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Wkh pdwxulw| vwuxfwxuh ri wkh jryhuqphqw*v erqg sruwirolr kdv qrw uhfhlyhg wkh dwwhqwlrq wkdw lw ghvhuyhv1

Iru wkh dxwkrulwlhv dvvljqhg zlwk wkh uhvsrqvlelolw| iru ghew pdqdjhphqw/ krzhyhu/ wkh pdwxulw| vwuxfwxuh

lv dq lqfhvvdqw frqfhuq1 Sulru wr wkh 4<<8 Ghew Pdqdjhphqw Uhylhz +K1P1 Wuhdvxu| +4<<8,,/ wkh XN

ghew pdqdjhphqw dxwkrulwlhv +GPD, iuhtxhqwo| �qh0wxqhg wkh pdwxulw| vwuxfwxuh ri wkh jryhuqphqw*v erqg

sruwirolr lq dq dwwhpsw wr orzhu lqwhuhvw frvwv1�

Lq wklv sdshu/ zh h{dplqh wkh shuirupdqfh ri wkh GPD ryhu wkh shulrg Mdqxdu| 4<;8 wr Pdufk 4<<81 Zh

hydoxdwh wkh frvw h�flhqf| ri wkhlu ehkdylrxu/ xvlqj d el0yduldwh yhuvlrq ri wkh uhfxuvlyh prghoolqj surfhgxuh

dssolhg wr iruhfdvwlqj vwrfn uhwxuqv e| Shvdudq dqg Wlpphupdqq +4<<8/ 5333,1 Rxu dqdo|vlv lv edvhg rq d

_uhdo wlph% vlpxodwlrq ri wkh GPD*v ehkdylrxu/ xvlqj rqh0vwhs dkhdg iruhfdvwv ri wkh gl�huhqfhv ehwzhhq

kroglqj shulrg uhwxuqv rq erqgv ri gl�huhqw pdwxulwlhv1 Khuhdiwhu/ zh uhihu wr wkhvh gl�huhqfhv lq kroglqj

shulrg uhwxuqv dv _uhwxuq vsuhdgv%1 Wkh iruhfdvwv h{sorlw vwdwlvwlfdo sdwwhuqv lq wkh uhodwlrqvklsv ehwzhhq

wkh uhwxuq vsuhdgv dqg d ydulhw| ri pdfurhfrqrplf yduldeohv +idfwruv,1 D edvh vhw ri iruhfdvwlqj yduldeohv

lv hvwdeolvkhg dqg/ dw wkh vwduw ri hyhu| wlph shulrg +prqwk,/ zh vhdufk ryhu wkhvh yduldeohv iru wkh _ehvw%

v|vwhp ri iruhfdvwlqj htxdwlrqv1 Prgho fkrlfh lv edvhg xsrq d suh0gh�qhg fulwhulrq +zh h{dplqh d qxpehu

ri wkhvh,> dqg vhohfwlrq xwlolvhv rqo| lqirupdwlrq lq wkh sxeolf grpdlq1 Wklv surfhgxuh jhqhudwhv rqh0vwhs

dkhdg iruhfdvwv ri wkh uhwxuq vsuhdgv/ zklfk zh xvh lq rxu ghew pdqdjhphqw vlpxodwlrqv1

Wr rxu nqrzohgjh/ wklv lv wkh �uvw dssolfdwlrq ri wkh uhfxuvlyh prghoolqj dssurdfk zklfk h{dplqhv wkh

wlph0ydu|lqj uhodwlrqvklsv ehwzhhq uhwxuq vsuhdgv dqg exvlqhvv f|foh lqglfdwruv1 Rxu dssurdfk frqwudvwv

zlwk wkdw dgrswhg/ iru h{dpsoh/ lq Errwkh dqg Uhlg*v +4<<5, vwxg| ri Fdqdgldq ghew pdqdjhphqw/ zkhuh

wkh| xvh uhfxuvlyh hvwlpdwlrq ri d jlyhq prgho udwkhu wkdq uhfxuvlyh prghoolqj/ dqg gr qrw lqyhvwljdwh wkh

uhohydqfh ri pdfurhfrqrplf yduldeohv iru iruhfdvwlqj ri uhwxuq vsuhdgv1

Dsso|lqj wkh uhfxuvlyh prghoolqj dssurdfk wr iruhfdvwlqj uhwxuq vsuhdgv hdfk prqwk/ zh �qg vwdwlvwlfdo

dqg hfrqrplf hylghqfh ri suhglfwdelolw| xvlqj d frpprq vhw ri pdfurhfrqrplf idfwruv1 Iru h{dpsoh/ xvlqj

wkh Dndlnh lqirupdwlrq fulwhulrq +DLF, iru prgho vhohfwlrq/ zh suhglfw fruuhfwo| wkh pdwxulw| edqg zlwk wkh

plqlpxp kroglqj shulrg uhwxuq iru 83( ri wkh prqwkv lq rxu hydoxdwlrq shulrg1 Zh �qg wkdw wkh suhglfwlyh

srzhu ri exvlqhvv f|foh yduldeohv iru uhwxuq vsuhdgv lv wlph ghshqghqw1 Xvlqj wkh DLF/ wkh yduldeohv vhohfwhg

prvw riwhq lqfoxgh wkh fkdqjh lq wkh XN Wuhdvxu| Eloo udwh/ wkh |lhog vsuhdg ehwzhhq vkruw dqg orqj XV

jryhuqphqw ghew/ dqg wkh jurzwk ri Lqgxvwuldo Surgxfwlrq1

��hi��bb.c |�i �@?! Lu ,?}*@?_ �@t hitTL?t�M*i uLh Nk _iM| 4@?@}i4i?|c @U|�?} |L}i|�ih ��|�c @?_ @t @? @}i?| uLh O���

Ahi@t�h)� W? �bb.c |�i hitTL?t�M�*�|) �@t |h@?tuihhi_ uhL4 |�i �@?! Lu ,?}*@?_ |L |�i Nk #iM| �@?@}i4i?| ��Ui E@?
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Xvlqj rxu uhfxuvlyho| jhqhudwhg iruhfdvwv/ zh rughu erqgv ri gl�huhqw pdwxulw| dffruglqj wr wkhlu h{0

shfwhg frvw +kroglqj shulrg uhwxuq, lq hdfk prqwk1 Edvhg rq wklv lqirupdwlrq/ zh vlpxodwh wkh lpsdfw ri

dgmxvwlqj wkh sruwirolr*v pdwxulw| vwuxfwxuh +dvvxplqj wkdw wkh GPD wdnh erqg sulfhv dv jlyhq,1 Zh �qg

wkdw wkh vlpxodwhg dyhudjh lqwhuhvw frvwv duh orzhu wkdq wkrvh uhvxowlqj iurp wkh GPD*v dfwxdo uhdo0wlph

ehkdylrxu1 Xqiruwxqdwho|/ d vxevwdqwldo uhgxfwlrq lq lqwhuhvw frvwv uhtxluhv odujh dqg iuhtxhqw vkliwv lq

pdwxulw| vwuxfwxuh1 Frqvwudlqlqj wkh prqwko| vkliwv lq pdwxulw| vwuxfwxuh wr dssur{lpdwh wkh pdjqlwxgh

ri wkh GPD*v uhdo0wlph ehkdylrxu/ wkh vlpxodwhg dyhudjh lqwhuhvw frvwv duh rqo| voljkwo| orzhu wkdq wkrvh

uhvxowlqj iurp wkh GPD*v uhdo0wlph ehkdylrxu1

Wkh uhvw ri wklv sdshu lv rujdqlvhg dv iroorzv1 Lq wkh qh{w Vhfwlrq/ zh uhylhz wkh olwhudwxuh dqg rxwolqh

vrph wkhruhwlfdo frqvlghudwlrqv1 Lq Vhfwlrq 6/ zh h{dplqh wkh XN ghew pdqdjhphqw h{shulhqfh iru hylghqfh

ri wkh GPD*v remhfwlyhv dqg ehkdylrxu1 Wkh uhfxuvlyh prghoolqj dssurdfk dqg lwv dssolfdwlrq wr uhwxuq

vsuhdgv duh glvfxvvhg lq Vhfwlrqv 7 dqg 81 Vrph jhqhudo frqfoxvlrqv duh gudzq lq wkh �qdo vhfwlrq1

2 w�|ih@|�hi hi��i� @?_ |�iLhi|�U@* UL?t�_ih@|�L?t

Lq forvhg Ulfdugldq pdfurhfrqrplf prghov/ wkh pl{ ehwzhhq wd{hv dqg ghew lv luuhohydqw +iru h{dpsoh/

vhh Zdoodfh +4<;4,/ Olyldwdq +4<;6, dqg Fkdpoh| dqg Srohpdufkdnlv +4<;7,,1 Lq wklv w|sh ri prgho/ wkh

pdwxulw| vwuxfwxuh ri ghew lv dovr luuhohydqw1 Hyhq li lqwhuhvw frvwv gl�hu e| erqg pdwxulw|/ wkrvh frvwv

gr qrw frqvwlwxwh _qhw zhdowk%1 Krzhyhu/ lq uhdolw|/ ryhu 48( ri XN erqg vdohv duh wr iruhljq lqyhvwruv

+K1P1 Wuhdvxu| +4<<8,,1 Wkh iroorzlqj looxvwudwlyh prgho ghprqvwudwhv wkdw li erqgv duh erxjkw e| qrq0XN

lqyhvwruv/ lqwhuhvw frvwv pdwwhu dqg frvw plqlplvdwlrq fdq kdyh ehqh�fldo pdfurhfrqrplf h�hfwv1

D uhsuhvhqwdwlyh lqglylgxdo surgxfhv rxwsxw iurp fdslwdo +dqg d �{hg dprxqw ri oderxu, xvlqj wkh

surgxfwlrq ixqfwlrq=

\| @ i+N|,> i �+N|, A 3> i ��+N|, ? 3> +4,

zkhuh \| dqg N| ghqrwh wkh rxwsxw surgxfhg wkh fdslwdo vwrfn dw wlph w1

Wkh GPD �qdqfhv d vwuhdp ri h{rjhqrxv jryhuqphqw h{shqglwxuh/ �J|/ e| oxps0vxp wd{hv/ W|/ dqg qhw

lvvxhv ri +}hur0frxsrq/ xqwd{hg/ rqh0shulrg, erqgv wr grphvwlf dqg iruhljq lqyhvwruv12c� Wkh GPD*v exgjhw

frqvwudlqw lq hdfk shulrg lv jlyhq e|=

�J| � W| @ S|E|n� � S|E| @ S|�E|n�> +5,

zkhuh E|n� ghqrwhv wkh txdqwlw| ri erqgv pdwxulqj dw wlph w.4 dqg S| ghqrwhv wkhlu sulfh dw wlph w/ zklfk

2A�i uL**L��?} @?@*)t�t U@? Mi }i?ih@*�ti_ |L |�i ?L?�3ihL UL�TL? ML?_ U@ti�
�5ii �?_ihtL? i| @* E�bbS� uLh @ _�tU�tt�L? Lu ML?_ |@ @|�L?�
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lv dvvxphg wr eh jlyhq1e Lw lv ixuwkhu dvvxphg wkdw wkh ghew vwrfn/ S|E|n�/ lv srvlwlyh iru doo w dqg wkdw wkh

GPD lv vroyhqw +qdpho|/ wkh wudqvyhuvdolw| frqglwlrq dvvrfldwhg zlwk +5, lv vdwlv�hg,1 Wkh kroglqj shulrg

uhwxuq +ru lqwhuhvw udwh, rq kroglqj d +rqh0shulrg, erqg iurp wlph w wr w. 4/ ghqrwhg U|n�/ lv gh�qhg dv=

U|n� @ +S|n� � S|,@S| @ �S|n�@S|= +6,

Wkh lqglylgxdo*v rxwsxw lv xvhg iru frqvxpswlrq/ F|/ lqyhvwphqw h{shqglwxuhv/ +oxps0vxp, wd{dwlrq/ W|/

ru grphvwlf qhw sxufkdvhv ri erqgv1D Khqfh/ wkh g|qdplf hyroxwlrq ri wkh fdslwdo vwrfn lv jlyhq e|=

�N|n� @ N|n� �N| @ i+N|,� �N| �F| � W| � +4� �,S|�E|n�> 3 ? � � 4> Nf A 3> +7,

zkhuh � ghqrwhv wkh udwh ri ghsuhfldwlrq dqg � ghqrwhv wkh h{rjhqrxv sursruwlrq ri erqgv vrog wr iruhljq

lqyhvwruv +dw d �{hg h{fkdqjh udwh,1

Wkh lqglylgxdo pd{lplvhv +wlph0vhsdudeoh, xwlolw| ryhu dq lq�qlwh krul}rq=

X| @
"[

�'f

��x+F|n�,> x�+F|, A 3> x��+F|, ? 3> +8,

zkhuh � ghqrwhv wkh glvfrxqw idfwru/ 3 ? � ? 41S

Htxdwlrq +7, fdq eh uhzulwwhq xvlqj wkh exgjhw lghqwlw|/ Htxdwlrq +5,/ dv=

F| @ i+N|,�N|n� . +4� �,N| � �J| . �S|�E|n�= +9,

Qrwh wkdw li erqgv duh vrog rqo| wr grphvwlf uhvlghqwv/ � @ 3/ wkhq wkh uhdo hfrqrp| lv xqd�hfwhg e| lqwhuhvw

frvwv1 Li erqgv duh vrog wr iruhljqhuv/ 3 ? � � 4/ wkhq lqwhuhvw frvwv pdwwhu1

Wkh lqglylgxdo pd{lplvhv xwlolw|/ +8,/ e| fkrrvlqj N|n� dqg E|n�/ jlyhq Htxdwlrq +9,1 Wkh �uvw rughu

frqglwlrqv duh=

x�+F|, @ �x�+F|n�,ii
�+N|n�, . +4� �,j> +:,

x�+F|, @ �x�+F|n�,+4 .U|n�,> +;,

zklfk |lhog

U|n� @ i �+N|n�,� �=

Wkhuhiruh=

CN|n�

CU|n�

@
4

i ��+N|n�,
? 3>

e�h}�@M*)c @||i4T|t M) |�i #�� |L �4T*i4i?| *@h}i 4L�i4i?|t �? 4@|�h�|) t|h�U|�hi _�t|Lh| ML?_ Th�Uit� ì hi|�h? |L

|��t �tt�i �? 5iU|�L?t e @?_ D�
D ì @tt�4i |�@| �| @?_ g| @hi }hi@|ih |�@? 3ihL uLh @** |�
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zklfk hvwdeolvkhv dq lqyhuvh uhodwlrqvkls ehwzhhq wkh ohyho ri fdslwdo vwrfn dqg wkh udwh ri uhwxuq rq erqgv/

