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$UHD�)UDPH�6DPSOH�'HVLJQV�

$�&RPSDULVRQ�ZLWK�WKH�0$56�3URMHFW

(OLVDEHWWD�&DUIDJQD

'HSDUWPHQW�RI�6WDWLVWLFV��8QLYHUVLW\�RI�%RORJQD��,WDO\

$%675$&7���,Q�DOPRVW�HYHU\�FRXQWU\�LQ�WKH�ZRUOG��DQQXDO�HVWLPDWHV�IRU�PRVW�W\SHV�RI�DJULFXOWXUDO�FRPPRGLWLHV�DUH�DYDLODEOH��

,Q�VRPH�FRXQWULHV��HVWLPDWHV�DUH�EDVHG�RQ�VXEMHFWLYH�HYDOXDWLRQ�DQG�WKHUH�LV�QR�ZD\�WR�MXGJH�WKHLU�DFFXUDF\���,Q�VRPH�RWKHU

FRXQWULHV��QRQ�SUREDELOLW\�VDPSOHV�DUH�XVHG���)LQDOO\��LQ�PDQ\�FRXQWULHV��SUREDELOLW\�VDPSOHV�IURP�D�OLVW�RU�IURP�DQ�DUHD�IUDPH�RU

IURP�ERWK�DUH�XVHG���7KLV�SDSHU�EULHIO\�UHYLHZV�WKH�PDLQ�FKDUDFWHULVWLFV�RI�YDULRXV�DUHD�IUDPH�GHVLJQV�DQG�SUHVHQWV�D�FRPSDULVRQ

ZLWK�WKH�VDPSOH�GHVLJQV�DGRSWHG�E\�WKH�0$56��0RQLWRULQJ�$JULFXOWXUH�ZLWK�5HPRWH�6HQVLQJ��SURMHFW���7KLV�SURMHFW�KDV�WKH�DLP

RI�HODERUDWLQJ�PHWKRGV�WR�FRPELQH�PXOWLSOH�IUDPH�DJULFXOWXUDO�VXUYH\V�DQG�UHPRWH�VHQVLQJ��DQG�HYDOXDWLQJ�WKHLU�SHUIRUPDQFH�LQ

(XURSH���6RPH�UHVXOWV�FRQFHUQLQJ�DQ�DQDO\VLV�FDUULHG�RXW�WR�LPSURYH�0$56�SURMHFW�DUHD�VDPSOH�GHVLJQV�DUH�DOVR�JLYHQ�

�� /LVW�)UDPH�DQG�$UHD�)UDPH

,Q�WKH�(XURSHDQ�8QLRQ��(8���&RXQFLO�5HJXODWLRQ��������REOLJHV�DOO�0HPEHU�6WDWHV�WR�SURYLGH��RQ�DQ

DQQXDO�EDVLV��LQIRUPDWLRQ�RQ�DUHD�XQGHU�FXOWLYDWLRQ�DQG�SURGXFWLRQ�RI�FHUHDOV�REWDLQHG�E\�VXUYH\V

LPSOHPHQWHG�DFFRUGLQJ�WR�VWDWLVWLFDO�PHWKRGV�DQG�PHHWLQJ�VSHFLILF�UHTXLUHPHQWV�ZLWK�UHJDUG�WR�TXDOLW\�

REMHFWLYLW\�DQG�UHOLDELOLW\���7KHVH�UHTXLUHPHQWV�DUH�EHFRPLQJ�PRUH�DQG�PRUH�LPSRUWDQW�VLQFH�WKH

(XURSHDQ�&RPPLVVLRQ�QHHGV�UHOLDEOH�DQG�FRPSDUDEOH�HVWLPDWHV�RI�PDLQ�FRPPRGLWLHV�RI�WKH�PHPEHU

VWDWHV�WR�GHOLQHDWH�LWV�DJULFXOWXUDO�SROLF\���)RU�WKLV�UHDVRQ��H[SHULPHQWV�ZLWK�QHZ�FRVW�HIIHFWLYH

PHWKRGRORJLHV�KDYH�EHJXQ�

7R�PHHW�WKH�UHTXLUHPHQWV�VSHFLILHG�DERYH��6WDWLVWLFDO�2IILFHV�RI�PDQ\�FRXQWULHV�VHQG�SRVWDO

TXHVWLRQQDLUHV�WR�D�VDPSOH�RI�IDUPV�RU�RUJDQL]H�SHUVRQDO�LQWHUYLHZV�RI�IDUPHUV���7KH�IUDPH�JHQHUDOO\

XVHG�LV�D�OLVW�RI�WKH�IDUPV��IURP�ZKLFK�D�VWUDWLILHG�UDQGRP�VDPSOH�LV�VHOHFWHG���7KH�PDLQ�SUREOHPV�RI

WKLV�SURFHGXUH�DUH�WKH�TXDOLW\�RI�WKH�OLVW��ZKLFK�LV�QRW��LQ�JHQHUDO��XSGDWHG�DQG�FRPSOHWH��DQG�WKH

QXPEHU�RI�QRQ�UHVSRQGHQWV��ZKLFK�LV�RIWHQ�YHU\�KLJK�ZKHQ�SRVWDO�TXHVWLRQQDLUHV�DUH�VHQW�

7KH�OLVW�RI�IDUPV�LV�FUHDWHG�IURP�DJULFXOWXUDO�FHQVXVHV��ZKLFK�DUH�QRUPDOO\�FDUULHG�RXW�HYHU\�ILYH�RU�WHQ

\HDUV���,Q�RQO\�D�IHZ�FRXQWULHV�DUH�PRUH�IUHTXHQW�FHQVXVHV�PDGH���:KDWHYHU�WKH�IUHTXHQF\��WKH�SUREOHP

LV�WKDW�WKH�OLVWV�GR�QRW�UHSUHVHQW�H[DFWO\�WKH�WUXH�SRSXODWLRQ�RI�IDUPV���6RPH�IDUPV�LQFOXGHG�LQ�WKH�OLVW�GR

QRW�H[LVW�DW�WKH�PRPHQW�RI�WKH�VXUYH\��ZKLOH�QHZ�RQHV�KDYH�QRW�EHHQ�LGHQWLILHG�IRU�LQFOXVLRQ���7KH

H[SDQVLRQ�IDFWRUV��DIWHU�VRPH�WLPH��DUH�QR�ORQJHU�DGHTXDWH���,Q�DGGLWLRQ��WKH�VWUDWLILFDWLRQ�EDVHG�RQ

FHUWDLQ�FKDUDFWHULVWLFV��L�H��DUDEOH�ODQG��RI�IDUPV�PD\�EH�QRW�YHU\�HIILFLHQW�EHFDXVH�RI�FKDQJHV�LQ�WKH

IDUP�VWUXFWXUH�

��� $�&RPSDULVRQ

$Q�LQWHUHVWLQJ�H[DPSOH�RI�WKH�FRQVHTXHQFHV�RI�WKH�REVROHVFHQFH�RI�D�OLVW�LV�JLYHQ�E\�DQ�H[SHULHQFH�LQ

WKH�5HJLRQ�(PLOLD�5RPDJQD�LQ�,WDO\���7ZR�GLIIHUHQW�VXUYH\V�ZHUH�FDUULHG�RXW���7KH�ILUVW�RQH�ZDV�E\�WKH

5HJLRQDO�$XWKRULW\�RQ�EHKDOI�RI�,67$7��,WDOLDQ�6WDWLVWLFDO�2IILFH��LQ��������7KH�VHFRQG�RQH�ZDV�FDUULHG

RXW�E\�,7$�&RQVRUWLXP�LQ�������RQ�EHKDOI�RI�WKH�(XURSHDQ�&RPPLVVLRQ��LQ�WKH�IUDPHZRUN�RI�DQ�DFWLRQ

RI�WKH�0$56�SURMHFW�QDPHG�´5HJLRQDO�,QYHQWRULHV´���7KH�DLP�RI�WKH�ODWWHU�ZDV�WR�HYDOXDWH�WKH

SHUIRUPDQFH�RI�WKH�FRPELQHG�XVH�RI�PXOWLSOH�IUDPHV�DQG�UHPRWH�VHQVLQJ�GDWD�WR�SURGXFH�DJULFXOWXUDO



���

HVWLPDWHV�LQ�(XURSH���+LJK�UHVROXWLRQ�VDWHOOLWH�GDWD�ZHUH�XVHG�IRU�VWUDWLILFDWLRQ�DV�ZHOO�DV�IRU�LPSURYLQJ

HVWLPDWH�HIILFLHQF\�WKURXJK�WKH�UHJUHVVLRQ�HVWLPDWRU�

7KH�5HJLRQDO�$XWKRULW\�LQWHUYLHZHG�D�SUREDELOLW\�VDPSOH�RI������IDUPHUV�VHOHFWHG�IURP�D�OLVW�VWUDWLILHG

RQ�WKH�EDVLV�RI�IDUP�VL]H���:KLOH�WKH�PHWKRG�DGRSWHG�E\�,7$�ZDV�YHU\�VLPLODU�WR�WKH�RQH�GHYHORSHG�E\

WKH�1DWLRQDO�$JULFXOWXUDO�6WDWLVWLFV�6HUYLFH��1$66��RI�WKH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH�>&RWWHU�DQG

1HDORQ�����@��WKH�VDPSOLQJ�SRSXODWLRQ�ZDV�FRQVWLWXWHG�E\�DERXW����KHFWDUH�DUHD�XQLWV��VHJPHQWV��ZLWK

SHUPDQHQW�DQG�ZHOO�UHFRJQL]DEOH�ERXQGDULHV��VXFK�DV�URDGV��ULYHUV��HWF����7KH�VWUDWLILFDWLRQ�ZDV�EDVHG

RQ�D�ODQG�XVH�PDS�FUHDWHG�E\�SKRWR�LQWHUSUHWDWLRQ�RI�/DQGVDW���VDWHOOLWH�SLFWXUHV��VFDOH�������������$

WRWDO�RI�����IDUPV�ZHUH�VHOHFWHG�E\�SRLQWV�LQ�VDPSOHG�VHJPHQWV���$OWKRXJK�WKH�VDPSOH�VL]H�ZDV�PXFK

ORZHU�WKDQ�LQ�WKH�SURMHFW�RUJDQL]HG�E\�,67$7��HVWLPDWH�SUHFLVLRQ�ZDV�FRPSDUDEOH�IRU�PDLQ�FURS�DUHDV�

DV�VKRZQ�LQ�7DEOH���>&DUIDJQD�HW�DO������D@�

7DEOH������$UHD�(VWLPDWHV�RI�0DMRU�&URSV�EDVHG�RQ�9DULRXV�6RXUFHV�RI�,QIRUPDWLRQ�������KHFWDUHV�

0$56�����

�VHJPHQWV�

0$56�����

�IDUPV�

,67$7 5HJLRQ�����

$UHD &9� $UHD &9� $UHD $UHD &9�

6RIW�ZKHDW ��� ��� ��� ��� ��� ��� ���

'XUXP�ZKHDW �� ���� �� ���� �� �� ���

%DUOH\ �� ���� �� ���� �� �� ���

0DL]H �� ��� �� ���� �� �� ����

5LFH � � � ���� � � ����

6XJDU�EHHW ��� ��� �� ��� �� ��� ����

6R\EHDQ �� ��� �� ���� �� �� ����

9LQH\DUGV �� ���� �� ���� �� �� ����

2UFKDUGV �� ���� �� ���� �� �� ����

�(VWLPDWHV�REWDLQHG�XVLQJ�UHJUHVVLRQ�HVWLPDWRUV�

,Q�WKH�IUDPHZRUN�RI�WKH�0$56�SURMHFW��VRPH�H[SHULPHQWV�KDYH�EHHQ�FDUULHG�RXW�LQ�HLJKW�(8�FRXQWULHV�

DV�ZHOO�DV�LQ�VRPH�(DVWHUQ�(XURSHDQ�FRXQWULHV���,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW�WKH�PHWKRGRORJ\�LV

