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Abstract

An enormous earthquake-generated tsunami occurred in southern coastal Java on 17 July 2006. Tsunami 
waves reached the coastal area of West Java, Central Java, and Yogyakarta. The southern part of Java is 
characterized by a high potential tsunami hazard. Parangtritis is located in the southern coastal area of 

Bantul District, Yogyakarta Province (Java Island). This area is considered a highly vulnerable area due to tsunami. 
Sand dunes in the Parangtritis area function as a barrier against the threat of tsunami hazards. The problem of this 
research is some stakeholders did not pay attention to sand dune conservation as a barrier of tsunami hazard. To 
minimize loss material, it is necessary to have a barrier for minimizing tsunami impact such as sand dune which 
can be determined by considering tsunami hazard zones. This research is aimed at detecting the changing of 
actual sand dune conditions using a remote sensing application and simulate the tsunami inundation hazard impact 
(Scenario direction wave: southwest, southeast, south and west & elevation scenario wave: 5 m, 10 m, 15 m, 20 m, 
25 m and 30 m). The inundation zone due to tsunami would be determined using the predicted water depth 
scenario. This study intends to identify the inundation zone of the hypothetical water-depth scenario, quantify what 
the impacts of the inundation of sand dunes are and also detect sand dune actual zone with topography detail 
scale. The final product of this research is production of a sand dune conservation management map.
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インドネシアも地震の多発地帯だ。
2006年の津波は多大な被害をもたら
した。未来の被害を減免するために
ハザード・マップを作る。
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Tsunami Inundation Hazard Mapping as 
Monitoring and Conservation Assessment in 

Parangtritis Coastal Area, Indonesia

Introduction
,QGRQHVLD�LV�RQH�RI�WKH�PRVW�YXOQHUDEOH�DUHDV�GXH�WR�
QDWXUDO�GLVDVWHU��EHFDXVH�LW� LV�FORVH�WR�WKH�FROOLVLRQ�
DUHD�RI�WKH�WKUHH�PDLQ�WHFWRQLF�SODWHV�LQ�WKH�ZRUOG��
'XH�WR�WHFWRQLF�VHWWLQJ��-DYH�,VODQG�LV�YHU\�YXOQHU-
DEOH�WR�WVXQDPL�GLVDVWHU��$FFRUGLQJ�WR�WKH�FDWDORJXH�
IRU� WVXQDPLV� LQ� WKH� ,QGLDQ�2FHDQ��ZKLFK� LQFOXGHV�
WVXQDPLV������RI�WKH�WVXQDPLV�DUH�IURP�WKH�6XQGD�
DUF�UHJLRQ��ZKHUH�RQ�DQ�DYHUDJH��WVXQDPLV�DUH�JHQHU-
DWHG�RQFH�LQ�WKUHH�\HDUV�ZLWK�GLIIHUHQW�VFDOH�HYHQWV��� 

7KLV�LVODQG�LV�LQ�WKH�RXWHU�DUF�RI�YROFDQLF�EHOW��ZKLFK�
KDV�WKH�VDPH�FRQGLWLRQV�DV�$FHK��,Q�������WKH�WVX-
QDPL� KDSSHQHG� LQ� WKH� VRXWKHUQ� SDUW� RI�:HVW� -DYD�
ZKLFK�VKLIWHG�WR�WKH�HDVW��7KH�HIIHFW�LV�WKDW�WKH�HQWLUH�
VRXWKHUQ�SDUW�RI�FRDVWDO�]RQH�LQ�-DYD�ZDV�DIIHFWHG�E\�
WVXQDPL��7KH�VHD�RI�WKH�6RXWK�&RDVW�%DQWXO�5HJHQF\�
KDV�WKH�SRWHQWLDO�WR�FDXVH�D�WVXQDPL��EHFDXVH�WKHUH�LV�
D�VXEGXFWLRQ�]RQH�EHWZHHQ�WKH�,QGLDQ�3ODWH�DQG�(XU-
DVLDQ�3ODWH��7KLV�]RQH�LV�D�SRWHQWLDO�]RQH�IRU�HDUWK-
TXDNHV�DQG�WVXQDPL��



78

Ratih Fitria Putri, Josaphat Tetuko Sri Sumantyo, Hiroaki Kuze

� $OWKRXJK�DQ� LQIUHTXHQW�GLVDVWHU�� WVXQDPLV�KDYH�
EHHQ� UHFRUGHG�DV�GHVWUXFWLYH�GLVDVWHUV� WKDW� FDXVHG�
JUHDW�ORVVHV�RI�OLIH�DQG�H[WHQVLYH�GDPDJH��7KH�ODUJ-
HVW�WVXQDPL�GLVDVWHU�ZDV�FDXVHG�E\�WKH�.UDNDWDX�9RO-
FDQR�LQ�������LQ�ZKLFK�ZDYHV�RI����PHWHUV�LQ�KHLJKW�
DQG�D�����NLORPHWHU�WURXJK�LQODQG�ZDV�UHFRUGHG�RQ�
ERWK� -DYD� DQG� 6XPDWUD� LVODQGV�� 7KH� VHFRQG� RQH�
RFFXUUHG�LQ������FDXVHG�E\�D�KXJH�HDUWKTXDNH������
RQ�WKH�5LFKWHU�VFDOH��DQG�ZDV�UHFRUGHG�DV�WKH�ELJ-
JHVW�HDUWKTXDNH�VLQFH�������7KLV�HDUWKTXDNH�JHQHU-
DWHG�WVXQDPL�ZDYHV�PRUH�WKDQ����PHWHUV�LQ�KHLJKW�
DQG�WUDYHOLQJ���NLORPHWHUV�LQODQG��GHVWUXFWLQJ�DOO�WKH�
EXLOGLQJV�DQG�KRXVHV��
� &RDVWDO�DUHDV�DUH�G\QDPLF�DQG�FRQVWDQWO\�FKDQJ-
LQJ��� &KDQJH�LQ� WKH�FRDVW�RI�,QGRQHVLD�FRQVLVWV�RI�
VKRUW�WHUP�� PHGLXP�WHUP� DQG� ORQJ�WHUP� FKDQJHV�
WKDW�FDQ�EH�VHHQ�DV�YDULRXV�NLQG�RI�QDWXUDO�KD]DUGV��
JUDGXDO�RU�LQWHUPLWWHQW�DGYDQFH�RU�UHWUHDW�VKRUHOLQH�
DQG� WKRVH�VXFK�DV� ODQG�XSOLIW�RI�VXEVLGHQFH�RU�VHD�
OHYHO�ULVH�DQG�IDOO��7KH�VRXWKHUQ�SDUW�RI�WKH�FRDVWDO�
]RQH�RI�3DUDQJWULWLV�KDV�DQ�XQLTXH�VDQG�GXQH�SKH-
QRPHQD��6DQG�GXQHV�LQ�WKLV�DUHD�DUH�FRQVLGHUHG�WR�EH�
WKH�RQO\�VDQG�GXQH�LQ�6RXWKHDVW�$VLD��6DQG�GHSRVLWV�
LQ�3DUDQJWULWLV�FRQVLVWV�RI�EHDFK�VDQG�DQG�VDQG�GXQH�
� 7KH� 3DUDQJWULWLV� DUHD� GLUHFWO\� IDFHV� WKH� ,QGLDQ�
2FHDQ��7KH�EHDFK�LV�VDQG\�JUD\�DQG�KDV�D�YLHZ�RI�

WKH�KLOOV�LQ�WKH�(DVW�DQG�1RUWK�DQG�VDQG�GXQH�LQ�WKH�
ZHVWHUQ�SDUW�DUH�RI�EDUFKDQ�W\SH��7KHVH�FRQGLWLRQV�
PDNH� WKH� DUHD� DURXQG�3DUDQJWULWLV� D� YHU\� SRSXODU�
WRXULVW�VSRW�ZKLFK�LV�FURZGHG�GXULQJ�WKH�KROLGD\V��
HVSHFLDOO\� WKH�VFKRRO�KROLGD\V��0RUHRYHU��3DUDQJ-
WULWLV�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�WRXULVW�DWWUDFWLRQV�
EHFDXVH� WKLV�EHDFK�SURYLGHV�D�EHDXWLIXO�SDQRUDPD�
DQG�DOVR�EHFDXVH�LW�LV�D�VDFUHG�SODFH��7KHVH�DFWLYLWLHV�
PDNH�3DUDQJWULWLV�KLJKO\�YXOQHUDEOH�WR�WKH�LPSDFW�RI�
WKH�WVXQDPL�ZKHQ�ZH�FRQVLGHU�WKDW�WKHUH�DUH�PDQ\�
EXLOGLQJV�LQ�WKH�FRDVWDO�DUHD�RQO\�D�IHZ�PHWHUV�IURP�
WKH�FRDVWOLQH�DQG�WKH�DUHD�LV�UHODWLYHO\�ÀDW��
� 7KH� 3DUDQJWULWLV� DUHD� LV� ORFDWHG� RQ� WKH� 6RXWK�
&RDVW�RI�WKH�-DYD�VXEGXFWLRQ�]RQH�GLUHFWO\�IDFLQJ�WKH�
,QGR�$XVWUDOLDQ�3ODWH�DQG�(XUDVLDQ�3ODWH��%DVHG�RQ�
D�UHYLHZ�RI�WKH�OLWHUDWXUH��WKH�WKUHDW�RI�QDWXUDO�GLVDV-
WHUV�WKDW�PD\�OHDG�WR�GLVDVWHU�ZLWK�VWUHQJWK�DQG�JUHDW�
GDPDJH�RULJLQDWH�IURP�HDUWKTXDNHV�JHQHUDWHG�LQ�WKH�
VHFRQG�VXEGXFWLRQ�]RQH�SODWH�ORFDWHG�LQ�WKH�6RXWK-
HUQ�SDUW�RI�-DYD��2Q����-XO\������D�WVXQDPL�RFFXUUHG�
LQ�WKH�VRXWKHUQ�FRDVWDO�DUHD�RI�-DYD��+HDY\�GDPDJH�
RFFXUUHG�LQ�3DQJDQGDUDQ��RQH�RI�WKH�PRVW�SUHIHUUHG�
DUHDV�IRU�WRXULVP�LQ�-DYD��7KH�,QGRQHVLDQ�0LQLVWU\�
RI�+HDOWK�UHSRUWHG�WKDW�PRUH�WKDQ�����SHRSOH�GLHG��
PRUH� WKDQ� ���ZHUH�PLVVLQJ�� DQG�PRUH� WKDQ� �����
UHTXLUHG�WUHDWPHQW�DV�D�UHVXOW�RI�WKH�GLVDVWHU��� The 

Fig. 1  Parangtritis Coastal Area
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Fig. 2. Flowchart Research Design 
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WVXQDPL�ZDV�WULJJHUHG�E\�D�����HDUWKTXDNH�ORFDWHG�
����NP�IURP�-DYD�,VODQG��7KLV�WVXQDPL�FDXVHG�GDP-
DJH�WR�LQIUDVWUXFWXUH��ODQG�XVH�DQG�DJULFXOWXUDO�DUHD�
LQFOXGLQJ�SDGG\�¿HOG��
� $�UHPRWHO\�VHQVHG�DSSURDFK�LQ�FRPELQDWLRQ�ZLWK�
WKH� *HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP� �*,6�� PLJKW�
EH�PRUH�XVHIXO�IRU�HVWDEOLVKLQJ�WKH�VSDWLDO�H[WHQW�RI�
SRWHQWLDO� KD]DUG� LQXQGDWLRQ� DV�ZHOO� DV� WR� FDOFXODWH�
WKH� VSDWLDO� DJULFXOWXUDO� GDPDJH� RYHU� ODUJH� DUHDV��� 
1RZDGD\V��WKH�WHFKQRORJ\�RI�WKH�VDWHOOLWHV�LPDJHV�LV�

LQFUHDVLQJ�UDSLGO\�LQ�WHUPV�RI�WKH�WHFKQRORJ\�GHYHO-
RSPHQW�DQG�WHFKQRORJ\�DSSOLFDWLRQ��$V�DQ�H[DPSOH��
GDWD�DFTXLUHG�E\�VDWHOOLWH�VHQVRUV�IRU�ODQG�XVH�GHWHU-
PLQDWLRQ��HVSHFLDOO\�DW�FRDVWDO�DJULFXOWXUDO�ODQG�XVH��LV�
EHFRPLQJ�DQ�LQFUHDVLQJO\�LPSRUWDQW�VRXUFH�RI�LQIRU-
PDWLRQ�IRU�SUHFLVLRQ�IDUPLQJ��$�K\SHUVSHFWUDO�VHQVRU�
VXFK�DV�,.2126�KDV�GUDPDWLFDOO\�LQFUHDVHG�VSDWLDO��
VSHFWUDO�� DQG� WHPSRUDO� IUHTXHQFLHV� WKDW�PDNH� WKHP�
DSSHDOLQJ�WR�DSSOLFDWLRQV�LQ�SUHFLVLRQ�DJULFXOWXUH�DQG�
QRQ�DJULFXOWXUH�ODQG��
� +RZHYHU��GXH�WR�WKH�ODUJH�V\QRSWLF�YLHZ�SURYLGHG�
DQG� UHDVRQDEOH� VSDWLDO� UHVROXWLRQ�� WKH� /DQGVDW� DQG�
$/26�VDWHOOLWHV�DUH�DOVR�RI�HTXDO�LPSRUWDQFH�LQ�SUHFL-
VLRQ�IDUPLQJ��5HPRWH�6HQVLQJ�$SSURDFKHV�IRU�FRDVWDO�
PRUSKRORJ\�KDYH�GHYHORSHG�UDSLGO\�LQ�WKH�ODVW���\HDUV��
%DVHG�RQ� WKH�/DQGVDW�(70�DQG�'(0�GDWD�GHULYHG�
E\� 6570��$67(5� DQG�$/26� RI� WKH� FRDVWDO� DUHD�
SURGXFHG�VSDWLDO�LQIRUPDWLRQ�LQ�RUGHU�WR�UHSUHVHQW�WKH�
FRDVWDO�PRUSKRORJ\��� 'LJLWDO�,PDJH�3URFHVVLQJ�PHWK-
RGV�XVHG�WR�SURGXFH�KLOO�VKDGH��VORSH��PLQLPXP�DQG�
PD[LPXP�FXUYDWXUH�PDSV�EDVHG�RQ�6570�'(0�FRQ-
WULEXWH�WR�WKH�GHWHFWLRQ�RI�PRUSKRORJLF�WUDFHV��7KHVH�
PDSV�FRPELQHG�ZLWK�/DQGVDW�(70�DQG�VHLVPR�WHF-
WRQLF�GDWD�LQ�D�*,6�GDWDEDVH�DOORZ�WKH�GHOLQHDWLRQ�RI�
FRDVWDO�UHJLRQV�FDQ�EH�XVHIXO�IRU�WVXQDPL�DQDO\VLV��
� 7KLV�SDSHU�UHSRUWV�WKH�UHVXOWV�RI�DQ�DVVHVVPHQW�RI�
WKH� LPSDFW�RI� WVXQDPL� LQXQGDWLRQ�IRU�D�FRDVWDO�VHJ-
PHQW�RI�3DUDQJWULWLV�%DQWXO��VRXWK�RI�WKH�-DYD�FRDVWDO�
DUHD� LQ�<RJ\DNDUWD�3URYLQFH�� ,QGRQHVLD��7KLV� VWXG\�
KDV�EHHQ�XQGHUWDNHQ�IRU�WKUHH�UHDVRQV������7KH�VRXWK�
RI� -DYD� FRDVWDO� DUHD� LV� RQH� RI� WKH�PRVW� YXOQHUDEOH�
DUHDV�GXH� WR� WVXQDPL� DQG�KDV�EHHQ� LGHQWL¿HG�DV� DQ�
DUHD�DW�ULVN�RI�IXWXUH�WVXQDPL�RFFXUUHQFH��������7KLV�
UHVHDUFK�ZLOO�GHWHFW�VDQG�GXQH�]RQHV�LQ�3DUDQJWULWLV��
����7KH� ORFDO�JRYHUQPHQW� LV�ZLOOLQJ� WR� IRUPXODWH� D�
ORFDO�DFWLRQ�SODQ�IRU�GLVDVWHU�ULVN�UHGXFWLRQ��DQG�RXU�
UHVXOWV�ZRXOG� SURYLGH� YDOXDEOH� GDWD� WR� VXSSRUW� WKH�
JRYHUQPHQWDO�SURJUDP��)XUWKHUPRUH�� WR�RXU�NQRZO-
HGJH�� FRDVWDO� ODQG�XVH� SODQQLQJ� LQ� JHQHUDO� IDLOV� WR�
FRQVLGHU�WKH�SRWHQWLDO�UROH�RI�WKH�H[WUHPH�KD]DUGV�IDF-
LQJ�WKH�FRDVWDO�DUHD��
� 6DQG�GXQHV� LQ�3DUDQJWULWLV�DUHD�KDYH�D� IXQFWLRQ�
VXFK� DV� D� EDUULHU� WR� WKH� WKUHDW� RI� WVXQDPL� KD]DUG��

Table 1  Tsunami Record Indonesia

Year Magnitude
Victims

(Dead/Injured)
Location

1883 9ROFDQR 36000 .UDNDWDX
1961 - 2/6 177��)ORUHV�7HQJDK
1964 - 110/479 6XPDWHUD

1965
��� ���'HDG 0DOXNX��6HUDP��GDQ�

Sanana

1967
���

58/100
7LQDPEXQJ��6RXWK�

6XODZHVL�
1968 ��� ����'HDG 7DPER��&HQWHU�6XODZHVL�
1969 ��� 64/97 0DMHQH��6RXWK�6XODZHVL�
1977 - ����'HDG 17%�DQG�3��6XPEDZD

1977
8

2/25
177��)ORUHV��DQG�3��

$WDXUR

1979
-

27/200
17%��6XPEDZD��%DOL��

DQG�/RPERN
1982 - 13/400 177��/DUDQWXND

1987
-

83/108
177��(DVW�)ORUHV��DQG�3��

3DQWDU
1989 - ��'HDG 177�DQG�3��$ORU
1992 ��� 1952/2126 177��)ORUHV��3��%DEL
1994 ��� 38/400 %DQ\XZDQJL��(DVW�-DYD�
1996 8 3/63 3DOX��&HQWHU�6XODZHVL�
1996 8 ����'HDG 3��%LDN��,ULDQ�-D\D�

1998
- ���'HDG� 7DEXQD�0DOLDEX�

�0DOXNX�

2000
- ��'HDG %DQJJDL��&HQWHU�

6XODZHVL
2004 ��� !������� 1$'�DQG�1RUW�6XPDWHUD
2005 - - 3��1LDV
2006 ��� 665 6RXWK�-DYD

*Source: Diposaptono & Budiman,20061)
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1RZDGD\V��WKH�VDQG�GXQH�FRQGLWLRQ�LQ�3DUDQJWULWLV�LV�
QRW�LGHDO�DV�D�UHVXOW�RI�KXPDQ�DFWLYLWLHV�LQ�VXUURXQG-
LQJ�3DUDQJWULWLV�DUHD�VXFK�DV�VDQG�EHLQJ�DIIHFWHG�E\�
YHU\� LQWHQVLYH�ULYHU� WDLOLQJ��$V�D� UHVXOW�� VDQG�GXQH�
PDWHULDO�VXSSO\�LV�LQVXI¿FLHQW�WR�PDNH�DQ�LGHDO�VDQG�
GXQH� LQ�3DUDQJWULWLV��)XUWKHUPRUH�� WKH�SUHVHQFH�RI�
VHWWOHPHQW�DUHD�DIIHFWV�WKH�VDQG�GXQH�GHYHORSPHQW��
0DQ\�SHRSOH�LQ�3DUDQJWULWLV�GR�QRW�SD\�HQRXJK�DWWHQ-
WLRQ�WR�SURWHFWLQJ�WKH�VDQG�GXQH�DUHD��,I�VDQG�ULYHU�
WDLOLQJ� DFWLYLW\� LQFUHDVHV�� LW� FDQ� FDXVH� VDQG� GXQH�
FRQGLWLRQ�WR�GHWHULRUDWH��7KH�SUREOHP�UDLVHG�LQ�WKLV�
UHVHDUFK�LV�WKH�ODFN�RI�DZDUHQHVV�RI�ORFDO�JRYHUQPHQW�
WRZDUGV�WKH�VDQG�GXQH�FRQVHUYDWLRQ��7KH�IXQFWLRQDO�
GHFOLQH�RI�VDQG�GXQHV�LQFUHDVHV�WKH�ULVNV�LQ�WKLV�DUHD��

Methodology
7KH�LQXQGDWLRQ�]RQH�GXH�WR�WVXQDPL�ZRXOG�EH�GHWHU-
PLQHG�XVLQJ�WKH�SUHGLFWHG�ZDWHU�GHSWK�VFHQDULR��7KLV�
VWXG\�LQWHQGV�WR�LGHQWLI\�WKH�LQXQGDWLRQ�]RQH�RI�WKH�
K\SRWKHWLFDO�ZDWHU�GHSWK�VFHQDULR�DQG�GHWHFW� VDQG�
GXQH�DUHDV��8QIRUWXQDWHO\��ZH�H[FOXGH�WKH�SK\VLFDO�
PHFKDQLVPV�RU�K\GURG\QDPLF�FKDUDFWHULVWLFV�RI�WVX-
QDPL�GXULQJ�JHQHUDWLRQ��SURSDJDWLRQ��RU�LQXQGDWLRQ��
0RUHRYHU��ZH�GR�QRW�FRQVLGHU�IDFWRUV�VXFK�DV�WVX-
QDPL�VRXUFH�UHJLRQ�DQG�FRDVWDO�FRQ¿JXUDWLRQ�GXULQJ�
LQXQGDWLRQ��'XH�WR�WKH�ODFN�RI�GDWD�DQG�LQIRUPDWLRQ�
SHUWDLQLQJ� WR� WKH�GHWDLOHG� VFDOH� RI� WKH�EDWK\PHWU\�
RQ�WKH�VWXG\�DUHD�DQG�WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKDW�
REWDLQLQJ�VXFK�GDWD�FRXOG�EH� WLPH�FRQVXPLQJ�DQG�
YHU\�H[SHQVLYH��WKLV�VWXG\�DOVR�LJQRUHV�WKH�EDWK\P-
HWU\�RI�WKH�VHDEHG�IRU�LGHQWL¿FDWLRQ�RI�WKH�LQXQGDWLRQ�
]RQH��7KH�IRUPXODWLRQ�RI�WVXQDPL�LQXQGDWLRQ�ZDYH�
VLPXODWLRQ�LV�DV�IROORZV�
� 7KH� UHODWLRQVKLS�EHWZHHQ� WKH�KHLJKW�RI� WKH� WVX-
QDPL�� WKH� FRHI¿FLHQW� RI� URXJKQHVV�� DQG� GLVWDQFH�
WRZDUGV�ODQG�ZDV�IRUPXODWHG�DV�IROORZV�

  Xmax� �
����H

0
4/3

²n2 � � ���

:KHUH��
Xmax � ��0D[LPXP� GLVWDQFH� WKH� WVXQDPL� WUDYHOV� RQ�
ODQG�IURP�WKH�VKRUHOLQH��

+
0 
� ��+HLJKW�RI�ZDYHV�DW�WKH�VKRUHOLQH��

n ��5RXJKQHVV�FRHI¿FLHQW��������WR������

� &DOFXODWLQJ�WKH�ORVV�SHU���P�ZDYH�KHLJKW�FDQ�EH�
GRQH�ZLWK�WKH�GHULYDWLYH�RI�HTXDWLRQ���WKXV�REWDLQHG�
WR� ORVH�DOWLWXGH� WR���P�RI� WKH� UXQ�LQV�DV� VKRZQ� LQ�
HTXDWLRQ����%HUU\PDQ���

 

  

dH
²
dX � �

12Sn2

²
H

0
2/3 � � � ���

� 7R�IROORZ�WKH�FRQGLWLRQ�RI�WKH�VXUIDFH�ZKLFK�KDV�
D� VXUIDFH� KHLJKW� YDULDWLRQ�� HTXDWLRQ� �� LV�PRGL¿HG�
E\�HQWHULQJ�D�GHWHUPLQLQJ�IDFWRU�DV�WR�ORVH�DOWLWXGH�
VORSHV� RI� WKH� WVXQDPL� DV� VKRZQ� LQ� WKH� IROORZLQJ�
HTXDWLRQ�IRUPXODWHG�E\�%HUU\PDQ��

  Hloss� �� ����n2

²H
0
1/3 �������VLQ�S�� ���

:KHUH�
+ORVV� ��/RVLQJ�DOWLWXGH�IRU� WKH���P�GLVWDQFH� WVX-
QDPL�SURSDJDWLRQ
n ��5RXJKQHVV�FRHI¿FLHQW
H0���,QLWLDO�KHLJKW�RI�WKH�WVXQDPL�RQ�WKH�FRDVWOLQH
S� ��6XUIDFH�RI�VORSH
� 7KH�FRUUHODWLRQ�EHWZHHQ�WKH�VSHHG�RI�WKH�WVXQDPL�
RQ�WKH�PDLQODQG�FDQ�EH�IRUPXODWHG�DV�VKRZQ�LQ�WKH�
IROORZLQJ�HTXDWLRQ��

  u� ���²¥2gh � � � ���

:KHUH�
u� ��:DYH�YHORFLW\
g� ��*UDYLWDWLRQ�YHORFLW\
h� ��'HSWK�RI�LQXQGDWLRQ
� (TXDWLRQ���VKRZV�WKDW�WKH�YHORFLW\�LV�SURSRUWLRQDO�
WR� WKH� KHLJKW� RI� WKH� WVXQDPL� LQXQGDWLRQ��7KH� WVX-
QDPL�LQ�WKH�3DUDQJWULWLV�DUHD�LV�VLPXODWHG�E\�PDNLQJ�
D�PRGHO�ZLWK�VHYHUDO� VFHQDULRV����P�����P�����P��
���P�����P�DQG����P�ZLWK�GLIIHUHQW�GLUHFWLRQ�ZDYH�
�:HVW��6RXWK�DQG�6RXWKZHVW�ZDYH�GLUHFWLRQ���7KRVH�
YDULDWLRQV�ZHUH� WR� UHSUHVHQW� WKH� VFHQDULRV� WKDW� DUH�
SRVVLEOH�RQ�WKH�VRXWK�FRDVW�RI�-DYD��RQ� ¿HOG� PHD-
VXUHPHQW� UHSRUWHG� WKDW� DORQJ� WKH� VRXWK� FRDVW� RI�
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-DYD�EHWZHHQ�%DWXNDUDV�DQG�%DURQ�WKH�PHDVXUHG�UXQ�
XS�KHLJKWV��58��UDQJHG�IURP�OHVV�WKDQ���P�WR������
P��6LQFH� UXQ� XS� HOHYDWLRQ� LV�DQ� LQGHSHQGHQW� YDUL-
DEOH�� WKH� DGGLWLRQDO� GDWD� WR� VROYH� WKDW� HTXDWLRQ�DUH�
VORSH�DQG�URXJKQHVV�FRHI¿FLHQW�IURP�ODQG�XVH�PDS��
7KH�VXUIDFH�URXJKQHVV�FRHI¿FLHQW�FDQ�EH�VKRZQ�LQ�
7DEOH��� 
� 7KH�SURFHVV�IURP�'(0�FDQ�JHQHUDWH�D�VORSH�PDS�
DV�EHORZ��7KH� VORSH� REWDLQHG� E\� WRSRJUDSKLF�PDS�
IURP� WKH� 1DWLRQDO� &RRUGLQDWLQJ�$JHQF\� IRU� 6XU-
YH\V�DQG�0DSSLQJ�LQ�,QGRQHVLD��%DNRVXUWDQDO���7KH�
RSHUDWLRQ�XVHG�LV�UDVWHU�RSHUDWLRQ�E\�XVLQJ�,OZLV�����
VRIWZDUH�� 6DQG� GXQH� FRQVHUYDWLRQ� ]RQH� PDSSLQJ�
ZLOO�EH�FRUUHODWHG�ZLWK�FRDVWDO�UHJXODWLRQ�]RQH�LQ�WKH�
3DUDQJWULWLV�FRDVWDO�DUHD��'HWHUPLQDWLRQ�RI�WKH�FRQ-
VHUYDWLRQ�]RQH�KDV�SXUSRVH� WR�RSWLPL]H�VDQG�GXQH�
IXQFWLRQ�DV�D�EDUULHU�DJDLQVW�WVXQDPL�LQXQGDWLRQ�KD]-
DUG��)LJXUH���VKRZV�ÀRZFKDUW�UHVHDUFK�GHVLJQ�

Fig. 2  Flowchart Research Design
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Sand Dune Zone Conservation Aszsesment based on 

