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Climate change, involving both natural climate variability and anthropogenic global warming, has been a major 
worldwide concern, particularly with the publication of the Fourth Assessment Report (AR4) of the Intergovernmental 
Panel on Climate Change. Considering the archipelagic nature of the Philippines and its being a very minor emitter 
of greenhouse gases, adaptation to climate change has been the Government’s national policy. The importance of 
expediting these climate change-related adaptation measures was highlighted by a string of geo-meteorological-
UHODWHG�GLVDVWHUV��VSHFL¿FDOO\�WULJJHUHG�E\�ODQGVOLGHV�DQG�ÀRRGV�FRQVHTXHQW�WR�7\SKRRQ�3DUPD�WKDW�KLW�WKH�FRXQWU\�LQ�
2009. We present the geologic conditions that rendered the affected areas, especially in northwestern Luzon, extremely 
vulnerable to the existent hazards, the meteorological conditions that set off the disaster and the different initiatives that 
the government and local communities have taken to further prepare the people for possible future disasters. Recognition 
of the pertinent issues and the extant challenges points to the urgent need for mainstreaming both geo-meteorological-
related disaster risk management and climate change adaptation measures in the light of changing climate conditions.
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,Q�2FWREHU�������EDUHO\�D�ZHHN�DIWHU�7URSLFDO�6WRUP�
.HWVDQD� �ORFDO� QDPH�� 2QGR\�� EURXJKW� XQXVXDOO\� KHDY\�
SUHFLSLWDWLRQV�DQG�ÀRRGHG�VRXWKHUQ�DQG�FHQWUDO�/X]RQ�LQ�WKH�
3KLOLSSLQHV��DQRWKHU�WURSLFDO�F\FORQH�7\SKRRQ�3DUPD��ORFDO�
QDPH��3HSHQJ��HQWHUHG�WKH�3KLOLSSLQH�$UHD�RI�5HVSRQVLELOLW\�
�3$5��DQG�FDXVHG�XQSDUDOOHOHG�GDPDJHV�WR�OLIH�DQG�SURSHUW\�
LQ�QRUWKHUQ�/X]RQ��:HDWKHU�UHODWHG�GLVDVWHUV� VXFK�DV� WKHVH�
KDYH� UHSHDWHGO\�GHYDVWDWHG� WKH�3KLOLSSLQHV�ZLWK� LQFUHDVLQJ�
IUHTXHQF\� DQG� PDJQLWXGH� LQ� WKH� SDVW� IHZ� GHFDGHV� �H�J� 
Asian Development Bank (ADB) 2009��Lagmay et al. 2006��
Yumul et al. 2006���,Q�WKH�ODVW�IHZ�\HDUV�DORQH��WKH�FRXQWU\�
KDV�H[SHULHQFHG�FOLPDWH�H[WUHPHV� WKDW�EURXJKW�DEQRUPDOO\�
KHDY\�SUHFLSLWDWLRQV��H�J��WURSLFDO�F\FORQHV�'XULDQ�>5HPLQJ@��
)HQJVKHQ� >)UDQN@�� 3DUPD� >3HSHQJ@�� .HWVDQD� >2QGR\@���
H[WHQGHG� GURXJKW� SHULRGV� �H�J��� (O� 1LxR� SHULRGV� LQ� �����
������ ����������� ����������� RU� WKH� XQXVXDO� FRPELQDWLRQ�
RI� JHQHUDOO\� GURXJKW� FRQGLWLRQV� SXQFWXDWHG� E\� D� VHULHV� RI�
VWURQJ�� DEUXSW� WURSLFDO� F\FORQHV� �H�J��� IRXU� FRQVHFXWLYH�
WURSLFDO�F\FORQHV�0XLID�>8QGLQJ@��0HUERN�>9LROHWD@��:LQQLH�
>:LQQLH@�DQG�1DQPDGRO�><R\RQJ@�GXULQJ�WKH������(O�1LxR�
SHULRG�� �H�J��Benson, 2009; Dawe et al. 2009; Lyon et al. 
2006; Yumul et al., 2009����7KH�SDVVDJH�RI�IRUPHUO\�KDUPOHVV�
ZHDWKHU� V\VWHPV�� VXFK� DV� WKH� WDLO�HQG� RI� WKH� FROG� IURQW��
SUHYLRXVO\�VLPSO\�DVVRFLDWHG�ZLWK�FRROHU�WHPSHUDWXUHV��KDYH�
DOVR� UHFHQWO\� EHFRPH� HSLVRGHV� RI� H[WHQVLYH� ÀRRGLQJ� DQG�
ODQGVOLGHV� �Faustino-Eslava et al. 2011��� 7KH� JHRJUDSKLF�
ORFDWLRQ�DQG�JHRORJLFDO�IHDWXUHV��L�H��IDXOWHG�DQG�IUDFWXUHG�

WKLFN�FOD\�DQG�VRLO�FRYHU�GXH�WR�ZHDWKHULQJ�DQG�K\GURWKHUPDO�
DOWHUDWLRQ��DPRQJ�RWKHUV��RI�WKH�3KLOLSSLQHV�SUHGLVSRVH�WKLV�
LVODQG�QDWLRQ�WR�WKH�HIIHFWV�RI�VHDVRQDO�ZHDWKHU�GLVWXUEDQFHV��
7KH�XVXDO�RULJLQ�RI� WURSLFDO�F\FORQHV� LQ� WKH�FRXQWU\� LV� WKH�
3KLOLSSLQH�6HD�ZKLFK�OLHV�WR�LWV�HDVW��7KLV�ZLGH�RSHQ�UHJLRQ��
WRJHWKHU�ZLWK�WKH�3DFL¿F�2FHDQ��LV�D�PDMRU�EUHHGLQJ�JURXQG�
IRU�WURSLFDO�F\FORQHV�WKDW�RIWHQ�WUDYHO�ZHVWZDUGV�LQWR�WKH�3$5��
7URSLFDO� F\FORQHV� VHOGRP� GHYHORS� RYHU� 6RXWK� &KLQD� 6HD��
+RZHYHU��ZKHQ�WKH\�GR�IRUP��WKH\�RIWHQ�PRYH�QRUWKHDVWZDUG�
DQG� DIIHFW� WKH�ZHVWHUQ� VHFWLRQ� RI� /X]RQ��2IWHQ�� WKH\� DOVR�
LQWHUDFW� ZLWK� WKH� 6RXWKZHVW� 0RQVRRQ� �+DEDJDW�� ZKLFK�
DOORZV�WKH�V\VWHPV�WR�JDWKHU�PRUH�PRLVWXUH�DV�WKH\�SDVV�RYHU�
WKH�6RXWK�&KLQD�6HD��7KLV�IUHTXHQWO\�UHVXOWV�LQ�YHU\�KHDY\�
SUHFLSLWDWLRQV� RYHU� WKH� ZHVWHUQ� VHDERDUG� RI� WKH� FRXQWU\��
7URSLFDO� F\FORQHV� HQWHU� WKH� 3$5� QHDUO\� WKH� ZKROH� \HDU��
DOWKRXJK�WKH�SHULRG�IURP�-DQXDU\�WR�$SULO�KDV�OHVVHU�SUREDELOLW\�
RI� H[SHULHQFLQJ� H[WUHPH� RU� QXPHURXV� GLVWXUEDQFHV��7KHVH�
ZHDWKHU�V\VWHPV�MXVW�E\�WKHPVHOYHV��DW�WKH�YHU\�OHDVW��GLVUXSW�
QRUPDO�GDLO\�DFWLYLWLHV��5HFHQWO\�KRZHYHU�� WKH�SDVVDJHV�RI�
VRPH�ZHDWKHU�V\VWHPV�LQ�WKH�FRXQWU\�KDYH�GRQH�PRUH�WKDQ�
MXVW�LQFRQYHQLHQFH�WKH�SRSXODFH��0DQ\�RI�WKHVH�GHYDVWDWLQJ�
LQFLGHQWV� UHVXOWHG� IURP� WKH� XQIRUWXQDWH� FRPELQDWLRQ�
RI� XQXVXDOO\� KLJK� DPRXQWV� RI� SUHFLSLWDWLRQ� WKDW� IHOO� RQ�
JHRORJLFDOO\�DQG�JHRPRUSKRORJLFDOO\�FRPSURPLVHG�UHJLRQV�

7KH� FRPSOH[� WHFWRQLF�PDNHXS� RI� WKH� 3KLOLSSLQHV�� DV�
UHÀHFWHG� LQ� WKH� YDULHW\� RI� JHRPRUSKLF� H[SUHVVLRQV�� LV� DQ
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8QIRUWXQDWHO\�� GHVSLWH� WKH� REYLRXV� ULVNV� LQYROYHG��
FRPPXQLWLHV� KDYH� H[SDQGHG� LQWR� XQVXLWDEOH� ORFDWLRQV� IRU�
YDULRXV�UHDVRQV��LQFOXGLQJ�WKH�SHRSOH¶V�GH¿FLHQW�DSSUHFLDWLRQ�
RI�WKH�DFWXDO�ULVNV�DVVRFLDWHG�ZLWK�WKHLU�DFWLRQV��7KHUHIRUH��
KXPDQ�ULVN�LV�PDGH�PRUH�UHDO�ZLWK�DQ�H[SDQGLQJ�SRSXODWLRQ¶V�
LQFUHDVLQJ�QHHG�IRU�VSDFH��SRRU�LPSOHPHQWDWLRQ�RI�ODQG�XVH�
SODQV�DQG�GLVDVWHU�ULVN�PDQDJHPHQW�SURJUDPV�

,Q� UHDOLW\�� YHU\� IHZ� KXPDQ� LQWHUYHQWLRQV�� E\�ZD\� RI�
ULVN� PLWLJDWLRQ�� FDQ� SUHYHQW� KD]DUGV� URRWHG� WR� JHRORJLFDO�
IHDWXUHV� DQG� HQKDQFHG� E\� ZHDWKHU� GLVWXUEDQFHV� IURP�
DFWXDOO\�RFFXUULQJ��7KH�UHVHDUFKHUV�GRFXPHQW�WKH�GDPDJHV�
ZURXJKW�E\�7\SKRRQ�3DUPD�WR�QRUWKZHVWHUQ�/X]RQ�ZLWK�WKH�
LQWHQWLRQ�RI�HPSKDVL]LQJ�WKH�XQHTXLYRFDO�DVVRFLDWLRQ�RI�WKH�
JHRORJLF�VHWWLQJ�RI�WKH�3KLOLSSLQHV�DQG�LWV�SUHGLVSRVLWLRQ�WR�D�
QXPEHU�RI�JHR�PHWHRURORJLFDO�KD]DUGV��&OLPDWH�SURMHFWLRQV�
SUHGLFW�WKDW�WKH�IUHTXHQF\�RI�H[WUHPH�ZHDWKHU�GLVWXUEDQFHV�
GXH�WR�WKH�FRQWLQXHG�ZDUPLQJ�RI�WKH�SODQHW�WR�LQFUHDVH��H�J��
,ntergovernmental Panel on Climate Change (IPCC) 2007; 
Mann and Emmanuel 2006; United Nations Framework 
Convention on Climate Change (UNFCCC) 2008; Webster et 
al. 2005���7KH�3KLOLSSLQHV��EHLQJ�DQ�DUFKLSHODJLF��WHFWRQLFDOO\�
DFWLYH�� QDWXUDO� KD]DUG�YXOQHUDEOH� QDWLRQ� IUHTXHQWHG� E\�
YDULRXV� ZHDWKHU� GLVWXUEDQFHV� PXVW� GHYLFH� DSSURSULDWH�
DGDSWDWLRQ� PHDVXUHV� WR� SUHSDUH� IRU� WKHVH� FRQGLWLRQV�� 7KH

XQGHUSLQQLQJ�FRQWURO�WR�WKH�VHYHULW\�RI�KRZ�PXFK�WKH�HIIHFWV�
RI�ZHDWKHU�GLVWXUEDQFHV�FDQ�EH�DPSOL¿HG��7KH�3KLOLSSLQHV�LV�D�
FRPSRVLWH�SURGXFW�RI�YDULRXV�WHFWRQLF�SURFHVVHV�WKDW�LQYROYH�
DUF�PDJPDWLVP��RSKLROLWH� DFFUHWLRQ�� RFHDQ� IRUPDWLRQV� DQG�
FORVXUHV� DQG� DUF�FRQWLQHQW� FROOLVLRQV�� 7KHVH� SURFHVVHV� DUH�
FRQVHTXHQW�WR�WKH�SRVLWLRQ�RI�WKH�DUFKLSHODJR�DW�RQH�RI�WKH�
PRVW� FRPSOH[� FROOLVLRQ� ERXQGDULHV� EHWZHHQ� 6XQGDODQG�
DQG�WKH�3KLOLSSLQH�6HD�3ODWH��)LJXUH�����$V�D�UHVXOW��D�ZLGH�
UDQJH� RI� JHRPRUSKLF� IHDWXUHV� WKDW� UHÀHFW� WKHVH� GLYHUVH�
WHFWRQLF�V\VWHPV�FKDUDFWHUL]H�GLIIHUHQW�DUHDV�RI�WKH�FRXQWU\��

7ZR� VXEGXFWLRQ� V\VWHPV� ÀDQN� WKH� 1�6� HORQJDWH�
3KLOLSSLQH�0RELOH�%HOW��)LJXUH�����$W�WKH�ZHVW��WKH�0DQLOD�
1HJURV�6XOX�&RWDEDWR� 7UHQFK� V\VWHP� LV� WKH� VLWH� RI� WKH�
HDVWZDUG�VXEGXFWLRQ�RI�WKH�6RXWK�&KLQD��6XOX�DQG�&HOHEHV�
6HD� FUXVWV��$W� WKH� HDVW�� WKH�(DVW� /X]RQ�7URXJK�3KLOLSSLQH�
7UHQFK�V\VWHP�PDUNV�WKH�HQWU\�RI�WKH�3KLOLSSLQH�6HD�3ODWH�
EHQHDWK�WKH�DUFKLSHODJR��$ORQJ�WKH�OHQJWK�RI�WKH�DUFKLSHODJR��
YROFDQLF�EHOWV� RI� YDU\LQJ� DJHV� IRUPHG�DV� D� UHVXOW� RI� WKHVH�
VXEGXFWLRQ�SURFHVVHV��)LJXUH��D� VKRZV� WKH�GLVWULEXWLRQ�RI�
WKHVH�PDJPDWLF�FHQWHUV�DQG�WKHLU�UHODWLYH�GHJUHHV�RI�DFWLYLW\��
$OVR� LPSLQJLQJ� LQWR� WKH� LVODQG� DUF� V\VWHP� LV� WKH� EXR\DQW�
3DODZDQ�0LFURFRQWLQHQWDO� %ORFN� �30%��ZKLFK� LV� D� SLHFH�
RI� 6XQGDODQG� WKDW� ULIWHG� DQG� HYHQWXDOO\� UDPPHG� LQWR� WKH�
3KLOLSSLQHV��7KLV�FROOLVLRQ�SURGXFHG�D�VHULHV�RI�PRXQWDLQ�EHOWV�
�H�J��0LQGRUR�5DQJH��$QWLTXH�5DQJH���VWUXFWXUDOO\�FRQWUROOHG�
YROFDQLF� ¿HOGV� �H�J�� 0DFRORG� &RUULGRU� LQ� VRXWKZHVWHUQ�
/X]RQ�� DQG� UHJLRQDOO\� H[WHQVLYH� PHWDPRUSKLVPV� �H�J��
LQ� 0LQGRUR� DQG� 5RPEORQ��� 7KH� QHW� FRPSUHVVLYH� HIIHFW�
RI� WKH� WZR� VXEGXFWLRQV� DQG� WKH�30%�FROOLVLRQ� UHVXOWHG� LQ�
WKH� GHYHORSPHQW� RI� WKH� OHIW�ODWHUDO� 3KLOLSSLQH� )DXOW� =RQH�
�Aurelio 2000; Besana and Ando2005���)LJXUH��E�LV�D�PDS�
RI� WKH�PDMRU� IDXOW�QHWZRUNV� LQ� WKH�FRXQWU\��PRVW�RI�ZKLFK�
SURSDJDWHG� FRQVHTXHQW� WR� WKH� VDPH� DFWLYH� FRPSUHVVLYH�
FRQGLWLRQV��$FWLYLW\�DORQJ� WKHVH� IDXOW� V\VWHPV�KDV�DOVR� OHG�
WR�WKH�IRUPDWLRQ�RI�IDXOW�FRQWUROOHG�ODNHV��H�J��/DNH�'DQDR�
LQ�/H\WH��/DNH�0DLQLW�LQ�0LQGDQDR��DQG�DFWLYH�YROFDQLF�RU�
K\GURWKHUPDO�FHQWHUV��H�J��/H\WH�K\GURWKHUPDO�¿HOG���7KHVH�
FUXVWDO� EUHDNV� DQG� WKH� QXPHURXV� YROFDQLF� V\VWHPV� KDYH�
PXWXDOO\� HQKDQFHG� WKH� HIIHFWV� RI� K\GURWKHUPDO� DOWHUDWLRQV�
LQ�ZLGH� DUHDV� DFURVV� WKH� FRXQWU\��7KLV� LV� ERWK� D� EDQH� DQG�
D� EOHVVLQJ� IRU� WKLV� GHYHORSLQJ� QDWLRQ��0DQ\�PRXQWDLQRXV�
UHJLRQV� LQ� WKH� 3KLOLSSLQHV� KRVW� PLQHDEOH� UHVRXUFHV� WKDW�
GHYHORSHG� DV� D� UHVXOW� RI� K\GURWKHUPDO� PLQHUDOL]DWLRQ��
+RZHYHU�� WKLV� FKHPLFDO� SURFHVV� DOVR� VLJQL¿FDQWO\� UHGXFHV�
WKH�FRPSHWHQFH�RI�URFNV��DFFHOHUDWHV�ZHDWKHULQJ�DQG�UHQGHUV�
DIIHFWHG�DUHDV�VXVFHSWLEOH�WR�PDVV�ZDVWLQJ��PRVW�HVSHFLDOO\�
ZKHQ�UDLQV�DUH�IDFWRUHG�LQ�

7KH�FRPELQDWLRQ�RI�QDWXUDO�FOLPDWH�SURFHVVHV��JHRORJ\�
DQG� JHRPRUSKRORJ\� FRQWLQXDOO\� LPSDFW� ERWK� WKH� SK\VLFDO�
DQG� VRFLDO� ODQGVFDSHV� RI� WKH� FRXQWU\� LQ� GLIIHUHQW� ZD\V��
+HDY\� UDLQIDOO�� ODQGVOLGHV�� ÀRRGV� DQG� VWRUP� VZHOOV� DUH�
QDWXUDO�SURFHVVHV�WKDW�EHFRPH�GLVDVWHUV�ZKHQ�WKH\�RFFXU�LQ�
DUHDV�ZKHUH�SHRSOH�VHWWOH�DQG�ZKHUH�LQIUDVWUXFWXUHV�DUH�EXLOW�

Figure 1. Tectonic map of the Philippines that shows the 
3KLOLSSLQH� 0RELOH� %HOW� �ODUJH� JULG� ¿OO�� SRVLWLRQHG�
between the Palawan Microcontinental Block 
�6XQGDODQG��¿QH�JULG�¿OO��DQG� WKH�3KLOLSSLQH�6HD�
3ODWH��7ZR�VXEGXFWLRQ�V\VWHPV�ÀDQN�WKH�EHOW��WKH�
Manila-Negros-Sulu-Cotabato Trench system at 
the west and the East Luzon Trough-Philippine 
Trench at the west.



DUH�UHFRUGHG�LQ�WKH�UHJLRQ��7KH�HDUOLHU�SKDVH�FRUUHVSRQGV�WR�
WKH�2OLJRFHQH�&HQWUDO�&RUGLOOHUD�'LRULWH�&RPSOH[� �Yumul 
1994��DQG�D�ODWHU�HSLVRGH�SUHVHUYHG�DV�WKH�0LGGOH�0LRFHQH�
,WRJRQ� 4XDUW]� 'LRULWH� �Maleterre 1989; Wolfe 1981���
&RQWLQXHG�LQÀXHQFH�IURP�WKH�VXEGXFWLRQ�V\VWHP�UHVXOWHG�LQ�
D�VHULHV�RI�ODWHU�PDJPDWLF�HSLVRGHV�ZKLFK�SURGXFHG�WKH�����WR�
����0D��Arribas et al. 1994; Sillitoe and Angeles 1985; Wolfe 
1981��%ODFN�0RXQWDLQ�4XDUW]�'LRULWH� �Balce et al. 1980��
DQG�WKH�3OLR�3OHLVWRFHQH�0DQND\DQ�'DFLWLF�&RPSOH[�ZKLFK�
LQFOXGHV�WKH�����0D�KLJKO\�PLQHUDOL]HG��LQWUXVLYH�FRPSOH[�LQ�
6DQWR�7RPDV��H�J��Imai 2001���,QWUXVLRQ�RI�WKHVH�PDJPDWLF�
ERGLHV� QRW� RQO\� UHVXOWHG� LQ� WKH� GHSRVLWLRQ� RI� VXEVWDQWLDO�
HFRQRPLF� PHWDO� GHSRVLWV�� $VVRFLDWHG� K\GURWKHUPDO� ÀXLGV�
DOVR� H[WHQVLYHO\� DOWHUHG� WKH� VXUURXQGLQJ� UHJLRQV�� WXUQLQJ�
EHGURFN�PDWHULDOV�WR�FOD\�WKDW��FRPSRXQGHG�E\�WKH�WURSLFDO�
FOLPDWH��KDVWHQHG�WKH�IRUPDWLRQ�RI�WKLFN�VRLO�OD\HUV�

7KUHH�RI�WKH�PRVW�H[WHQVLYH�VHGLPHQWDU\�VHTXHQFHV�LQ�
WKH�&HQWUDO�&RUGLOOHUD�DUH�WKH�%DQJXL��=LJ]DJ�DQG�.ORQG\NH�
)RUPDWLRQV��)LJXUH�����7KH�/DWH�(RFHQH�WR�/DWH�2OLJRFHQH�
%DQJXL�)RUPDWLRQ�LV�FRPSRVHG�PDLQO\�RI�YROFDQLF�VDQGVWRQHV�
LQWHUEHGGHG� ZLWK� YDU\LQJ� DPRXQWV� RI� FRQJORPHUDWH� DQG�
PXGVWRQHV��Pinet 1990��WKDW�OLH�XQFRQIRUPDEOH�WR�RSKLROLWLF�
PDWHULDOV� �,ORFRV�3HULGRWLWH���7KH�/DWH�2OLJRFHQH� WR�(DUO\�
0LRFHQH�=LJ]DJ�)RUPDWLRQ�LV�D�VHTXHQFH�RI�FRQJORPHUDWHV��
VDQGVWRQHV�DQG�VKDOHV�ZLWK�RFFDVLRQDO�OLPHVWRQH�OHQVHV�DQG�
LQWHUEHGV� RI� YROFDQLF� ÀRZV� DQG� WXIIV� WKDW� XQFRQIRUPDEO\�
RYHUOLHV� WKH� 3XJR� 0HWDYROFDQLFV� �Peña and Reyes 1970; 
Tam et al. 2005; Yumul et al. 2008; Dimalanta et al. 2012���
7KLV� XQLW� LV� LQ� WXUQ� XQFRQIRUPDEO\� RYHUODLQ� E\� WKH� ODWH�
(DUO\�0LGGOH�0LRFHQH�.HQQRQ�/LPHVWRQH��2Q� WRS�RI� WKLV�
FDUERQDWH� VHTXHQFH� LV� WKH� WKLFN� 0LGGOH� WR� /DWH� 0LRFHQH�
.ORQG\NH� )RUPDWLRQ� �Balce et al. 1980��� 7KLV� XQLW� LV

UHVHDUFKHUV�KRSH�WKDW�WKH�LQIRUPDWLRQ�SUHVHQWHG�FDQ�FRQWULEXWH�
WR� WKH� JOREDO� LQLWLDWLYH� RI� LPSURYLQJ� JHR�PHWHRURORJLFDO�
KD]DUG�UHODWHG�GLVDVWHU� ULVN�PDQDJHPHQW�SODWIRUPV� WR� VDYH�
OLYHV�DQG�SURSHUWLHV�

*HRORJLF�RXWOLQH�RI�1RUWKZHVWHUQ�/X]RQ

7KH�&HQWUDO�&RUGLOOHUD�LV�D�����NP�ORQJ�PRXQWDLQ�EHOW�
WKDW� WUHQGV�1�6�DQG�VHSDUDWHV� WKH�IRRWKLOOV�RI�,ORFRV� LQ� WKH�
ZHVW� DQG� WKH� &DJD\DQ� %DVLQ� LQ� WKH� HDVW��0RUH� WKDQ� ����
RI� WKLV�PRXQWDLQ� LV�FKDUDFWHUL]HG�E\�VORSH�JUDGLHQWV�!�����
DW�HOHYDWLRQV�WKDW�UHDFK�a�����P��)LJXUH��D�DQG��E���7KH�
JHRORJ\�RI� WKLV�PRXQWDLQ� UDQJH�� LQFOXGLQJ� WKH� IRRWKLOOV� RI�
WKH�,ORFRV�UHJLRQ��LV�FKDUDFWHUL]HG�E\�EDVDO�RSKLROLWLF�ERGLHV�
RYHUODLQ�E\�HSLFODVWLF�DQG�FDUERQDWH�VHGLPHQWDU\�IRUPDWLRQV�
WKDW�DUH�FXW�E\�YDULRXV�LQWUXVLYH�XQLWV��4XHDxR�HW�DO����������
0RVW�SUHYLRXV�LQYHVWLJDWLRQV�LQWR�WKLV�UHJLRQ�KDYH�IRFXVHG�
RQ� WKH� VRXWKHUQ� �%DJXLR�� DQG� FHQWUDO� �&HUYDQWHV�/HSDQWR��
SURYLQFHV�EHFDXVH�RI� WKH�SUHYDOHQFH�RI�HFRQRPLF�GHSRVLWV�
VXFK� DV� JROG� DQG� FRSSHU� �H�J�� Balce et al. 1980; United 
Nations Development Program (UNDP) 1987; Maleterre 
1989; Peña 1992���0RUH� UHFHQW� LQYHVWLJDWLRQV� WKDW� ORRNHG�
LQWR� WKH� WHFWRQLF� KLVWRU\� RI� WKH� UHJLRQ� PRGHO� WKH� &HQWUDO�
&RUGLOOHUD�DV�D�PDJPDWLF�DUF�DVVRFLDWHG�ZLWK�WKH�0LRFHQH�
5HFHQW� VXEGXFWLRQ� DORQJ� WKH� 0DQLOD� 7UHQFK� �Bellon and 
<XPXO� ������ 4XHDxR� HW� DO�� ������� &RPSULVLQJ� WKLV� DUF�
VHTXHQFH�DUH�WKH�&UHWDFHRXV�(RFHQH�RSKLROLWLF�URFNV�RI�WKH�
3XJR� 0HWDYROFDQLFV�/HSDQWR� 0HWDYROFDQLFV�&KLFR� 5LYHU�
SLOORZ� EDVDOWV�� WKH� (RFHQH� WR� ORZHU�0LRFHQH� VHGLPHQWDU\�
VHTXHQFHV� DQG� YDULRXV� \RXQJHU� LQWUXVLYH� ERGLHV�� 7KH�
ROGHU�RSKLROLWLF�XQLWV�FRPSRVH�WKH�EDVHPHQW�RI�WKH�&HQWUDO�
&RUGLOOHUD�ZLWK�VHGLPHQWDU\�VHTXHQFHV�PRVWO\�IRXQG�ZHVW�RI�
WKH�PRXQWDLQ�UDQJH��7ZR�PDLQ�SXOVHV�RI�PDJPDWLF�DFWLYLW\�

�� Geohazards, Tropical Cyclones and DRRM in the Philippines

Figure 2. a. Map showing the distribution of active volcanoes in the Philippines 
(shown by the white circles). Nine of these (shown by the black dots) 
are the most active with several eruptions in recorded history (Phivolcs 

2008). b. Map of the major fault networks in Luzon (after Queaño 2006).
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SURYLQFHV� RI� 3DQJDVLQDQ� DQG� /D� 8QLRQ�� WKH� JHQHUDO�
VWUDWLJUDSKLF� UHODWLRQVKLS� RI� WKHVH� VHGLPHQWDU\� XQLWV� LV�
DV� IROORZV�� WKH� 0LGGOH� 0LRFHQH� 0RULRQHV� )RUPDWLRQ�
LV� FRQIRUPDEO\� RYHUODLQ� E\� WKH� /DWH� 0LRFHQH� 0DOLQWD�
)RUPDWLRQ� IROORZHG� E\� WKH� 0LRFHQH�3OLRFHQH� $PODQJ�
)RUPDWLRQ�ZKLFK�LV�XQFRQIRUPDEOH�WR�WKH�RYHUO\LQJ�0LGGOH�
WR�/DWH�3OLRFHQH�&DWDJXLQWLQJDQ�)RUPDWLRQ�DQG�WKH�\RXQJHVW�

FKDUDFWHUL]HG� E\� SRO\PLFWLF� FRQJORPHUDWHV� LQWHUEHGGHG�
ZLWK�VDQGVWRQHV��VLOWVWRQHV��VKDOHV�DQG�RFFDVLRQDO�OLPHVWRQH�
OHQVHV��ÀRZ�EUHFFLDV�DQG�S\URFODVWLF�GHSRVLWV�

7KH�ZHVWHUQ�VORSHV�RI�&HQWUDO�&RUGLOOHUD�DUH�XQGHUODLQ�
E\�YDULRXV� VHGLPHQWDU\� IRUPDWLRQV� WKDW� UDQJH� LQ� DJH� IURP�
/DWH�(RFHQH�WR�3OLR�3OHLVWRFHQH��)LJXUH�����,Q�WKH�ZHVWHUQ

Figure 3. a. Elevation map of Luzon island. In Central Cordillera, peaks reach heights of up to ~3000 m. b. On the slope 
PDS��D�VLJQL¿FDQW�SDUW�RI�&HQWUDO�&RUGLOOHUD�LV�FKDUDFWHUL]HG�E\�VORSHV�JUHDWHU�WKDQ���o (blue – slope <10o, green – 
slope between 10 and 30o, red – slope >10o). c.  Blown up view of boxed area in Figures 3a and 3b.  Pangasinan 
ZDV�RQH�RI�WKH�ZRUVW�KLW�DUHDV�LQ�WHUPV�RI�ÀRRGLQJ�ZKHUHDV�%DJXLR�%HQJXHW��VKRZQ�E\�WKH�EODFN�FLUFOH�PDUNHG�$��
had numerous landslide occurrences due to the passage of Typhoon Parma. Gray-shaded areas are those that 
ZHUH�UHSRUWHGO\�ÀRRGHG�

Figure 4. Comparative stratigraphic columns for Ilocos, Central Cordillera and Luzon Central Valley (west side) 
�PRGL¿HG�IURP�3HxD��������



WR� SUHSDUH� DQG� WR� EUDFH� WKHPVHOYHV� DJDLQVW� WKH� SRVVLEOH�
RQVODXJKW�RI�WKLV�QHZ�ZHDWKHU�GLVWXUEDQFH���7URSLFDO�F\FORQH�
3DUPD� HQWHUHG� WKH� 3$5� DV� D� W\SKRRQ� �GH¿QHG� WR� KDYH�
PD[LPXP�ZLQG�VSHHG�JUHDWHU�WKDQ�����NSK�QHDU�WKH�FHQWHU��
DQG� IROORZHG� D� QRUWKZHVWZDUG� WUDFN� LQ� WKH� GLUHFWLRQ� RI�
&DJD\DQ���$W������S�P��RI�2FWREHU����WKH�H\H�RI�WKH�W\SKRRQ�
ZDV� ORFDWHG� ���� NLORPHWHUV� HDVW� RI� %RURQJDQ�� 6DPDU�
�)LJXUH� �D��� ,W� ZDV� UHSRUWHG� WR� KDYH�PD[LPXP� VXVWDLQHG�
ZLQGV�RI�����NSK�QHDU�WKH�FHQWHU�DQG�JXVWLQHVV�RI�XS�WR�����
NSK� �NDCC  2009c��� 7\SKRRQ� 3DUPD� ¿UVW� PDGH� ODQGIDOO�
DORQJ�WKH�HDVW�FRDVW�RI�&DJD\DQ�RQ�2FWREHU����������NDCC 
2009d��� ,W� PRYHG� ZHVW�QRUWKZHVW� DW� D� VSHHG� RI� ��� NSK�
DQG�ZHDNHQHG� �PD[LPXP�VXVWDLQHG�ZLQGV�QHDU� WKH� FHQWHU�
RI�����NSK�DQG�JXVWLQHVV�RI�XS� WR�����NSK��DIWHU�FURVVLQJ�
WKH� H[WUHPH� SRUWLRQ� RI� QRUWKHUQ� /X]RQ�� � 7\SKRRQ� 3DUPD�
VORZHG� GRZQ� DQG� UHPDLQHG� QHDUO\� VWDWLRQDU\� RYHU� /DRDJ�
&LW\�GXH�WR�D�ULGJH�RI�KLJK�SUHVVXUH�DUHD��+3$��QHDU�+RQJ�
.RQJ���7\SKRRQ�3DUPD�ZDV�VXSSRVHG�WR�ODQGIDOO�LQ�,VDEHOD�
$XURUD�RQ�6DWXUGD\� DIWHUQRRQ�EXW� WKH�+3$�SXVKHG�3DUPD�
LQ� D� QRUWKHDVWZDUG� GLUHFWLRQ�� 0RUHRYHU�� 7\SKRRQ� 0HORU�
�ORFDO� QDPH�� 4XHGDQ�� ZKLFK� LQLWLDOO\� GHYHORSHG� RYHU� WKH�
3DFL¿F�RFHDQ��HQWHUHG�WKH�3$5�RQ�2FWREHU����,WV�LQWHUDFWLRQ�
ZLWK� 7\SKRRQ� 3DUPD� UHVXOWHG� LQ� D� ³)XMLZDUD� HIIHFW´�� D�
PHWHRURORJLFDO� WHUP� IRU� WZR� LQWHUDFWLQJ� WURSLFDO� F\FORQHV��
WKDW�FDXVHG�7\SKRRQ�3DUPD�WR�PRYH�HUUDWLFDOO\��)LJXUH��E���
7KH�F\FORQLF�RUELWV�RI�WKH�WZR�ZHDWKHU�GLVWXUEDQFHV�FDXVHG�
7\SKRRQ� 3DUPD� WR� VKLIW� LWV� PRYHPHQW� EDFNZDUGV� XQWLO� LW�
PDGH�LWV�VHFRQG�ODQGIDOO�DW�WKH�QRUWKHUQ�WLS�RI�,ORFRV�1RUWH�
RQ�2FWREHU���DQG�WKHQ�PRYHG�LQODQG�FDXVLQJ�LW� WR�ZHDNHQ�
LQWR� D� WURSLFDO� GHSUHVVLRQ� ��� KRXUV� ODWHU�� 7\SKRRQ� 3DUPD�
UHPDLQHG�TXDVL�VWDWLRQDU\�RII�WKH�HDVWHUQ�FRDVW�RI�&DJD\DQ�
XQWLO�LW�KLW�DQG�PDGH�D�WKLUG�ODQGIDOO�RQ�2FWREHU����WKLV�WLPH�
LQ�7XJXHJDUDR��EHIRUH�¿QDOO\�PRYLQJ�ZHVWZDUG��)LJXUH��D��

,Q� DGGLWLRQ� WR� EHLQJ� DQ� XQXVXDO�ZHDWKHU� GLVWXUEDQFH�
IRU�PDNLQJ� ODQGIDOO� �� WLPHV��7\SKRRQ� 3DUPD�ZDV� D� ORQJ�
OLYHG� GLVWXUEDQFH� DQG� ZDV� ZLWKLQ� WKH� 3$5� IRU� ��� GD\V���
)XUWKHUPRUH�� LW� H[LVWHG� IRU�PRUH� WKDQ� WZR�GD\V� HYHQ�RYHU�
UXJJHG� WHUUDLQ�� 2Q� WKH� DYHUDJH�� WURSLFDO� F\FORQHV� IRUPHG�
ZLWKLQ� WKH� 3KLOLSSLQH� 6HD� VLGH� VSHQG� RQO\� �� WR� �� GD\V�
ZLWKLQ�WKH�3$5���$V�D�UHVXOW��ODUJH�DPRXQWV�RI�UDLQIDOO�ZHUH�
UHFRUGHG� GXULQJ� WKH� SDVVDJH� RI� 7\SKRRQ� 3DUPD�� 4XLWH�
LQWHUHVWLQJO\��KHDYLHVW�SUHFLSLWDWLRQ�DQG�VLJQL¿FDQW�GDPDJHV�
RFFXUUHG� ZKHQ� 7\SKRRQ� 3DUPD� ZDV� GRZQJUDGHG� WR� D�
WURSLFDO� GHSUHVVLRQ� DQG�ZDV�PDNLQJ� LWV� ¿QDO� H[LW� WRZDUGV�
WKH�6RXWK�&KLQD�6HD��%DVHG�RQ�WKH�UHFRUGV�RI�WKH�3$*$6$�
ZHDWKHU�VWDWLRQV�LQ�/X]RQ��%DJXLR�&LW\�UHFHLYHG�WKH�ODUJHVW�
DPRXQW� RI� SUHFLSLWDWLRQ� GXULQJ� WKH� SHULRG�2FWREHU� �� WR� ���
����� �)LJXUH� ����7KH� DPRXQW� RI� SUHFLSLWDWLRQ� WKDW� IHOO� RQ�
%DJXLR�&LW\�UHDFKHG�������PP��7KLV�FLW\�QRUPDOO\�UHFHLYHV�
RQO\�����PP�RI�UDLQIDOO�IRU�WKH�ZKROH�PRQWK�RI�2FWREHU���2Q�
WKH�¿UVW�ODQGIDOO�RI�7\SKRRQ�3DUPD��%DJXLR�&LW\�UHSRUWHGO\�
UHFHLYHG�����PP�RI�UDLQ�IRU�D����KRXU�SHULRG���,Q�DGGLWLRQ�WR�
%DJXLR�&LW\��RWKHU�DUHDV�ZKLFK�UHFHLYHG�XQXVXDO�DPRXQWV�RI�
UDLQIDOO�GXULQJ�WKH�SDVVDJH�RI�7\SKRRQ�3DUPD�ZHUH�6LQDLW�LQ

XQLWV� RI� WKH� 3OHLVWRFHQH� 'DPRUWLV� )RUPDWLRQ� OLHV�
XQFRQIRUPDEOH� WR� WKH� ROGHU� XQLWV� �H�J�� Dimalanta et al., 
2012���7KHVH� FODVWLF� VHGLPHQWDU\� IRUPDWLRQV� DUH� JHQHUDOO\�
FRPSRVHG� RI� LQWHUEHGGHG� VDQGVWRQH�� VKDOH�� FRQJORPHUDWH�
ZLWK� PLQRU� FDUERQDWH� RU� WXIIDFHRXV� FRPSRQHQWV�� $V� LV�
FRPPRQO\�REVHUYHG��WKHVH�\RXQJHU�XQLWV�DUH�RQO\�PRGHUDWHO\�
WR�SRRUO\�LQGXUDWHG�ZKLFK�DOORZ�WKHP�WR�HDVLO\�WDNH�LQ�ZDWHU�
DQG�FRQWULEXWH�WR�LQFUHDVHG�ULVNV�IRU�PDVV�ZDVWLQJ�

7KH� VWUXFWXUDO� QHWZRUNV� WKDW� FKDUDFWHUL]H� QRUWKHUQ�
/X]RQ�DUH�VLJQL¿FDQWO\�LQÀXHQFHG�E\�WKH�DFWLYLW\�DORQJ�WKH�
��0D�3KLOLSSLQH�)DXOW�=RQH��Aurelio et al. 1991; Barrier et 
al. 1991���7KLV�IDXOW�]RQH�SDVVHV�IURP�'LQJDODQ�DV�D�1:�
6(�WUHQGLQJ�OHIW�ODWHUDO�VWUXFWXUH�WKDW�RSHQV�XS�LQWR�D�VHULHV�
RI�VSOD\V��)LJXUH��E��DIWHU�4XHDxR�������WKDW�UXQ�WKURXJK�
&HQWUDO�&RUGLOOHUD��Pinet and Stephan 1990; Ringenbach et 
al. 1993; Louvenbruck 2003���7KH�PRUH�SURPLQHQW�RI�WKHVH�
VSOD\V�LQFOXGH�WKH�9LJDQ�$JJDR�)DXOW��WKH�$EUD�5LYHU�)DXOW�
DQG� WKH� &KLFR� 5LYHU�1RUWK� &RUGLOOHUDQ� )DXOW�� 7KH�9LJDQ�
$JJDR�)DXOW�LV�PRGHOHG�DV�D�OHIW�ODWHUDO�ZUHQFK�IDXOW�ZLWK�DQ�
LQFUHDVHG�WKUXVW�FRPSRQHQW�WRZDUGV�LWV�QRUWKHUQ�H[WHQVLRQV�
WKDW�UHVXOWHG�LQ�WKH�HPSODFHPHQW�RI�UHFHQW�FRUDO�UHHIV�RQ�WRS�
RI�+RORFHQH�DOOXYLXP��4XHDxR�������

:KHQ� 7\SKRRQ� 3DUPD� PDGH� ODQGIDOO� WKUHH� WLPHV� LQ�
QRUWKHUQ�/X]RQ��WKH�¿UVW�W\SKRRQ�LQ�WKH�FRXQWU\
V�UHFRUGHG�
PHWHRURORJLFDO� KLVWRU\� WR� HYHU� GR� VR�� SK\VLFDO� GDPDJHV�
UHVXOWHG�PRVWO\�IURP�WKH�QXPHURXV�ODQGVOLGHV�LQ�PRXQWDLQRXV�
UHJLRQV� RI� QRUWKHUQ� DQG� VRXWKHUQ� 6LHUUD�0DGUH��&DUDEDOOR�
5DQJH� DQG� WKH� &HQWUDO� &RUGLOOHUD� �)LJXUH� �D��� � )ORRGLQJ�
RFFXUUHG� DORQJ� WKH� UHODWLYHO\� UHVWULFWHG� &DJD\DQ� 9DOOH\�
%DVLQ�� LQ� ORFDOO\� FRQ¿QHG� FDWFKPHQW� EDVLQV� �H�J�� YDULRXV�
YLOODJHV�LQ�%DJXLR�&LW\��DQG�LQ�WKH�ZLGH�SODLQV�RI�3DQJDVLQDQ�
ZKLFK� IRUPV� SDUW� RI� WKH� $JQR� 5LYHU� %DVLQ� �)LJXUH� �F���
)LHOGZRUN� ZDV� GRQH� PRVWO\� LQ� &HQWUDO� &RUGLOOHUD� ZKHUH�
PRUH� ODQGVOLGH�UHODWHG�GDPDJHV� WR� LQIUDVWUXFWXUH� DQG� OLYHV�
ORVW�ZHUH�UHSRUWHG�

0HWHRURORJLFDO�VHWWLQJ�RI�WKH�3KLOLSSLQHV�
�
7KHUH�DUH��RQ�WKH�DYHUDJH�����WR����WURSLFDO�F\FORQHV�

�7&��WKDW�HQWHU�WKH�3KLOLSSLQH�$UHD�RI�5HVSRQVLELOLW\��3$5��
ZLWK���7&V�PDNLQJ�ODQGIDOO���7KH�RWKHU�ZHDWKHU�V\VWHPV�WKDW�
EULQJ�UDLQV�WR�WKH�FRXQWU\�DUH�WKH�LQWHU�WURSLFDO�FRQYHUJHQFH�
]RQH�� QRUWKHDVW� PRQVRRQ� �IURP� 2FWREHU� WR� 0DUFK��� DQG�
VRXWKZHVW� PRQVRRQ� �IURP�$SULO� WR� 6HSWHPEHU�� �Yumul et 
al. 2008����7\SKRRQ�3DUPD�ZDV�D�XQLTXH�WURSLFDO�F\FORQH�WR�
KDYH�HYHU�HQWHUHG�WKH�3$5�IRU�LW�PDGH�ODQGIDOO�WKUHH�WLPHV�
LQ�QRUWKHUQ�/X]RQ��%DUHO\� WKUHH�GD\V�DIWHU�7URSLFDO�6WRUP�
.HWVDQD�H[LWHG�WKH�3$5��7URSLFDO�F\FORQH�3DUPD��ORFDO�QDPH��
3HSHQJ��ZDV�DOUHDG\�VSRWWHG�KRYHULQJ�RXWVLGH� WKH�3$5�RQ�
6HSWHPEHU�����������)LJXUH��D����:LWK�WKH�3KLOLSSLQHV�VWLOO�
UHHOLQJ� IURP� WKH�PDVVLYH�ÀRRGLQJ� LQ�0HWURSROLWDQ�0DQLOD�
DQG�DGMDFHQW�DUHDV�EURXJKW�DERXW�E\�7URSLFDO�6WRUP�.HWVDQD��
UHVLGHQWV�RI�/X]RQ�ZRNH�XS�DJDLQ�WR�JRYHUQPHQW�ZDUQLQJV
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LQIRUPDWLRQ�� DQG� FDODPLW\�UHODWHG� LQIRUPDWLRQ� �H�J��� FRVW�
RI� GDPDJHV� WR� SURSHUW\�� LQIUDVWUXFWXUH� DQG� DJULFXOWXUH��
QXPEHU�RI�DIIHFWHG�SRSXODWLRQ��HWF���ZHUH�FRUUHVSRQGLQJO\�
JDWKHUHG� IURP�'267�3$*$6$� DQG� WKH� 1DWLRQDO� 'LVDVWHU�
&RRUGLQDWLRQ� &RXQFLO� �1'&&��� )LHOG� ZRUN� ZDV� DOVR�
FRQGXFWHG� DV� VRRQ� DV� WKH� URDGV� WKDW� OHG� WR� WKH� QRUWKHUQ�
SURYLQFHV�RI�3DQJDVLQDQ��/D�8QLRQ�DQG�%HQJXHW�ZHUH�RSHQHG�
WR�VHFXUH�D�FRPSOHWH��DFFXUDWH�DQG�REMHFWLYH�GRFXPHQWDWLRQ�
RI� WKH� JHRORJLF� KD]DUGV� WKDW� RFFXUUHG� DQG� WKHLU� UHVXOWLQJ�
FDODPLWLHV��)LHOG� LQYHVWLJDWLRQV�ZHUH�FDUULHG�RXW� DORQJVLGH�
LQWHUYLHZV� ZLWK� WKH� DIIHFWHG� FRPPXQLWLHV� WR� FRUUHODWH�
¿UVW�KDQG� DFFRXQWV� ZLWK� WKH� REVHUYHG� SK\VLFDO� HYLGHQFH�

5(68/76

6LWXDWLRQ�UHSRUWV�IURP�WKH�1'&&�LQGLFDWH�WKDW�7\SKRRQ

,ORFRV�6XU������PP���/DRDJ�LQ�,ORFRV�1RUWH������PP��DQG�
'DJXSDQ� &LW\� ����� PP��� 7KH� 2FWREHU� PRQWKO\� QRUPDO�
UDLQIDOO�IRU�WKHVH�DUHDV�LV�����PP��6LQDLW�������PP��/DRDJ��
DQG�����PP��'DJXSDQ�&LW\���)LJXUH������6LJQL¿FDQW�SDUWV�RI�
/X]RQ�ZHUH�KHDYLO\�ÀRRGHG�DQG�WKHUH�ZHUH�YDULRXV�UHSRUWV�
RI� ODQGVOLGH� RFFXUUHQFHV� LQ� VHYHUDO� DUHDV� HVSHFLDOO\� LQ� WKH�
PRXQWDLQ�UDQJH�RI�QRUWKZHVW�/X]RQ��)LJXUH��F��

METHODOLOGY

6DWHOOLWH� LPDJHULHV� �H�J�� 076$7�� 12$$�� )<���
02',6�� SURYLGHG� E\� WKH� 'HSDUWPHQW� RI� 6FLHQFH� DQG�
7HFKQRORJ\�3KLOLSSLQH� $WPRVSKHULF�� *HRSK\VLFDO�� DQG�
$VWURQRPLFDO� 6HUYLFHV� $GPLQLVWUDWLRQ� �'267�3$*$6$��
WKDW� WUDFNHG� WKH� SDWK� DQG� FRYHUDJH� RI� 7\SKRRQ� 3DUPD�
ZHUH� XVHG��0HWHRURORJLFDO� �H�J��� UDLQIDOO�� WURSLFDO� F\FORQH�

Figure 5 a. Track followed by Typhoon Parma whose erratic behavior caused it to landfall three times.  It left 
the country after staying within the PAR for 10 days. b. MTSAT image received at the DOST-PAGASA 
station on October 10, 2009.  It shows Typhoon Parma interacting with Melor.  This interaction caused 
Parma to return and make its second landfall.

Figure 6 a.  Typhoon Parma brought an unusual amount of precipitation as indicated by measurements done 
in the PAGASA stations (each marked by a black star) in Luzon island.  b. Rainfall data from the 
PAGASA stations are compared with the monthly climatological normals.  From October 3 to 9, 2009, 
Baguio City recorded the highest amount of rainfall.