RSHUDWLRQDO�DQG�YHU\�XVHIXO��SDUWLFXODUO\�LQ�IRUPHU�FRPPXQLVW�FRXQWULHV�ZKHUH�WKH�UDSLG�WUDQVIRUPDWLRQ

RI�RZQHUVKLS�DQG�IDUP�VWUXFWXUH�GRHV�QRW�DOORZ�WR�FUHDWH�DQG�PDLQWDLQ�XS�WR�GDWH�OLVWV�>*DOOHJR�HW�DO�

����@�

�� 0XOWLSOH�)UDPHV�DQG�$UHD�)UDPH�6XUYH\V

´7KH�GXDO�IUDPH�VDPSOH�GHVLJQV�FDQ�EHQHILW�IURP�WKH�DGYDQWDJHV�RI�ERWK�W\SHV�RI�VDPSOHV��WKH�OLVW

VDPSOH�LV�H[WUHPHO\�HIILFLHQW�IRU�HVWLPDWLQJ�GDWD�RI�ODUJH�KROGLQJV�DQG�KROGLQJV�WKDW�SURGXFH�UDUH�LWHPV�

DQG�WKH�DUHD�VDPSOH��RQ�WKH�RWKHU�KDQG��JLYHV�D�EHWWHU�SUREDELOLW\�PRGHO�WKDW�HQVXUHV�D�FRPSOHWH

FRYHUDJH�DQG�SURYLGHV�XQELDVHG�HVWLPDWHV�µ�>*RQ]DOH]�9LOODORERV�DQG�:DOODFH�����@��7KH�PDLQ

DGYDQWDJH�RI�D�PXOWLSOH�IUDPH�VDPSOH�GHVLJQ�LV�WKDW�LW�GRHV�QRW�UHTXLUH�DQ�XS�WR�GDWH�DQG�FRPSOHWH�OLVW

RI�KROGLQJV��EXW�VLPSO\�WKH�OLVW�RI�ELJJHVW�IDUPV��ZKLFK�LV�JHQHUDOO\�DYDLODEOH�>&DUIDJQD�HW�DO������D�E@��

7KH�EDVLF�LGHD�LV�WKDW�D�FRPSOHWH�OLVW�RI�YHU\�ODUJH�DJULFXOWXUDO�KROGLQJV�DQG�RI�KROGLQJV�WKDW�SURGXFH

UDUH�LWHPV�LV�HDVLHU�WR�FUHDWH�DQG�XSGDWH�WKDQ�WKH�OLVW�RI�DOO�DJULFXOWXUDO�KROGLQJV�

7KH�XVH�RI�DQ�DUHD�IUDPH�VDPSOH�GHVLJQ�FDQ��KRZHYHU��FUHDWH�VSHFLILF�SUREOHPV�IRU�VRPH�W\SHV�RI

DJULFXOWXUDO�LWHPV���)RU�H[DPSOH��LQ�VRPH�(XURSHDQ�FRXQWULHV��KROGLQJV�ZLWK�FDWWOH�EUHHGLQJ�TXLWH�RIWHQ

KDYH�QR�8WLOL]HG�$JULFXOWXUDO�$UHD��8$$����7KXV��FDWWOH�WHQG�WR�EH�XQGHUHVWLPDWHG�LI�VHOHFWLRQ
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SUREDELOLWLHV�RI�WKH�VDPSOLQJ�GHVLJQ�DUH�SURSRUWLRQDO�WR�WKH�8$$�RI�WKH�KROGLQJ��XQOHVV�D�PXOWLSOH

IUDPH�VDPSOH�GHVLJQ�LV�DGRSWHG���7KXV��WKH�LPSRUWDQFH�RI�D�PXOWLSOH�IUDPH�DSSURDFK�LV�EDVLFDOO\�GXH�WR

WKH�IDFW�WKDW�LW�UHGXFHV�D�SRVVLEOH�ELDV�IRU�VRPH�LWHPV���)XUWKHUPRUH��PXOWLSOH�IUDPH�VDPSOH�GHVLJQV�DUH

PRUH�HIILFLHQW�WKDQ�VLPSOH�DUHD�IUDPH�GHVLJQV�IRU�DOO�FRPPRGLWLHV�WKDW�DUH�KLJKO\�FRQFHQWUDWHG�LQ�D

VPDOO�QXPEHU�RI�IDUPV�

,Q�D�PXOWLSOH�IUDPH�VXUYH\�SURFHVV��D�YHU\�FUXFLDO�VWHS�LV�WKH�GHWHFWLRQ�RI�WKH�RYHUODS�EHWZHHQ�WKH�OLVW

IUDPH�DQG�WKH�DUHD�VDPSOH���,Q�IDFW��WKH�UHFRUG�OLQNDJH�LV�QRW�HDV\�DQG�VRPHWLPHV�LW�LV�HYHQ�LPSRVVLEOH

GXH�WR�ODZV�RQ�FRQILGHQWLDOLW\�

��� 6RPH�0XOWLSOH�)UDPH�([SHULHQFHV

6LQFH�WKH�PLG�����V��1$66�KDV�FDUULHG�RXW�UHVHDUFK�DFWLYLWLHV�RQ�GHYHORSPHQW�RI�DUHD�DQG�PXOWLSOH

IUDPH�DJULFXOWXUDO�VXUYH\V�LQ�WKH�8QLWHG�6WDWHV��ZKHUH�D�GXDO�VDPSOLQJ�IUDPH�LV�FXUUHQWO\�XVHG���$

VDPSOH�IURP�D�OLVW�LV�FRPELQHG�ZLWK�DQ�DUHD�VDPSOH�GHVLJQ��LQ�ZKLFK�VDPSOLQJ�XQLWV�DUH�VHJPHQWV�ZLWK

SHUPDQHQW�SK\VLFDO�ERXQGDULHV���6LPLODU�PXOWLSOH�IUDPH�DJULFXOWXUDO�VXUYH\V�DUH�FDUULHG�RXW�HYHU\�\HDU

LQ�PDQ\�FRXQWULHV�LQ�WKH�ZRUOG��VXFK�DV�%UD]LO�DQG�+RQGXUDV�

,QGHHG��LQ�WKH�8�6���WKH�OLVW�FRPSRQHQW�LV�ODUJH��VLQFH�RXW�RI�WKH�DSSUR[LPDWHO\���PLOOLRQ�IDUPV��WKH�OLVW

IUDPH�FRYHUV�DURXQG�����PLOOLRQ�IDUPV�DQG�WKH�OLVW�IUDPH�VDPSOH�LQFOXGHV�DSSUR[LPDWHO\��������IDUPV��

,QVWHDG��WKH��������DUHD�VDPSOH�VHJPHQWV�LQFOXGH�DSSUR[LPDWHO\��������IDUPV�

,Q�&DQDGD��D�PXOWLSOH�IUDPH�VDPSOH�GHVLJQ�KDV�EHHQ�XVHG�VLQFH������IRU�WKH�DQQXDO�1DWLRQDO�)DUP

6XUYH\���7KH�DUHD�IUDPH�FRPSRQHQW��KRZHYHU��ZDV�FRQGXFWHG�IRU�WKH�ODVW�WLPH�LQ��������,Q������DQG

������WKH�QRQ�RYHUODSSLQJ�IDUPV�IRXQG�WKURXJK�WKH������DUHD�VXUYH\�KDYH�EHHQ�XVHG�WR�DFFRXQW�IRU

QHZ�ELUWKV��WR�������DQG�WKH������FHQVXV�XQGHUFRYHUDJH�

6WDWLVWLFV�&DQDGD�KDV�DFFHVV�WR�WKH�&HQVXV�RI�$JULFXOWXUH�GDWD��ZKRVH�FRYHUDJH�LV�DERXW�������SHUFHQW

FRPSOHWH�LQ�WKH�FHQVXV�\HDU��DQG�LV�FDUULHG�RXW�HYHU\���\HDUV���)DUPHU�LQWHUYLHZV�DUH�FRQGXFWHG�E\

WHOHSKRQH�XVLQJ�FRPSXWHU�DVVLVWHG�WHOHSKRQH�LQWHUYLHZLQJ��&$7,��WHFKQRORJ\�DQG�WKH�UHVSRQVH�UDWHV

UDQJH�IURP����WR����SHUFHQW���)RU�WKHVH�UHDVRQV�DQG�GXH�WR�WKH�ORZ�QXPEHU�RI�QRQ�RYHUODSSLQJ�IDUPV

DQG�EXGJHWDU\�OLPLWDWLRQV��WKH�DUHD�IUDPH�FRPSRQHQW�KDV�EHHQ�HOLPLQDWHG���,W�LV�LPSRUWDQW�WR�QRWH�WKDW

WKH�OLVW�IUDPH�LV�FRQVLGHUHG�IUR]HQ�IRU�WKH�ILYH�\HDU�SHULRG�EHWZHHQ�WZR�VXFFHVVLYH�FHQVXVHV��WKXV��WKH

OLVW�LV�QRW�FRPSOHWH�LI�WKH�DUHD�IUDPH�VXUYH\�LV�QRW�SHUIRUPHG�WR�FRPSHQVDWH�IRU�ELUWKV�DQG�FKDQJHV�WR

H[LVWLQJ�IDUPV�

´:KDWHYHU�OLPLWDWLRQV�H[LVWHG�ZLWK�WKH�$UHD�)DUP�6XUYH\�FRXOG�KDYH�OLNHO\�EHHQ�VROYHG�E\�DQ�LQFUHDVH

LQ�WKH�VDPSOH�VL]H�ZKLOH�DW�WKH�VDPH�WLPH�GHFUHDVLQJ�WKH�VHJPHQW�VL]H���+RZHYHU��WKH�FXUUHQW�FRVWV�ZHUH

VWDUWLQJ�WR�EH�SURKLELWLYH�DQG�DQ\�LQFUHDVH�ZDV�GHHPHG�WR�EH�RXW�RI�WKH�TXHVWLRQ���)XUWKHUPRUH��WKH

LQFUHDVHG�DYDLODELOLW\�RI�DGPLQLVWUDWLYH�ILOHV�FRPELQHG�ZLWK�DGYDQFHV�LQ�UHFRUG�OLQNDJH�ZHUH�VHHQ�DV�DQ

RSSRUWXQLW\�WR�VWHHU�WKH�$JULFXOWXUDO�6XUYH\�3URJUDP�DZD\�IURP�D�GXDO�IUDPH�DSSURDFK�XVLQJ�D�OLVW�DQG

DUHD�FRPSRQHQW�WR�D�GXDO�IUDPH�DSSURDFK�XVLQJ�OLVWV�RQO\���$W�WKH�PRPHQW��WKH�LQFRPH�WD[�ILOHV�DUH

EHLQJ�VWXGLHG�DV�D�SRWHQWLDO�VRXUFH�WR�LGHQWLI\�QHZ�HQWUDQWV�WR�DJULFXOWXUH�DQG�WR�DFFRXQW�IRU�FHQVXV

XQGHUFRYHUDJH��E\�FRPSDULQJ�WKH�OLVW�RI�WD[�ILOHV�RQ�WZR�VXFFHVVLYH�\HDUV�µ�>0D\GD�DQG�&KLQQDSSD

����@�

6WDWLVWLFV�&DQDGD�DVVXPHV�WKDW�GXDO�IUDPH�DSSURDFK�XVLQJ�DQ�DUHD�FRPSRQHQW�KDV�D�PDLQ�OLPLWDWLRQ�³

QHZ�IDUPV�FRQVWLWXWH�D�UDUH�SRSXODWLRQ�DQG�DUH�PRUH�OLNHO\�WR�EH�VPDOO�LQ�WHUPV�RI�ODQG�DUHD��WKXV

GLIILFXOW�WR�ILQG���7KHVH�PLJKW��KRZHYHU��EH�LPSRUWDQW�LQ�WHUPV�RI�VDOHV��H�J��SLJ�IDUPV��SRXOWU\�IDUPV
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RU�IHHGORWV��EXW�PLVVHG�E\�WKH�DUHD�VDPSOH���0RUHRYHU��HUURUV�LQ�RYHUODS�GHWHFWLRQ�HQWDLO�DQ

