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Devwudfw

Uhfhqwo|/ Yrjhovdqj +4<<<, sursrvhg d phwkrg wr ghwhfw rxwolhuv zklfk h{solflwo|

lpsrvhv wkh qxoo k|srwkhvlv ri d xqlw urrw1 Lw zrunv lq dq lwhudwlyh idvklrq wr vhohfw

pxowlsoh rxwolhuv lq d jlyhq vhulhv1 Zh vkrz/ yld vlpxodwlrqv/ wkdw xqghu wkh qxoo

k|srwkhvlv ri qr rxwolhuv/ lw kdv wkh uljkw vl}h lq �qlwh vdpsohv wr ghwhfw d vlqjoh rxwolhu

exw zkhq dssolhg lq dq lwhudwlyh idvklrq wr vhohfw pxowlsoh rxwolhuv/ lw h{klelwv vhyhuh vl}h

glvwruwlrqv wrzdugv �qglqj dq h{fhvvlyh qxpehu ri rxwolhuv1 Zh vkrz wkdw klv lwhudwlyh

phwkrg lv lqfruuhfw dqg ghulyh wkh dssursuldwh olplwlqj glvwulexwlrq ri wkh whvw dw hdfk

vwhs ri wkh vhdufk1 Zkhwkhu fruuhfwhg ru qrw/ zh dovr vkrz wkdw wkh rxwolhuv qhhg wr eh

yhu| odujh iru wkh phwkrg wr kdyh dq| ghfhqw srzhu1 Zh sursrvh dq dowhuqdwlyh phwkrg

edvhg rq �uvw0gl�huhqfhg gdwd wkdw kdv frqvlghudeo| pruh srzhu1 Zh dovr vkrz wkdw

rxu phwkrg wr lghqwli| rxwolhuv ohdgv wr xqlw urrw whvwv zlwk pruh dffxudwh �qlwh vdpsoh

vl}h dqg urexvwqhvv wr ghsduwxuhv iurp d xqlw urrw1 Wkh lvvxhv duh looxvwudwhg xvlqj wzr

XV2Ilqodqg uhdo0h{fkdqjh udwh vhulhv1

Nh|zrugv= Dgglwlyh Rxwolhuv/ w0whvw/ Zlhqhu surfhvv/ xqlw urrw/ vl}h/ srzhu1

MHO= F5/ F6/ F8

�Wklv sdshu lv gudzq iurp fkdswhu 6 ri Jdeulho Urguðjxh}*v SkG glvvhuwdwlrq dw wkh Xqlyhuvlwì gh Prq0

wuìdo/ Urguðjxh} +4<<<,1 Zh zrxog olnh wr wkdqn Wlp Yrjhovdqj iru xvhixo frqyhuvdwlrqv1 Zh dovr wkdqn

O|qgd Nkdodi iru frpphqwv rq dq hduolhu yhuvlrq ri wklv sdshu hqwlwohg �Dgglwlyh Rxwolhuv dqg Xqlw Urrwv

zlwk dq Dssolfdwlrq wr Odwlq0Dphulfdq Lq dwlrq� zkhq lw zdv suhvhqwhg dw wkh 6<wk Frqjuëv gh od vrflìwì

fdqdglhqqh gh vflhqfhv ìfrqrpltxhv/ Kxoo +Txìehf,/ Pd| 4<<<1 Dgguhvv iru fruuhvsrqghqfh= Slhuuh Shu0

urq/ Ghsduwphqw ri Hfrqrplfv/ Ervwrq Xqlyhuvlw|/ 5:3 Ed| Vwdwh Urdg/ Ervwrq/ PD/ 35548/ XVD +h0pdlo=

shuurqCex1hgx,1
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4Vhh/ h1j1/ Kdznlqv +4<;3, zkr suhvhqwv d vhw ri phwkrgv sursrvhg ehiruh 4<;3 dqg Kdznlqv +4<:6, zkr

sursrvhg rqh ri wkh prvw xvhg phwkrgv/ edvhg rq rughu vwdwlvwlfv/ wr ghwhfw iru rxwolhuv1
5Vrph uhihuhqfhv duh Fkdqj/ Wldr dqg Fkhq +4<;;, dqg Wvd| +4<;9,1 Fkhq dqg Olx +4<<6, dovr iroorzhg