Tsunami Inundation Map 

Fig. 2. Flowchart Research Design 

Table 2  Land use Roughness Coefficient

No Landuse 5RXJKQHVV�&RHI¿FLHQW

1 5LYHU �����

2 6DQG�GXQH �����

3 6ZDPS�IRUHVW �����

4 'HQVH�IRUHVW �����

5 %XVK �����

6 3ODQWDWLRQ �����

7 'U\�ODQG �����

8 %XLOW�XS�DUHD �����

9 5LFH�¿HOG �����

10 %DUUHQ�ODQG �����
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Results
Tsunami Inundation Hazard Scenario Simula-
tion Map
7VXQDPL� LQXQGDWLRQ� KD]DUG� PDS� LV� VLPXODWHG� E\�
FDOFXODWLQJ�WKH�SURSDJDWLRQ�RI�LQXQGDWLRQ�SHU�SL[HO�
E\� FRQVLGHULQJ� WKH� VORSH�� VXUIDFH� URXJKQHVV� FRHI-
¿FLHQW��ZDYH�GLUHFWLRQ�DQG�ZDYH�KHLJKW�YDULDWLRQV��
,QXQGDWLRQ� PRGHOV�DUH�JHQHUDWHG�EDVHG� R Q URXJK-
QHVV� FRHI¿FLHQW� SDUDPHWHU�� WKH�ZDYH�SHU�PHWHU�RI�
LQXQGDWLRQ�GLVWDQFH�DQG�VORSH�LQ�VWXG\�DUHD��7KHVH�
SDUDPHWHUV�DUH�WKHQ�XVHG�WR�FDOFXODWH�LQXQGDWLRQ�RI�
ODQG��'HOLQHDWLRQV�RI�ODQG�XVH�DUH�XVHG�WR�GHWHUPLQH�
VXUIDFH�URXJKQHVV�FRHI¿FLHQW��7KLV�URXJKQHVV�FRHI¿-
FLHQW�LV�LPSRUWDQW�EHFDXVH�FRQVHTXHQWO\�LQÀXHQFLQJ�
ZKHQ�LQXQGDWLRQ�ZDV�GRQH�LQ�WKLV�VLPXODWLRQ��7KLV�
PHWKRG�LV�WKHUHIRUH�FRQVLGHUHG�DV�D�VLPSOH�PHWKRG��
+RZHYHU��WKLV�ZRXOG�PDNH�WKH�PHWKRGRORJ\�DWWUDF-
WLYH�IRU�ORFDO�DXWKRULWLHV�DQG�FRDVWDO�PDQDJHU�WR�XVH�
� $SSOLFDWLRQ� VLPXODWLRQ� RI� WVXQDPL� LQXQGDWLRQ��
VDQG�GXQH�DFWXDO�FRQGLWLRQ�DQG�KXPDQ�DFWLYLW\��VDQG�
ULYHU�PLQLQJ��LQ�DUURXQG�UHVHDUFK�DUHD�FDQ�EH�XVHG�
WR�GHWHUPLQH�VDQG�GXQH�FRQVHUYDWLRQ��6LPXODWLRQ�LV�
FDUULHG�RXW�LQ�WKLV�UHVHDUFK�DUHD��,W�FDQ�EH�XVHG�IRU�
SODQQLQJ�RI�FRQVHUYDWLRQ�PRGHOV�EDVHG�RQ�SK\VLFDO�
DQG� VRFLDO� FRQGLWLRQV�ZKLFK�KDYH� LPSDFW� RQ� VDQG�
GXQH�GHYHORSPHQW��4XDOLWDWLYH�GDWD� VXFK�DV� LQWHU-
YLHZ�GDWD� FDQ�EH�XVHG� WR� VXSSRUW� WKH�TXDQWLWDWLYH�
GDWD�DQG�DQDO\]LQJ� LQWHUYLHZ�GDWD� WR�JHW� LQIRUPD-
WLRQ�IURP�HYHU\�VWDNHKROGHU��$IWHU� WKDW��VDQG�GXQH�
FRQVHUYDWLRQ�DVVHVVPHQW�FDQ�EH�PDGH�EDVHG�RQ�WVX-
QDPL� LQXQGDWLRQ�DUHDV�DQG�TXDQWLWDWLYH�TXDOLWDWLYH�
GDWD��TXHVWLRQQDLUH�	�LQWHUYLHZ��DQDO\VLV��)LJXUH���
VKRZV�URXJKQHVV�FRHI¿FLHQW�LQ�3DUDQJWULWLV�
� %DVHG� RQ� LQXQGDWLRQ� VLPXODWLRQ� UHVXOWV� RI� WKH�
WVXQDPL�RQ�WKH�PDLQODQG��WKH�GLUHFWLRQ�RI�DUULYDO�RI�
ZDYHV�LQ�WKH�VWDJQDQW�DUHD�RI�LQÀXHQFH�FDQ�EH�VHHQ��
$W�WKH�KHLJKW�RI�WKH�ZDYHV�����PHWHUV�LQXQGDWHG�WKH�
PRVW�H[WHQVLYH�DUHD�RFFXUV�ZKHQ� WKH�ZDYH�FRPHV�
IURP�WKH�VRXWKZHVW�RU�DW�DQ�DQJOH�DOPRVW�SHUSHQGLF-
XODU�WR�WKH�FRDVWOLQH�ZLWK�LQXQGDWLRQ�DUHD�LV���������
KHFWDUHV��$UHD� LQXQGDWHG�E\� WKH�VPDOOHVW�RFFXUV� LI�
WKH�LQFRPLQJ�ZDYHV�FRPH�IURP�WKH�VRXWKHDVW��7KH�
WVXQDPL�ZDYH�VFHQDULR�RI����PHWHUV�ZRXOG�LQXQGDWH�

WKH� EURDGHU� DJULFXOWXUDO� DUHD�� ,I� WKH� ZDYHV� FRPH�
IURP� WKH� VRXWK�� LW�ZLOO� LQXQGDWH� DQ� DUHD� RI� ������
KHFWDUHV�RI�ULFH�¿HOGV��7KH�PRVW�H[WHQVLYH�LQXQGD-
WLRQ�RFFXUV�ZKHQ�WKH�ZDYH�FDPH�IURP�WKH�VRXWKZHVW��
WKDW� LV���������KHFWDUHV��:KHQ� WKH� WVXQDPL�FRPHV�
ZLWK�UXQ�XS�VFHQDULR���PHWHUV�WKHQ�WKH�ZKROH�PRGHO�
VKRZV� WKDW�QR�¿HOGV�DUH�ÀRRGHG��7VXQDPL� LQXQGD-
WLRQ�VLPXODWLRQ�DUHDV�DUH�EDVHG�RQ�VXUIDFH�URXJKQHVV�
FRHI¿FLHQW��ZDYH�GLUHFWLRQ��ZDYH�KHLJKW�YDULDWLRQ��
DQG�VORSH�DUHD�RI�UHVHDUFK��7KH�SDUDPHWHUV�DUH�WKHQ�
XVHG�WR�FDOFXODWH�WKH�ODQGZDUG�LQXQGDWLRQ��3URSDJD-
WLRQ�FDOFXODWLRQV�SHU�SL[HO�WKDW�SDVV�WKURXJK�WKH�XVH�
RI�FHUWDLQ�ODQG�DQG�D�FHUWDLQ�VORSH��DQG�WKH�UHGXFWLRQ�
LQ�KHLJKW�RI�WKH�WVXQDPL�FDQ�EH�GHWHFWHG��
� 7R� REWDLQ� WKH� WVXQDPL� LQXQGDWLRQ� PDSV�� YDUL-
RXV�DSSURDFKHV�KDYH�EHHQ�DWWHPSWHG�� IRU�H[DPSOH�
WKURXJK�D�VLPSOH�PRGHO�EDVHG�RQ�FRQWRXU� OLQHV�RU�
VORSH��EDVHG�RQ�WKH�FRHI¿FLHQW�RI�VXUIDFH�URXJKQHVV�
�URXJKQHVV� FRHI¿FLHQW�� DQG� FRPSOH[� PDWKHPDWL-
FDO�PRGHOV��,Q�WKLV�FDVH�EHFDXVH�RI�WKH�OLPLWHG�GDWD�
DYDLODEOH��WKH�WVXQDPL�LQXQGDWLRQ�PDSV�DUH�GLVSOD\HG�
XVLQJ� WKH� HYHQWV� LQ� WKH� ����� WVXQDPL� LQ� VRXWKHUQ�
-DYD��7R�IXUWKHU�PDS�FDOOHG�0DS�7VXQDPL�,PSDFWV��
PHDVXUHPHQW�LV�FDUULHG�RXW�WKURXJK�D�VHDUFK�LQFLGHQW�
WUDFN�UHFRUG�LQ�WKH�¿HOG�DQG�VHHLQJ�WKH�UHPQDQWV�RI�
ZKLFK�DUH�VWLOO�OHIW��VXFK�DV�D�SXGGOH�RQ�WKH�JURXQG��
OLNH�DW�WKH�EHDFK��WUHHV��DQG�KRXVH�ZDOOV�
� 7KH�WVXQDPL�LQXQGDWLRQ�KD]DUG�PDS�LV�VLPXODWHG�
E\� FDOFXODWLQJ� WKH� SURSDJDWLRQ� RI� LQXQGDWLRQ� SHU�
SL[HO� E\� FRQVLGHULQJ� WKH� VORSH�� VXUIDFH� URXJKQHVV�
FRHI¿FLHQW��ZDYH�GLUHFWLRQ�DQG�ZDYH�KHLJKW�YDULD-
WLRQV��7KLV�HVWLPDWLRQ�PHWKRGV�FRQVLGHU�IDFWRUV�WKDW�
DIIHFW�WKH�DFFXUDF\�RI�HVWLPDWHV��QDPHO\��WKH�QXPEHU�
RI�VDPSOHV�DQG�TXDOLW\�DW�HDFK�GDWD�SRLQW�DQG�SRVL-
WLRQ�LQ�WKH�GHSRVLW�VDPSOHV��8QLIRUP�VDPSOLQJ�ZLOO�
\LHOG�EHWWHU�FRYHUDJH�WKDQ�WKH�VDPSOH�RI�WKH�FOXVWHU�
PRGHO�� 7KH� GLVWDQFH� EHWZHHQ� WKH� VDPSOHV�ZLWK� D�
SRLQW�RU�EORFN�WR�EH�HVWLPDWHG��DQG�VSDWLDO�FRQWLQXLW\�
RI�WKH�YDULDEOHV�LQYROYHG�LQ�WVXQDPL�VFHQDULRV��6SD-
WLDO�GLVWULEXWLRQ�RQ�D�YDULHW\�RI�WVXQDPL�ZDYH�KHLJKW�
DQG�GLUHFWLRQ�LV�SUHVHQWHG�LQ�)LJXUHV��D���E���F�DQG�
�G�LQ�WKH�WVXQDPL�LQXQGDWLRQ�KD]DUG�PDS�
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Fig. 3 Roughness Coefficient Map