RYHUHVWLPDWLRQ�RI�YDULDEOHV�RI�LQWHUHVW�>'HQLV�DQG�0RUDELWR�����@�

��� 6RPH�$UHD�)UDPH�([SHULPHQWV

0DQ\�FRXQWULHV�FDUU\�RXW�JHQHUDO�SXUSRVH�DJULFXOWXUDO�VXUYH\V�FRQFHUQLQJ�DOPRVW�DOO�DJULFXOWXUDO

FRPPRGLWLHV�RQ�WKH�EDVLV�RI�DUHD�IUDPH�RQO\���7KH�PDLQ�UHDVRQ�IRU�WKLV�LV�WKH�GLIILFXOW\�WR�FUHDWH�DQG

XSGDWH�D�JRRG�OLVW�RI�ODUJHVW�IDUPV���([DPSOHV�RI�VXFK�FRXQWULHV�DUH�$OEDQLD��$UJHQWLQD��0RURFFR�DQG

3DNLVWDQ��ZKLFK�XVH�DQ�DUHD�IUDPH�YHU\�VLPLODU�WR�WKH�RQH�DGRSWHG�LQ�WKH�8�6���6RPH�RWKHU�FRXQWULHV�

VXFK�DV�,WDO\��)UDQFH�DQG�6SDLQ��SHUIRUP�VSHFLDO�SXUSRVH�VXUYH\V�EDVHG�RQ�DUHD�IUDPHV�ZLWKRXW�IDUPHU

LQWHUYLHZV��VLQFH�WKH�PDLQ�LQWHUHVW�LV�WR�SURGXFH�WLPHO\�DUHD�HVWLPDWHV�IRU�WKH�PDLQ�ODQG�XVHV�

�� 6TXDUH�6HJPHQWV�YHUVXV�6HJPHQWV�ZLWK�3K\VLFDO�%RXQGDULHV

,Q�WKH�(8��WKH�ILUVW�H[SHULHQFHV�ZLWK�DUHD�IUDPH�VXUYH\V��FDUULHG�RXW�E\�5HJLRQDO�,QYHQWRU\�DFWLRQ�RI

WKH�0$56�SURMHFW��ZHUH�LQ�VRPH�UHJLRQV�LQ�,WDO\��6SDLQ��*HUPDQ\��)UDQFH�DQG�*UHHFH�>7D\ORU�HW�DO�

����@��ODWHU�DOVR�LQ�RWKHU�FRXQWULHV�VXFK�DV�WKH�&]HFK�5HSXEOLF����7KH\�ZHUH�EDVHG�RQ�VTXDUH�VHJPHQWV

ZLWKRXW�SK\VLFDO�ERXQGDULHV���7KH�XVXDO�VDPSOH�GHVLJQ�VXSHULPSRVHG�D�VTXDUH�JULG�RQ�WKH�UHJLRQ�RI

LQWHUHVW���7KHQ��IURP�HDFK�EORFN�FRYHULQJ�DQ�DUHD�RI�����NP���D�VXEJURXS�RI�VTXDUH�VHJPHQWV�RI�DERXW

���KHFWDUHV�ZDV�VHOHFWHG�WKURXJK�V\VWHPDWLF�VDPSOLQJ�ZLWK�WKUHH�UHSOLFDWHV�IRU�HDFK�EORFN�LQ�LQWHQVLYHO\

FXOWLYDWHG�DUHDV��DQG�RQO\�RQH�UHSOLFDWH�LQ�DUHDV�RI�ORZ�DJULFXOWXUDO�LQWHUHVW���,Q�WKH�IROORZLQJ

H[SHULPHQWV��VRPH�DVSHFWV�RI�WKH�DUHD�IUDPH�VDPSOH�GHVLJQ�ZHUH�PRGLILHG��EXW�WKH�PDLQ�SRLQW�ZDV�VWLOO

WKH�XVH�RI�UHJXODU�VTXDUH�VHJPHQWV�

:LWK�D�UHJXODU�JULG�DSSURDFK��WKH�DUHD�IUDPH�LV�GHILQHG�DV�VRRQ�DV�WKH�OLPLWV�RI�WKH�UHJLRQ�RI�LQWHUHVW

DUH�NQRZQ�LQ�VRPH�FDUWRJUDSKLF�FRRUGLQDWHV��870��/DPEHUW�RU�DQ\�RWKHU�V\VWHP��DQG�D�JULG�LV

RYHUODLG�RQ�WKLV�DUHD���7KH�FHOOV�RI�WKH�JULG�DUH�WKH�VHJPHQWV���$Q�DUHD�IUDPH�ZLWK�VTXDUH�VHJPHQWV�FDQ

EH�FDUULHG�RXW�XVLQJ�D�PDQXDO�RU�DQ�DXWRPDWHG�SURFHGXUH���0RVW�RI�WKH�UHDOL]DWLRQ�SKDVHV�RI�D�UHJXODU

JULG�DUHD�IUDPH�FDQ�EH�DXWRPDWHG���7KH�UHJXODU�JULG�DSSURDFK�LV�PXFK�IDVWHU�WKDQ�WKH�SK\VLFDO

ERXQGDU\�DSSURDFK�LI�DQ�DXWRPDWHG�SURFHVV�FDQ�EH�DGRSWHG���$XWRPDWHG�SURFHGXUHV�FDQ�EH�DGRSWHG�LI

FRPSXWHUV��DW�OHDVW�3&V���WUDLQHG�SHRSOH��DQG�VSHFLILF�VRIWZDUH�³�PDLQO\�GLJLWL]DWLRQ�VRIWZDUH�DQG�*,6

�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��³�DUH�DYDLODEOH�

��� $GYDQWDJHV�DQG�'LVDGYDQWDJHV�RI�$UHD�)UDPHV�%DVHG�RQ�6TXDUH�6HJPHQWV

,Q�DQ�DUHD�VDPSOH�VXUYH\�XVLQJ�VHJPHQWV�ZLWK�UHFRJQL]DEOH�SK\VLFDO�ERXQGDULHV��DQ�HQRUPRXV�HIIRUW�LQ

ZRUN��WLPH��FRVWV�DQG�VXSSRUW�PDWHULDOV�LV�QHFHVVDU\�IRU�WKH�DUHD�IUDPH�FRQVWUXFWLRQ�DQG�VDPSOH

VHOHFWLRQ���1$66�KDV�GHYHORSHG�FRPSXWHU�DVVLVWHG�DUHD�IUDPH�FRQVWUXFWLRQ�DQG�VDPSOH�VHOHFWLRQ�WKDW

FXWV�E\�RYHU�RQH�KDOI�WKH�WLPH�UHTXLUHG�IRU�WKH�VWUDWLILFDWLRQ�RI�DQ�DYHUDJH�8�6��VWDWH�RQ�SDSHU�EDVHG

FDUWRJUDSKLF�PDWHULDO���&RVWV�DUH�VWLOO�FRQVLGHUDEOH�DQG�WKH�GLJLWDOL]DWLRQ�RI�OLQHDU�HOHPHQWV��URDGV�

UDLOZD\V�DQG�VR�RQ��KDV�WR�EH�SHUIRUPHG�

$UHD�IUDPH�FRQVWUXFWLRQ�DQG�VDPSOH�VHOHFWLRQ�DUH�PXFK�VLPSOHU��IDVWHU�DQG�FKHDSHU�ZKHQ�WKH�UHJXODU

JULG�DSSURDFK�LV�DGRSWHG���6DWHOOLWH�GDWD�FDQ�DOVR�EH�XVHG�IRU�VWUDWLILFDWLRQ�LI�VTXDUH�VHJPHQWV�DUH

DGRSWHG��EXW�WKH�SKRWR�LQWHUSUHWDWLRQ�FDQ�EH�PXFK�IDVWHU��VLQFH�WKH�SRO\JRQV�GR�QRW�QHHG�WR�KDYH

SK\VLFDO�ERXQGDULHV�

2Q�WKH�RWKHU�KDQG��WKH�PHWKRG�RI�VTXDUH�VHJPHQWV�SUHVHQWV�VRPH�GLVDGYDQWDJHV��PDLQO\�GXH�WR�WKH

GLIILFXOW\�RI�ORFDWLQJ�WKH�VHJPHQWV�RQ�WKH�JURXQG���,Q�IDFW��LGHQWLI\LQJ�WKHRUHWLFDO�OLPLWV�RQ�WKH�JURXQG�LV



���

PRUH�GLIILFXOW�WKDQ�UHFRJQL]LQJ�SHUPDQHQW�SK\VLFDO�ERXQGDULHV���3DUWLFXODUO\�LQ�WKH�FDVH�RI�VHJPHQWV

ZLWKRXW�SK\VLFDO�ERXQGDULHV��WKHUH�LV�DQ�LQFUHDVHG�ULVN�RI�ORFDWLRQ�VKLIW�DQG�RI�PRGLI\LQJ�WKH�VKDSH�RI

WKH�VHJPHQW�WKDW�LV�DFWXDOO\�VXUYH\HG��FRPSDUHG�WR�WKH�VHJPHQW�WKDW�KDG�EHHQ�WKHRUHWLFDOO\�VHOHFWHG��

+RZHYHU��WKLV�ZLOO�QRW�LQWURGXFH�D�ELDV�LI�ORFDWLRQ�DQG�VKDSH�HUURUV�DUH�LQGHSHQGHQW�RI�WKH�ODQG�FRYHU

DQG�WKH�HVWLPDWHV�DUH�EDVHG�RQ�WKH�SHUFHQWDJH�RI�WKH�ODQG�FRYHU�UDWKHU�WKDQ�RQ�WKH�DUHD�LWVHOI�

,Q�DUHDV�ZLWK�IHZ�VWDEOH�DQG�UHFRJQL]DEOH�SK\VLFDO�OLPLWV��LW�LV�GLIILFXOW�WR�ILQG�JRRG�ERXQGDULHV�IRU�WKH

DUHD�IUDPH��DQG�WKH�UHJXODU�JULG�DSSURDFK�FRXOG�EH�PRUH�DSSURSULDWH���,Q�DUHDV�ZLWK�IHZ�URDGV��DV�LQ

VRPH�GHYHORSLQJ�FRXQWULHV�RU�LQ�IRUHVWHG�DUHDV��LW�LV�VRPHWLPHV�LPSRVVLEOH�WR�ILQG�SHUPDQHQW�SK\VLFDO

ERXQGDULHV���,Q�VXFK�FDVHV��QRQ�VDPSOLQJ�HUURUV�FRQFHUQLQJ�GDWD�FROOHFWLRQ�FDQ�EH�UHGXFHG�LI�VTXDUH

VHJPHQWV�DUH�XVHG�

8VH�RI�D�*36��*OREDO�3RVLWLRQLQJ�6\VWHP��FRXOG�KHOS�WR�UHGXFH�ORFDWLRQ�HUURUV�

��� 6SHFLDO�3XUSRVH�6XUYH\V�EDVHG�RQ�$UHD�)UDPHV

,I�D�VSHFLDO�SXUSRVH�VXUYH\�LV�RUJDQL]HG�IRU�HVWLPDWLQJ�DUHDV�RI�PDLQ�FURSV��DQ�LPSRUWDQW�WDVN�LQ�(8

FRXQWULHV�IRU�GHWHUPLQLQJ�VXEVLGLHV�EDVHG�RQ�DFUHDJH��WKH�PRVW�UHOLDEOH�PHWKRG�LV�GUDZLQJ�WKH�ILHOG

OLPLWV�RQ�DQ�DHULDO�SKRWRJUDSK�GXULQJ�WKH�JURXQG�VXUYH\�DQG�GLJLWL]LQJ�WKRVH�ILHOGV�WR�PHDVXUH�WKHLU�VL]H

LQ�WKH�RIILFH���:LWK�WKLV�DSSURDFK��QR�IDUPHU�LV�LQWHUYLHZHG�

6RPH�H[SHULPHQWV�ZHUH�GRQH�LQ�(PLOLD�5RPDJQD��,WDO\�DQG�LQ�1DYDUUD��6SDLQ�>*RQ]DOH]�$ORQVR�HW�DO�

����@�WR�FRPSDUH�WKH�SHUIRUPDQFH�RI�VTXDUH�VHJPHQWV�DQG�VHJPHQWV�ZLWK�SK\VLFDO�ERXQGDULHV�RI�WKH

VDPH�WDUJHW�VL]H���7KH�FRPSDULVRQ�KDV�VKRZQ�WKDW�HVWLPDWHV·�FRHIILFLHQWV�RI�YDULDWLRQ�DUH�VLPLODU�

2QH�SUREOHP�LV�WKDW�WKH�WHUULWRU\�KDV�QR�VTXDUH�OLPLWV��VR�WKH�ERUGHUV�RI�WKH�DUHD�RI�LQWHUHVW�DQG�RI�WKH

VWUDWD�GR�QRW�PDWFK�ZLWK�WKH�OLPLWV�RI�WKH�FHOOV�RI�WKH�JULG���7KH�FRPPRQ�VROXWLRQ�LV�WR�GHFLGH�WKDW�FHOOV

RQ�WKH�ERUGHU�DUH�FRPSOHWHO\�LQFOXGHG�LQ�WKH�DUHD�RI�LQWHUHVW�LI�PRUH�WKDQ�KDOI�RI�WKHLU�VXUIDFH�LV�LQVLGH

WKH�UHJLRQ�DQG�FRPSOHWHO\�H[FOXGHG�RWKHUZLVH���)ROORZLQJ�WKLV�SURFHGXUH��WKH�UHJLRQ�DFWXDOO\�VWXGLHG�LV

DSSUR[LPDWHG�IROORZLQJ�WKH�VTXDUH�JULG�

,QGHHG�WKLV�DSSUR[LPDWLRQ�FDQ�SURGXFH�D�ELDV�RQ�WKH�HVWLPDWHV�LI�WKH�EHKDYLRU�RQ�HLWKHU�VLGH�RI�WKH

ERUGHU�LV�YHU\�GLIIHUHQW��VXFK�DV�RQ�D�FRDVW�OLQH�ZKHUH�SLHFHV�RI�ODQG�DUH�UHPRYHG�DQG�DUH�UHSODFHG�E\

