
!"#$%&'()*%(#$'+,-%./0)1,+2"#)3440)5'-#.)67896:40)8437

!!!"#!!$%&'(&!!!$)*(+,!(-!!&./01234451&&67-689-8:;&'!-+'"*&<=#+!'(#$>>*2 22222*(+2

?2@#=<9A12B4C53CDEF<:=<DGH:8ID-C6J

!"#$%&'#()%"#$#*'+&,-%#.%/0#.)''#&1+"/23$

!"#$%#&'()'$*+,*&-./.'0*120'+)'02#+34!5.'6+2*&'$)'78+,*&5'*&0'+#20'9)'388$#+-

'.C5<:4=CD428K2LC8A8;9M<A2BM9CDMCNO2P:8ID2QD9RC:N94SO2F:8R96CDMCO2T386C20NA<D62!+>'+O2Q-B-U-
+V8A8:<682VCD4C:2K8:2U6R<DMC62VC:<=9MNO2V8A8:<682BM388A28K2W9DCNO2L8A6CDO2V8A8:<682*!$!'O2Q-B-U-

*6!"+*3"
XC:C2IC2 <55AS2 43C2 :CA<49RCAS2 DCI2<D<AS49M<A2 4CM3D9YJC28K2 <48=25:8HC2 48=8;:<53S2 ZUF[\2 482 <2

D<4J:<AAS28MMJ::9D;29N8KC::85A<49DJ=2;:<9D2ZF4"]C\2K:8=2D8:43C:D2V<A9K8:D9<2482M8DN4:<9D294N28:9;9D2<D62

43C2D<D8NM<AC269N4:9HJ498D28K24:<MC2CAC=CD4N2I9439D243C2;:<9D-2@<M32<D<ASN9N26C4CM4C6243C258N9498DN28K2

'!2=9AA98D2<48=N29D243:CC269=CDN98DN2I9432NJH#D<D8=C4C:2N5<49<A2:CN8AJ498D-2[3C2Z'''\2<48=9M25A<DCN2

DUH�FOHDUO\�UHVROYHG�DQG�WKHLU�RULHQWDWLRQ�ZDV�FRQ¿UPHG�E\�HOHFWURQ�EDFNVFDWWHU�GLIIUDFWLRQ��(%6'���
[3C2CAC=CD4<A2M8DMCD4:<498DN28K2<AA2CAC=CD4N2ZF4O2]CO20:O2^9O2T3O2TJO2<D62VJ\26C4C:=9DC62K:8=243C2