Fig. 4a Tsunami Inundation Hazard Map with West Direction 
Wave Simulation.

Fig. 4c Tsunami Inundation Hazard Map with South Direction 
Wave Simulation.

Fig. 4b Tsunami Inundation Hazard Map with Southwest 
Direction Wave Simulation.

Fig. 4d Tsunami Inundation Hazard Map with Southeast 
Direction Wave Simulation.

INSERT FIGURE 3 

 

 

 

 

 

 

 

 

INSERT FIGURE 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)LJ�����5RXJKQHVV�&RHIILFLHQW�0DS

Fig. 4a. Tsunami Inundation Hazard Map with West 
Direction Wave Simulation. 

Fig. 4b. Tsunami Inundation Hazard Map with 
Southwest Direction Wave Simulation. 

Fig. 4c. Tsunami Inundation Hazard Map with South 
Direction Wave Simulation. 

 

Fig. 4d. Tsunami Inundation Hazard Map with 
Southeast Direction Wave Simulation. 
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Fig. 4a. Tsunami Inundation Hazard Map with West 
Direction Wave Simulation. 

Fig. 4b. Tsunami Inundation Hazard Map with 
Southwest Direction Wave Simulation. 

Fig. 4c. Tsunami Inundation Hazard Map with South 
Direction Wave Simulation. 

 

Fig. 4d. Tsunami Inundation Hazard Map with 
Southeast Direction Wave Simulation. 
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Fig. 4a. Tsunami Inundation Hazard Map with West 
Direction Wave Simulation. 

Fig. 4b. Tsunami Inundation Hazard Map with 
Southwest Direction Wave Simulation. 

Fig. 4c. Tsunami Inundation Hazard Map with South 
Direction Wave Simulation. 

 

Fig. 4d. Tsunami Inundation Hazard Map with 
Southeast Direction Wave Simulation. 
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Fig. 4a. Tsunami Inundation Hazard Map with West 
Direction Wave Simulation. 

Fig. 4b. Tsunami Inundation Hazard Map with 
Southwest Direction Wave Simulation. 

Fig. 4c. Tsunami Inundation Hazard Map with South 
Direction Wave Simulation. 

 

Fig. 4d. Tsunami Inundation Hazard Map with 
Southeast Direction Wave Simulation. 
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Fig. 4a. Tsunami Inundation Hazard Map with West 
Direction Wave Simulation. 

Fig. 4b. Tsunami Inundation Hazard Map with 
Southwest Direction Wave Simulation. 

Fig. 4c. Tsunami Inundation Hazard Map with South 
Direction Wave Simulation. 

 

Fig. 4d. Tsunami Inundation Hazard Map with 
Southeast Direction Wave Simulation. 
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Sand dune Topographic Mapping
7KH� VWXG\� RI� VDQG� GXQH� DUHDV� LV� FKDOOHQJLQJ�� DV�
QRW� RQO\� GR� WKH� ODQG� FRYHU� �YHJHWDWLRQ�� ELRJHQLF�
VRLO� FUXVWV�� KXPDQ� XVHV�� YDU\� LQ� VSDFH� DQG� WLPH��
EXW�DOVR� WKH� WRSRJUDSKLF� IHDWXUHV�RI� WKH� ODQGVFDSH�
PD\�FKDQJH�RYHU�VKRUW�WLPH�VSDQV�RI�VHYHUDO�\HDUV��
0HDVXULQJ�WKHVH�G\QDPLF�LV�HVVHQWLDO�WR�WKH�XQGHU-
VWDQGLQJ� RI� WKHVH� DUHDV��$V� WKH� DYHUDJH� KHLJKW� RI�
WKH�GXQHV� LV�DERXW����P�� WKH�6XUYH\�RI�)LHOGZRUN�
'50V�FRQVWUXFWHG�IURP����������PDSV�LV�XQVDWLV-
IDFWRU\�� DV� LW� LV�EDVHG�RQ����P�FRQWRXUV��'HWDLOHG�
'(0V�DUH�FUHDWHG�E\�SKRWRJUDPPHWULF�PHWKRGV�IRU�
DHULDO�SKRWRJUDSKV��7KH�'(0V�ZHUH�FUHDWHG� IURP�
GHWDLOHG� FRQWRXUV� �YHUWLFDO� VSDFLQJ� RI� ����P�� WKDW�
ZHUH�PHDVXUHG�SKRWRJUDPPHWULFDOO\��7KH�GDWD�IURP�
WKH�FRQWRXUV�ZHUH�FRQYHUWHG�LQWR�D�'(0�XVLQJ�WKH�
WULDQJXODWLRQ�PHWKRG��
� $�'(0�ZLWK�VLPLODU�GXQH�FKDUDFWHULVWLFV�LV�XVHG�
WR� FDOFXODWH� FRV�L�� YDOXHV� IRU� WKH� WLPH� RIWKH� WZR�
LPDJHV��7KH�PHWKRG� SURSRVHG� WUHDWV�ZKDW� LV� XVX-
DOO\� FRQVLGHUHG� DV� XQZDQWHG� DGGLWLRQDO� YDULDELO-
LW\� LQ� VDWHOOLWH� LPDJHV� �WKH� WRSRJUDSKLF�HIIHFWV�� DV�
D�VLJQDO��DQG�HVWLPDWHV�WKH�VORSH�DQG�DVSHFW�RI�WKH�
GXQH�WHUUDLQ��6DQG�GXQH�GDWD�FROOHFWLQJ�ZLOO�EH�XVHG�
KLJK�UHVROXWLRQ�'(0V�IRU�WKH�GLIIHUHQW�GXQH�W\SHV²
EDUFKDQ�� SDUDEROLF�� WUDQVYHUVH�� DQG� OLQLHU�� (DFK�
GXQH¶V�PHDQ�OHQJWK��ZLGWK��VSDFLQJ��RULHQWDWLRQ��DQG�
KHLJKW� LV�FDOFXODWHG��7R�DSSO\�WKHVH�VDPSOH�'(0V�
LQ�RUGHU�WR�SUHGLFW�WKH�H[SHFWHG�VKDGLQJ�RQ�D�JLYHQ�
VDQG�GXQH¶V�DUHD��WKH�'(0�ZLOO�EH�FKRVHQ�DFFRUG-
LQJ� WR� WKH�GXQH� W\SH�DQG� WKH�URWDWHG�DQG�VWUHWFKHG�
WR�¿W�WKH�DFWXDO�RULHQWDWLRQ�DQG�VSDFLQJ��WKDW�FDQ�EH�
YLVXDOO\� HVWLPDWHG���7KH�PHWKRG�GHYHORSHG�RIIHUV�
QHZ�RSSRUWXQLWLHV�IRU�VWXGLHV�RI�HROLDQ�JHRPRUSKRO-
RJ\��DGGLQJ�WKH�DELOLW\�WR�DQDO\]H�G\QDPLF�DVSHFWV�RI�
VDQG�GXQHV�WRSRJUDSK\�LQ�WLPH�DQG�VSDFH��6DQG�GXQH�
HOHYDWLRQ�RI�3DUDQJWULWLV�LV�GHVFULEHG�LQ�)LJ����DQG�
7DEOH����)LJXUH���VKRZV���GLPHQVLRQDO�VDQG�GXQH�LQ�
3DUDQJWULWLV�FRDVWDO�DUHD��
� $V� DOUHDG\� PHQWLRQHG�� NULJLQJ� LQWHUSRODWLRQ��
WKRXJK�FRPSXWDWLRQDOO\�H[SHQVLYH��LV�D�JRRG�WHFK-
QLTXH�IRU�SDVVLQJ�WR�D�XQLIRUP�LPDJH�JULG��,Q�IDFW��LW�
LV�SRVVLEOH�WR�DVVRFLDWH�IRU�HDFK�LQWHUSRODWHG�VDPSOH�

Table 3  Sand Dune Elevation Zone

No
Sand Dune 
Elevation

Hectare (Ha) %

1 1 m 3,675 0,87

2 2 m 197,577 46,99

3 4 m 44,351 10,55

4 5 m 3,172 0,75

5 6 m 72,992 17,37

6 7 m 0,512 0,12

7 8 m 0,445 0,11

8 9 m 24,497 5,83

9 10 m 15,286 3,64

10 12 m 0,538 0,13

11 13 m 53,56 12,74

12 16 m 0,688 0,16

13 19 m 0,136 0,03

14 20 m 2,174 0,52

15 50 m 0,809 0,19

Source : Measurement Data Calculation, 2010 

Fig.  5 Sand Dune Elevation Map.
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Fig. 5. Sand Dune Elevation Map.  

Fig. 6. 3-Dimensional of Sand Dune.  
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DQ�HVWLPDWLRQ�RI�LWV�YDULDQFH��GHSHQGHQW�RQ�WKH�GLV-
WDQFHV�EHWZHHQ�WKH�GDWD�DQG�WKH�SRVLWLRQ�RI�WKH�FHOO�
WR�EH�LQWHUSRODWHG�DQG�WKH�HVWLPDWHG�HUURU�YDULDQFH�
RQ�HDFK�GDWD�VDPSOH��DQG�WKLV�PDNHV�D�PRUH�DFFX-
UDWH�FRPELQDWLRQ�SRVVLEOH��,Q�IDFW��DUHDV�DIIHFWHG�E\�
IRUHVKRUWHQLQJ�LQ�RQH�VDWHOOLWH�DFTXLVLWLRQ�PRGH��H�J��
DVFHQGLQJ��JLYH�ULVH�WR�KLJK�YDULDQFH�VDPSOHV��VLQFH�
RQO\�D�IHZ�GDWD�DUH�DYDLODEOH��WKH�DYHUDJH�GLVWDQFH�
EHWZHHQ� WKHP�ZLOO� EH� ODUJH� DQG� XVXDOO\� WKH\� DUH�
VWURQJO\�DIIHFWHG�E\�JHRPHWULFDO�GHFRUUHODWLRQ��
� )LJXUH� �� VKRZHG� 'LJLWDO� (OHYDWLRQ� 0RGHO� RI�
3DUDQJWULWLV�DUHD��,Q�WKHVH�DUHDV�WKH�¿QDO�'(0�ZLOO�
UHVHPEOH�WKH�WRSRJUDSK\�HVWLPDWHG�IURP�GDWD�UHOD-
WLYH�WR�WKH�RSSRVLWH�DFTXLVLWLRQ�JHRPHWU\��GHVFHQG-
LQJ���ZKHUH� WKH� VSDWLDO� VDPSOLQJ� �IRU� DUHDV� QRW� LQ�
VKDGRZ��ZLOO�EH�JRRG�DQG�WKH�JHRPHWULFDO�GHFRUUHOD-
WLRQ�ORZHU�

Discussion
Sand Dune Detecting Condition Based on Tsu-
nami Inundation Map
,QXQGDWLRQ�DUHD�IURP�WKLV�VFHQDULR�KDV�OLQHDU�UHJUHV-
VLRQ� UHODWLRQVKLS�� /LQHDU� UHJUHVVLRQ� DWWHPSWV� WR�
H[SODLQ�WKLV�UHODWLRQVKLS�ZLWK�D�VWUDLJKW�OLQH�¿W�WR�WKH�
GDWD��5HJUHVVLRQ�DQDO\VLV�LV�WKH�VWDWLVWLFDO�PHWKRG�IRU�
GH¿QLQJ�DQ� DOJRULWKP�WKDW� GHVFULEHV�D� VHW� RI�GDWD��
7KH�DGYDQWDJH�RI�UHJUHVVLRQ�LV�WKDW�LW�¿QGV�D�SDWWHUQ�

RU�WUHQG�LQ�WKH�GDWD��7KH�GLVDGYDQWDJH�RI�UHJUHVVLRQ�
DQDO\VLV� LV� WKDW� WKH�SDWWHUQ� PD\� QRW� EH� XVHIXO� RU�
YDOLG�� )ROORZLQJ� ¿JXUH� VKRZ� WKH� UHVXOW� RI� OLQHDU�
UHJUHVVLRQ� RI�WKH�LQXQGDWLRQ�]RQH�DQG�DUHD�LQXQGDWHG�
ZLWKLQ�WKH�VWXG\�DUHD�
� )LJXUH� �� VKRZV� WKDW� WKH� UHJUHVVLRQ� HTXDWLRQ�
FRXOG� EH� LQWHUSUHWHG� LQ� D�ZD\� WKDW� WKH� FRUUHODWLRQ�
FRHI¿FLHQW� �5�� DSSURDFKHV��� ���������� WKDW�PHDQV�
EHWZHHQ� DUHD� LQXQGDWH� DQG� LQXQGDWH� ]RQH� KDYH�
VWURQJO\� FRUUHODWLRQ� RU� WKH� SURSRUWLRQ� IURP� WKLV�
YDULDWLRQV� LQXQGDWHG� DUHD� LQ� VWXG\� DUHD� FDQ� EH�
UHODWHG�WR�WKH�OLQLHU�ZLWK�UXQ�XS�HOHYDWLRQ�LQ�VKRUH-
OLQH��7DEOH���VKRZV�WVXQDPL�LQXQGDWLRQ�DUHD�RI�VDQG�
GXQH�HOHYDWLRQ�]RQH�
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Fig. 5. Sand Dune Elevation Map.  