SLHFHV�RI�VHD���$QRWKHU�RSWLRQ�ZRXOG�EH�WR�LQFOXGH�RQO\�WKH�SLHFH�RI�WKH�VHJPHQW�LQ�WKH�VWXG\�DUHD�DQG

GLVFDUG�RWKHU�SLHFHV���,Q�WKLV�FDVH��PDQ\�VHJPHQWV�RQ�WKH�ERUGHU�DUH�QRW�VTXDUHV�DQG�WKHLU�VL]H�LV

VPDOOHU�WKDQ�WKH�WDUJHW�VL]H�>*DOOHJR�����@�

&RQFHUQLQJ�WKH�DSSUR[LPDWLRQ�RI�WKH�VWUDWLILFDWLRQ�WR�WKH�VTXDUH�JULG��WKH�SUREOHP�LV�OHVV�VHULRXV�WKDQ�LQ

WKH�FDVH�RI�WKH�UHJLRQ�ERUGHU���,Q�IDFW��PRGLI\LQJ�WKH�ERUGHU�EHWZHHQ�WZR�VWUDWD�WR�IROORZ�WKH�JULG�FDQ

UHGXFH�WKH�HIILFLHQF\�RI�WKH�VWUDWLILFDWLRQ��EXW�LW�ZLOO�QRW�LQWURGXFH�D�ELDV�LQ�WKH�HVWLPDWHV�

7KHRUHWLFDOO\��WKH�ODQG�XVH�VWUDWLILFDWLRQ�FDUULHG�RXW�IRU�DQ�DUHD�IUDPH�ZLWK�SK\VLFDO�ERXQGDULHV�LV�PRUH

HIILFLHQW�WKDQ�XVLQJ�VTXDUH�VHJPHQWV��VLQFH�WKH�ODWWHU�DUH�DWWULEXWHG�WR�WKH�GLIIHUHQW�VWUDWD�RQ�WKH�EDVLV�RI

PDMRULW\��ZKLFK�UHVXOWV�LQ�KLJKHU�YDULDELOLW\�ZLWKLQ�VWUDWD���+RZHYHU��WKH�PHGLDQ�YDOXH�RI�WKH

VWUDWLILFDWLRQ�HIILFLHQF\�IRU�PDLQ�FURSV�LQ�GLIIHUHQW�FRXQWULHV�LQ�WKH�IUDPH�RI�WKH�0$56�SURMHFW·V

´5HJLRQDO�,QYHQWRULHVµ�UDQJHV�EHWZHHQ�����DQG������ZKLFK�LV�VLPLODU�WR�WKH�YDOXHV�REWDLQHG�E\�WKH

,WDOLDQ�0LQLVWU\�RI�$JULFXOWXUH�WKURXJK�SKRWR�LQWHUSUHWDWLRQ�RI�6327�VDWHOOLWH�LPDJHV�DW�D�VFDOH

���������DQG�WKH�XVXDO�SURFHGXUH�RI�LGHQWLI\LQJ�SULPDU\�VDPSOLQJ�XQLWV�ZLWK�SHUPDQHQW�SK\VLFDO

ERXQGDULHV�



���

�� )DUP�6HOHFWLRQ�LQ�6TXDUH�6HJPHQWV

7KH�5HJLRQDO�,QYHQWRU\�DFWLRQ�RI�WKH�0$56�SURMHFW�KDV�DOVR�WHVWHG�WKH�YDOLGLW\�RI�DQ�DUHD�IUDPH�ZLWK

VTXDUH�VHJPHQWV�DV�DQ�LQVWUXPHQW�WR�JDWKHU�LQIRUPDWLRQ�RQ�IDUPV�LQ�JHQHUDO�SXUSRVH�VXUYH\V���7KH

XVXDO�FORVHG�DQG�ZHLJKWHG�VHJPHQW�HVWLPDWRUV�FDQ�EH�DSSOLHG�ZLWK�PDQ\�GLIILFXOWLHV�LQ�WKH�FDVH�RI

VTXDUH�VHJPHQWV��VLQFH�WKH�HQXPHUDWRU�KDV�WR�GHVFULEH�WKH�WKHRUHWLFDO�OLPLWV�RI�WKH�VHJPHQWV�WR�WKH

IDUPHU�DQG�DVN�KLP�ZKLFK�SDUW�RI�WKH�IDUP�LV�LQFOXGHG�LQ�WKH�VHJPHQW�

7KH�UHODWLYHO\�VPDOO�VL]H�RI�IDUPV�LQ�ZHVWHUQ�(XURSH�DQG�WKH�SRVLWLYH�ORZ�GLVWDQFH�VSDWLDO

DXWRFRUUHODWLRQ�RI�VXUYH\HG�YDULDEOHV�KDYH�VXJJHVWHG�WKH�VWUDWHJ\�RI�VDPSOLQJ�IDUPV�E\�SRLQWV�LQVLGH

VHJPHQWV���6RPH�RI�WKHVH�SRLQWV�IDOO�RQ�8$$�DQG�LGHQWLI\�VRPH�IDUPV��ZKLOH�VRPH�SRLQWV�PD\�IDOO�RQ

QRQ�8$$�DQG�LGHQWLI\�QRQ�IDUPV�ZLWK�]HUR�YDOXHV�IRU�DOO�WKH�YDULDEOHV���,Q�WKH�ILUVW�VWDJH�RI�WKLV�VDPSOH

GHVLJQ��VHJPHQWV�DUH�VHOHFWHG�ZLWKRXW�UHSODFHPHQW���,Q�WKH�VHFRQG�VWDJH��WKH�XQLW�LV�WKH�SRUWLRQ�RI�WKH

8$$�RI�D�IDUP�LQFOXGHG�LQ�WKH�VHOHFWHG�VHJPHQW���6LQFH�WKH�ZHLJKWHG�VHJPHQW�HVWLPDWRU�LV�XVHG��ZH�GR

QRW�QHHG�WR�NQRZ�LWV�DUHD��MXVW�JOREDO�LQIRUPDWLRQ�DERXW�WKH�IDUP�>&DUIDJQD�HW�DO������D�E@�

,I�D�IDUPHU�GRHV�QRW�FRRSHUDWH�RU�FDQQRW�EH�IRXQG��ZH�KDYH�PLVVLQJ�YDOXHV���7KH�H[FOXVLRQ�RI

QRQ�UHVSRQGHQWV�FRXOG�SURGXFH�D�VHULRXV�ELDV�EHFDXVH�WKH�]HUR�YDOXHV�FRUUHVSRQGLQJ�WR�QRQ�8$$�DUH

QHYHU�PLVVLQJ���7KH�VROXWLRQ�DGRSWHG�LV�WR�DWWULEXWH�WR�WKH�PLVVLQJ�YDOXH�WKH�DYHUDJH�YDOXHV�RI

UHVSRQGLQJ�IDUPV�LQ�WKH�VHJPHQW��LI�WKHUH�DUH�DQ\��RWKHUZLVH��WKH�DYHUDJH�RI�WKH�UHVSRQGLQJ�IDUPV�IRU

DOO�VHJPHQWV�LQ�WKH�FXUUHQW�VWUDWXP���7KHUH�LV�VWLOO�D�ULVN�RI�ELDV�LI�IDUPHUV�ZKR�FDQQRW�EH�ORFDWHG�RU

UHIXVH�WR�FRRSHUDWH�KDYH�D�SHFXOLDU�EHKDYLRU��H�J��LI�WKH\�DUH�VPDOOHU�RU�OHVV�HIILFLHQW�WKDQ�WKH�DYHUDJH

IDUP���$�GLIIHUHQW�DSSURDFK�ZRXOG�EH�WR�HOLPLQDWH�ERWK�PLVVLQJ�YDOXHV�DQG�D�SURSRUWLRQDO�QXPEHU�RI

]HUR�YDOXHV�FRUUHVSRQGLQJ�WR�QRQ�8$$�SRLQWV���%RWK�DSSURDFKHV�JLYH�WKH�VDPH�HVWLPDWH�IRU�WKH�WRWDO�

6RPH�H[SHULPHQWV�KDYH�EHHQ�FDUULHG�RXW�LQ�,WDO\��6SDLQ��*HUPDQ\��*UHHFH�DQG�WKH�&]HFK�5HSXEOLF��

7KHVH�KDYH�VKRZQ�WKDW�WKH�SURFHGXUH�ZRUNV�ZHOO���7KH�ELJJHVW�SUREOHP��KRZHYHU��LV�LGHQWLI\LQJ�WKH

ORFDWLRQ�RI�SRLQWV�RQ�WKH�JURXQG�E\�WKH�HQXPHUDWRU�

�� 8QFOXVWHUHG�3RLQW�6DPSOLQJ

:KHQ�IHZ�SK\VLFDO�ERXQGDULHV�DUH�SUHVHQW�RU�WKH�VXUYH\�KDV�WR�EH�FRQGXFWHG�LQ�D�YHU\�VKRUW�WLPH��D

JHQHUDO�SXUSRVH�DJULFXOWXUDO�VXUYH\�EDVHG�RQ�XQFOXVWHUHG�SRLQW�VDPSOLQJ�LV�VRPHWLPHV�SUHIHUUHG��

´7KHUH�DUH�VHYHUDO�PHWKRGV�RI�GHILQLQJ�WKH�VHJPHQW�RQFH�WKH�SRLQW�KDV�EHHQ�ORFDWHG���2QH�SRVVLELOLW\�LV

GHOLQHDWLQJ�D�FLUFOH�ZLWK�VRPH�IL[HG�UDGLXV�DURXQG�WKH�SRLQW��WKHQ�HQXPHUDWLQJ�DOO�IDUPLQJ�RSHUDWLRQV

WKDW�KDYH�ODQG�ZLWKLQ�WKH�FLUFOH������7KH�PDLQ�DGYDQWDJH�WR�WKLV�PHWKRG�LV�WKDW�GHWDLOHG��FXUUHQW�PDWHULDOV

DUH�QRW�QHHGHG�WR�GHILQH�WKH�VHJPHQW���7KH�HQXPHUDWRU�FDQ�XVH�ZKDW�LV�SUHVHQW�DURXQG�WKH�SRLQW�WR

GHILQH�WKH�VHJPHQW���,Q�DGGLWLRQ��DHULDO�SKRWRJUDSK\�LV�XVXDOO\�QRW�UHTXLUHG���7KH�PDLQ�GLVDGYDQWDJH�LV

WKH�UHVSRQVLELOLW\�SODFHG�RQ�WKH�HQXPHUDWRU���7KH�HQXPHUDWRU�QRW�RQO\�KDV�WR�FROOHFW�WKH�LQIRUPDWLRQ

FRUUHFWO\��EXW�DOVR�KDV�WR�SURSHUO\�GHILQH�WKH�VHJPHQW���([WHQVLYH�WUDLQLQJ�LV�QHHGHG�WR�UHGXFH�WKH

SUREDELOLW\�RI�QRQ�VDPSOLQJ�HUURUV���7KH�VHFRQG�W\SH�RI�SRLQW�VDPSOLQJ�IURP�DQ�DUHD�IUDPH�FDQ�EH

FRQVLGHUHG�D�VSHFLDO�FDVH�RI�WKH�PHWKRG�MXVW�GHVFULEHG���,Q�WKLV�PHWKRG��UDQGRP�SRLQWV�DUH�VHOHFWHG

ZLWKLQ�WKH�ERXQGDULHV�RI�HDFK�VWUDWXP���+HUH��LQVWHDG�RI�GHILQLQJ�D�VHJPHQW�DURXQG�WKH�SRLQW��WKH

HQXPHUDWRU�GHWHUPLQHV�ZKR�RSHUDWHV�WKH�ODQG�ZKHUH�WKH�SRLQW�IDOOV��WKHQ�HQXPHUDWHV�RQO\�WKH�RQH

RSHUDWRU�WR�GHWHUPLQH�WKH�DJULFXOWXUDO�DFWLYLW\�RQ�WKH�HQWLUH�IDUPLQJ�RSHUDWLRQ�µ�>*DULED\�HW�DO������@�

7KH�ILUVW�W\SH�RI�SRLQW�VDPSOLQJ�LV�QRW�YHU\�GLIIHUHQW�IURP�DQ�DUHD�IUDPH�EDVHG�RQ�D�VTXDUH�JULG���$

GLIIHUHQFH�LV�WKDW�VTXDUH�VHJPHQWV�DUH�QRQ�RYHUODSSLQJ��ZKLOH�FLUFOHV�DUH�RYHUODSSLQJ���$GYDQWDJHV�DQG

GLVDGYDQWDJHV�DUH�WKH�VDPH�LI�WKH�FLUFOH�LV�GUDZQ�RQ�DQ�DHULDO�SKRWRJUDSK�LQ�WKH�RIILFH���,I�DHULDO



���

SKRWRJUDSK\�LV�QRW�XVHG�RU�WKH�FLUFOH�LV�GUDZQ�GLUHFWO\�E\�WKH�HQXPHUDWRU��WKHQ�QRQ�VDPSOLQJ�HUURUV�DUH

SUREDEO\�PXFK�KLJKHU�

7KH�VHFRQG�W\SH�RI�SRLQW�VDPSOLQJ�FRUUHVSRQGV�WR�IDUP�VHOHFWLRQ�ZLWK�SUREDELOLW\�SURSRUWLRQDO�WR�WKH

VL]H�RI�WKH�IDUP�DQG�KDV�EHHQ�DGRSWHG�LQ�1LFDUDJXD���/RFDWLRQ�HUURUV�RI�WKH�SRLQWV�RQ�WKH�JURXQG�FDQ�EH

UHOHYDQW�LI�DHULDO�SKRWRJUDSK\�LV�QRW�XVHG���7KLV�VDPSOH�GHVLJQ�LV�HIILFLHQW�LI�WKH�VSDWLDO�DXWRFRUUHODWLRQ

EHWZHHQ�IDUPV�LQ�D�VWUDWXP�LV�YHU\�KLJK���2Q�WKH�RWKHU�KDQG��WUDYHOLQJ�FRVWV�DUH�KLJK��XQOHVV

HQXPHUDWRUV�OLYH�QHDU�WKH�SRLQWV��DQG��LI�D�IDUPHU�FDQQRW�EH�IRXQG�RU�UHIXVHV�WR�FRRSHUDWH��WKH�WUDYHO�LV