U|n�1 Ixuwkhupruh/ lw lv dssduhqw iurp Htxdwlrq +;, wkdw wkh frqvxpswlrq sdwk vwhhshqv dv wkh lqwhuhvw

udwh lqfuhdvhv/ dvvxplqj wkdw wkh lqwhuhvw udwh gl�huv iurp wkh vxemhfwlyh glvfrxqw udwh1 Khqfh/ lqwhuhvw frvw

plqlplvdwlrq kdv ehqh�fldo lpsdfwv rq wkh fdslwdo vwrfn dqg fxuuhqw +uhodwlyh wr ixwxuh, frqvxpswlrq1

Wkh prgho fdq eh jhqhudolvhg wr doorz iru pdq| erqgv/ zlwk gl�huhqw rqh0shulrg lqwhuhvw udwhv/ uhodwhg

wr erqg pdwxulw|1 Wkh GPD fdq vwlpxodwh fxuuhqw frqvxpswlrq dqg lqyhvwphqw e| dowhulqj wkh pdwxulw|

vwuxfwxuh ri d jlyhq ohyho ri ghew li erqg uhwxuqv ydu| zlwk pdwxulw| lq d pdqqhu wkdw lv suhglfwdeoh xvlqj

pdfurhfrqrplf lqglfdwruv1 Wzr suhydlolqj wkhrulhv ri wkh whup vwuxfwxuh vxjjhvw wkdw wklv frqglwlrq krogv lq

sudfwlfh1 Wkh zhdn yhuvlrq ri wkh h{shfwdwlrqv k|srwkhvlv vxjjhvwv wkdw suhglfwdelolw| lv fdxvhg e| lqyhvwruv*

ulvn suhihuhqfhv1
.
Wkh vhjphqwhg pdunhwv wkhru| vxjjhvwv wkdw iruhfdvwdelolw| lv wkh uhvxow ri wlph ghshqghqw

yduldwlrqv lq wudqvdfwlrqv frvwv dqg olplwv rq lqyhvwru eruurzlqj +Vkohlihu dqg Ylvkq| +4<<:,,1
H

Wkh deryh glvfxvvlrq pdnhv fohdu wkdw frvw plqlplvdwlrq lv d vhqvleoh remhfwlyh iru wkh GPD li iruhljq

lqyhvwruv sxufkdvh erqgv1
b

Ri frxuvh/ wkhuh lv qr uhdvrq wr dvvxph wkdw rqo| wkh ohyho ri lqwhuhvw frvwv

pdwwhuv�ulvn lv lpsruwdqw wrr1 D qxpehu ri uhvhdufkhuv kdyh qrwhg wkdw li pdunhwv duh frpsohwh/ ghew

pdwxulw| fdq eh xvhg wr vprrwk frqvxpswlrq ru lqfrph wd{ udwhv +iru h{dpsoh/ Eduur +4<:</ 4<<8, dqg

Erkq +4<;;/ 4<<3,,1 Hyhq li pdunhwv duh lqfrpsohwh/ wkh GPD frxog vprrwk exgjhw gh�flwv +vhh Gdoh/

Prqjlduglqr dqg Txdk +4<<:,,1

Wkh ghew pdqdjhphqw olwhudwxuh kdv dovr irfxvhg rq wzr rwkhu wkhruhwlfdo frqvlghudwlrqv1 Dl|djul dqg

PfJudwwdq +4<<;, dqg Kropvwurp dqg Wluroh +4<<;, kdyh h{dplqhg wkh uhodwlrqvkls ehwzhhq ghew pdqdjh0

phqw dqg oltxlglw|1 Erwk �upv dqg krxvhkrogv idfh oltxlglw| frqvwudlqwv +ehfdxvh ri lqfrpsohwh pdunhwv,

dqg/ lq wkhru|/ ghew pdqdjhphqw fdq eh xvhg wr uhod{ wkhvh frqvwudlqwv1 Ilvfkhu +4<;6,/ Fdoyr dqg Jxlgrwwl

+4<<5, dqg Idyhur/ Plvvdoh dqg Sulplfhul +4<<<, kdyh h{dplqhg wkh lpsolfdwlrqv ri ghew pdqdjhphqw iru

prqhwdu| fuhglelolw|1 Gl�huhqw w|shv ri ghew fdq d�hfw wkh prqhwdu| dxwkrulwlhv* lqfhqwlyhv wr lq�dwh1

Hyhq li frvw plqlpl}dwlrq lv eholhyhg wr eh ghvludeoh/ wkhuh lv vwloo wkh lvvxh ri lwv ihdvlelolw|1 Lq dq

_lghdo% zruog zkhuh pdunhwv duh h�flhqw +dw doo wlphv,/ h{shfwdwlrqv duh iruphg udwlrqdoo| dqg wkhuh duh qr

lqirupdwlrqdo dv|pphwulhv/ h{shfwhg frvw ri ghew vhuylflqj lv suh0ghwhuplqhg e| wkh ulvn fkdudfwhulvwlfv ri

gl�huhqw ghew lqvwuxphqwv/ frvw plqlpl}dwlrq fdq rqo| eh dfklhyhg dw wkh h{shqvh ri lqfuhdvhg ulvn zklfk

zloo eh gl�fxow wr mxvwli| iurp d ulvn0uhwxuq wudgh r� shuvshfwlyh1 Wkh ehvw wkdw fdq eh grqh lq wkhvh

flufxpvwdqfhv lv wr lvvxh vhfxulwlhv zlwk wkh orzhvw h{shfwhg ulvn suhplxp/ qdpho| vhfxulwlhv wkdw kdyh d

., TiU|i_ ML?_ tThi@_t @hi �?Thi_�U|@M*i L?*) �?_ih h�t! ?i�|h@*�|) Etiic uLh i @4T*ic �@4TMi**c wL @?_ �@Uk�?*@) E�bb.c
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qhjdwlyh h{shfwhg fryduldqfh zlwk wkh uhwxuq rq oderxu dqg fdslwdo lqfrph1 +Vhh/ iru h{dpsoh/ Plvvdoh +4<<</

Fkv1 6 ) 9,1, Krzhyhu/ zkhwkhu pdunhwv duh dozd|v h�flhqw dqg h{shfwdwlrqv udwlrqdo lv dq hpslulfdo lvvxh>

dqg dq lqyhvwljdwlrq wkdw orrnv lqwr wkh srvvlelolw| ri frvw plqlpl}dwlrq iru d jlyhq ohyho ri ulvn fdq wkhuhiruh

vhuyh d xvhixo sxusrvh1

� A�i Nk _iM| 4@?@}i4i?| i Tih�i?Ui

��� #iM| 4@?@}i4i?| LM�iU|��it

Sulru wr wkh 4<<8 Ghew Pdqdjhphqw Uhylhz/ wkh XN*v ghew pdqdjhphqw srolf| remhfwlyhv zhuh vhw rxw lq

d oh{lfrjudsklf pdqqhu dv=

_+d, ^ghew pdqdjhphqw` pxvw vxssruw dqg frpsohphqw prqhwdu| srolf| lq sxuvxlw ri wkh Jry0

huqphqw*v remhfwlyhv iru lq�dwlrq>

+e, vxemhfw wr +d,/ lw vkrxog rshudwh lq d zd| zklfk dyrlgv glvwruwlqj �qdqfldo pdunhwv>

+f, vxemhfw wr +d, dqg +e,/ lw vkrxog eh frqgxfwhg dw ohdvw frvw dqg ulvn1%

K1P1 Wuhdvxu| +4<<3, IVEU/ s 561

Wklv ghvfulswlrq lv vwulnlqjo| ydjxh1 D vxevhtxhqw K1P1 Wuhdvxu| sxeolfdwlrq/ wkh Uhsruw ri wkh Ghew

Pdqdjhphqw Uhylhz +4<<8,/ surylghg vrph lqvljkw lqwr wkh GPD*v lqwhusuhwdwlrq ri wkh remhfwlyhv lq

sudfwlfh1 Lq sduwlfxodu/ wkh Uhsruw vxjjhvwhg wkdw wkh remhfwlyh ri pdunhw vwdelolw| pdwwhuhg rqo| wkurxjk lwv

lpsdfwv rq frvw1 Lw dovr vxjjhvwhg wkdw ghew pdqdjhphqw lv olwwoh d�hfwhg e| prqhwdu| srolf| frqvlghudwlrqv1

Wkh Uhsruw glg qrw foduli| wkh w|shv ri ulvnv wkdw frqfhuq wkh GPD1 Wkhuh zdv qr phqwlrq ri frqvxpswlrq

+ru lqfrph, wd{ udwh vprrwklqj/ ru gh�flw vprrwklqj1 Vxevhtxhqw K1P1 Wuhdvxu| sxeolfdwlrqv kdyh ehhq

vlploduo| vlohqw rq wklv lvvxh1 Iru h{dpsoh/ wkh 4<<<05333 Ghew Pdqdjhphqw Uhsruw phuho| vwuhvvhg wkh

lpsruwdqfh ri _wkh Jryhuqphqw*v dwwlwxgh wr ulvnv/ erwk uhdo dqg qrplqdo% +s 7,1

Qhlwkhu wkh Uhsruw qru wkh IVEU phqwlrqhg wkh oltxlglw| remhfwlyh vxjjhvwhg e| Dl|djul dqg PfJudwwdq

+4<<;, dqg Kropvwurp dqg Wluroh +4<<;,1
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Ri wkh irxu fdqglgdwh remhfwlyhv iru ghew pdqdjhphqw lpsolhg e| wkhruhwlfdo frqvlghudwlrqv�frvw/ ulvn/

oltxlglw| dqg prqhwdu| fuhglelolw|�frvw vhhpv wr kdyh grplqdwhg wkh XN GPD*v dssurdfk lq sudfwlfh=
�f

_^P`| mre lv wr plqlplvh ^lqwhuhvw` frvw/ e| pdnlqj vxuh wkdw zh pdqdjh rxu ghew lq dq h�flhqw

dqg h�hfwlyh zd|%

Dqjhod Nqljkw/ Hfrqrplf Vhfuhwdu| wr wkh Wuhdvxu|/

K1P1 Wuhdvxu| +4<<8, s 41

��2 �? O�t|Lh�U@* ��ih��i�

Wkh +hqg0prqwk, sruwirolr vkduhv ri vkruw/ phglxp dqg orqj pdwxulw| +qrq0lqgh{ olqnhg, erqgv duh vkrzq

lq Iljxuh 4 iru wkh shulrg iurp Pdufk 4<;3 wr Pdufk 4<<81
��c�2

Wkh pdwxulw| edqgv duh frqvlvwhqw zlwk wkh

frqyhqwlrq dgrswhg e| wkh Edqn ri Hqjodqg dqg K1P1 Wuhdvxu|= vkruw ? : |hduv/ phglxp :� 47 |hduv dqg

orqj � 48 |hduv1
��

+Wkh Gdwd Dsshqgl{ frqwdlqv ixuwkhu ghwdlov ri wkh frqvwuxfwlrq ri doo yduldeohv xvhg lq

wklv vwxg|/ wrjhwkhu zlwk wkh gdwd vrxufhv1, Wkh vdpsoh phdqv dqg vwdqgdug ghyldwlrqv iru wkh sruwirolr

vkduhv duh vxppdulvhg lq Wdeoh 41

Ryhu wkh shulrg iurp Pdufk 4<;3 wr Pdufk 4<<8/ wkh phdq vkduhv ri vkruw dqg phglxp pdwxulw|

erqgv duh 77( dqg 6;( ri wkh jryhuqphqw*v sruwirolr/ uhvshfwlyho|1 Orqj pdwxulw| erqgv dffrxqw iru wkh

uhpdlqghu1 Lw lv fohdu iurp Iljxuh 4 wkdw wkhvh sruwirolr vkduhv glvsod| d frqvlghudeoh ghjuhh ri wlph yduldwlrq1

Iru h{dpsoh/ sulru wr 4<<4/ wkhuh lv d fohdu pryhphqw dzd| iurp orqj pdwxulw| erqgv wr phglxp dqg vkruw

pdwxulw| erqgv1 Wkh vkduh ri wkh odwwhu ulvhv vwhdglo| iurp 6<( lq 4<;4 wr 84( lq 4<<41 Suhvxpdeo|/ wklv

fkdqjh lq sruwirolr pdwxulw| vwuxfwxuh uh�hfwv wkh kljkhu h{shfwhg lqwhuhvw frvwv ri orqj pdwxulw| erqgv1