3DUPD��NDCC 2009c���7KH�$JQR�DQG�%XHG�5LYHUV�DUH�WZR�
RI�WKH�ODUJHVW�GUDLQDJH�QHWZRUNV�WKDW�WUDFH�WKHLU�VRXUFHV�IURP�
WKH�&RUGLOOHUDQ�UHJLRQ��)LJXUH��F�DQG��D���$JQR�5LYHU�ÀRZV�
VRXWKZDUGV�WR�6DQ�0DQXHO��3DQJDVLQDQ��FURVVHV�HDVWHUQ�DQG�
FHQWUDO� 3DQJDVLQDQ� EHIRUH� HPSW\LQJ� LQWR� /LQJD\HQ� *XOI��
%XHG�5LYHU�ÀRZV� VRXWKZHVWZDUGV� LQWR� FHQWUDO�3DQJDVLQDQ�
DQG�HQWHUV�WKH�VDPH�FDWFKPHQW�EDVLQ�DV�$JQR�5LYHU�EHIRUH�
DOVR�HPSW\LQJ�LQWR�/LQJD\HQ�*XOI���%RWK�WKHVH�ULYHU�V\VWHPV��
LQFOXGLQJ�RWKHU�VPDOOHU�ULYHUV�WKDW�GUDLQ�IURP�WKH�&RUGLOOHUDV�
DQG�6LHUUD�0DGUHV��RYHUÀRZHG�VWDUWLQJ�2FWREHU���������DQG�
FRQWULEXWHG�WR�WKH�WRWDO�ZDWHU�EXGJHW�WKDW�LQXQGDWHG�FHQWUDO�
DQG�ZHVWHUQ� 3DQJDVLQDQ�� 5DJLQJ� ÀRRGZDWHUV� RI� WKH� %XHG�
5LYHU�FDXVHG�D�VHFWLRQ�RI�WKH�%XHG�%ULGJH��ZKLFK�FRQQHFWV�
3DQJDVLQDQ�DQG�/D�8QLRQ��WR�GLIIHUHQWLDOO\�VHWWOH��,Q�FHQWUDO�
3DQJDVLQDQ��ÀRRG�ZDWHUV� UHDFKHG�KHLJKWV� RI� EHWZHHQ��� WR�
����P�DQG�WRRN�VHYHUDO�GD\V�WR�VXEVLGH��,Q�DGGLWLRQ�WR� WKH�
KHDY\� SUHFLSLWDWLRQ� DW� WKHVH� DUHDV�� DGGLWLRQDO� IDFWRUV� WKDW�
PD\� KDYH� FRPSRXQGHG� WKH� ÀRRGLQJ� ZHUH� WKH� FRQFXUUHQW�
UHOHDVH�RI�ZDWHU�IURP�WKH�6DQ�5RTXH�'DP�RI�WKH�$JQR�5LYHU�
DQG�WKH�FRQFRPLWDQW�KLJK�WLGHV�

7RZQV� DW� WKH� HDVWHUQ� VLGH� RI� 3DQJDVLQDQ� SURYLQFH�
ZHUH� PRUH� VHYHUHO\� DIIHFWHG� E\� ÀDVK� ÀRRGV�� ,Q� 5RVDOHV��
FRPPXQLWLHV�DORQJ�RU�FORVH�WR�D�GLNH�DORQJ�WKH�$JQR�5LYHU�
VSLOOZD\�ZHUH�FDXJKW�E\�VXUSULVH�ZKHQ�UXVKLQJ�ZDWHUV�EURNH�
WKURXJK� WKH� FRQFUHWH� GLNH�� 7KLV� OHIW� VHYHUDO� WRZQV� XQGHU�
PRUH� WKDQ� �� P� RI� ZDWHU� IRU� QHDUO\� �� GD\V�� 7KH� IRUFH� RI�
WKH�ÀRRGV� LV� HYLGHQFHG�E\� WKH� DPRXQW�RI� GDPDJH� HYHQ� WR�
VWUXFWXUHV�RI�FRQFUHWH�FRQVWUXFWLRQ��)LJXUH��D���,Q�WKH�WRZQ�
RI�8PLQJDQ��VHYHUDO�NLORPHWHUV�RI�HDUWKHQ�GLNH�WKDW�ERUGHUHG�
WKH�QRUWKZHVWHUQ�HGJH�RI�WKH�WRZQ�ZKLFK�SURWHFWHG�LW�IURP�
ÀRRGLQJ�RI�WKH�%DQLOD�5LYHU�ZDV�EUHDFKHG�LQ�WKH�HYHQLQJ�RI�
��2FWREHU��$V�D�UHVXOW��ULYHUEDQN�FRPPXQLWLHV�ZHUH�VHYHUHO\�
GDPDJHG�E\�VWURQJ�FXUUHQWV��)LJXUH��E��DQG�WKH�GRZQWRZQ�
DUHD�� ZKLFK� OLHV� a�� NP� WR� WKH� VRXWKHDVW� RI� WKH� GLNH�� ZDV�
ÀRRGHG�E\�PRUH�DERXW�����P�GHHS�ZDWHUV��,Q�%DJXLR�&LW\��
ZKLFK�OLHV�DERXW������P�DERYH�VHD� OHYHO�� LQ�ODQG�ÀRRGLQJ�
GHYDVWDWHG�VHYHUDO�FRPPXQLWLHV�VLWXDWHG�LQ�VPDOO��ORFDOL]HG��
FDWFKPHQW� EDVLQV� ZKHUH� ÀRRG� ZDWHUV� UHDFKHG� QHDUO\� �� P�
KHLJKWV�LQ�VRPH�DUHDV��H�J��%DJXLR�&LW\�&DPS��

0DQ\� XSODQG� FRPPXQLWLHV� LQ� WKH� &RUGLOOHUDV�
H[SHULHQFHG�ÀDVKÀRRGV�DORQJ�YHU\�FRQ¿QHG�VWUHDP�FKDQQHOV��
,Q�WKH�PLQLQJ�WRZQ�RI�$QWDPRN��VHYHUDO�KRXVHV�ZHUH�ZDVKHG�
DZD\� E\� VWURQJ� FXUUHQWV� WKDW� DOVR� FDUULHG�ZLWK� LW� ERXOGHUV�
ODUJHU� WKDQ� HYHQ� WKH� KRXVHV� WKHPVHOYHV�� 5HWDLQLQJ� ZDOOV�
EXLOW�DORQJ�VRPH�RI�WKHVH�FKDQQHOV�ZHUH�VHYHUHO\�GDPDJHG�
E\� URFN� LPSDFWV� DQG� WKHLU� EDVHV� H[SRVHG� E\� XQGHUFXWWLQJ�
�)LJXUH� �F��� 2WKHU� OLJKW� LQIUDVWUXFWXUHV� VXFK� DV� FRQFUHWH�
GLNHV�� WZR�ODQH� FRQFUHWH� URDGV� DQG� VWHHO� KDQJLQJ� EULGJHV�
ZHUH�DOVR�HDVLO\�ZDVKHG�DZD\�E\�WKH�WRUUHQWV�

/DQGVOLGHV

+XQGUHGV� RI� VPDOO� WR� ODUJH� ODQGVOLGHV� RFFXUUHG

3DUPD�DIIHFWHG�SURYLQFHV� LQ�QRUWKHUQ�3KLOLSSLQHV� WR�DV� IDU�
VRXWK�DV�WKH�%LFRO�3HQLQVXOD��7KH�HVWLPDWHG�WRWDO�QXPEHU�RI�
DIIHFWHG� SRSXODWLRQ� LV� DW� �������� IDPLOLHV�ZKLFK� WUDQVODWH�
WR����������� LQGLYLGXDOV� �NDCC 2009c���0RUH� WKDQ�������
KRXVHV�ZHUH� WRWDOO\�EURNHQ�GRZQ�DQG�DOPRVW��������ZHUH�
SDUWLDOO\�GDPDJHG��7KH�WRWDO�FRVW�RI�GDPDJH�WR�LQIUDVWUXFWXUH��
DJULFXOWXUH� DQG� SULYDWH� SURSHUW\� ZDV� DW� 86�� ���� PLOOLRQ�
�86���� �3K3�������DV�RI�2FWREHU������������7KH�WRWDO�FRVW�
RI� DVVLVWDQFH� IRU� 7\SKRRQ� 3DUPD�UHODWHG� GDPDJHV� DV� RI�
1RYHPEHU����������ZDV�HVWLPDWHG�DW�QHDUO\�86����0��NDCC 
2009d���0DMRULW\�RI�GHDWKV�UHSRUWHG� LQ� WKH�&RUGLOOHUDV�DQG�
/D�8QLRQ�ZHUH�ODUJHO\�GXH�WR�ODQGVOLGHV�ZKHUHDV�WKRVH�IURP�
RWKHU�UHJLRQV�ZHUH�GXH�WR�GURZQLQJ��NDCC 2009c���,Q�DOO��
����SHRSOH�ZHUH� UHSRUWHG� WR�KDYH� ORVW� WKHLU� OLYHV�ZLWK� WKH�
SDVVDJH� RI� 7\SKRRQ� 3DUPD�� 0DMRULW\� RI� WKHVH� FDVXDOWLHV�
FDPH�IURP�WKH�&RUGLOOHUDV������SHUVRQV���/D�8QLRQ������DQG�
3DQJDVLQDQ�������

)LJXUH���SORWV�WKH�FXPXODWLYH�UDLQIDOO�IRU�2FWREHU���WR�
���������)LJXUH��E��RYHU�QRUWKHUQ�/X]RQ�DQG�WKH�GLIIHUHQW�
DUHDV� UHSRUWHG�E\� ORFDO�JRYHUQPHQWV� DQG�FLYLOLDQV� WR�KDYH�
EHHQ�DIIHFWHG�E\�ODQGVOLGHV�DQG�ÀRRGV��ABS-CBN 2009���)LHOG�
LQYHVWLJDWLRQV�YHUL¿HG�VRPH�RI�WKHVH�UHSRUWV�DQG�WKH�GHWDLOV�
RI�WKH�REVHUYDWLRQV�DUH�SUHVHQWHG�LQ�WKH�VXFFHHGLQJ�VHFWLRQV��
&RPSDULVRQ� RI� WKLV� ¿JXUH� ZLWK� WKH� HOHYDWLRQ� DQG� VORSH�
PDSV��)LJXUH��D�DQG��E��VKRZ�WKDW��DV�H[SHFWHG��ODQGVOLGHV�
FRQFHQWUDWH�LQ�HOHYDWHG�DUHDV�FKDUDFWHUL]HG�E\�KLJK�VORSHV��
ZKHUHDV�ÀRRGLQJ� LQXQGDWHV� SODLQV�ZKHUH�PDMRU� WULEXWDULHV�
GUDLQLQJ�WKH�HOHYDWHG�DUHDV�FROOHFW�EHIRUH�H[LWLQJ�WR�WKH�VHD�

)ORRGV

1HDUO\� ���� RI� WKH� ORZ�O\LQJ� DUHDV� LQ� 3DQJDVLQDQ�
SURYLQFH�ZHUH�VXEPHUJHG�LQ�ÀRRG�ZDWHUV�EHFDXVH�RI�7\SKRRQ
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Figure 7. Sites impacted by the passage of Typhoon Parma 
during the period 3 to 9 October 2009 as reported 
E\�UDGLR�DQG�WHOHYLVLRQ�DI¿OLDWHV�RI� WKH�$%6�&%1�
Network along with calls and text messages of 
inhabitants of the radio-television network (ABS-

CBN 2009). Also plotted is the track of the typhoon 
and the cumulative rainfall estimated by PAGASA.
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FRQVHTXHQW� WR� WKH� KHDY\� SUHFLSLWDWLRQV� WKDW� DFFRPSDQLHG�
7\SKRRQ�3DUPD��0RVW�PDVV�PRYHPHQWV� LQ� WKH�&RUGLOOHUDV�
DQG�/D�8QLRQ�ZHUH�VKDOORZ�ODQGVOLGHV�WKDW�UHVXOWHG�IURP�D�
FRPELQDWLRQ�RI�VOXPSLQJ�DQG�VOLGLQJ�RI� WKH�VRLO�PDQWOH�RU�
XS�WR�VKDOORZ�OHYHOV�RI�WKH�ZHDWKHUHG�EHGURFN��0DMRULW\�RI�
WKHVH�RFFXUUHG�DV�IDLOXUHV�RI�URDG�FXW�VORSHV�WKDW�ZHUH�SRRUO\�
SURWHFWHG� RU� QRW� DW� DOO�� +RZHYHU�� VHYHUDO� VORSHV� SURWHFWHG�
E\� WKLFN� UHWDLQLQJ� ZDOOV� DOVR� IDLOHG� GHVSLWH� WKH� VWUXFWXUDO�
LQWHUYHQWLRQ� �)LJXUH��G���7KH�KHLJKWV�RI� WKHVH�ZDOOV�ZHUH�
DSSDUHQWO\� QRW� HQRXJK� WR� FRQWDLQ� WKH� WRWDO� RYHUEXUGHQ��
6HYHUDO�VPDOO�ODQGVOLGHV�DOVR�RFFXUUHG�ZKHUH�GHQVH�QXPEHUV�
RI� KRXVHV� KDG� EHHQ� EXLOW�� &ORVHU� LQVSHFWLRQ� UHYHDOHG� WKDW�
QXPHURXV�ZDWHU� SLSHV� DQG� VHZHUDJH� V\VWHPV� WKDW� DOORZHG�
ZDWHU�WR�UHJXODUO\�GLIIXVH�LQWR�WKH�XQGHUO\LQJ�PDWHULDOV�PD\�
KDYH� FRPSURPLVHG� WKH�KROGLQJ� FDSDFLW\�RI� WKH�XQGHUO\LQJ�
PDWHULDOV�

1XPHURXV�ODQGVOLGHV�EORFNHG�RU�FDUULHG�DZD\�SRUWLRQV�
RI�PDMRU�URDG�QHWZRUNV�VXFK�DV�DORQJ�WKH�.HQQRQ��0DUFRV�
DQG� 1DJXLOLDQ� KLJKZD\V�� 7KHVH� WKRURXJKIDUHV� OLQN� WKH�
&RUGLOOHUDQ� UHJLRQ� ZLWK� WKH� UHVW� RI� QRUWKZHVWHUQ� DQG�
FHQWUDO�/X]RQ��7KH� ���� NP�%DJXLR�%RQWRF�%DQDXH�5RDG��
SRSXODUO\� NQRZQ� DV� WKH� +DOVHPD�+LJKZD\�� ZDV� VLPLODUO\�
H[WHQVLYHO\�GDPDJHG��7KLV�PRXQWDLQ�URDG�ZDV�FRQVWUXFWHG�
WR�OLQN�%DJXLR�&LW\�DQG�WKH�DJULFXOWXUDO�DUHDV�RI�%HQJXHW�DQG�
0RXQWDLQ�3URYLQFH� DV�ZHOO� DV� SUHPLHU� WRXULVW� GHVWLQDWLRQV�
LQ�,IXJDR��7KLV�WKRURXJKIDUH�ZDV�WRWDOO\�FORVHG�WR�YHKLFXODU�
WUDI¿F� DIWHU� LW� VXIIHUHG� DQ� DSSUR[LPDWHO\� ����P� URDG� FXW��
6HYHUDO� RWKHU� WRWDO� URDG� FXWV�� LQ� DGGLWLRQ� WR� RYHU� ��� ODUJH�
VORSH�IDLOXUHV��WRRN�QHDUO\�WZR�ZHHNV�WR�FOHDU�RU�WHPSRUDULO\�
UHVWRUH�WR�FRQGLWLRQV�WKDW�DOORZHG�OLJKW�YHKLFOHV�WR�SDVV��5RFN�
IDOOV�ZLWK�GHEULV�DYDODQFKHV�ZHUH�PRUH�FRPPRQO\�REVHUYHG�
DORQJ� WKH�.HQQRQ�5RDG��7KLV�KLJKZD\��ZKLFK� IROORZV� WKH�
%XHG�5LYHU��ZDV� FXW� DORQJ� VWHHS� VLGHVORSHV� WKDW� FRQVLVWHG�
RI�KDUG��UHVLVWDQW�LJQHRXV�URFNV��/DQGVOLGHV�DORQJ�WKLV�URDG�
ZHUH�IHZHU�LQ�QXPEHU�EXW�WRRN�ORQJHU�WR�FOHDU�XS�EHFDXVH�RI�
WKH�VKHHU�VL]HV�RI�WKH�URFNV�WKDW�EORFNHG�WKH�URDG��/DQGVOLGHV�
DORQJ�WKHVH�YDULRXV�URDG�QHWZRUNV�RFFXUUHG�DV�D�FRPELQHG�
IXQFWLRQ�RI�WKH�LQKHUHQWO\�ZHDN�XQGHUO\LQJ�URFNV��WKLFN�VRLO�
OD\HUV� RQ�ZKLFK� WKH� URDG�ZDV� EXLOW� RU� WKH� DEVHQFH� RI� WKH�
QHFHVVDU\�SURWHFWLYH�HQJLQHHULQJ�PHDVXUHV�WKDW�VKRXOG�KDYH�
EHHQ�EXLOW�DIWHU�WKH�URDGV�ZHUH�FXW�LQWR�WKH�PRXQWDLQ�VORSHV�

'HHS�VHDWHG� ODQGVOLGHV� DOVR� RFFXUUHG� LQ� DUHDV� WKDW�
KDG� SUHYLRXVO\� GHYHORSHG� IUDFWXUHV� RU� ¿VVXUHV� FRQVHTXHQW�
WR� WKH� ����� 'LJGLJ� )DXOW� HDUWKTXDNH�� 7KH� KLJK� DPRXQW�
RI� SUHFLSLWDWLRQ� EURXJKW� E\� 7\SKRRQ� 3DUPD� VHW� RII� PDVV�
PRYHPHQWV�DW�PDQ\�RI�WKHVH�SODFHV��2QH�RI�WKH�ODUJHVW�VOLGHV�
WKDW�FODLPHG�WKH�PRVW�QXPEHU�RI�OLYHV�DW�RQH�DUHD�RFFXUUHG�
DW� 3XJXLV� LQ� %HQJXHW� �)LJXUH� �H��� 7KLV� FRPPXQLW\� ZDV�
EXLOW�RQ�D�WRSRJUDSKLF�GHSUHVVLRQ�WKDW�VHUYHV�DV�D�WUDQVLHQW�
GUDLQDJH�VWUHDP�SDWKZD\��5HVLGHQWV� GLVFORVH� WKDW� DIWHU� WKH�
�����HDUWKTXDNH��KXJH�¿VVXUHV�GHYHORSHG�DW�WKH�WRS�RI�WKLV�
KLOO��7KXV��WKH�0LQHV�DQG�*HRVFLHQFHV�%XUHDX�KDG�GHFODUHG�
WKH� DUHD� DV� ODQGVOLGH�SURQH� GXH� WR� WKH� GHHSO\� ZHDWKHUHG

XQGHUO\LQJ� URFNV� DQG� WKH� SUHVHQFH� RI� QXPHURXV� IUDFWXUH�
]RQHV��4XHDxR��SHUV��FRPP����������'HVSLWH�WKH�ZDUQLQJV��
UHVLGHQWV� FKRVH� WR� LJQRUH� WKHP� DV� PRVW� RI� WKH� GDPDJHG�
KRXVHV�ZHUH�RQO\�YHU\�UHFHQWO\�EXLOW��$V�D�UHVXOW��PRUH�WKDQ�
���FRQFUHWH�KRXVHV�ZHUH�FDUULHG�GRZQKLOO�E\�WKH�ODQGVOLGH�
DQG� WKH� DVVRUWHG� GHEULV� FRYHUHG� VHYHUDO�PRUH� KRXVHV� DW� D�
ORZHU�O\LQJ� FRPPXQLW\� �/LWWOH� .LEXQJDQ��� 7KH� FROOHFWLYH�
QXPEHU�RI�GHDWKV�IURP�WKH�3XJXLV�DQG�WKH�/LWWOH�.LEXQJDQ�
FRPPXQLWLHV� H[FHHGHG� ���� LQGLYLGXDOV��1XPHURXV� VLPLODU�
PDVVLYH�ODQGVOLGHV�RFFXUUHG�LQ�WKH�PLQLQJ�WRZQ�RI�$QWDPRN�
ZKHUH� WKLFN�VRLO�PDQWOHV�JDYH�ZD\�DIWHU�GD\V�RI�VXVWDLQHG�
UDLQIDOO��H�J��)LJXUH��I��

',&866,21

*HRKD]DUGV��WULJJHULQJ�IDFWRUV�DQG�LPSDFWV�

7KH�LQWHUSOD\�RI�JHRORJLF��JHRPRUSKLF��PHWHRURORJLFDO�
DQG�RWKHU�DQWKURSRJHQLF�IDFWRUV�DOO�FRQWULEXWHG�IRU�WKH�RGGV�
RI� WKH� GLIIHUHQW� JHRKD]DUGV� WR� GHYHORS� LQWR� UHDO� GLVDVWHUV��
7KH� W\SH� RI� XQGHUO\LQJ� URFNV�� GHJUHH� RI� ZHDWKHULQJ� DQG�
DOWHUDWLRQ�� WKLFNQHVV� RI� VRLO� PDQWOH� DQG� WKH� SUHVHQFH� RI�
IUDFWXUHV� RU� RWKHU� SODQHV� RI� ZHDNQHVVHV� DUH� JHRORJLFDO�
IHDWXUHV�WKDW�KDYH�KXJH�LPSDFWV�RQ�WKH�WHQGHQF\�RI�VORSHV�WR�
IDLO��6ORSH�DQJOHV��WKH�QXPEHU�DQG�VL]H�RI�GUDLQDJH�QHWZRUNV�
DQG�YDULRXV�RWKHU�JHRPRUSKLF�IHDWXUHV�FDQ�HLWKHU�FRQWULEXWH�
WR� RU� DEDWH� WKH� FKDQFHV� IRU� FHUWDLQ� GLVDVWHUV� WR� GHYHORS�

7R� D� ODUJH� H[WHQW�� WKH� LQWULFDWH� IDXOW� V\VWHPV� RI� WKH�
&HQWUDO� &RUGLOOHUDV� FRQWURO� WKH� ULYHU�� JRUJHV� DQG� YDOOH\�
SDWWHUQV��$JQR�5LYHU��LWV�KHDGZDWHUV�DQG�VHYHUDO�RI�LWV�ODUJH�
WULEXWDULHV� DUH� VRPH�RI� WKH�PRVW� SURPLQHQW� RI� WKHVH� IDXOW�
FRQWUROOHG�GUDLQDJH�QHWZRUNV�LQ�WKH�UHJLRQ��%HFDXVH�RI�WKH�
VWUXFWXUDO� FRQWURO�� $JQR� 5LYHU� ÀRZV� IRU� D� ORQJ� GLVWDQFH�
DORQJ�D�UHODWLYHO\�FRQ¿QHG�FKDQQHO�ZLWK�DOPRVW�QR�H[SDQVLYH�
EDQNV� WR� VSLOO� RYHU� EHIRUH� LW� HPSWLHV� LQWR� WKH� ÀDWODQGV� RI�
3DQJDVLQDQ��7KLV�DUUD\�WKHUHIRUH��PD[LPL]HV�WKH�DPRXQW�RI�
ZDWHU� GHOLYHUHG� LQWR� 3DQJDVLQDQ��$JQR� 5LYHU�� LQ� DGGLWLRQ�
WR� RWKHU� ULYHU� QHWZRUNV� ZLWK� VKRUWHU� VSDQV� EXW� VLPLODU�
GUDLQDJH�HI¿FLHQFLHV��DOO�FRQWULEXWHG�WR�WKH�H[FHVVLYHO\�KLJK�
EXGJHW� RI� UXQRII� WKDW� FDXVHG� WKH� ÀRRGLQJ� RI� WKLV� UHJLRQ�

$SDUW� IURP� WKH� VWUXFWXUDO� FRQWURO�� WKH�FRPSRVLWLRQ�RI�
WKH� URFNV� DQG� VRLO� LQ� WKH� XSODQG� DUHDV� RI� WKH� &RUGLOOHUDV�
DOVR� LQÀXHQFHG� WKH� WRWDO� ZDWHU� EXGJHW� GHOLYHUHG� LQWR�
WKH� GRZQVWUHDP� UHJLRQV�� 7KH� FDSDFLW\� RI� WKH� JURXQG� WR�
DEVRUE�ZDWHU� LV�GLUHFWO\� UHODWHG� WR� WKH�XQGHUO\LQJ�JHRORJ\��
+\GURWKHUPDO� DOWHUDWLRQ� DIIHFWHG� VL]HDEOH� DUHDV� RI� WKH�
&HQWUDO� &RUGLOOHUDV� WKDW� UHVXOWHG� LQWR� VLJQL¿FDQW� FOD\�
DOWHUDWLRQ��&OD\�ULFK�PDWHULDOV�DUH� LPSHUPHDEOH��DV�DUH� WKH�
VRLOV�GHYHORSHG�RQ�WKHP��+HQFH��DUHDV�WKDW�WKH\�XQGHUOLH�DUH�
VXVFHSWLEOH�WR�UDSLG�UXQRII�DQG�JUHDWO\�HQKDQFH�WKH�SRWHQWLDO�
IRU�VHULRXV�ÀRRGLQJ�GRZQVWUHDP�

7RZQV� LQ� FHQWUDO� 3DQJDVLQDQ�� LQFOXGLQJ� D� IHZ�
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)LJXUH���D��&RQFUHWH�VWUXFWXUHV�ZHUH�WRUQ�DZD\�E\�ÀRRG�ZDWHUV�RI�WKH�$JQR�5LYHU�ZKHQ�D�VHFWLRQ�RI�LWV�GLNH�EURNH��7KLV�
house was dislodged, as were other structures of similar relatively sturdy construction. b. Several houses built 
close to the earthen dike of the Banila River in Umingan, Pangasina, were totally washed away in the evening 
of October 8, 2009. c. A retaining wall along a relatively constricted stream channel in the mountainous town 
RI�$QWDPRN�ZDV� VHYHUHO\� GDPDJHG� E\� UXVKLQJ� ÀRRG�ZDWHUV� WKDW� FDUULHG� KXJH� ERXOGHUV� DQG� DVVRUWHG� GHEULV��
The black arrow points to what remains of this retaining wall and the white arrow show the undercutting of its 
foundations. In the foreground, a bamboo bridge was constructed to temporarily replace a hanging bridge that 
ZDV�FDUULHG�DZD\�E\�WKH�ÀDVKÀRRG��G��6HYHUDO�VORSHV�SURWHFWHG�HYHQ�E\�WKLFN�UHWDLQLQJ�ZDOOV�DOVR�IDLOHG�GHVSLWH�
the structural intervention. Photo was taken along a major thoroughfare in Baguio City. The white dashed line 
traces the original height of the collapsed retaining wall. e. A view of the landslide that originated from Puguis and 
travelled to the lower lying community of Little Kibungan in Benguet Province. The houses provide a scale to the 
magnitude of this catastrophic landslide. More than 10 large, concrete houses were totally damaged and carried 
downhill by this mass movement and over 150 casualties were reported.
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7URSLFDO�F\FORQHV�DQG�FOLPDWH�FKDQJH

7KH�ODUJH�XQFHUWDLQWLHV�LQ�FOLPDWLF�FRQGLWLRQV�EURXJKW�
DERXW�E\�JOREDO�ZDUPLQJ�DQG�FOLPDWH�FKDQJH�KDYH�UHVXOWHG�
LQ�JUHDWHU�GLI¿FXOWLHV�LQ�WHUPV�RI�GHDOLQJ�ZLWK�WKH�DVVRFLDWHG�
JHRKD]DUGV�� 'LIIHUHQW� QXPHULFDO� PRGHOV� WKDW� ORRN� LQWR�
IXWXUH�ZRUOG�FOLPDWLF�VFHQDULRV�KDYH�\LHOGHG�LQWHUHVWLQJ�EXW�
VRPHZKDW� FRQÀLFWLQJ� UHVXOWV� �H�J��� Holland and Webster, 
2007; Dairaku et al. 2008; Knutson et al. 2010��� 5HFHQW�
SURMHFWLRQV� RQ� WURSLFDO� F\FORQHV� LQGLFDWH� D� GHFUHDVH� RU� QR�
FKDQJH� LQ� WKH� IUHTXHQF\� RI� WURSLFDO� F\FORQHV�� EXW� D� OLNHO\�
LQFUHDVH� LQ� WKH� DYHUDJH�PD[LPXP�ZLQG� VSHHGV�RI� WURSLFDO�
F\FORQHV��Knutson et al., 2010����0RUH�SUREOHPDWLF��KRZHYHU��
LV� WKH�SURMHFWLRQ�EHLQJ�PDGH�LQ� WHUPV�RI�UDLQIDOO� UDWHV��WKH�
DPRXQW� RI� SUHFLSLWDWLRQ� WKDW� IDOOV� RQ� D� VLQJOH� RFFDVLRQ��
ZKLFK�DUH�H[SHFWHG�WR�LQFUHDVH�E\�XS�WR������H�J��Emanuel 
2005; Bengtsson et al. 2007; Knutson et al. 2010��� � 7KLV�
FRXOG�PHDQ�WKDW�WKH�DW\SLFDOO\�KLJK�DPRXQWV�RI�SUHFLSLWDWLRQ�
EURXJKW�E\�7\SKRRQ�3DUPD�PD\�EHFRPH�WKH�QRUP�IRU�IXWXUH�
ZHDWKHU�V\VWHPV�LQ�WKH�UHJLRQ�

5HVHUYDWLRQV�UHJDUGLQJ�WKH�UHDOLW\�RI�FOLPDWH�FKDQJH�DUH�
GLI¿FXOW�WR�HQWHUWDLQ�LQ�WKH�OLJKW�RI�QXPHURXV�UHFHQW�ZHDWKHU�
HYHQWV� GR� QRW� IDOO� ZLWKLQ� XVXDOO\� H[SHFWHG� FKDUDFWHULVWLFV��
,Q�WKH�ODVW�IHZ�\HDUV�DORQH��WKH�3KLOLSSLQHV�KDV�H[SHULHQFHG�
FRQVHFXWLYH�WURSLFDO�VWRUPV�GXULQJ�D�VXSSRVHGO\�GU\�(O�1LxR�
VHDVRQ��H�J����������������GU\�VSHOOV�GXULQJ�VXSSRVHGO\�ZHW�
(O�1LxD�SHULRGV���������D�W\SLFDO�VWRUP�SDWKV��H�J���7\SKRRQ�
)UDQN�� DQG� H[WUHPHO\� ZHW� ZHDWKHU� V\VWHPV� �H�J��� -DQXDU\�
�����WDLO�HQG�RI�WKH�FROG�IURQW��7URSLFDO�6WRUP�.HWVDQD�DQG�
7\SKRRQ�3DUPD���7\SKRRQ�3DUPD�LWVHOI�LV�D�UDGLFDO�H[DPSOH�
RI�VXFK�XQXVXDO�ZHDWKHU�HYHQWV�ZLWK�LWV�SURWUDFWHG�SHUVLVWHQFH�
RYHU� WKH� UHJLRQ�� WKH� PXOWLSOH� WLPHV� LW� PDGH� ODQGIDOO� DQG�
WKH� XQXVXDO� DPRXQW� RI� SUHFLSLWDWLRQ� LW� FDUULHG�� 7KHUHIRUH��
DOWKRXJK�WKH�GXUDWLRQ��IUHTXHQF\�DQG�LQWHQVLW\�RI�W\SKRRQV�
DUH�QRW�VWUDLJKWIRUZDUG�FRQ¿UPDWLRQ�RI�FOLPDWH�FKDQJH��WKHVH��
FRPELQHG�ZLWK�RWKHU�FOLPDWLF�HYLGHQFH�VXSSRUW�WKH�FRQFHSW�
RI� FKDQJLQJ� ZRUOG� FOLPDWLF� SDWWHUQV�� 0RUH� LPSRUWDQWO\��
ZKLOH� WKH� LGHD� RI� FOLPDWH� FKDQJH� LQ� WKH� FRQWH[W� RI� JOREDO�
ZDUPLQJ�FRQVHTXHQW�WR�DQWKURSRJHQLF�VRXUFHV�FRQWLQXHV�WR�
EH� GHEDWHG�� H[WUHPH�ZHDWKHU� HYHQWV� FRQWLQXH� WR� GHYDVWDWH�
YXOQHUDEOH�FRXQWULHV�VXFK�DV�WKH�3KLOLSSLQHV�

'LVDVWHU� ULVN� UHGXFWLRQ� DQG� PDQDJHPHQW� LQ� WKH�
3KLOLSSLQHV

&OLPDWH� SURMHFWLRQV� LQGLFDWH� WKDW� UDLQIDOO� UDWHV� ZLOO�
OLNHO\�LQFUHDVH�LQ�WKH�YHU\�QHDU�IXWXUH�FRQVHTXHQW�WR�FOLPDWH�
FKDQJH��7KLV�LV�FDXVH�IRU�VHULRXV�FRQFHUQ�LQ�WKH�3KLOLSSLQHV�
ZKHUH�PRVW�SUHYLRXV�GHYDVWDWLQJ�ODQGVOLGHV�ZHUH�WULJJHUHG�
E\�H[FHVVLYH�UDLQIDOO��$OUHDG\��WKH�FRPELQHG�JHRORJLFDO�DQG�
PHWHRURORJLFDO� VHWWLQJ� RI� WKH� FRXQWU\�PDNHV� LW� RQH� RI� WKH�
PRVW�GLVDVWHU�SURQH�FRXQWULHV�LQ�WKH�ZRUOG��,Q�WKH�UHSRUW�E\�
Kirschbaum et al. �2010��� WKH� 3KLOLSSLQHV� UDQNHG� ZLWKLQ�
WKH�WRS���FRXQWULHV�ZLWK�WKH�KLJKHVW�SHUFHQWDJH�RI�ODQGVOLGH�

PRGHUDWHO\� GHYHORSHG� FLWLHV�� ZHUH� DOVR� EXLOW� RQ� GHOWDLF�
HQYLURQPHQWV� ZKLFK� DUH� QDWXUDOO\� SURQH� WR� ÀRRGLQJ�� 7KH�
LQÀX[� RI� ZDWHU� IURP� WKH� XSODQGV�� WKH� QHDUO\� KRUL]RQWDO�
WHUUDLQ�DQG�WKH�FRQFRPLWDQW�KLJK�WLGHV�DOO�FRQWULEXWHG�WR�WKH�
ÀRRGLQJ�DQG�LWV�SURWUDFWHG�HPSW\LQJ�LQWR�WKH�ED\�

7KH� ULVN� OHYHO� IRU� ODQGVOLGHV� WR� RFFXU� LQ� WKH� &HQWUDO�
&RUGLOOHUDV�LV�H[WUHPHO\�KLJK�EHFDXVH�RI�WKH�SUHYDOHQFH�RI�
VWHHS� VORSHV�� K\GURWKHUPDOO\� DOWHUHG� URFNV� DQG� QXPHURXV�
VWUXFWXUDO� ZHDNQHVVHV�� 7KXV�� JHRPRUSKRORJ\� DQG� JHRORJ\�
SUHGLVSRVHV� WKH� UHJLRQ� WR� ODQGVOLGH� KD]DUGV��7KH� SUHVHQFH�
RI� WKH� IDXOWV� RU� IUDFWXUHV� LPSURYHV� ZDWHU� LQ¿OWUDWLRQ� DQG�
LQFUHDVHV� WKH� UDWH� E\� ZKLFK� URFNV� ORVH� FRKHUHQFH�� 0DVV�
PRYHPHQW�GXULQJ�WKH�WRUUHQWLDO�UDLQV�RI�7\SKRRQ�3DUPD�ZDV�
VLJQL¿FDQWO\�HQKDQFHG�E\� WKH�SUHVHQFH�RI� WKHVH�VWUXFWXUHV��
:HDWKHULQJ�LV�DOVR�DFFHOHUDWHG�E\�WKHVH�VWUXFWXUDO�ZHDNQHVVHV��
+HQFH�� FRPELQHG� ZLWK� WURSLFDO� FRQGLWLRQV� IDYRUDEOH� IRU�
DFFHOHUDWHG�ZHDWKHULQJ��WKH�&RUGLOOHUDV�LV�FKDUDFWHULVWLFDOO\�
XQGHUODLQ�E\�WKLFN�VRLO�PDQWOHV�WKDW�EODQNHW�UHODWLYHO\�ZHDN�
EHGURFNV��(DVWHUQ�/D�8QLRQ��ZKLFK�LV�XQGHUODLQ�E\�PRVWO\�
VHGLPHQWDU\� XQLWV�� LV� VLPLODUO\� SURQH� WR� PDVV� PRYHPHQWV�
GHVSLWH� WKH� JHQWOH� VORSHV� DQG� PRGHUDWH� YHJHWDWLYH� FRYHU��
$QWKURSRJHQLF� LQÀXHQFHV�� VXFK� DV� LQFUHDVHG� RYHUEXUGHQ�
LQ� WKH� IRUP�RI� FRQFUHWH� VWUXFWXUHV�� FKDQJHV� WR� WRSRJUDSK\�
WR� DFFRPPRGDWH� LQIUDVWUXFWXUH� DQG� KRXVLQJ� QHHGV� RU� WKH�
SUHVHQFH� RI� VWUXFWXUHV� WKDW� LQGXFH� IDVWHU� ZHDWKHULQJ� RU�
HURVLRQ� RI� XQGHUO\LQJ� VRLO� VXFK� DV� OHDN\� GUDLQDJH�VHZDJH�
SLSHV��FRQWULEXWHG�WR�WKH�KLJKHU�RFFXUUHQFH�RI�ODQGVOLGHV�LQ�
SRSXODWHG�DUHDV�

7KH�PRXQWDLQRXV�&RUGLOOHUDQ�UHJLRQ�LV�ZLGHO\�NQRZQ�
WR�EH�IUHTXHQWO\�DIIHFWHG�E\�ODQGVOLGHV��+RZHYHU��LQ�2FWREHU�
������ WKH� QXPEHU��PDJQLWXGH� DQG� RYHUDOO� FKDUDFWHU� RI� WKH�
PDVV� ZDVWLQJ� GLVDVWHUV� ZURXJKW� E\� 7\SKRRQ� 3DUPD� KDYH�
QHYHU�TXLWH�EHHQ�H[SHULHQFHG�EHIRUH��7KH�XQXVXDO�SURWUDFWHG�
SUHVHQFH�RI�WKH�W\SKRRQ�DOVR�H[SRVHG�WKH�UHJLRQ�WR�H[WHQGHG�
SHULRGV�RI�KHDY\�SUHFLSLWDWLRQ�DQG�VWURQJ�ZLQGV��7KLV�UHVXOWHG�
LQ�WKH�VXSHUVDWXUDWLRQ�RI�WKH�WKLFN�VRLO�FRYHU�WKDW�VWDUWHG�WR�
IDLO�E\�WKH�HDUO\�DIWHUQRRQ�RI�2FWREHU���DW�GLIIHUHQW�ORFDOLWLHV��
9DULRXV�VWXGLHV�KDYH�VKRZQ�WKDW�DQWHFHGHQW�UDLQIDOO�DQG�VRLO�
PRLVWXUH� FRQGLWLRQV� DUH� FULWLFDO� IDFWRUV� LQ� VKDOORZ� VORSH�
IDLOXUHV�IRU�UDLQIDOO�HYHQWV�ORQJHU�WKDQ�WZR�FRQVHFXWLYH�GD\V�
�H�J���Guzetti et al. 2008; Larsen 2008; Lee et al. 2008���
ZKLFK� LV�H[DFWO\�ZKDW�KDSSHQHG� LQ�2FWREHU�������3ULRU� WR�
WKH�HQWU\�RI�7\SKRRQ�3DUPD��/X]RQ�KDG�DOUHDG\�EHHQ�VXEMHFW�
WR�LQWHQVLYH�UDLQIDOO�FRQVHTXHQW�WR�7URSLFDO�6WRUP�.HWVDQD��
7KHUHIRUH��WKH�JURXQG�ZDV�VWLOO�VLJQL¿FDQWO\�ZHW��ZLWK�EDUHO\�
D�IHZ�GD\V�WR�OHW�PRLVWXUH�HYDSRUDWH��ZKHQ�7\SKRRQ�3DUPD�
HQWHUHG��7KHUHIRUH��LQ�2FWREHU�������DQWHFHGHQW��SURWUDFWHG��
KHDY\�UDLQIDOO�ZDV�WKH�SRWHQW�PHWHRURORJLFDO�WULJJHU�ZKLFK�
H[SORLWHG� WKH� JHRORJLF�JHRPRUSKLF� YXOQHUDELOLWLHV� RI� WKH�
QRUWKZHVWHUQ� /X]RQ� UHJLRQ� WKDW� UHVXOWHG� LQ� H[WHQVLYH�
ÀRRGLQJV�DQG�QXPHURXV�ODQGVOLGHV�



WHUPV�RI�UDLQIDOO�UDWH�DQG�GLVWULEXWLRQ�

7KH� 5($'<� 3URMHFW� LV� D� PXOWL�DJHQF\� LQLWLDWLYH�
WKDW�ZDV� ODXQFKHG� LQ������DQG� LQFOXGHG�DFWLYLWLHV� VXFK� DV�
PXOWLKD]DUG� LGHQWL¿FDWLRQ� DQG� GLVDVWHU� ULVN� DVVHVVPHQW��
FRPPXQLW\�EDVHG�GLVDVWHU�SUHSDUHGQHVV�DQG�PDLQVWUHDPLQJ�
RI� ULVN� UHGXFWLRQ� LQWR� WKH� ORFDO� GHYHORSPHQW� SURFHVV��7KH�
2I¿FH�RI�WKH�&LYLO�'HIHQVH�±�1DWLRQDO�'LVDVWHU�&RRUGLQDWLQJ�
&RXQFLO� VHUYHV� DV� WKH� SURMHFW¶V� LPSOHPHQWLQJ� DJHQF\� DQG�
FRRSHUDWLQJ� JRYHUQPHQW� DJHQFLHV� LQFOXGH� WKH� 3KLOLSSLQH�
,QVWLWXWH�RI�9ROFDQRORJ\�DQG�6HLVPRORJ\�±�'HSDUWPHQW�RI�
6FLHQFH� DQG� 7HFKQRORJ\� �3+,92/&6�'267��� 3KLOLSSLQH�
$WPRVSKHULF�� *HRSK\VLFDO�� $VWURQRPLFDO� 6HUYLFHV�
$GPLQLVWUDWLRQ��3$*$6$�'267���0LQHV�DQG�*HRVFLHQFHV�
%XUHDX±'HSDUWPHQW� RI� (QYLURQPHQW� DQG� 1DWXUDO�
5HVRXUFHV��0*%�'(15��DQG�1DWLRQDO�0DSSLQJ�5HVRXUFH�
DQG� ,QIRUPDWLRQ� $XWKRULW\� �1$05,$�'(15��� � 2WKHU�
FRRSHUDWLQJ� SDUWQHUV� LQFOXGH� WKH� /RFDO�*RYHUQPHQW�8QLWV�
DQG�60$57�7HOHFRPPXQLFDWLRQV�� ,PSRUWDQW�RXWSXWV� IURP�
WKH� 5($'<� SURMHFW� LQFOXGH� WKH� JHQHUDWLRQ� RI� JHRKD]DUG�
LQIRUPDWLRQ�RI�WKH�HQWLUH�FRXQWU\�PDSSHG�DW����������VFDOH��
%HFDXVH� RI� WKH� FOHDU� EHQH¿WV� IURP� EHLQJ� DEOH� WR� SURYLGH�
WKHVH�PDSV� WR� ORFDO�FRPPXQLWLHV�� WKH�QDWLRQDO�JRYHUQPHQW�
UHFHQWO\�SXW� WR� WDVN� WKH�0*%�'(15�WR�JHQHUDWH����������
JHRKD]DUG�PDSV��5HVXOWV�RI�WKHVH�VWXGLHV�DUH�FXUUHQWO\�EHLQJ�
LQFRUSRUDWHG�LQ�UHYLVLQJ�H[LVWLQJ�ODQG�XVH�SODQV�WKDW�WDNH�LQWR�
FRQVLGHUDWLRQ�WKH�JHRORJLF�JHRPRUSKLF�FKDUDFWHULVWLFV�RI�DQ�
DUHD�

2YHU� WKH� SDVW� IHZ� \HDUV�� WKH� 3KLOLSSLQH� JRYHUQPHQW�
KDV�HQDFWHG�VHYHUDO� ODZV� WDUJHWHG� WR� LQFUHDVH� WKH�FRXQWU\
V�
UHVLOLHQFH�WR�FDODPLWLHV�EURXJKW�DERXW�E\�FKDQJLQJ�FOLPDWLF�
FRQGLWLRQV��,Q�������WKH�&OLPDWH�&KDQJH�$FW��5HSXEOLF�$FW�
�����RI�������ZDV�SDVVHG��,W�DOORZHG�IRU�WKH�FUHDWLRQ�RI�WKH�
&OLPDWH�&KDQJH�&RPPLVVLRQ��&&&��RI�WKH�3KLOLSSLQHV�WKDW�
LV� WDVNHG� WR� RYHUVHH� WKH�PDLQVWUHDPLQJ� RI� FOLPDWH� FKDQJH�
LQWR� JRYHUQPHQW� SROLF\� IRUPXODWLRQ� DQG� HVWDEOLVKPHQW� RI�
WKH� IUDPHZRUN� VWUDWHJ\� DQG� SURJUDP� RQ� FOLPDWH� FKDQJH�
�FOLPDWH�JRY�SK���7KH�&&&�KDV� VLQFH� FUHDWHG� WKH�1DWLRQDO�
)UDPHZRUN� 6WUDWHJ\� RQ� &OLPDWH� &KDQJH�� WKH� 1DWLRQDO�
&OLPDWH�&KDQJH�$FWLRQ�3ODQ� DQG� JXLGHOLQHV� IRU� WKH�/RFDO�
&OLPDWH�&KDQJH�$FWLRQ�3ODQ��7KH�3KLOLSSLQH�'LVDVWHU�5LVN�
5HGXFWLRQ� DQG� 0DQDJHPHQW�$FW� RI� ����� � �5HSXEOLF�$FW�
������RI�������SURYLGHV�WKH�OHJDO�EDVHV�IRU�SROLFLHV��SODQV�
DQG�SURJUDPV�RI�WKH�JRYHUQPHQW�WKDW�GHDO�ZLWK�GLVDVWHUV��7KH�
1DWLRQDO� 'LVDVWHU� 5LVN� 5HGXFWLRQ� DQG� 0DQDJHPHQW� 3ODQ�
�1'550��ZDV�GHYLVHG�FRQVHTXHQW� WR�5$������� WR�FRYHU�
IRXU�WKHPDWLF�DUHDV�����'LVDVWHU�3UHYHQWLRQ�DQG�0LWLJDWLRQ�����
'LVDVWHU�3UHSDUHGQHVV�����'LVDVWHU�5HVSRQVH�DQG����'LVDVWHU�
5HKDELOLWDWLRQ�DQG�5HFRYHU\��,Q�������5HSXEOLF�$FW��������
DOVR� NQRZQ� DV� WKH� 3HRSOH
V� 6XUYLYDO� )XQG��ZDV� SDVVHG� LQ�
RUGHU�WR�SURYLGH�UHVRXUFHV�DLPHG�DW�VXSSRUWLQJ�JURXQG�OHYHO�
'550�ZRUN�RI�ORFDO�JRYHUQPHQWV�DQG�FRPPXQLWLHV�

%HFDXVH� RI� WKH� UHFHQWQHVV� RI� WKHVH� OHJLVODWLYH

UHSRUWV� IRU� WKH� \HDUV� ������ ����� DQG� ������ 7KLV� ZLOO� EH�
H[DFHUEDWHG� E\� WKH� FRQWLQXRXV� JURZWK� LQ� WKH� FRXQWU\¶V�
SRSXODWLRQ��WKH�ORZHU�HVWLPDWH�RI�ZKLFK�DV�RI�������ZDV�DW�
���PLOOLRQ���7KLV�PHDQV�WKDW�D�VLJQL¿FDQWO\�ODUJH�QXPEHU�RI�
SHRSOH�DUH�H[SRVHG�WR�YDULRXV�SRWHQWLDO�JHRKD]DUGV�DQG�DUH�
OLNHO\�WR�EH�QHJDWLYHO\�DIIHFWHG�ZKHQ�ÀRRGV�DQG�ODQGVOLGHV�
RFFXU�

7KHVH� SURMHFWLRQV� DQG� WKH� FRXQWU\
V� QXPHURXV� SDVW�
H[SHULHQFHV�ZLWK� ODQGVOLGH� DQG�ÀRRG�GLVDVWHUV� KDYH� OHG� WR�
D�KXJH�SURJUHVV� LQ�HVWDEOLVKLQJ�GLVDVWHU� ULVN� UHGXFWLRQ�DQG�
PDQDJHPHQW� V\VWHPV� LQ� PDQ\� SODFHV� DFURVV� WKH� FRXQWU\��
7KLV�LV�LQ�SDUW�GXH�WR�WKH�FRQFHUWHG�HIIRUWV�IURP�WKH�QDWLRQDO�
WR� WKH� ORFDO� OHYHOV� RI� JRYHUQPHQW�� LQWHUQDWLRQDO� DQG� ORFDO�
QRQ�JRYHUQPHQW� RUJDQL]DWLRQV�� WKH� DFDGHPH� DQG� RWKHU�
SULYDWH�RUJDQL]DWLRQV��WR�RUJDQL]H�FRPPXQLWLHV�DQG�HVWDEOLVK�
DYHQXHV�IRU�UHOD\LQJ�ZHDWKHU�UHODWHG�LQIRUPDWLRQ��

*HRORJ\�DQG�JHRPRUSKRORJ\�DUH�WZR�RI�WKH�PRVW�FUXFLDO�
IDFWRUV� WKDW�FRQWULEXWH� WR� WKH�RFFXUUHQFH�RI�ÀRRG�ODQGVOLGH�
HYHQWV��0LWLJDWLRQ�PHDVXUHV�LQ�PRVW�GHYHORS�FRXQWULHV�RIWHQ�
LQYROYH� H[SHQVLYH� HQJLQHHULQJ� LQWHUYHQWLRQV�� +RZHYHU��
IRU� D� GHYHORSLQJ� FRXQWU\� VXFK� DV� WKH�3KLOLSSLQHV�� WKH�EHVW�
FRXUVH�RI�DFWLRQ�LV�WR�PDLQVWUHDP�GLVDVWHU�ULVN�PDQDJHPHQW�
HIIRUWV� DQG� XOWLPDWHO\�� GHYHORS� HI¿FLHQW� FOLPDWH� FKDQJH�
DGDSWDWLRQ�PHDVXUHV� �H�J�UNISDR 2008; Birkmann, et al. 
2009; Christoplos et al. 2009���7KLV�LQYROYHV�WKH�LQVWDOODWLRQ�
RI�DGGLWLRQDO�HDUO\�ZDUQLQJ�V\VWHPV��(:6��LQ�WDQGHP�ZLWK�
WKH� LPSURYHPHQW� RI� KXPDQ� UHVRXUFH� FDSDFLW\� WR� PDQDJH�
WKHVH� V\VWHPV�� 6XFK� LQLWLDWLYHV� KDYH� EHHQ� XQGHUWDNHQ� DW�
ERWK�DW�WKH�QDWLRQDO�DQG�ORFDO�JRYHUQPHQW�OHYHOV��$XWRPDWLF�
ZHDWKHU�VWDWLRQV��ZDWHU� OHYHO�JDXJLQJ�VWDWLRQV�ZLWK� UHPRWH�
PRQLWRUV� DQG� FRUUHVSRQGLQJ� ZDUQLQJV� SRVWV� ZLWK� WKH�
DSSURSULDWH� FRPPXQLFDWLRQV� V\VWHPV� KDYH� EHHQ� LQVWDOOHG�
LQ� 0HWURSROLWDQ� 0DQLOD� DIWHU� LW� ZDV� VHYHUHO\� GHYDVWDWHG�
E\�7URSLFDO�6WRUP�.HWVDQD��Lazcano 2009��� ,W� LV�H[SHFWHG�
WKDW�VLPLODU�HDUO\�ZDUQLQJ�V\VWHPV�ZLOO�EH�LQVWDOOHG�LQ�RWKHU�
PDMRU�ULYHU�V\VWHPV�DURXQG�WKH�FRXQWU\�

3$*$6$�KDV�JHQHUDWHG�SURMHFWLRQV�RI�WHPSHUDWXUH�DQG�
UDLQIDOO�FKDQJHV�LQ�WKH�3KLOLSSLQHV�IRU�WKH�WLPHIUDPHV������
DQG������XVLQJ�WKH�35(&,6��3URYLGLQJ�5HJLRQDO�&OLPDWHV�
,PSDFW� 6WXGLHV�� PRGHO� �PAGASA 2011��� 7KUHH� HPLVVLRQ�
VFHQDULRV��$���KLJK�UDQJH���$�%��PLG�UDQJH��DQG�%���ORZ�
UDQJH��� EDVHG� RQ� WKH� ,3&&� 6SHFLDO� 5HSRUW� RQ� (PLVVLRQ�
6FHQDULRV� �,3&&� 65(6�� ZHUH� XVHG� WR� UXQ� WKH� PRGHOV��
5HVXOWV� IURP�WKHVH�PRGHOV�DUH�QRZ�EHLQJ�XVHG�E\�YDULRXV�
JRYHUQPHQW�DJHQFLHV�DQG�UHVHDUFK�LQVWLWXWLRQV�LQ�TXDQWLI\LQJ�
DGDSWDWLRQ�VWUDWHJLHV��7KH�'267�KDV�DOVR�IXQGHG�D�QXPEHU�RI�
ZHDWKHU�DQG�FOLPDWH�IRUHFDVWLQJ�SURMHFWV�WKDW�LQFOXGH�WKH�RQ�
OLQH�'267�1DWLRQZLGH�2SHUDWLRQDO�$VVHVVPHQW�RI�+D]DUGV�
�3URMHFW� 12$+�� KWWS���QRDK�GRVW�JRY�SK��� DQG� &OLPDWH;�
�KWWS���FOLPDWH[�SK����%RWK�WKHVH�V\VWHPV�XVH�D�FRPELQDWLRQ�
RI�LQIRUPDWLRQ�IURP�YDULRXV�VRXUFHV�DQG�ZHDWKHU�GDWD�IURP�
3$*$6$� WR� SURYLGH� ��� RU� ��KRXU� OHDG�WLPH� ZDUQLQJV� LQ
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$UULEDV��$��� -5���+HGHQTXLVW�� -��:��� ,WD\D��7���*DUFLD�� -�� 6��� -5���
������ 7LPLQJ� RI� LQWUXVLRQ� DQG� UHODWHG� SRUSK\U\� DQG�
KLJK�VXO¿GDWLRQ� &X�$X� PLQHUDOL]DWLRQ� DW� /HSDQWR�)6(��
3KLOLSSLQHV��$EVWUDFW���-RXUQDO�RI�WKH�*HRORJLFDO�6RFLHW\�RI�
-DSDQ�����S������

$VLDQ� 'HYHORSPHQW� %DQN� ������ 7KH� (FRQRPLFV� RI� &OLPDWH�
&KDQJH�� � ,Q�� 6RXWKHDVW� $VLD�� $� 5HJLRQDO� 5HYLHZ�� KWWS���
ZZZ�DGE�RUJ�'RFXPHQWV�%RRNV�(FRQRPLFV�&OLPDWH�
&KDQJH�6($�3')�(FRQRPLFV�&OLPDWH�&KDQJH�SGI�� 'DWH�
RI�DFFHVV�-XO\���������������S�

$XUHOLR�� 0��$��� %DUULHU�� (��� 5DQJLQ�� &��� 0XOOHU�� &��� ������ 7KH�
3KLOLSSLQH� )DXOW� LQ� WKH� /DWH� &HQR]RLF� HYROXWLRQ� RI� WKH�
%RQGRF�0DVEDWH�1��/H\WH�DUHD��FHQWUDO�3KLOLSSLQHV��-RXUQDO�
RI�6RXWKHDVW�$VLDQ�(DUWK�6FLHQFHV������������

$XUHOLR�� 0�$��� ������ 6KHDU� SDUWLWLRQLQJ� LQ� WKH� 3KLOLSSLQHV��
&RQVWUDLQWV� IURP� 3KLOLSSLQH� )DXOW� DQG� JOREDO� SRVLWLRQLQJ�
GDWD��,VODQG�$UF�������í����

%DOFH��*�5���(QFLQD��5�<���0RPRQJDQ��$���/DUD��(���������*HRORJ\�
RI� WKH�%DJXLR�'LVWULFW� DQG� LWV� LPSOLFDWLRQV�RQ� WKH� WHFWRQLF�
GHYHORSPHQW�RI�WKH�/X]RQ�&HQWUDO�&RUGLOOHUD��*HRORJ\�DQG�
3DOHRQWRORJ\�RI�6RXWKHDVW�$VLD��������������

%DUULHU��(���+XFKRQ��3���$XUHOLR��0���������3KLOLSSLQH�)DXOW��$�NH\�
IRU�3KLOLSSLQH�NLQHPDWLFV��*HRORJ\�������±����

%HOORQ��+���<XPXO��*�3�-U���������0LR�3OLRFHQH�PDJPDWLVP�LQ�WKH�
%DJXLR�0LQLQJ�'LVWULFW� �/X]RQ��3KLOLSSLQHV���$JH�FOXHV� WR�
LWV�JHRG\QDPLF�VHWWLQJ��&RPSWHV�5HQGXV�GH�O
$FDGpPLH�GHV�
6FLHQFHV� 3DULV�� 6FLHQFHV� GH� OD� 7HUUH� HW� GHV� 3ODQHWHV� �����
��������

%HQJWVVRQ��/���+RGJHV��.�,���(VFK��0���.HHQO\VLGH��1���.RUQEOXHK��
/��� /XR�� -��-��� <DPDJDWD�� 7��� ������ +RZ� PDQ\� WURSLFDO�
F\FORQHV�FKDQJH�LQ�D�ZDUPHU�FOLPDWH"�7HOOXV���$����������

%HQVRQ�� &��� ������ 0DLQVWUHDPLQJ� GLVDVWHU� ULVN� UHGXFWLRQ� LQWR�
GHYHORSPHQW��&KDOOHQJHV�DQG�H[SHULHQFH�LQ�WKH�3KLOLSSLQHV��
3URYHQWLRQ�&RQVRUWLXP��6ZLW]HUODQG����S��

%HVDQD�� *�0�� $QGR�� 0��� � ������ 7KH� FHQWUDO� 3KLOLSSLQH� )DXOW�
=RQH��/RFDWLRQ�RI�JUHDW�HDUWKTXDNHV��VORZ�HYHQWV�DQG�FUHHS�
DFWLYLW\��(DUWK�3ODQHWV�6SDFH�������������

%LUNPDQQ�� -��� HW� DO��� ������ $GGUHVVLQJ� WKH� FKDOOHQJH��
5HFRPPHQGDWLRQV� DQG� TXDOLW\� FULWHULD� IRU� OLQNLQJ� GLVDVWHU�
ULVN� UHGXFWLRQ� DQG� DGDSWDWLRQ� WR� FOLPDWH� FKDQJH�� '..9�
3XEOLFDWLRQ�6HULHV�����%RQQ����S�

&KULVWRSORV��,���$QGHUVRQ��6���$UQROG��0���*DOD]��9���+HGJHU��0���
.OHLQ��5�-�7���*RXOYHQ��.�/���������7KH�KXPDQ�GLPHQVLRQ�RI�
FOLPDWH�DGDSWDWLRQ��7KH�LPSRUWDQFH�RI�ORFDO�DQG�LQVWLWXWLRQDO�
LVVXHV���&RPPLVVLRQ�RQ�&OLPDWH�&KDQJH�DQG�'HYHORSPHQW��
6WRFNKROP��6ZHGHQ����S�

&OLPDWH�&KDQJH�&RPPLVLRQ�� KWWS���FOLPDWH�JRY�SK��$FFHVVHG� ���
-XQH������

LQLWLDWLYHV��WKHLU�HIIHFWLYHQHVV�KDV�\HW�WR�EH�WHVWHG��VRPH�DUH�
HYHQ�VWLOO� LQ� WKH�SURFHVV�RI�GHYHORSLQJ� WKHLU� LPSOHPHQWLQJ�
UXOHV�DQG�UHJXODWLRQV��,Q�WKH�HQG��LPSOHPHQWDWLRQ�RI�WKHVH�ODZV�
DQG�'550�SODQV�UHPDLQ�WR�EH�WKH�FUXFLDO�VWHS�LQ�UHGXFLQJ�
WKH�HIIHFWV�RI�QDWXUDO�GLVDVWHUV�WR�KXPDQ�FRPPXQLWLHV��3HRSOH�
DUH�PRUH� UHFHSWLYH� RI� JRYHUQPHQW� SROLFLHV� LI� WKH\� KDYH� D�
IDLU� DSSUHFLDWLRQ� RI� KRZ� WKRVH� SROLFLHV� FDQ� EHQH¿W� WKHP���
7KHUHIRUH��WKH�VWUHQJWKHQLQJ�RI�SXEOLF�HGXFDWLRQ�FDPSDLJQV�
WKURXJK�WKH�LQWHQVL¿HG�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�WR�ORFDO�
JRYHUQPHQW�XQLWV�� HGXFDWLRQDO� LQVWLWXWLRQV�DQG� WKH�SRSXODU�
PHGLD� VKRXOG� IRUP� SDUW� RI� WKHVH� GLVDVWHU� PDQDJHPHQW�
HIIRUWV��%\�HGXFDWLQJ�WKH�SRSXODFH��HYDFXDWLRQ�HIIRUWV�FDQ�EH�
IDFLOLWDWHG�ZLWK�JUHDWHU�HDVH�DQG��ZKHQ�DEVROXWHO\�QHFHVVDU\��
UHORFDWLQJ� FRPPXQLWLHV� ZLOO� OHVV� OLNHO\� IDFH� UHVLVWDQFH�

&21&/86,216

7KH�JHRJUDSKLF�DQG�JHRORJLF�VHWWLQJV�RI�WKH�3KLOLSSLQHV�
PDNH� WKLV� DUFKLSHODJLF� QDWLRQ� VXVFHSWLEOH� WR� D� QXPEHU� RI�
KD]DUGV�� 7KH� FKDQFH� IRU� WKHVH� KD]DUGV� WR�PDWHULDOL]H� LQWR�
GLVDVWHUV� LV� IXUWKHU� DJJUDYDWHG� E\� PHWHRURORJLFDO� IDFWRUV��
VSHFL¿FDOO\� H[WUHPH� ZHDWKHU� HYHQWV� LQYROYLQJ� WURSLFDO�
F\FORQHV�� WKDW� FDQ� FDXVH�PDVVLYH� ÀRRGLQJ� DQG� ODQGVOLGHV��
7\SKRRQ� 3DUPD� ZUHDNHG� KDYRF� LQ� QRUWKZHVWHUQ� /X]RQ�
WKDW�UHVXOWHG�LQWR�PDVVLYH�ORVV�RI�OLYHV�DQG�SURSHUWLHV��7KLV�
WURSLFDO�F\FORQH�PDGH�ODQGIDOO�LQ�WKH�FRXQWU\�WKUHH�WLPHV��D�
¿UVW�IRU�WKH�3KLOLSSLQHV�VLQFH�PHWHRURORJLFDO�UHFRUGHG�KLVWRU\��
,WV� H[WHQGHG� VWD\� LQ� WKH� FRXQWU\� �WHQ� GD\V�� LV� FRQVLGHUHG�
DW\SLFDO� DV�PRVW� WURSLFDO� F\FORQHV� QRUPDOO\� H[LW� WKH� 3$5�
DIWHU� WZR� RU� WKUHH� GD\V�� +HQFH�� 7\SKRRQ� 3DUPD� WHVWHG� WR�
WKH�IXOOHVW�H[WHQW� WKH�GLVDVWHU�ULVN�PDQDJHPHQW�FDSDFLW\�RI�
WKH�QDWLRQDO�DQG�ORFDO�JRYHUQPHQWV�DQG�WKH�UHVLOLHQF\�RI�WKH�
SHRSOH� WKHPVHOYHV�� ,Q� UHVSRQVH�� WKH� QDWLRQDO� JRYHUQPHQW�
KDV� DOVR� WDNHQ� OHJLVODWLYH� VWHSV� WR� HQVXUH� WKH� ORQJ�WHUP�
VXVWDLQDELOLW\� RI� '550� LQLWLDWLYHV� E\� SDVVLQJ� VHYHUDO�
ODZV� SHUWDLQLQJ� WR� FOLPDWH� FKDQJH� DGDSWDWLRQ� DQG�'550��
+RZHYHU��WKH�HIIHFWLYHQHVV�RI�WKHVH�ODZV�UHPDLQV�WR�EH�WHVWHG�
DV�WKHVH�ZHUH�PRVWO\�MXVW�UHFHQWO\�HQDFWHG��1RQHWKHOHVV��LW�LV�
UHFRJQL]HG� WKDW� PDLQVWUHDPLQJ� FOLPDWH� FKDQJH� DGDSWDWLRQ�
LQWR� WKH� GHYHORSPHQW� SODQV� RI� ORFDO� FRPPXQLWLHV� DQG�
VWUHQJWKHQLQJ� WKHLU� GLVDVWHU� ULVN� PDQDJHPHQW� SODWIRUPV�
ZRXOG� LQYROYH� KHLJKWHQHG� LQIRUPDWLRQ�� HGXFDWLRQ� DQG�
FRPPXQLFDWLRQ� FDPSDLJQV�� LPSURYLQJ� WKH� HI¿FDF\� DQG�
FRPSUHKHQVLELOLW\�RI�HDUO\�ZDUQLQJ�V\VWHPV�DQG�GHYHORSLQJ�
FOLPDWH�SURRIHG�ODQG�XVH�SODQV��7KHVH�PHDVXUHV�QHHG�WR�EH�
FRQVLGHUHG�DQG�LPSOHPHQWHG�ZLWK�KDVWH�WR�UHGXFH�WKH�PDQ\�
XQFHUWDLQWLHV� WKDW�DFFRPSDQ\�RXU�XQFHUWDLQ� IXWXUH�FOLPDWH�

5()(5(1&(6

$%6�&%1�1HWZRUN��������5HSRUWHG�ÀRRGV�DQG�UHODWHG�GLVDVWHUV�
LQ� 1RUWKHUQ� /X]RQ�� DV� RI� �� 2FWREHU� ������ 'DWD� UHWULHYHG�
��� 0DUFK� ����� IURP�� KWWS���PDSV�JRRJOH�FRP�PDSV�PV"I
 T	VRXUFH HPEHG	KO HQ	JHRFRGH 	LH 87)�	KT 	
KQHDU 3DPSDQJD�5LYHU��3DOD\DQ�&LW\��1XHYD�(FLMD��
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/DUVHQ��0�&���������5DLQIDOO�WULJJHUHG�ODQGVOLGHV��DQWKURSRJHQLF�
KD]DUGV�DQG�PLWLJDWLRQ�VWUDWHJLHV��$GYDQFHV�LQ�*HRVFLHQFHV�
������������

/D]FDQR��-�0����������(DUO\�ZDUQLQJ�DQG�PRQLWRULQJ�V\VWHPV�VHW�LQ�
0HWUR�0DQLOD���6	7�3RVW�����S����

/HH��&��7���+XDQJ��&��&���/HH��-��)���3DQ��.��/���/LQ��0��/���'RQJ��
-��-��� ������ 6WDWLVWLFDO� DSSURDFK� WR� VWRUP� HYHQW�LQGXFHG�
ODQGVOLGHV�VXVFHSWLELOLW\��1DWXUDO�+D]DUGV�DQG�(DUWK�6\VWHP�
6FLHQFH������������

/RXYHQEUXFN�� $��� ������ 'HIRUPDWLRQ� DFWLYH� GX� GRPDLQ� QRUG�
/X]RQ��3KLOLSSLQHV�HW�GH�7DLZDQ��'RFWRUDO�7KHVLV��8QLYHUVLWH�
3DULV�;,�2UVD\������SS�

/\RQ��%���&ULVWL��+���9HUFHOHV��(�5���+LODULR��)�'���$EDVWLOODV��5���
������6HDVRQDO�UHYHUVDO�RI�WKH�(162�UDLQIDOO�VLJQDO�LQ�WKH�
3KLOLSSLQHV�� *HRSK\VLFDO� 5HVHDUFK� /HWWHUV� ���� /�������
GRL�������������*/�������

0DOHWHUUH�� 3��� ������ +LVWRLUH�� VHGLPHQWDWLRQ�� PDJPDWLTXH��
WHFWRQLTXH� HW� PHWDOORJHQLTXH� G
XQ� DUF� RFHDQLTXH� GHIRUPH�
HQ�UHJLPH�GH�WUDQVSUHVVLRQ��'RFWRUDO�7KHVLV��8QLYHUVLWH�GH�
%UHWDJQH�2FFLGHQWDOH��%UHVW������S�

0DQQ�� 0�(��� (PPDQXHO�� .�$��� ������$WODQWLF� KXUULFDQH� WUHQGV�
OLQNHG�WR�FOLPDWH�FKDQJH��(26������������������

1DWLRQDO�'LVDVWHU�&RRUGLQDWLQJ�&RXQFLO������D���6LWXDWLRQ�5HSRUW�
1R�� �� RQ� 7\SKRRQ� ³3HSHQJ´� ^3DUPD`�� 1DWLRQDO� 'LVDVWHU�
0DQDJHPHQW�&HQWHU��4XH]RQ�&LW\��3KLOLSSLQHV����S�

1DWLRQDO�'LVDVWHU�&RRUGLQDWLQJ�&RXQFLO������E���6LWXDWLRQ�5HSRUW�
1R�� �� RQ� 7\SKRRQ� ³3HSHQJ´� ^3DUPD`�� 1DWLRQDO� 'LVDVWHU�
0DQDJHPHQW�&HQWHU��4XH]RQ�&LW\��3KLOLSSLQHV����S�

1DWLRQDO�'LVDVWHU�&RRUGLQDWLQJ�&RXQFLO������F���6LWXDWLRQ�5HSRUW�
1R�����RQ�7URSLFDO�6WRUP�³2QGR\´�DQG�7\SKRRQ�³3HSHQJ´�
^3DUPD`� *OLGH� 1R�� 7&�������������3+/�� 1DWLRQDO�
'LVDVWHU�0DQDJHPHQW�&HQWHU��4XH]RQ�&LW\��3KLOLSSLQHV�����S�

1DWLRQDO�'LVDVWHU�&RRUGLQDWLQJ�&RXQFLO������G���6LWXDWLRQ�5HSRUW�
1R�� ��� RQ�7URSLFDO� 6WRUP� ³2QGR\´� ^.HWVDQD`�*OLGH�1R��
7&�������������3+/� DQG� 7\SKRRQ� ³3HSHQJ´� ^3DUPD`�
*OLGH� 1R�� 7&�������������3+/�� � 1DWLRQDO� 'LVDVWHU�
0DQDJHPHQW� &HQWHU�� 4XH]RQ� &LW\�� 3KLOLSSLQHV�� ��� S�

3KLOLSSLQH�$WPRVSKHULF��*HRSK\VLFDO�$QG�$VWURQRPLFDO�6HUYLFHV�
$GPLQLVWUDWLRQ��3$*$6$���������KWWS���ZZZ�SDJDVD�GRVW�
JRY�SK���$FFHVVHG����-DQXDU\������

3HxD��5��(���������5HYLHZ�RI�WKH�VWUDWLJUDSK\�RI�%DJXLR�GLVWULFW��
-RXUQDO�RI�WKH�*HRORJLFDO�6RFLHW\�RI�WKH�3KLOLSSLQHV���������
����

3HxD��5�(����������/H[LFRQ�RI�3KLOLSSLQH�6WUDWLJUDSK\��*HRORJLFDO�
6RFLHW\�RI�WKH�3KLOLSSLQHV��0DQGDOX\RQJ�&LW\��3KLOLSSLQHV��
����S�

&OLPDWH;��KWWS���FOLPDWH[�SK����$FFHVVHG���2FWREHU������

'DLUDNX��.��� �(PRUL��6���+LJDVKL��+���������3RWHQWLDO�FKDQJHV� LQ�
H[WUHPH� (YHQWV� XQGHU� JOREDO� FOLPDWH� FKDQJH�� -RXUQDO� RI�
'LVDVWHU�5HVHDUFK����������

'DZH��'���0R\D��3���9DOHQFLD��6���������,QVWLWXWLRQDO��SROLF\�DQG�
IDUPHU�UHVSRQVHV�WR�GURXJKW��(O�1LxR�HYHQWV�DQG�ULFH�LQ�WKH�
3KLOLSSLQHV��'LVDVWHUV�������������

'HSDUWPHQW�RI�6FLHQFH�DQG�7HFKQRORJ\��KWWS���QRDK�GRVW�JRY�SK���
$FFHVVHG���2FWREHU������

'LPDODQWD��&�%���<XPXO��*�3�-U��DQG�,PDL��$���������*HRG\QDPLF�
HYROXWLRQ� RI� WKH� %DJXLR� 0LQHUDO� 'LVWULFW�� 8QORFNLQJ� WKH�
UHFRUG�IURP�FODVWLF�URFNV���-RXUQDO�RI�$VLDQ�(DUWK�6FLHQFHV��
LQ�SUHVV��GRL����������M�MVHDHV�������������

(PDQXHO�� .��� ������ �$UH� WKHUH� WUHQGV� LQ� KXUULFDQH� GHVWUXFWLRQ"��
1DWXUH������(���(���

)DXVWLQR�(VODYD�� '�9��� <XPXO�� *�3�-U��� 6HUYDQGR�� 1�7�� DQG��
'LPDODQWD��&�%��7KH�-DQXDU\������DQRPDORXV�SUHFLSLWDWLRQ�
DVVRFLDWHG� ZLWK� WKH� �7DLO�HQG� RI� WKH� &ROG� )URQW�� ZHDWKHU�
V\VWHP�LQ�1RUWKHUQ�0LQGDQDR��3KLOLSSLQHV���1DWXUDO�KD]DUGV��
LPSDFWV� DQG� ULVN� UHGXFWLRQV�� ������ *OREDO� DQG� 3ODQHWDU\�
&KDQJH������������GRL���������M�JORSODFKD�������������

*X]]HWWL�� )��� 3HUXFFDFFL�� 6��� 5RVVL�� 0��� 6WDUN�� &�3��� ������ 7KH�
UDLQIDOO�LQWHQVLW\�GXUDWLRQ�FRQWURO�RI�VKDOORZ�ODQGVOLGHV�DQG�
GHEULV�ÀRZV��DQ�XSGDWH��/DQGVOLGHV���������

+ROODQG��*�-���:HEVWHU��3�-��� ������ �+HLJKWHQHG� WURSLFDO� F\FORQH�
DFWLYLW\�LQ�WKH�1RUWK�$WODQWLF��QDWXUDO�YDULDELOLW\�RU�FOLPDWH�
WUHQG"�3KLORVRSKLFDO�7UDQVDFWLRQV�RI� WKH�5R\DO�6RFLHW\�$��
GRL���������UVWD�����������

,PDL��$���������*HQHUDWLRQ�DQG�HYROXWLRQ�RI�RUH�ÀXLGV�IRU�SRUSK\U\�
&X�$X�PLQHUDOL]DWLRQ�DW�WKH�6DQWR�7RPDV�,,��3KLOH[��GHSRVLW��
3KLOLSSLQHV��5HVRXUFH�*HRORJ\�����������

,QWHUJRYHUQPHQW�3DQHO�RQ�&OLPDWH�&KDQJH��������&OLPDWH�&KDQJH�
������ 7KH� 3K\VLFDO� %DVLV�� &DPEULGJH� 8QLYHUVLW\� 3UHVV��
&DPEULGJH��8QLWHG�.LQJGRP�DQG�1HZ�<RUN��1<��86$��

.LUVFKEDXP��'�%���$GOHU��5���+RQJ��<���+LOO��6���/HUQHU�/DP��$���
������ �$� JOREDO� ODQGVOLGH� FDWDORJ� IRU� KD]DUG� DSSOLFDWLRQV��
PHWKRG��UHVXOWV��DQG�OLPLWDWLRQV���1DWXUDO�+D]DUGV�������������

.QXWVRQ��7�5���0F%ULGH��-�/���&KDQ��-���(PDQXHO��.���+ROODQG��*���
/DQGVHD��&���+HOG�� ,���.RVVLQ�� -�3���6ULYDVWDYD��$�.���6XJL��
0��� ������ � 7URSLFDO� F\FORQHV� DQG� FOLPDWH� FKDQJH�� 1DWXUH�
*HRVFLHQFH������������

/DJPD\��$�0�)��� 2QJ�� -�%�7��� )HUQDQGH]�� '�)�'��� /DSXV��0�5���
5RGROIR��5�6���7HQJRQFLDQJ��$�0�3���6RULD��-�/�$���%DOLDWDQ��
(�*��� 4XLPED�� =�/��� 8LFKLDQFR�� &�/��� 3DJXLFDQ�� (�0�5���
5HPHGLR�� $�5�&��� /RUHQ]R�� *�5�+��� 9DOGLYLD�� :��� $YLOD��
)�%���������6FLHQWLVWV�LQYHVWLJDWH�UHFHQW�3KLOLSSLQH�ODQGVOLGH��
(26��������������
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<XPXO�� *�3�� -U��� &UX]�� 1�$��� 'LPDODQWD�� &�%��� +LODULR�� )�'���
6HUYDQGR�� 1�7��� ������ 7KH� ����� GU\� VSHOO� LQ� /X]RQ�
�3KLOLSSLQHV���,WV�FDXVH��LPSDFW�DQG�FRUUHVSRQGLQJ�UHVSRQVH�
PHDVXUHV��&OLPDWLF�&KDQJH�GRL���������V�����������������

<XPXO�� *�3�-U��� &UX]�� 1�$��� 6HUYDQGR�� 1�7��� 'LPDODQWD�� &�%���
������ 7KH� PHWHRURORJLFDOO\� DEQRUPDO� \HDU� RI� ����� DQG�
QDWXUDO�GLVDVWHUV� LQ� WKH�3KLOLSSLQHV��(SLVRGHV�������������

<XPXO�� *�3�-U��� 'LPDODQWD�� &�%��� 7DPD\R�� 5�$�-U��� =KRX�� 0�)���
������ *HRORJ\� DQG� JHRFKHPLVWU\� RI� WKH� 5DSX�5DSX�
2SKLROLWH�&RPSOH[��(DVWHUQ�3KLOLSSLQHV��3RVVLEOH�IUDJPHQW�
RI� WKH� SURWR�3KLOLSSLQH� 6HD� 3ODWH�� ,QWHUQDWLRQDO� *HRORJ\�
5HYLHZ�������������

$&.12:/('*(0(17

$VVLVWDQFH� IURP� WKH� 'HSDUWPHQW� RI� 6FLHQFH� DQG�
7HFKQRORJ\� �'267��� 3KLOLSSLQH� &RXQFLO� IRU� ,QGXVWU\�
DQG� (QHUJ\� 5HVHDUFK� DQG� 'HYHORSPHQW�'267�� 1DWLRQDO�
'LVDVWHU� &RRUGLQDWLQJ� &RXQFLO� HVSHFLDOO\� WKH� 2I¿FH� RI�
&LYLO� 'HIHQVH�'HSDUWPHQW� RI� 1DWLRQDO� 'HIHQVH�� 0LQHV�
DQG� *HRVFLHQFHV� %XUHDX�'HSDUWPHQW� RI� (QYLURQPHQW� DQG�
1DWXUDO� 5HVRXUFHV�� 3KLOLSSLQH� $WPRVSKHULF�� *HRSK\VLFDO�
DQG�$VWURQRPLFDO� 6HUYLFHV�$GPLQLVWUDWLRQ�'267� DQG� WKH�
8QLYHUVLW\� RI� WKH� 3KLOLSSLQHV�%DJXLR� DUH� DFNQRZOHGJHG�
ZLWK� WKDQNV�� 7KH� DXWKRUV� DOVR� WKDQN� WKH� UHYLHZHUV� ZKRVH�
FRPPHQWV�JUHDWO\�LPSURYHG�WKH�SDSHU��:H�WKDQN�5RVH�$QQ�
&RQFHSFLRQ�� -HG� 0LFKDHO� 3DUWRVD�� 1HOVRQ� 'HJUDFLD�� -DNH�
,EDxH]�� $QWKRQ\� GHOD� &UX]�� '\PSKQD� -DYLHU� DQG� $UOHQH�
7HQJRQFLDQJ� ZKR� DFFRPSDQLHG� XV� GXULQJ� WKH� ¿HOGZRUN�
SKDVH�RI�WKLV�ZRUN��7KH�ORFDO�JRYHUQPHQW�RI¿FLDOV�DQG�SHRSOH�
LQ� WKH� FRPPXQLWLHV� WKDW� ZH� KDYH� YLVLWHG� DQG�PDSSHG� DUH�
DOVR�WKDQNHG�IRU�WKHLU�KRVSLWDOLW\�GHVSLWH�WKH�KDUGVKLSV�WKDW�
EHIHOO�WKHP���&RQWULEXWLRQV�IURP�'U��5RGROIR�$��7DPD\R��-U��
KDYH�EHHQ�YHU\�KHOSIXO�LQ�WKH�FUDIWLQJ�RI�WKLV�PDQXVFULSW��:H�
GHGLFDWH�WKLV�ZRUN�WR�KLV�PHPRU\�

3HxD�� 5�� DQG� 5H\HV�� 0�&��� ������ 6HGLPHQWRORJLFDO� VWXG\� RI� D�
VHFWLRQ�RI�WKH��8SSHU�=LJ]DJ��IRUPDWLRQ�DORQJ�%XHG�5LYHU��
7XED�� %HQJXHW�� -RXUQDO� RI� WKH� *HRORJLFDO� 6RFLHW\� RI� WKH�
3KLOLSSLQHV����������

3LQHW��1��������8Q�H[HPSOH�GH�JUDQG�GHFURFKHPHQW�DFWLI�HQ�FRQWH[WH�
GH� VXEGXFWLRQ� REOLTXH�� OD� IDLOOH� 3KLOLSSLQH� GDQV� VH� SDUWLH�
6HSWHQWULRQDOH��'RFWRUDWH�7KHVLV��8QLYHUVLWH�GH�1LFH������S�

3LQHW��1���6WHSKDQ��-�)���������7KH�3KLOLSSLQH�ZUHQFK�IDXOW�V\VWHP�
LQ� WKH� ,ORFRV� )RRWKLOOV�� QRUWKZHVWHUQ� /X]RQ�� 3KLOLSSLQHV��
7HFWRQRSK\VLFV��������������

3KLOLSSLQH�,QVWLWXWH�RI�9ROFDQRORJ\�DQG�6HLVPRORJ\��������KWWS���
ZZZ�SKLYROFV�GRVW�JRY�SK���'DWH�RI�DFFHVV�)HEUXDU\����������

4XHDxR�� .�/��� ������ 7HFWRQLF� PRGHOLQJ� RI� 1RUWKHUQ� /X]RQ��
3KLOLSSLQHV�DQG�UHJLRQDO�LPSOLFDWLRQV��'RFWRUDO�7KHVLV��7KH�
8QLYHUVLW\�RI�+RQJ�.RQJ��+RQJ�.RQJ��6�$�5��&KLQD������S��

4XHDQR�� .�/��� $OL�� -�5��� 3XEHOOLHU�� 0��� <XPXO�� *�3�-U���
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:ROIH�� -�$��� ������ 3KLOLSSLQH� JHRFKURQRORJ\�� -RXUQDO� RI� WKH�
*HRORJLFDO�6RFLHW\�RI�WKH�3KLOLSSLQHV���������

��Journal of Environmental Science and Management Volume 16 No. 1 (June 2013)


