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� DIJMESFO� BOE� BEVMUT� JO� B� TUBOEBSEJ[FE�
BOE� TZTUFNBUJD�XBZ��8F� TPVHIU� UP�FMVDJEBUF�
TVDDFTTGVM� USFBUNFOU� QBSBNFUFST� GPS� BMM� BHF�
HSPVQT�TUVEJFE�EFQFOEJOH�PO�UIF�TIPDLXBWF�
UFDIOPMPHZ�VTFE�JO�UIJT�SFHBSE�

.BUFSJBMT�BOE�.FUIPET
5IF�JODMVTJPO�DSJUFSJB
�UIF�TFBSDI�TUSBUFHZ�BT�
XFMM�BT�UIF�DPMMFDUJPO�BOE�BOBMZTJT�PG�UIF�EBUB
�
XFSF�CBTFE�PO�B�QSPUPDPM�GPS�UIJT�TZTUFNBUJD�
SFWJFX��8F� PQUFE� GPS� UIF� TZTUFNBUJD� SFWJFX�
BOE�BHBJOTU�B�DMBTTJDBM�NFUB�BOBMZTJT�PG�POMZ�
SBOEPNJ[FE�DPOUSPMMFE�USJBMT�	3$5T
�EVF�UP�
UIF�WBSJFUZ�PG�TIPDL�XBWF�UFDIOPMPHJFT�	SBEJBM�
BOE� GPDVTFE
� GPDVTFE�� &MFDUSPNBHOFUJD
�
F M FD U SPIZESBV M J D 
 � BOE � Q JF[PF MFD U S J D�
HFOFSBUPST

� USFBUNFOU� QBSBNFUFST� 	FOFSHZ�
GMVY� EFOTJUJFT
� OVNCFS� PG� TIPUT
� GSFRVFODZ
�
BOE� OVNCFS� PG� TFTTJPOT

� BOE� QBUJFOUT�
	DIJMESFO�BOE�BEVMUT�XJUI�EJGGFSFOU�HFOFTJT�PG�
TQBTUJDJUZ
� MPDBMJ[BUJPO� PG� TQBTUJDJUZ
� FUD�
��
5IVT
� UIJT� TZTUFNBUJD� SFWJFX� DPWFST� BMM�
QSFWJPVTMZ� QVCMJTIFE� FYUSBDPSQPSFBM� TIPDL�
XBWF� TUVEJFT� JO� TQBTUJDJUZ� BNPOH� BMM� BHF�
HSPVQT�JO�BO�FWJEFODF�CBTFE�XBZ�

4FBSDI�TUSBUFHZ
5IJT� TZTUFNBUJD� SFWJFX� JODMVEFT� �����
QBUJFOUT� GSPN� ��� 3$5T� PS� DPIPSU� TUVEJFT�
BDDPSEJOH�UP�UIF�13*4."�TUBUFNFOU�BTTFTTFE�
PO� 'FCSVBSZ� ��
� ����
� JO� .&%-*/&
�
&.#"4&
�8FC�PG�4DJFODF
�BOE�4$0164��*O�
BEEJUJPO
� GPS� BMM� SFTVMUT� DPOTJEFSFE� SFMFWBOU
�
UIF � SF G F SFODF � M J T U T � P G � UIF � JOD MVEFE�
QVCMJDBUJPOT� XFSF� QSPCFE� NBOVBMMZ� GPS�
GVSUIFS� QPUFOUJBM� TUVEJFT�� 5IF� GPMMPXJOH�
LFZXPSET� IBWF� CFFO� SFWJFXFE� 	TBNQMF�
JOGPSNBUJPO�GPS�1VC.FE
�
r�&485��������IJUT
r�&485�"/%�TQBTUJDJUZ���������IJUT�
5IF�13*4."�GMPX�DIBSU�JT�IJHIMJHIUFE�JO�'JH��

'JHVSF����&OFSHZ�MFWFMT�GSPN�WFSZ�MPX�	����m�����N+�NN��DPSSFTQPOEJOH�UP����m����CBS

�MPX�	����m����N+�NN��DPSSFTQPOEJOH�
UP����m����CBS

�NFEJVN�	����m�����N+�NN��DPSSFTQPOEJOH�UP����m����CBS

�BOE�IJHI�FOFSHFUJD�	������N+�NN�
�

'JHVSF��B��.3*�XJUI�NFEJBM�NFOJTDBM�UFBS�BOE�HBOHMJPO�GPSNBUJPO�

'JHVSF����9�SBZ�DPOUSPM�BGUFS� UIF�BQQMJDBUJPO�PG� TIPDL�XBWFT��
5IF�DBMDJGJDBUJPOT�IBWF�EJTBQQFBSFE�
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��
"MM�BCTUSBDUT�XFSF�BTTFTTFE�GPS�SFMFWBODF�BOE�
UIF� GVMM�UFYU� BOBMZTJT� XBT� DPSSFTQPOEJOHMZ�
JODMVEFE� GPS� UIF� SFMFWBOU� BSUJDMFT�� 5IF�
JODMVTJPO� PG� BMM� SFMFWBOU� TUVEJFT� 	3$5T� BOE�
DPIPSU� TUVEJFT
�XBT� JOEFQFOEFOUMZ� EFDJEFE�
CZ� UXP� SFWJFXFST�� .FUB�BOBMZTJT� PS� DBTF�
SFQPSUT�XFSF�OPU�JODMVEFE�JO�UIJT�TZTUFNBUJD�
SFWJFX��*O�BEEJUJPO�UP�UIF�SFTQFDUJWF�MFWFM�PG�
FWJEFODF
�UIF�QBUJFOU�DIBSBDUFSJTUJDT�BT�XFMM�BT�
EJGGFSFOU� TIPDL� XBWF� QBSBNFUFST� XFSF�
BOBMZ[FE�JO�EFUBJM��%BUB�FYUSBDUJPO�XBT�CBTFE�
PO� UIF� GVMM� UFYU� VTJOH� QSFEFGJOFE� EBUB�
FY U SBD U JPO � GPSN� � "OZ � E J TBHSFFNFOU�
VOSFTPMWFE�CZ�EJTDVTTJPO�XBT�SFWJFXFE�CZ�B�
UIJSE�BVUIPS�JO�UIJT�USJBM�

3FTVMUT
0WFSBMM
� ��� &WJEFODF�CBTFE� DMJOJDBM� TUVEJFT�
XJUI������QBUJFOUT�BT�FJUIFS�3$5T�PS�DPIPSU�
TUVEJFT� XFSF� JODMVEFE� JO� UIJT� TZTUFNBUJD�
SFWJFX�	5BCMFT����
�

'PDVTFE�&485
���TUVEJFT�XJUI�����QBUJFOUT�BSF�JODMVEFE�JO�
UIJT�TZTUFNBUJD�SFWJFX�VTJOH�GPDVTFE�&485��
#BTFE�PO�UIF�EJGGFSFOU�HFOFSBUPST�JO�GPDVTFE�
UFDIOPMPHJFT
� UIF� EJTUSJCVUJPO� JT� BT� GPMMPXT�
	'JH���
�
r&MFDUSPIZESBVMJD�&485
PUXP� DPIPSU� TUVEJFT� XJUI� ��� BEVMU� QBUJFOUT�
USFBUFE�PO�UIF�HBTUSPDOFNJVT�NVTDMF�CFMMZ
�OP�
3$5T� PO� FMFDUSPIZESBVMJD� GPDVTFE� &485�
BWBJMBCMF
P&OFSHZ� GMVY� EFOTJUZ� XBT� ���� N+�NN�
� TP�
MPX�FOFSHFUJD� FMFDUSPIZESBVMJD� GPDVTFE�
&485� XJUI� POF� TFTTJPO� POMZ� XJUI� FJUIFS�
�����TIPUT�PO�UIF�HBTUSPDOFNJVT�CFMMZ
P/P � D I J M E S F O � X F S F � U S F B U F E � X J U I�

FMFDUSPIZESBVMJD�GPDVTFE�&485�
r&MFDUSPNBHOFUJD�&485
P&JHIU�3$5T�XJUI�B�UPUBM�PG�����QBUJFOUT
����PG�
UIFN�JO� GPVS�3$5T�XFSF�DIJMESFO�BOE�UISFF�
DPIPSU�TUVEJFT�XJUI����QBUJFOUT�	���DIJMESFO�
JO�POF�DPIPSU�TUVEZ

�TP�JO�UPUBM����DIJMESFO�
USFBUFE�XJUI�FMFDUSPNBHOFUJD�GPDVTFE�&485��
5IF����DIJMESFO�JO�UIF�GJWF�USJBMT�XFSF�USFBUFE�
XJUI�WFSZ�MPX�FOFSHFUJD������N+�NN�
������
TIPUT�BOE���TFTTJPOT�
P&OFSHZ�XJTF� �� USJBMT� XFSF� VTJOH� WFSZ� MPX�
FOFSHF U J D � � ���m� ��� � N+�NN�� X J UI�
����m����� TIPUT� BOE��m��)[� BOE� BU�NFBO�
�m��GPDVTFE�TFTTJPOT
���USJBMT�XFSF�VTJOH�MPX�
FOFSHF U J D � � ���m� ��� � N+�NN�� X J UI�
����m����� TIPUT� XJUI� �m�� )[� BOE� �m��
TFTTJPOT�
r�1JF[PFMFDUSJD�&485��0OF�DPIPSU�TUVEZ�PO�
QMBOUBS�GMFYPST�JO����BEVMUT�XJUI�MPX�FOFSHFUJD�

������ N+�NN��� /P� DIJMESFO� XFSF� USFBUFE�
XJUI�QJF[PFMFDUSJD�GPDVTFE�&485�

3BEJBM�&485
���TUVEJFT�XJUI�B�UPUBM�OVNCFS�PG�����QBUJFOUT�
BSF�JODMVEFE�VTJOH�SBEJBM�UFDIOPMPHJFT��'SPN�
BO�FWJEFODF�CBTFE�QPJOU�PG�WJFX�UIFSF�BSF���
3$5T� XJUI� ���� QBUJFOUT� BOE� UFO� DPIPSU�
TUVEJFT� XJUI� ���� QBUJFOUT�� "NPOH� UIF� ���
USJBMT
�GPVS�TUVEJFT�	��3$5
���DPIPSU�TUVEJFT
�
JODMVEFE� ���� DIJMESFO� USFBUFE� XJUI� FJUIFS�
WFSZ� MPX�FOFSHFUJD����m��CBS�	UXP�USJBMT
�PS�
MPX�FOFSHFUJD����m��CBS�JO�UIF�UXP�PUIFS�USJBMT�
XJUI� �m��� )[�� &OFSHZ�XJTF� UISFF� SBEJBM�
TUVEJFT�XFSF�WFSZ�MPX�FOFSHFUJD����m��CBS�BOE�
��� TUVEJFT� BQQMJFE� MPX�FOFSHFUJD� SBEJBM�
QSFTTVSFT����m��CBS��/PUBCMZ
� UIF� GSFRVFODZ�
XBT�NBJOMZ��m��)[�JO�UIF�SBEJBM�TUVEJFT�

-PDBMJ[BUJPO�PG�GPDVTFE�SBEJBM�&485
5IF� NBKPSJUZ� PG� UIF� JODMVEFE� SBEJBM� BOE�
GPDVTFE� USJBMT� USFBUFE� UIF� HBTUSPDOFNJVT�
NVTDMF�DPNQMFY��6TJOH�GPDVTFE�&485
�CPUI�
FMFDUSPIZESBVMJD� USJBMT
� TJY� PVU� PG� UIF� FMFWFO�
FMFDUSPNBHOFUJD� USJBMT� BOE� UIF� QJF[PFMFDUSJD�
USJBM� XFSF� QFSGPSNFE� PO� UIF� HBTUSPDOFNJVT�
BOE� TPMFVT�NVTDMF�� *O� SBEJBM� UFDIOJRVF
� GJWF�
TUVEJFT� GPDVTFE� UIF� HBTUSPDOFNJVT� NVTDMF��
5IF� GPSFBSN� GMFYPST� XFSF� USFBUFE� JO� UISFF�
FMFDUSPNBHOFUJD� GPDVTFE� TUVEJFT� BOE� JO� GJWF�
SBEJBM�TUVEJFT�

%VSBUJPO�PG�UIF�TIPDLXBWF�FGGFDU
"NBMJP�GJSTU�SFQPSUFE�JO������PO�UIF�*'44)�
)BOE�$POHSFTT������<��>� JO�#VEBQFTU�BOE�
UIFO� JO� ����� BT� B� GVMM� QBQFS� <��>� PO� UIF�

'JHVSF����&OFSHZ�EJTUSJCVUJPO�PG�GPDVTFE�FMFDUSPIZESBVMJD
�GPDVTFE�FMFDUSPNBHOFUJD
�GPDVTFE�QJF[PFMFDUSJD
�BOE�SBEJBM�FYUSBDPSQPSFBM�
TIPDLXBWF�UIFSBQZ�JO�UFSNT�PG�WFSZ�MPX�FOFSHFUJD�	����m�����N+�NN�
����m����CBS

�MPX�FOFSHFUJD�	����m����N+�NN�
����m����CBS

�
PS�NFEJVN�FOFSHFUJD�	����m�����N+�NN�
����m��CBS
�BNPOH�UIF�TQBTUJDJUZ�TUVEJFT�JODMVEFE�JO�UIJT�TZTUFNBUJD�SFWJFX�

$XWKRU 6WXG\�W\SH $JH�
�\HDUV� Q *HQHUDWRU (QHUJ\�OHYHO

3DUN�HW�DO �������>��@ 5&7���� ��� �� (OHFWURPDJQHWLF�
IRFXVHG�(6:7

9HU\�ORZ�HQHUJHWLF�
������P-�PP��

(O�6KDP\�HW�DO �������
>��@ 5&7���� �±� �� (OHFWURPDJQHWLF�

IRFXVHG�(6:7
9HU\�ORZ�HQHUJHWLF�
������P-�PP��

3LFHOOL�HW�DO �������>��@ 5&7���� �±�� �� (OHFWURPDJQHWLF�
IRFXVHG�(6:7

9HU\�ORZ�HQHUJHWLF�
������P-�PP��

$PHOLR�DQG�0DQJDQRWWL�
�����>��@ &RKRUW ��� �� (OHFWURPDJQHWLF�

IRFXVHG�(6:7
9HU\�ORZ�HQHUJHWLF�
������P-�PP��

/LQ�HW�DO �������>��@ 5&7���� ������� �� 5DGLDO /RZ�HQHUJHWLF����EDU��
���+]�

:DQJ�HW�DO �������>��@ &RKRUW �±� �� 5DGLDO 9HU\�ORZ�HQHUJHWLF������
EDU����+]�

0LUHD�HW�DO �������>��@ &RKRUW ��� �� 5DGLDO /RZ�HQHUJHWLF����EDU��
���+]�

*RQNRYD�HW�DO �������
>��@ &RKRUW ����� �� 5DGLDO /RZ�HQHUJHWLF������EDU��

��+]�

7DEOH����(OHFWURPDJQHWLF�IRFXVHG�RU�UDGLDO�H[WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\�LQ�FKLOGUHQ�ZLWK�
VSDVWLFLW\