Iljxuhv 5d05f vkrz wkh +hqg0prqwk, wlph yduldwlrqv lq kroglqj shulrg uhwxuqv iru wkh wkuhh pdwxulw|

edqgv> wkh phdq dqg vwdqgdug ghyldwlrqv ri wkh kroglqj uhwxuqv duh jlyhq lq Wdeoh 41 Lq jhqhudo/ vkruw

erqgv kdyh wkh vpdoohvw phdq uhwxuqv dqg phglxp erqgv kdyh wkh kljkhvw phdq uhwxuqv> dqg wkh yrodwlolw|

ri uhwxuqv lv lqfuhdvlqj lq erqg pdwxulw|1 Vkruw dqg orqj erqgv kdyh wkh orzhvw uhwxuq iru 78( ri wkh prqwkv

lq wkh hydoxdwlrq shulrg/ Mdqxdu| 4<;8 wr Pdufk 4<<81

�f�L4Thi�i?t��i *�|ih@|�hi hi��i�t @hi ThL��_i_ M) wiL?} E�bbb� @?_ ��tt@*i E�bbb��
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�2A�i TLh|uL*�L ML?_ t�@hit @hi U@*U�*@|i_ M) 4@h!i| �@*�i�
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e �Lt| ,�U�i?U) Lu Nk _iM| 4@?@}i4i?|

e�� � +iU�ht��i �L_i**�?} �TThL@U�

Lq rxu dqdo|vlv ri wkh h�flhqf| ri XN ghew pdqdjhphqw zh duh frqfhuqhg zlwk wkh frvw0ulvn fkdudfwhulv0

wlfv ri wkh GPD*v erqg sruwirolr dv lw kdv hyroyhg klvwrulfdoo|1 Iru wklv sxusrvh/ zh dgrsw wkh uhfxuvlyh

prghoolqj dssurdfk ghyhorshg lq Shvdudq dqg Wlpphupdqq +4<<8/ 5333, wr hydoxdwlqj wkh vwdwlvwlfdo dqg

hfrqrplf vljql�fdqfh ri wkh iruhfdvwdelolw| ri uhwxuq vsuhdgv1 Wkh dqdo|vlv lv edvhg rq wkh ylhz wkdw h{0

shfwhg erqg uhwxuqv +dqg vsuhdgv, ydu| ryhu wkh exvlqhvv f|foh dqg fdq eh +sduwo|, iruhfdvw xvlqj exvlqhvv

f|foh lqglfdwruv1
�e

D uhylhz ri wkh 4<;304<<7 lvvxhv ri Wkh Edqn ri Hqjodqg Txduwhuo| Exoohwlq frq�upv

wkdw wkh GPD zhuh dzduh ri wkh uhodwlrqvklsv ehwzhhq erqg uhwxuqv dqg ydulrxv exvlqhvv f|foh lqglfdwruv1
�D

Exw/ qhlwkhu wkh Uhsruw ri wkh Ghew Pdqdjhphqw Uhylhz +K1P1 Wuhdvxu| +4<<8,, qru wkh uhohydqw lvvxhv

ri Wkh Edqn ri Hqjodqg Txduwhuo| Exoohwlq lqglfdwh wkdw wkh GPD xvhg d sduwlfxodu prgho iru wkhvh xq0

ghuo|lqj uhodwlrqvklsv gxulqj rxu vdpsoh shulrg1 Dowkrxjk/ lw lv zlgho| dfnqrzohgjhg wkdw/ lq sulqflsoh/

uhwxuq vsuhdgv duh suhglfwdeoh xvlqj pdfurhfrqrplf lqglfdwruv/ wr gdwh wkhuh lv qr frqvhqvxv uhjduglqj dq

rswlpdo iruhfdvwlqj prgho1 Jlyhq wkh srvvlelolw| ri whfkqrorjlfdo fkdqjh dqg vzlwfkhv lq srolf| uhjlphv/ lw

lv yhu| xqolnho| wkdw d jlyhq wkhruhwlfdo iruhfdvwlqj prgho frxog krog dw doo wlphv1 Wklv vxjjhvwv wkdw d pruh

sudjpdwlf dssurdfk lv qhhghg1

Zh prgho wkh ehkdylrxu ri wkh GPD/ wkhuhiruh/ dv vhdufklqj uhfxuvlyho| iru d vdwlvidfwru| hpslulfdo

vshfl�fdwlrq�dprqj wkh pdq| eholhyhg wr eh xvhixo iru iruhfdvwlqj erqg uhwxuqv�dw hdfk srlqw lq wlph1

Pruh vshfl�fdoo|/ zh frqvlghu uhfxuvlyh prghov iru=

[6| @ U6| �Ur| dqg/ [,| @ U,| �Ur|> w @ 4> 5> ===> W> +<,

zkhuh Ur|/ U6| dqg U,| ghqrwh wkh kroglqj shulrg uhwxuqv ryhu wkh shulrg w� 4 wr w iru vkruw/ phglxp dqg

orqj pdwxulw| erqgv/ uhvshfwlyho|1
�S

Xqghu uhfxuvlyh prghoolqj/ wkh yhfwru ri uhwxuq vsuhdgv/ [| @ +[6|>

[,|,
�/ w @ wf.4> wf.5> ===> W lv prghoohg dw hdfk srlqw lq wlph lq whupv ri d edvh vhw ri uhjuhvvruv frqwdlqhg lq

wkh sxeolfo| dydlodeoh lqirupdwlrq vhw/ 
|3�1
�. Wkh uhfxuvlyh rqh0vwhs dkhdg frqglwlrqdo iruhfdvwv ri wkh wzr

uhwxuq vsuhdgv/ [6| dqg [,|/ iru w @ wf.4> wf.5> ===> W duh xvhg lq wkh frvw plqlplvdwlrq h{huflvh1 Uhfxuvlyh

prghoolqj h{whqgv uhfxuvlyh hvwlpdwlrq/ d iuhtxhqwo| xvhg whfkqltxh/ e| doorzlqj wkh suhglfwlrq prgho wr
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ydu| ryhu wlph1 Dw hdfk srlqw lq wlph d iruhfdvwlqj prgho lv fkrvhq iurp d vhw ri dydlodeoh prghov vsdqqhg

e| dq d sulrul fkrvhq edvh vhw/ dqg wklv surfhvv lv uhshdwhg iru doo wkh wlph shulrgv/ wf.4> wf.5> ===> W 1 Xqolnh

uhfxuvlyh hvwlpdwlrq/ zklfk vlpso| xsgdwhv wkh sdudphwhuv ri d jlyhq prgho/ uhfxuvlyh prghoolqj dgplwv wkh

srvvlelolw| ri prgho fkdqjh dqg surylghv dq dxwrpdwhg vhdufk surfhgxuh1 Wklv dxwrpdwhg dssurdfk uhgxfhv

frqvlghudeo|�exw grhv qrw holplqdwh�wkh _gdwd plqlqj% ru _gdwd vqrrslqj% sureohpv kljkoljkwhg uhfhqwo|

e| Vxoolydq/ Wlpphupdqq/ dqg Zklwh +4<<<,1

Zh frqvlghu 5& d sulrul olqhdu prghov frqvwuxfwhg iurp d edvh vhw ri n lqglfdwruv1�H D ghwdlohg uhylhz

ri wkh pdfurhfrqrplf lqglfdwruv glvfxvvhg lq wkh ydulrxv lvvxhv ri Wkh Edqn ri Hqjodqg Txduwhuo| Exoohwlq

ryhu wkh shulrg 4<;304<<7 vxjjhvwv wkh iroorzlqj pdfurhfrqrplf yduldeohv=�b

]�c|3� @ i�WE|3�> XVVS|3�>�IW|3�>�HG|3�>�HP|3�>

�SRLO|3�>�P3|32>�USLK|32>�LS|3�j>

zkhuh �WE|3� dqg XVVS|3� ghqrwh wkh fkdqjh lq wkh XN Wuhdvxu| Eloo udwh dqg wkh |lhog vsuhdg ehwzhhq

orqj dqg vkruw pdwxulw| XV jryhuqphqw erqgv/ uhvshfwlyho|1 Wkh yduldeohv �IW|3�/ �HG|3�/ �HP|3� dqg

�SRLO|3� uhsuhvhqw wkh jurzwk udwhv ri wkh Ilqdqfldo Wlphv Lqgh{/ wkh Vwhuolqj0XV Groodu h{fkdqjh udwh/

wkh Vwhuolqj0Ghxwvfkhpdun h{fkdqjh udwh dqg wkh vsrw sulfh ri rlo/ uhvshfwlyho|1 Wkh yduldeohv �P3|32/

�USLK|32/ dqg �LS|3� uhsuhvhqw wkh jurzwk udwhv ri wkh prqhwdu| edvh/ wkh Uhwdlo Sulfh Lqgh{ +h{foxglqj

krxvlqj, dqg Lqgxvwuldo Surgxfwlrq/ uhvshfwlyho|12f Iru wklv odvw vhw ri yduldeohv/ zh dgrswhg wkh Flw|

dqdo|vwv* frqyhqwlrq ri xvlqj 450prqwk udwhv ri fkdqjh1 Wklv khosv plqlplvh wkh lpsdfw ri gdwd uhylvlrqv12�

Wkh pdfurhfrqrplf lqglfdwruv kdyh gl�huhqw uhohdvh gdwhv lqwr wkh sxeolf grpdlq1 Khqfh/ hdfk yduldeoh

hqwhuv wkh prgho zlwk d odj wkdw uh�hfwv wkh dydlodelolw| ri wkh prvw uhfhqw revhuydwlrq122

Lq dgglwlrq wr wkhvh pdfurhfrqrplf yduldeohv/ wkh GPD frxog h{sorlw ixqfwlrqv ri sdvw erqg sulfhv zkhq

suhglfwlqj uhwxuq vsuhdgv1 Khqfh/ iru wkh phglxp0vkruw uhwxuq vsuhdg/ [6|/ zh dgg wkh iroorzlqj yduldeohv

wr wkh edvh vhw=

]2c|3� @ i[6c|3�>�U6c|3�>�Urc|3�> +s6c|3� � src|3�,> +s,c|3� � src|3�,>�JDSrc|3�j +43,

zkhuh �U6c|3� dqg �Urc|3� ghqrwh wkh �uvw gl�huhqfh ri wkh kroglqj shulrg uhwxuq rq phglxp dqg vkruw

pdwxulw| erqgv/ uhvshfwlyho|1 Wkh yduldeohv +s6c|3��src|3�, dqg +s,c|3��s,c|3�, duh wkh gl�huhqfhv ehwzhhq

wkh +orj, sulfhv ri phglxp dqg vkruw/ dqg orqj dqg vkruw erqgv/ uhvshfwlyho|1 Wkh yduldeoh �JDSrc|3�
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ghqrwhv wkh odjjhg �uvw gl�huhqfh ri wkh jds ehwzhhq wkh +orj, sulfh ri vkruw pdwxulw| erqgv dqg wkh

pd{lpxp +orj, sulfh ri vkruw erqgv ryhu wkh vdpsoh wr gdwh1 Wkdw lv/ JDSr| @Pd{ +sr�> sr2> = = = > sr|,�sr|1

Wklv whup fdswxuhv qrq0olqhdu h�hfwv vlplodu wr wkrvh lq Ehdxgu| dqg Nrrs +4<<6, dqg wkhlu h{whqvlrqv lq

Shvdudq dqg Srwwhu +4<<:,1

Iru wkh orqj0vkruw uhwxuq vsuhdg/ [,|/ zh dgg wkh iroorzlqj yduldeohv wr wkh edvh vhw/ ]�c|3�=

]�c|3� @ i[,c|3�>�U,c|3�>�Urc|3�> +s6c|3� � src|3�,> +s,c|3� � src|3�,>�JDSrc|3�j +44,

zkhuh �U,| lv wkh �uvw gl�huhqfh ri wkh kroglqj shulrg uhwxuq rq orqj erqgv1

Qrwh wkdw zh xvh wzr +voljkwo|, gl�huhqw edvh vhwv iru suhglfwlqj wkh wzr uhwxuq vsuhdgv1 Zh ghqrwh wkh

edvh vhw iru suhglfwlqj [6| e|

]6c|3� @ ]�c|3�^]2c|3� +45,

@

;A?
A=
[6c|3�>�U6c|3�>�Urc|3�> +s6c|3� � src|3�, > +s,c|3� � src|3�, >

�JDSrc|3�>�WE|3�> XVVS|3�>�IW|3�>�HG|3�>

�HP|3�>�SRLO|3�>�P3|32>�USLK|32>�LS|3�

<A@
A>

dqg wkh edvh vhw iru suhglfwlqj [,| e|

],c|3� @ ]�c|3�^]�c|3� +46,

@

;A?
A=
[,c|3�>�U,c|3�>�Urc|3�> +s6c|3� � src|3�, > +s,c|3� � src|3�, >

�JDSrc|3�>�WE|3�> XVVS|3�>�IW|3�>�HG|3�>

�HP|3�>�SRLO|3�>�P3|32>�USLK|32>�LS|3�

<A@
A>

Lq sulqflsoh/ wkh vdph edvh vhw frxog eh xvhg iru suhglfwlqj erwk uhwxuq vsuhdgv1 Wkh voljkw gl�huhqfhv

ehwzhhq wkh wzr edvh vhwv lv prwlydwhg e| frpsxwdwlrqdo frqvlghudwlrqv12�

Rxu �uvw vwhs wrzdugv iruhfdvwlqj wkh wzr uhwxuq vsuhdgv lqyroyhv wkh lghqwl�fdwlrq ri d suhihuuhg prgho

dprqj wkh pdq| srvvleoh prghov wkdw duh lpsolhg e| wkh gl�huhqw vxevhwv ri ]6| dqg ],|1 Ohw P�6| uhihu

wr prgho l dw wlph w iru suhglfwlqj [6|=

P�6| = [6| @ ��6 . �
�

�6}�6c|3� . x�6|> iru l @ 4> 5> 6> ====> 5&6 > w @ 4> 5> ====> W +47,

zkhuh }�6c|3� lv d vxevhw ri wkh yduldeohv lq ]6c|3�/ x�6| lv d glvwxuedqfh whup/ dqg n6 @ 481 Hdfk ri wkh