wklv zd| dqg wkh| sursrvhg dqrwkhu phwkrg wr ghwhfw wkh orfdwlrqv ri wkh rxwolhuv dqg wkh mrlqw hvwlpdwlrq

ri wkh sdudphwhuv ri wkh prgho1 Wkhlu srlqw ri ylhz zdv wkh idfw wkdw hyhq li wkh prgho lv zhoo vshfl�hg/
rxwolhuv pd| vwloo surgxfh eldvhg hvwlpdwhv ri wkh sdudphwhuv dqg/ khqfh/ pd| d�hfw wkh rxwolhu ghwhfwlrq

surfhgxuh1 Wklv lv ehfdxvh dw|slfdo revhuydwlrqv/ lq jhqhudo/ d�hfw wkh yduldqfh ri wkh hvwlpdwhv +h1j1/ Shôd
+4<<3,,1
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Wdeoh 4= H{dfw vl}h ri vlqjoh rxwolhu ghwhfwlrq

PD Fdvh

�L?t|@?| A�4i |hi?_

A � D�fI �f�fI D�fI �f�fI

�ff �f�Hf f��He f���2 f���. f�2e�

�f�Sf f��f� f��b� f�fbD f��..

�f�ef f�fS. f��2D f�fSH f��2S

�f�2f f�fDf f��fe f�fD� f�fb.

f�ff f�fe� f�fH2 f�fe� f�fH2

f�2f f�f�H f�f.S f�f�. f�f.D

f�ef f�f�. f�f.2 f�f�D f�fSb

f�Sf f�f�. f�fSb f�f�D f�fS.

f�Hf f�f�. f�fSf f�f�D f�fSS

2ff �f�Hf f�22. f�eff f��.. f��2.

�f�Sf f��fD f�2fD f��f2 f��bH

�f�ef f�fSD f���� f�fSH f��2.

�f�2f f�fDf f��f2 f�fD� f�fbb

f�ff f�fe2 f�fHS f�fe2 f�fHe

f�2f f�f�H f�f.b f�f�H f�f.D

f�ef f�f�. f�f.S f�f�S f�f.2

f�Sf f�f�. f�f.e f�f�e f�fSb

f�Hf f�f�. f�f.e f�f�e f�fSb

DU Fdvh

�L?t|@?| A�4i |hi?_

A � D�fI �f�fI D�fI �f�fI

�ff �f�Hf f�f.� f��eb f�fSH f���D

�f�Sf f�fSe f��2� f�fS� f���H

�f�ef f�fD� f��f. f�fDD f��fS

�f�2f f�feS f�fb� f�feH f�fbe

f�2f f�f�� f�f.� f�f�S f�f.�

f�ef f�f�e f�fSe f�f�2 f�fS�

f�Sf f�f2� f�fDf f�f2b f�fD�

f�Hf f�f2f f�fe2 f�f2b f�fe.

2ff �f�Hf f�fHf f��De f�f.S f��D�

�f�Sf f�fSe f��2S f�fSD f��2e

�f�ef f�fDD f���f f�fDS f��fb

�f�2f f�feH f�fb. f�feb f�fbS

f�2f f�f�. f�f.. f�f�S f�f.�

f�ef f�f�e f�fS. f�f�f f�fS2

f�Sf f�f2b f�fDD f�f2D f�fD2

f�Hf f�f22 f�fe� f�f22 f�fe�

Wdeoh 5= H{shfwhg qxpehu ri rxwolhuv irxqg xvlqj pxowlsoh rxwolhuv ghwhfwlrq

PD Fdvh

�L?t|@?| A�4i |hi?_

A � D�fI �f�fI D�fI �f�fI

�ff �f�Hf f�2�S f�ee. f��De f�2b�

�f�Sf f���b f��fS f��fb f�22f

�f�ef f���2 f�2HD f�fbe f��be

�f�2f f��2b f�2b2 f�fb2 f��bS

f�ff f��2b f�2b� f�fbS f�2fD

f�2f f��2. f�2bD f�fb. f�2fH

f�ef f���f f�2bS f�fb. f�2fD

f�Sf f���� f�2HH f��f� f�2f.