UF[2=<NN&M3<:;C2N5CM4:<2<:C2I9439D2+2N4<D6<:626CR9<498DN28K2CACM4:8D2=9M:85:8HC2<D<ASN9N2Z@WFU\2

8K243C2;:<9D-2[3C29N84859M2<HJD6<DMCN26C4C:=9DC62HS2UF[2=<4M3CN2^0B[2N4<D6<:62M8=58N9498DN28RC:2

<2I96C2:<D;C28K2M8DMCD4:<498DNO268ID2482'!!255=I-2^<D8NM<AC2<:C<N2K:CC28K2=9D8:2<D624:<MC2CAC=CD4N2

<:C25:CNCD4243:8J;38J4243C2N<=5AC-2[3CNC2M8JA62HC26JC248243C2:<D68=269N4:9HJ498D28K2<48=N-2UA4C:#

D<49RCASO243C2F4#]C253<NC269<;:<=29D69M<4CN243<428:6C:#69N8:6C:25:CM9594<4CN28K2<D2_'+2N4:JM4J:C2M8JA62

3<RC2K8:=C62<N243C29N8KC::85A<49DJ=2M88AC62K:8=2=<;=<49M24C=5C:<4J:CN2Z^8NC2C42<A-2+!!"\-2[3C24:<MC2

CAC=CD42K:CC2<:C<N2M8JA62HC2NJM325:CM9594<4CNO2I39M32I8JA62NJ558:42<239;3#4C=5C:<4J:C29;DC8JN28:9;9D2

K8:243C29N8KC::85A<49DJ=O2:<43C:243<D2K8:=<498D26J:9D;2A8I#4C=5C:<4J:C2NC:5CD49D9`<498D-2[3C2:CNJA4N2

KLJKOLJKW�WKH�XQLTXH�FDSDELOLWLHV�RI�$37�DQG�WKH�SRWHQWLDO�XWLOLW\�RI�NQRZLQJ�WKH�ORFDWLRQ�DQG�LGHQWLW\�
8K2<48=N29D2D<D8=C4:9M2R8AJ=CN-

4)-5#'607%U48=25:8HC248=8;:<53SO29N8KC::85A<49DJ=O25A<49DJ=2;:8J52<AA8SO25:CM9594<4CO28:6C:#

69N8:6C:O2M8:C#N3CAA

2&"+80:3"28&
^<4J:<AAS28MMJ::9D;2<AA8SN28K2]C2I94325A<49DJ=2;:8J52CAC#

=CD4N2ZFL@2a2F4O2TCO2TJO2T3O2/NO2<D620:\2<:C2M8AACM49RCAS2D<=C62

5A<49DJ=2;:8J52<AA8SN2ZFLU\2<D62<:C2K8:=C629D2<2:<D;C28K2;C8#

A8;9M<A2CDR9:8D=CD4N2ZV<H:92C42<A-2'>>bc2X<::9N2<D62V<H:92'>>'\-2

/DC28K243C2=8N42M8==8D2A8M<A949CN28K2FLU29N29D285398A94CNO2I3C:C2

WKH\�DUH�W\SLFDOO\�IRXQG�LQ�SODFHU�FKURPLWH��EODFN�VDQG��GHSRVLWV��
GHULYHG�IURP�ZHDWKHULQJ�RI�WKH�VXUURXQGLQJ�XOWUDPDILF�URFNV��
[3C239;32=CA49D;24C=5C:<4J:CN28K2FLU2Zd+!!!2eV\2<D62:C6JMC62

M8=58N9498DN2AC62N8=C2:CNC<:M3C:N2482M8DMAJ6C243CNC2=C4<AN2IC:C2

6C:9RC62K:8=243C2@<:43fN2M8:C2ZP9:62<D62P<NNC442'>*!c2P9:62C42<A-2

'>>>\-2BJHNCYJCD42N4J69CN23<RC2NJ;;CN4C62FLU2<:C2K8:=C629D243C2

J55C:2=<D4AC28:2M:JN42<D62<:C2JA49=<4CAS26C:9RC62K:8=2NJAK96CNO2

I39M323<RC239;32FL@2M8DMCD4:<498DN-2/DC23S5843CN9N2 9N2 43<42

43CS2<:C2K8:=C626J:9D;2IC<43C:9D;28K2NJAK96CN2<42A8I2;2<D62<-2
@74:C=CAS2:C6JM9D;2M8D69498DN2<:C25:86JMC626J:9D;2NC:5CD49D9`<#

498D28K25C:968494C2<D62M8JA625A<JN9HAS2K8:=2=C4<AA9M2FL@253<NCN2

�'LFN�������'LFN�DQG�*LOOHWH��������7KH�VDPH�SURFHVV�KDV�EHHQ�
3S5843CN9`C62482K8:=2]C^92DJ;;C4N2Z<I<:J94C&g8NC53CD94C\2K8JD62

9D2=<DS285398A94CN-2UA4C:D<49RCASO2FLU23<RC2HCCD23S5843CN9`C62

WR�IRUP�GXULQJ�PHOWLQJ�SURFHVVHV��%UHQNHU�HW�DO��������+DWWRUL�
DQG�&DEUL�������2NUXJLQ�������3ULFKDUG�DQG�/RUG�������3ULFKDUG�
C42<A-2+!!*\-20D2439N2=CM3<D9N=O243C2FL@2<:C25:9=<:9AS238N4C62