XVHOHVV�VLQFH�PLVVLQJ�GDWD�FRUUHVSRQG�WR�WKH�SRLQW���7KXV��LI�D�IL[HG�EXGJHW�LV�FRQVLGHUHG��WKLV�VDPSOH

GHVLJQ�GRHV�QRW�PD[LPL]H�HVWLPDWH�SUHFLVLRQ���$�FOXVWHU�RI�SRLQWV�LV�SUREDEO\�D�EHWWHU�VDPSOLQJ

VWUDWHJ\���,I�D�FRVW�IXQFWLRQ�FDQ�EH�HVWLPDWHG��WKH�RSWLPXP�FOXVWHU�VL]H�FDQ�EH�HYDOXDWHG�

��� 8QFOXVWHUHG�3RLQW�6DPSOLQJ�IRU�/DQG�8VH�6WDWLVWLFV

$Q�H[SHULPHQW�RI�XQFOXVWHUHG�SRLQW�VDPSOLQJ�ZDV�FDUULHG�RXW�E\�WKH�,WDOLDQ�0LQLVWU\�RI�$JULFXOWXUH�LQ

WKH�5HJLRQ�(PLOLD�5RPDJQD�LQ��������7KH�DLP�ZDV�HVWLPDWLQJ�DUHDV�RI�WKH�PDLQ�FURSV���3RLQWV�ZHUH

V\VWHPDWLFDOO\�GLVWULEXWHG�RQ�WKH�WHUULWRU\���7KHQ�D�VR�FDOOHG�G\QDPLF�VWUDWLILFDWLRQ�ZDV�FDUULHG�RXW�DIWHU

VDPSOH�VHOHFWLRQ�RQ�WKH�EDVLV�RI�SKRWR�LQWHUSUHWDWLRQ�RI�6327�VDWHOOLWH�LPDJHV���7KH�VWUDWLILFDWLRQ

FRQFHUQHG�WKH�SUHVHQFH�RI�ZLQWHU�FURSV��VXPPHU�FURSV�RU�SHUPDQHQW�FURSV���,Q�-XQH��D�ILUVW�JURXQG

VXUYH\�ZDV�FRQGXFWHG�RQO\�RQ�SRLQWV�ZLWK�ZLQWHU�FURSV��SHUPDQHQW�FURSV�DQG�GRXEWIXO�SRLQWV���2QO\

SRLQWV�ZLWK�VXPPHU�FURSV�ZHUH�YLVLWHG�GXULQJ�WKH�VHFRQG�JURXQG�VXUYH\���3RLQWV�ZHUH�ORFDWHG�RQ�WKH

JURXQG�XVLQJ�D�*36�

5HVXOWV�DSSHDUHG�YHU\�HQFRXUDJLQJ�VLQFH�WKH�VWUDWLILFDWLRQ�SURFHVV�LV�IDVW�DQG�FRVW�HIIHFWLYH�ZKHQ

FRPSDUHG�ZLWK�JURXQG�VXUYH\���(VWLPDWHV�DQG�WKHLU�YDULDQFHV��KRZHYHU��ZHUH�FDOFXODWHG�WUHDWLQJ

SKRWR�LQWHUSUHWHG�SRLQWV�DV�LI�WKH\�ZHUH�VXUYH\HG�RQ�WKH�JURXQG���$�PRUH�DFFXUDWH�DQDO\VLV�LV�QHHGHG�WR

HYDOXDWH�SRVVLEOH�ELDV�GXH�WR�SKRWR�LQWHUSUHWDWLRQ�DQG�D�PRGHO�ZKLFK�WDNHV�LQWR�DFFRXQW�PHDVXUHPHQW

HUURUV�VKRXOG�EH�DGRSWHG�

�� $�0XOWLQDWLRQDO�$UHD�)UDPH�6DPSOH�'HVLJQ�LQ�(XURSH

$�SURMHFW�QDPHG�´5DSLG�(VWLPDWHV�LQ�WKH�(XURSHDQ�8QLRQµ�KDV�EHHQ�GHYHORSHG�E\�WKH�(XURSHDQ

&RPPLVVLRQ�LQ�WKH�IUDPHZRUN�RI�WKH�0$56�SURMHFW�WR�JHW��LQGHSHQGHQWO\�RI�PHPEHU�VWDWHV��UDSLG

HVWLPDWHV�RI�LQWHU�DQQXDO�FKDQJH�RI�DUHD�DQG�SURGXFWLRQ�RI�PDLQ�FURSV�DW�WKH�(XURSHDQ�OHYHO

>*DOOHJR�HW�DO������@���5DSLG�FURS�DUHD�LQWHU�DQQXDO�FKDQJH�HVWLPDWHV�DUH�EHLQJ�SURGXFHG�LQ�WKH

(XURSHDQ�8QLRQ�E\�DQDO\VLV�RI�KLJK�UHVROXWLRQ�VDWHOOLWH�LPDJHV�RQ�D�VWUDWLILHG�VDPSOH�RI����VLWHV�RI

���NPð���NP���:LWK�WKH�LQFOXVLRQ�RI�WKUHH�QHZ�PHPEHU�VWDWHV��$XVWULD��)LQODQG�DQG�6ZHGHQ���WKH

QXPEHU�RI�VLWHV�KDV�EHFRPH����

,PDJH�FODVVLILFDWLRQ�IRU�HDFK�VLWH�LV�SHUIRUPHG�RQ���WR���KLJK�UHVROXWLRQ�VDWHOOLWH�LPDJHV�SHU�VLWH�GXULQJ

WKH�DJULFXOWXUDO�VHDVRQ��0DUFK�WR�2FWREHU����´*URXQG�WUXWKµ�IRU�WUDLQLQJ�WKH�FODVVLILHU�LV�REWDLQHG�E\

SKRWR�LQWHUSUHWDWLRQ�RI�DSSUR[LPDWHO\����VHJPHQWV�VL]HG�����Pð����P�SHU�VLWH���6HJPHQWV�DUH�VHOHFWHG

DW�UDQGRP�E\�VWUDWLILHG�VDPSOLQJ�LQ�VRPH�VLWHV��DQG�ORFDWHG�RQ�D�UHJXODU�JULG�LQ�RWKHUV�ZKHUH�QR

VWUDWLILFDWLRQ�LV�QHHGHG�

,PDJH�DQDO\VLV�UHTXLUHV�D�JRRG�NQRZOHGJH�EDVH�EXLOW�RQ�JURXQG�LQIRUPDWLRQ�FRPLQJ�PDLQO\�IURP

JURXQG�VXUYH\V�PDGH�LQ�WKH�SUHFHGLQJ�\HDUV���2Q�WKH�VDPH�VHJPHQWV�HQODUJHG�WR������Pð�����P�

���SRLQWV�DUH�YLVLWHG�DIWHU�V\VWHPDWLF�VHOHFWLRQ�RXW�RI�D�JULG�RYHUODLG�RQ�WKH�VHJPHQWV���*URXQG�YLVLWV�DUH

DOVR�XVHG�DV�JURXQG�WUXWK�IRU�DQ�D�SRVWHULRUL�FKHFN�RI�SKRWR�LQWHUSUHWDWLRQ�DQG�IRU�LQGHSHQGHQW�DUHD
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M = segment size in hectares
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Cereals Durum wheat Soft wheat Sunflower

Maize Dried pulses Rapeseed Barley

Sugar-beet Fallow Permanent

)LJXUH��� 6WDQGDUG�(UURU�IRU�,QWHU�DQQXDO�$UHD�&KDQJH�IRU�'LIIHUHQW�6HJPHQW�6L]HV

HVWLPDWHV���,Q�HDFK�VHJPHQW�����RXW�RI�WKH����SRLQWV�DUH�XVHG�WR�VHOHFW�IDUPHUV�IRU�LQWHUYLHZV�WR�FROOHFW

GDWD�RQ�SURGXFWLRQ�DQG�FURSSLQJ�LQWHQWLRQV�IRU�WKH�FRPLQJ�\HDU�

��� 2SWLPXP�6HJPHQW�6L]H

8QWLO�������JURXQG�YLVLWV�ZHUH�SHUIRUPHG�RQ�VHJPHQWV�VL]HG�����Pð����P���7KLV�VL]H�VHHPHG

UHDVRQDEOH�WR�WKH�RUJDQL]HUV�RI�WKH�SURMHFW���,QGHHG��VDPSOH�VL]H�LV�D�FUXFLDO�DVSHFW�IRU�DUHD�IUDPH

VDPSOLQJ��FRQVLGHUDEO\�LQIOXHQFLQJ�HVWLPDWH�SUHFLVLRQ���%HVLGHV��LI�VHJPHQWV�ZLWKRXW�SK\VLFDO

ERXQGDULHV�DUH�XVHG��WKH�WDUJHW�VHJPHQW�VL]H�FDQ�EH�HDVLO\�FKDQJHG���)RU�WKHVH�UHDVRQV��ZH�FDUULHG�RXW�D

VWXG\�WR�ILQG�RXW�WKH�RSWLPXP�VHJPHQW�VL]H�IRU�WKLV�SURMHFW��WKDW�LV��WKH�VHJPHQW�VL]H�WKDW�PLQLPL]HV�WKH

HVWLPDWRU�YDULDQFH�ZLWK�D�IL[HG�EXGJHW�DQG�D�VSHFLILF�FRVW�IXQFWLRQ�

7R�GHWHUPLQH�WKH�RSWLPXP�VHJPHQW�VL]H��LW�LV�QHFHVVDU\�WR�FUHDWH�D�OLQN�EHWZHHQ�WKH�HVWLPDWRU�YDULDQFH

DQG�WKH�VHJPHQW�VL]H���)RU�WKLV�SXUSRVH��HDFK�VHJPHQW�RI�D�SUHYLRXV�VXUYH\�LV�FRQVLGHUHG�DV�D�FOXVWHU�RI

VTXDUHV�LQ�FOXVWHU�VDPSOLQJ���7KHVH�VTXDUHV�DUH�VPDOO�DUHDV�LQ�ZKLFK�HDFK�VHJPHQW�FDQ�EH�GHFRPSRVHG

>&DUIDJQD�HW�DO������@���7KH�OLQN�EHWZHHQ�HVWLPDWRU�YDULDQFH�DQG�VHJPHQW�VL]H�DOORZV�WR�LGHQWLI\�WKH

FRPELQDWLRQ�RI�VHJPHQW�VL]H�DQG�FRUUHVSRQGLQJ�VDPSOH�VL]H�WKDW�PLQLPL]HV�WKH�HVWLPDWRU�YDULDQFH�

7KH�UHVXOW�RI�WKH�DQDO\VLV�VKRZHG�WKH�VDPSOH�VL]H�WKDW�PLQLPL]HV�FURS�DUHD�YDULDQFH�LV�DERXW����KHFWDUHV

IRU�PRVW�FURSV�ZKHQ�ZH�PDNH�HVWLPDWHV�IRU�D�SDUWLFXODU�\HDU���7KH�RSWLPXP�VHJPHQW�VL]H�LV�LQIOXHQFHG

E\�WKH�FKDUDFWHULVWLFV�RI�WKH�WHUULWRU\��DYHUDJH�VL]H�RI�ILHOGV��DJULFXOWXUDO�SUDFWLFHV�DQG�VR�RQ���2WKHU

VWXGLHV�FDUULHG�RXW�RQ�PDQ\�VHJPHQWV�LQ�,WDO\�JDYH�WKH�VDPH�UHVXOW�FRQFHUQLQJ�VHJPHQW�VL]H�

,I�ZH�FRQVLGHU�LQWHU�DQQXDO�DUHD�FKDQJH��WKH�RSWLPXP�VHJPHQW�VL]H�LV�PXFK�ODUJHU���)LJXUH���GHVFULEHV

WKH�VWDQGDUG�HUURU�FRUUHVSRQGLQJ�WR�GLIIHUHQW�VHJPHQW�VL]HV���,W�VKRZV�WKDW�WKH�RSWLPXP�LV�DERXW

���KHFWDUHV�IRU�GXUXP�ZKHDW�����KHFWDUHV�IRU�PDL]H�����KHFWDUHV�IRU�VXQIORZHUV��VXJDU�EHHWV�DQG

SHUPDQHQW�JUDVVODQG������KHFWDUHV�IRU�EDUOH\������KHFWDUHV�IRU�VRIW�ZKHDW�DQG�FHUHDOV��DQG�����KHFWDUHV

IRU�IDOORZ��DUDEOH�ODQG�XQGHU�UHSRVH�LQ�WKH�FURS�URWDWLRQ����7KH�DQDO\VLV�RI�RSWLPXP�VHJPHQW�VL]HV�DQG

RI�LQFUHDVHV�LQ�YDULDQFH�GXH�WR�GLIIHUHQW�VHJPHQW�VL]HV�KDV�VXJJHVWHG�WR�HQODUJH�WKH�VHJPHQWV�WR

����KHFWDUHV�IURP�WKH������VXUYH\�RQZDUGV�>&DUIDJQD�DQG�*DOOHJR�����D�E@�
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Cost of an unmatched segment (ECU)
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)LJXUH��� 2SWLPXP�8QPDWFKHG�3RUWLRQ�IRU�9DULRXV�&URSV�DQG�'LIIHUHQW�8QPDWFKHG�6HJPHQW�&RVWV