f�Hf f���2 f�2b� f��f� f�2fS

2ff �f�Hf f�2bD f�S�H f�2fS f�e2H

�f�Sf f��b. f�e.H f��e� f����

�f�ef f�2ff f�ebe f���H f��fH

�f�2f f�2�e f�D�D f��ee f��2e

f�ff f�2fb f�D2f f��e2 f����

f�2f f�2�e f�Dfb f��e. f���H

f�ef f�2�2 f�DfD f��e. f��e�

f�Sf f�2�e f�Df� f��e. f���H

f�Hf f�2�S f�Dff f��eH f���b

DU Fdvh

�L?t|@?| A�4i |hi?_

A � D�fI �f�fI D�fI �f�fI

�ff �f�Hf f��2e f�2.H f�fb� f��bH

�f�Sf f��2H f�2.2 f�fHS f��H�

�f�ef f��2. f�2HS f�fHH f��b2

�f�2f f��2b f�2b2 f�fb� f��bb

f�2f f��2H f�2be f�fb. f�2fe

f�ef f��2b f�2b� f��fD f�2f.

f�Sf f���S f�2be f���f f�22.

f�Hf f��e. f�2b. f��eS f�2.H

2ff �f�Hf f��bD f�eH. f��2S f�2bS

�f�Sf f�2f� f�ebb f���� f��f�

�f�ef f�2fS f�DfD f��e� f���b

�f�2f f�2�. f�D�b f��e� f��2H

f�2f f�2�. f�DfD f��eD f���.

f�ef f�2�. f�ebe f��eD f���2

f�Sf f�22D f�ebD f��Df f��eD

f�Hf f�22� f�eHH f��H� f��Db

4<



Wdeoh 6= Dv|pswrwlf fulwlfdo ydoxhv ri wkh whvw �f

� � �L_i* � �L_i* 2

}w @ i4j }w @ i4> wj
f�fD � 2�bb ����

2 ��Sb e�HS

� e�2b ����S

e e�e� �H�2f

f��f � 2�H� ����

2 ���H ��be

� ��HH S�fH

e e��� �e�e�

D e�.H �S�ee

f�2f � 2�S� 2�H.

2 ��fD ��e�

� ��e� e�fD

e ��.b D�ef

D e��2 H�HH

S e�e2 �H�fe

. e�.� ���e�

Wdeoh 7= Ilqlwh vdpsoh fulwlfdo ydoxhv ri wkh whvw �g

wi�i* Lu �L_i* � �L_i* 2

t�}?��U@?Ui }w @ i4j }w @ i4> wj
W @ 433 W @ 533 W @ 433 W @ 533

��fI e��e e�2f e��� e��b

2�DI ��H. ��bD ��HD ��be

D�fI ��SD ��.D ��S� ��.e

�f�fI ��ee ��DS ��e2 ��DD

Wdeoh 8= H{dfw Vl}h ri wkh whvw edvhg rq �g

�hLM@M�*�|) |L �?_

6�ht| L�|*�ih 5iUL?_ L�|*�ih A��h_ L�|*�ih 6L�h|� L�|*�ih

l=l=g= Fdvh f�fe. f�ff2 f�fff f�fff

PD Fdvh � @ �3=;3 f�fD� f�ff� f�fff f�fff

� @ �3=73 f�fD2 f�ff2 f�fff f�fff

� @ 3=73 f�f�e f�ff� f�ff� f�fff

� @ 3=;3 f�f2� f�ffD f�ff� f�ff�

DU Fdvh � @ �3=;3 f�f2b f�ff� f�fff f�fff

� @ �3=73 f�fD� f�ff2 f�fff f�fff

� @ 3=73 f�f�b f�ff� f�ff� f�fff

� @ 3=;3 f�f2b f�ff. f�ffD f�ffe
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Wdeoh 9= Vl}h dqg Srzhu ri wkh whvwv wr ghwhfw iru dgglwlyh rxwolhuv= PD +4, huuruv