5�D @ 65> :9; prghov lv lghqwl�hg e| d n6 � 4 yhfwru ri elqdu| frghv/ h�6/ zlwk d xqlw| iru dq lqfoxghg

yduldeoh dqg }hur iru dq h{foxghg yduldeoh1 Wkh xqnqrzq sdudphwhuv/ ��6 dqg ��6/ duh hvwlpdwhg iru hdfk

prgho e| Ruglqdu| Ohdvw Vtxduhv1

Vlploduo|/ prghov P�,|/ l @ 4> 5> 6> ====> 5&, duh hvwlpdwhg iru [,|=

P�,| = [,| @ ��, . �
�

�,}�,c|3� . x�,|> iru l @ 4> 5> 6> ====> 5&, > w @ 4> 5> ====> W> +48,

2�
ì i Tih�4i?|i_ ��|� @__�?} |�i @__�|�L?@* �@h�@M*it f,c|3� @?_ {-,c|3� Ef6c|3� @?_ {-6c|3� � |L ~6c|3� E~,c|3��c M�|

LM|@�?i_ t�4�*@h hit�*|t�
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zkhuh }�c,c|3� 5 ],c|3�1 Hdfk prgho P�,| lv lghqwl�hg e| d n, � 4 yhfwru ri elqdu| frgh/ h�,1 Qrwlfh wkdw lq

rxu dssolfdwlrq n, @ n6 @ 481

Lq hdfk shulrg/ zh hvwlpdwh 5 � 65> :9; prghov +65> :9; prghov iru [6| dqg 65> :9; prghov iru [,|,1

Zh fkrrvh wkh rswlpdo prghov/ PW6| dqg PW,| iru hdfk shulrg w @ wf . 4/ wf . 5> ===> W / xvlqj rqh ri d

qxpehu ri vwdqgdug prgho vhohfwlrq fulwhuld= Wkhlo*v +4<8;, �U2/ Dndlnh*v +4<:6, lqirupdwlrq fulwhulrq +DLF,/

Vfkzdu}*v +4<:;, Ed|hvldq fulwhulrq +VEF, dqg Kdqqdq dqg Txlqq*v +4<:<, fulwhulrq +KTF,1 Hdfk ri wkhvh

fulwhuld r�huv wkh uhvhdufkhu d gl�huhqw wudgh0r� ehwzhhq sduvlprq| dqg �w1 Wkurxjkrxw rxu vdpsoh/ wkh wzr

edvh vhwv ri uhjuhvvruv/ ]6c|3� dqg ],c|3�/ duh xqfkdqjhg1 Krzhyhu/ wkh rswlpdo vxevhwv ri wkhvh srwhqwldo

uhjuhvvruv/ }W6| dqg }
W,| duh wlph ghshqghqw1

Iru hdfk htxdwlrq/ hvwlpdwlrq ri rxu rswlpdo prgho jhqhudwhv sdudphwhu hvwlpdwhv dqg dq lpsolhg vxevhw

ri iruhfdvwlqj yduldeohv/ }W6| dqg }
W,|/ uhvshfwlyho|1 Wkhvh duh xvhg wr jhqhudwh srlqw iruhfdvwv ri [6c|n�

dqg [,c|n�/ zklfk duh ghqrwhg a[6c|n� dqg a[,c|n�/ uhvshfwlyho|1 Jlyhq wkhvh uhfxuvlyh iruhfdvwv wkh iroorzlqj

rughulqjv ryhu wkh wkuhh kroglqj shulrg uhwxuqv fdq eh ghulyhg=

a[,c|n� A
a[6c|n� dqg a[6c|n� A 3 @, aUrc|n� ?

aU6c|n� ?
aU,c|n�>

a[6c|n� A
a[,c|n� dqg a[,c|n� A 3 @, aUrc|n� ?

aU,c|n� ?
aU6c|n�>

a[6c|n� ?
a[,c|n� dqg a[,c|n� ? 3 @, aU6c|n� ?

aU,c|n� ?
aUrc|n�>

a[6c|n� ? 3 dqg a[,c|n� A 3 @, aU6c|n� ?
aUrc|n� ?

aU,c|n�>

a[,c|n� ?
a[6c|n� dqg a[6c|n� ? 3 @, aU,c|n� ?

aU6c|n� ?
aUrc|n�>

dqg a[,c|n� ? 3 dqg a[6c|n� A 3 @, aU,c|n� ?
aUrc|n� ?

aU6c|n�=

e�2 �Lh|uL*�L t�4�*@|�L?t

Zh xvh rxu rughulqjv ri pdwxulw| edqgv e| h{shfwhg frvw wr vlpxodwh wkh lpsdfw ri dgmxvwlqj wkh GPD*v erqg

sruwirolr lq hdfk shulrg +dvvxplqj wkdw wkh GPD wdnh erqg sulfhv dv jlyhq,1 Fohduo|/ li frvw plqlplvdwlrq

lv wkh rqo| ghew pdqdjhphqw remhfwlyh dqg wudqvdfwlrq frvw duh qhjoljleoh/ wkhq wkh GPD zrxog vkliw wkh

hqwluh sruwirolr lqwr wkh suhglfwhg orzhvw frvw pdwxulw| edqg1 Wkdw lv/ wkh GPD zrxog ex| edfn wkh sduw

ri wkh ghew sruwirolr zklfk lv lq wkh suhglfwhg kljk frvw edqgv dqg wkhq lvvxh wkh htxlydohqw dprxqw lqwr

wkh suhglfwhg orzhvw frvw pdwxulw| edqg1
2e

Zh uhihu wr wklv surfhvv ri uhsxufkdvlqj dqg vhoolqj dv d _ghew

vzlwfk%1

Lq Vhfwlrq 6/ krzhyhu/ zh dujxhg wkdw dowkrxjk wkh GPD irfxvhv sulpdulo| rq frvw plqlplvdwlrq/ rwkhu

remhfwlyhv vxfk dv rughuo| �qdqfldo pdunhwv dqg ulvn duh lpsruwdqw1 Lw lv fohdu wkdw odujh vkliwv lq pdwxulw|

vwuxfwxuh frq�lfw zlwk wkhvh rwkhu ghew pdqdjhphqw remhfwlyhv dqg pd| glvwruw erqg sulfhv +zklfk zh

2e ì @tt�4i t�U� |h@?t@U|�L?t |@!it T*@Ui @| |�i t|@h| Lu i@U� Tih�L_ @| |�i Thi��L�t Tih�L_<t U*Lti Lu M�t�?itt Th�Uit�
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dvvxph dv jlyhq lq rxu dqdo|vlv,1 Ixuwkhupruh/ wkh wudqvdfwlrqv frvwv lqyroyhg lq odujh ghew vzlwfkhv frxog

eh odujh/ exw duh h{wuhpho| gl�fxow wr phdvxuh1

Zlwk wklv lq plqg/ zh frqvwudlq wkh pd{lpxp ghew vzlwfk dv iroorzv1 Zh gh�qh d yduldeoh � vxfk wkdw

3 � � � 41 Wkh pd{lpxp ghew vzlwfk doorzhg +dw wkh vwduw ri, hdfk shulrg lv gh�qhg dv � wlphv wkh

pdunhw ydoxh ri wkh erqg sruwirolr +dw wkh hqg, ri wkh suhylrxv shulrg1 Zh dvvxph wkdw erqgv duh dozd|v

uhsxufkdvhg iurp wkh kljkhvw h{shfwhg frvw pdwxulw| edqg1 Exw li wkh pd{lpxp ghew vzlwfk h{fhhgv wkh

pdunhw ydoxh ri wkh erqgv lq wkh kljkhvw h{shfwhg frvw pdwxulw| edqg/ wkhq dgglwlrqdo erqgv duh uhsxufkdvhg

iurp wkh qh{w kljkhvw h{shfwhg frvw pdwxulw| edqg1 +Dqg/ wulyldoo|/ li wkh vxp ri wkh pdunhw ydoxhv lq wkh

h{shfwhg kljkhvw dqg vhfrqg kljkhvw frvw edqgv lv h{fhhghg/ wkhq dgglwlrqdo erqgv duh uhsxufkdvhg iurp

wkh h{shfwhg orzhvw frvw pdwxulw| edqg1,

Wzr ihdwxuhv ri wklv dssurdfk duh zruwk| ri ixuwkhu uh�hfwlrq1 Iluvw/ erqg uhsxufkdvhv duh vhtxhqwldo/

zlwk wkh kljkhvw h{shfwhg frvw ehlqj uhsxufkdvhg �uvw1 Dq dowhuqdwlyh dssurdfk zrxog eh wr frqgxfw vxfk

uhsxufkdvhv qrq0vhtxhqwldoo|1 Vhfrqg/ erqg vdohv duh dozd|v lqwr wkh orzhvw h{shfwhg frvw pdwxulw| edqg/

udwkhu wkdq lqwr doo pdwxulwlhv1 Erwk ri wkhvh ihdwxuhv duh frqvlvwhqw zlwk wkh frvw plqlplvdwlrq remhfwlyh

exw pd| frq�lfw zlwk wkh rwkhu ghew pdqdjhphqw remhfwlyhv rxwolqhg deryh1

Qrwh wkdw lq dgglwlrq wr dq| ghew vzlwfk/ wkh GPD pxvw vhoo +ex|, vx�flhqw erqgv wr mxvw vdwlvi| wkh

exgjhw lghqwlw|/ Htxdwlrq +5,�vr wkdw wkh exgjhw gh�flw +vxusoxv, lv �qdqfhg1 Zh dvvxph wkdw wkh gh�flw

+vxusoxv, lv �qdqfhg e| vhoolqj +ex|lqj, lqwr wkh orzhvw +kljkhvw, h{shfwhg frvw pdwxulw| edqg1

Zh vlpxodwh sruwirolrv iru d qxpehu ri ydoxhv ri �/ ryhu wkh hydoxdwlrq shulrg1 Zh fdofxodwh wkh dyhudjh

lqwhuhvw frvwv iurp rxu vlpxodwhg sruwirolrv lq hdfk prqwk +zhljkwhg e| vkduh ri pdunhw ydoxh, dqg frpsduh

wkhp zlwk wkrvh uhvxowlqj iurp wkh GPD*v uhdo0wlph ehkdylrxu1

D +it�*|t

Uhfdoo wkdw rxu iruhfdvwv duh wkh uhvxow ri d uhfxuvlyh/ wzr0vwhs surfhgxuh iru hdfk wlph shulrg1 Lq wkh �uvw

vwdjh/ zh vhohfw dq rswlpdo prgho +iru hdfk vhohfwlrq fulwhulrq,1 Lq wkh vhfrqg vwdjh/ zh xvh wkdw prgho wr

jhqhudwh rqh0vwhs dkhdg iruhfdvwv ri uhwxuq vsuhdgv1 Xvlqj d wudlqlqj shulrg iurp Pdufk 4<;3 wr Ghfhpehu

4<;7/ zh jhqhudwh prqwko| iruhfdvwv edvhg rq uhfxuvlyho| vhohfwhg prghov iru wkh hydoxdwlrq shulrg/ Mdqxdu|

4<;8 wr Pdufk 4<<8 +vhh +47, dqg +48,,1

D�� 6LhiU@t| TihuLh4@?Ui

Iljxuhv 6d06e vkrz wkh uhfxuvlyh vwdqgdug huuruv iurp wkh prghov vhohfwhg uhfxuvlyho| xvlqj wkh irxu prgho

vhohfwlrq fulwhuld ryhu rxu hydoxdwlrq shulrg1 Wkh hvwlpdwhg vwdqgdug huuruv ri wkh uhfxuvlyho| vhohfwhg

45



htxdwlrqv vkrz d voljkw grzqzdug wuhqg ryhu wkh shulrg/ h{fhsw lq wzr shulrgv= wkh �uvw rffxuv lq plg0

4<;9�frlqflglqj zlwk wkh Elj Edqj +vhh Edqn ri Hqjodqg Txduwhuo| Exoohwlq +Pdufk 4<;9/ s :40:6,,/ exw

sulru wr wkh htxlw| pdunhw fudvk ri Rfwrehu 4<;:1 Wkh vhfrqg rffxuv durxqg 4<<3/ uh�hfwlqj shukdsv wkh

lqfuhdvhg xqfhuwdlqwlhv vxuurxqglqj wkh XN*v srvlwlrq lq wkh HUP1 Wkh vwdqgdug huuruv iru wkh phglxp0

vkruw uhwxuq vsuhdgv/ [6|/ duh v|vwhpdwlfdoo| orzhu wkdq wkrvh ri wkh orqj0vkruw uhwxuq vsuhdgv/ [,|1 Wklv

uhvxow lv urexvw wr wkh fkrlfh ri wkh prgho vhohfwlrq fulwhuld dqg lqglfdwhv wkdw [,| lv pruh gl�fxow wr iruhfdvw

wkdq [6|1

Wkh iruhfdvwv iru wkh wzr uhwxuq vsuhdgv iru hdfk ri wkh irxu prgho vhohfwlrq fulwhuld duh vkrzq lq Iljxuhv

7d07k1 Wkh rqh0vwhs dkhdg gluhfwlrqdo lqirupdwlrq hperglhg lq wkhvh iruhfdvwv lv uh�hfwhg lq wkh delolw| ri

wkh rswlpdo prghov wr lghqwli| wkh orzhvw dqg kljkhvw frvw pdwxulw| edqgv1 Wklv lqirupdwlrq lv vxppdulvhg

lq Wdeoh 51 Xvlqj wkh KTF iru prgho vhohfwlrq/ wkh orzhvw frvw pdwxulw| edqg lv vhohfwhg fruuhfwo| iru 87(

ri wkh prqwkv lq wkh hydoxdwlrq shulrg1 Wkh fruuhvsrqglqj �jxuhv iru wkh �U2
fulwhulrq/ wkh DLF/ dqg wkh

VEF duh 83(/ 83( dqg 79(> uhvshfwlyho|1 Wkh kljkhvw frvw pdwxulw| edqg lv vhohfwhg fruuhfwo| lq 73(�78(

ri wkh vdpsoh1

Zh lqwhusuhw wkhvh vwdwlvwlfv dv d suholplqdu| lqglfdwlrq wkdw rxu iruhfdvwv frqwdlq xvhixo lqirupdwlrq

iru dqdo|vlqj pdunhw wlplqj1 Wr irupdoo| whvw wklv k|srwkhvlv/ zh xvh Shvdudq dqg Wlpphupdqq*v +4<<7,

jhqhudolvhg Khqulnvvrq0Phuwrq +4<;4, qrq0sdudphwulf whvw ri pdunhw wlplqj1 Uhfdoo wkdw wkh rughulqjv ri

pdwxulw| edqgv duh edvhg rq rxu iruhfdvwv ri uhwxuq vsuhdgv1 Zlwk wkuhh pdwxulw| edqgv/ wkhuh duh vl{

srvvleoh rughulqjv vhw rxw dw wkh hqg ri vhfwlrq 7141 Zh uhihu wr wkhvh lq Wdeoh 6 dv _suhglfwhg rughulqjv%1