�� 5HSHDWHG�6DPSOLQJ�RI�WKH�6DPH�3RSXODWLRQ

,I�UDSLG�DUHD�HVWLPDWHV�DUH�WR�HYROYH�LQ�WKH�VHQVH�RI�HVWLPDWLQJ�FURS�DUHDV�DV�ZHOO�DV�FURS�DUHD�FKDQJH��D

JRRG�VWUDWHJ\�ZRXOG�EH�FRPELQLQJ�FXUUHQW�VXUYH\�GDWD�ZLWK�LQIRUPDWLRQ�GHULYHG�IURP�WKH�SUHYLRXV

\HDU��GLVUHJDUGLQJ�LQIRUPDWLRQ�FROOHFWHG�WZR�RU�WKUHH�\HDUV�EHIRUH�WR�DYRLG�LQHUWLD�LQ�HVWLPDWH�VHULHV��

7KH�EHVW�FRPELQHG�HVWLPDWRU�RI�WKH�SRSXODWLRQ�PHDQ�RI�FURS�DUHD�IRU�WKH�FXUUHQW�\HDU�LV�IRXQG�E\

ZHLJKWLQJ�WKH�WZR�LQGHSHQGHQW�HVWLPDWHV�GHULYLQJ�IURP�PDWFKHG�DQG�XQPDWFKHG�SRUWLRQV�RI�WKH�VDPSOH

LQYHUVHO\�DV�WKHLU�YDULDQFHV�>&RFKUDQ�������FKDSWHU���@�

6LQFH�VXUYH\�FRVWV�DUH�GLIIHUHQW�IRU�PDWFKHG�DQG�XQPDWFKHG�VHJPHQWV��WKH�XQPDWFKHG�SURSRUWLRQ�RI�WKH

VDPSOH�WKDW�PLQLPL]HV�WKH�YDULDQFH�RI�WKH�SRSXODWLRQ�PHDQ��RU�WRWDO��RI�DUHD�IRU�WKH�FXUUHQW�\HDU�LV

LQIOXHQFHG�E\�WKH�UDWLR�RI�PDWFKHG�DQG�XQPDWFKHG�FRVWV���:H�KDYH�FRQVLGHUHG�GLIIHUHQW�XQPDWFKHG

FRVWV�GHSHQGLQJ�RQ�WKH�NLQG�RI�WHFKQLFDO�VXSSRUW�XVHG�IRU�JURXQG�VXUYH\��DHULDO�SKRWRJUDSKV�RU�6327

LPDJHV����6RPH�RWKHU�XQPDWFKHG�FRVWV�DUH�UHODWLYH�WR�SKRWR�LQWHUSUHWDWLRQ�RI�VHJPHQWV���'LIIHUHQW

XQPDWFKHG�FRVWV�GHWHUPLQH�GLIIHUHQW�RSWLPXP�XQPDWFKHG�SRUWLRQV�RI�WKH�VDPSOH�IRU�HDFK�FURS��DV

VKRZQ�LQ�)LJXUH���

2EYLRXVO\��WKH�VPDOOHU�WKH�XQPDWFKHG�FRVW��WKH�ODUJHU�WKH�RSWLPXP�XQPDWFKHG�SRUWLRQ�RI�WKH�VDPSOH���,W

LV�LQWHUHVWLQJ�WR�QRWLFH�WKDW�IRU�GXUXP�ZKHDW��SHUPDQHQW�FURSV��ULFH�DQG�PDL]H��WKH�RSWLPXP�XQPDWFKHG

SRUWLRQ�WHQGV�WR�EH�PXFK�KLJKHU�WKDQ�IRU�RWKHU�FURSV�EHFDXVH�RI�GLIIHUHQW�OHYHOV�RI�OLQHDU�FRUUHODWLRQ

EHWZHHQ�DUHD�SHU�VHJPHQW�LQ�WKH�WZR�\HDUV�

)LJXUH���VKRZV�WKH�UHODWLYH�HIILFLHQF\�DVVRFLDWHG�ZLWK�GLIIHUHQW�XQPDWFKHG�SRUWLRQV�IRU�WKH�YDULRXV

FURSV���$Q�LQFUHDVH�RI�HIILFLHQF\�RI�DERXW�����LV�SUHVHQW�IRU�XQPDWFKHG�FRVWV�OHVV�WKDQ�RU�HTXDO�WR

����(&8�IRU�GXUXP�ZKHDW�DQG�PDL]H��DQG�����(&8�IRU�ULFH�DQG�SHUPDQHQW�FURSV���/RZ�HIILFLHQF\

LQFUHDVHV�DUH�UHDFKHG�IRU�RWKHU�FURSV�
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Cost of an unmatched segment (ECU)
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)LJXUH��� 5HODWLYH�(IILFLHQF\�IRU�9DULRXV�&URSV�DQG�'LIIHUHQW�8QPDWFKHG�6HJPHQW�&RVWV