�4 @ 3> �5 @ 3> �4 @ 8> �5 @ 6> �4 @ 43> �5 @ 8>

�6 @ 3> �7 @ 3 �6 @ 5> �7 @ 5 �6 @ 8> �7 @ 8

�hLM@M�*�|) |L �?_ � �
f

�
g

� �
f

�
g

� �
f

�
g

� @ �3=;3 �ht| L�|*�ih f��SS f�2e2 f�fDS f�H�e f�HSD f�.eS f�bbH f�bbb ��fff

tiUL?_ L�|*�ih f�f2S f�ff� f�ff2 f��Sf f��2� f��.b f�bD. f�H2H f�b2�

|��h_ L�|*�ih f�ffe f�fff f�fff f�fbe f�ff� f�f�b f�HSD f��Db f�..b

uL�h|� L�|*�ih f�ff� f�fff f�fff f�f22 f�fff f�ff2 f�SS� f��e. f�D�H

� @ �3=73 �ht| L�|*�ih f�fS� f�fbH f�fDe f�2HS f��e2 f�be� f�.b� f�H2� ��fff

tiUL?_ L�|*�ih f�f2� f�ff� f�ff2 f�fDH f�ffb f��bS f�ef� f��bb f�bb.

|��h_ L�|*�ih f�f�� f�fff f�fff f�f�� f�fff f�f.S f��be f�f2� f�bHD

uL�h|� L�|*�ih f�ff. f�fff f�fff f�ff. f�fff f�ff. f�fH� f�ffe f�b�2

� @ 3=33 �ht| L�|*�ih f�fef f�fSD f�fe. f��f� f���D f�bbS f�eSe f�D�S ��fff

tiUL?_ L�|*�ih f�f2� f�ffe f�ff2 f�f2e f�ffe f�S.e f��22 f�f�D ��fff

|��h_ L�|*�ih f�f�D f�fff f�fff f�f�e f�fff f�22H f�f�H f�ff� ��fff

uL�h|� L�|*�ih f�f�f f�fff f�fff f�f�f f�fff f�fef f�f�� f�fff f�bbH

� @ 3=73 �ht| L�|*�ih f�f�S f�fDe f�f�H f�fDD f�f.b ��fff f�2�� f�2H2 ��fff

tiUL?_ L�|*�ih f�f2e f�ffe f�ffe f�f22 f�ff� f�H2� f�fee f�ff. ��fff

|��h_ L�|*�ih f�f�H f�fff f�ff� f�f�D f�fff f��Hf f�f�S f�ff� ��fff

uL�h|� L�|*�ih f�f�2 f�fff f�fff f�f�f f�fff f��fS f�f�f f�fff ��fff

� @ 3=;3 �ht| L�|*�ih f�f�S f�fD� f�f2� f�fe2 f�fS� f�bbe f���f f��Se ��fff

tiUL?_ L�|*�ih f�f2S f�ffe f�ffD f�f2� f�ff� f�.eb f�f2S f�ffe ��fff

|��h_ L�|*�ih f�f�b f�fff f�ff� f�f�. f�fff f�2b. f�f�D f�fff ��fff

uL�h|� L�|*�ih f�f�e f�fff f�ff� f�f�2 f�fff f�fH. f�f�� f�fff ��fff

Qrwh= Wkh Gdwd Jhqhudwlqj Surfhvv lv= |w @
S

7

m@4
�mG+Wdr>m,w . xw zlwk xw @ xw�4 . yw dqg yw @ hw . �hw�4

zkhuh hw � l=l=g= Q+3> 4,1 43/333 uhsolfdwlrqv duh xvhg1

Wdeoh := Vl}h dqg Srzhu ri wkh whvwv wr ghwhfw iru dgglwlyh rxwolhuv> DU +4,huuruv

