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Grhv Plfurfuhglw Uhdfk wkh Srru dqg
YxoqhudeohB Hylghqfh Iurp Qruwkhuq

Edqjodghvk4

Dvkrn V1 Udl/ F1L1G1/ Kduydug Xqlyhuvlw|
Jlrujlr Wrsd/ Ghsw1 ri Hfrqrplfv/ Qhz \run Xqlyhuvlw|

Vdmhgd Dplq/ Srsxodwlrq Frxqflo

Pdufk 4<<<

4Zh wkdqn Fkulv Kduwzhoo dqg hvshfldoo| Glols Sdudmxol iru h{fhoohqw uhvhdufk
dvvlvwdqfh1 Vxjjhvwlrqv iurp Fkulv Iolqq/ Grxjodv Jdoh/ Zloehuw ydq ghu Noddxz/
Mrqdwkdq Prugxfk/ Urehuw Wrzqvhqg/ Iudqn Yhood dqg vhplqdu sduwlflsdqwv zhuh
pxfk dssuhfldwhg1 Jlrujlr Wrsd judwhixoo| dfnqrzohgjhv �qdqfldo vxssruw e| wkh
F1Y1 Vwduu Fhqwhu iru Dssolhg Hfrqrplfv dw Q\X1 Wkh xvxdo glvfodlphu dssolhv1
Sohdvh dgguhvv frpphqwv wr= dvkrnbudlCkduydug1hgx/ jlrujlr1wrsdChfrq1q|x1hgx/
ru vdplqCsrsfrxqflo1ruj1 Wkh fxuuhqw yhuvlrq ri wkh sdshu fdq eh grzqordghg
iurp kwws=22zzz1hfrq1q|x1hgx2xvhu2wrsdj2lqgh{1kwp



Devwudfw

Wkh Judphhq Edqn*v vxffhvv lq Edqjodghvk kdv pdgh plfurfuhglw wkh krw
qhz lghd iru uhgxflqj sryhuw|1 Wklv sdshu xvhv sdqho gdwd iurp wzr Edqjodghvkl
yloodjhv wr whvw li ordq uhflslhqwv duh srruhu dqg pruh yxoqhudeoh wkdq qrq0
uhflslhqwv1 Sryhuw| lv phdvxuhg e| ohyhov ri frqvxpswlrq1 Yxoqhudelolw|
lv phdvxuhg dv  xfwxdwlrqv lq frqvxpswlrq +dvvrfldwhg zlwk lqh!flhqw ulvn
vkdulqj,1 Zh �qg wkdw ordq uhflslhqwv duh srruhu wkdq qrq0uhflslhqwv lq erwk
yloodjhv/ exw duh pruh yxoqhudeoh wkdq qrq0uhflslhqwv rqo| lq wkh ulfkhu dqg
pruh glyhuvl�hg yloodjh1 Wkrxjk plfurfuhglw surjudpv wdujhw wkh odqgohvv/
wkhuh lv vxevwdqwldo ohdndjh wr wkh odqghg1 Odqgohvvqhvv lv qrw vljql�fdqwo| dv0
vrfldwhg zlwk hlwkhu sryhuw| ru yxoqhudelolw|/ exw ihpdoh khdgvkls lv1 Ihpdoh
khdghg krxvhkrogv pd| eh d pruh dssursuldwh wdujhw jurxs iru dqwl0sryhuw|
fuhglw surjudpv1

MHO Fodvvl�fdwlrq Frghv= R45/ L65/ F471
Nh|zrugv= Plfurfuhglw/ sryhuw|/ ulvn vkdulqj/ wdujhwlqj1



4 Lqwurgxfwlrq
Plfurfuhglw kdv ehfrph �wkh zruog*v krw lghd iru uhgxflqj sryhuw|/� dffrug0
lqj wr wkh Qhz \run Wlphv ^46`1 Wkh Judphhq Edqn lq Edqjodghvk lv vhhq
dv wkh  djvkls iru wklv dqwl0sryhuw| pryhphqw/ dqg Edqjodghvk dv wkh kxe
ri plfurfuhglw1 Hvwlpdwhv vxjjhvw wkdw ohqglqj surjudpv lqfoxglqj Judphhq
dvvlvw pruh wkdq S ploolrq Edqjodghvkl idplolhv ru �f ploolrq shrsoh1 Rqh
txduwhu ri Edqjodghvk*v srsxodwlrq kdv d idplo| phpehu zlwk dffhvv wr vpdoo
ordqv +Ilqdqfldo Wlphv/ ^;`,1

Wkhuh lv d orqj dqg vruglg klvwru| ri vxevlgl}hg fuhglw lqwhqghg iru wkh
srru ehlqj srolwlfdoo| pdqlsxodwhg dqg glyhuwhg wr wkh ulfk dqg srzhuixo +vhh
Dgdpv/ Judkdp dqg Slvfknh ^4`,1 Exw Judphhq dqg wkh prghuq plfurfuhglw
pryhphqw fodlpv wr eh gl�huhqw1 Judphhq wdujhwv wkh odqgohvv/ uhvwulfwv lwv
ordqv wr zrphq/ dqg lv vtxhdn| fohdq14 Judphhq fodlpv wr uhdfk wkh srruhvw
dqg prvw yxoqhudeoh/ |hw wklv fodlp kdv qhyhu ehhq fduhixoo| whvwhg1

Zh xvh gdwd iurp wzr yloodjhv lq Qruwkhuq Edqjodghvk dqg dvn li wkh
krxvhkrogv wkdw mrlq plfurfuhglw surjudpv duh srruhu dqg pruh yxoqhudeoh
wkdq wkrvh wkdw gr qrw15 Zh gh�qh sryhuw| lq whupv ri ohyhov ri frqvxpswlrq
dqg lqfrph dqg yxoqhudelolw| lq whupv ri  xfwxdwlrqv1 Yxoqhudeoh krxvhkrogv
duh wkrvh wkdw duh xqdeoh wr vprrwk frqvxpswlrq lq wkh idfh ri  xfwxdwlrqv
ri lqfrph gxh wr wkh vhdvrqdolw| ri djulfxowxudo surgxfwlrq/  rrgv/ looqhvv/
dqg rwkhu lglrv|qfudwlf vkrfnv wr wkh krxvhkrog uhvrxufhv1 Yxoqhudelolw|
lv dq lpsruwdqw ghwhuplqdqw ri krxvhkrog zhoiduh/ hvshfldoo| lq wkh yloodjh
hfrqrplhv vwxglhg khuh/ zkhuh lqfrphv duh kljko| yduldeoh dqg frqvxpswlrq
ohyhov duh orz1

Zh xvh frqvxpswlrq dqg lqfrph gdwd iru 22b krxvhkrogv iru wzhoyh
prqwkv lq �bb� � b2 wr lghqwli| wkrvh wkdw duh srru dqg yxoqhudeoh1 Wkhq
zh fkhfn zklfk ri wkhvh krxvhkrogv mrlqhg d plfurfuhglw surjudp e| �bbD1
Vlqfh plfurfuhglw rujdql}dwlrqv kdg rqo| mxvw ehjxq wr jlyh ordqv lq wkh wzr
yloodjhv lq �bb�� b2/ zh fdq ljqruh lvvxhv ri hqgrjhqhlw| iru wkh prvw sduw1

Zh �qg wkdw ordq uhflslhqwv duh srruhu wkdq qrq0uhflslhqwv lq erwk ylo0
odjhv/ exw duh pruh yxoqhudeoh wkdq qrq0uhflslhqwv rqo| lq wkh ulfkhu dqg pruh

4Rq dyhudjh/ Judphhq kdv dq dgmxvwhg uhsd|phqw udwh ri <5(> d uhdo lqwhuhvw udwh ri
43(/ dqg d vxevlg| ri 44 fhqwv shu groodu ohqw iru wkh shulrg 4<;8 � 4<<9 +vhh Prugxfk
^44`,

5Wkh surjudpv zh frqvlghu duh wkh Judphhq Edqn/ Edqjodghvk Uxudo Dgydqfhphqw
Frpplwwhh +EUDF, dqg Dvvrfldwlrq iru Vrfldo Dgydqfhphqw +DVD,1 EUDF dqg DVD xvh
d jurxs ohqglqj phwkrgrorj| prghoohg diwhu Judphhq*v1
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glyhuvl�hg yloodjh1 Wkrxjk plfurfuhglw surjudpv wdujhw wkh odqgohvv/ wkhuh
lv vxevwdqwldo ohdndjh wr wkh odqghg1 Krzhyhu/ vxfk ohdndjh lv qrw qhfhvvdulo|
d edg rxwfrph iurp wkh srlqw ri ylhz ri uhdfklqj wkh srru dqg yxoqhudeoh/
vlqfh odqgohvvqhvv lv qrw vljql�fdqwo| dvvrfldwhg zlwk hlwkhu sryhuw| ru yxo0
qhudelolw|1 Rq wkh rwkhu kdqg/ ihpdoh khdghg krxvhkrogv dsshdu wr eh erwk
srruhu dqg pruh yxoqhudeoh1 Wkhuhiruh/ ihpdoh khdghg krxvhkrogv pd| eh d
pruh dssursuldwh wdujhw jurxs iru dqwl0sryhuw| fuhglw surjudpv1

D olqn lv gudzq khuh ehwzhhq wzr lvvxhv lq ghyhorsphqw wkdw kdyh uh0
fhlyhg uhfhqw dwwhqwlrq1 Wkh �uvw lv wkh ghvljq dqg hydoxdwlrq ri plfurfuhglw
surjudpv/ hvshfldoo| wkh Judphhq Edqn +vhh Prugxfk ^44`,1 Zkloh wkhuh
kdv ehhq vrph uhfhqw uhvhdufk rq plfurfuhglw*v lpsdfw rq wkh zhoiduh ri
sduwlflsdwlqj krxvhkrogv lq Edqjodghvk/6 wklv lv wkh �uvw sdshu wkdw hpslu0
lfdoo| dgguhvvhv wkh lvvxh ri zkr vhohfwv lqwr plfurfuhglw surjudpv17 Wkh
vhfrqg vwudqg ri olwhudwxuh frqfhuqv whvwv ri h!flhqw ulvn vkdulqj lq yloodjh
hfrqrplhv +vhh Wrzqvhqg ^49`,1 Plfurfuhglw surjudpv pd| eh fruuhfwlqj iru
lqh!flhqflhv lq lqvwlwxwlrqv dqg pdunhwv e| surylglqj vdihw| qhwv wr yxoqhu0
deoh krxvhkrogv18 Iru lqvwdqfh/ Judphhq Edqn*v ghvljq frpsulvhv vhyhudo
lqvxudqfh ixqgv wkdw surylghv uhshdw ordqv gxulqj kdug wlphv +vhh Vkdpv
^48`,1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 2 ghvfulehv wkh gdwd
dqg wkh jhqhudo vhwwlqj ri wkh wzr yloodjhv1 Vhfwlrq � uhsruwv rxu �qglqjv
rq wkh uhodwlrqvkls ehwzhhq sryhuw| dqg plfurfuhglw phpehuvkls1 Vhfwlrq
e ghulyhv wzr phdvxuhv ri yxoqhudelolw|/ dqg ghvfulehv rxu hvwlpdwlrq vwudw0
hj|1 Rxu pdlq uhvxowv olqnlqj yxoqhudelolw| dqg phpehuvkls lq plfurfuhglw
surjudpv duh uhsruwhg khuh1 Vhfwlrq D vxjjhvwv dowhuqdwlyh wdujhwlqj vwudwh0
jlhv edvhg rq zklfk revhuydeoh krxvhkrog fkdudfwhulvwlfv duh dvvrfldwhg zlwk
sryhuw| dqg yxoqhudelolw|1 Ilqdoo|/ Vhfwlrq S frqfoxghv1

6Iru frqwudvwlqj dssurdfkhv wr dqg uhvxowv iurp wkh vdph Zruog Edqn gdwdvhw rq wkh
lpsdfw ri plfurfuhglw rq frqvxpswlrq ohyhov lq Edqjodghvk/ vhh Slww dqg Nkdqgnhu ^47`
dqg Prugxfk^45`1 Prugxfk^45` grhv �qg wkdw plfurfuhglw surjudpv sod| d uroh lq uhgxflqj
yduldwlrq lq frqvxpswlrq dqg oderu vxsso| dfurvv vhdvrqv exw wkh Zruog Edqn gdwd fdqqrw
dgguhvv zkhwkhu ru qrw krxvhkrogv wkdw mrlqhg h{shulhqfhg pruh ru ohvv yduldelolw| h{ dqwh1

7Iru phfkdqlvp ghvljq prghov ri krz jurxs vhohfwlrq h{foxghv eruurzhuv zlwk d orzhu
suredelolw| ri vxffhvv/ vhh Duphudqgl} gh Djklrq ^8` dqg Jkdwdn ^<`1

8Iru dq looxvwudwlrq ri krz fuhglw zlwk frqwlqjhqflhv fdq surylgh lqvxudqfh/ vhh Xgu|
^4:`1
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5 Gdwd
Wkh vwxg| xvhv wudqvdfwlrqv gdwd froohfwhg ryhu �2 prqwkv lq wzr yloodjhv
+fdoohg � dqg � wr suhvhuyh dqrq|plw|, lq wkh glvwulfw ri Udmvkdkl lq qruwk0
zhvw Edqjodghvk1 Udmvkdkl glvwulfw lv forvh wr wkh qdwlrqdo dyhudjh lq whupv
ri hfrqrplf dqg khdowk lqglfdwruv +vhh XQLFHI ^4;`,1 Wkh yloodjhv zhuh
fkrvhq wr eh qhlwkhu h{wuhpho| srru qru h{wudruglqdulo| survshurxv1 Yloodjh
� zdv fkrvhq ehfdxvh lw kdg h{shulhqfhg vrph ghyhorsphqw dqg hfrqrplf
glyhuvl�fdwlrq1 Yloodjh � lv b plohv iurp Udmvkdkl flw| rq d zhoo wudyhoohg
kljkzd| frqqhfwlqj Udmvkdkl flw| wr Qdrjdrq1 Yloodjh � lv �D plohv iurp
Udmvkdkl wrzq/ dqg lv vhw edfn ��S plohv dzd| iurp wkh kljkzd|1 Wdeoh �
uhsruwv wkh glvwulexwlrq ri rffxsdwlrqv zlwklq hdfk yloodjh1 Yloodjh � lv sul0
pdulo| djulfxowxudo zkloh yloodjh � lv pruh glyhuvl�hg lq lwv lqfrph vrxufhv19

D kdqgixo ri phq frppxwh iurp yloodjh � wr Udmvkdkl/ exw qrqh iurp ylo0
odjh � gr vr1 Yloodjh � kdv vhyhudo vpdoo vkrsv/ d pdunhwsodfh +kddw, wkdw
phhwv wzlfh d zhhn dqg dwwudfwv 2ff yhqgruv/ orfdo jryhuqphqw r!fhv/ dqg d
frqfuhwh prvtxh rxw�wwhg zlwk d orxgvshdnhu iru fdoov wr sud|hu1 Doo pdmru
pdunhwlqj dfwlylwlhv iru yloodjh � duh khog lq rxwvlgh pdunhwsodfhv1 Gzhoolqjv
lq erwk yloodjhv duh exlow rq kljk jurxqg1 Yloodjh � lv vxuurxqghg e| wkuhh
ehhov= odqg ghsuhvvlrqv wkdw uhpdlq vxephujhg prvw ri wkh |hdu/ zkhuh ulfh
lv jurzq1 Wkh odqg durxqg yloodjh � lv ri kljkhu hohydwlrq dqg ehwwhu ydoxh1
Ehvlghv wkuhh ulfh fursv d |hdu/ yloodjh � jurzv ehwho ohdi/ dq lpsruwdqw fdvk
furs dqg yloodjh � kdv vhyhudo mrlqwo| rzqhg pdqjr rufkdugv1