5HSODFHPHQW�RI�SDUW�RI�WKH�VDPSOH�RQ�HDFK�RFFDVLRQ�DOVR�DOORZV�WR�WDNH�LQWR�DFFRXQW�SRVVLEOH�FKDQJHV�LQ

WKH�SRSXODWLRQ���7KHQ��VLQFH�IDUPHUV�VHOHFWHG�E\�SRLQWV�LQVLGH�WKH�VHJPHQWV�DUH�LQWHUYLHZHG��WKH�SRUWLRQ

RI�XQPDWFKHG�VHJPHQWV�DOORZV�WR�UHGXFH�UHVSRQGHQW�EXUGHQ�DQG�FRQVHTXHQWO\�WR�LPSURYH�GDWD�TXDOLW\�

�� &RQWULEXWLRQ�RI�WKH�)LUVW�6DPSOLQJ�6WDJH�WR�WKH�(VWLPDWRU�9DULDQFH

7KH�DSSURDFK�EDVHG�RQ�VTXDUH�VLWHV�RI����NPð���NP�ZDV�PDLQO\�GHWHUPLQHG�E\�WKH�VL]H�DQG�VKDSH�RI

FXUUHQWO\�PDUNHWHG�LPDJHV��DSSUR[LPDWHO\�VTXDUH���7KLV�VKDSH�RI�VLWHV��DOWKRXJK�XVHIXO�IRU�UHPRWHO\

VHQVHG�GDWD��FRXOG�EH�LQHIILFLHQW�IRU�JURXQG�VXUYH\���,Q�RUGHU�WR�GHFLGH�LI�PRGLILFDWLRQV�WR�WKH�VDPSOLQJ

SODQ�ZHUH�QHHGHG��DQ�DQDO\VLV�RI�WKH�FRQWULEXWLRQ�RI�ILUVW�VDPSOLQJ�VWDJH�WR�WKH�HVWLPDWRU�YDULDQFH�ZDV

SHUIRUPHG���7KH�HYDOXDWLRQ�RI�WKH�VDPSOLQJ�VWUDWHJ\�KDV�EHHQ�FDUULHG�RXW�FRPSDULQJ�WKH�HVWLPDWRU

YDULDQFH�ZLWK�WKH�FRQWULEXWLRQ�WR�YDULDQFH�GXH�WR�WKH�ILUVW�VDPSOLQJ�VWDJH���7KH�DLP�ZDV�WR�HYDOXDWH�WKH

HIIHFW�RI�FOXVWHULQJ�RI�VHJPHQWV�LQ�VLWHV�WKURXJK�WKH�FRPSDULVRQ�RI�WKH�FRQWULEXWLRQ�WR�WKH�HVWLPDWRU

YDULDQFH�GXH�WR�WKH�ILUVW�VDPSOLQJ�VWDJH�ZLWK�WKH�HVWLPDWRU�YDULDQFH�LWVHOI�

)RU�VRPH�FURSV��OLNH�GXUXP�DQG�VRIW�ZKHDW��PDL]H�DQG�IDOORZ��WKH�ILUVW�VWDJH�FRQWULEXWLRQ�LV�KLJK

FRPSDUHG�WR�WKH�WRWDO�YDULDQFH���)RU�WKHVH�FURSV��LW�LV�QRW�LPSRUWDQW�WR�FROOHFW�PRUH�LQIRUPDWLRQ�LQVLGH

WKH�VLWHV���,W�ZRXOG�EH�PRUH�HIILFLHQW�WR�KDYH�D�ODUJHU�QXPEHU�RI�VPDOOHU�VLWHV�ZLWK�IHZHU�VHJPHQWV

LQVLGH�

)RU�RWKHU�FURSV��OLNH�EDUOH\��FHUHDOV��ULFH��SRWDWRHV��VXJDU�EHHWV�DQG�SHUPDQHQW�FURSV��PRVW�RI�WKH

YDULDQFH�LV�GXH�WR�VDPSOLQJ�LQVLGH�VLWHV���,Q�WKHVH�FDVHV��WKH�DQDO\VLV�VXJJHVWV�WR�DGRSW�D�VPDOOHU�QXPEHU

RI�ODUJHU�VLWHV�DQG�D�ODUJHU�QXPEHU�RI�VHJPHQWV�SHU�VLWH�

7KH�PDLQ�LWHP�RI�WKH�VXUYH\�LV�ZKHDW�DUHD�LQWHU�DQQXDO�FKDQJH��IRU�ZKLFK�D�ODUJHU�QXPEHU�RI�VLWHV

ZRXOG�JLYH�VPDOOHU�YDULDQFH���2Q�WKH�RWKHU�KDQG��WKH�RSSRVLWH�VWUDWHJ\�FRXOG�UHGXFH�WKH�FRHIILFLHQWV�RI

YDULDWLRQ�IRU�FURSV�ZKRVH�HVWLPDWH�SUHFLVLRQ�LV�ORZ���$Q�DQDO\VLV�RI�SULRULWLHV�DOORZV�WR�GHFLGH�LI�LW�LV

PRUH�XVHIXO�WR�IXUWKHU�LQFUHDVH�SUHFLVLRQ�IRU�WKH�PRVW�LPSRUWDQW�FURSV�RU�WR�JHW�PRUH�UHOLDEOH�HVWLPDWHV

IRU�RWKHU�FURSV�
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)LJXUH��� &RUUHORJUDP�IRU�$UHD������DW�(8�OHYHO

$OWKRXJK�FURS�DUHD�FKDQJH�LV�WKH�WDUJHW�YDULDEOH��DUHD�HVWLPDWLRQ�LV�DOVR�LPSRUWDQW��DQG�IRU�WKLV

YDULDEOH��UHVXOWV�DUH�YHU\�GLIIHUHQW���0RVW�RI�WKH�YDULDQFH�LV�GXH�WR�ILUVW�VWDJH�VDPSOLQJ�IRU�DOPRVW�DOO�WKH

FURSV���)RU�WKLV�YDULDEOH��WZR�VWDJH�VDPSOLQJ�JLYHV�UHGXQGDQW�LQIRUPDWLRQ�IRU�DOO�FURSV�DQG�D�EHWWHU

VDPSOLQJ�VWUDWHJ\�FRXOG�EH�PDQ\�VPDOOHU�VLWHV��PD\EH�VR�VPDOO�WKDW�RQH�VLWH�FRLQFLGHV�ZLWK�RQH�VHJPHQW

�RQH�VWDJH�VDPSOLQJ��

�� &RUUHORJUDPV�DQG�6DPSOH�'HVLJQ

$Q�DQDO\VLV�RI�VSDWLDO�FKDUDFWHULVWLFV�RI�DUHD�IRU�WKH�GLIIHUHQW�FURSV�VXEVWDQWLDOO\�FRQILUPV�WKH�VXJJHVWLRQ

IRU�VDPSOLQJ�GHVLJQ�LPSURYHPHQW�GHULYHG�IURP�FRPSDULVRQ�RI�ILUVW�VWDJH�DQG�WRWDO�YDULDQFH��

&RUUHORJUDPV��JUDSKV�RI�DXWRFRUUHODWLRQ�DW�GLIIHUHQW�GLVWDQFHV��>&UHVVLH�������+DLQLQJ�������&OLII�DQG

2UG�����������@�IRU�DUHD�LQ������DUH�SRVLWLYH�DQG�VKRZ�KLJK�YDOXHV�IRU�VRPH�FURSV�OLNH�FHUHDOV�DQG

SHUPDQHQW�FURSV��DQG�ORZ�YDOXHV�IRU�RWKHUV�OLNH�VXQIORZHUV��UDSHVHHG��VR\EHDQV�DQG�VXJDU�EHHWV���7KH

SUHVHQFH�RI�SRVLWLYH�VSDWLDO�DXWRFRUUHODWLRQ�VXJJHVWV�WKDW��IRU�DUHD�HVWLPDWLRQ��FOXVWHULQJ�VHOHFWHG

VHJPHQWV�LQ�VLWHV�LV�OHVV�HIILFLHQW�WKDQ�VDPSOLQJ�XQFOXVWHUHG�VHJPHQWV��PRUH�RU�OHVV��IRU�DOO�FURSV��

7KXV��WKH�XVH�RI�VLWHV�DV�SULPDU\�VDPSOLQJ�XQLWV�LV�D�VWUDWHJ\�WKDW�FDQ�EH�MXVWLILHG�RQO\�E\�ORZHU�FRVWV

IRU�JURXQG�ZRUN��LPDJH�DFTXLVLWLRQ�DQG�DQDO\VLV�

)LJXUH���VKRZV�WKDW�GXUXP�ZKHDW�DQG�SHUPDQHQW�FURSV�KDYH�D�VWURQJ�VSDWLDO�DXWRFRUUHODWLRQ�DW�VKRUW

GLVWDQFHV��EXW�DW�ODUJHU�(XFOLGHDQ�GLVWDQFHV��WKH�FRUUHORJUDPV�RI�WKH�WZR�FURSV�KDYH�GLIIHUHQW�EHKDYLRUV��

)RU�SHUPDQHQW�FURSV��WKH�FRUUHORJUDP�DVVXPHV�KLJK�YDOXHV�XS�WR�������P��WKHQ�GHFUHDVHV�WRZDUGV�]HUR

DQG�HYHQ�VPDOO�QHJDWLYH�YDOXHV�IRU�ODUJHU�GLVWDQFHV���7KH�FRUUHORJUDP�IRU�GXUXP�ZKHDW�GHFUHDVHV�WR�D

YDOXH�RI�����DW�DERXW�������P�DQG�LQFUHDVHV�IRU�ODUJHU�GLVWDQFHV���)RU�WKHVH�WZR�FURSV��VWUDWLILHG

UDQGRP�VDPSOLQJ�RI�VHJPHQWV�VKRXOG�EH�SUHIHUUHG�WR�V\VWHPDWLF�VDPSOLQJ���,Q�IDFW��IRU�SHUPDQHQW

FURSV��ZH�FDQ�QRWLFH�D�VWURQJ�ORZ�RUGHU�DXWRFRUUHODWLRQ�DQG�DQ�DXWRFRUUHODWLRQ�IXQFWLRQ�QRW�FRQFDYH

XSZDUGV���)RU�GXUXP�ZKHDW��WKH�VKDSH�RI�WKH�FRUUHORJUDP�VXJJHVWV�D�ULVN�RI�SHULRGLFLW\�

7KH�VRIW�ZKHDW�FRUUHORJUDP�VKRZV�D�IDVW�GHVFHQW�WR������DQG�D�FHUWDLQ�VWDELOLW\�DURXQG�WKLV�YDOXH�IRU

ODUJHU�GLVWDQFHV���7KH�WUHQG�RI�WKH�FRUUHORJUDP�IRU�WRWDO�ZKHDW�LV�QRWLFHDEO\�LQIOXHQFHG�E\�VRIW�ZKHDW��

7KH�FRUUHORJUDP�IRU�FHUHDOV�LV�VLPLODU�WR�WKH�RQH�IRU�VRIW�ZKHDW��H[FHSW�IRU�ODUJH�GLVWDQFHV�ZKHUH�LW�LV

LQIOXHQFHG�E\�WKH�GHFUHDVH�RI�DXWRFRUUHODWLRQ�YDOXHV�RI�EDUOH\�
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)LJXUH��� &RUUHORJUDP�IRU�,QWHU�DQQXDO�$UHD�&KDQJH�DW�(8�OHYHO

7KH�PDL]H�DXWRFRUUHODWLRQ�IXQFWLRQ�GHFUHDVHV�YHU\�VORZO\�IURP�����IRU�����P�WR�����IRU������P���5LFH

KDV�D�VSHFLILF�EHKDYLRU�³�LWV�FRUUHORJUDP�DVVXPHV�D�YDOXH�RI�DERXW�����IRU�����P�GLVWDQFH�DQG

GHVFHQGV�WR�DERXW�]HUR�IURP������P�GLVWDQFH�RQZDUGV���)RU�WKH�RWKHU�FURSV��WKH�GHVFHQW�LV�OHVV�UDSLG�

��� &RUUHORJUDP�IRU�,QWHU�$QQXDO�$UHD�&KDQJH

6LQFH�ZH�KDYH�GDWD�FROOHFWHG�LQ������DQG������RQ�WKH�VDPH�VHJPHQWV��ZH�FRXOG�WUHDW�WKHVH�GDWD�WKURXJK

D�VSDFH�WLPH�VHULHV�DQDO\VLV�>=DQL�����@���,Q�WKLV�FRQWH[W��ZH�SUHIHU�WR�WUDQVIRUP�WKH�GDWD�LQWR�D�VLPSOH

VSDWLDO�VHULHV�E\�VXEWUDFWLQJ������FURS�DUHD�GDWD�IURP������RQHV�

)LJXUH����VKRZV�WKDW�FRUUHORJUDPV�IRU�DUHD�FKDQJH�HVWLPDWLRQ�DUH�YHU\�GLIIHUHQW�IURP�WKH�RQHV

GHVFULEHG�IRU�DUHD�HVWLPDWLRQ�LQ�RQH�\HDU���7KHLU�YDOXHV�DUH�DOPRVW�]HUR�IRU�VKRUW�GLVWDQFHV�DQG�WHQG�WR

EH�QHJDWLYH�LQ�VRPH�FDVHV���6LQFH�DXWRFRUUHODWLRQ�LV�QHDU�]HUR�IRU�DOPRVW�DOO�FURSV�IURP�VKRUW�GLVWDQFHV

RQZDUGV��FOXVWHULQJ�RI�VHJPHQWV�GHWHUPLQHV�D�VPDOO�ORVV�RI�HIILFLHQF\�LI�FRPSDUHG�ZLWK�RQH�VWDJH

V\VWHPDWLF�VDPSOLQJ�IRU�PRVW�FURSV��DQG�DQ�LQFUHDVH�RI�HIILFLHQF\�IRU�VRPH�RWKHUV��OLNH�VXJDU�EHHWV

ZKRVH�VSDWLDO�FRUUHODWLRQ�YDOXHV�DUH�DOPRVW�]HUR�IRU�VKRUW�GLVWDQFHV�DQG�WHQG�WR�EH�QHJDWLYH�IRU�GLVWDQFHV

ODUJHU�WKDQ������P���$OWKRXJK�SHUPDQHQW�FURSV�VKRZ�KLJK�VSDWLDO�DXWRFRUUHODWLRQ�IRU�DUHD��IRU

LQWHU�DQQXDO�FKDQJH�WKH�VSDWLDO�FRUUHORJUDP�WHQGV�WR�DVVXPH�VPDOO�QHJDWLYH�YDOXHV�IURP�����P�RQZDUGV��

7KXV��FOXVWHULQJ�VHJPHQWV�LQ�VLWHV�FRXOG�EH�D�PRUH�HIILFLHQW�DSSURDFK�WKDQ�VDPSOLQJ�XQFOXVWHUHG

VHJPHQWV���)LQDOO\��ULFH�DUHD�FKDQJH�KDV�DQ�LPSRUWDQW�QHJDWLYH�DXWRFRUUHODWLRQ�IRU�D�GLVWDQFH�RI�����P

DQG�DERXW�]HUR�DXWRFRUUHODWLRQ�RQZDUGV���)RU�WKLV�YDULDEOH��VLWHV�DUH�D�YHU\�HIILFLHQW�VWUDWHJ\�

��� $XWRFRUUHODWLRQ�DQG�+RPRJHQHLW\�0HDVXUH

,Q�RUGHU�WR�HYDOXDWH�WKH�RSWLPXP�VLWH�VL]H�DQG�VHJPHQW�QXPEHU�SHU�VLWH��VLQFH�LQ�RXU�FDVH�UHVXOWV�RI�D

SUHYLRXV�VXUYH\�DUH�DYDLODEOH��RQH�DSSURDFK�FRXOG�EH�WR�VLPXODWH�VPDOOHU�VLWHV�WKDQ�WKH�DFWXDO�RQHV�DQG

WR�FDOFXODWH�FRUUHVSRQGLQJ�KRPRJHQHLW\�LQGH[HV�>VHH�+DQVHQ�HW�DO������@�
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,I�WKH�KRPRJHQHLW\�PHDVXUH����DVVXPHV�D�KLJK�YDOXH��WKH�RSWLPXP�QXPEHU�RI�VHJPHQWV�SHU�VLWH�LV

VPDOO���&RQVHTXHQWO\��WKH�VDPSOLQJ�SODQ�VKRXOG�SUHVHQW�D�ODUJH�QXPEHU�RI�VPDOO�VLWHV���+RZHYHU��LI�WKH

KRPRJHQHLW\�PHDVXUH�SUHVHQWV�D�ORZ�YDOXH��WKHQ�WKH�RSWLPXP�QXPEHU�RI�VHJPHQWV�SHU�VLWH�LV�ODUJH�DQG

D�VPDOO�QXPEHU�RI�ODUJH�VLWHV�VKRXOG�EH�LQFOXGHG�LQ�WKH�VDPSOH�

,QGHHG��LQ�WKH�FDVH�RI�D�WZR�VWDJH�DUHD�IUDPH�VDPSOH�GHVLJQ��WKH�QXPEHU�RI�VLWHV��SULPDU\�VDPSOLQJ

XQLWV���368V��DQG�VHJPHQWV��VHFRQGDU\�VDPSOLQJ�XQLWV���668V���WKHLU�VL]H��DQG�WKH�GLVWDQFH�EHWZHHQ

368V�DQG�EHWZHHQ�668V�FDQ�YDU\���7KXV��WR�DGRSW�WKH�XVXDO�IRUPXODV�IRU�WKH�RSWLPXP�WZR�VWDJH

VDPSOLQJ�GHVLJQ�>+DQVHQ�HW�DO������@��VRPH�DVVXPSWLRQV�KDYH�WR�EH�PDGH��VXFK�DV�WKH�VHJPHQW�VL]H�DQG

WKH�GLVWDQFH�EHWZHHQ�VHJPHQWV�LQ�HDFK�VLWH�

)RU�VLWHV�RI�D�VL]H�VPDOOHU�WKDQ����NPð���NP���FRXOG�EH�FDOFXODWHG��ZKLOH�IRU�ODUJHU�VLWHV���VKRXOG�EH

H[WUDSRODWHG�WR�HYDOXDWH�WKH�RSWLPXP�VDPSOLQJ�GHVLJQ�IRU�HDFK�FURS���2EYLRXVO\��D�FRPSURPLVH

VROXWLRQ�VKRXOG�EH�UHDFKHG�

:H�KDYH�IRUPXODWHG�WKH�KRPRJHQHLW\�PHDVXUH�DV�D�IXQFWLRQ�RI�WKH�0RUDQ�DXWRFRUUHODWLRQ�LQGH[�DQG�

FRQVHTXHQWO\��ZH�KDYH�H[SUHVVHG�WKH�RSWLPXP�VLWH�DQG�VHJPHQW�QXPEHUV�DV�D�IXQFWLRQ�RI�VSDWLDO

DXWRFRUUHODWLRQV�DQDO\]HG�LQ�SUHYLRXV�VHFWLRQV�

)LUVW��UHFDOO�WKDW�WKH�GHILQLWLRQ�RI��LV�
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7KXV��ZH�FDQ�HVWLPDWH��FRUUHVSRQGLQJ�WR�GLIIHUHQW�VLWH�VL]HV�VXPPLQJ�WKH�YDOXHV�RI�WKH�0RUDQ

