
4 Vhqvlwlylw| wr Vdpsohv
Lq wklv qrwh zh glvfxvv zkhwkhu rxu uhvxowv duh vhqvlwlyh wr dowhuqdwlyh vdp0
solqj1 Lq sduwlfxodu/ zh h{dplqh zkhwkhu vxevwlwxwlqj rxu gdwd zlwk wkh gdwd rq
Fkduohv Hqjho*v zhe0sdjh/ ru h{whqglqj wkh qrplqdo h{fkdqjh udwh gdwd fkdqjhv
rxu uhvxowv1 Zh �qg wkdw wklv lv qrw wkh fdvh1 Lq sduwlfxodu/ wkh Phdq Jurxs
prgho frqvlvwhqwo| surgxfhv kdoi0olyhv xqghu 5 |hduv/ zkloh wkh srrohg hvwlpdwruv
duh eldvhg xszdugv1

Wdeoh 4 vkrzv wkh uhvxowv iurp wkuhh gdwdvhwv1 Gdwd 4 lv wkh ruljlqdo Hxurvwdw
sulfh gdwd frpelqhg zlwk orqjhu vdpsohv ri qrplqdo h{fkdqjh udwhv rewdlqhg
iurp wkh LIV1 Gdwd 5 frpelqhv wkh ruljlqdo sulfh gdwd zlwk gdwd iurp Fkduohv
Hqjho*v zhe sdjh1 � Gdwd 6 lv gdwd iurp Fkduohv Hqjho*v Zhe sdjh rqo|1 Dv
gdwd iru wkh XV lv qrw dydlodeoh rq klv sdjh/ Gdwd 6 uhihuv wr uhdo h{fkdqjh udwhv
uhodwlyh wr wkh XN1

Lq hdfk fdvh/ frh!flhqw krprjhqhlw| lv vwurqjo| uhmhfwhg1 Dqg dv h{shfwhg/
wkh srrohg hvwlpdwruv ryhuhvwlpdwh wkh kdoi0olyhv1 Wkh Phdq Jurxs hvwlpdwru
frqvlvwhqwo| surgxfhv vkruw kdoi0olyhv dv lw doorzv iru khwhurjhqhlw|1 Dowkrxjk
wkhvh uhvxowv duh yhu| pxfk lq olqh zlwk wkh hvwlpdwhv uhsruwhg lq wkh sdshu/ d
qxpehu ri qhz srlqwv gr hphujh=

41 Wkh kdoi0olyhv surgxfhg e| khwhurjhqhrxv hvwlpdwruv +PJ hvwlpdwru, duh
voljkwo| kljkhu wkdq ehiruh exw lq olqh zlwk wkh uhvxowv lq wkh pdlq sdshu
dqg wkh frq�ghqfh lqwhuydov gr qrw lqfoxgh wkh �frqvhqvxv ylhz�1

51 Wkh phdq jurxs dqg UFP hvwlpdwruv duh nqrzq wr eh dv|pswrwlfdoo|
htxlydohqw1 Wklv vkrxog hphujh pxfk vwurqjhu lq wkh qhz gdwd dv W kdv
lqfuhdvhg1 Krzhyhu/ xvlqj wkh vshfl�fdwlrq deryh/ zh gr qrw revhuyh wklv
li wkh odj vwuxfwxuhv duh nhsw vkruw +wkh UFP hvwlpdwru surgxfhv kdoi0olyhv
vxevwdqwldoo| kljkhu wkdq wkh Phdq Jurxs prgho 0 58/ 5< dqg 5< uhvshf0
wlyho|/ xvlqj 45 odjv lq wkh dxwruhjuhvvlrq,1 Krzhyhu/ dv �jxuhv 7 dqg 8
vkrz/ li wkh odj ohqjwk lv lqfuhdvhg/ wkh Phdq Jurxs dqg wkh UFP uhvxowv
frqyhujh dqg wkh hvwlpdwhg kdoi0olyhv idoo wr durxqg 49 prqwkv1 Wkhuh lv
qr vxevwdqwldo lpsdfw ri wklv rq wkh Il{hg H�hfwv prgho1