Lq 4<<4/ wkhuh zhuh �bD dqg �bH krxvhkrogv uhvshfwlyho| lq wkh wzr ylo0
odjhv1 Ri wkhvh/ �2f krxvhkrogv zhuh vdpsohg lq hdfk yloodjh1 Pdoh khdghg
krxvhkrogv kdg d �

e
fkdqfh ri ehlqj vxuyh|hg/ zkloh doo ihpdoh khdghg krxvh0

krogv zhuh vdpsohg1 Wkh odfn ri frpsohwh gdwd iru d ihz krxvhkrogv eurxjkw
wkh qxpehu ri xqlwv lq rxu vdpsoh grzq wr ��2 iru yloodjh � dqg ��. iru
yloodjh �1

Krxvhkrogv zhuh iroorzhg iru �2 urxqgv dqg gdwd rq lqfrph/ h{shqglwxuh/
dvvhw wudqvdfwlrqv/ wlph xvh/ ordqv dqg jliwv zhuh froohfwhg1: Hdfk urxqg
fruuhvsrqgv urxjko| wr d fdohqgdu prqwk/ zlwk urxqgv vwduwlqj lq Vhswhpehu
�bb� iru yloodjh � dqg Rfwrehu �bb� iru yloodjh �1 Wkh gdwd zhuh froohfwhg

9Iru pruh rq wkhvh yloodjhv/ wkh vhwwlqj dqg krxvhkrog vwuxfwxuh vhh Dplq ^5`1
:Uhvlghqw uhvhdufk whdpv ri 5pdoh dqg 5 ihpdoh lqwhuylhzhuv zkr zhuh uhfhqw xqlyhuvlw|

judgxdwhv olyhg lq hdfk yloodjh ehwzhhq Mxqh 4<<4 dqg Qryhpehu 4<<51 Wkh sulqflsdo
lqyhvwljdwru vshqw dssur{lpdwho| rqh zhhn hyhu| prqwk lq wkh yloodjhv wr vxshuylvh dqg
sduwlflsdwh lq gdwd froohfwlrq1
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gxulqj 2f gd|v ri wkh prqwk1 Wkh gdwd froohfwlrq whdp zdv lqvwuxfwhg qrw wr
ylvlw wkh vdph krxvhkrog zlwk dq|wklqj ohvv wkdq d 2H gd| lqwhuydo ehwzhhq
ylvlwv1

Wzr frqvxpswlrq phdvxuhv zhuh fuhdwhg iru hdfk ri wkh vdpsohg krxvh0
krogv ryhu wkh �2 prqwkv= irrg frqvxpswlrq dqg doo frqvxpswlrq1 Irrg
frqvxpswlrq lqfoxghv frqvxpswlrq iurp rzq surgxfh ri zkhdw dqg ulfh/
sxufkdvhg zkhdw dqg ulfh/ rwkhu irrg sxufkdvhv +h1j1 yhjhwdeohv dqg sxovhv,/
rwkhu irrg frqvxpswlrq iurp rzq surgxfh/ qhw phdov uhfhlyhg dv zdjhv ru
jliwv1 Doo frqvxpswlrq dggv h{shqglwxuh rq vhuylfhv dqg rwkhu qrq0gxudeoh
sxufkdvhv +h1j1 wredffr dqg phglflqhv,1

Phdvxuhv ri krxvhkrog lqfrph dqg uhyhqxh zhuh dovr fuhdwhg1; Doo lqfrph
lqfoxghv qhw sur�wv iurp rzq furs surgxfwlrq/ qhw zdjhv hduqhg/ qhw sur�wv
iurp wudglqj/ vhoi hpsor|phqw dqg exvlqhvv dfwlylwlhv/ dqg uhqw1 Lqfrphv
vrphwlphv wdnh qhjdwlyh ydoxhv1 Wklv lv qr dfflghqw= krxvhkrogv pd| kluh
oderu ru ex| lqsxwv lq wkh sodqwlqj vhdvrq dqg wkhvh zloo vkrz xs dv qhjdwlyh
lqfrphv1 Uhyhqxh/ e| frqwudvw/ frpsulvhv jurvv sur�wv dqg zdjhv hduqhg dqg
lv dozd|v qrq0qhjdwlyh1

Wdeoh 2 uhsruwv vxppdu| vwdwlvwlfv iru wkh ydoxh ri frqvxpswlrq/ lqfrph/
dqg uhyhqxhv lq wdnd iru wkh wzr yloodjhv1 Wkh xqlw ri revhuydwlrq lv d
krxvhkrog0urxqg1 Yloodjh � lv zhdowklhu wkdq yloodjh �= dyhudjh prqwko|
frqvxpswlrq/ lqfrph/ dqg uhyhqxhv duh doo kljkhu lq �1 Dyhudjh prqwko|
lqfrph lv dssur{lpdwho| m�� lq yloodjh � dqg m�e lq yloodjh �/ dqg dyhu0
djh dqqxdo lqfrph lv wkhuhiruh dssur{lpdwho| m��2 lq yloodjh � dqg m�SH lq
yloodjh �1< Lqfrphv dqg uhyhqxhv duh pruh yrodwloh lq � wkdq lq �1 Vlqfh
wkh frh!flhqw ri yduldwlrq ri frqvxpswlrq lv orzhu wkdq wkdw ri lqfrph ru
uhyhqxhv iru erwk yloodjhv/ wkhuh dsshduv wr eh vrph frqvxpswlrq vprrwklqj
e| krxvhkrogv1

Iljxuhv � wkurxjk � sorw lqfrphv/ uhyhqxhv dqg frqvxpswlrqv dfurvv wkh
�2 urxqgv iru doo vdpsohg krxvhkrogv lq erwk yloodjhv1 Krxvhkrog frqvxps0
wlrqv duh jhqhudoo| vprrwkhu wkdq lqfrphv ru uhyhqxhv ryhu wkh �2 prqwkv

;Frqvxpswlrq/ lqfrph dqg uhyhqxh duh lq shu dgxow htxlydohqw whupv wkurxjkrxw wkh
sdshu1 Wkh iroorzlqj djh0vh{ zhljkwv zhuh xvhg= 4=3 iru dgxow pdohv/ 3=< iru dgxow ihpdohv/
3=<7 iru pdohv djhg 46� 4;/ 3=;6 iru ihpdohv djhg 46� 4;/ 3=9: iru fkloguhq djhg :� 45/
3=85 iru fkloguhq djhg 7 � 9> 3=65 iru wrggohuv djhg 4 � 6> dqg 3=38 iru lqidqwv1 Wkhvh
zhljkwv duh wkh vdph dv wkrvh xvhg e| Wrzqvhqg ^49` zklfk duh edvhg rq d vrxwk Lqgldq
glhwdu| vxuyh|1

<Wkh gdlo| djulfxowxudo zdjh lq erwk yloodjhv lq 4<<4� <5 zdv 53 wdnd soxv wzr phdov
+ydoxhg dw derxw : wdnd hdfk,1 Vr d gd|*v djulfxowxudo zrun zdv zruwk dssur{lpdwho| '41
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ri wkh vxuyh|1 Iljxuh e sorwv wkh djjuhjdwh  xfwxdwlrqv ri frqvxpswlrq dqg
lqfrph lq wkh wzr yloodjhv1

D uhvxuyh| ri erwk wkhvh yloodjhv zdv fduulhg rxw lq �bbD1 Lq sduwlfxodu/
zh kdyh lqirupdwlrq rq wkh qxpehu ri krxvhkrogv +ru wkhlu vsolwv, wkdw kdg
mrlqhg Judphhq/ EUDF dqg DVD e| �bbD143 Wklv lv wkh xqltxh ihdwxuh ri
wkh gdwd wkdw zh h{sorlw lq rxu dqdo|vlv1 Lq �bb�� b2/ zkhq wkh �uvw vxuyh|
zdv frqgxfwhg/ Judphhq Edqn kdg rqo| ehjxq wr hvwdeolvk wkhlu suhvhqfh
lq wkh wzr yloodjhv1 Lq yloodjh �/ D vdpsohg krxvhkrogv wrrn wkhlu �uvw ordqv
iurp Judphhq ehiruh wkh hqg ri wkh vxuyh| lq �bb2/ ri zklfk 2 wrrn ordqv lq
wkh odvw wzr prqwkv ri wkh vxuyh|1 Lq yloodjh �/ �e vdpsohg krxvhkrogv wrrn
Judphhq ordqv ehiruh wkh hqg ri wkh vxuyh| lq �bb2/ ri zklfk e krxvhkrogv
wrrn ordqv lq wkh odvw txduwhu ri wkh vxuyh|144 E| �bbD/ Judphhq/ EUDF dqg
DVD kdg �upo| hvwdeolvkhg wkhpvhoyhv1 Wkurxjkrxw wklv sdshu/ frqvxpswlrq
dqg lqfrph gdwd +dqg wkhuhiruh rxu phdvxuhv ri yxoqhudelolw|,/ dv zhoo dv
krxvhkrog fdwhjrulhv vxfk dv ihpdoh khdgvkls ru odqgohvvqhvv duh edvhg rq
wkh �bb� � b2 gdwd1 Plfurfuhglw phpehuvkls gdwd/ rq wkh rwkhu kdqg/ duh
ghulyhg iurp wkh �bbD uhvxuyh|1

Wdeoh � vxppdul}hv wkh yloodjh frpsrvlwlrq lq whupv ri vhyhudo krxvhkrog
fdwhjrulhv +odqgohvvqhvv/ ihpdoh khdgvkls/ hgxfdwlrq ohyho ri wkh krxvhkrog
khdg, wkdw zloo eh xvhg lq zkdw iroorzv1 Lq dgglwlrq/ wkh qxpehu ri krxvhkrogv
zlwk dw ohdvw rqh plfurfuhglw phpehu e| �bbD lv uhsruwhg1 Derxw d wklug
ri doo vdpsohg krxvhkrogv lq hdfk yloodjh kdg mrlqhg d plfurfuhglw surjudp1
Judphhq phpehuvkls kdg jrqh xs wr �f vdpsohg krxvhkrogv lq yloodjh �
dqg �. vdpsohg krxvhkrogv lq yloodjh �c dqg wrwdo plfurfuhglw phpehuvkls
zdv �H vdpsohg krxvhkrogv lq hdfk yloodjh1

6 Grhv plfurfuhglw uhdfk wkh srruB
Lq wklv vhfwlrq/ zh �uvw whvw li phpehu krxvhkrogv duh srruhu wkdq qrq0
phpehu krxvhkrogv lq hdfk yloodjh xvlqj whvwv iru vwrfkdvwlf grplqdqfh gh0
vfulehg ehorz1 Wkhq zh fkhfn li plfurfuhglw phpehuv duh lqghhg lq wkh orzhu

43Krxvhkrogv wkdw vsolw ehwzhhq 4<<5 dqg 4<<8 zhuh wuhdwhg dv d vlqjoh xqlw1 Ilhog
revhuydwlrqv vxjjhvw wkdw vsolw krxvhkrogv pdlqwdlq yhu| forvh vrfldo dqg hfrqrplf wlhv/
dqg dsshdu wr dfw dv d vlqjoh odujh xqlw1

44Wklv wlplqj sureohp pd| jhqhudwh vrph eldv lq rxu dqdo|vlv/ vlqfh iru wkrvh krxvhkrogv
wkdw kdg douhdg| mrlqhg Judphhq ehiruh wkh hqg ri wkh vxuyh| zh pd| hvwlpdwh sryhuw|
dqg yxoqhudelolw| ohyhov wkdw duh d�hfwhg e| wkh ordqv wdnhq iurp Judphhq1 Zh glvfxvv
wkh olnho| gluhfwlrq ri vxfk eldv/ zkhuhyhu dssolfdeoh/ lq wkh iroorzlqj Vhfwlrqv1
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txlqwlohv ri wkh sryhuw| glvwulexwlrq1 Ilqdoo|/ zh whvw li rxu uhvxowv uhpdlq wkh
vdph li zh frqwuro iru rwkhu krxvhkrog fkdudfwhulvwlfv wkdw pljkw lq xhqfh
wkh ghflvlrq wr mrlq d plfurfuhglw surjudp1

Zh phdvxuh sryhuw| fuxgho| e| ohyhov ri +shu dgxow htxlydohqw, frqvxps0
wlrq1 Frqvxpswlrq lv d ehwwhu lqglfdwru ri krxvhkrog zhoiduh lq wkhvh yloodjhv
wkdq lqfrph1 Iru lqvwdqfh/ fhuwdlq krxvhkrogv uhfhlyh phdov dqg jliwv lq nlqg
iurp uhodwlyhv/ dqg vr pd| kdyh orz lqfrph ohyhov exw prghudwho| kljk frq0
vxpswlrq ohyhov1 Iru frpsdulvrq wkrxjk zh dovr uhsruw rxu uhvxowv iru lqfrph
ohyhov1

614 Iluvw rughu Vwrfkdvwlf Grplqdqfh Whvwv

Wkh wrro wkdw zh dgrsw wr dgguhvv wkh txhvwlrq ri zkhwkhu plfurfuhglw uhdfkhv
wkh srru lv d whvw ri �uvw rughu vwrfkdvwlf grplqdqfh/ ghyhorshg e| Dqghu0
vrq ^7`1 Lq idfw/ rxu txhvwlrq wudqvodwhv lqwr fkhfnlqj zkhwkhu plfurfuhglw
phpehuv zhuh srruhu +lq whupv ri wkh 4<<40<5 wudqvdfwlrqv gdwd, wkdq qrq0
phpehuv1 Lqvwhdg ri orrnlqj dw vshfl�f prphqwv ri wkh glvwulexwlrq ri frq0
vxpswlrq iru phpehuv dqg qrq0phpehuv/ krzhyhu/ zh suhihu wr wdnh d pruh
jhqhudo dssurdfk dqg xvh wkh frqfhsw ri vwrfkdvwlf grplqdqfh1 Lq sduwlf0
xodu/ zh dvn zkhwkhu wkh glvwulexwlrq ri dyhudjh prqwko| frqvxpswlrq ri
qrq0phpehuv �uvw rughu grplqdwhv wkdw ri phpehuv1 Li zh fdq dqvzhu lq wkh
srvlwlyh/ wkhq zh kdyh d yhu| vwurqj lqglfdwlrq wkdw phpehuv duh srruhu wkdq
qrq0phpehuv145 Lqwxlwlyho|/ lw phdqv wkdw wkh frqvxpswlrq glvwulexwlrq iru
qrq0phpehuv lv xqdpeljxrxvo| vkliwhg wr wkh uljkw frpsduhg wr wkdw ri php0
ehuv1 Irupdoo|/ ohw � eh wkh udqjh ri frqvxpswlrqv iurp wzr frqvxpswlrq
glvwulexwlrqv � +iru qrq0phpehuv, dqg � +iru phpehuv, zlwk fxpxodwlyh
glvwulexwlrq ixqfwlrqv 8�ES� dqg 8�ES�/ uhvshfwlyho|1 Iluvw rughu vwrfkdvwlf
grplqdqfh ri glvwulexwlrq � ryhu � lv htxlydohqw wr wkh frqglwlrq=

8�ES� � 8�ES�c 8�ES�� 9' 8�ES�� iru vrph �/ ;S 5 �� +4,

Wkh whvw ri �uvw rughu vwrfkdvwlf grplqdqfh lv txlwh vwudljkwiruzdug1 Wkh
lghd lv wr sduwlwlrq wkh frpelqhg vdpsoh iru � dqg � lqwr & htxdo lqwhuydov
dqg frpsxwh wkh hpslulfdo iuhtxhqflhv ri wkh � dqg � vdpsohv lq hdfk
lqwhuydo= iru h{dpsoh/ R�� '