DXWRFRUUHODWLRQ�LQGH[�>&OLII�DQG�2UG�����@�IRU�GLVWDQFHV�EHWZHHQ�WKH�VHJPHQWV�OHVV�WKDQ�RU�HTXDO�WR�G�

ZHLJKWHG�E\�WKH�UDWLR�EHWZHHQ�WKH�QXPEHU�RI�VHJPHQWV�DW�GLVWDQFH�G�DQG�WKH�WRWDO�QXPEHU�RI�VHJPHQWV�

DQG�GLYLGLQJ�WKH�UHVXOW�E\�WKH�QXPEHU�RI�VHJPHQWV�LQ�D�VLWH�PLQXV�RQH�

:H�KDYH�FDOFXODWHG�WKH�RSWLPXP�QXPEHU�RI�VHJPHQWV�SHU�VLWH�DQG�WKH�FRUUHVSRQGLQJ�RSWLPXP�QXPEHU

RI�VLWHV�IRU�YDOXHV������DQG���RI�WKH�UDWLR� ��&RQVLGHULQJ�WKH�YDOXH���IRU�WKH�UDWLR��WKH�RSWLPXP
&
�

&
�

QXPEHU�RI�VLWHV�IRU�FURS�DUHD�HVWLPDWLRQ�LV�WKH�DFWXDO�RQH�IRU�ULFH��VR\EHDQV�DQG�UDSHVHHG��ZKLOH�LW�LV

GRXEOH�IRU�DOO�WKH�FHUHDOV�

,I�WKH�YDULDEOH�RI�LQWHUHVW�LV�LQWHU�DQQXDO�DUHD�FKDQJH��WKHQ�D�VPDOO�QXPEHU�RI�ODUJH�VLWHV�LV�WKH�EHVW

VWUDWHJ\�IRU�DOPRVW�DOO�WKH�FURSV���,Q�IDFW��WKH�FRUUHORJUDP�DVVXPHV�YDOXHV�YHU\�QHDU�]HUR�DQG�RIWHQ

QHJDWLYH���7KH�UHVXOW�LV�WKDW�WKH�KRPRJHQHLW\�LQGH[�LV�JHQHUDOO\�QHJDWLYH�DQG�DOPRVW�]HUR�

��� &RQFOXVLRQV

,Q�WKH�QHDU�IXWXUH��WKH�QHHG�RI�UHOLDEOH�HVWLPDWHV�IRU�DJULFXOWXUDO�FRPPRGLWLHV�ZLOO�LQFUHDVH���&XUUHQWO\�

OLVW�IUDPHV�DUH�PRUH�RIWHQ�XVHG�WKDQ�DUHD�RU�PXOWLSOH�IUDPHV��EXW�D�FRPSDULVRQ�EHWZHHQ�OLVW�DQG

PXOWLSOH�IUDPH�VDPSOH�GHVLJQV�FDQ�JLYH�GLIIHUHQW�UHVXOWV�LQ�GLIIHUHQW�VLWXDWLRQV�GHSHQGLQJ�RQ�WKH�DLPV�RI

WKH�SURMHFWV�DQG�RQ�WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�D�FRXQWU\���7KH�DVVXPSWLRQ�WKDW�OLVW�IUDPHV�DUH�PRUH

HIILFLHQW�WKDQ�PXOWLSOH�IUDPHV�LV�QRW�DOZD\V�FRQILUPHG�E\�H[SHULHQFH���7KH�HIIHFWV�IURP�WKH�XVH�RI

REVROHWH�DQG�LQFRPSOHWH�OLVWV�FDQ�EH�FRQVLGHUDEOH�LI�D�GHVFULSWLRQ�RI�WKH�DJULFXOWXUDO�VHFWRU�DQG�QRW�RQO\

WKH�SURGXFWLRQ�RI�ILJXUHV�IRU�PDLQ�DJULFXOWXUDO�LWHPV�LV�WKH�DLP���,Q�IDFW��WKH�ODUJHVW�IDUPV�JHQHUDOO\

SURGXFH�WKH�ODUJHVW�DPRXQW�RI�PRVW�FRPPRGLWLHV��EXW�WKH�EHKDYLRU�DQG�WKH�HFRQRPLF�DQG�VRFLDO

FRQGLWLRQV�RI�WKH�RWKHU�IDUPV�DUH�JHQHUDOO\�YHU\�GLIIHUHQW�

:KHQ�ODQG�XVH�GDWD�DUH�WR�EH�HVWLPDWHG��DUHD�IUDPHV�EDVHG�RQ�VTXDUH�VHJPHQWV�FDQ�EH�D�YHU\�JRRG�DQG

FRVW�HIIHFWLYH�DOWHUQDWLYH�WR�DUHD�IUDPHV�EDVHG�RQ�VHJPHQWV�ZLWK�SK\VLFDO�ERXQGDULHV��SDUWLFXODUO\�ZKHUH

LW�LV�GLIILFXOW�WR�ILQG�PDQ\�SHUPDQHQW�SK\VLFDO�ERXQGDULHV���,I�WKH�VXUYH\�DOVR�FRQFHUQV�GDWD�WKDW�FDQ

RQO\�EH�FROOHFWHG�WKURXJK�IDUPHU�LQWHUYLHZV��LW�LV�YHU\�GLIILFXOW�WR�LGHQWLI\�WKH�SRUWLRQ�RI�D�IDUP

LQFOXGHG�LQ�D�VTXDUH�VHJPHQW���2Q�WKH�RWKHU�KDQG��LI�IDUPV�DUH�VHOHFWHG�E\�SRLQWV�DQG�WKH�ZHLJKWHG

VHJPHQW�HVWLPDWRU�LV�XVHG��WKHQ�WKH�RQO\�SUREOHP�LV�WR�ORFDWH�WKH�SRLQWV�RQ�WKH�JURXQG�

6HOHFWLQJ�XQFOXVWHUHG�SRLQWV�LV�DQ�LQWHUHVWLQJ�VWUDWHJ\��EXW�LW�LV�FRVW�HIILFLHQW�RQO\�LQ�SDUWLFXODU

FLUFXPVWDQFHV���)XUWKHUPRUH��QRQ�VDPSOLQJ�HUURUV�FDQ�EH�UHOHYDQW���$�YHU\�JRRG�VWUDWHJ\�WR�WDNH�LQWR

DFFRXQW�PLVVLQJ�GDWD�LV�QHHGHG�

$UHD�IUDPHV�EDVHG�RQ�UHJXODU�JULGV�FDQ�EH�HDVLO\�PRGLILHG�ZLWK�ORZ�FRVWV��DQG�VSDWLDO�FKDUDFWHULVWLFV�RI

YDULDEOHV�RI�LQWHUHVW�REVHUYHG�GXULQJ�D�SUHYLRXV�VXUYH\�FDQ�EH�YHU\�XVHIXO�LQ�RUGHU�WR�LPSURYH�WKH

VDPSOH�GHVLJQ���3DUWLFXODUO\��SUHYLRXV�GDWD�DOORZ�WKH�GHWHUPLQDWLRQ�RI�WKH�RSWLPXP�VHJPHQW�VL]H��WKH

HVWLPDWLRQ�RI�WKH�FRQWULEXWLRQ�WR�WKH�HVWLPDWRU�YDULDQFH�GXH�WR�HDFK�VWDJH�RI�VDPSOLQJ��DQG�WKH

HYDOXDWLRQ�RI�FRUUHORJUDPV�DQG�RI�KRPRJHQHLW\�PHDVXUHV���7KLV�LQIRUPDWLRQ�LV�HVVHQWLDO�WR�UHYLHZ�D

VDPSOLQJ�SODQ���:H�KDYH�GHYHORSHG�WKLV�NLQG�RI�DQDO\VLV�RQ�WKH�5DSLG�(VWLPDWHV�DFWLRQ�RI�WKH�0$56

SURMHFW�FDUULHG�RXW�E\�WKH�(XURSHDQ�&RPPLVVLRQ�

$Q�LQWHUHVWLQJ�UHVXOW�LV�WKH�OLQN�EHWZHHQ�WKH�DXWRFRUUHODWLRQ�IXQFWLRQ�DQG�WKH�KRPRJHQHLW\�PHDVXUH�

ZKLFK�DOORZV�WR�HVWLPDWH�KRPRJHQHLW\�IRU�GLIIHUHQW�VLWH�VL]HV��DQG�WR�HYDOXDWH�WKH�RSWLPXP�FRPELQDWLRQ�



���

RI�VHJPHQW�DQG�VLWH�QXPEHUV�DQG�FRQVHTXHQWO\�WKHLU�RSWLPXP�VL]H���$QRWKHU�LQWHUHVWLQJ�DVSHFW�RI�WKH

DQDO\VLV�LV�WKH�QRWLFHDEOH�GLIIHUHQFH�EHWZHHQ�WKH�FRUUHORJUDPV�IRU�FURS�DUHD�DQG�IRU�DUHD�FKDQJH

HVWLPDWLRQ���2Q�WKH�EDVLV�RI�REVHUYHG�GDWD��ZH�FDQ�FRQFOXGH�WKDW��LI�FKDQJH�LV�WKH�PDLQ�YDULDEOH�RI

LQWHUHVW��WKH�ZLGH�UDQJH�RI�VDPSOLQJ�PHWKRGV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�VSDWLDO�YDULDEOHV�DUH

JHQHUDOO\�SRVLWLYHO\�VSDWLDOO\�DXWRFRUUHODWHG�>5LSOH\�������'XQQ�DQG�+DUULVRQ�����@�DUH�QRW

DSSURSULDWH�

$UHD�IUDPH�VDPSOH�GHVLJQV�DUH�W\SLFDOO\�PXOWLSXUSRVH���6LQFH�WKH�EHKDYLRU�RI�WKH�GLIIHUHQW�YDULDEOHV�LV

RIWHQ�TXLWH�GLIIHUHQW��D�FRPSURPLVH�VROXWLRQ�VKRXOG�EH�GHWHUPLQHG�ZKHQ�HYDOXDWLQJ�WKH�RSWLPXP�VLWH

VL]H��QXPEHU�RI�VLWHV��QXPEHU�RI�VDPSOLQJ�VWDJHV��QXPEHU�RI�VHJPHQWV�SHU�VLWH��DQG�VR�RQ���7KXV��ZH

FDQ�VD\�WKDW�WKH�DQDO\VLV�WKDW�FDQ�EH�GRQH�RQ�VSDWLDO�FKDUDFWHULVWLFV�RI�WKH�YDULDEOHV�LV�WKH�EDVLF

LQIRUPDWLRQ�IRU�GHFLGLQJ�KRZ�WR�LPSURYH�D�VDPSOLQJ�SODQ�

5HIHUHQFHV

$UELD��*����������´7KH�0RGLILDEOH�$UHD�8QLW�3UREOHP�DQG�WKH�6SDWLDO�$XWRFRUUHODWLRQ�3UREOHP��7RZDUGV�D�-RLQW�$SSURDFK�µ

0HWURQ������SS����������

&DUIDJQD��(���'HOLQFp��-���0LQHOOL��8��DQG�2UODQGL��*�������D����´)DUP�VXUYH\�EDVHG�RQ�DUHD�IUDPH�VDPSOLQJ��7KH�FDVH�RI�(PLOLD

5RPDJQD�LQ������µ�LQ�WKH�$SSOLFDWLRQ�RI�5HPRWH�6HQVLQJ�WR�$JULFXOWXUDO�6WDWLVWLFV ��/X[HPERXUJ��2IILFH�IRU�2IILFLDO�3XEOLFDWLRQV

RI�WKH�(XURSHDQ�&RPPXQLWLHV�

&DUIDJQD��(��DQG�*DOOHJR��)�������D����´6XOOD�GLPHQVLRQH�RWWLPDOH�GHO�VHJPHQWR�SHU�ULOLHYL�D�WHUUD�H�IRWRLQWHUSUHWD]LRQH�µ

6WDWLVWLFD�H�7HOHULOHYDPHQWR��$,7�4XDG��Q����������&15�3LVD�

&DUIDJQD��(��DQG�*DOOHJR��)�������E����´([WUDSRODWLQJ�,QWUDFOXVWHU�&RUUHODWLRQ�WR�2SWLPL]H�WKH�6L]H�RI�6HJPHQWV�LQ�DQ�$UHD

)UDPH�µ�&RQIHUHQFH�RQ�$SSOLHG�6WDWLVWLFV�LQ�$JULFXOWXUH��0DQKDWWDQ��.DQVDV��������$SULO������

&DUIDJQD��(���*DOOHJR��)��DQG�7DUVL��/�����������´2Q�WKH�2SWLPXP�6L]H�RI�6HJPHQWV�LQ�D�7ZR�VWDJH�6XUYH\�RQ�$UHD�)UDPH�

3RVVLEOH�,PSURYHPHQWV�IRU�5DSLG�(XURSHDQ�(VWLPDWHV�µ�LQ�7KH�0DUV�3URMHFW�2YHUYLHZ�DQG�3HUVSHFWLYHV��/X[HPERXUJ��2IILFH�IRU

2IILFLDO�3XEOLFDWLRQV�RI�WKH�(XURSHDQ�&RPPXQLWLHV��SS����������

&DUIDJQD��(���5DJQL��3���5RVVL��/��DQG�7HUSHVVL��&�������E����´$UHD�IUDPH��8Q�QXRYR�VWUXPHQWR�SHU�OD�UHDOL]]D]LRQH�GHOOH
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