Wkhuh duh vl{ fruuhvsrqglqj rughulqjv ri wkh dfwxdo gdwd> zh uhihu wr wkhvh dv _uhdolvhg rughulqjv%1 Iru hdfk

vhohfwlrq fulwhulrq/ wkhuh duh 69 srvvleoh sdluv ri suhglfwhg dqg uhdolvhg rughulqjv1 Hdfk sdlu lv uhsuhvhqwhg

e| d fhoo lq wkh frqwlqjhqf| wdeohv jlyhq lq Wdeohv 6d dqg 6e1 Wkh qxpehuv lq hdfk fhoo jlyh wkh iuhtxhqflhv

dqg wkh �jxuhv lq eudfnhwv vkrz wkh sursruwlrq ri wkh vdpsoh lq zklfk wkh ghvljqdwhg hyhqw rffxuuhg lq rxu

hydoxdwlrq shulrg/ Mdqxdu| 4<;8 wr Pdufk 4<<81

Wkh qxoo k|srwkhvlv ri wkh jhqhuolvhg Khqulnvvrq0Phuwrq whvw dgydqfhg lq Shvdudq dqg Wlpphupdqq

+4<<7, lq wkh fdvh ri wkh 9� 9 frqwlqjhqf| wdeoh fdq eh zulwwhq dv=

Kf =

S[

S'�

+�SS � �Sf�fS, @ 3 +49,

zkhuh �SS ghqrwhv wkh mrlqw suredelolw| wkdw wkh rughulqj lq fdwhjru| f lv fruuhfwo| suhglfwhg dqg �Sf�fS lv

wkh suredelolw| ri wklv mrlqw hyhqw rq wkh dvvxpswlrq wkdw surfhvvhv jhqhudwlqj wkh suhglfwhg dqg uhdol}hg

rxwfrphv duh lqghshqghqwo| glvwulexwhg1 �Sf lv wkh pdujlqdo suredelolw| ri wkh uhdol}hg rughulqj lq fdwhjru| f/

dqg �fS lv wkh dvvrfldwhg pdujlqdo suredelolw| ri wkh suhglfwhg rughulqj1 Wkh qxoo k|srwkhvlv +49, irfxvhv rq

wkh vxp ri wkh gldjrqdo hohphqwv ri wkh frqwlqjhqf| wdeoh dqg lv ohvv uhvwulfwlyh wkdq wkh qxoo k|srwkhvlv wkdw
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wkh suhglfwhg dqg wkh uhdol}hg rughulqjv duh lqghshqghqwo| glvwulexwhg1 Lw lv lpsolhg e| wkh lqghshqghqfh

k|srwkhvlv exw grhv qrw uhtxluh lw1 Dv lw lv dujxhg lq Shvdudq dqg Wlpphupdqq +4<<7, iru pdunhw wlplqj

sxusrvhv wkh r�0gldjrqdo hohphqwv ri wkh frqwlqjhqf| wdeoh lv ri vhfrqgdu| lpsruwdqfh1 Lq wkh suhvhqw

dssolfdwlrq/ lw lv dovr zruwk qrwlqj wkh fdvhv zkhuh wkh kroglqj uhwxuqv ulvh zlwk wkh erqg pdwxulw| +U,| A

U6| A Ur|, dqg wkh uhyhuvh fdvh zkhuh wkh kroglqj shulrg uhwxuqv idoo zlwk wkh erqg pdwxulw| +Ur| A U6| A

U,|, dffrxqw iru ::( ri wkh uhdolvhg rughulqjv1 Wkh frqwulexwlrqv ri wkh rwkhu rughulqjv wr wkh pdunhw

wlplqj whvw vwdwlvwlf lv qhjoljleoh1

Xvlqj wkh fhoo iuhtxhqflhv lq Wdeoh 6/ zh fdofxodwhg Shvdudq dqg Wlpphupdqq*v +4<<7, whvw vwdwlvwlfv iru

gl�huhqw prgho vhohfwlrq fulwhuld1 Wkhvh duh glvsod|hg lq wkh odvw froxpq ri Wdeoh 5/ dqg duh dv|pswrwlfdoo|

glvwulexwhg dv Q+3> 4,1 Xvlqj d rqh0wdlohg whvw/ wkh qxoo k|srwkhvlv lv uhmhfwhg dw wkh 8( vljql�fdqfh ohyho/

iru doo vhohfwlrq fulwhuld1

Kdylqj hvwdeolvkhg wkdw wkh iruhfdvwv duh xvhixo iru pdunhw wlplqj/ zh frqvlghu wkh lqfoxvlrq iuhtxhqf|

ri wkh ydulrxv uhjuhvvruv iurp wkh edvh vhw dqg wkh vljq ri wkhlu uhvshfwlyh frh�flhqwv1 Uhfdoo wkdw/ lq

wkhru|/ wkh uhfxuvlyho| vhohfwhg prghov qhhg qrw lqfoxgh dq| ri wkh yduldeohv lq wkh edvh vhwv ]6c|3� dqg

],c|3� +gh�qhg e| +45, dqg +46,,1 Lq sudfwlfh/ zh �qg wkdw d qxpehu ri yduldeohv duh dozd|v lqfoxghg lq wkh

iruhfdvwlqj prghov/ uhjdugohvv ri wkh vhohfwlrq fulwhulrq xvhg1 Iljxuhv 8d08m vkrz wkh hvwlpdwhg frh�flhqwv

ri vhohfwhg uhjuhvvruv iru wkh hydoxdwlrq shulrg Mdqxdu| 4<;8 wr Pdufk 4<<8/ xvlqj wkh DLF dqg wkh VEF iru

prgho vhohfwlrq1 +Wkh uhvxowv edvhg rq wkh �U2
fulwhulrq duh yhu| vlplodu wr wkh DLF fdvh> wkh uhvxowv xvlqj

wkh KTF olh ehwzhhq wkh DLF dqg VEF fdvhv1, Iljxuhv 9d09e vkrz wkh qxpehu ri uhjuhvvruv lqfoxghg ryhu

wkh hydoxdwlrq shulrg djdlq xvlqj wkh DLF dqg wkh VEF1 Erwk prgho vhohfwlrq surfhgxuhv lqglfdwh ihzhu

uhjuhvvruv wkdq wkh 49 lq wkh edvh vhw +48 soxv wkh frqvwdqw,> zlwk wkh VEF lqglfdwlqj ihzhu uhjuhvvruv wkdq

wkh DLF lq doprvw hyhu| shulrg1 Wkh pd{lpxp qxpehu ri uhjuhvvruv lqfoxghg lv < iru wkh [6| prghov dqg

43 iru wkh [,| prghov> exw iru prvw ri wkh shulrg/ DLF vhohfwv 90: uhjuhvvruv dqg VEF vhohfwv 608 uhjuhvvruv

zklfk uh�hfwv wkh odujhu shqdow| lpsrvhg e| wkh VEF fulwhulrq rq wkh lqfoxvlrq ri wkh dgglwlrqdo uhjuhvvruv1

Wkh yduldeohv [6c|3�>[,c|3�>�Urc|3�/ �IW|3� dqg �U6c|3� duh uduho| vhohfwhg1 Wr vdyh vsdfh lq Iljxuh

8 zh vkrz wkh frh�flhqwv ri wkh 8 prvw frpprqo| lqfoxghg uhjuhvvruv1 Wkh frh�flhqwv ri wkh uhodwlyh sulfh

yduldeohv/ +s6c|3� � src|3�, dqg +s,c|3� � src|3�,/ zkhq vhohfwhg/ duh qhjdwlyh wkurxjkrxw wkh shulrg/ vxj0

jhvwlqj dq huuru fruuhfwlqj dgmxvwphqw ehwzhhq uhwxuq vsuhdgv dqg wkh dvvrfldwhg sulfh gl�huhqwldov1
2D

Wkh

hvwlpdwhg frh�flhqwv ri wkh qrq0olqhdu yduldeoh/ �JDSrc|3�/ +zkhq vhohfwhg, duh dovr v|vwhpdwlfdoo| qhjd0

wlyh/ iru erwk htxdwlrqv dqg ryhu wkh zkroh hydoxdwlrq shulrg1 Wklv lqglfdwhv d idvwhu grzqzdug dgmxvwphqw

wr wkh uhwxuq vsuhdgv zkhq wkh fkdqjh lq wkh sulfh ri wkh vkruw pdwxulw| erqg idoov ehorz lwv suhylrxv shdn1

Fkdqjhv lq wkh XN Wuhdvxu| Eloo udwh/ �WE|3�/ kdyh d v|vwhpdwlfdoo| srvlwlyh h�hfw rq uhwxuq vsuhdgv1 Wkh

2D�L|�Ui |�@| ��i? @ �@h�@M*i �t ?L| ti*iU|i_ �|t ULi�U�i?| �t ti| |L 3ihL�

47



vljq ri wkhvh frh�flhqwv lv frqvlvwhqw zlwk pdunhw sudfwlwlrqhuv* shufhswlrqv wkdw lqfuhdvhv lq wkh Wuhdvxu|

Eloo udwh lqfuhdvh wkh ulvn suhpld rq kroglqj orqj dqg phglxp erqgv ryhu vkruw erqgv1 Wkh |lhog vsuhdg

ehwzhhq orqj dqg vkruw pdwxulw| XV jryhuqphqw ghew/ XVVS|3�/ dovr kdv dq xqdpeljxrxvo| srvlwlyh h�hfw

rq uhwxuq vsuhdgv1 Wklv vxjjhvwv d srvlwlyh fruuhodwlrq ehwzhhq fkdqjhv lq ulvn suhpld lq wkh XV dqg wkh

XN erqg pdunhwv +zlwk d odj,1 Ilqdoo|/ Iljxuhv 8l dqg 8m vkrz d v|vwhpdwlf srvlwlyh h�hfw ri fkdqjhv lq

lqgxvwuldo surgxfwlrq/ �LS|3�/ rq XN uhwxuq vsuhdgv1 Wklv uhvxow lv frqvlvwhqw zlwk wkh ylhz wkdw rxwsxw

h{sdqvlrqv duh dvvrfldwhg zlwk lqfuhdvlqj xqfhuwdlqw| ryhu vkruw0whup lqwhuhvw udwhv dqg/ khqfh/ lqfuhdvlqj

ulvn suhpld1 Ryhudoo/ wkh hvwlpdwhg frh�flhqwv kdyh uhpdundeo| frqvlvwhqw vljqv dfurvv wkh wzr uhwxuq vsuhdg

htxdwlrqv dqg ryhu wlph1

D�2 5�4�*@|i_ TLh|uL*�Lt

Jlyhq rxu uhfxuvlyho| jhqhudwhg iruhfdvwv dqg wkh dvvrfldwhg pdwxulw| edqg rughulqjv/ zh fduu| rxw d qxpehu

ri ghew pdqdjhphqw vlpxodwlrq h{huflvhv ryhu wkh hydoxdwlrq shulrg/ Mdqxdu| 4<;8 wr Pdufk 4<<81 Zh dowhu

wkh pdwxulw| frpsrvlwlrq ri wkh GPD*v erqg sruwirolr wr plqlplvh h{shfwhg lqwhuhvw frvwv/ vxemhfw wr wkh

pd{lpxp ghew vzlwfk frqvwudlqw�sdudphwhulvhg e| �12S Uhfdoo wkdw wklv uhvwulfwlrq lv prwlydwhg e| wkh

lq�xhqfh ri qrq0frvw uhodwhg ghew pdqdjhphqw remhfwlyhv +vxfk dv ulvn dqg pdunhw vwdelolw|,1
2.