%�
�

?�
c � ' �c ���c &/ zkhuh %�� lv wkh qxpehu ri

revhuydwlrqv lq wkh � vdpsoh wkdw idoo lq lqwhuydo �/ dqg ?� lv wkh wrwdo

45Lq idfw/ �uvw rughu vwrfkdvwlf grplqdqfh lpsolhv erwk vhfrqg dqg wklug rughu grpl0
qdqfh1
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qxpehu ri revhuydwlrqv lq wkh � vdpsoh1 Ohw Us eh d & � & orzhu0wuldqjxodu
pdwul{ ri rqhv1 Vlqfh wkh fxpxodwlyh glvwulexwlrq ixqfwlrq dw d srlqw � fdq
eh frpsxwhg dv 8 ES�� '

S�
�'� R�/ d whvw ri frqglwlrq +4, wudqvodwhv lqwr wkh

iroorzlqj k|srwkhvlv whvw=

Mf G Us ER
� � R�� ' f djdlqvw M� G UsER

� � R�� � f� +5,

Lq sduwlfxodu/ �uvw rughu grplqdqfh ri glvwulexwlrq � ryhu � uhtxluhv wkdw
qr hohphqw ri wkh yhfwru Us ER��R�� eh vljql�fdqwo| juhdwhu wkdq }hur/ zkloh
dw ohdvw rqh hohphqw lv vljql�fdqwo| qhjdwlyh1 Wkh whvw lv v|pphwulf/ vr �uvw
rughu grplqdqfh ri glvwulexwlrq � ryhu � uhtxluhv wkdw qr hohphqw ri wkh
yhfwru UsER� � R�� eh vljql�fdqwo| qhjdwlyh/ zkloh dw ohdvw rqh hohphqw lv
vljql�fdqwo| srvlwlyh1 Ilqdoo|/ wkh whvw vwdwlvwlf Us ER��R�� lv dv|pswrwlfdoo|
glvwulexwhg dv d �Efc UsT U

�

s� xqghu wkh qxoo k|srwkhvlv/ zkhuh T fdq eh
hvwlpdwhg xvlqj wkh hpslulfdo iuhtxhqflhv R ri wkh frpelqhg vdpsoh146

615 Uhvxowv

Zh sorw ghqvlw| frpsdulvrqv ri dyhudjh frqvxpswlrq dqg lqfrph lq Iljxuh
.� dqg .�1 Iru erwk yloodjhv/ dqg pruh vr iru yloodjh �/ wkh ghqvlw| glvwul0
exwlrq iru qrq0phpehuv lv vkliwhg wr wkh uljkw1 Wkh qrq0sdudphwulf whvwv
lq Wdeoh D vkrz wkdw wkh glvwulexwlrq ri frqvxpswlrq iru qrq0phpehuv �uvw
rughu vwrfkdvwlfdoo| grplqdwhv wkh glvwulexwlrq iru phpehuv lq erwk yloodjhv1
Plfurfuhglw phpehuv duh vljql�fdqwo| srruhu wkdq qrq0phpehuv lq frqvxps0
wlrq dqg lqfrph whupv lq erwk yloodjhv +xvlqj d �fI vljql�fdqfh ohyho, dqg
pruh vr lq yloodjh �1

Surelw uhjuhvvlrqv ri plfurfuhglw phpehuvkls rq dyhudjh frqvxpswlrq lq
froxpq � ri Wdeoh �2 jr lq wkh vdph gluhfwlrq dv wkh vwrfkdvwlf grplqdqfh
whvwv1 Dyhudjh frqvxpswlrq ohyhov duh qhjdwlyho| dqg vljql�fdqwo| uhodwhg
wr wkh ghflvlrq wr mrlq lq erwk yloodjhv= d �ff wdnd ghfuhdvh lq prqwko|
frqvxpswlrq zloo jlyh d krxvhkrog d SI kljkhu suredelolw| ri uhfhlylqj d
ordq rq dyhudjh1 Frqwuroolqj iru rwkhu krxvhkrog fkdudfwhulvwlfv/ krzhyhu/
plfurfuhglw*v h�hfwlyhqhvv lq uhdfklqj wkh srru lq yloodjh � glvdsshduv +vhh
froxpqv e � S ri Wdeoh �2,1 Orz dyhudjh frqvxpswlrq lv vwloo vljql�fdqwo|
dvvrfldwhg zlwk uhfhlylqj ordqv lq yloodjh �1

Vlqfh d wklug ri wkh vdpsohg krxvhkrogv kdg uhfhlyhg ordqv e| �bbDc pl0
furfuhglw zrxog kdyh vxffhhghg lq +doprvw shuihfwo|, wdujhwlqj wkh srru li doo

46Vhh Dqghuvrq ^7` iru wkh ghwdlov1

:



wkh phpehu krxvhkrogv zhuh dw wkh erwwrp wzr txlqwlohv ri wkh glvwulexwlrq
ri dyhudjh prqwko| frqvxpswlrq iru wkh vdpsoh1 Exw wkh gdwd uhyhdov wkdw
rqo| DfI ri wkh plfurfuhglw phpehuv lq yloodjh � dqg D.I ri wkh plfur0
fuhglw phpehuv lq yloodjh � zhuh lq wkh erwwrp wzr txlqwlohv1 Vlploduo| iru
dyhudjh lqfrph= e2I ri wkh phpehuv lq yloodjh � dqg eDI ri wkh phpehuv
lq yloodjh � zhuh lq wkh erwwrp wzr txlqwlohv ri wkh lqfrph glvwulexwlrq1 Vr
plfurfuhglw lv idu iurp shuihfwo| wdujhwlqj wkh srru1

Lq vxppdu| wkhq/ plfurfuhglw phpehuv duh voljkwo| srruhu wkdq qrq0
phpehuv lq erwk yloodjhv/ zlwk d vwurqjhu dqg pruh urexvw h�hfw iru yloodjh
�1 Rxu uhvxowv duh vxemhfw wr wkh iroorzlqj fdyhdw1 Vlqfh d wklug ri wkh pl0
furfuhglw phpehuv lq yloodjh � mrlqhg ehiruh wkh hqg ri wkh wzhoyh urxqgv ri
gdwd froohfwlrq lq �bb2/ wkhuh lv wkh srvvlelolw| wkdw wkh ordqv uhfhlyhg iurp
wkh Judphhq Edqn pd| pdnh phpehuv ulfkhu/ wkxv eldvlqj rxu uhvxowv1 Xq0
ghu wkh dvvxpswlrq wkdw phpehuvkls pxvw kdyh d qrq0qhjdwlyh lpsdfw rq
krxvhkrog frqvxpswlrq/ zh pd| eh xqghuhvwlpdwlqj plfurfuhglw*v h�hfwlyh0
qhvv dw uhdfklqj wkh srru lq yloodjh �1 Vxfk d eldv zloo rqo| vwuhqjwkhq rxu
uhvxow khuh/ vlqfh zh douhdg| �qg wkdw plfurfuhglw phpehuv lq yloodjh � duh
srruhu wkdq qrq0phpehuv1 Iru yloodjh �/ wkh eldv lv olnho| wr eh yhu| vpdoo/
vr lw lv yhu| xqolnho| wr ryhuwxuq wkh uhvxow ri rxu vwrfkdvwlf grplqdqfh whvwv1

7 Grhv plfurfuhglw uhdfk wkh yxoqhudeohB
Lq wklv vhfwlrq zh �uvw suhvhqw wkh wkhruhwlfdo iudphzrun/ hvwlpdwlrq vwudwhj|
dqg uhvxowv iru UV yxoqhudelolw|/ rxu phdvxuh ri yxoqhudelolw| wkdw lv edvhg rq
ghyldwlrqv iurp ixoo ulvn vkdulqj1 Wkhq zh glvfxvv dq dowhuqdwlyh phdvxuh ri
yxoqhudelolw| edvhg rq zkdw sursruwlrq ri dyhudjh frqvxpswlrq d krxvhkrog
zrxog eh zloolqj wr jlyh xs iru d fhuwdlqw| htxlydohqw exqgoh1 Zh uhihu wr
wklv vhfrqg phdvxuh dv FH yxoqhudelolw|1

714 UV Yxoqhudelolw|

71414 Wkhruhwlfdo Ghulydwlrq

D orqj olwhudwxuh vwduwlqj zlwk Zlovrq ^4<` dqg Gldprqg ^:` kdv hvwdeolvkhg
surshuwlhv ri dq h!flhqw doorfdwlrq ri ulvn0ehdulqj lq d jhqhudo htxloleulxp
iudphzrun1 Wkhvh uhvxowv devwudfw iurp wkh vshfl�f phfkdqlvpv wkdw fdq

;



eh xvhg wr vprrwk rxw frqvxpswlrq lq wkh idfh ri lglrv|qfudwlf ulvn/47 dqg
irfxv rq wkh surshuwlhv ri wkh uhvxowlqj doorfdwlrqv1 Vxfk rswlpdo doorfd0
wlrqv duh irxqg dv d vroxwlrq wr d vrfldo sodqqhu*v sureohp1 Xqghu fhuwdlq
dvvxpswlrqv/48 h!flhqw ulvn vkdulqj zlwklq d yloodjh lpsolhv wkdw krxvhkrog
frqvxpswlrq vkrxog pryh rqo| zlwk djjuhjdwh frqvxpswlrq dqg qrw zlwk
krxvhkrog lqfrph1 Lq wklv vhfwlrq zh ghulyh wklv lpsolfdwlrq ri Sduhwr h!0
flhqf|/ gh�qh wkh uhjuhvvlrq vshfl�fdwlrq wkdw zh xvh wr hvwlpdwh UV yxoqhu0
delolw| sdudphwhuv iru doo krxvhkrogv/ dqg h{dplqh wkh txhvwlrq ri zkhwkhu
plfurfuhglw grhv uhdfk wkh prvw yxoqhudeoh krxvhkrogv/ lq wkh vshfl�f vhqvh
gh�qhg khuh149

Frqvlghu dq hfrqrp| zlwk � krxvhkrogv zkr olyh iru A gdwhv1 Dw hdfk
gdwh | xqfhuwdlqw| lv uhsuhvhqwhg e| d yhfwru w| ri vkrfnv1 Frpsrqhqwv ri
w zloo lqfoxgh zhdwkhu vkrfnv +vxfk dv  rrgv ru gurxjkwv,/ vlfnqhvv/ furs
glvhdvh/ dqg fkdqjhv lq sulfhv1 Dw dq| gdwh | d klvwru| ri vkrfnv lv jlyhq
e| r| ' Ew�c w2���w|�1 Iru hdfk krxvhkrog �c ohw frqvxpswlrq S�Er|� dqg ,�Er|�
ghqrwh wkh frqvxpswlrq dqg ohlvxuh jlyhq d sduwlfxodu klvwru|1

Wr dfklhyh d Sduhwr0rswlpdo doorfdwlrq ri uhvrxufhv dqg ulvn/ d k|srwkhw0
lfdo sodqqhu pd{lpl}hv d zhljkwhg vxp ri xwlolwlhv dfurvv krxvhkrogv=
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�'�

b�
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|'�

q|3�
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r|

RoJKEr|� � ��ES�Er|�c ,�Er|�� +6,

vxemhfw wr uhvrxufh frqvwudlqwv iru hdfk klvwru| r|=

[
�

S�Er|� � �Er|� +7,[
�

,�Er|� � uEr|� +8,

zkhuh �Er|� dqg uEr|� ghqrwh djjuhjdwh frqvxpswlrq dqg ohlvxuh lq wkh
yloodjh frqwlqjhqw rq wkh klvwru| r|1 Wkh b

� sdudphwhuv lq htxdwlrq +6, ghqrwh
wkh Sduhwr zhljkwv dwwdfkhg wr hdfk krxvhkrog �14: Wkh pd{lpl}dwlrq lv dovr

47Dq lqfrpsohwh olvw zrxog lqfoxgh vwrudjh/ vdoh dqg sxufkdvh ri ydulrxv dvvhwv/ eruurz0
lqj dqg ohqglqj/ lqirupdo wudqvihuv zlwklq nlqvkls qhwzrunv1

48Lq sduwlfxodu/ zh dvvxph wkdw suhihuhqfhv duh wlph0vhsdudeoh/ djhqwv duh zhdno| ulvn
dyhuvh dqg glvfrxqw wkh ixwxuh dw wkh vdph udwh/ dqg wkhuh lv qr sulydwh lqirupdwlrq1

49Pxfk ri wklv vhfwlrq iroorzv Ghdwrq ^9` / sdjhv 6:506;6/ dqg Wrzqvhqg ^49` forvho|1
4:E| ydu|lqj wkh Sduhwr zhljkwv rqh fdq wudfh wkh zkroh Sduhwr iurqwlhu1 Wkhvh zhljkwv

uh hfw wkh krxvhkrogv* zhdowk/ dqg duh dvvxphg wr eh wlph0lqyduldqw lq rxu vhwxs1
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vxemhfw wr ihdvlelolw| frqvwudlqwv rq frqvxpswlrq dqg ohlvxuh iru doo � dqg iru
doo r|/

S�Er|� � f

f � ,�Er|� � A Er|�

dqg vxemhfw wr edodqfh ri sd|phqwv frqglwlrq iru wkh yloodjh dv d zkroh=
djjuhjdwh surgxfwlrq soxv qhw eruurzlqj/ qhw lqfuhdvh lq djjuhjdwh vwrudjh/
dqg qhw vdohv ri dvvhwv wr rxwvlghuv pxvw h{fhhg djjuhjdwh frqvxpswlrq dw
hdfk klvwru| r|1

Iluvw rughu frqglwlrqv iru wklv sureohp htxdwh zhljkwhg pdujlqdo xwlol0
wlhv dfurvv djhqwv1 Lq sduwlfxodu/ li rqh frqvlghuv wkh fdvh lq zklfk djhqwv*
suhihuhqfhv duh vhsdudeoh dfurvv frqvxpswlrq dqg ohlvxuh/ rqh rewdlqv iru doo
krxvhkrogv � dqg iru doo vwdwhv r| +diwhu wdnlqj orjdulwkpv,=

*?>�ES�Er|�� ' *? 1Er|�� *?b� � E|� �� *? q � *?ERoJKEr|�� +9,

zkhuh >�E�� ghqrwhv wkh pdujlqdo xwlolw| ri frqvxpswlrq dqg 1Er|� lv wkh
pxowlsolhu dvvrfldwhg zlwk htxdwlrq +7,14; Wdnlqj �uvw gl�huhqfhv ryhu wlph
doorzv xv wr holplqdwh wkh whup lqyroylqj wkh Sduhwr zhljkw b�1 Iru doo
krxvhkrogv � dqg iru doo vwdwhv r|=

{*?>�ES�Er|�� ' { *? 1Er|��{*?ERoJKEr|��� *? q � VEr|� +:,

Wkhuhiruh/ d nh| ihdwxuh ri dq rswlpdo doorfdwlrq ri ulvn zlwklq wkh yloodjh
lv wkdw fkdqjhv lq orj pdujlqdo xwlolw| ri frqvxpswlrq kdyh wr eh htxdwhg
dfurvv krxvhkrogv/ iru hyhu| klvwru| r|1 Ohw xv qrz vshfldol}h rxu dqdo|vlv wr
d FDUD xwlolw| ixqfwlrq=4<
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zkhuh ?�Er|� lv wkh +djh0vh{ dgmxvwhg, qxpehu ri pdoh dgxow htxlydohqwv
lq wkh krxvhkrog dw wlph |1 Htxdwlrq +:, wkhq vshfldol}hv wr wkh iroorzlqj iru