�4 @ 3> �5 @ 3> �4 @ 8> �5 @ 6> �4 @ 43> �5 @ 8>

�6 @ 3> �7 @ 3 �6 @ 5> �7 @ 5 �6 @ 8> �7 @ 8

�hLM@M�*�|) |L �?_ � �
f

�
g

� �
f

�
g

� �
f

�
g

� @ �3=;3 �ht| L�|*�ih f�fSb f��fS f�f2b f��f� f��Sf f��.D f�H2e f�Heb f�bSD

tiUL?_ L�|*�ih f�f22 f�ff2 f�ff� f�fDb f�f�f f�fee f�e2S f�2�f f�DSD

|��h_ L�|*�ih f�ffb f�fff f�ff� f�f�e f�fff f�ff� f�2f2 f�f�H f�2.b

uL�h|� L�|*�ih f�ffS f�fff f�fff f�ffD f�fff f�fff f�f.. f�ff� f�fbH

� @ �3=73 �ht| L�|*�ih f�fD2 f�fH� f�fDD f�2fS f�2De f�b2� f�.f� f�.�H ��fff

tiUL?_ L�|*�ih f�f2f f�ff� f�ff2 f�f�H f�ffS f��S� f�2HH f��2S f�bb�

|��h_ L�|*�ih f�f�� f�fff f�fff f�f�� f�fff f�fS. f���b f�ffb f�b.�

uL�h|� L�|*�ih f�ffb f�fff f�fff f�ffH f�fff f�ffS f�feD f�ff� f�HHf

� @ 3=73 �ht| L�|*�ih f�f�� f�fDf f�fe2 f�fe2 f�fS. ��fff f��Db f�2ff ��fff

tiUL?_ L�|*�ih f�f2e f�ffe f�ff� f�f2� f�ff� f�HDS f�f�f f�ffe ��fff

|��h_ L�|*�ih f�f�b f�ff� f�ff� f�f�S f�fff f�e2b f�f�D f�fff ��fff

uL�h|� L�|*�ih f�f�e f�fff f�fff f�f�2 f�fff f���� f�f�� f�fff ��fff

� @ 3=;3 �ht| L�|*�ih f�f2D f�f�� f�f�f f�f2D f�f�� ��fff f�f2. f�f�H ��fff

tiUL?_ L�|*�ih f�f22 f�ffe f�ff. f�f22 f�ff� f�b�D f�f2� f�ff� ��fff

|��h_ L�|*�ih f�f�b f�ff� f�ffe f�f�b f�ff� f�SfH f�f�H f�ff� ��fff

uL�h|� L�|*�ih f�f�. f�fff f�ffe f�f�S f�fff f��fH f�f�D f�fff ��fff

Qrwh= Wkh Gdwd Jhqhudwlqj Surfhvv lv= |w @
S7

m@4
�mG+Wdr>m,w . xw zlwk xw @ xw�4 . yw dqg yw @ �yw�4 . hw

zkhuh hw � l=l=g= Q+3> 4,1 43/333 uhsolfdwlrqv duh xvhg1
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Wdeoh ;= Vl}h ri wkh whvwv �f dqg �g zlwk qrq0xqlw urrw surfhvvhv

�
f

�
g

W @ 433 W @ 533 W @ 433 W @ 533

Qhdu0Lqwhjudwhg Fdvh f @ �4=58 3=395 3=398 3=386 3=384

f @ �5=8 3=398 3=3:4 3=386 3=384

f @ �8=3 3=3;6 3=3<4 3=387 3=384

f @ �43=3 3=459 3=478 3=387 3=384

f @ �53=3 3=539 3=57; 3=388 3=383

f @ �73=3 3=5;4 3=695 3=389 3=384

l=l=g= Fdvh 3=65< 3=834 3=389 3=384

Qrwh= Iru wkh Qhdu0Lqwhjudwhg Fdvh/ wkh Gdwd Jhqhudwlqj Surfhvv lv |
w
@ +4 . f@W ,|

w�4 . hw zkhuh

hw � l=l=g= Q+3> 4,1 Iru wkh l=l=g= Fdvh/ lw lv |w @ hw1 43/333 uhsolfdwlrqv duh xvhg1

Wdeoh <= Vl}h dqg srzhu ri �o dqg �g iru vwdwlrqdu| surfhvvhv> PD +4, huuruv

�4 @ 3> �5 @ 3> �4 @ 8> �5 @ 6> �4 @ 43> �5 @ 8>

�6 @ 3> �7 @ 3 �6 @ 5> �7 @ 5 �6 @ 8> �7 @ 8

�hLM@M�*�|) |L �?_ �o �g �o �g �o �g
� @ �3=;3 �ht| L�|*�ih f�fe. f�fDD f�D.� f��SH f�bbb f�H�2

