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$EVWUDFW�� )ORRG�� RQH� RI� WKH�PRVW� LPSRUWDQW�
QDWXUDO� GLVDVWHUV�� DIIHFWV� KXPDQ� FLYLOL]DWLRQ�
LQ� PDQ\� ZD\V�� 3UHVHQW� DJH� JHRJUDSKLFDO�
LQIRUPDWLRQ�V\VWHP��*,6��LV�XVHG�WR�REVHUYH�
WKH� H[WHQW� RI� IORRG� WR� FRQVLGHU� WKH� ULVN� RI�
GLVDVWHU�� 7KH� REMHFWLYH� RI� WKLV� VWXG\� LV� WR�
REVHUYH� EHIRUH� DQG� DIWHU� IORRG� FRQGLWLRQ�
FUHDWHG� E\� 7LWOL� &\FORQH� XVLQJ� JHRVSDWLDO�
WHFKQRORJ\�� +HUH� ZH� XVH� VHQWLQHO� GDWD� WR�
HVWLPDWH� IORRG� FRQGLWLRQ�� 1':,�
�1RUPDOL]HG� GLIIHUHQWLDO� :DWHU� ,QGLFHV�� LV�
FDOFXODWHG� EHIRUH� DQG� DIWHU� LPDJHV� RI�
VHQWLQHO� GDWD� XVLQJ�$UF*,6�3UR� VRIWZDUH� LQ�
���� YHUVLRQ� WKHQ� ZH� GLG� XQVXSHUYLVHG�
FODVVLILFDWLRQ� WR� HVWLPDWH� IORRGHG� DUHD�� 7KH�
VWXG\� DUHD� LV� $VLND� 7RZQ� VLWXDWHG� LQ�
EHWZHHQ� �� ULYHUV� QDPHO\� 5XVKLNXO\D� 5LYHU�
DQG� %DGDQDGL� 5LYHU� LQ� VRXWKHUQ� 2GLVKD��
7KLV�WRZQ�ZDV�IORRGHG�GXULQJ�7LWOL�&\FORQH�
RQ� ��WK� 2FWREHU� ������ 7R� PRQLWRU� WKH�
HIIHFWV� RI� IORRG� ZDV� XVHG� WKH� XQVXSHUYLVHG�
FODVVLILFDWLRQ� RI� WZR� VHQWLQHO� LPDJHV�
DFTXLUHG� RQ� �����ZKHQ� D� VHYHUH� IORRG�ZDV�
DIIHFWHG� WKH� DERYH�PHQWLRQHG� DUHD�� 7KLV�
UHVHDUFK� RIIHUV� D� YHU\� IDVW� DQG� DIIRUGDEOH�
PHWKRG� RI� IORRG� PRQLWRULQJ� WKDW� FRXOG� EH�
YHU\� XVHIXO� IRU� WKH HPHUJHQF\�PDQDJHPHQW�
SODQ�RI�ORFDO�DXWKRULWLHV�

.H\ZRUGV�� 6HQWLQHO�� 1':,�� 8QVXSHUYLVHG�
,PDJH� &ODVVLILFDWLRQ�� )ORRG� 0DS�� )ORRG�
PRQLWRULQJ��&RDVWDO�+D]DUGV��2GLVKD

,QWURGXFWLRQ

7KH� SK\VLFDO� FRYHU� RI� WKH� HDUWK� LQFOXGLQJ�
9HJHWDWLRQ� DQG� QRQ�YHJHWDWLRQ� SDUWV� LV�
NQRZQ�DV�ODQG�FRYHU��7R�JHW�VROXWLRQ�IRU�

SODQQLQJ�LQ�FRQWH[W�RI�DJULFXOWXUH��XUEDQ�DQG�
QDWXUDO� FRQVHUYDWLRQ� D� GHWDLO� NQRZOHGJH� RI�
ODQG� FRYHU� FDQ� JLYH� VROXWLRQ� �+XWK� HW� DO���
������� 8VLQJ� VDWHOOLWH� LPDJHU\� REVHUYLQJ�
ODQG�FRYHU�LV�ZLGHO\�XVHG�WRRO�IRU�ODUJH�DUHD�
HQYLURQPHQWDO�PRQLWRULQJ� WR�XQGHUVWDQG� WKH�
FKDQJHV��&LKODU���������
)ORRG�LV�FRQVLGHUHG�WR�EH�WKH�PRVW�FRPPRQ�
QDWXUDO� GLVDVWHU� ZRUOGZLGH� GXULQJ� WKH� SDVW�
\HDUV�� FUHDWLQJ� PDQ\� HQYLURQPHQWDO� DQG�
VRFLR�HFRQRPLF� VLJQLILFDQFHV� ZLWKLQ� WKH�
DIIHFWHG� IORRG� SODLQ�� 7KH� LPSDFW� RI� IORRG�
KXJHO\� DIIHFWHG� RQ� KXPDQ� OLIH� DV� ZHOO� DV�
HFRQRPLF� GLPHQVLRQV�� )ORRGV� GLUHFWO\�
FDXVHG������IDWDOLWLHV�DQG�ORVVHV�DVVHVVHG�DW�
��� ELOOLRQ� HXUR� ��WK� FHQWXU\� LQ� WKH� (XURSH�
�'\VDU]� HW� DO��� ������� )RU� WKH� SODQQLQJ� WR�
PRQLWRU� WKH� IXWXUH� JURZWK� RI� WKH� FLW\� DQG�
LGHQWLI\LQJ� WKH� IORRG�DIIHFWHG� DUHD� IORRG�
KD]DUGV� PDSV� DUH� YHU\� XVHIXO�� *HRVSDWLDO�
WHFKQRORJ\�PDLQO\� UHPRWH� VHQVLQJ� DQG�*,6�
FRQWULEXWH� VLJQLILFDQWO\� IRU� IORRG� KD]DUG�
PRQLWRULQJ��
$� VHYHUH� F\FORQLF� VWRUP� QDPHG� 7LWO\�
SDFNLQJ� KHDY\� ZLQGV� DQG� ZLGHVSUHDG� UDLQV�
KLW�WKH�HDVWHUQ�SDUW�RI�WKH�,QGLD���WK�2FW�RQ�
7KXUVGD\��LQ�$QGKUD�3UDGHVK�DQG�LQ�2GLVKD��
$VND�7RZQ�LQ�*DQMDP�'LVWULFW� UHVHPEOHG�D�
ZDWHU�ZRUOG���WK�2FW�RQ�)ULGD\��7KH�ZKROH�
WRZQ�ZDV�IORRGHG�XQGHU����IHHW�ZDWHU� OHYHO�
DV�%DGDQDGL�DQG�5XVKLNXO\D�5LYHUV�ZUHDNHG�
KDYRF� LQ� WKH� UHJLRQ� LQ� WKH� DIWHUPDWK� RI�
F\FORQH� 7LWOL�� 0DQ\� SHRSOH� WRJHWKHU� ZLWK�
DXWKRU��KLPVHOI�ZDV�VWXFN�LQ�WKDW�IORRG�IRU���
GD\V�LQ�$VLND�7RZQ��7KLV�VWXG\�LV�PDLQO\�WR�
XQGHUVWDQG� WKH� VLWXDWLRQ� DIWHU� IORRG�
FRQGLWLRQ� DV� ZHOO� DV� YLFWLP¶V� H[SHULHQFH�
VKDULQJ�XVLQJ�JHRVSDWLDO�WHFKQRORJ\���

2EVHUYDWLRQ�RI�)ORRG�+D]DUG�XVLQJ�*HRVSDWLDO�7HFKQRORJ\
6XU\D�'HE�&KDNUDERUW\���0D\XUL�%KDWWDFKDU\\D���&KDQGDQ�%KDGUD�

(QYLURQPHQWDO�6\VWHP�5HVHDUFK�,QVWLWXWH��(65,��,QGLD�
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6WXG\�$UHD

7KH� VWXG\� DUHD� LV� $VND� 7RZQ� LQ� *DQMDP�
'LVWULFW�� ZKLFK� LV� PDLQO\� LQ� EHWZHHQ� RI�
%DGDQDGL� DQG�5XVKLNXO\DF�5LYHUV��$VLND� LV�
ORFDWHG�DW������1�������(��,W�KDV�DQ�DYHUDJH�
HOHYDWLRQ�RI��� PHWHUV�����IHHW���,W�LV�VLWXDWHG�
DW� D� GLVWDQFH� RI� ��� NP� IURP�%UDKPDSXU� RQ�
6RXWK�� ��� NP� IURP� %KDQMDQDJDU� RQ� WKH�
1RUWK� DW� WKH� FRQIOXHQFH� RI� 5LYHUV�
5XVKLNXO\D�DQG�%DGDQDGL��%DUD�5LYHU���1+�
��� �*RSDOSXU�$KPHGDEDG�� SDVVHV� WKURXJK�
WKLV�FLW\�
$VND� IDOOLQJ� LQ� *DQMXP� 'LVWULFW�� ZKLFK� LV�
FKDUDFWHUL]HG�� E\� DQ� HTXLWDEOH� WHPSHUDWXUH�
DOO� WKURXJK� WKH� \HDU�� SDUWLFXODUO\� LQ� WKH�
FRDVWDO�UHJLRQV�

7KH�DYHUDJH�DQQXDO�UDLQIDOO�RI�WKH�GLVWULFW�LV�
������FPV� �VRXUFH� ,0'��� 7KH� UDLQIDOO�
JHQHUDOO\� LQFUHDVHV� IURP� WKH� FRDVW� WRZDUGV�
WKH� LQWHULRU� KLOO\� WUDFNV� RI� WKH� GLVWULFW�� 7KH�
UHODWLYH�KXPLGLW\�LV�KLJK�WKURXJKRXW�WKH�\HDU�
VSHFLILFDOO\�LQ�FRDVWDO�DUHDV��:LQGV�DUH�IDLUO\�
VWURQJ� SDUWLFXODUO\� LQ� FRDVWDO� UHJLRQV� LQ�
VXPPHU�DQG�PRQVRRQ�PRQWKV��
7KH� JHRJUDSKLFDO DUHD� LQ� *DQMXP� 'LVWULFW�
KDV� FXOWLYDWHG� ODQGV�� 3DGG\� LV� WKH� 3ULQFLSDO�
FURS� LQ� .KDULI�� ZKLOH� SXOVHV� DUH� WKH� PDLQ�
FURSV� LQ� 5DEL�� 5HG� VDQG\� VRLOV�� UHG� ORDP\�
VRLOV��ODWHULWLF�VRLOV��FRDVWDO�DOOXYLDO�VRLOV�DQG�
FRDVWDO� VDQG\� VRLOV�� DUH� WKH�PDLQ� VRLO� W\SHV�
RFFXUULQJ�LQ�WKH�GLVWULFW�

)LJXUH����6WXG\�DUHD�PDS
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0HWKRGRORJ\
7KH� 1RUPDOL]HG� 'LIIHUHQFH� ZDWHU� ,QGH[�
�1':,�� ZDV� HVWLPDWHG� RYHU� *UDQMXP�
'LVWULFW�$UHD��6HQWLQHO�GDWDVHWV�RI�EHIRUH�DQG�
DIWHU�IORRG�DUH�XVHG�IRU�SUHSDUDWLRQ�RI�)ORRG�
FKDQJH�PDSV�

7DEOH����7KH�IROORZLQJ�GDWDVHWV�ZHUH�XVHG�WR�
FRPSXWH�)ORRG�FKDQJH�DQDO\VLV
'DWD�8VHG �WK 2FW����� ��WK 2FW�����

6HQWLQHO��% 6HQWLQHO��%

:DWHU�,QGLFHV�ܫܹܦܰ�� ൌ
ୋ୰ୣୣ୬ି୒୍ୖ

ୋ୰ୣୣ୬ା୒୍ୖ

,Q� WKLV� SDUW� XVLQJ� JUHHQ� DQG� 1,5� EDQGV� RI�
VHQWLQHO� LPDJHV� ZH� HVWLPDWHG� 1':,� IRU�
ERWK�GDWHV��7KHQ�XVLQJ�XQVXSHUYLVHG�LVRGDWD�
PHWKRG� ZH� FODVVLILHG� LW� LQ� �� FODVVHV�� $IWHU�
WKDW�ZH�UHFODVVLILHG�WKDW�XQVXSHUYLVHG�LPDJH�
LQ� �� FODVVHV� RQH� VKRXOG� EH� ZDWHU� DQRWKHU�
VKRXOG�EH�QRQ�ZDWHUERG\��7KHQ�ZH�FRQYHUW�
UHFODVVLILHG� LPDJH� LQ� VKDSH� ILOH�� 2QFH� LW¶V�
FRQYHUWHG� LQ� VKDSH� ILOH� ZH� MXVW� H[WUDFW� WKH�
ZDWHUERG\� IURP� WKDW� VKDSH� ILOH�� ,Q� WKLV�ZD\�
ZH�HDVLO\�GLIIHUHQWLDWH�EHIRUH�DQG�DIWHU�IORRG�
ULYHU�FRQGLWLRQ�

)LJXUH����:RUNIORZ�RI�WKH�PDLQ�SKDVHV�RI�
)ORRG�DQDO\VLV

5HVXOWV�DQG�GLVFXVVLRQV�

8QVXSHUYLVHG� &ODVVLILFDWLRQ� ,62GDWD�
PHWKRG�RYHU�6HQWLQHO��E�1':,�'DWDVHWV�IRU�
�WK� DQG� ��WK� 2FW� ����� ZDV� FDUULHG� RXW� E\�
WDNLQJ� IRXU� FODVVHV�� 7KHQ� GDWDVHWV� ZDV� UH�
FODVVLI\LQJ�XVLQJ�WKH�FODVVHV�DQG�FUHDWHG�LQ���
FODVVHV�� RQH� LV� ZDWHUERG\� DQRWKHU� RQH� LV�
QRQ�ZDWHUERG\�� $Q� RYHUDOO� DFFXUDF\� RI�
��������.DSSD�&RHIILFLHQW����������IRU��WK�
2FW� ����� GDWDVHWV� DQG� ������� �.DSSD�
&RHIILFLHQW�� �������� IRU� ��WK� 2FW� �����
GDWDVHWV� ZDV� REWDLQHG� GXULQJ� WKH� DFFXUDF\�
DVVHVVPHQW� RI� WKH� /8�/&� FODVVLILFDWLRQ��
%HIRUH� DQG� DIWHU� IORRG� ZDWHU� ERGLHV� DUH�
H[WUDFWHG�IURP�FODVVLILHG� LPDJHV�RI�*XQMDP�
'LVWULFW�

)LJXUH����%HIRUH�)ORRG�FRQGLWLRQ�RI�*DQMXP�
GLVWULFW��2GLVKD

+HUH� LQ� ILJXUH� ��ZH� REVHUYHG� WKH� LPDJH� RI�
�WK� 2FW� ����� EHIRUH� IORRG� VHQWLQHO� LPDJH��
:H�H[WUDFWHG�WKH�WRWDO�ZDWHU�FRYHUHG�DUHD�LQ�
*DQMXP� 'LVWULFW� ZKLFK� DSSUR[LPDWHO\� LV�
��������� KHFWRU�� 7KLV� ZDWHU� ERG\� PDLQO\�
VKRZV� ULYHUV�� GDPV� DQG� IHZ� ZDWHUORJJHG�
DUHD�GXH�WR�DJULFXOWXUH��%XW�DIWHU�)ORRG�WKHUH�
LV�KXJH�FKDQJH�LQ�ZDWHU�FRYHUHG�DUHD�ZKLFK�
FDQ� HDVLO\� PDUNHG� RQ DIWHU� )ORRG� ��WK� 2FW�
LPDJHV��
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)LJXUH����%HIRUH�)ORRG�FRQGLWLRQ�RI�*DQMXP�GLVWULFW��
2GLVKD

+HUH� LQ� ILJXUH� ��ZH� REVHUYHG� WKH� LPDJH� RI�
��WK�2FW������DIWHU� IORRG�VHQWLQHO� LPDJH�� ,W�
ZDV�REVHUYHG� WKDW�D�KXJH� LQFUHDVHG� OHYHO� LQ�
ZDWHU� FRYHUHG� DUHD� LQ� *XQMXP� 'LVWULFW� DV�
SRVW�IORRG� VFHQDULR�� ,W� DOPRVW� FRYHUV�
��������� KHFWRU� DUHD�� ,I�ZH� VXEWUDFW� EHIRUH�
DQG�DIWHU�IORRGHG�ZDWHU�DUHD�WKHQ�ZH�FDQ�JHW�
DQ� DSSUR[LPDWHO\� WKH� DUHD� XQGHU�ZDWHU� GXH�
WR� IORRG� ZKLFK� LV� DOPRVW� ��������� KHFWRU�
DUHD���

,Q�WKLV�VWXG\�ZH�IRFXV�RQ�$VND�7RZQ��ZKHUH�
WKH� DXWKRU�� ZDV� VWXFN� GXULQJ� WKH� WLPH� RI�
IORRG�� $VND� 7RZQ� LV� LQ� *DQMDP� 'LVWULFW��
ZKLFK� LV� PDLQO\� LQ� D� ULYHU� FRQIOXHQFH� RI�
%DGDQDGL� DQG� 5XVKLNXO\D�� 7KDW� WRZQ� ZDV�
IORRGHG� RQ� ��WK� 2FW� GXH� WR� WKH� HIIHFW� RI�
F\FORQH� 7LWO\�� 7KH� UDLQ� ZDV� VWDUWHG� IURP�
HYHQLQJ� ����� SP� RQ� ��WK� 2FW� DQG� DW� ��WK�
2FW�QLJKW������DP�ZDWHU�ZDV�VWDUWHG�HQWHULQJ�
LQWR�WKH�WRZQ�DQG�E\�PRUQLQJ�WKH�ZDWHU�OHYHO�
DOVR� UHDFKHG� ��WK� IHHW�� � %HORZ� ZH� WU\� WR�
IRFXV�RQ�$VLND�7RZQ�EHIRUH�DQG�DIWHU�IORRG�
FRQGLWLRQ�

)LJXUH����%HIRUH�DQG�DIWHU�)ORRG�FRQGLWLRQ�RI�$VND�
WRZQ

:H�REVHUYHG�WKDW�WRWDO�DUHD�RI�$VND�WRZQ�LV�
�������+HFWRU� DSSUR[LPDWHO\�� EXW� MXVW� DIWHU�
IORRG�RQ���WK�2FW������LPDJHV��ZH�REVHUYHG�
������� +HFWRU� DSSUR[LPDWHO\� DUHD� RI� $VND�
WRZQ�ZDV�XQGHU�ZDWHU��$OPRVW�����RI�WRWDO�
WRZQ� DUHD� ZDV� XQGHU� ZDWHU�� � 7KH� ODQG� LQ�
EHWZHHQ� EDGDQDGL� DQG� 5XVKLNXO\D� WRWDOO\�
XQGHU� ZDWHU� RQO\� WKH� HDVWHUQ� SDUW� WKDW� LV�
RSSRVLWH� VLGH� RI�%DGDQDGL�ZDV� QRW� IORRGHG���
)HZ�SLFWXUHV�ZDV�FROOHFWHG�GXULQJ�IORRG�ZDV�
JLYHQ�EHORZ��



7KH�(QYLURQPHQW�0DQDJHPHQW��9RO��,9��,VVXH����2FW�± 'HF����� Ϯϳ

)LJXUH����)HZ�SLFWXUHV�RI�IORRGHG�$VND�WRZQ�RQ�2FW�
��WK������

)ORRG�PRQLWRULQJ�DQG�GDPDJH�DVVHVVPHQW�LQ�
WKH� GRPDLQ� RI� UHPRWH� VHQVLQJ� DQG� *,6� LV�
YHU\� XVHIXO� WHFKQLTXH�� 5HPRWH� VHQVLQJ� LV�
FDSDEOH� WR� VWXG\� UHFHQW� DQG� SDVW� HYHQW� DV�
ZHOO� DV� LW� KHOSV� WR� SUHGLFW� KD]DUGV� GXH� WR�
IORRG� DQG� ODQGVOLGH� HYHQWV��5HPRWH� VHQVLQJ�
SURYLGH� XV� UHDO� WLPH� GDWD� RI� IORRG� VLWXDWLRQ�
ZKHUH� LW� ZDV� LPSRVVLEOH� WR� UHDFK� GXULQJ�
IORRG�KD]DUGV��
+HUH�ZH�SUHVHQWHG�D�IORRG�H[WHQW�VFHQDULR�LQ�
DQ� HIILFLHQW� DQG� VLPSOH� ZD\�� +HUH� ZH�
PDSSHG� IORRGHG� DQG� QRQ�IORRGHG� DUHD��
ZKLFK� DOVR� YHULILHG� ZLWK� WKH� GDWD� FROOHFWHG�
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