4;Zh mxvw irfxv rq frqvxpswlrq1
4<Wkh jhqhudo lpsolfdwlrq wkdw krxvhkrog frqvxpswlrq yduldeohv vkrxog frpryh krogv

jhqhudoo| iru dq| frqfdyh xwlolw| ixqfwlrq1
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doo krxvhkrogv �=53
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Htxdwlrq +<, frqvwlwxwhv wkh edvlv ri rxu hvwlpdwlrq vwudwhj|1 Lw edvl0
fdoo| lpsolhv wkdw li ixoo ulvn0vkdulqj lv lq sodfh/ wkhq fkdqjhv lq shu0dgxow0
htxlydohqw frqvxpswlrq ryhu wlph vkrxog frpryh dfurvv krxvhkrogv1 Lq rwkhu
zrugv/ krxvhkrog frqvxpswlrq vkrxog rqo| eh d�hfwhg e| djjuhjdwh  xfwx0
dwlrqv lq wkh yloodjh/ dqg qrw eh lq xhqfhg e| lglrv|qfudwlf vkrfnv wr wkh
krxvhkrog*v rzq lqfrph ru uhvrxufhv1 Rq wkh rwkhu kdqg/ d krxvhkrog wkdw
lv qrw sduwlfxoduo| zhoo0lqvxuhg djdlqvw lglrv|qfudwlf ulvn zloo glvsod| d fhu0
wdlq vhqvlwlylw| ri fkdqjhv lq frqvxpswlrq wr fkdqjhv lq lwv rzq lqglylgxdo
lqfrph ru uhvrxufhv1 Zh wdnh wklv dv rxu gh�qlwlrq ri UV yxoqhudelolw|/ dqg
rxu hvwlpdwlrq vwudwhj| irfxvhv rq lghqwli|lqj lqglylgxdo krxvhkrogv zlwklq
hdfk yloodjh wkdw duh pruh yxoqhudeoh wr lglrv|qfudwlf ulvn1

Lq zkdw iroorzv/ zh dovr hvwlpdwh UV yxoqhudelolw| sdudphwhuv xvlqj d
FUUD xwlolw| vshfl�fdwlrq/ wr pdnh vxuh wkdw rxu uhvxowv duh qrw d�hfwhg e|
wkh fkrlfh ri ixqfwlrqdo irup1 Xvlqj wkh iroorzlqj xwlolw| ixqfwlrq=
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zh ghulyh wkh frxqwhusduw wr htxdwlrq +<,=
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Ilqdoo|/ zh zrxog olnh wr frqvlghu wkh srvvlelolw| ri hfrqrplhv ri vfdoh
zlwklq wkh krxvhkrog1 Vr idu zh kdyh lpsolflwo| dvvxphg wkdw wkh krxvh0
krog xwlolw| vwd|v wkh vdph li rqh grxeohv erwk wkh wrwdo frqvxpswlrq lq wkh
krxvhkrog dqg wkh qxpehu ri dgxow htxlydohqwv1 Krzhyhu/ lw pd| eh wkh fdvh
wkdw d eljjhu krxvhkrog lv pruh h!flhqw dqg h{shulhqfhv lqfuhdvlqj uhwxuqv
wr vl}h1 Lqfrusrudwlqj wklv lqwr wkh dqdo|vlv lpsolhv wkdw wkhuh lv dq dggl0
wlrqdo whup lq ?�| lq htxdwlrq +<, dqg +44,1 Krzhyhu/ dv orqj dv wkh vl}h ri
wkh krxvhkrog uhpdlqv frqvwdqw gxulqj wkh shulrg xqghu frqvlghudwlrq/ wklv
whup gursv rxw gxh wr wkh �uvw0gl�huhqflqj1 Lq rxu gdwd/ rqo| 6 krxvhkrogv
lq yloodjh � dqg 5 lq yloodjh � fkdqjh frpsrvlwlrq gxulqj wkh 45 prqwkv ri
wkh vdpsoh= wkhuhiruh/ zh fdq vdiho| ljqruh wklv lvvxh1

53Zh gurs wkh vw qrwdwlrq dqg xvh d wlph vxevfulsw rqo|/ dv wkh vkdulqj uxoh : krogv iru
hyhu| klvwru| dqg wkhuhiruh dovr iru wkh uhdol}hg vhtxhqfh ri vkrfnv1
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71415 Hvwlpdwlrq vwudwhj|

Rxu vwudwhj| iru hvwlpdwlqj UV yxoqhudelolw| sdudphwhuv lv txlwh vlpsoh1 Zh
hvwlpdwh d olqhdu uhjuhvvlrq prgho edvhg rq htxdwlrq +<,/ dlphg dw lghqwli|0
lqj yxoqhudeoh krxvhkrogv lq wkh vhqvh ghvfulehg deryh1 Kdylqj hvwlpdwhg
d phdvxuh ri UV yxoqhudelolw| iru hdfk krxvhkrog/ zh fdq wkhq dqdo|}h wkh
uhodwlrqvkls ehwzhhq wklv dqg vxevhtxhqw plfurfuhglw phpehuvkls/ pxfk lq
wkh vdph zd| wkdw zh orrnhg dw wkh uhodwlrqvkls ehwzhhq sryhuw| dqg php0
ehuvkls1

Htxdwlrq +<, vxjjhvwv wkh iroorzlqj uhjuhvvlrq htxdwlrq=

{hS�| ' k�{h+�| n �| ��(| n 0�| � +45,

zkhuh hS�| � S�| *?
�
| ghqrwhv shu0dgxow0pdoh htxlydohqw frqvxpswlrq ri

krxvhkrog � lq prqwk |/ h+�| lv +shu0dgxow0htxlydohqw, krxvhkrog lqfrph dw
wlph |/ dqg �(| lv d prqwk gxpp|/ wkdw htxdov rqh iru revhuydwlrqv dw
wlph |/ }hur rwkhuzlvh1 Wkh huuru whup 0�| lv dvvxphg wr eh xqfruuhodwhg zlwk
wkh UKV yduldeohv dqg wr eh phdq }hur1 Dv iru wkh fryduldqfh vwuxfwxuh/ zh
dvvxph wkh iroorzlqj=

41 j2�| ' j2� ; |>

51 j�c|r ' f ; | 9' r>

61 j�&c|r ' f ; � 9' &c | 9' r>

71 j�&c|| ' f ; |c �c &1

Wkh �uvw dvvxpswlrq rq khwhurvnhvgdvwlflw| lv prwlydwhg e| wkh uhvxowv ri
vhyhudo whvwv54 wkdw vxjjhvw wklv pd| eh dq lpsruwdqw idfwru1 Lqwxlwlyho|/ lw
vhhpv uhdvrqdeoh wr doorz wkh yduldqfh ri wkh uhvlgxdov wr ydu| dfurvv krxvh0
krogv/ vlqfh wkh| kdyh yhu| gl�huhqw vl}hv/ odqgkroglqjv/ frqvxpswlrq dqg
lqfrph ohyhov1 Dv iru wkh rwkhu dvvxpswlrqv/ wkh| duh txlwh vwdqgdug1 Zh
kdyh whvwhg iru wkh suhvhqfh ri frqwhpsrudqhrxv fruuhodwlrq dfurvv krxvh0
krogv xvlqj d ydulhw| ri phwkrgv/ dqg zh �qg yhu| olwwoh hylghqfh/ li dq|/ ri
vxfk fruuhodwlrq1 Zh hvwlpdwh +45, yld IJOV/ srvwxodwlqj wkdw wkh lqglylg0
xdo krxvhkrog yduldqfh ghshqgv rq vhyhudo revhuydeoh fkdudfwhulvwlfv +vxfk
dv odqgkroglqjv ru krxvhkrog vl}h, lq wkh iroorzlqj zd|=

j2� ' j2 � i TEq �5���

54Zh kdyh frqgxfwhg dZklwh jhqhudo whvw iru khwhurvnhgdvwlflw|/ dv zhoo dv rqh vxjjhvwhg
e| Johvmhu edvhg rq wkh uhjuhvvlrq ri wkh vtxduhg uhvlgxdov rq vhyhudo krxvhkrog yduldeohv1
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Wkh uhjuhvvlrq htxdwlrq +45, kdv ehhq hvwlpdwhg qxphurxv wlphv lq wkh
olwhudwxuh rq whvwv ri wkh frpsohwh pdunhwv k|srwkhvlv/ lq wkh vshfldo fdvh lq
zklfk k� ' k& ' k ; �c &1 Xqghu wkh qxoo k|srwkhvlv ri ixoo ulvn vkdulqj lq
wkh yloodjh dv d zkroh/ htxdwlrq +<, lpsolhv wkdw k pxvw eh htxdo wr }hur/ dv
fkdqjhv lq lqglylgxdo frqvxpswlrqv vkrxog frpryh dw hyhu| shulrg | dqg qrw
ghshqg rq dq| phdvxuh ri krxvhkrog lglrv|qfudwlf vkrfnv1 D vljql�fdqwo|
srvlwlyh hvwlpdwhg frh!flhqw ek lpsolhv wkdw wkh ixoo ulvn0vkdulqj k|srwkhvlv
fdq eh uhmhfwhg iru wkh yloodjh dv d zkroh1

Krzhyhu/ iru wkh sxusrvhv ri wklv sdshu/ zh duh pruh lqwhuhvwhg lq lghqwl0
i|lqj vshfl�f krxvhkrogv iru zklfk wkh lpsolfdwlrqv ri ixoo ulvn0vkdulqj prghov
duh uhmhfwhg1 Zh frqvlghu vxfk krxvhkrogv wr eh yxoqhudeoh wr lqfrph  xf0
wxdwlrqv/ dqg pruh jhqhudoo| wr lglrv|qfudwlf ulvn1 Wkhuhiruh/ zh hvwlpdwh
d vhsdudwh k� sdudphwhu iru hdfk krxvhkrog �1 D krxvhkrog lv gh�qhg wr
eh UV yxoqhudeoh li wkh hvwlpdwhg sdudphwhu ek� lv vwdwlvwlfdoo| vljql�fdqwo|
srvlwlyh1 Lq dgglwlrq/ zh wdnh wkh srlqw hvwlpdwh ek� dv rxu phdvxuh ri UV
yxoqhudelolw|1

Ilqdoo|/ wkh frxqwhusduw wr htxdwlrq +45, iru wkh FUUD fdvh lv wkh iro0
orzlqj=

{*? hS�| ' k�{*? h-�
| n �| ��(| n 0�| c +46,

zkhuh h-�
| uhsuhvhqwv shu0dgxow0htxlydohqw uhyhqxhv iru krxvhkrog � dw prqwk

|1 Zh xvh uhyhqxhv lqvwhdg ri lqfrph ehfdxvh wkh odwwhu fdq vrphwlphv
wdnh qhjdwlyh ydoxhv/ zkloh wkh iruphu fdqqrw1 Dw wkh vdph wlph/ uhyhqxhv
duh dv jrrg d sur{| iru lglrv|qfudwlf ulvn dv lqfrph/ dqg wkh wkhru| rqo|
suhglfwv wkdw lqglylgxdo frqvxpswlrq vkrxog qrw eh vhqvlwlyh wr dq| phdvxuh
ri lqglylgxdo vkrfnv1

71416 Uhvxowv

UV Yxoqhudelolw| Hvwlpdwhv Rqh lpphgldwh lqglfdwlrq wkdw ulvn vkdulqj
lv lqfrpsohwh lq wkhvh wzr yloodjhv lv vhhq lq Wdeoh 91 Li ulvn vkdulqj zhuh frp0
sohwh/ doo krxvhkrogv lq d yloodjh vkrxog h{shulhqfh wkhlu orzhvw frqvxpswlrq
ri wkh |hdu lq wkh vdph prqwk1 Wkh wdeoh lqglfdwhv krzhyhu wkdw gl�huhqw
krxvhkrogv h{shulhqfh wkhlu zruvw prqwkv dw gl�huhqw srlqwv gxulqj wkh |hdu1
Wkxv wkhuh lv gh�qlwho| urrp iru ulvn vkdulqj1

Iru rxu UV yxoqhudelolw| hvwlpdwhv/ uhjuhvvlrq +45, dqg lwv FUUD frxq0
whusduw +46, zhuh hvwlpdwhg vhsdudwho| iru hdfk yloodjh1 Wkh glvwulexwlrq ri
wkh hvwlpdwhg ek� lq hdfk fdvh lv ghslfwhg lq Iljxuh ;1 Wkh phdq ri wkh UV yxo0
qhudelolw| frh!flhqwv lv 3144 lq yloodjh � dqg 314< lq yloodjh � iru wkh FDUD
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fdvh/ 3147 lq � dqg 3153 lq � iru wkh FUUD fdvh1 Urxjko| rqh txduwhu ri wkh
hvwlpdwhg sdudphwhuv lv qhjdwlyh1 Wklv lv kdug wr lqwhusuhw lq wkh iudphzrun
ri d ixoo ulvn0vkdulqj prgho/ odfnlqj d vshfl�fdwlrq iru dq dowhuqdwlyh prgho1
Rqh frxog h{sodlq vxfk qhjdwlyh sdudphwhuv zlwk wkh suhvhqfh ri xqh{shfwhg
vkrfnv lq d shupdqhqw lqfrph prgho1 Li lqfrph ulvhv exw ohvv wkdq h{shfwhg/
frqvxpswlrq pd| dfwxdoo| ghfuhdvh lq rughu wr surshuo| dgmxvw vdylqjv1

Lw lv dovr kdug wr hvwdeolvk d phwulf wr udqn krxvhkrogv dffruglqj wr wkhlu
ohyho ri UV yxoqhudelolw|1 Wkh wkhruhwlfdo iudphzrun rqo| r�huv vrph jxlg0
dqfh wr ghwhuplqh zkhwkhu ru qrw ixoo ulvn vkdulqj krogv iru d jlyhq krxvhkrog/
exw rqh qhhgv dq dowhuqdwlyh prgho wr lqwhusuhw wkh vl}h ri d vljql�fdqwo|
srvlwlyh UV yxoqhudelolw| frh!flhqw1 Rqh srvvlelolw| lv wr frqvlghu frpsohwh
dxwdun|/ lq zklfk krxvhkrogv frqvxph rxw ri wkhlu lqfrph hyhu| shulrg/ dv
wkh h{wuhph dowhuqdwlyh wr wkh ixoo ulvn0vkdulqj prgho1 Xqghu wklv dowhuqd0
wlyh/ k� zrxog eh h{shfwhg wr eh forvh wr xqlw|1 D krxvhkrog wkdw �qgv lwvhoi
lq d vlwxdwlrq ri frpsohwh dxwdun| zrxog h{shulhqfh wkh pd{lpxp dprxqw
ri UV yxoqhudelolw|/ vlqfh lw zrxog eh frpsohwho| xqdeoh wr vprrwk lwv frq0
vxpswlrq lq wkh idfh ri lglrv|qfudwlf ulvn1 Dv wkh krxvhkrog pryhv iurp ixoo
ulvn vkdulqj wr frpsohwh dxwdun|/ lwv k� sdudphwhu zloo lqfuhdvh iurp }hur wr
xqlw|155

Zlwk FDUD xwlolw|/ zh irxqg 4< UV yxoqhudeoh krxvhkrogv lq yloodjh �
dqg 4; lq yloodjh �/ xvlqj d 43( vwdwlvwlfdo vljql�fdqfh ohyho156 Zlwk FUUD
xwlolw|/ zh irxqg 69 UV yxoqhudeoh krxvhkrogv lq erwk yloodjhv/ dw wkh 43(
vljql�fdqfh ohyho1 Rqh zrxog shukdsv h{shfw wr revhuyh pruh yxoqhudeoh
krxvhkrogv lq wkhvh yloodjh hfrqrplhv1 Krzhyhu/ wkh vwdqgdug huuruv ri rxu
hvwlpdwhg ek� whqg wr eh odujh ehfdxvh zh kdyh rqo| 45 urxqgv ri revhuyd0
wlrqv iru hdfk krxvhkrog1 Wdnlqj wklv idfw lqwr dffrxqw/ wkhuh lv txlwh vwurqj
hylghqfh wr uhmhfw ixoo ulvn vkdulqj lq erwk yloodjhv1 Iru wkh uhpdlqghu ri
wklv sdshu/ vlqfh rxu irfxv lv rq wkh glvwulexwlrq ri yxoqhudelolw| zlwklq hdfk
yloodjh/ zh xvh wkh srlqw hvwlpdwhv ek� dv rxu phdvxuh ri lqglylgxdo UV yxo0
qhudelolw|1