tiUL?_ L�|*�ih f�ff� f�ff� f�fHb f�f�e f�H2� f�2�b

|��h_ L�|*�ih f�fff f�fff f�ffS f�ff� f�DD� f�fD�

uL�h|� L�|*�ih f�fff f�fff f�ff� f�fff f�2D. f�ff�

� @ �3=73 �ht| L�|*�ih f�fe. f�fDS f�.bH f���H ��fff f�b.e

tiUL?_ L�|*�ih f�ff� f�ff� f�2fS f�f�D f�bSe f�DfD

|��h_ L�|*�ih f�fff f�fff f�f22 f�ff2 f�HS2 f��bH

uL�h|� L�|*�ih f�fff f�fff f�ff2 f�fff f�SfD f�feH

� @ 3=33 �ht| L�|*�ih f�fD� f�fDS f�H.S f�S�e ��fff f�bbb

tiUL?_ L�|*�ih f�ff2 f�ff� f�2.S f���� f�bHb f�H2.

|��h_ L�|*�ih f�fff f�fff f�f�S f�f�� f�beS f�DbS

uL�h|� L�|*�ih f�fff f�fff f�ff� f�fff f�.SD f����

� @ 3=73 �ht| L�|*�ih f�fD2 f�fD� f�Hf. f�H.H ��fff ��fff

tiUL?_ L�|*�ih f�ff2 f�ff2 f�2�� f�2H� f�bS. f�b..

|��h_ L�|*�ih f�fff f�fff f�f2� f�f�b f�HSH f�b2H

uL�h|� L�|*�ih f�fff f�fff f�ff� f�ff� f�S�S f�..2

� @ 3=;3 �ht| L�|*�ih f�fee f�f�. f�DbD f�bf. f�bbb ��fff

tiUL?_ L�|*�ih f�ffe f�ffe f�fbb f��2� f�H�b f�bHe

|��h_ L�|*�ih f�fff f�fff f�ffH f�feH f�D.f f�beH

uL�h|� L�|*�ih f�fff f�fff f�fff f�ff� f�2Sf f�H2H

Qrwh= Wkh Gdwd Jhqhudwlqj Surfhvv lv= |w @
S7

m@4
�mG+Wdr>m,w . xw zlwk xw @ hw . �hw�4 zkhuh hw � l=l=g=

Q+3> 4,1 43/333 uhsolfdwlrqv duh xvhg1
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Wdeoh 43= Vl}h dqg srzhu ri �o dqg �g iru vwdwlrqdu| surfhvvhv> DU +4,huuruv

�4 @ 3> �5 @ 3> �4 @ 3> �5 @ 3> �4 @ 3> �5 @ 3>

�6 @ 3> �7 @ 3 �6 @ 3> �7 @ 3 �6 @ 3> �7 @ 3

�hLM@M�*�|) |L �?_ �o �g �o �g �o �g

� @ �3=;3 �ht| L�|*�ih f�f2� f�f2D f���D f�fS2 f�bDb f��b.