(6:7��([WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\��5&7��5DQGRPL]HG�FRQWUROOHG�WULDO
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L J O F U J D T � P G � B � P O F � U J N F � G P D V T F E�
FMFDUSPNBHOFUJD�TIPDL�XBWF�UIFSBQZ�TFTTJPO�
JO� TQBTUJDJUZ�� 5IF� TJOHMF� GPDVTFE� &485�
TFTT JPO � JNNFEJBUF MZ � SFTV M UFE � JO � BO�
JNQSPWFNFOU�PG�UIF�"TIXPSUI�TDPSF�GSPN�����
������ UP�����XJUI�B�DPOTJTUFOU� JNQSPWFNFOU�
FWFO� BGUFS� �� XFFLT�� "GUFS� �� NPOUIT
� B�
TJHOJGJDBOUMZ� JNQSPWFE� "TIXPSUI� TDPSF� XBT�
TUJMM�EFUFDUBCMF�DPNQBSFE�UP�QSFWJPVTMZ�

4JEF�FGGFDUT�PG�TIPDL�XBWF�UIFSBQZ
*O� UIF� QSFTFOU� TUVEJFT
� OP� TJEF� FGGFDUT�XFSF�
SFQPSUFE�VTJOH�UIF�&485�EFWJDF�QBSBNFUFST�
BOE�UFDIOPMPHJFT�BT�EFTDSJCFE��5IJT�BQQMJFT�UP�
BEVMUT�BT�XFMM�BT�UP�&485�JO�DIJMESFO�

%JTDVTTJPO
5IJT�TZTUFNBUJD�SFWJFX�TPVHIU�UP�BEESFTT�UIF�
DVSSFOU� FYQFSJFODF� PG� SBEJBM� BOE� GPDVTFE�
&485� JO� TQBTUJDJUZ� BNPOH� DIJMESFO� BOE�
BEVMUT�� 5IF� GPMMPXJOH� PCTFSWBUJPOT� DBO� CF�

EFMJOFBUFE�GSPN�UIJT�TZTUFNJD�SFWJFX�
8JUI�NPSF�UIBO������QBUJFOUT�JODMVEFE�JO����
3$5T� PS� DPIPSU� TUVEJFT� JO� UIJT� TZTUFNBUJD�
SFWJFX
� UIFSF� JT� B� QSPGPVOE� BOE� TVCTUBOUJBM�
MFWFM� PG� FWJEFODF� VTJOH� CPUI
� SBEJBM� BOE�
GPDVTFE� &485� JO� TQBTUJDJUZ� JO� DIJMESFO� BT�
XFMM�BT�JO�BEVMUT��#PUI�SBEJBM�BT�XFMM�BT�GPDVTFE�
	FMFDUSPIZESBVMJD
� FMFDUSPNBHOFUJD
� BOE�
QJF[PFMFDUSJD
�&485�JNQSPWF�GVODUJPO�BOE�
TJHOJGJDBOUMZ� SFEVDF� TQBTUJDJUZ� 	NPTU� PGUFO�
EJTQMBZFE�CZ�JNQSPWFE�."4
�JO�BEVMUT�BOE�JO�
DIJMESFO�� "T� PG� OPX
� CBTFE� PO� BMM� BWBJMBCMF�
TUVEJFT
�JU�JT�VODMFBS�XIFUIFS�POF�UFDIOJRVF�JT�
TVQFSJPS�UP�UIF�PUIFS�EVF�UP�UIF�MBDL�PG�MBSHF�
DPNQBSBUJWF�USJBMT�BT�3$5T�JO�UIF�NPNFOU�

7FSZ�MPX�MPX�FOFSHFUJD�&485
&OFSHZ�XJTF
�UIF�NBKPSJUZ�PG�TQBTUJDJUZ�USJBMT�
BQQMJFE� TVCTUBOUJBMMZ� MPX� FOFSHZ� MFWFMT
�
NFBO JOH � F J UIFS � WF S Z � MPX�FOFSHF U J D�
	����m����� N+�NN�� PS� ��� CBS
� PS� MPX�

FOFSHFUJD� 	����m���� N+�NN�� PS� �m�� CBS
�
XIFO�VTJOH�FJUIFS� GPDVTFE�PS� SBEJBM�&485��
)JTUPSJDBM�XJTF
� LJEOFZ� TUPOF� SFTPMVUJPO� BT�
XFM M � BT � CPOF� USFBUNFOU � X JUI � &485�
OFDFTT J UBUFE� IJHI�FOFSHFU JD � GPDVTFE�
TIPDLXBWFT� 	������ N+�NN�
�� *O� UIF�
MBOENBSL� -BODFU� TUVEZ� <��>� GSPN� �����
1SPGFTTPS�$IBVTTZ�SFQPSUFE�UIF�DPVSTF�PG����
QBUJFOUT�XJUI�LJEOFZ�TUPOFT�XIP�XFSF�USFBUFE�
XJUI�IJHI�FOFSHFUJD�FMFDUSPIZESBVMJD�GPDVTFE�
TIPDLXBWFT��3FDFOUMZ�<��>
�B�3$5�DPNQBSFE�
VMUSBTPVOE�HVJEFE� OFFEMJOH� WFSTVT� IJHI�
FOFSHFUJD�&485�JO�DBMDJGJD�UFOEJOJUJT�PG�UIF�
TIPVMEFS� BHBJO� BQQMZJOH� IJHI� FOFSHZ�� *O�
QMBOUBS�GBTDJJUJT�B�SFDFOU�NFUB�BOBMZTJT�<��>�PG�
3$5T� TUBUFE� UIBU� NFEJVN�FOFSHZ� &485�
BQQFBST� UP� CF� NPSF� FGGFDUJWF� UIBO� DPOUSPM
�
IPXFWFS�EVF�UP� MJNJUFE�OVNCFS�PG�USJBMT� GPS�
MPX��BOE�GPS�IJHI�FOFSHFUJD�&485�JO�QMBOUBS�
GBTDJJUJT
� UIJT� JT�VODMFBS� GPS� UIF� MBUUFS� FOFSHZ�
MFWFMT�� 5IFSFGPSF
� OPU� POMZ� UIF� UZQF� PG�

$XWKRU 6WXG\�W\SH $JH�
�\HDUV� Q /RFDWLRQ *HQHUDWRU (QHUJ\�OHYHO

(QHUJ\�IOX[�GHQVLW\�
�P-�PP��

6KRWV 6HVVLRQV

6DQWDPDWR�HW�DO �������>��@ &RKRUW ����� �� *DVWURFQHPLXV (OHFWURK\GUDXOLF /RZ�HQHUJHWLF ��� ���� �î
6RKQ�HW�DO �������>��@ &RKRUW ����� �� *DVWURFQHPLXV (OHFWURK\GUDXOLF /RZ�HQHUJHWLF ��� ���� �î
/HH�HW�DO �������>��@ 5&7 ��±�� �� *DVWURFQHPLXV (OHFWURPDJQHWLF /RZ�HQHUJHWLF ��� ���� �î
:X�HW�DO �������>��@ 5&7 ����� �� *DVWURFQHPLXV (OHFWURPDJQHWLF /RZ�HQHUJHWLF ���� ���� �î