D vlpsoh h{sodqdwlrq iru wkhvh revhuydwlrqv jrhv dv iroorzv1 Zh fdq vkrz
wkdw wklv lv d uhvxow ri xqghuhvwlpdwlqj wkh odj ohqjwk1 Lq sduwlfxodu/ zh ghprq0
vwudwh wkdw xqghuhvwlpdwlqj wkh odj ohqjwk uhvxowv lq= l, dq xszdug eldv lq PJ
dqg UFP/ zkhuh wkh lpsdfw rq UFP lv pxfk odujhu1 ll, Srrohg hvwlpdwruv duh
qrw uhdoo| d�hfwhg e| wklv dv wkh khwhurjhqhlw| eldv grplqdwhv1

414 Xqghuhvwlpdwlqj wkh odj ohqjwk
Krz grhv xqghuhvwlpdwlqj wkh odj ohqjwk d�hfw Phdq Jurxs dqg
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41 Lq d furvv vhfwlrq zlwk d vljql�fdqw vhfrqg odj/ li dq ROV uhjuhvvlrq ri wkh
irup | C @ �. �| CDFE . % C lv uxq +l1h1 li zh xqghuhvwlpdwh wkh odj ohqjwk,/
� lv eldvhg xszdugv1 Dv Iljxuh 4 vkrzv/ wklv ohdgv wr d srvlwlyh eldv lq
UFP dqg PJ hvwlpdwhv1

51 UFP hvwlpdwhv duh pruh eldvhg wkdq Phdq jurxs hvwlpdwhv1 Djdlq li zh
rplw d vljql�fdqw odj+v,/ wkh ROV hvwlpdwhv ri wkh frh!flhqwv dqg wkh
Yduldqfh Fryduldqfh pdwul{ duh eldvhg1 Lpsolfdwlrq= wkh UFP zhljkwv
duh eldvhg1 Lq wkh vlpsoh fdvh ri 5 furvv vhfwlrqv zlwk DU frh!flhqwv e E
dqg e G +frqvwdqwv@3, dqg fryduldqfhv Y E dqg Y G / wkh UFP zhljkw iru
e E ghshqgv lqyhuvho| rq Y E =

� E @ 4
5

e G E . e GG � 5e E e G . 5Y G
e G E . e GG � 5e E e G . Y G . Y E

Li vljql�fdqw odjv duh ljqruhg / Y E lv eldvhg grzqzdugv dqg e E lv eldvhg
xszdugv/ wkxv � E lv kljkhu1 Wkh h{shulphqw lq Iljxuh 5 frq�upv wklv1
Khuh hvwlpdwhv ri wkh UFPzhljkwv dqg wkh fruuhvsrqglqj frh!flhqwv zhuh
rewdlqhg iurp d prqwh fduor h{shulphqw zlwk 433 uhsolfdwlrqv1 Wkh gdwd
lv gudzq iurp dq DU+5, prgho zlwk frh!flhqwv rq wkh vhfrqg odj htxdo wr
~03138/0314/0316�1 Hvwlpdwlrq lv fduulhg rxw dvvxplqj wkdw wkh odj ohqjwk
htxdov 41 Wkh �jxuh sorwv wkh vfdwwhu ri wkh zhljkwv dqg wkh frh!flhqwv
+uhjuhvvlrq olqh,1 Dv wkh ljqruhg yduldeoh ehfrphv pruh lpsruwdqw wkh
vfdwwhu vkliwv dqg lqglfdwhv wkdw kljkhu shuvlvwhqfh phdqv kljkhu zhljkwv1