UV Yxoqhudelolw| dqg Plfurfuhglw Phpehuvkls Zh qrz wxuq wr wkh
uhodwlrqvkls ehwzhhq UV yxoqhudelolw| dqg plfurfuhglw phpehuvkls1 D php0
ehuvkls yduldeoh lv gh�qhg iru hdfk krxvhkrog dv d gxpp| yduldeoh wkdw wdnhv

55Rqo| d frxsoh ri krxvhkrogv/ lq hlwkhu yloodjh dqg hlwkhu xwlolw| vshfl�fdwlrq/ h{klelw
dq hvwlpdwhg UV yxoqhudelolw| sdudphwhu odujhu wkdq rqh1

56Wkhvh qxpehuv idoo wr 47 dqg 43 uhvshfwlyho|/ xvlqj d 8( vljql�fdqfh ohyho1
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ydoxh rqh li dq| krxvhkrog phpehu kdv mrlqhg dq| plfurfuhglw rujdql}dwlrq
e| 4<<8/ dqg }hur rwkhuzlvh1 Zh surfhhg pxfk lq wkh vdph zd| dv iru
sryhuw|1 Iluvwo|/ zh shuirup �uvw rughu vwrfkdvwlf grplqdqfh whvwv wr ghwhu0
plqh zkhwkhu phpehuv duh pruh UV yxoqhudeoh wkdq qrq0phpehuv1 Vhfrqgo|/
zh uhsruw wkh uhvxowv ri d surelw hvwlpdwlrq zlwk plfurfuhglw phpehuvkls dv
wkh ghshqghqw yduldeoh/ wr vhh zkhwkhu dq lqfuhdvh lq UV yxoqhudelolw| vlj0
ql�fdqwo| lqfuhdvhv wkh suredelolw| ri ehlqj d plfurfuhglw phpehu1

Wdeoh . frqwdlqv wkh �uvw rughu vwrfkdvwlf grplqdqfh whvw uhvxowv1 Wkh
ghqvlw| dqg FGI ri UV yxoqhudelolw|/ iru phpehuv dqg qrq0phpehuv/ lv
dovr sorwwhg lq Iljxuh b1 Wkhuh lv vrph hylghqfh wkdw qrq0phpehuv duh
pruh yxoqhudeoh wkdq phpehuv lq yloodjh �/ zkhuhdv lq � phpehuv dsshduv
wr eh pruh yxoqhudeoh1 Wklv uhvxow krogv uhjdugohvv ri wkh w|sh ri xwlolw|
ixqfwlrq hpsor|hg wr hvwlpdwh UV yxoqhudelolw|1 Wkhuhiruh/ lw vhhpv wkdw
plfurfuhglw grhv uhdfk pruh yxoqhudeoh krxvhkrogv lq yloodjh �/ zkhuhdv lw
lv ohvv vxffhvvixo dw grlqj vr lq �1

Zh fdq qrz jr edfn wr wkh wlplqj sureohp wkdw zh phqwlrqhg lq Vhfwlrq
51 Vlqfh d wklug ri wkh plfurfuhglw phpehuv lq yloodjh � mrlqhg ehiruh wkh
hqg ri wkh wzhoyh urxqgv ri gdwd froohfwlrq lq �bb2/ wkhuh lv wkh frqfhuq wkdw
wkh ordqv uhfhlyhg iurp wkh Judphhq pd| dowhu phpehuv* delolw| wr lqwhuwhp0
srudoo| vprrwk frqvxpswlrq/ wkxv pdnlqj wkhp dsshdu ohvv yxoqhudeoh wkdq
wkh| dfwxdoo| zhuh ehiruh mrlqlqj1 Zh dvvxph khuh wkdw phpehuvkls fdq
rqo| ohvvhq wkh ghjuhh ri yxoqhudelolw| ri d krxvhkrog/ ru ohdyh lw xqdowhuhg1
Wkhq wkh wlplqj sureohp eldvhv rxu uhvxowv lq wkh gluhfwlrq ohvv idyrxudeoh
wr plfurfuhglw1 Jlyhq wkdw vrph phpehuv pd| dsshdu wr xv ohvv yxoqhudeoh
wkdq wkh| dfwxdoo| zhuh/ zh pd| xqghuhvwlpdwh plfurfuhglw*v h�hfwlyhqhvv
dw uhdfklqj wkh yxoqhudeoh lq yloodjh �1 Oxfnlo|/ vxfk d eldv zrxog rqo|
vwuhqjwkhq rxu uhvxow khuh/ vlqfh zh douhdg| �qg wkdw plfurfuhglw phpehuv
lq yloodjh � duh pruh yxoqhudeoh wkdq qrq0phpehuv1 Iru yloodjh �/ wkh eldv
lv olnho| wr eh yhu| vpdoo/ vr lw lv yhu| xqolnho| wr ryhuwxuq wkh uhvxow ri rxu
vwrfkdvwlf grplqdqfh whvw1

Zh fdq txdqwli| wkh h{whqw wr zklfk plfurfuhglw uhdfkhv UV yxoqhudeoh
krxvhkrogv lq � +dqg grhv qrw lq �, xvlqj d vlplodu dujxphqw wr wkdw ri
Vhfwlrq 61 Zh nqrz wkdw plfurfuhglw phpehuv uhsuhvhqw urxjko| rqh wklug
ri rxu vdpsoh ri krxvhkrogv lq erwk yloodjhv iurp Wdeoh �1 Li plfurfuhglw
surjudpv zhuh deoh wr shuihfwo| wdujhw wkh prvw yxoqhudeoh krxvhkrogv/ wkhlu
phpehuv vkrxog frph iurp wkh wrs wklug ri wkh glvwulexwlrq ri yxoqhudelolw|1
Iru vlpsolflw|/ zh glylgh wkh glvwulexwlrq ri UV yxoqhudelolw| lq txlqwlohv/ dqg
dvn zkdw shufhqwdjh ri plfurfuhglw phpehuv frph iurp wkh wrs wzr txlqwlohv
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ri wkdw glvwulexwlrq1 Xqghu shuihfw wdujhwlqj/ doo phpehuv vkrxog eh irxqg
zlwklq wkhvh wzr wrs txlqwlohv1 Lw wxuqv rxw wkdw rqo| �.I ri plfurfuhglw
phpehuv duh vlwxdwhg lq wkh wrs wzr txlqwlohv ri wkh UV yxoqhudelolw| glv0
wulexwlrq lq yloodjh �/ zkhuhdv D�I ri doo phpehuv duh lq wkh wzr kljkhvw
txlqwlohv ri wkh glvwulexwlrq lq �157 Djdlq/ jlyhq wkh srvvlelolw| ri eldv lq
yloodjh �/ wkhvh qxpehuv lqglfdwh wkdw plfurfuhglw grhv txlwh d jrrg mre lq
yloodjh �/ zkhuhdv iru � wkh ghjuhh ri plvwdujhwlqj ri wkh prvw yxoqhudeoh lv
vxevwdqwldo1

Ilqdoo|/ wkh surelw uhjuhvvlrq ri plfurfuhglw phpehuvkls rq UV yxoqhu0
delolw| +zlwk FDUD xwlolw|, lv uhsruwhg lq Wdeoh 451 Wkh uhvxowv duh lq0
frqfoxvlyh/ hvshfldoo| iru yloodjh �1 Krzhyhu/ wkhuh lv vrph hylghqfh wkdw
plfurfuhglw uhdfkhv wkh prvw UV yxoqhudeoh lq �1 Lq froxpq +4,/ wkh frh!0
flhqw dvvrfldwhg wr yxoqhudelolw| lq � lv srvlwlyh dqg rqo| eduho| lqvljql�fdqw
dw wkh 43( ohyho1 Txdqwlwdwlyho|/ wkh srlqw hvwlpdwh vxjjhvwv wkdw lqfuhdvlqj
wkh yxoqhudelolw| frh!flhqw iurp }hur wr rqh udlvhv wkh suredelolw| ri eh0
lqj d plfurfuhglw phpehu e| 45(1 Wklv hvwlpdwh uhpdlqv txlwh vwdeoh hyhq
dv rqh dggv frqwurov iru rwkhu krxvhkrog fkdudfwhulvwlfv/ sryhuw|/ dqg FH
yxoqhudelolw|/ dowkrxjk wkh s0ydoxh jurzv odujhu1

715 FH Yxoqhudelolw|

Li krxvhkrogv duh ulvn dyhuvh/ wkhq wkh| zrxog suhihu wr dyrlg  xfwxdwlrqv lq
frqvxpswlrq1 Zh xvh dq dowhuqdwlyh phdvxuh lq zklfk yxoqhudelolw| lv lghq0
wl�hg gluhfwo| zlwk frqvxpswlrq vprrwklqj1 Frqvlghu d sduwlfxodu krxvhkrog
�/ zlwk revhuyhg frqvxpswlrqv S�| iru dw hdfk prqwk | ' �����21 Ghqrwh wklv
krxvhkrog*v dyhudjh prqwko| frqvxpswlrq e| S�� Gh�qh S�W dv wkh krxvh0
krog*v fhuwdlqw| htxlydohqw frqvxpswlrq=

�ES�W� '
�2[
|'�

�

�2
�ES�| �

Wklv krxvhkrog zrxog eh zloolqj wr jlyh xs S�� S�W ri lwv dyhudjh frqvxps0
wlrq iru wkh fhuwdlqw| htxlydohqw1 Gh�qh FH yxoqhudelolw| +iru d sduwlfxodu
xwlolw| ixqfwlrq, dv S�3S�W

S�
c wkh sursruwlrq ri lwv dyhudjh frqvxpswlrq wkdw

wkh krxvhkrog zrxog eh zloolqj wr iruhjr iru wkh fhuwdlqw| htxlydohqw1

57Wklv lv iru FDUD xwlolw|1 Zlwk FUUD/ wkh fruuhvsrqglqj vwdwlvwlfv duh 65( iru yloodjh
D/ dqg 78( iru E1 Wkxv wkh sdwwhuq lv suhvhuyhg1
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Lq sudfwlfh/ FH yxoqhudelolw| zdv fdofxodwhg xvlqj d udqjh ri ydoxhv iru
wkh frh!flhqw ri devroxwh +ru uhodwlyh, ulvn dyhuvlrq1 Iru FUUD/ Oljrq ^43`
hvwlpdwhv wkh uhodwlyh ulvn dyhuvlrq sdudphwhu � wr olh lq wkh lqwhuydo df�.c
���o1 Wr eh rq wkh vdih vlgh/ zh xvh � 5 if�Dc �c 2j� Iru FDUD/ zh xvh wkh
phgldq dyhudjh prqwko| frqvxpswlrq lq hdfk yloodjh wr lpsxwh d ydoxh ri
wkh devroxwh ulvn dyhuvlrq sdudphwhu j wkdw lv frqvlvwhqw zlwk d uhodwlyh ulvn
dyhuvlrq lq wkh udqjh df�Dc 2o1

71514 Uhvxowv

Krxvhkrogv lq erwk yloodjhv vhhp wr eh vxevwdqwldoo| yxoqhudeoh hyhq xvlqj
wklv dowhuqdwlyh phdvxuh ri yxoqhudelolw|1 Lq erwk yloodjhv/ wkh phgldq FH
yxoqhudelolw| +xvlqj FDUD, lv 3139</ zklfk phdqv wkdw wkh phgldq krxvh0
krog lv zloolqj wr jlyh xs :( ri lwv h{shfwhg prqwko| frqvxpswlrq wr eh deoh
wr vprrwk frqvxpswlrq dfurvv wlph1 Wkh wrs txlqwloh lv d ohyho ri FH yxoqhu0
delolw| ri 48( lq erwk yloodjhv/ dqg wkh pd{lpxp ohyho ri FH yxoqhudelolw| lv
urxjko| 73( lq � dqg 67( lq �1 Wkhvh duh idluo| odujh sruwlrqv ri h{shfwhg
frqvxpswlrq1

Dv iru wkh uhodwlrqvkls ehwzhhq FH yxoqhudelolw| dqg plfurfuhglw php0
ehuvkls/ zh uhsruw wkh uhvxowv ri wkh �uvw rughu grplqdqfh whvwv lq Wdeoh ;>
wkh ghqvlwlhv dqg FGIv iru phpehuv dqg qrq0phpehuv duh gudzq lq Iljxuh
431 Wkh uhvxowv ri wkh surelw uhjuhvvlrq ri phpehuvkls rq FH yxoqhudelolw|
duh uhsruwhg lq Wdeoh 451

Wkh �uvw rughu vwrfkdvwlf grplqdqfh whvwv frq�up zkdw zh �qg xvlqj
UV yxoqhudelolw|1 Wkhuh lv vwurqj hylghqfh wkdw qrq0phpehuv duh pruh FH
yxoqhudeoh wkdq phpehuv lq yloodjh � +lq d �uvw rughu grplqdqfh vhqvh,1
Wklv uhvxow krogv uhjdugohvv ri wkh xwlolw| ixqfwlrq dqg ri wkh lpsxwhg ydoxhv
iru wkh frh!flhqwv ri ulvn dyhuvlrq1 Iru yloodjh �/ djdlq wkhuh lv hylghqfh
wkdw plfurfuhglw phpehuv duh pruh yxoqhudeoh wkdq qrq0phpehuv/ hvshfldoo|
li zh xvh d FUUD iudphzrun1 Wkxv erwk wkh UV dqg wkh FH phdvxuhv ri
yxoqhudelolw| |lhog wkh vdph sdwwhuq ri uhvxowv1 Lq whupv ri wkh srvvleoh wlplqj
eldv iru yloodjh � glvfxvvhg hduolhu/ djdlq vxfk d eldv zrxog rqo| vwuhqjwkhq
rxu frqfoxvlrq wkdw plfurfuhglw grhv uhdfk wkh prvw yxoqhudeoh lq �1

Krz vxffhvvixo ru xqvxffhvvixo lv plfurfuhglw lq hdfk yloodjhB Zh uh0
shdw wkh vdph h{huflvh zh shuiruphg iru sryhuw| dqg UV yxoqhudelolw|1 Zh
glylgh wkh glvwulexwlrq ri FH yxoqhudelolw| lq txlqwlohv= xqghu shuihfw wdujhw0
lqj/ doo plfurfuhglw phpehuv vkrxog idoo lq wkh wzr kljkhvw txlqwlohv1 Xvlqj
FDUD xwlolw|/ rqo| 5<( ri plfurfuhglw phpehuv lq � frph iurp wkh wrs
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wzr txlqwlohv/ zkhuhdv iru � wkh vdph vwdwlvwlf lv 73(158 Wkhuhiruh/ rxu FH
yxoqhudelolw| uhvxowv vwuhqjwkhq wkh lpsuhvvlrq wkdw dw ohdvw lq � wkh ghjuhh
ri plvwdujhwlqj ri wkh prvw yxoqhudeoh krxvhkrogv lv txlwh kljk1 Lq �/ plfur0
fuhglw lv prghudwho| vxffhvvixo/ exw rxu �jxuh pd| eh eldvhg grzq ehfdxvh
ri wkh wlplqj lvvxh1

Ilqdoo|/ Wdeoh 45 vxssruwv wkh frqfoxvlrqv ri wkh �uvw rughu grplqdqfh
whvwv1 Froxpq +8, lqglfdwhv wkdw/ hyhq frqwuroolqj iru sryhuw|/ UV yxoqhud0
elolw| dqg rwkhu krxvhkrog fkdudfwhulvwlfv/ dq lqfuhdvh lq FH yxoqhudelolw| e|
43( udlvhv wkh suredelolw| ri ehlqj d plfurfuhglw phpehu e| derxw 45( lq
yloodjh �/ dqg orzhuv lw e| derxw 49( lq �1 Wkhvh uhvxowv duh vwdwlvwlfdoo|
vljql�fdqw dqg vwdeoh dfurvv vshfl�fdwlrqv1

