-WeUm iQYeVWmeQWV SlXV iQYeVWmeQWV aQd 
adYaQceV miQXV Whe VXm Rf lRQg-WeUm debW, debW iQ 
cXUUeQW liabiliWieV aQd SUefeUUed VWRck caSiWal. All 
DiYided b\ Whe diffeUeQce beWZeeQ Whe cXUUeQW aQd 
RQe-\eaU lagged VXm b\ WRWal aVVeWV. 

9.09 

HeVWRQ aQd Sadka 
(2008) 

ReWXUQ VeaVRQaliW\ \eaUV 
11 WR 15 
(MRmSeaVAlW16WR20a) 

ReWXUQV VeaVRQaliW\ \eaUV 16 WR 20  5.07 

Bali eW al. (2016) SkeZQeVV Rf dail\ 
UeWXUQV (ReWXUQSkeZ) 

SkeZQeVV Rf dail\ UeWXUQV RYeU SUeYiRXV mRQWh. 
 

6.40 

NRWH: The Wable VhRZV Whe caQdidaWe YaUiableV WR be added WR RXU SUiciQg eTXaWiRQ (ET. 6), Whe 

SURSRQeQW aXWhRUV, deVcUiSWiRQ aQd liQeaU W-VWaWiVWic. All iQfRUmaWiRQ ZaV WakeQ fURm CZ (2020), ZheUe 

mRUe iQfRUmaWiRQ deWailV ma\ be UeWUieYed.  



 