7DKHUL�HW�DO �������>��@ 5&7 ����� �� *DVWURFQHPLXV (OHFWURPDJQHWLF /RZ�HQHUJHWLF ��� ���� �î

<RRQ�HW�DO �������>��@ 5&7 ����� ��� (OERZ�IOH[RUV�DQG�
NQHH�IOH[RUV (OHFWURPDJQHWLF /RZ�HQHUJHWLF �����±����� ���� �î

6DQWDPDWR�HW�DO �������>��@ 5&7 ���� �� )RUHDUP�IOH[RUV (OHFWURPDJQHWLF 9HU\�ORZ�
HQHUJHWLF ���� ���� �î

0DQJDQRWWL�DQG�$PHOLR������
>��@ &RKRUW ��±�� �� )RUHDUP�IOH[RUV (OHFWURPDJQHWLF 9HU\�ORZ�

HQHUJHWLF ���� ��������
� �î

7URQFDWL�HW�DO �������>��@ &RKRUW ��±�� �� )RUHDUP�IOH[RUV�
DQG�VKRXOGHU (OHFWURPDJQHWLF /RZ�HQHUJHWLF ����±��� ��������

� �î

0RRQ�HW�DO �������>��@ &RKRUW ����� �� 3ODQWDU�IOH[RUV 3LH]RHOHFWULF /RZ�HQHUJHWLF ����� ���� �î

7DEOH����)RFXVHG�H[WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\�LQ�DGXOWV�ZLWK�HOHFWURK\GUDXOLF��HOHFWURPDJQHWLF�RU�SLH]RHOHFWULF�JHQHUDWRU�GHSHQGLQJ�RQ�OHYHO�RI�HYLGHQFH�
DV�ZHOO�DV�RQ�YHU\�ORZ������±�����P-�PP���RU�ORZ������±�����P-�PP���HQHUJHWLF�WUHDWPHQW

5&7��5DQGRPL]HG�FRQWUROOHG�WULDO

$XWKRU 6WXG\�W\SH $JH�
�\HDUV� Q /RFDWLRQ 3UHVVXUH��EDU��DQG�

HQHUJ\�OHYHO
)UHTXHQF\�

�+]� 6KRWV 6HVVLRQV

5DGLQPHKU�HW�DO �������>��@ 5&7 ��±�� �� 3ODQWDU ����EDU�YHU\�ORZ � ���� �î
0DULQHOOL�HW�DO �������>��@ 5&7 ����� �� $QNOH�H[WHQVRUV ����EDU�ORZ � ���� �î

9LGDO�HW�DO �������>��@ 5&7 ��±�� �� 8SSHU�DQG�ORZHU�
H[WUHPLW\ ����EDU�ORZ � ���� �î

/L�HW�DO �������>��@ 5&7 ���� �� )RUHDP�IOH[RUV�DQG�
LQWULQVLFV

����EDU��LQWULQVLFV��DQG�
����EDU��)&8�)&5�

� ������LQWULQVLFV��
�������)&8�)&5� �î

:X�HW�DO �������>��@ 5&7�UDGLDO�
YHUVXV�IRFXVHG ����� �� *DVWURFQHPLXV

����EDU�ORZ�YHUVXV�����
P-�PP��IRFXVHG�ORZ

� �����JDVWURF��������
VROHXV �î

'\PDUHN�HW�DO �������>��@ 5&7 $GXOWV �� )RUHDUP�IOH[RUV ����EDU�ORZ � ���� �î
0DULVD������>��@ &RKRUW ���� �� *DVWURFQHPLXV�EHOO\ ����EDU�ORZ 1RW�PHQWLRQHG ���� �î

.LP�HW�DO �������>��@ &RKRUW �� �� 6XEVFDSXODULV ����EDU�ORZ � ���� �î
6DZDQ�HW�DO �������>��@ &RKRUW ��±�� �� *DVWURFQHPLXV 1RW�PHQWLRQHG 1RW�PHQWLRQHG ���� �î

5DGLQPHKU�HW�DO �������>��@ &RKRUW ����� �� *DVWURFQHPLXV ����EDU�YHU\�ORZ 1RW�PHQWLRQHG ���� �î
.LP�HW�DO �������>��@ &RKRUW ���� �� 3ODQWDU ����EDU�ORZ � ���� �î

'\PDUHN�HW�DO �������>��@ &RKRUW ����� �� )RUHDUP�IOH[RUV ����EDU�ORZ � ���� �î
'DOLUL�HW�DO �������>��@ &RKRUW ���� �� )RUHDUP�IOH[RUV ����EDU�ORZ 1RW�PHQWLRQHG ���� �î

7DEOH����5DGLDO�H[WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\�LQ�DGXOWV

5&7��5DQGRPL]HG�FRQWUROOHG�WULDO��)&8��)&5��



UFDIOPMPHZ� 	GPDVTFE� PS� SBEJBM
� GPDVTFE�
F M F D U S P I Z E S B V M J D � G P D V T F E�
FMFDUSPNBHOFUJD�GPDVTFE�QJF[PFMFDUSJD

�CVU�
BMTP�UIF�FOFSHZ�MFWFMT�BQQMJFE�QMBZ�B�SPMF�XIFO�
USFBUJOH�B�HJWFO�UJTTVF�
*O�TQBTUJDJUZ�XJUI�&485�GPDVTJOH�PO�TQBTUJD�
NVTDMFT
�B�OVNCFS�PG�NFDIBOJTNT�NJHIU�CF�
JOWPMWFE�� 3FHBSEJOH� &485� FGGFDUT� PO�
NVTDMF
 � JO� BEEJUJPO� UP� UIF� EFTDSJCFE�
EFUPOBU JOH � F G GFDU � PG � &485
 � GVS UIFS�
NFDIBOJTNT�PG�BDUJPO�BQQFBS�DPODFJWBCMF��"�
SBOEPNJ[FE� TQPSUT� NFEJDBM� TUVEZ� PO� iTPSF�
NVTDMFTu� BT� EFMBZFE� POTFU� NVTDMF� TPSFOFTT�
TIPXFE�QPTJUJWF�FGGFDUT� JO� UFSNT�PG� SFEVDFE�
QBJO� BOE� JNQSPWFE� TUSFOHUI� JO� UIF� CJDFQT�
CSBDIJJ�NVTDMF�<�>��*O�IFBMUIZ�BUIMFUFT
�UIF���
UJNF�GPDVTFE�&485�PO�UIF�RVBESJDFQT�BOE�
CJDFQT� GFNPSJT� NVTDMF� MFBET� UP� JODSFBTFE�
FMBTUJDJUZ� BOE� SFEVDFE� NVTDMF� UPOF� <�>�� *O�
VSFUISBM� NVTDMF� DFMMT
� UIF� TUJNVMBUJPO� PG�
NZPHFOFTJT�DPVME�CF�TIPXO�FYQFSJNFOUBMMZ�
WJB� UIF� 1&3,�"5'�� TJHOBMJOH� QBUIXBZ
�
XIJDI� JT� SFTQPOTJCMF� GPS� UIF� GPSNBUJPO� PG�
NZPUVCFT� <�>�� 5IF� GPDVTFE� &485� BMTP�
JNQSPWFT�UIF�NVTDVMBS�NJDSPDJSDVMBUJPO�<�>��
"OPUIFS� QPUFOUJBM� FGGFDU� PG� &485� JT� UIF�
NBOJQVMBUJPO�PG�NVTDVMBS�TBUFMMJUF�DFMMT��*O�BO�
BOJNBM� FYQFSJNFOU
� BO� "VTUSJBO� SFTFBSDI�
HSPVQ� TIPXFE� UIF� BDDFMFSBUFE� NVTDVMBS�

SFHFOFSBUJPO� BGUFS� &485� USFBUNFOU� CZ�
QSPMJGFSBUJPO�BOE�EJGGFSFOUJBUJPO�PG�NVTDVMBS�
TBUFMMJUF� DFMMT� <�>�� /PUBCMZ
� FWFO� B� EJSFDU�
JOUFSBDUJPO�PG�&485�BOE�NFDIBOPTFOTPST�JO�
UIF� NVTDMFT� BQQFBST� DPODFJWBCMF�� .VTDMF�
TQJOEMFT�SFHVMBUF�NVTDMF�MFOHUI
�XIJMF�(PMHJ�
UFOEPO�PSHBO�SFHVMBUF�NVTDMF�UFOTJPO��5IVT
�
CPUI� SBEJBM� BOE� GPDVTFE� &485� NJHIU�
NPEVMBUF� NVTDMF� TQJOEMFT� BOE�PS� (PMHJ�
UFOEPO�PSHBOT�QPUFOUJBMMZ�XJUI�GVSUIFS�FGGFDUT�
PO� 1BDJOJBO� DPSQVTDMFT� BOE�PS� GSFF� OFSWF�
FOEJOHT��#BTFE�PO�UIF�DMJOJDBM�GJOEJOHT�PG�UIJT�
TZTUFNBUJD� SFWJFX
� UIBU� WFSZ� MPX�� UP� MPX�
FOFSHFUJD� SBEJBM� BOE� GPDVTFE� &485� DBO�
JNQSPWF�TQBTUJDJUZ
�JU�JT�UFNQUFE�UP�TQFDVMBUF�
UIBU�CFTJEFT�UIF�BQQMJFE�FOFSHZ�MFWFM
�FWFO�UIF�
GSFRVFODZ�PG�&485�QMBZ�B�SPMF�JO�UIJT�SFHBSE�

"EWFSTF�FGGFDUT
(JWFO�UIF�BGPSFNFOUJPOFE�IJTUPSZ�PG�&485
�
TUBSUJOH� XJUI� FMFDUSPIZESBVMJD� GPDVTFE�
NBDIJOFT�XJUI�IJHI�FOFSHZ�������N+�NN�
�
MPDBM� BEWFSTF� FGGFDUT� TVDI� BT� QFUFDIJBM�
CMFFEJOHT�BOE�IFNBUPNB�IBWF�CFFO�PCTFSWFE�
NPSF�UIBO�EFDBEFT�BHP��*O�UIF�JODMVEFE�USJBMT�
XJUI� UIF� NBKPSJUZ� PG� TQBTUJDJUZ� &485�
USFBUNFOU� SFHJNFO�XJUI� FJUIFS� WFSZ� MPX�� UP�
MPX�FOFSHFUJD�&485
�OP�BEWFSTF�FGGFDUT�XFSF�
OPUFE�� 5IJT� JT� FTQFDJBMMZ� OPUBCMZ
� TJODF� ����

TQBTUJD� DIJMESFO� IBWF� CFFO� JODMVEFE� BOE�
USFBUFE�TVDDFTTGVMMZ�JO�UIJT�TZTUFNBUJD�SFWJFX��
#Z� MPXFSJOH� UIF� FOFSHZ� MFWFMT� UIF� BEWFSTF�
FGGFDU�QSPGJMF�JT�MJLFMZ�UP�CF�TVCTUBOUJBM�NPSF�
CFOFGJDJBM�� *O� UFSNT� PG� OVNCFS� PG� &485�
USFBUNFOUT
�BO�BWFSBHF�PG��m��&485�TFTTJPOT�
XFSF� SFWJFXFE� JO� UIF� NBKPSJUZ� PG� USJBMT��
)PXFWFS
�BT�XFMM�BT�VQ�UP����&485�TFTTJPOT�
IBWF�CFFO�BENJOJTUFSFE� JO�UXP�TUVEJFT�XJUI�
OP�SFQPSUFE�BEWFSTF�FWFOUT�

$PODMVTJPOT�GPS�$MJOJDBM�1SBDUJDF
r�#PUI�SBEJBM�BOE� GPDVTFE�&485�XJUI�WFSZ�
MPX�� UP� MPX� FOFSHZ� JNQSPWF� DM JOJDBM�
OFVSPMPHJDBM� GVODUJPO� BOE� TJHOJGJDBOUMZ�
SFEVDF�TQBTUJDJUZ�JO�DIJMESFO�BT�XFMM�BT�BEVMUT
r�5IFSF�XFSF�OP�OFHBUJWF� TJEF�FGGFDUT�XIFO�
VTJOH�WFSZ� MPX�� UP� MPX�FOFSHFUJD� TIPDLXBWF�
USFBUNFOU� SFHJNFOT
� OFJUIFS� JO� BEVMUT� BGUFS�
TUSPLF�OPS�JO�DIJMESFO�XJUI�DFSFCSBM�QBMTZ

&UIJDBM�"QQSPWBM
5IJT�B�TZTUFNBUJD�SFWJFX�CBTFE�PO�QVCMJTIFE�
EBUB� XJUI� UIF� MPDBM� *3#� BQQSPWBM� HJWFO� GPS�
FBDI�QBQFS�PG�UIF�JODMVEFE�TUVEJFT��

-RXUQDO�RI�5HJHQHUDWLYH�6FLHQFH� �9ROXPH��� �,VVXH��� �'HFHPEHU����� �3DJH���_ _ _ _

.QREORFK�.�HW�DO ZZZ�MUVRQZHE�FRP

%FDMBSBUJPO�PG�QBUJFOU�DPOTFOU��5IF�BVUIPST�DFSUJGZ�UIBU�UIFZ�IBWF�PCUBJOFE�BMM�BQQSPQSJBUF�QBUJFOU�DPOTFOU�GPSNT��*O�UIF�GPSN
�UIF�QBUJFOU�IBT�
HJWFO�IJT�DPOTFOU�GPS�IJT�JNBHFT�BOE�PUIFS�DMJOJDBM�JOGPSNBUJPO�UP�CF�SFQPSUFE�JO�UIF�+PVSOBM��5IF�QBUJFOU�VOEFSTUBOET�UIBU�IJT�OBNF�BOE�JOJUJBMT�
XJMM�OPU�CF�QVCMJTIFE
�BOE�EVF�FGGPSUT�XJMM�CF�NBEF�UP�DPODFBM�IJT�JEFOUJUZ
�CVU�BOPOZNJUZ�DBOOPU�CF�HVBSBOUFFE�
$POGMJDUT�PG�*OUFSFTU��/JM��4PVSDF�PG�4VQQPSU��/POF�

3FGFSFODFT
��� /RKVH�%XVFK�+��.UDHPHU�0��5HLPH�8��$� SLORW� LQYHVWLJDWLRQ� LQWR� WKH�
HIIHFWV�RI�H[WUDFRUSRUHDO�VKRFN�ZDYHV�RQ�PXVFXODU�G\VIXQFWLRQ�LQ�FKLOGUHQ�
ZLWK�VSDVWLF�PRYHPHQW�GLVRUGHUV��6FKPHU]����������������
���/RKVH�%XVFK�+��.UDHPHU�0��5HLPH�8��7KH�XVH�RI�H[WUDFRUSRUHDO�VKRFN�
ZDYH�IURQWV�IRU�WUHDWPHQW�RI�PXVFOH�G\VIXQFWLRQ�RI�YDULRXV�HWLRORJLHV��$Q�
RYHUYLHZ�RI�ILUVW�UHVXOWV��,Q��6LHEHUW��%XFK���HGLWRUV��([WUDFRUSRUHDO�6KRFN�
:DYHV� LQ� 2UWKRSDHGLFV�� 1HZ� <RUN�� 7RN\R�� 6SULQJHU� 9HUODJ� %HUOLQ�
+HLGHOEHUJ��������S���������
�� � 5LHGHO � 0�� )DO ODQG� 5�� 6DL OHU�.UDPHU� %�� /RKVH�%XVFK� +��
.RPSOH[EHKDQGOXQJ� PLW� PDQXHOOHU� PHGL]LQ� XQG� SK\VLRWKHUDSLH� EHL�
]HUHEUDO� EHZHJXQJVJHVW|UWHQ� NLQGHUQ�� 0DQ� 0HG� 2VWHRSDWK� 0HG�
�������������
���/RKVH�%XVFK�+��([WUDNRUSRUDOH�6WR�ZHOOHQ��,Q��/RKVH�%XVFK�+��5LHGHO�
0�� *UDI� %DXPDQQ� 7�� HGLWRUV�� 'DV� 7KHUDSHXWLVFKH� $QJHERW� )�U�
%HZHJXQJVJHVW|UWH�.LQGHU��1HZ�<RUN��6SULQJHU�9HUODJ�%HUOLQ�+HLGHOEHUJ��
������S���������
���2K�-+��3DUN�+'��+DQ�6+��6KLP�*<��&KRL�.<��'XUDWLRQ�RI�WUHDWPHQW�HIIHFW�
RI� H[WUDFRUSRUHDO� VKRFN� ZDYH� RQ� VSDVWLFLW\� DQG� VXEJURXS�DQDO\VLV�
DFFRUGLQJ�WR�QXPEHU�RI�VKRFNV�DQG�DSSOLFDWLRQ�VLWH��$�PHWD�DQDO\VLV��$QQ�
5HKDELO�0HG����������������
��� /HH� -<�� .LP� 61�� /HH� ,6�� -XQJ� +�� /HH� .6�� .RK� 6(�� (IIHFWV� RI�
H[WUDFRUSRUHDO� VKRFN�ZDYH� WKHUDS\� RQ� VSDVWLFLW\� LQ� SDWLHQWV� DIWHU� EUDLQ�
LQMXU\��$�PHWD�DQDO\VLV��-�3K\V�7KHU�6FL����������������
���&DEDQDV�9DOGpV�5��&DOYR�6DQ]� -��8UU�WLD�*��6HUUD�/OREHW�3��3pUH]�

%HOOPXQW�$��*HUPiQ�5RPHUR�$��7KH�HIIHFWLYHQHVV�RI�H[WUDFRUSRUHDO�VKRFN�
ZDYH� WKHUDS\� WR� UHGXFH� ORZHU� OLPE� VSDVWLFLW\� LQ� VWURNH� SDWLHQWV�� $�
V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��7RS�6WURNH�5HKDELO����������������
���;LDQJ�-��:DQJ�:��-LDQJ�:��4LDQ�4��(IIHFWV�RI�H[WUDFRUSRUHDO�VKRFN�ZDYH�
WKHUDS\�RQ�VSDVWLFLW\�LQ�SRVW�VWURNH�SDWLHQWV��$�V\VWHPDWLF�UHYLHZ�DQG�PHWD�
DQDO\VLV�RI�UDQGRPL]HG�FRQWUROOHG�WULDOV��-�5HKDELO�0HG���������������
����'\PDUHN�5��3WDV]NRZVNL�.��3WDV]NRZVND�/��.RZDO�0��6RSHO�0��7DUDGDM�
-��HW�DO��6KRFN�ZDYHV�DV�D�WUHDWPHQW�PRGDOLW\�IRU�VSDVWLFLW\�UHGXFWLRQ�DQG�
UHFRYHU\� LPSURYHPHQW� LQ� SRVW�VWURNH� DGXOWV� ±� &XUUHQW� HYLGHQFH� DQG�
TXDOLWDWLYH�V\VWHPDWLF�UHYLHZ��&OLQ�,QWHUY�$JLQJ��������������
���� /LX� '<�� =KRQJ� '/�� /L� -�� -LQ� 5-�� 7KH� HIIHFWLYHQHVV� DQG� VDIHW\� RI�
H[WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\��(6:7��RQ�VSDVWLFLW\�DIWHU�XSSHU�PRWRU�
QHXURQ�LQMXU\��$�SURWRFRO�RI�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV��0HGLFLQH�
�%DOWLPRUH����������H������
���� &RUUDGR� %�� 'L� /XLVH� &�� 6HUYRGLR� ,DPPDUURQH� &�� 0DQDJHPHQW� RI�
PXVFOH� VSDVWLFLW\� LQ� FKLOGUHQ� ZLWK� FHUHEUDO� SDOV\� E\� PHDQV� RI�
H[WUDFRUSRUHDO�VKRFNZDYH�WKHUDS\��$�V\VWHPDWLF�UHYLHZ�RI�WKH�OLWHUDWXUH��
'HY�1HXURUHKDELO�������������
���� 3DUN� '6�� .ZRQ� '5�� 3DUN� *<�� /HH� 0<�� 7KHUDSHXWLF� HIIHFW� RI�
H[WUDFRUSRUHDO� VKRFN� ZDYH� WKHUDS\� DFFRUGLQJ� WR� WUHDWPHQW� VHVVLRQ� RQ�
JDVWURFQHPLXV�PXVFOH�VSDVWLFLW\�LQ�FKLOGUHQ�ZLWK�VSDVWLF�FHUHEUDO�SDOV\��$�
SLORW�VWXG\��$QQ�5HKDELO�0HG����������������
����(O�6KDP\�60��(LG�0$��(O�%DQQD�0)��(IIHFW�RI�H[WUDFRUSRUHDO�VKRFN�
ZDYH�WKHUDS\�RQ�JDLW�SDWWHUQ�LQ�KHPLSOHJLF�FHUHEUDO�SDOV\��$�UDQGRPL]HG�



FRQWUROOHG�WULDO��$P�-�3K\V�0HG�5HKDELO�����������������
����3LFHOOL�$��/D�0DUFKLQD�(��*DMRIDWWR�)��3RQWLOOR�$��9DQJHOLVWD�$��)LOLSSLQL�5��
HW�DO��6RQRJUDSKLF�DQG�FOLQLFDO�HIIHFWV�RI�ERWXOLQXP�WR[LQ�7\SH�$�FRPELQHG�
ZLWK�H[WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\�RQ�VSDVWLF�PXVFOHV�RI�FKLOGUHQ�ZLWK�
FHUHEUDO�SDOV\��'HY�1HXURUHKDELO���������������
����$PHOLR�(��0DQJDQRWWL�3��(IIHFW�RI�VKRFN�ZDYH�VWLPXODWLRQ�RQ�K\SHUWRQLF�
SODQWDU�IOH[RU�PXVFOHV�LQ�SDWLHQWV�ZLWK�FHUHEUDO�SDOV\��$�SODFHER�FRQWUROOHG�
VWXG\��-�5HKDELO�0HG����������������
����/LQ�<��:DQJ�*��:DQJ�%��5HKDELOLWDWLRQ�WUHDWPHQW�RI�VSDVWLF�FHUHEUDO�
SDOV\� ZLWK� UDGLDO� H[WUDFRUSRUHDO� VKRFN� ZDYH� WKHUDS\� DQG� UHKDELOLWDWLRQ�
WKHUDS\��0HGLFLQH��%DOWLPRUH����������H������
���� :DQJ� 7�� 'X� /�� 6KDQ� /�� 'RQJ� +�� )HQJ� -�� .LHVVOLQJ� 0&�� HW� DO�� $�
SURVSHFWLYH� FDVH�FRQWURO� VWXG\� RI� UDGLDO� H[WUDFRUSRUHDO� VKRFN� ZDYH�
WKHUDS\� IRU� VSDVWLF� SODQWDU� IOH[RU� PXVFOHV� LQ� YHU\� \RXQJ� FKLOGUHQ� ZLWK�
FHUHEUDO�SDOV\��0HGLFLQH��%DOWLPRUH����������H�����
����0LUHD�$��2QRVH�*��3DGXUH�/��5RVXOHVFX�(��([WUDFRUSRUHDO�VKRFNZDYH�
WKHUDS\��(6:7��EHQHILWV�LQ�VSDVWLF�FKLOGUHQ�ZLWK�FHUHEUDO�SDOV\��&3���-�0HG�
/LIH���������������
����*RQNRYD�0,��,OLHYD�(0��)HUULHUR�*��&KDYGDURY�,��(IIHFW�RI�UDGLDO�VKRFN�
ZDYH� WKHUDS\�RQ�PXVFOH�VSDVWLFLW\� LQ�FKLOGUHQ�ZLWK�FHUHEUDO�SDOV\�� ,QW�-�
5HKDELO�5HV����������������
����6DQWDPDWR�$��0LFHOOR�0)��3DQ]D�)��)RUWXQDWR�)��/RJURVFLQR�*��3LFHOOL�$��
HW�DO��([WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\�IRU�WKH�WUHDWPHQW�RI�SRVWVWURNH�
SODQWDU�IOH[RU� PXVFOHV� VSDVWLFLW\�� $� SURVSHFWLYH� RSHQ�ODEHO� VWXG\�� 7RS�
6WURNH�5HKDELO���������6XSSO���6������
���� 6RKQ� 0.�� &KR� .+�� .LP� <-�� +ZDQJ� 6/�� 6SDVWLFLW\� DQG�
HOHFWURSK\VLRORJLF�FKDQJHV�DIWHU�H[WUDFRUSRUHDO�VKRFN�ZDYH� WKHUDS\�RQ�
JDVWURFQHPLXV��$QQ�5HKDELO�0HG�����������������
����/HH�&+��/HH�6+��<RR�-,��/HH�68��8OWUDVRQRJUDSKLF�HYDOXDWLRQ�IRU�WKH�
HIIHFW� RI� H[WUDFRUSRUHDO� VKRFN�ZDYH� WKHUDS\� RQ� JDVWURFQHPLXV�PXVFOH�
VSDVWLFLW\�LQ�SDWLHQWV�ZLWK�FKURQLF�VWURNH��30�5����������������
����:X�<7��<X�+.��&KHQ�/5��&KDQJ�&1��&KHQ�<0��+X�*&��([WUDFRUSRUHDO�
VKRFN�ZDYHV�YHUVXV�ERWXOLQXP�WR[LQ�W\SH�$�LQ�WKH�WUHDWPHQW�RI�SRVWVWURNH�
XSSHU� OLPE� VSDVWLFLW\��$� UDQGRPL]HG� QRQLQIHULRULW\� WULDO��$UFK�3K\V�0HG�
5HKDELO�����������������
���� 7DKHUL� 3�� 9DKGDWSRXU� %�� 0HOODW� 0�� $VKWDUL� )�� $NEDUL� 0�� (IIHFW� RI�
H[WUDFRUSRUHDO� VKRFN� ZDYH� WKHUDS\� RQ� ORZHU� OLPE� VSDVWLFLW\� LQ� VWURNH�
SDWLHQWV��$UFK�,UDQ�0HG����������������
����<RRQ�6+��6KLQ�0.��&KRL�(-��.DQJ�+-��(IIHFWLYH�VLWH�IRU�WKH�DSSOLFDWLRQ�
RI� H[WUDFRUSRUHDO� VKRFN�ZDYH� WKHUDS\� RQ� VSDVWLFLW\� LQ� FKURQLF� VWURNH��
0XVFOH�EHOO\�RU�P\RWHQGLQRXV�MXQFWLRQ��$QQ�5HKDELO�0HG����������������
���� 6DQWDPDWR� $�� 1RWDUQLFROD� $�� 3DQ]D� )�� 5DQLHUL� 0�� 0LFHOOR� 0)��
0DQJDQRWWL�3�� HW� DO��6%27(�VWXG\��([WUDFRUSRUHDO� VKRFN�ZDYH� WKHUDS\�
YHUVXV�HOHFWULFDO�VWLPXODWLRQ�DIWHU�ERWXOLQXP�WR[LQ�W\SH�D�LQMHFWLRQ�IRU�SRVW�
VWURNH�VSDVWLFLW\�±�$�SURVSHFWLYH� UDQGRPL]HG� WULDO��8OWUDVRXQG�0HG�%LRO�
���������������
����0DQJDQRWWL�3��$PHOLR�(��/RQJ�WHUP�HIIHFW�RI�VKRFN�ZDYH�WKHUDS\�RQ�
XSSHU�OLPE�K\SHUWRQLD�LQ�SDWLHQWV�DIIHFWHG�E\�VWURNH��6WURNH��������������
���
����7URQFDWL�)��3DFL�0��0\IWDUL�7��/RPEDUGL�%��([WUDFRUSRUHDO�6KRFN�:DYH�
7KHUDS\�UHGXFHV�XSSHU�OLPE�VSDVWLFLW\�DQG�LPSURYHV�PRWULFLW\�LQ�SDWLHQWV�
ZLWK�FKURQLF�KHPLSOHJLD��$�FDVH�VHULHV��1HXUR5HKDELOLWDWLRQ�������������
����
����0RRQ�6:��.LP�-+��-XQJ�0-��6RQ�6��/HH�-+��6KLQ�+��HW�DO��7KH�HIIHFW�RI�
H[WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\�RQ�ORZHU�OLPE�VSDVWLFLW\�LQ�VXEDFXWH�
VWURNH�SDWLHQWV��$QQ�5HKDELO�0HG����������������
���� 5DGLQPHKU� +�� $QVDUL� 11�� 1DJKGL� 6�� 7DEDWDEDHL� $�� 0RJKLPL� (��
&RPSDULVRQ�RI�WKHUDSHXWLF�XOWUDVRXQG�DQG�UDGLDO�VKRFN�ZDYH�WKHUDS\�LQ�WKH�
WUHDWPHQW�RI�SODQWDU� IOH[RU�VSDVWLFLW\�DIWHU�VWURNH��$�SURVSHFWLYH��VLQJOH�

EOLQG��UDQGRPL]HG�FOLQLFDO�WULDO��-�6WURNH�&HUHEURYDVF�'LV�����������������
����0DULQHOOL�/��0RUL�/��6RODUR�&��8FFHOOL�$��3HORVLQ�(��&XUUj�$��HW�DO��(IIHFW�RI�
UDGLDO�VKRFN�ZDYH�WKHUDS\�RQ�SDLQ�DQG�PXVFOH�K\SHUWRQLD��$�GRXEOH�EOLQG�
VWXG\�LQ�SDWLHQWV�ZLWK�PXOWLSOH�VFOHURVLV��0XOW�6FOHU���������������
����9LGDO�;��0RUUDO�$��&RVWD�/��7XU�0��5DGLDO�H[WUDFRUSRUHDO�VKRFN�ZDYH�
WKHUDS\� �U(6:7�� LQ� WKH� WUHDWPHQW� RI� VSDVWLFLW\� LQ� FHUHEUDO� SDOV\�� $�
UDQGRPL]HG�� SODFHER�FRQWUROOHG� FOLQLFDO� WULDO�� 1HXUR5HKDELOLWDWLRQ�
��������������
����/L�7<��&KDQJ�&<��&KRX�<&��&KHQ�/&��&KX�+<��&KLDQJ�6/��HW�DO��(IIHFW�RI�
UDGLDO�VKRFN�ZDYH�WKHUDS\�RQ�VSDVWLFLW\�RI�WKH�XSSHU�OLPE�LQ�SDWLHQWV�ZLWK�
FKURQLF� VWURNH��$�SURVSHFWLYH�� UDQGRPL]HG�� VLQJOH�EOLQG�� FRQWUROOHG� WULDO��
0HGLFLQH��%DOWLPRUH����������H�����
����:X�<7��&KDQJ�&1��&KHQ�<0��+X�*&��&RPSDULVRQ�RI� WKH�HIIHFW�RI�
IRFXVHG� DQG� UDGLDO� H[WUDFRUSRUHDO� VKRFN� ZDYHV� RQ� VSDVWLF� HTXLQXV� LQ�
SDWLHQWV�ZLWK�VWURNH��$�UDQGRPL]HG�FRQWUROOHG�WULDO��(XU�-�3K\V�5HKDELO�0HG�
���������������
����'\PDUHN�5��7DUDGDM�-��5RVLĔF]XN�-��7KH�HIIHFW�RI�UDGLDO�H[WUDFRUSRUHDO�
VKRFN�ZDYH�VWLPXODWLRQ�RQ�XSSHU�OLPE�VSDVWLFLW\�LQ�FKURQLF�VWURNH�SDWLHQWV��
$�VLQJOH�EOLQG��UDQGRPL]HG��SODFHER�FRQWUROOHG�VWXG\��8OWUDVRXQG�0HG�%LRO�
����������������
����0HJQD�0��0DUYXOOL�5��)DUu�*��*DOOR�*��'LFXRQ]R�)��)LRUH�3��HW�DO��3DLQ�
DQG�PXVFOHV�SURSHUWLHV�PRGLILFDWLRQV�DIWHU�ERWXOLQXP�WR[LQ�W\SH�$��%7;�$��
DQG� UDGLDO� H[WUDFRUSRUHDO� VKRFN� ZDYH� �U(6:7�� FRPELQHG� WUHDWPHQW��
(QGRFU�0HWDE�,PPXQH�'LVRUG�'UXJ�7DUJHWV�����������������
����.LP�<:��6KLQ�-&��<RRQ�-*��.LP�<.��/HH�6&��8VHIXOQHVV�RI� UDGLDO�
H[WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\�IRU�WKH�VSDVWLFLW\�RI�WKH�VXEVFDSXODULV�LQ�
SDWLHQWV�ZLWK�VWURNH��$�SLORW�VWXG\��&KLQ�0HG�-��(QJO�������������������
����6DZDQ�6��$EG�$OODK�)��+HJD]\�00��)DUUDJ�0$��(O�'HQ�1+��(IIHFW�RI�
VKRFN�ZDYH�WKHUDS\�RQ�DQNOH�SODQWDU�IOH[RUV�VSDVWLFLW\�LQ�VWURNH�SDWLHQWV��
1HXUR5HKDELOLWDWLRQ���������������
����5DGLQPHKU�+��1DNKRVWLQ�$QVDUL�1��1DJKGL�6��2O\DHL�*��7DEDWDEDHL�$��
(IIHFWV�RI�RQH�VHVVLRQ�UDGLDO�H[WUDFRUSRUHDO�VKRFNZDYH�WKHUDS\�RQ�SRVW�
VWURNH�SODQWDUIOH[RU�VSDVWLFLW\��$�VLQJOH�EOLQG�FOLQLFDO�WULDO��'LVDELO�5HKDELO�
���������������
����.LP�7*��%DH�6+��.LP�*<��.LP�.<��7KH�HIIHFWV�RI�H[WUDFRUSRUHDO�VKRFN�
ZDYH� WKHUDS\� RQ� VWURNH� SDWLHQWV�ZLWK� SODQWDU� IDVFLLWLV�� -�3K\V�7KHU�6FL�
��������������
���� '\PDUHN� 5�� 7DUDGDM� -�� 5RVLĔF]XN� -�� ([WUDFRUSRUHDO� VKRFN� ZDYH�
VWLPXODWLRQ�DV�DOWHUQDWLYH�WUHDWPHQW�PRGDOLW\�IRU�ZULVW�DQG�ILQJHUV�VSDVWLFLW\�
LQ�SRVWVWURNH�SDWLHQWV��$�SURVSHFWLYH��RSHQ�ODEHO��SUHOLPLQDU\�FOLQLFDO�WULDO��
(YLG�%DVHG�&RPSOHPHQW�$OWHUQDW�0HG�������������������
����'DOLUL�66��)RURJK�%��(PDPL�5D]DYL�6=��$KDGL�7��0DGMOHVL�)��$QVDUL�11��
$�VLQJOH�EOLQG��FOLQLFDO� WULDO� WR� LQYHVWLJDWH� WKH�HIIHFWV�RI�D�VLQJOH�VHVVLRQ�
H[WUDFRUSRUHDO�VKRFN�ZDYH�WKHUDS\�RQ�ZULVW�IOH[RU�VSDVWLFLW\�DIWHU�VWURNH��
1HXUR5HKDELOLWDWLRQ���������������
����$PHOLR�(��0DQJDQRWWL�3��(IIHFW�RI�6KRFN�:DYH�7KHUDS\� LQ�3DWLHQWV�
$IIHFWHG� E\� 6WURNH� ZLWK� 8SSHU� /LPE� 6SDVWLFLW\�� 1HXURSK\VLRORJLF� DQG�
&OLQLFDO� 6WXG\�� ,QWHUQDWLRQDO� )HGHUDWLRQ� RI� 6RFLHWLHV� IRU� 6XUJHU\� RI� WKH�
+DQG��������S���������
���� &KDXVV\� &�� %UHQGHO� :�� 6FKPLHGW� (�� ([WUDFRUSRUHDOO\� LQGXFHG�
GHVWUXFWLRQ�RI�NLGQH\�VWRQHV�E\�VKRFN�ZDYHV��/DQFHW���������������
����/RXZHUHQV�-.��6LHUHYHOW�,1��.UDPHU�(7��%RRQVWUD�5��YDQ�GHQ�%HNHURP�
03��YDQ�5R\HQ�%-��HW�DO��&RPSDULQJ�XOWUDVRXQG�JXLGHG�QHHGOLQJ�FRPELQHG�
ZLWK� D� VXEDFURPLDO� FRUWLFRVWHURLG� LQMHFWLRQ� YHUVXV� KLJK�HQHUJ\�
H[WUDFRUSRUHDO�VKRFNZDYH�WKHUDS\�IRU�FDOFLILF�WHQGLQLWLV�RI�WKH�URWDWRU�FXII��$�
UDQGRPL]HG�FRQWUROOHG�WULDO��$UWKURVFRS\�����������������H��
����:DQJ� <&�� &KHQ� 6-�� +XDQJ� 3-�� +XDQJ� +7�� &KHQJ� <0�� 6KLK� &/��
(IILFDF\�RI�GLIIHUHQW�HQHUJ\�OHYHOV�XVHG�LQ�IRFXVHG�DQG�UDGLDO�H[WUDFRUSRUHDO�
VKRFNZDYH�WKHUDS\�LQ�WKH�WUHDWPHQW�RI�SODQWDU�IDVFLLWLV��$�PHWD�DQDO\VLV�RI�
UDQGRPL]HG�SODFHER�FRQWUROOHG�WULDOV��-�&OLQ�0HG�������������

-RXUQDO�RI�5HJHQHUDWLYH�6FLHQFH� �9ROXPH��� �,VVXH��� �'HFHPEHU����� �3DJH���_ _ _ _

.QREORFK�.�HW�DO ZZZ�MUVRQZHE�FRP

)PX�UP�$JUF�UIJT�"SUJDMF
,OPCMPDI�,
�-PITF�#VTDI�)
�(PISJU[�"
�/FEFMLB�5 �7FSZ�-PX�BOE�-PX��_

FOFSHFUJD�&YUSBDPSQPSFBM�4IPDL�8BWF�5SFBUNFOU�PG�4QBTUJDJUZ�JO�$IJMESFO�BOE�
"EVMUTm"�4ZTUFNBUJD�3FWJFX� �+PVSOBM�PG�3FHFOFSBUJWF�4DJFODF� �%FDFNCFS�������_ _

�	�
����������

$POGMJDU�PG�*OUFSFTU��/*-
4PVSDF�PG�4VQQPSU��/*-

View publication statsView publication stats

https://www.researchgate.net/publication/361309120