tiUL?_ L�|*�ih f�ff� f�ff2 f�f2. f�ff� f�D�� f�feH

|��h_ L�|*�ih f�ff� f�fff f�ff2 f�fff f��b. f�ffD

uL�h|� L�|*�ih f�fff f�fff f�fff f�fff f�fDH f�fff

� @ �3=73 �ht| L�|*�ih f�feS f�fD2 f�.Hb f�2H. ��fff f�bD2

tiUL?_ L�|*�ih f�ff� f�ff� f��Hb f�f2. f�bD. f�e�2

|��h_ L�|*�ih f�fff f�fff f�f2� f�ff2 f�Hef f��e�

uL�h|� L�|*�ih f�fff f�fff f�ff2 f�fff f�DS. f�f�f

� @ 3=73 �ht| L�|*�ih f�fD� f�fDS f�Hfe f�HHD ��fff ��fff

tiUL?_ L�|*�ih f�ff� f�ff� f�2ff f�2H� f�bS� f�b.b

|��h_ L�|*�ih f�fff f�fff f�f22 f�fe� f�HDD f�b�H

uL�h|� L�|*�ih f�fff f�fff f�ff2 f�ffe f�Db� f�.HH

� @ 3=;3 �ht| L�|*�ih f�f22 f�fDD f��SS f�bHD f�b.D ��fff

tiUL?_ L�|*�ih f�ffe f�ff2 f�f�e f�D�� f�DHD f�bbb

|��h_ L�|*�ih f�ff� f�fff f�ff� f��2b f�2eb f�bbH

uL�h|� L�|*�ih f�fff f�fff f�fff f�f2f f�f.f f�bHS

Qrwh= Wkh Gdwd Jhqhudwlqj Surfhvv lv= |w @
S7

m@4
�mG+Wdr>m,w . xw zlwk xw @ �xw�4 . hw zkhuh hw � l=l=g=

Q+3> 4,1 43/333 uhsolfdwlrqv duh xvhg1

Wdeoh 44= Vl}h ri wkh DGI whvw> PD +4, huuruv
+fkrrvlqj wkh odj ohqjwk zlwk wkh vhtxhqwldo w0vlj phwkrg,

�4 @ 3> �5 @ 3> �4 @ 8> �5 @ 6> �4 @ 43> �5 @ 8>
�6 @ 3> �7 @ 3 �6 @ 5> �7 @ 5 �6 @ 8> �7 @ 8
� �f �g � �f �g � �f �g

� @ �3=;3 ��|�L�| f��fb f�2.e f��SH f�f�� f�f2e f��2e f�fff f�fff f�fff

��|� f�fHb f��22 f�f2� f��bb f�ef2 f��fb f��Hf f�eSf f��b2

|L|@* f��bH f��bS f��Hb f�e�� f�e2S f�e�� f��Hf f�eSf f��b2

� @ �3=73 ��|�L�| f�fSb f�fS2 f�fH� f�fef f�f�� f�ff. f�ff� f�ff� f�fff

��|� f�f�b f�f2D f�ffD f�f.f f�f.2 f�fH� f��2� f���2 f�f.e

|L|@* f�fHH f�fH. f�fHS f���f f��f� f�fHH f��2D f���� f�f.e

� @ 3=33 ��|�L�| f�f�H f�f�e f�feb f�feH f�fe� f�ff� f�f�� f�ffH f�fff

��|� f�f�2 f�f�S f�ff2 f�f�f f�f�D f�fD� f�fH2 f�f.b f�fe�

|L|@* f�fDf f�feb f�fD� f�f.H f�f.S f�fD2 f�fbe f�fH. f�fe�

� @ 3=73 ��|�L�| f�feH f�fee f�fD. f�f�D f�f2b f�fff f�f2e f�f�. f�fff

��|� f�f�f f�f�2 f�ff� f�f�S f�f2f f�feD f�fDD f�fD. f�fe�

|L|@* f�fD. f�fDS f�fDH f�fD� f�feb f�feD f�f.b f�f.e f�fe�

� @ 3=;3 ��|�L�| f�feH f�feD f�fDS f�f�S f�f�� f�fff f�fee f�f�. f�fff

��|� f�ffH f�ffH f�ff� f�f�2 f�f�D f�fDf f�f�2 f�f�� f�fe�

|L|@* f�fDS f�fD� f�fD. f�fe. f�feS f�fDf f�f.S f�f.f f�fe�
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Wdeoh 45= Vl}h ri wkh DGI whvw> DU +4, huuruv

+fkrrvlqj wkh odj ohqjwk zlwk wkh vhtxhqwldo w0vlj phwkrg,

�4 @ 3> �5 @ 3> �4 @ 8> �5 @ 6> �4 @ 43> �5 @ 8>
�6 @ 3> �7 @ 3 �6 @ 5> �7 @ 5 �6 @ 8> �7 @ 8
� �

f
�
g

� �
f

�
g

� �
f

�
g

� @ �3=;3 ��|�L�| f�fef f�f�e f�feb f�f�e f�f2H f�fS� f�ff� f�ff� f�ffH

��|� f�f�D f�f�S f�ff� f�fDS f�fD� f�f2e f���f f���H f�fHb

|L|@* f�fDD f�fD� f�fDf f�fbf f�fH� f�fHD f���� f���b f�fb.