8 Wdujhwlqj Vwudwhjlhv
Lq wklv Vhfwlrq/ zh dvn li wkhuh duh dq| revhuydeoh fkdudfwhulvwlfv dvvrfldwhg
zlwk sryhuw| dqg yxoqhudelolw| lq wkh wzr yloodjhv/ dqg zkhwkhu plfurfuhglw
surjudpv v|vwhpdwlfdoo| vxffhhg ru idlo dw vhohfwlqj krxvhkrogv zlwk wkhvh
fkdudfwhulvwlfv1 Zh xvh rxu uhvxowv wr hydoxdwh fxuuhqw plfurfuhglw vwudwhjlhv/
vxfk dv wdujhwlqj wkh odqgohvv dqg uhvwulfwlqj ordqv wr zrphq/ lq whupv ri wkh
remhfwlyh ri uhdfklqj wkh srruhvw dqg prvw yxoqhudeoh1

Wdeoh < uhsruwv wkh uhvxowv ri ROV uhjuhvvlrqv ri dyhudjh prqwko| frq0
vxpswlrq iru hdfk krxvhkrog rq d vhw ri revhuydeoh krxvhkrog fkdudfwhulvwlfv1
Sryhuw| +dv phdvxuhg e| orz ohyhov ri frqvxpswlrq, lv dvvrfldwhg zlwk ihpdoh
khdghg krxvhkrogv/ odujhu krxvhkrogv/ krxvhkrogv zlwk d vpdoohu rxwsxw iurp
wkh fdvk furs sddq +ehwho ohdi,/ dqg krxvhkrogv wkdw kdyh xqhgxfdwhg khdgv
lq yloodjh �1 Lq yloodjh �/ sryhuw| lv dvvrfldwhg zlwk krxvhkrogv wkdw kdyh
xqhgxfdwhg khdgv dqg pruh fkloguhq1 Lq dgglwlrq/ wkh srlqw hvwlpdwhv vxj0
jhvw wkdw sryhuw| lv dovr dvvrfldwhg zlwk ihpdoh khdghgqhvv dqg vpdoohu fdvk
fursv lq �/ dowkrxjk wkh s0ydoxhv pdnh wkhvh hvwlpdwhv vljql�fdqw rqo| dw
wkh 48( vljql�fdqfh ohyho1

Wkh rughuv ri pdjqlwxgh iru vrph ri wkhvh dvvrfldwlrqv duh kljk1 Fro0
xpq +8, ri Wdeoh < vkrzv wkdw wkh suhglfwhg prqwko| frqvxpswlrq iru pdoh
khdghg krxvhkrogv lq yloodjh � h{fhhgv wkh suhglfwhg prqwko| frqvxpswlrq
iru ihpdoh khdghg krxvhkrogv e| bf wdnd zklfk lv qhduo| d txduwhu ri wkh

58Zlwk FUUD xwlolw|/ zh rewdlq hyhq pruh vwulnlqj uhvxowv= rqo| 5<( ri plfurfuhglw
phpehuv lq D frph iurp wkh wrs wzr txlqwlohv/ zkhuhdv lq E zh kdyh 83( ri phpehuv
frplqj iurp wkh wrs ri wkh FH yxoqhudelolw| glvwulexwlrq1
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yloodjh dyhudjh1 D krxvhkrog khdg zlwk vrph hgxfdwlrq lqfuhdvhv klv ru khu
krxvhkrog frqvxpswlrq rqh dyhudjh e| .2 wdnd lq yloodjh � dqg ��D wdnd lq
yloodjh � zlwk uhvshfw wr d krxvhkrog zkhuh wkh khdg kdv qr hgxfdwlrq1 Wkh
olqn ehwzhhq sryhuw| dqg qxpehu ri fkloguhq lq yloodjh � lv lqwuljxlqj= dq
h{wud fklog uhgxfhv dyhudjh frqvxpswlrq e| �e wdnd159

Lw lv kdughu wr �qg revhuydeoh krxvhkrog fkdudfwhulvwlfv wkdw duh uhdglo|
dvvrfldwhg zlwk yxoqhudelolw|1 Wdeoh �f dqg �� suhvhqw wkh uhvxowv ri uhjuhvv0
lqj UV dqg FH yxoqhudelolw| rq krxvhkrog fkdudfwhulvwlfv iru erwk yloodjhv1
Wkh UV yxoqhudelolw| frh!flhqwv frph iurp wkh hvwlpdwhv ri k� edvhg rq
htxdwlrq +45,/ zklfk dvvxph d frpprq frh!flhqw ri devroxwh ulvn dyhuvlrq
dfurvv krxvhkrogv1 Wkh FH yxoqhudelolw| hvwlpdwhv dvvxph d frpprq frh!0
flhqw ri devroxwh ulvn dyhuvlrq j ' � dqg duh edvhg rq wkh surfhgxuh ghvfulehg
lq vhfwlrq 7151

Ihpdoh khdgv duh pruh yxoqhudeoh lq yloodjh �/ xqghu erwk gh�qlwlrqv ri
yxoqhudelolw|1 Wdeoh 43 lqglfdwhv wkdw/ nhhslqj rwkhu fkdudfwhulvwlfv frqvwdqw/
ihpdoh khdghg krxvhkrogv kdyh d suhglfwhg UV yxoqhudelolw| frh!flhqw wkdw
lv f��D kljkhu wkdq pdoh khdghg krxvhkrogv lq yloodjh �1 Wr jhw dq lghd ri wkh
rughuv ri pdjqlwxgh/ qrwh wkdw wkh phdq ri wkh UV yxoqhudelolw| frh!flhqwv
lv f��b lq yloodjh �1 Iurp Wdeoh �� zh vhh wkdw ihpdoh khdgvkls lv dovr
dvvrfldwhg zlwk FH yxoqhudelolw|/ wkrxjk wkh h�hfwv duh vpdoohu1 Rq dyhudjh
ihpdoh khdghg krxvhkrogv duh zloolqj wr jlyh xs �I pruh ri wkhlu dyhudjh
frqvxpswlrq wkdq pdoh khdghg krxvhkrogv iru wkh fhuwdlqw| htxlydohqw lq
yloodjh �1 E| zd| ri frqwudvw/ qrwh wkdw wkh phgldq krxvhkrog lv zloolqj wr
jlyh xs .I ri lwv h{shfwhg prqwko| frqvxpswlrq wr eh deoh wr vprrwk dfurvv
wlph1

UV yxoqhudelolw| lv dovr vljql�fdqwo| dvvrfldwhg zlwk vpdoohu krxvhkrogv
dqg wkrvh zlwk roghu khdgv lq yloodjh �/ dqg zlwk krxvhkrogv zlwk orzhu ohy0
hov ri frqvxpswlrq lq yloodjh � +iurp Wdeoh �f,1 Wkh odwwhu uhvxow lqglfdwhv
wkdw srruhu krxvhkrogv dovr whqg wr eh pruh yxoqhudeoh/ dw ohdvw lq whupv
ri ehlqj xqdeoh wr vkduh rxw vrph ri wkhlu lglrv|qfudwlf ulvn1 Wklv pdnhv
lqwxlwlyh vhqvh/ dqg vxjjhvwv wkdw krxvhkrog zhoiduh vkrxog eh hydoxdwhg qrw
mxvw lq whupv ri ohyhov/ exw dovr lq whupv ri wkhlu delolw| wr lqvxuh djdlqvw ulvn1
Rq wkh rwkhu kdqg/ Wdeoh 44 lqglfdwhv wkdw rxu phdvxuh ri FH yxoqhudelo0
lw| lv vljql�fdqwo| srvlwlyho| dvvrfldwhg zlwk dyhudjh prqwko| frqvxpswlrq/
dqg khqfh wkdw ulfkhu krxvhkrogv duh pruh FH yxoqhudeoh1 Wklv uhvxow lv

59Wklv uhvxow frxog eh vsxulrxv/ krzhyhu/ ehfdxvh ri wkh duelwudulqhvv ri rxu djh0vh{
zhljkwv1
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vxusulvlqj/ exw lw frxog eh vlpso| d frqvhtxhqfh ri wkh idfw wkdw zh xvh ph0
gldq frqvxpswlrq lq wkh yloodjh wr jhw d udqjh ri ydoxhv iru wkh frh!flhqw ri
devroxwh ulvn dyhuvlrq1

Ihpdoh khdghg/ vpdoohu/ roghu dqg srruhu krxvhkrogv duh doo qdwxudoo|
dvvrfldwhg zlwk ehlqj ohvv deoh wr vprrwk frqvxpswlrq lq wkh idfh ri lglrv|q0
fudwlf lqfrph  xfwxdwlrqv lq yloodjh hfrqrplhv1 Ihpdoh khdghg krxvhkrogv
duh pdujlqdol}hg dqg pd| kdyh ohvv dffhvv wr nlqvkls dqg rwkhu ulvn vkdu0
lqj qhwzrunv1 Vpdoohu dqg roghu krxvhkrogv duh ohvv deoh wr sxw lq oderu lq
wlphv ri dgyhuvh lqfrph vkrfnv1 Dqg d srvvleoh uhdvrq wkdw pruh yxoqhudeoh
krxvhkrogv duh srruhu wkdq rwkhuv lv wkdw ehfdxvh ri wkh odfn ri ulvn vkdulqj
fdsdelolwlhv wkh| pxvw xqghuwdnh vdihu dqg orzhu uhwxuq surmhfwv wkdq rwkhu
krxvhkrogv1 Zkdw lv vxusulvlqj/ krzhyhu/ lv wkh uhodwlyh zhdnqhvv ri wkhvh
sduwldo fruuhodwlrqv ehwzhhq krxvhkrog yxoqhudelolw| dqg krxvhkrog fkdudf0
whulvwlfv15: Wdujhwlqj yxoqhudeoh krxvhkrogv vhhpv d orw pruh gl!fxow wkdq
wdujhwlqj wkh srru iru dqwl0sryhuw| surjudpv1

Plfurfuhglw surjudpv plvv vhyhudo fuxfldo krxvhkrog fdwhjrulhv lq erwk
yloodjhv1 Ihpdoh khdgvkls grhv qrw vljql�fdqwo| d�hfw d krxvhkrog*v sure0
delolw| ri mrlqlqj d plfurfuhglw surjudp lq hlwkhu yloodjh +iurp Wdeoh �2,
exw ihpdoh khdgvkls lv vljql�fdqwo| dvvrfldwhg zlwk sryhuw| lq yloodjh � dqg
yxoqhudelolw| lq yloodjh �1 Krxvhkrogv zlwk |rxqjhu khdgv kdyh d kljkhu
suredelolw| ri mrlqlqj plfurfuhglw surjudpv +iurp Wdeoh �2/ froxpq S,/ zkloh
zh nqrz iurp Wdeoh �f wkdw krxvhkrogv zlwk roghu khdgv duh pruh olnho| wr
eh UV yxoqhudeoh1 D krxvhkrog zlwk dq xqhgxfdwhg khdg lv qrw vljql�fdqwo|
pruh olnho| wr mrlq lq yloodjh �/ +iurp Wdeoh �2, exw wklv krxvhkrog fdwhjru|
lv vljql�fdqwo| srruhu lq erwk yloodjhv1 Lq yloodjh �/ krxvhkrogv zlwk xqhg0
xfdwhg khdgv kdyh d �bI kljkhu fkdqfh ri mrlqlqj/ dqg wkhuh plfurfuhglw lv
uhdfklqj wkh uljkw jurxs1 Qrwlfh wkdw lq yloodjh � hdfk dgglwlrqdo phpehu
errvwv d krxvhkrog*v olnholkrrg ri mrlqlqj e| ��I� Exw odujhu krxvhkrogv duh
erwk srruhu dqg ohvv yxoqhudeoh lq yloodjh �1

Ilqdoo| zh frqvlghu wkh rqh wdujhwlqj fulwhulrq wkdw plfurfuhglw surjudpv
lq erwk yloodjhv dfwxdoo| xvh= odqgohvvqhvv1 Krxvhkrogv zlwk ohvv wkdq kdoi
dq dfuh ri fxowlydwhg odqg duh frqvlghuhg odqgohvv dqg holjleoh e| Judphhq/
EUDF dqg DVD1 Exw Wdeoh 2 vkrzv wkdw rqo| �e ri wkh �H phpehuv lq
yloodjh � dqg �. ri wkh �H phpehuv lq yloodjh � zhuh odqgohvv dffruglqj
wr wkh �bb2 gdwd1 Wklv phdqv wkdw ryhu SfI ri wkh krxvhkrogv wkdw mrlqhg

5:Wkh dgmxvwhg U5 ri wkh uhjuhvvlrq zlwk UV yxoqhudelolw| dv wkh ghshqghqw yduldeoh lv
dw ehvw 3=3:1
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lq erwk yloodjhv zhuh lqholjleoh e| wkh odqgkroglqj fulwhulrq15; Qrwlfh wkdw
dprqj wkh vdpsohg krxvhkrogv/ wkhuh zhuh pruh odqgohvv krxvhkrogv lq hdfk
yloodjh wkdq plfurfuhglw phpehuv> vr lw lv qrw dv li wkhvh surjudpv kdyh
uhdfkhg doo wkh krxvhkrogv lq wkh wkhlu wdujhw jurxs dqg duh qrz h{whqglqj
wkhlu fuhglw wr wkh qrq0wdujhw jurxs1

Krz jrrg d fulwhulrq lv odqgohvvqhvv iru wdujhwlqj wkh srru dqg yxoqhudeoh
dq|zd|B Vfdwwhusorwv ri dudeoh odqgkroglqjv dqg dyhudjh frqvxpswlrq dqg
lqfrph ohyhov lq Iljxuhv D dqg S vkrz wkdw wkh uhodwlrqvkls ehwzhhq sryhuw|
dqg odqgohvvqhvv lv zhdn1 Frqwuroolqj iru rwkhu krxvhkrog fkdudfwhulvwlfv/
odqgohvvqhvv kdv qr vljql�fdqw lq xhqfh lq suhglfwlqj dyhudjh frqvxpswlrq
ohyhov lq Wdeoh b lq erwk yloodjhv1 Ixuwkhu/ odqgohvvqhvv lv qrw dvvrfldwhg
zlwk hlwkhu UV ru FH yxoqhudelolw| lq erwk yloodjhv1 Wdujhwlqj wkh odqgohvv/
wkhuhiruh/ lv qrw wkh ehvw vwudwhj| iru dq dqwl0sryhuw| fuhglw surjudp lq wkhvh
wzr Udmvkdkl yloodjhv1 Vr wkh ohdndjh ri fuhglw wr wkh odqghg lv e| lwvhoi qrw
d fdxvh iru dodup1