Krz grhv wklv d�hfw Il{hg H�hfwvB
Lq wkh suhvhqfh ri khwhurjhqhlw| eldv/ zh vkrxog revhuyh wkh iroorzlqj= Li

vljql�fdqw odjv duh rplwwhg/ hvwlpdwhg shuvlvwhqfh lv kljk/ exw dv wkh odj ohqjwk
lv lqfuhdvhg +l1h1 |rx lqfoxgh wkh rswlpdo qxpehu ri odjv, wklv grhv qrw pdnh
pxfk ri d gl�huhqfh/ vlpso| ehfdxvh wkh xszdug khwhurjhqhlw| eldv +zklfk lq0
fuhdvhv zlwk wkh qxpehu ri khwhurjhqhrxv frh!flhqwv, fdqfhov rxw wkh lpsdfw ri
dgglwlrqdo uhjuhvvruv1 Lq rwkhu zrugv zh vkrxog revhuyh olwwoh gl�huhqfh ehwzhhq
wkh prgho zlwk wkh xqghuhvwlpdwhg odj ohqjwk dqg wkh prgho zlwk wkh fruuhfw odj
ohqjwk1 Wklv lv fohdu iurp wkh hpslulfdo uhvxowv ehorz dqg iurp wkh h{shulphqw
lq Iljxuh 61 Iljxuh 6 uxqv wkh vdph w|sh ri Prqwh0Fduor vlpxodwlrq dv Iljxuh
41 Wkh uhvxowv vkrz olwwoh gl�huhqfh ehwzhhq wkh fruuhfw dqg lqfruuhfw prghov1

415 Uhvxowv
Wdeoh 5 olvwv wkh hvwlpdwhv wkdw zh rewdlq xvlqj orqjhu odjv1 Wkh odj ohqjwkv duh
fkrvhq yld d jhqhudo wr vshfl�f surfhgxuh1 Wkh iroorzlqj srlqwv duh qrwhzruwk|=

41 Kljkhu odjv kdyh olwwoh lpsdfw rq �{hg h�hfw hvwlpdwhv1 Lq hdfk ri wkh gdwd
vhwv/ dq IH uhjuhvvlrq zlwk 69 odjv surgxfhv kdoi0olyhv forvh wr 63 prqwkv1

51 Phdq Jurxs dqg UFP surgxfh doprvw lghqwlfdo uhvxowv1
61 Wkh kdoi0olyhv iurp wkhvh khwhurjhqhrxv prghov duh yhu| vlplodu wr wkrvh

uhsruwhg lq wkh sdshu1
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5 Frqfoxvlrqv
Wklv qrwh vhw rxw wkh uhvxowv ri urexvwqhvv fkhfnv rq rxu ruljlqdo hvwlpdwhv1 Zh
�qg wkdw h{whqglqj wkh vdpsoh ru xvlqj Fkduohv Hqjho*v gdwd kdv olwwoh lpsdfw
rq rxu hvwlpdwhv1 Zh frqvlvwhqwo| rewdlq uhvxowv yhu| vlplodu wr rxu ruljlqdo rqhv
xvlqj wkh Phdq Jurxs prgho1 Iljxuhv 7 dqg 8 vkrz wkdw wklv lv wuxh iru hyhu|
srvvleoh odj ohqjwk1 D qxpehu ri qhz srlqwv +uhjduglqj wkh UFP hvwlpdwru, gr
hphujh/ exw zh vkrz wkdw wkh| duh d uhvxow ri prgho plv0vshfl�fdwlrq1
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6 Wdeohv dqg Iljxuhv
Wdeoh 4
S HAI J9I C @ � H�I J .S K L�M E � L S H�I J9I CD L . % HAI J9I C