Iru hdfk

ydoxh ri �/ zh fdofxodwh wkh dyhudjh lqwhuhvw frvwv dqg wkhlu yduldelolw| dqg frpsduh wkhp zlwk wkrvh uhvxowlqj

iurp wkh GPD*v dfwxdo uhdo0wlph ehkdylrxu1

Lw lv dssduhqw iurp Wdeoh 7 wkdw wkh GPD*v uhdo0wlph ehkdylru kdv ehhq lqh�flhqw iurp d sxuho| frvw

plqlplvdwlrq shuvshfwlyh1 Iru � @ 3=4�d pd{lpxp prqwko| ghew vzlwfk ri 43( ri wkh wrwdo erqg sruwirolr

pdunhw ydoxh�wkh dyhudjh prqwko| lqwhuhvw frvwv uhvxowlqj iurp wkh prghov vhohfwhg e| wkh �U2
fulwhulrq/

wkh DLF/ wkh KTF/ dqg wkh VEF duh orzhu wkdq wkrvh uhvxowlqj iurp wkh GPD*v uhdo0wlph ehkdylru1 Dw

dqqxdolvhg udwhv/ wkhvh dyhudjh lqwhuhvw udwhv udqjh iurp <=4( +KTF, wr <=6( +VEF,�dssur{lpdwho| 4=;

shufhqwdjh srlqwv ohvv wkdq wkh GPD*v uhdo0wlph dqqxdolvhg udwh ri 44=3(1 Wklv lpsolhv d frvw vdylqj ri

durxqg '4 =; eloolrq shu |hdu dw 4<<3 sulfhv +hydoxdwhg dw wkh erqg sruwirolr pdunhw ydoxh ri '<< eloolrq lq

Iheuxdu| 4<<3,1 Wkh dprxqw ri vzlwfklqj lqyroyhg lv vxevwdqwldo/ krzhyhu= d 43( vzlwfk lv dssur{lpdwho|

htxdo wr '43 eloolrq shu prqwk dw 4<<3 sulfhv1

D prqwko| ghew vzlwfk ri 4=3(/ � @ 3=34/ vhhpv pruh uhdolvwlf= d '4 =4 eloolrq uhsxufkdvh +ru _uhyhuvh

dxfwlrq%, shu prqwk dw 4<<3 sulfhv1
2H

Lq wklv fdvh/ wkh KTF dqg wkh VEF jhqhudwh wkh orzhvw lqwhuhvw

2S6Lh u�h|�ih _i|@�*t tii 5iU|�L? e�2�
2.6Lh u�h|�ih _i|@�*t tii 5iU|�L? ����
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UL?�iht�L?tc @?_ |@Tt� 5�?Ui �bbSc |�i #�� �@�i �ti_ Rt��|U� @�U|�L?t� ���U� @**L� ML?_ �L*_iht |L M�_ |L t��|U� @? i �t|�?}

tTiU��i_ ML?_ �?|L @?L|�ih tTiU��i_ ML?_ E�t�@**) @ Mi?U�4@h! t|LU!�� W? �bbbc |�i t�3i Lu |�iti @�U|�L?t �@t @hL�?_ m�

M�**�L? @| U�hhi?| Th�UitQhL�}�*) |�i t@4i t�3i @t U�hhi?| UL?�i?|�L?@* @�U|�L?t� A�i t�3i Lu UL?�i?|�L?@* @�U|�L?t �? �bbf �@t

48



frvwv1 Wkh dqqxdolvhg dyhudjh prqwko| lqwhuhvw udwh iurp dgrswlqj wkhvh fulwhuld iru prgho vhohfwlrq lv

dssur{lpdwho| 43=9( shu prqwk1 Wkh frvw vdylqj ryhu wkh GPD*v uhdo0wlph ehkdylrxu lv prghvw= dq

dqqxdolvhg udwh ri derxw 3=7 shufhqwdjh srlqwv ru '+4<<3 ,3 =7 eloolrq shu |hdu1 Lq wkh 3( vzlwfklqj fdvh/

wkh dqqxdol}hg vdylqj idoov wr 3=4� 3=5 shufhqwdjh srlqwv ru '+4<<3 ,3 =4 � 3 =5 eloolrq shu |hdu1

Iljxuh : vkrzv wkh uhfxuvlyh dyhudjh lqwhuhvw frvwv iru hdfk shulrg/ iru � @ 4 dqg � @ 3=341 Iru

looxvwudwlyh sxusrvhv/ wkh �jxuhv vkrz wkh vlpxodwhg lqwhuhvw frvwv uhvxowlqj iurp wkh DLF dqg VEF prgho

vhohfwlrq fulwhuld/ wrjhwkhu zlwk wkrvh uhvxowlqj iurp wkh GPD*v uhdo0wlph ehkdylrxu1 Lq jhqhudo/ lqwhuhvw frvw

vdylqjv ryhu wkh GPD*v ehkdylru duh srvvleoh> exw/ wkh vdylqjv duh vpdoo iru uhdolvwlf vzlwfklqj frqvwudlqwv1

Iljxuh ; vkrzv wkh uhfxuvlyh vwdqgdug ghyldwlrqv ri wkh dyhudjh prqwko| lqwhuhvw frvwv uhvxowlqj iurp wkh

vlpxodwhg sruwirolrv dqg wkh GPD*v uhdo0wlph ehkdylrxu1 Lqwhuhvwlqjo|/ iru wkh ydoxh ri � @ 4/ wkh lqwhuhvw

udwhv jhqhudwhg e| wkh vlpxodwhg sruwirolrv duh pruh yduldeoh wkdq wkrvh lpsolhg e| wkh GPD*v uhdo0wlph

ehkdylrxu1 Krzhyhu/ lq wkh fdvh zkhuh � @ 3=34/ wkh DLF prgho gholyhuv d prghvw idoo lq erwk lqwhuhvw udwh

yduldelolw| dqg dyhudjh lqwhuhvw udwh1

Iljxuh < vkrzv wkh sruwirolr erqg vkduhv uhvxowlqj iurp wkh ydulrxv prgho vhohfwlrq fulwhuld iru � @ 3=341

Wkh vlpxodwhg sruwirolr*v duh yhu| gl�huhqw iurp wkh GPD*v uhdo0wlph sruwirolr vkrzq lq Iljxuh 41 Lq

jhqhudo/ wkh vlpxodwhg sruwirolrv lqfoxgh d pxfk juhdwhu sursruwlrq ri vkruw erqgv1 Wrzdugv wkh hqg ri wkh

hydoxdwlrq shulrg/ wkh vkduhv ri phglxp dqg orqj erqgv duh forvh wr }hur1

Wkh vlpxodwhg erqg sruwirolr vkduhv kljkoljkw dq lqwhuhvwlqj ihdwxuh ri rxu uhvxowv1 Prvw ghew pdqdjhuv

zrxog uhjdug d sruwirolr wkdw frpsulvhv prvwo| vkruw erqgv dv _ulvn|%> exw lq wkh VEF fdvh/ wkh vwdqgdug

ghyldwlrq ri dyhudjh lqwhuhvw frvwv ryhu wkh shulrg iurp Mdqxdu| 4<;8 wr Pdufk 4<<8 lv vpdoohu wkdq iru wkh

GPD*v uhdo0wlph sruwirolr +vhh Iljxuh ;e,1 Ri frxuvh/ wkh sx}}oh fdq eh uhfrqflohg li rqh frqvlghuv phdvxuhv

ri ulvn rwkhu wkdq wkh vwdqgdug huuruv1 Krzhyhu/ wr gdwh wkh XN ghew pdqdjhphqw remhfwlyhv surylgh olwwoh

jxlgdqfh rq zkdw wkhvh phdvxuhv pljkw eh +vhh Vhfwlrq 614,1

S �L?U*�t�L?t

Zh kdyh surylghg dq hpslulfdo dqdo|vlv ri wkh h�flhqf| ri wkh GPD*v ehkdylrxu iurp d frvw plqlplvdwlrq

shuvshfwlyh1 Dgrswlqj d uhfxuvlyh prghoolqj dssurdfk/ zh jhqhudwhg rqh0vwhs dkhdg iruhfdvwv ri uhwxuq

vsuhdgv1 Zh xvhg wkh uhvxowlqj lpsolhg rughulqjv ri wkh erqg pdwxulw| edqgv wr fduu| rxw ghew pdqdjhphqw

vlpxodwlrqv1 Wkhvh lqyroyhg dgmxvwlqj wkh pdwxulw| vwuxfwxuh ri wkh vlpxodwhg erqg sruwirolrv lq uhvsrqvh

wr h{shfwhg frvwv1 Zh irxqg wkdw wkh dyhudjh lqwhuhvw frvwv uhvxowlqj iurp wkh vlpxodwhg sruwirolrv zhuh

orzhu wkdq wkrvh uhvxowlqj iurp wkh GPD*v dfwxdo uhdo0wlph ehkdylrxu1 Krzhyhu/ d vxevwdqwldo uhgxfwlrq lq
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lqwhuhvw frvwv uhtxluhg odujh prqwko| fkdqjhv lq wkh sruwirolr*v pdwxulw| vwuxfwxuh zklfk pd| kdyh lpsruwdqw

xqghvludeoh ulvn dqg oltxlglw| lpsolfdwlrqv1 Exw wkh uhfxuvlyh uhvxowv vkrz wkdw frvw vdylqjv zrxog kdyh

ehhq srvvleoh hyhq li zh frqvwudlq wkh fkdqjhv lq wkh sxeolf ghew sruwirolr qrw wr h{fhhg 4( ri wrwdo ghew

rxwvwdqglqj1 Jlyhq wkh vl}h ri wkh ghew hyhq vpdoo uhgxfwlrqv lq wkh dyhudjh lqwhuhvw udwhv rq sxeolf ghew

fdq kdyh odujh �qdqfldo lpsolfdwlrqv1

Wkh uhfxuvlyh prghoolqj vwudwhj| kdv doorzhg xv wr surylgh dq hpslulfdo hydoxdwlrq ri wkh ihdvlelolw|

ri d frvw plqlpl}dwlrq dssurdfk wr ghew pdqdjhphqw1 Zh kdyh dwwhpswhg wr dyrlg wkh gdwd vqrrslqj

sureohpv wkdw duh kljkoljkwhg lq wkh �qdqfh olwhudwxuh/ dqg lqhylwdeo| d�lfw frxqwhu idfwxdo h{huflvhv wkdw

duh urxwlqho| fduulhg rxw lq dssolhg hfrqrphwulfv1 Rxu uhvhdufk/ krzhyhu/ grhv qrw dgguhvv dghtxdwho| wkh

ulvn pdqdjhphqw dvshfwv ri wkh ghew pdqdjhphqw1 Wklv lv sduwo| gxh wr wkh idfw wkdw dw suhvhqw wkh ulvnv

zklfk frqfhuq wkh XN GPD/ dqg wkhlu dwwlwxgh wrzdugv wkhp/ duh qrw zhoo xqghuvwrrg1 Zh kdyh dwwhpswhg

wr sduwldoo| dgguhvv vxfk frqfhuqv e| frqvlghulqj h{solflw frqvwudlqwv rq wkh h{whqw wr zklfk sxeolf ghew

sruwirolr fdq eh dowhuhg1 Wklv lv fohduo| dg krf dqg d pruh vdwlvidfwru| dssurdfk wr ulvn0uhwxuq dqdo|vlv ri

sxeolf ghew lv uhtxluhg1

4:



Gdwd Dsshqgl{

Zh xvhg gdwd iurp irxu vrxufhv1 Wkh Edqn ri Hqjodqg*v Prqhwdu| Dqdo|vlv Glylvlrq 5 +ERH,/ wkh R�fh

iru Qdwlrqdo Vwdwlvwlfv gdwdedqn +RQV,/ Flwledvh dqg wkh Ihghudo Uhvhuyh Hfrqrplf Gdwdedvh +IUHG,1

Uhvhdufkhuv lqwhuhvwhg lq dftxlulqj erqg gdwd vkrxog frqwdfw wkh Prqhwdu| Dqdo|vlv Glylvlrq 5/ Edqn ri

Hqjodqg/ Wkuhdgqhhgoh Vwuhhw/ Orqgrq/ HF5U ;DK1 Wkh RQV dqg IUHG gdwdedqnv duh dydlodeoh rqolqh dw

kwws=22zzz1gdwd0dufklyh1df1xn2rqolqh2rqv2 dqg kwws=22zzz1vwov1iue1ruj2iuhg2lqgh{1kwpo1

Ur = Prqwko| Kroglqj Shulrg Uhwxuq/ Vkruw Erqgv1 Vrxufh ERH1

U6 = Prqwko| Kroglqj Shulrg Uhwxuq/ Phglxp Erqgv1 Vrxufh ERH1

U, = Prqwko| Kroglqj Shulrg Uhwxuq/ Orqj Erqgv1 Vrxufh ERH1

[6 = Phglxp wr Vkruw Uhwxuq Vsuhdg/ U6 �Ur1

[
, = Orqj wr Vkruw Uhwxuq Vsuhdg/ U, �Ur1

sr = oq +Sulfh,/ Vkruw Erqgv/ Hqg Prqwk/ Fohdq1 Vrxufh ERH1

s6 = oq +Sulfh,/ Phglxp Erqg/ Hqg Prqwk/ Fohdq1 Vrxufh ERH1

s
, = oq +Sulfh,/ Orqj Erqg/ Hqg Prqwk/ Fohdq1 Vrxufh ERH1

Er = Txdqwlw|/ Vkruw Erqgv/ Hqg Prqwk1 Vrxufh ERH1

E6 = Txdqwlw|/ Phglxp Erqgv/ Hqg Prqwk1 Vrxufh ERH1

E
, = Txdqwlw|/ Orqj Erqgv/ Hqg Prqwk1 Vrxufh ERH1

�WE = Fkdqjh lq 6 Prqwk Wuhdvxu| Eloo udwh1 Vrxufh= RQV/ DMQF1

XVVS = \lhog Vsuhdg ehwzhhq X1V1 Orqj0whup Jryhuqphqw Erqgv dqg

6 Prqwk Wuhdvxu| Eloov1 Fdofxodwhg dv

+4 . OWJRY WEG@433,�*�2 � +4 . WE6PD@433,�*�21 Vrxufh= IUHG1

�IW = Shufhqwdjh Fkdqjh lq wkh Ilqdqfldo Wlphv Doo Vkduh Lqgh{1

Fdofxodwhg dv oq +IW|@IW|3�, = Vrxufh= RQV/ DMPD1

�HG = Shufhqwdjh Fkdqjh lq wkh Vwhuolqj0Groodu H{fkdqjh Udwh1

Fdofxodwhg dv oq +HG|@HG|3�, = Vrxufh= RQV/ DMID

�HP = Shufhqwdjh Fkdqjh lq wkh Vwhuolqj0Pdun H{fkdqjh Udwh1

Fdofxodwhg dv oq +HP|@HP|3�, = Vrxufh= RQV/ DMIK1

�SRLO = Shufhqwdjh Fkdqjh lq wkh Vsrw Sulfh ri Rlo1

Fdofxodwhg dv oq +SRLO|@SRLO|3�, = Vrxufh= Flwledvh/ PHHISS1

�P3 = \hdu rq \hdu Shufhqwdjh Fkdqjh lq wkh Prqhwdu| Edvh1

Fdofxodwhg dv oq +P3|@P3|3�2, = Vrxufh= RQV/ DYDG1

�USLK = \hdu rq \hdu Shufhqwdjh Fkdqjh lq wkh Uhwdlo Sulfh Lqgh{ +h{foxglqj

krxvlqj,1 Fdofxodwhg dv F]EL@4331 Vrxufh= RQV1

�LS = \hdu rq \hdu Shufhqwdjh Fkdqjh lq wkh Lqgxvwuldo Surgxfwlrq Lqgh{1

Fdofxodwhg dv oq +LS|@LS|3�2, = Vrxufh= RQV/ GY]L1
Qrwhv=

4, Wkhuh duh wkuhh rwkhu yduldeohv lq wkh edvh vhwv1 Wkhvh duh +s6 � sr,/ +s, � sr, dqg �JDSr= Wkh �uvw lv

wkh gl�huhqfh ehwzhhq wkh qdwxudo orjv ri wkh sulfhv ri phglxp pdwxulw| dqg vkruw pdwxulw| erqgv1 Wkh

vhfrqg lv wkh gl�huhqfh ehwzhhq wkh qdwxudo orjv ri wkh sulfhv ri orqj pdwxulw| dqg vkruw pdwxulw| erqgv1