Wkh deryh dqdo|vlv grhv vxjjhvw dqg dowhuqdwlyh wdujhw jurxs= ihpdoh
khdghg krxvhkrogv1 Wkhvh krxvhkrogv kdyh orzhu dyhudjh frqvxpswlrqv dqg
lqfrphv wkdq pdoh khdghg krxvhkrogv lq erwk yloodjhv +iurp Wdeoh e,1 Wklv
fdwhjru| lv srruhu lq yloodjh� dqg pruh yxoqhudeoh lq yloodjh� frqwuroolqj iru
rwkhu fkdudfwhulvwlfv +iurp Wdeohv bc �f dqg ��,1 D plfurfuhglw surjudp wkdw
wdujhwv ihpdoh khdghg krxvhkrogv zrxog kdyh pruh vxffhvv dw uhdfklqj wkh
srru dqg yxoqhudeoh wkdq rqh wkdw wdujhwv wkh odqgohvv1 Ilhog hylghqfh dovr
lqglfdwhv wkdw wklv lv wkh dssursuldwh wdujhw jurxs= ihpdoh khdghg krxvhkrogv
duh wkh rqo| rqhv iru zkrp ehjjlqj lv vrfldoo| vdqfwlrqhg lq yloodjh �1 Lq
dgglwlrq/ Dplq ^6` uhsruwv wkdw wkh qhjdwlyh frqvhtxhqfhv ri ihpdoh khdgvkls
duh shushwxdwhg wkurxjk wkh jhqhudwlrqv= 2.I ri ihpdoh khdghg krxvhkrogv
lq wkh vdpsoh uhsruw d vhsdudwhg ru glyrufhg gdxjkwhu/ frpsduhg zlwk ohvv
wkdq DI lq pdoh khdghg krxvhkrogv1 Wkhuhiruh/ lw pd| eh zruwkzkloh iru pl0
furfuhglw surjudpv wr wu| wr wdujhw ihpdoh khdghg krxvhkrogv pruh dfwlyho|1

5;Wkhvh pd| eh ryhuhvwlpdwhv1 Krxvhkrogv pd| kdyh hlwkhu vsolw ru vrog odqg diwhu 4<<5
sulru wr mrlqlqj plfurfuhglw surjudpv1 Ixuwkhu/ rxu vdpsoh lv txlwh vpdoo1 Lqwhuhvwlqjo|
wkrxjk/ Prugxfk ^45` �qgv wkdw 53� 63( ri eruurzhuv duh lqholjleoh xvlqj d pxfk odujhu
vdpsoh1
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9 Frqfoxvlrq
Wklv sdshu xvhv sdqho gdwd iurp wzr Edqjodghvkl yloodjhv wr whvw li ordq uh0
flslhqwv duh srruhu dqg pruh yxoqhudeoh wkdq qrq0uhflslhqwv1 Wklv dqdo|vlv
lv srvvleoh gxh wr wkh frqyhqlhqw wlplqj lq rxu gdwd vhw1 Krxvhkrogv zhuh h{0
whqvlyho| vxuyh|hg lq �bb��b2/ zkhq plfurfuhglw surjudpv kdg rqo| d vpdoo
suhvhqfh lq wkh vwxg| yloodjhv1 Krxvhkrogv zhuh vxevhtxhqwo| uhvxuyh|hg lq
�bbD e| zklfk wlph plfurfuhglw surjudpv kdg �upo| hvwdeolvkhg wkhpvhoyhv1

Zh phdvxuh sryhuw| e| ohyhov ri frqvxpswlrq1 Yxoqhudelolw| lv phdvxuhg
dv  xfwxdwlrqv lq frqvxpswlrq1 Wzr glvwlqfw phdvxuhv ri yxoqhudelolw| zhuh
xvhg= UV yxoqhudelolw| zklfk lv ghulyhg iurp whvwv ri ixoo ulvn vkdulqj/ dqg FH
yxoqhudelolw| zklfk lv d vlpsoh zhoiduh phdvxuh ri frqvxpswlrq vprrwklqj1
Zh �qg wkdw ordq uhflslhqwv duh srruhu wkdq qrq0uhflslhqwv lq erwk yloodjhv/
exw duh pruh yxoqhudeoh wkdq qrq0uhflslhqwv rqo| lq wkh ulfkhu dqg pruh
glyhuvl�hg yloodjh1 Wkrxjk plfurfuhglw surjudpv wdujhw wkh odqgohvv/ wkhuh lv
vxevwdqwldo ohdndjh wr wkh odqghg1 Odqgohvvqhvv lv qrw vljql�fdqwo| dvvrfldwhg
zlwk hlwkhu sryhuw| ru yxoqhudelolw|/ exw ihpdoh khdgvkls lv1 Wkhuhiruh/ ihpdoh
khdghg krxvhkrogv pd| eh d pruh dssursuldwh wdujhw jurxs iru dqwl0sryhuw|
surjudpv1

Rqh ri wkh dlpv ri wklv sdshu lv wr olqn wkh vwxg| ri ulvn vkdulqj dqg h!0
flhqf| lq yloodjh hfrqrplhv zlwk wkh ghvljq ri dqwl0sryhuw| fuhglw surjudpv1
Wkh h{lvwhqfh ri UV yxoqhudeoh krxvhkrogv lq wkhvh wzr yloodjhv lv d vljq
ri pdunhw dqg lqvwlwxwlrqdo idloxuhv1 Dqwl0sryhuw| surjudpv vkrxog eh gh0
vljqhg wr lqfoxgh wkhvh krxvhkrogv1 Fuhglw pd| eh dq lqdssursuldwh vwudwhj|
wr uhdfk yxoqhudeoh jurxsv krzhyhu= wkh vdph irufhv wkdw pdnh vrph krxvh0
krogv yxoqhudeoh pd| dovr pdnh wkhp juhdwhu ulvnv iru vpdoo ordq surylghuv1
Wkhuh pd| eh d wudghr� ehwzhhq uhdfklqj wkh srruhvw dqg prvw yxoqhudeoh
dqg uhsd|phqw udwhv1 Ri frxuvh/ li Judphhq Edqn kdv lqghhg frph xs zlwk
dq lqqrydwlyh phfkdqlvp wr ohqg zlwkrxw froodwhudo/ vshfli|lqj d srruhu pruh
yxoqhudeoh wdujhw jurxs pd| qrw orzhu wkh uhsd|phqw udwhv dw doo1 Hlwkhu
zd|/ wkh lqwhqvlw| ri wdujhwlqj wkh srru dqg yxoqhudeoh ghshqgv sduwo| rq wkh
zhoiduh ixqfwlrq xvhg1 Wkhuh lv pruh wr plfurfuhglw surylvlrq iru sryhuw|
uhgxfwlrq wkdq uhsd|phqw udwhv1

Wkh uhvxowv khuh dovr udlvh wkh lqwuljxlqj srvvlelolw| wkdw wkhuh pd| eh
olplwv wr plfurfuhglw*v uhdfk lq pruh uhprwh djulfxowxudo duhdv1 Vlqfh pl0
furfuhglw surjudpv uhtxluh zhhno| uhsd|phqwv dqg duh irfxvhg rq qrq0idup
fuhglw/ wkh| pd| gr ehwwhu dw uhdfklqj wkh srru dqg yxoqhudeoh lq yloodjhv
zkhuh wkh rssruwxqlw| iru glyhuvl�fdwlrq h{lvwv +olnh yloodjh �,1
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Uhihuhqfhv
^4` Dgdpv/ Gdoh Z1/ Grxjodv Judkdp dqg M1G1 yrq Slvfknh +4<;7,1 Xqghu0

plqlqj Uxudo Ghyhorsphqw zlwk Fkhds Fuhglw/Zhvwylhz Suhvv/ Erxoghu1

^5` Dplq/ Vdmhgd/ +Iruwkfrplqj,1 �Idplo| Vwuxfwxuh dqg Fkdqjh lq Uxudo
Edqjodghvk�/ Srsxodwlrq Vwxglhv1 Dovr sxeolvkhg dv d Uhvhdufk Glylvlrq
Zrunlqj Sdshu Qr1 ;:1 Qhz \run= Wkh Srsxodwlrq Frxqflo1

^6` Dplq/ Vdmhgd +4<<:,1 �Wkh Sryhuw|0Sxugdk Wuds lq Uxudo Edqjodghvk=
Lpsolfdwlrqv iru Zrphq*v Urohv lq wkh Idplo|/� Ghyhorsphqw dqg
Fkdqjh/ 5;=51

^7` Dqghuvrq/ Jrugrq +4<<9,1 �Qrqsdudphwulf Whvwv ri Vwrfkdvwlf Grpl0
qdqfh lq Lqfrph Glvwulexwlrqv�/ Hfrqrphwulfd/ 97/ 44;6044<61

^8` Duphudqgl} gh Djklrq/ Ehdwul} +4<<;,1 �Shhu Jurxs Irupdwlrq lq dq
Dgyhuvh Vhohfwlrq Prgho�/ pdqxvfulsw/ Xqlyhuvlw| Froohjh Orqgrq1

^9` Ghdwrq/ Dqjxv +4<<:,1 Wkh Dqdo|vlv ri Krxvhkrog Vxuyh|v= D Pl0
furhfrqrphwulf Dssurdfk wr Ghyhorsphqw Srolf|/ Mrkqv Krsnlqv2Zruog
Edqn1

^:` Gldprqg/ Shwhu +4<9:,1 �Wkh Uroh ri d Vwrfn Pdunhw lq d Jhqhudo Htxl0
oleulxp Prgho zlwk Whfkqrorjlfdo Xqfhuwdlqw|/� Dphulfdq Hfrqrplf
Uhylhz/ 8:/ :8<0::91

^;` Ilqdqfldo Wlphv +4<<;,1 �Iorrg glvdvwhu wkuhdwhqv ixwxuh ri Edqjodghvk
plfurfuhglw pryhphqw/� Rfwrehu 41

^<` Jkdwdn/ Pdlwuhhvk +4<<;,1 �Vfuhhqlqj e| wkh Frpsdq| \rx Nhhs= Mrlqw
Oldelolw|/ Fuhglw Frqwudfwv dqg wkh Shhu Vhohfwlrq H�hfw/� gudiw/ Xql0
yhuvlw| ri Fklfdjr1

^43` Oljrq/ Hwkdq +4<<;,1 �Ulvn Vkdulqj dqg Lqirupdwlrq lq Yloodjh
Hfrqrplhv�/ Uhylhz ri Hfrqrplf Vwxglhv/ 98/ ;7:0;971

^44` Prugxfk/ Mrqdwkdq +4<<;,1 �Wkh Plfur�qdqfh Surplvh�/
plphrjudskhg/ Sulqfhwrq Xqlyhuvlw|1
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^45` Prugxfk/ Mrqdwkdq +4<<;,1 �Grhv Plfur�qdqfh Uhdoo| Khos wkh SrruB
Qhz Hylghqfh iurp Iodjvkls Surjudpv lq Edqjodghvk/� plphrjudskhg/
Sulqfhwrq Xqlyhuvlw|

^46` Qhz \run Wlphv +4<<:,1 �Plfur0Ordqv iru wkh Yhu| Srru/� +hglwruldo,/
Iheuxdu| 491

^47` Slww/ Pdun P1 dqg Vkdklgxu U1 Nkdqgnhu +4<<;,1 �Wkh Lpsdfw ri Jurxs
Edvhg Fuhglw Surjudpv rq Srru Krxvhkrogv lq Edqjodghvk= Grhv wkh
Jhqghu ri Sduwlflsdqwv PdwwhuB�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439=81

^48` Vkdpv/ P1 Nkdolg +4<<5,1 �Ghvljqlqj H�hfwlyh Fuhglw Gholyhu| Vw|vwhp
iru wkh Srru= Wkh Judphhq Edqn H{shulhqfh�/ Judphhq Edqn/ Gkdnd1

^49` Wrzqvhqg/ U1 +4<<7,1 �Ulvn dqg Lqvxudqfh lq Yloodjh Lqgld�/ Hfrqrphw0
ulfd/ 95=6/ 86<0<41

^4:` Xgu|/ F1 +4<<3,1 �Fuhglw Pdunhwv lq Qruwkhuq Qljhuld= Fuhglw dv Lqvxu0
dqfh lq d Uxudo Hfrqrp|�/ Zruog Edqn Hfrqrplf Uhylhz/ 7/ 584059<1

^4;` Xqlwhg Qdwlrqv Fkloguhq*v Ixqg +XQLFHI,1 4<<71 Surjrwklu Srwkh|1
Gkdnd1

^4<` Zlovrq/ Urehuw +4<9;,1 �Wkh Wkhru| ri V|qglfdwhv�/ Hfrqrphwulfd/ 69/
44<04651
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Table 1. 
Primary Occupation of Household Head

              Percentage of Households

Village A Village B

Agriculture 48.7 27.6
Daily Labor 29.8 21.6
Fishing 2.0 0.0
Trading 6.3 11.8
Government & NGO Service 1.8 11.3
Teaching 0.0 3.3
Local Transport 1.5 7.9
Others* 9.8 15.8

*Others include Poultry/Cattle Rearing, Maid Servants, Beggars, Handicraft workers, 
Students, Servants, Medical Doctors and assistants, Pensioners, Skilled Workers.



Table 2a. 
Summary Statistics for Village A*
(112 Households x 12 Rounds = 1344 observations)

Mean Std. Dev. CV

Food Consumption 324.00 272.55 0.84

All Consumption 388.38 313.89 0.81

All Income 429.69 658.25 1.53

All Revenue 537.23 743.12 1.38

Table 2b. 
Summary Statistics for Village B*
(117 Households x 12 Rounds = 1404 observations)

Mean Std. Dev. CV

Food Consumption 351.73 337.32 0.96

All Consumption 466.93 420.49 0.90

All Income 537.62 1000.14 1.86

All Revenue 681.84 1088.85 1.60

All statistics are weighed to correctly reflect the proportion of female-headed households in the population.
All variables are measured in units of 1992 taka per adult equivalent per month.
Exchange Rate in 1992 was US $1=38 taka.



Table 3.  
Household Categories and Microcredit Membership

Village A Village B

Total Number of Sampled Households 112 117

   Landless (arable land <= 0.5 acres) 42 47
   Landed 70 70

   Female-headed 24 31
   Male-headed 88 86

   Uneducated Household Head 71 71
   Educated Household Head 41 46

   Members of Microcredit NGO 38a 38b

   Non-members 74 79

   Members of ASA 12 3
   Members of BRAC 16 19
   Members of Grameen 10 17

 a  14 microcredit members were landless in 1992 in Village A. 
 b 17 microcredit members were landless in 1992 in Village B.                                       In Village B, one HH is a member of both BRAC and Grameen. 



Table 4a.
Consumption and Income by household category, Village A*

   Category Variable Mean Std. Dev. CV
   Landless (arable land <= 0.5 acres) Consumption 396.77 289.02 0.73

Income 355.20 385.84 1.09

   Landed Consumption 384.30 240.41 0.63
Income 465.91 656.38 1.41

   Female-headed Consumption 331.27 229.31 0.69
Income 227.93 312.43 1.37

   Male-headed Consumption 392.27 258.68 0.66
Income 443.45 595.68 1.34

   Uneducated HH Head Consumption 368.38 252.66 0.69
Income 379.60 456.85 1.20

   Educated HH Head Consumption 415.97 261.29 0.63
Income 498.81 718.56 1.44

    Members of Microcredit NGO Consumption 359.06 193.92 0.54
Income 369.28 495.28 1.34

    Non-members Consumption 404.61 285.23 0.70
Income 463.15 625.59 1.35

All statistics are weighed to correctly reflect the proportion of female-headed households in the population.
All variables are measured in units of 1992 taka per adult equivalent per month.
Exchange Rate in 1992 was US $1=38 taka.



Table 4b.
Consumption and Income by household category, Village B*

   Category Variable Mean Std. Dev. CV
   Landless (arable land <= 0.5 acres) Consumption 402.30 310.61 0.77

Income 428.90 536.88 1.25

   Landed Consumption 504.14 342.59 0.68
Income 600.20 1009.58 1.68

   Female-headed Consumption 369.34 292.33 0.79
Income 271.21 401.54 1.48

   Male-headed Consumption 475.73 337.01 0.71
Income 561.62 897.59 1.60

   Uneducated Head Consumption 386.79 270.53 0.70
Income 372.04 564.09 1.52

   Educated Head Consumption 561.52 376.32 0.67
Income 733.04 1099.65 1.50

    Members of Microcredit NGO Consumption 382.38 263.32 0.69
Income 456.81 530.05 1.16

    Non-members Consumption 500.69 353.86 0.71
Income 569.88 972.68 1.71

All statistics are weighed to correctly reflect the proportion of female-headed households in the population.
All variables are measured in units of 1992 taka per adult equivalent per month.
Exchange Rate in 1992 was US $1=38 taka.