� @ �3=73 ��|�L�| f�fef f�f�S f�fDf f�f�� f�f2. f�ffS f�ff� f�ff2 f�fff

��|� f�f�� f�f�. f�ff� f�fe2 f�fe� f�fe. f�fbb f�fb. f�feD

|L|@* f�fD� f�fD� f�fD� f�f.D f�f.f f�fD� f��f� f�fbb f�feD

� @ 3=73 ��|�L�| f�fe� f�f�H f�fDf f�f�� f�f2S f�fff f�f2f f�f�D f�fff

��|� f�ffb f�f�f f�ff2 f�f�2 f�f�S f�fe� f�f�2 f�f�� f�fe�

|L|@* f�fDf f�feH f�fD2 f�fe� f�fe2 f�fe� f�fD2 f�feS f�fe�

� @ 3=;3 ��|�L�| f�fD� f�feb f�fDS f�f�b f�f�. f�fff f�f�f f�f2H f�fff

��|� f�ffe f�ffS f�ff� f�ffe f�ffS f�feD f�ffe f�ff. f�fe�

|L|@* f�fDD f�fDD f�fD. f�fe� f�fe� f�feD f�f�e f�f�D f�fe�

Wdeoh 46= Vl}h ri wkh DGI whvw> DU +4, huuruv

+zlwk wkh odj ohqjwk �{hg dw rqh,

�4 @ 3> �5 @ 3> �4 @ 8> �5 @ 6> �4 @ 43> �5 @ 8>

�6 @ 3> �7 @ 3 �6 @ 5> �7 @ 5 �6 @ 8> �7 @ 8

� �
f

�
g

� �
f

�
g

� �
f

�
g

� @ �3=;3 ��|�L�| f�f�. f�f�� f�feS f�fDS f�feS f�fb� f�f�� f�ffb f�f�b

��|� f�f�H f�f22 f�ff� f�f.. f�f.H f�f�� f��b2 f�2�2 f��S�

|L|@* f�fDD f�fD� f�fe. f���� f��2e f��2e f�2fD f�2e� f��H2

� @ �3=73 ��|�L�| f�f�e f�f2b f�feD f�fD� f�fe� f�f�f f�f�. f�f�� f�fff

��|� f�f�S f�f2� f�ff2 f�fDH f�fDH f�fD. f��Db f��.. f�fDf

|L|@* f�fDf f�fDf f�fe. f��fb f�fbb f�fS. f��.S f��HH f�fDf

� @ 3=33 ��|�L�| f�f�e f�f�f f�feS f�f�D f�f�f f�fff f�f2� f�f�D f�fff

��|� f�f�� f�f�H f�ff2 f�f2b f�f�� f�feH f�fbe f�fHb f�feS

|L|@* f�fe. f�feH f�feH f�fSe f�fS� f�feH f���D f��fe f�feS

� @ 3=73 ��|�L�| f�f�H f�f�e f�feH f�f�b f�f�e f�fff f�f�. f�f�2 f�fff

��|� f�ffb f�f�� f�ff2 f�f�� f�f�D f�fe� f�f2� f�f2D f�feD

|L|@* f�fe. f�fe. f�fDf f�f�f f�f2b f�fe� f�fef f�f�. f�feD

� @ 3=;3 ��|�L�| f�fe. f�feD f�fD2 f�f2� f�f2� f�fff f�f2H f�f2D f�fff

��|� f�ffD f�ffH f�ff� f�ffe f�ffH f�f�S f�ffe f�ffH f�fe.

|L|@* f�fD2 f�fD� f�fD� f�f2. f�f2b f�f�S f�f�2 f�f�� f�fe.

Wdeoh 47= Hpslulfdo uhvxowv> Orjdulwkp ri wkh XV2Ilqodqg uhdo h{fkdqjh udwh

5�}?��U@?Ui *i�i* Ait| ��W�M@ti_ tih�it B#��M@ti_ tih�it

�bff��bHH �bff��bH.

D�fI �f �b�H ?L L�|*�iht

�
g

�b�.c�b�Hc�b�bc�b�2c�beH �b�Hc �beb

�f�fI �
f

�b�Hc�b�b ?L L�|*�iht

�g �b�.c�b�Hc�b�bc�b�2c�beH �b�.c�b�Hc�b�bc�b2�c�b�2c�be.c�beHc�bD.
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Figure 1. Logarithm of the US/Finland Real Exchange Rate based

on the Consumer Price Index (CPI); Annual from 1900 to 1988

Figure 2. Logarithm of the US/Finland Real Exchange Rate

based on the GDP De‡ator; Annual from 1900 to 1987