4;



Wkh wklug lv frqvwuxfwhg dv iroorzv=

�JDSr| @ JDSr| �JDSrc|3�

zkhuh

JDSr| @ pd{ +sr�> sr2> = = = > sr|,� sr|

dqg sr lv wkh qdwxudo orj ri wkh sulfh ri vkruw pdwxulw| erqgv1

5, Erqg gdwd

Wkh kroglqj shulrg uhwxuq gdwd duh dydlodeoh iurp wkh Edqn ri Hqjodqg*v Prqhwdu| Dqdo|vlv Glylvlrq 5

rq d gdlo| edvlv1 Wkh lqglylgxdo erqg gdwd duh djjuhjdwhg lqwr pdwxulw| edqgv= vkruw +? : |hduv,/ phglxp

+ehwzhhq : dqg ? 48 |hduv, dqg orqj + � 48 |hduv,1 Hdfk lqglylgxdo erqg lv htxdoo| zhljkwhg1 Wkh prqwko|

gdwd xvhg lq wklv vwxg| duh wkh vxp ri xqghuo|lqj gdlo| gdwd1

Wkh gdlo| kroglqj shulrg uhwxuq rq dq lqglylgxdo erqg lv gh�qhg dv wkh �uvw gl�huhqfh ri +wkh orj ri, wkh

forvlqj sulfh/ dgmxvwhg wr uh�hfw _h{0glylghqg% h�hfwv xvlqj wkh 60prqwk Orqgrq Lqwhuedqn R�huhg Udwh

+OLE6,1 Qdpho|

U_| @ oq

#
S_| .D_|

S_c|3�

$
>

zkhuh S_| ghqrwhv wkh gdlo| forvh ri exvlqhvv gluw| sulfh dw wlph w dqg D_| ghqrwhv wkh dgmxvwphqw iru

h{0glylghqg shulrgv1

6, Pdfurhfrqrplf lqglfdwruv

Rxu pdfurhfrqrplf lqglfdwruv zhuh vhohfwhg edvhg rq d uhylhz ri Wkh Edqn ri Hqjodqg Txduwhuo|

Exoohwlq iurp 4<;3 wr 4<<71 Lq wkh olvwhg lvvxhv/ wkh iroorzlqj lqglfdwruv zhuh phqwlrqhg lq wkh Ilqdqfldo

Uhylhz vhfwlrq ri wkh Exoohwlqv=

Phdvxuh Lqglfdwru phqwlrqhg Gdwh ri wkh Exoohwlq

WE Wuhdvxu| Eloo vdohv
W

Pdufk 4<;3

XVVS XV udwhv Mxqh 4<;3

IW Htxlw| sulfhv
W

Pdufk 4<;3

HG Vwhuolqj0XV groodu h{fkdqjh udwh Vhswhpehu 4<;3

HP Vwhuolqj0 Pdun h{fkdqjh udwhv Vhswhpehu 4<;3

SRLO Rlo sulfhv Pdufk 4<;8

P3 Prqhwdu| edvh Pdufk 4<;3

USLK Lq�dwlrq Mxqh 4<;3

LS Lqgxvwuldo surgxfwlrq
W

Vhswhpehu 4<;31

Lqglfdwruv ghqrwhg e| � zhuh phqwlrqhg lq wkh Exoohwlqv lq frqqhfwlrq zlwk wkh glvfxvvlrqv ri wkh prqh|

ru rwkhu pdunhwv/ udwkhu wkdq wkh erqg pdunhwv1 Uhihuhqfhv wr yduldeohv diwhu Vhswhpehu 4<;4 duh iurp wkh

_Jlow0hgjhg% vxevhfwlrq ri wkh _Rshudwlrq ri prqhwdu| srolf|%1

4<
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Dl|djdul/ V1U1 dqg H1U1 PfJudwwhq +4<<;, _Wkh rswlpxp txdqwlw| ri ghew%/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 75/ 77:079<1

Dndlnh/ K1 +4<:6, _Lqirupdwlrq wkhru| dqg dq h{whqvlrq ri wkh pd{lpxp olnholkrrg sulqflsoh%/ lq E1Q1

Shwury dqg I1 Fvdnl +hgv1, Vhfrqg Lqwhuqdwlrqdo V|psrvlxp rq Lqirupdwlrq Wkhru|/ 59:05;4/ Dndghpldl

Nldgr/ Exgdshvw1

Dqghuvrq/ Q1/ Euhhgrq/ I1/ Ghdfrq/ P1/ Ghuu|/ D1/ dqg J1 Pxusk| +4<<9, Hvwlpdwlqj dqg lqwhusuhwlqj

wkh |lhog fxuyh/ Zloh|/ Fklfkhvwhu/ Hqjodqg1

Edqn ri Hqjodqg Txduwhuo| Exoohwlq/ 4<;304<<81

Eduur/ U1M1 +4<:<, _Rq wkh ghwhuplqdwlrq ri sxeolf ghew%/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;:/ <730<:41

Eduur/ U1M1 +4<<8, _Rswlpdo ghew pdqdjhphqw%/ QEHU ZS 865:/ Rfwrehu1

Ehdxgu|/ S1 dqg J1 Nrrs +4<<6, _Gr uhfhvvlrqv shupdqhqwo| fkdqjh rxwsxwB%/ Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 64/ 47<04961

Erkq/ K1 +4<;;, _Zk| gr zh kdyh qrplqdo jryhuqphqw ghew%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 54/

45:04731

Erkq/ K1 +4<<3, _Wd{ vprrwklqj zlwk �qdqfldo lqvwuxphqwv%/ Dphulfdq Hfrqrplf Uhylhz/ ;3/ 454:045631

Errwkh/ S1 dqg E1 Uhlg +4<<5, _Ghew pdqdjhphqw remhfwlyhv iru d vpdoo rshq hfrqrp|%/ Mrxuqdo ri

Prqh|/ Fuhglw dqg Edqnlqj/ 57/ 760931

Fdpsehoo M1\1/ D1Z1/ Orz/ dqg D1F1 PdfNlqod| +4<<:, _Wkh Hfrqrpwhulfv ri Ilqdqfldo Pdunhwv%/

Sulqfhwrq Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1

Fdoyr/ J1 dqg S1 Jxlgrwwl +4<<5, _Rswlpdo pdwxulw| ri qrplqdo jryhuqphqw ghew= dq lq�qlwh krul}rq

prgho%/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 66/ ;<80<4<1

Fkdpoh|/ L1 dqg K1 Srohpdufkdnlv +4<;7, _Dvvhw pdunhwv/ jhqhudo htxloleulxp/ dqg wkh qhxwudolw| ri

prqh|%/ Uhylhz ri Hfrqrplf Vwxglhv/ 84/ 45<046;1

Gdoh/ V1/ D1 Prqjlduglqr dqg G1W1 Txdk +4<<:, _D prghvw sursrvdo iru vwuxfwxulqj ghew%/ xqsxeolvkhg

pdqxvfulsw/ Edqn ri Hqjodqg/ Dsulo1

Idyhur/ F1/ D1 Plvvdoh dqg J1 Sulplfhul +4<<<, _Ghew pdwxulw| dqg wkh uhdfwlrq dqg shuirupdqfh

ri prqhwdu| srolf|%/ lq N1D1 Fu|vwdo +hg, Jryhuqphqw ghew vwuxfwxuh dqg prqhwdu| frqglwlrqv/ Edqn ri

Hqjodqg frqihuhqfh yroxph1

Ilvfkhu/ V1 +4<;6, _Zhoiduh h�hfwv ri jryhuqphqw lvvxh ri lqhgh{hg erqgv%/ lq U1 Gruqexuvfk dqg P1K1

Vlprqvhq +hgv, Lq�dwlrq/ Ghew dqg Lqgh{dwlrq/ PLW Suhvv1

Iulhgpdq/ P1 +4<93, D Surjudp iru Prqhwdu| Vwdelolw|/ Irugkdp Xqlyhuvlw| Suhvv/ Qhz \run1

Kdqqdq/ H1M1 dqg E1J1 Txlqq +4<:<, _Wkh ghwhuplqdwlrq ri dq rughu ri dq dxwruhjuhvvlrq%/ Mrxuqdo ri
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Ur|do Vwdwlvwlfdo Vrflhw|/ 74/ 4<304<81

K1P1 Wuhdvxu| +4<<3, Ilqdqfldo Vwdwhphqw dqg Exgjhw Uhsruw +IVEU,1

K1P1 Wuhdvxu| Ghew Pdqdjhphqw Uhsruw/ lvvxhv 4<<8053331

K1P1 Wuhdvxu| +4<<8, Uhsruw ri wkh Ghew Pdqdjhphqw Uhylhz1

Khqulnvvrq/ U1G1 dqg U1F1 Phuwrq +4<;4, _Rq pdunhw wlplqj dqg lqyhvwphqw shuirupdqfh%/ Mrxuqdo ri

Exvlqhvv/ 87/ 84608661

Kropvwurp/ E1 dqg M1 Wluroh +4<<;, _Sulydwh dqg sxeolf vxsso| ri oltxlglw|%/ Mrxuqdo ri Srolwlfdo Hfrq0

rp|/ 439/ 40731

Ohrqj/ G1 +4<<<, _Ghew Pdqdjhphqw�Wkhru| dqg Sudfwlfh%/ K1P1 Wuhdvxu| Rffdvlrqdo Sdshu qr 43/

Dsulo1

Olyldwdq/ Q1 +4<;6, _Rq wkh lqwhudfwlrq ehwzhhq zdjh dqg dvvhw lqgh{dwlrq lq U1 Gruqexvfk dqg P1K1

Vlprqvhq +hgv, Lq�dwlrq/ Ghew dqg Lqgh{dwlrq/ PLW Suhvv1

Oxw}/ I1D1 +4<73, _Wkh vwuxfwxuh ri lqwhuhvw udwhv%/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 88/ 690<61

Plvvdoh +4<<<, Sxeolf Ghew Pdqdjhphqw/ R{irug Xqlyhuvlw| Suhvv/ R{irug1

Shvdudq/ P1K1 dqg V1P1 Srwwhu +4<<:, _D �rru dqg fhlolqj prgho ri X1V1 rxwsxw%/ Mrxuqdo ri Hfrqrplf

G|qdplfv dqg Frqwuro/ 54/ 99409<81

Shvdudq/ P1K1 dqg D1 Wlpphupdqq +4<<5, _D vlpsoh qrq0sdudphwulf whvw ri suhglfwlyh shuirupdqfh%/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 43/ 79407981

Shvdudq/ P1K1 dqg D1 Wlpphupdqq +4<<7, _D jhqhudol}dwlrq ri wkh qrq0sdudphwulf Khqulnvvrq0Phuwrq

whvw ri pdunhw wlplqj%/ Hfrqrplf Ohwwhuv/ 77/ 40:1

Shvdudq/ P1K1 dqg D1 Wlpphupdqq +4<<8, _Suhglfwdelolw| ri vwrfn uhwxuqv= urexvwqhvv dqg hfrqrplf

vljql�fdqfh%/ Mrxuqdo ri Ilqdqfh/ 83/ 45340455;1

Shvdudq/ P1K1 dqg D1 Wlpphupdqq +5333, _D uhfxuvlyh prghoolqj dssurdfk wr suhglfwlqj XN vwrfn

uhwxuqv%/ Hfrqrplf Mrxuqdo/ 443/ 48<04<41

Vfkzdu}/ J1 +4<:;, _Hvwlpdwlqj wkh glphqvlrq ri d prgho%/ Dqqdov ri Vwdwlvwlfv/ 9/ 79407971

Vkohlihu/ D1 dqg U1Z1 Ylvkq| +4<<:, _Wkh olplwv ri duelwudjh%/ Mrxuqdo ri Ilqdqfh/ 85/ 680881

Vxoolydq/ U1/ D1 Wlpphupdqq dqg K1 Zklwh +4<<<, _Gdwd0vqrrslqj/ whfkqlfdo wudglqj uxohv dqg wkh

errwvwuds%/ Mrxuqdo ri Ilqdqfh/ 87/ 497:049<41

Wkhlo/ K1 +4<8;, Hfrqrplf Iruhfdvwv dqg Srolf|/ Qruwk0Kroodqg/ Dpvwhugdp1

Wrelq/ M1 +4<:4, _Dq hvvd| rq wkh sulqflsohv ri ghew pdqdjhphqw%/ lq M1 Wrelq +hg1, Hvvd|v lq Hfrqrplfv/

Yroxph 4/ Pdfurhfrqrplfv/ Pdunkdp/ Fklfdjr1

Zdoodfh/ Q1 +4<;4, _D Prgljoldql0Ploohu wkhruhp iru rshq pdunhw rshudwlrqv%/ Dphulfdq Hfrqrplf

Uhylhz/ :4/ 59:05:71
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Table 1: Means and Standard Deviations by Maturity Band, 1980M3–1995M3

Period Holding Period Returns (%) Bond Portfolio Shares (%)
Short Medium Long Short Medium Long

1980M3 – 1995M3 11.7
(1.3)

13.5
(2.6)

13.2
(3.1)

43.6
(3.9)

37.5
(5.2)

19.0
(7.4)

1980M3 – 1984M12 14.9
(1.5)

16.9
(3.0)

17.7
(3.6)

40.2
(1.9)

32.3
(5.2)