Table 5. 
Poverty and Microcredit Membership
Tests of Stochastic Dominance

Consumption Comparision
Village A Village B

Members minus (t-statistics) Members minus (t-statistics)
Non-members Non-members

-0.0142 -0.3841 0.0809 1.5387 *
0.0220 0.2944 0.1795 2.0403 **
0.0797 0.7983 0.3055 3.0947 ***
0.1408 1.5347 * 0.1955 2.1300 **
0.0839 1.1450 0.1849 2.1447 **
0.0156 0.2750 0.0983 1.4125 *
0.0405 1.2581 0.0750 1.4247 *
0.0270 1.0226 0.0886 1.8924 **
0.0135 0.7198 0.0380 1.2170

Income Comparision
Village A Village B

Members minus (t-statistics) Members minus (t-statistics)
Non-members Non-members

-0.058 -0.736 0.155 1.691 *
0.075 0.807 0.104 1.117
0.082 1.508 * 0.044 0.539
0.014 0.720 0.087 1.396 *
0.014 0.720 0.075 1.425 *
0.014 0.720 0.075 1.425 *
0.014 0.720 0.050 1.060
0.014 0.720 0.038 1.217
0.014 0.720 0.013 0.697

The columns report the differences between the CDF of Members and Non-members, at several points. Under the null
hypothesis that the two samples come from the same distribution, each term is distributed as a Student's t with (here) 9 degrees 
of freedom.The t-statistics are in parentheses. The distribution for Members first order dominates that for Non-members if no term 
is significantly greater than zero while at least one is significantly negative. Likewise, dominance of Non-members
over Members requires than no term be significantly negative while at least one is significantly positive.
* Statistically significant at 10%
**Statistically significant at 5%
***Statistically significant at 1%



Table 6a.
Worst Months, Village A

Month Number of households with
 lowest consumption of the year

September,1991 9
October 14
November 15
December 11
January,1992 9
February 8
March 15
April 2
May 6
June 9
July 6
August 8

Total 112

Table 6b.
Worst Months, Village B

Month Number of households with
 lowest consumption of the year

October,1991 4
November 18
December 10
January,1992 7
February 11
March 9
April 5
May 7
June 10
July 11
August 9
September 16

Total 117



Table 7. 
RS Vulnerability and Microcredit Membership
Tests of Stochastic Dominance

CARA Utility Function (sigma=1)
Village A Village B

Members minus (t-statistics) Members minus (t-statistics)
Non-members Non-members

-0.0137 -0.7248 -0.0256 -0.9957
-0.0011 -0.0333 -0.025 -0.6214
-0.0148 -0.3964 -0.0209 -0.2652
-0.036 -0.4255 -0.0965 -1.2233
0.115 1.4184 * -0.0405 -0.9241
0.0422 0.9324 -0.027 -0.7477
0.0411 1.2669 -0.0398 -1.2679
0.0274 1.0297 -0.0263 -1.4389 *
0.0137 0.7248 -0.0263 -1.4389 *

CRRA Utility Function (gamma=1)
Village A Village B

Members minus (t-statistics) Members minus (t-statistics)
Non-members Non-members

-0.0142 -0.3841 -0.0127 -0.6965
0.091 1.7712 * -0.0127 -0.6965
0.0071 0.0844 -0.038 -1.217
-0.0242 -0.2463 -0.031 -0.3886
0.1152 1.2194 -0.1552 -1.6909 *
0.1387 1.6689 * -0.1083 -1.7449 *
0.0697 1.056 -0.0137 -0.5337
0.0284 0.5535 -0.0137 -0.5337
0.0142 0.3841 -0.0263 -1.4481 *

The columns report the differences between the CDF of Members and Non-members, at several points. Under the null
hypothesis that the two samples come from the same distribution, each term is distributed as a Student's t with (here) 9 degrees 
of freedom.The t-statistics are in parentheses. The distribution for Members first order dominates that for Non-members if no term 
is significantly greater than zero while at least one is significantly negative. Likewise, dominance of Non-members
over Members requires than no term be significantly negative while at least one is significantly positive.
* Statistically significant at 10%
**Statistically significant at 5%
***Statistically significant at 1%



Table 8. 
CE Vulnerability and Microcredit Membership
Tests of Stochastic Dominance

CARA Utility Function (sigma=1)
Village A Village B

Members minus (t-statistics) Members minus (t-statistics)
Non-members Non-members

0.0576 0.6137 -0.1332 -1.5632 *
0.1415 1.5078 * -0.0959 -0.9748
0.1387 1.6689 * 0.0143 0.1585
0.1636 2.2318 ** 0.0173 0.2110
0.0953 1.6747 * 0.0077 0.1130
0.0541 1.4595 * 0.0740 1.2347
0.0541 1.4595 * 0.0486 0.8811
0.0270 1.0226 0.0233 0.4680
0.0135 0.7198 -0.0400 -1.2810

CRRA Utility Function (gamma=1)
Village A Village B

Members minus (t-statistics) Members minus (t-statistics)
Non-members Non-members

0.0989 1.1072 -0.1479 -1.8553 **
0.1323 1.3266 -0.1516 -1.5450 *
0.1529 1.7492 * -0.1825 -1.9381 **
0.1771 2.3644 ** -0.1006 -1.1802
0.0953 1.6747 * -0.0197 -0.2644
0.0676 1.6394 * -0.0187 -0.2681
0.0270 1.0226 -0.0556 -0.9655
0.0270 1.0226 -0.0283 -0.6047
0.0135 0.7198 -0.0137 -0.5337

The columns report the differences between the CDF of Members and Non-members, at several points. Under the null Hp.
that the two samples come from the same distribution, each term is distributed as a Student's t with (here) 9 degrees 
of freedom.The t-statistics are in parentheses. The distribution for Members first order dominates that for Non-members if
no term is significantly greater than zero while at least one is significantly negative. Likewise, dominance of Non-members
over Members requires than no term be significantly negative while at least one is significantly positive.
* Statistically significant at 10%
**Statistically significant at 5%
***Statistically significant at 1%



Table 9.
Linear Regressions of Poverty on Household Characteristics.
(Dependent Variable: Average Consumption)

(1) (2) (3) (4) (5)

Female-headed, Village A -94.408 -89.461 -89.796
Female-headed -73.009 -72.436 (0.02) (0.06) (0.02)

(0.01) (0.02) Female-headed, Village B -56.768 -55.549 -52.653
(0.12) (0.16) (0.15)

Landless, A -28.201 30.986 24.720
Landless -30.624 -18.812 (0.40) (0.38) (0.47)

(0.21) (0.46) Landless, B -31.364 -67.453 -39.799
(0.32) (0.04) (0.19)

Age of HH head, A -0.166
Age of HH Head 0.594 (0.89)

(0.56) Age of HH head, B 0.764
(0.53)

HH Structure , A -6.521
Household  Structure 1.633 (0.60)

(0.86) HH Structure , B 13.710
(0.20)

Household Size, A -18.926 -32.263
Household Size -7.042 (0.14) (0.00)

(0.41) Household Size, B -7.047 5.189
(0.53) (0.54)

Uneducated Head, A -48.954 -72.417
Uneducated HH Head -90.546 (0.15) (0.03)

(0.00) Uneducated Head, B -117.82 -114.59
(0.00) (0.00)

Paan Production, A 0.008 0.008
Paan Production 0.004 (0.00) (0.00)

(0.02) Paan Production, B 0.005 0.004
(0.12) (0.14)

No. of Children, A -22.551 -11.291
Number of Children -36.417 (0.22) (0.49)

(0.00) No. of Children, B -32.178 -34.315
(0.048) (0.02)

No. of Old People, A -41.598
Number of Old People -47.289 (0.28)

(0.097) No. of Old People,  B -51.257
(0.18)

Adjusted R2 0.035 0.173 0.029 0.251 0.245

P-values are in parentheses.



Table 10.
Linear Regressions of RS Vulnerability on Household Characteristics.
(Dependent Variable: RS Vulnerability)

(1) (2) (3) (4) (5)

Female-headed, Village A 0.004 -0.243 -0.145
Female-headed 0.195 0.107 (0.97) (0.09) (0.23)

(0.01) (0.25) Female-headed, Village B 0.338 0.330 0.352
(0.00) (0.01) (0.00)

Landless, A 0.006 -0.037
Landless 0.010 0.021 (0.94) (0.73)

(0.87) (0.78) Landless, B 0.026 0.018
(0.75) (0.86)

Age of HH head, A 0.005 0.007
Age of HH Head 0.004 (0.22) (0.03)

(0.23) Age of HH head, B 0.001 0.001
(0.71) (0.66)

HH Structure , A -0.078
Household  Structure -0.018 (0.05)

(0.51) HH Structure , B -0.001
(0.97)

Household Size, A 0.007 -0.037
Household Size -0.008 (0.85) (0.05)

(0.76) Household Size, B 0.013 0.017
(0.71) (0.46)

Uneducated Head, A 0.067
Uneducated HH Head 0.008 (0.51)

(0.91) Uneducated Head, B -0.036
(0.71)

Paan Production, A 0.000
Paan Production 0.000 (0.43)

(0.81) Paan Production, B 0.000
(0.93)

No. of Children, A -0.006
Number of Children 0.006 (0.91)

(0.87) No. of Children, B -0.008
(0.86)

No. of Old People, A 0.096
Number of Old People 0.018 (0.42)

(0.83) No. of Old People,  B -0.070
(0.54)

Average  Consumption, A 0.0002 -0.0002
Average  Consumption -0.0002 (0.61) (0.50)

(0.24) Average  Consumption, B -0.0005 -0.0004
(0.045) (0.07)

Adjusted R2 0.023 0.011 0.046 0.043 0.070

P-values are in parentheses.



Table 11.
Linear Regressions of CE Vulnerability on Household Characteristics.
(Dependent Variable: CE Vulnerability)

(1) (2) (3) (4) (5)

Female-headed, Village A -0.021 -0.005 -0.007
Female-headed 0.001 0.010 (0.25) (0.83) (0.68)

(0.93) (0.46) Female-headed, Village B 0.018 0.029 0.031
(0.27) (0.10) (0.04)

Landless, A 0.010 0.004
Landless -0.002 0.002 (0.48) (0.79)

(0.86) (0.87) Landless, B -0.012 0.009
(0.40) (0.53)

Age of HH head, A 0.000
Age of HH Head 0.000 (0.43)

(0.85) Age of HH head, B 0.000
(0.99)

HH Structure , A 0.007
Household  Structure 0.000 (0.22)

(0.95) HH Structure , B -0.006
(0.24)

Household Size, A -0.007
Household Size -0.002 (0.23)

(0.62) Household Size, B 0.004
(0.42)

Uneducated Head, A 0.011 0.020
Uneducated HH Head 0.016 (0.49) (0.13)

(0.13) Uneducated Head, B 0.019 0.014
(0.20) (0.28)

Paan Production, A 0.000
Paan Production 0.000 (0.88)

(0.59) Paan Production, B 0.000
(0.54)

No. of Children, A 0.005
Number of Children 0.001 (0.52)

(0.87) No. of Children, B -0.003
(0.69)

No. of Old People, A 0.001
Number of Old People 0.003 (0.96)

(0.79) No. of Old People,  B 0.003
(0.87)

Average  Consumption, A 0.0002 0.0002
Average  Consumption 0.0002 (0.00) (0.00)

(0.00) Average  Consumption, B 0.0002 0.0002
(0.00) (0.00)

Adjusted R2 -0.009 0.202 -0.005 0.201 0.233

P-values are in parentheses.



Table 12.
Probit Regressions of Microcredit Membership on Vulnerability
and Household Characteristics.
(Dependent Variable: Microcredit Membership)

(1) (2) (3) (4) (5) (6)

RS Vulnerability, Village A -0.074 -0.123 -0.083 -0.065
(0.55) (0.36) (0.59) (0.67)

RS Vulnerability, Village B 0.124 0.109 0.103 0.114
(0.13) (0.20) (0.26) (0.20)

CE Vulnerability, A -0.985 -1.530 -1.664 -1.626
(0.08) (0.05) (0.04) (0.04)

CE Vulnerability, B -0.442 1.335 1.182 1.258
(0.36) (0.05) (0.095) (0.07)

Average Consumption, A -0.0006 -0.0002 0.0000 0.0000
(0.01) (0.48) (0.96) (0.91)

Average Consumption, B -0.0006 -0.0009 -0.0007 -0.0007
(0.00) (0.00) (0.04) (0.02)

Female-headed, A -0.094
(0.48)

Female-headed, B 0.068
(0.61)

Landless, A -0.098 -0.112
(0.38) (0.30)

Landless, B -0.111 -0.115
(0.254) (0.23)

Age of HH head, A -0.010 -0.011
(0.01) (0.00)

Age of HH head, B -0.008 -0.006
(0.07) (0.097)

Household Size, A 0.108 0.114
(0.01) (0.00)

Household Size, B -0.062 -0.070
(0.14) (0.08)

Uneducated Head, A 0.055 0.042
(0.59) (0.68)

Uneducated Head, B 0.178 0.192
(0.08) (0.05)

Paan Production, A -0.00002 -0.00002
(0.01) (0.01)

Paan Production, B 0.000 0.000
(0.71) (0.65)

No. of children, A -0.173 -0.175
(0.01) (0.00)

No. of children, B 0.102 0.104
(0.08) (0.07)

No. of Old people, A 0.013
(0.92)

No. of Old people,  B 0.059
(0.64)

R2 0.01 0.01 0.04 0.07 0.19 0.19

The marginal effects dF/dx, evaluated at the sample mean, are reported here. P-values are in parentheses.
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Figure 1a. Comovement of household income (deviations from village average): Village A
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Figure 1b. Comovement of household income (deviations from village average): Village B
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Figure 2a. Comovement of household revenue (deviations from village average): Village A
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Figure 2b. Comovement of household revenue (deviations from village average): Village B
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Figure 3a. Comovement of household consumption (deviations from village average): Village A
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Figure 3b. Comovement of household consumption (deviations from village average): Village B
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Figure 4a. 
Fluctuations in Income and Consumption, Vi l lage A
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Figure 4b. 
Fluctuations in Income and Consumption, Vi l lage B
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Figure 5a. Microcredit ,  Land and Consumption
                Vi l lage A
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Figure 5b. Microcredit ,  Land and Consumption
                Vi l lage B
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Figure 6a. Microcredit ,  Land and Income
                Vi l lage A
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Figure 6b. Microcredit ,  Land and Income
                Vi l lage B
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FIGURE 7A: All Consumption and Microcredit Membership
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FIGURE 7B: All Income and Microcredit Membership
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Figure 8a: CARA Utility
Vulnerability Coefficients with 95% Confidence Intervals, Village A
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Figure 8b: CARA Utility
Vulnerability Coefficients with 95% Confidence Intervals, Village B
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Figure 8c: CRRA Utility
Vulnerability Coefficients with 95% Confidence Intervals, Village A
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Figure 8d: CRRA Utility
Vulnerability Coefficients with 95% Confidence Intervals, Village B
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FIGURE 9A: RS Vulnerability (CARA) and Microcredit Membership
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FIGURE 9B: RS Vulnerability (CRRA) and Microcredit Membership
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FIGURE 10A: CE Vulnerability (CARA) and Microcredit Membership
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FIGURE 10B: CE Vulnerability (CRRA) and Microcredit Membership
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Figure 11a.
CARA Vulnerability Coefficients, Village A
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Figure 11b.
CARA Vulnerability Coefficients, Village B
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Figure 11c.
CRRA Vulnerability Coefficients, Village A
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Figure 11d.
CRRA Vulnerability Coefficients, Village B
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