9D2NJAK96CN2<D62NJAK96C2=CA4N-2BJAKJ:29N2N8AJHAC29D2N9A9M<4C2=CA4N2

<D62N829N2=8H9A9`C62HS2=CA49D;25:8MCNNCN-2X8ICRC:O243C2FL@2

<:C2A<:;CAS29DN8AJHAC29D2N9A9M<4C2=CA4N2<D62:C=<9D29D243C2NJAK96CNO2

CRCD4J<AAS2:C<M39D;2N<4J:<498D2<N243C2NJAK96C2R8AJ=C26CM:C<NCN-2

[39N2R9CI29N2NJ558:4C62HS29DMAJN98DN28K2:CK:<M48:S28A9R9DC2<D62

RUWKRS\UR[HQH� IRXQG� LQ�3*$� �%UHQNHU� HW� DO�� ������3HFN�DQG�
.HD\V�������3HFN�HW�DO���������+RZHYHU��IHZ�3*$�KDYH�EHHQ�
K8JD629D2N94J29D2=<D4AC2N<=5ACN2ZC-;-O2F:9M3<:62C42<A-2+!!*\O2<D62

I3C:C243CS23<RC2HCCD2K8JD6O243CS2<:C2=9M:8=C4C:#N9`C6O2=JM32

N=<AAC:243<D243C26C4:94<A2;:<9DN-

PC44C:2 M8DN4:<9D4N28D2 43C2 K8:=<498D28K2FLU2<:C2 9=58:4<D42

K8:2H8432CM8D8=9M2<D62NM9CD49K9M2:C<N8DN-2@M8D8=9M<AASO25A<MC:2

FLU2<:C2<D29=58:4<D42N8J:MC28K2FL@2ZB4:9H:DS2C42<A-2+!!!\-2BM9#

CD49K9M<AASO243C239;32M8DMCD4:<498DN28K2FL@29D2FLU2;:<9DN2<AA8I2

NCRC:<A2D8D#4:<69498D<A29N84859M2NSN4C=N2482HC2=C<NJ:C62ZP9:62

C42<A-2'>>>c2X<448:92<D62V<H:92'>>+c2_J;JC42C42<A-2+!!*c2W<A94M32

DQG�0HUNOH�������0DOLWFK�DQG�7KDOKDPPHU�������0HLERP�DQG�
)UHL�������0HLERP�HW�DO��������3HDUVRQ�HW�DO��������:DONHU�HW�
<A-2+!!(\-2[3C2TC#/N2NSN4C=23<N2HCCD2JNC62482CR<AJ<4C243C2/N2

9N84859M23C4C:8;CDC94S29D243C2=<D4ACO2I39M32M8DN4:<9DN2=<D4AC2

=979D;2 CKK9M9CDMS2 Z_J;JC42 C42 <A-2 +!!*c2WC9H8=2C42 <A-2 +!!+\2

<D62 584CD49<AAS2 43C2 C59N869M2 ;:8I432 8K2 43C2 M8D49DCD4<A2 M:JN42

�3HDUVRQ�HW�DO���������7KH�3W�2V�V\VWHP�KDV�EHHQ�XVHG�WR�GDWH�
43C2K8:=<498D28K2A<SC:C629D4:JN98DN2<D6285398A94CN2ZV8;;8D2C42

<A-2+!''O2+!'+c2̂ 8ICAA2C42<A-2+!!*\-20D4C:CN49D;ASO243C2F4&/N2:<4982

9D29D69R96J<A2F4"]C2;:<9DN23<N2HCCD2K8JD62482R<:S26J:9D;2A<NC:#

<HA<498DO2<AA8I9D;2N9D;AC2;:<9DN2 482HC26<4C62HS2=JA49M8AACM48:2

0VFWB-20429N25:CNJ=C6243<4243C2R<:9<498D26J:9D;2A<NC:#<HA<498D2

mailto:Stephen_Parman@brown.edu