27.5
(6.6)

1985M1 – 1995M3 10.3
(1.2)

11.9
(2.4)

11.1
(2.9)

45.2
(3.6)

39.9
(3.0)

15.0
(3.1)

Selected Years
1980M3 – 1980M12 18.4

(1.0)
20.1
(2.6)

21.8
(3.4)

39.0
(1.7)

24.7
(2.0)

36.3
(0.9)

1981M1 – 1981M12 11.4
(1.8)

2.9
(2.8)

0.7
(3.4)

39.4
(0.7)

29.0
(1.6)

31.6
(1.8)

1982M1 – 1982M12 30.0
(1.6)

44.7
(3.6)

49.6
(4.3)

38.8
(0.9)

32.9
(1.2)

28.3
(0.8)

1983M1 – 1983M12 10.2
(1.0)

13.1
(2.5)

15.5
(3.3)

40.4
(1.1)

33.6
(1.3)

26.0
(2.0)

1984M1 – 1984M12 9.1
(1.5)

8.2
(2.9)

7.0
(3.0)

43.0
(0.6)

40.0
(1.6)

17.0
(1.6)

1985M1 – 1985M12 11.1
(0.6)

13.1
(1.1)

11.2
(1.4)

43.9
(0.6)

40.1
(1.1)

16.0
(0.9)

1986M1 – 1986M12 10.7
(1.8)

17.1
(4.2)

11.4
(4.8)

41.7
(1.4)

41.5
(1.4)

16.8
(0.4)

1987M1 – 1987M12 13.4
(1.3)

15.7
(2.3)

16.3
(2.8)

40.1
(1.0)

41.6
(0.7)

18.3
(0.7)

1988M1 – 1988M12 5.0
(1.1)

7.0
(1.6)

9.5
(1.8)

42.8
(0.5)

42.2
(0.8)

15.0
(0.7)

1989M1 – 1989M12 8.7
(1.0)

7.9
(1.8)

5.5
(2.0)

43.2
(0.9)

44.4
(1.1)

12.4
(0.8)

1990M1 – 1990M12 12.7
(1.5)

7.8
(3.4)

4.4
(3.9)

48.3
(1.7)

41.8
(1.2)

9.9
(1.0)

1991M1 – 1991M12 13.3
(0.6)

18.0
(1.6)

18.8
(1.9)

50.9
(1.2)

39.0
(1.3)

10.1
(0.7)

1992M1 – 1992M12 16.7
(1.7)

19.7
(2.8)

17.7
(3.0)

49.3
(1.8)

35.8
(1.2)

14.9
(1.9)

1993M1 – 1993M12 11.7
(0.7)

23.6
(1.8)

34.4
(2.5)

45.0
(2.1)

36.8
(2.3)

18.2
(1.4)

1994M1 – 1994M12 0.1
(0.8)

-8.1
(2.2)

-12.5
(2.9)

46.1
(2.2)

36.7
(1.6)

17.2
(1.0)

Debt shares are expressed as averages of monthly percentages.  Holding period returns are
calculated using annualised averages of monthly percentages.  Standard deviations refer to monthly
figures and are in parentheses.



Table 2: Market Timing Statistics

Selection
Criterion

Lowest Cost Bond
Selected Correctly (%)

Highest Cost Bond
Selected Correctly (%)

Generalised
H-M Statistic

2
R 50.4 43.1 2.27

AIC 50.4 41.5 1.82

SBC 45.5 41.5 2.03

HQC 54.4 41.5 1.74

The lowest (highest) cost bond selected correctly refers to the proportion of the evaluation period
in which the recursively selected models correctly identify the lowest (highest) cost maturity
band.  The Generalised Henriksson-Merton (H-M) statistic tests the null hypothesis of “no
market timing skills” in the 6 by 6 contingency tables in Tables 3a and 3b for different model
selection criteria. The test statistic is distributed as a standard normal; the 95% critical value
(one-sided) is 1.64.



Table 3a: Contingency Tables for the Realised and Predicted Orderings of the Bond
Returns According to Different Model Selection Criteria

Models Selected Recursively by  
2

R

Predicted OrderingRealised
Ordering

S<M<L S<L<M L<S<M M<S<L M<L<S L<M<S Total
S<M<L 27

(0.22)
6

(0.05)
1

(0.01)
1

(0.01)
2

(0.02)
7

(0.06)
44

(0.36)
S<L<M 5

(0.04)
1

(0.01)
2

(0.02)
1

(0.01)
0

(0.00)
2

(0.02)
11

(0.09)
L<S<M 1

(0.01)
1

(0.01)
0

(0.00)
0

(0.00)
0

(0.00)
3

(0.02)
5

(0.04)
M<S<L 1

(0.01)
1

(0.01)
3

(0.02)
0

(0.00)
0

(0.00)
0

(0.00)
5

(0.04)
M<L<S 2

(0.02)
1

(0.01)
3

(0.02)
1

(0.01)
0

(0.00)
1

(0.01)
8

(0.07)
L<M<S 20

(0.16)
5

(0.04)
3

(0.02)
3

(0.02)
3

(0.02)
16

(0.13)
50

(0.41)
Total 56

(0.46)
15

(0.12)
12

(0.10)
6

(0.05)
5

(0.04)
29

(0.24)
123

(1.00)

Models Selected Recursively by AIC

Predicted OrderingRealised
Ordering

S<M<L S<L<M L<S<M M<S<L M<L<S L<M<S Total
S<M<L 20

(0.16)
12

(0.10)
4

(0.03)
3

(0.02)
2

(0.02)
3

(0.02)
44

(0.36)
S<L<M 5

(0.04)
1

(0.01)
3

(0.02)
1

(0.01)
0

(0.00)
1

(0.01)
11

(0.09)
L<S<M 0

(0.00)
2

(0.02)
0

(0.00)
0

(0.00)
1

(0.01)
2

(0.02)
5

(0.04)
M<S<L 2

(0.02)
2

(0.02)
1

(0.01)
0

(0.00)
0

(0.00)
0

(0.00)
5

(0.04)
M<L<S 3

(0.02)
2

(0.02)
1

(0.01)
0

(0.00)
0

(0.00)
2

(0.02)
8

(0.07)
L<M<S 17

(0.14)
8

(0.07)
5

(0.04)
2

(0.02)
1

(0.01)
17

(0.14)
50

(0.41)
Total 47

(0.38)
27

(0.22)
14

(0.11)
6

(0.05)
4

(0.03)
25

(0.20)
123

(1.00)

The returns on long, medium and short dated maturity bonds are denoted by S, M, and L
respectively. Proportions shown in parentheses.



Table 3b: Contingency Tables for the Realised and Predicted Orderings of the Bond
Returns According to Different Model Selection Criteria

Models Selected Recursively by SBC

Predicted OrderingRealised
Ordering

S<M<L S<L<M L<S<M M<S<L M<L<S L<M<S Total
S<M<L 26

(0.21)
8

(0.07)
2

(0.02)
4

(0.03)
1

(0.01)
3

(0.02)
44

(0.36)
S<L<M 3

(0.02)
2

(0.02)
2

(0.02)
3

(0.02)
0

(0.00)
1

(0.01)
11

(0.09)
L<S<M 3

(0.02)
0

(0.00)
1

(0.01)
1

(0.01)
0

(0.00)
0

(0.00)
5

(0.04)
M<S<L 3

(0.02)
0

(0.00)
1

(0.01)
1

(0.01)
0

(0.00)
0

(0.00)
5

(0.04)
M<L<S 2

(0.02)
3

(0.02)
1

(0.01)
0

(0.00)
0

(0.00)
2

(0.02)
8

(0.07)
L<M<S 21

(0.17)
9

(0.07)
7

(0.06)
3

(0.02)
2

(0.02)
8

(0.07)
50

(0.41)
Total 58

(0.47)
22

(0.18)
14

(0.11)
12

(0.10)
3

(0.02)
14

(0.11)
123

(1.00)

Models Selected Recursively by HQC

Predicted OrderingRealised
Ordering

S<M<L S<L<M L<S<M M<S<L M<L<S L<M<S Total
S<M<L 25

(0.20)
10

(0.08)
3

(0.02)
1

(0.01)
0

(0.00)
5

(0.04)
44

(0.36)
S<L<M 8

(0.07)
0

(0.00)
3

(0.02)
0

(0.00)
0

(0.00)
0

(0.00)
11

(0.09)
L<S<M 1

(0.01)
1

(0.01)
2

(0.02)
0

(0.00)
0

(0.00)
1

(0.01)
5

(0.04)
M<S<L 2

(0.02)
3

(0.02)
0

(0.00)
0

(0.00)
0

(0.00)
0

(0.00)
5

(0.04)
M<L<S 2

(0.02)
3

(0.02)
1

(0.01)
0

(0.00)
0

(0.00)
2

(0.02)
8

(0.07)
L<M<S 21

(0.17)
6

(0.05)
8

(0.07)
0

(0.00)
2

(0.02)
13

(0.11)
50

(0.41)
Total 59

(0.48)
23

(0.19)
17

(0.14)
1

(0.01)
2

(0.02)
21

(0.17)
123

(1.00)

See the notes to Table 3a.



Table 4: Mean Interest Rates from Bond Portfolios (%)

Selection
Criterion

Maximum Debt Switch

α=1 α=0.1 α=0.05 α=0.01 α=0.005 α=0
2

R

AIC

SBC

HQC

8.6

8.7

9.2

8.3

9.3

9.3

9.3

9.1

9.9

10.0

9.8

9.8

10.7

10.7

10.5

10.5

10.7

10.7

10.5

10.5

10.9

10.9

10.8

10.9

DMA 11.0

The mean interest rates are expressed as annualised averages of monthly interest rates for the
evaluation period, 1985M1-1995M3. The maximum debt switch is defined as α times the
market value of the bond portfolio. It is the maximum value of bonds that can be switched each
month.
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Figure 1: Bond Portfolio Shares by Maturity Band
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Figure 2a: Holding Period Return, Short
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Figure 2b: Holding Period Return, Medium
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Figure 2c: Holding Period Return, Long
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Figure 3a: Recursive Standard Errors, Equation Xmt: Model Selection Using Various Criteria

RBS refers toR� 2.
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Figure 3b: Recursive Standard Errors, Equation Xlt ; Model Selection Using Various Criteria

RBS refers toR� 2.



  

Actual

Forecast

%
-1

-2

-3

-4

-5

0

1

2

3

4

5

1985M1 1990M1 1995M1

Figure 4a: Forecast and Actual Return Spreads, Xm,t�1; Model Selection UsingR� 2
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Figure 4b: Forecast and Actual Return Spreads, Xm,t�1; Model Selection Using AIC
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Figure 4c: Forecast and Actual Return Spreads, Xm,t�1; Model Selection Using SBC
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Figure 4d: Forecast and Actual Return Spreads, Xm,t�1; Model Selection Using HQC
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Figure 4e: Forecast and Actual Return Spreads, Xl,t�1; Model Selection UsingR� 2
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Figure 4f: Forecast and Actual Return Spreads, Xl,t�1; Model Selection Using AIC
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Figure 4g: Forecast and Actual Return Spreads, Xl,t�1; Model Selection Using SBC
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Figure 4h: Forecast and Actual Return Spreads, Xl,t�1; Model Selection Using HQC
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Figure 5a: Recursive Coefficients�pm,t"1 " ps,t"1 , Equation Xmt,Using AIC and SBC
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Figure 5b: Recursive Coefficients�pm,t"1 " ps,t"1 , Equation Xlt , Using AIC and SBC
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Figure 5c: Recursive Coefficients GAPs,t"1, Equation Xmt, Using AIC and SBC
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Figure 5d: Recursive Coefficients GAPs,t"1, Equation Xlt , Using AIC and SBC
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Figure 5e: Recursive Coefficients TBt"1, Equation Xmt, Using AIC and SBC
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Figure 5f: Recursive Coefficients TBt"1, Equation Xlt , Using AIC and SBC



  

C9 AIC

C9 SBC

0

2

4

6

8

10

1985M1 1990M1 1995M1

Figure 5g: Recursive CoefficientsUSSPt"1, Equation Xmt, Using AIC and SBC
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Figure 5h: Recursive CoefficientsUSSPt"1, Equation Xlt , Using AIC and SBC
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Figure 5i: Recursive Coefficients IP t"3, Equation Xmt, Using AIC and SBC
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Figure 5j: Recursive Coefficients IP t"3, Equation Xlt , Using AIC and SBC
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Dark line refers to SBC; light line refers to AIC.

Figure 6a: Number of Recursive Coefficients, Equation Xmt, Using AIC and SBC
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Dark line refers to SBC; light line refers to AIC.

Figure 6b: Number of Recursive Coefficients in EquationXlt , Using AIC and SBC
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Figure 7a: Recursive Average Interest Costs, Simulated Portfolios, ) � 1

The maximum debt switch is defined as) times the market value of the bond portfolio. It is the maximum value of bonds that can

be switched each month.
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Figure 7b: Recursive Average Interest Costs, Simulated Bond Portfolios, ) � 0.01

The maximum debt switch is defined as) times the market value of the bond portfolio. It is the maximum value of bonds that can

be switched each month.
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Figure 8a: Standard Deviations of Interest Costs, Simulated Portfolios, ) � 1

The maximum debt switch is defined as) times the market value of the bond portfolio. It is the maximum value of bonds that can

be switched each month.
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Figure 8b: Standard Deviations of Interest Costs, Simulated Portfolios, ) � 0.01

The maximum debt switch is defined as) times the market value of the bond portfolio. It is the maximum value of bonds that can

be switched each month.
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Figure 9a: Simulated Bond Portfolio Shares Using AIC, ) � 0.01

The maximum debt switch is defined as) times the market value of the bond portfolio. It is the maximum value of bonds that can

be switched each month.
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Figure 9b: Simulated Bond Portfolio Shares Using SBC, ) � 0.01

The maximum debt switch is defined as) times the market vlaue of the bond portfolio. It is the maximum value of bonds that can

be switched each month.