Gdwd 4 Gdwd5 Gdwd 6
Phwkrg N S� Kdoi0Olih FL S� Kdoi0Olih FL S� Kdoi0Olih FL
ROV 45 31<<<: 5636 45;6/4 31<<<:74 5;69 4;97/4 31<<<<36 9<54 55;6/4
IH 45 31<:68 63 55/68 31<:;967 6: 64/73 31<:;::< 64 57/69
PJ 45 31<857 4< 46/55 31<94;97 56 4:/57 31<99;< 54 43/56
K3= � H @ � N 6398^3133` 6396^3133` 4;64^3133`
K3= � H @ � O 5813^3133` :516^3133` <61<^3133`P ��������3 _ � % � �,�����B - ��+.�*������ = ��
	����+.����������� �Q%R�����TS�$�U � �,����WV/��#��+.���R����A� = ��
,����+.��X��������� �Q% 6 �����	&(>�Y �/��
��Z����� ��#�� ������W0�� �.�����<X[2���
���+.���
� �Z$7�1������
��2\$�����������^]�_�_.
���2�� � ������� ����� 6
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Wdeoh 5
S H�I J9I C @ � HAI J .S K L�M E � L S H�I J9I CD L . % H�I J�I C

Gdwd 4 Gdwd5 Gdwd 6
Phwkrg N S � Kdoi0Olih FL S � Kdoi0Olih FL S � Kdoi0Olih FL
IH 69 31<985 5; 49/63 31<:48< 66 53/6; 31<:938: 59 49/6<
UFP 69 31<593 49 47/4; 31<7:<74 4; 48/58 31<:47 49 48/58
PJ 57 31<76< 4: 47/4; 31<873 53 49/58 31<98<93 49 48/5:
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Iljxuh4` �����.� �/��������
������� = 
���+?���� = ��� � � - � ���.����243
| HAI C @ � H . �4 . � HAI E � | HAI CDFE � �3=4 . � HAI G � | HAI CDaG . % H�I C - ����
�� � H �Q+3> 3=335,= ��������� � �\bc� ���Z���� - �a�����Z��� �A��
�� $�#<��� ����� = ������ +.���������$����� ����� - ����������dFe	f�g9h(+.�1�����c� �������� +.������#��� ���"����Z��������
�������\������ 6 �����Z���������\� � ����� �a�����Z��� �A��
�� $�#<��� ����� = �����.�#�+i� = dFej���1��k.��� �������
- �����W�����Z����

������/� ���.� ����������� ��#����� 6 e/���#�� �����
��Z$������������'g�_�_�_.
��2�� � ������ ����� - � ��� P�l�m�m _�n� l�m ]�_ 6
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Iljxuh5������o���#�
��2�� ����(������
���� ���� �������� 2W$7��� - ������e/&ap - ��� ���������������
����a������� ������2q����� o������1��k.��� ������� 6` �����.� �/��������
������� = 
���+?���� = ��� � � - � ���.����243
| HAI C @ � H . �� E . � HAI E � | HAI CDFE . �� G . � H�I G � | H�I CDaG . % H�I C �#������������ S� @ 3=< n

� G @ i�3=38>�3=4>�3=6j ����� � H �Q+3> 3=335,= )*����� +.����� ����� ������

�� ������#<�/�����#�+"� ���"�������������
�#��Z+.�1�����4� �/dFe	fAg9h 6 e/���#�� �����
��Z$�����������'g�_�_.
���2�� � ������ ����� - � �� PZl�m�m _�n�� l�m ]9_ 6
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Iljxuh6` �����.� �/��������
������� = 
���+?���� = ��� � � - � ���.����243
| H�I C @ � H . �4 . � H�I E � | H�I CDFE � �3=4 . � HAI G � | HAI CDaG . % H�I C - ����
�� � H �Q+3> 3=3335,= ��������� � �\bc� ���Z���� - �a�����Z��� �A��
�� $�#<��� ����� = ������ +.���������$����� ����� - ����������dFe	f�g9h(+.�1�����c� �������� +.������#��� ���"����Z��������
�������\������ 6 �����Z���������\� � ����� �a�����Z��� �A��
�� $�#<��� ����� = �����.�#�+i� = dFej���1��k.��� �������
- �����W�����Z����

������/� ���.� ����������� ��#����� 6 e/���#�� �����
��Z$������������'g�_�_�_.
��2�� � ������ ����� - � ��� P�l�m�m _�n� l�m ]�_ 6
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Half Lives and Lag Length (Data 1)
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Half-Lives and Lag Length (Data 2)
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