Fig. 6. 3-Dimensional of Sand Dune.  

Fig. 7  Linier Regression Result of Comparing Area and 
Inundate Zone.
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Fig. 7. Linier Regression Result of Comparing Area and Inundate Zone. 

Fig. 8a. Tsunami Inundation Area of Sand Dune Zone Map with  
South Direction Wave Simulation. 

Fig. 8b. Tsunami Inundation Area of Sand Dune Zone Map with 
Southwest Direction Wave Simulation. 

Fig. 6 3-Dimensional of Sand Dune.
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� )LJXUHV� �D�� �E�� �F� DQG� �G� VKRZ� WVXQDPL� LQXQ-
GDWLRQ� DUHD� RI� VDQG� GXQH� HOHYDWLRQ� ]RQH��7KH� ELJ�
LPSDFW�RI�WVXQDPL�LQXQGDWLRQ�VKRZHG�LQ�VRXWKZHVW�
GLUHFWLRQ�VFHQDULR�

Sand Dune Conservation Zone
6SDWLDO�SODQQLQJ�LQ�%DQWXO�5HJHQF\�KDV�EHHQ�UHJX-
ODWHG� E\�5HJHQW¶V�'HFUHH�1R�� ������� FRQFHUQLQJ�
6SDWLDO�3ODQQLQJ��5HJDUGLQJ�WKH�GHYHORSPHQW�DFWLYL-

WLHV� LQ� WKH�FRDVWDO�DUHD�� WKH�*RYHUQPHQW�RI�%DQWXO�
5HJHQF\�KDV� HVWDEOLVKHG�D� VHPL�GHWDLOHG�SODQ�DQG�
D� GHWDLOHG� SODQ� NQRZQ� DV� ³5HQFDQD� 'HWDLO� 7DWD�
5XDQJ�.DZDVDQ�3DQWDL�6HODWDQ�.DEXSDWHQ�%DQWXO´�
RU� 5'75.� 3DQWDL� 6HODWDQ� DQG� ³5HQFDQD� 7HNQLV�
7DWD�5XDQJ�2E\HN�:LVDWD�.DZDVDQ�3DUDQJWULWLV´�RU�
572:�.DZDVDQ�3DUDQJWULWLV��UHVSHFWLYHO\��&RQFHUQ-
LQJ�ODQG�XWLOL]DWLRQ�LQ�FRDVWDO�DUHD��WKH�EXIIHU�]RQH�RI�
��������PHWHUV�IURP�WKH�KLJKHVW�KLJK�ZDWHU�OLQH�KDV�

Table 4  Tsunami Inundation Area of Sand Dune Elevation Zone

Tsunami Inundation 
Scenarios 

�+HLJKW�	�'LUHFWLRQ�RI�
Wave)

Inundation Area 
of Sand dune 

Zone (Ha)

Non- Inundation 
Area of Sand 

dune Zone (Ha)

:HVW

5 m 47,719 0,446

10 m 70,232 0,030

15 m 95,246 0,030

20 m 126,921 0

25 m 154,087 0

30 m 178,280 0

6RXWK

5 m 83,911 8,327

10 m 173,444 11,704

15 m 247,954 2,859

20 m 302,544 0,683

25 m 341,43 0,809

30 m 365,402 0,809

6RXWKZHVW

5 m 111,310 9,512

10 m 184,659 12,839

15 m 276,742 2,739

20 m 318,561 0,803

25 m 346,437 0,809

30 m 369,138 0,809

6RXWKHDVW

5 m 85,654 8,327

10 m 103,235 2,916

15 m 153,249 6,265

20 m 197,121 0

25 m 227,272 0

30 m 266,041 0

Source: Data Calculation, 2010

Fig. 8a Tsunami Inundation Area of Sand Dune Zone Map 
with South Direction Wave Simulation.
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Fig. 7. Linier Regression Result of Comparing Area and Inundate Zone. 

Fig. 8a. Tsunami Inundation Area of Sand Dune Zone Map with  
South Direction Wave Simulation. 

Fig. 8b. Tsunami Inundation Area of Sand Dune Zone Map with 
Southwest Direction Wave Simulation. 
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Fig. 7. Linier Regression Result of Comparing Area and Inundate Zone. 

Fig. 8a. Tsunami Inundation Area of Sand Dune Zone Map with  
South Direction Wave Simulation. 

Fig. 8b. Tsunami Inundation Area of Sand Dune Zone Map with 
Southwest Direction Wave Simulation. 

Fig. 8b Tsunami Inundation Area of Sand Dune Zone Map 
with Southwest Direction Wave Simulation.
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EHHQ�HVWDEOLVKHG��)XWKHU��EDVHG�RQ�WVXQDPL�DQG�KLJK�
ZDYH�HYHQWV��%DQWXO� ORFDO�JRYHUQPHQW�HVWDEOLVKHG�
DQRWKHU�EXIIHU�]RQH�DSSUR[LPDWHO\�����P�IURP�WKH�
KLJKHVW�KLJK�ZDWHU��
� 'HWDLOHG� VSDWLDO�SODQQLQJ�FRQFHUQLQJ�3DUDQJWUL-
WLV� LV� WKH�5HJHQW¶V�'HFUHH�DERXW�7HFKQLFDO�3ODQ�RI�
3DUDQJWULWLV� 7RXULVP� 5HVRUW� 'HYHORSPHQW�� %DVHG�
RQ�WKLV�GHFUHH��3DUDQJWULWLV�KDV�EHHQ�GLYLGHG�LQWR���
]RQHV��)LJ�����LQ�ZKLFK�HDFK�RI�LW�KDV�EHHQ�DVVLJQHG�
IRU�VSHFLDO�DOORWPHQW��DV�IROORZV�
=RQH�����%HDFK�3UHVHUYDWLRQ
=RQH�����3XEOLF�5HFUHDWLRQ
=RQH�����'XQH�3UHVHUYDWLRQ
=RQH�����&XOWXUDO�3UHVHUYDWLRQ
=RQH�����5LFH�)LHOG�3UHVHUYDWLRQ
=RQH�����2UFKDUG��)UXLW��3UHVHUYDWLRQ
=RQH�����3XEOLF�)DFLOLW\
=RQH�����6HWWOHPHQW

Disaster Mitigation Based on Tsunami Inunda-
tion Hazard Scenario Simulation Map
'LVWULEXWLRQ�RI�LQXQGDWLRQ�GHSHQGV�RQ�WKH�GLUHFWLRQ�
RI�WKH�WVXQDPL�ZDYH�FRPLQJ��ZDYH�KHLJKW��VXUIDFH�
URXJKQHVV��DQG�VORSH��7VXQDPL�LQXQGDWLRQ�]RQH�IRU�
���PHWHUV�VFHQDULR�KDV���������KHFWDUHV��ZHVW�ZDYH�
GLUHFWLRQ�����������KHFWDUHV��VRXWKZHVW�ZDYH�GLUHF-
WLRQ�����������KHFWDUHV��VRXWK�ZDYH�GLUHFWLRQ���DQG�
��������KHFWDUHV� �VRXWKHDVW�ZDYH�GLUHFWLRQ���7VX-
QDPL� LQXQGDWLRQ� ]RQH� IRU� ���PHWHUV� VFHQDULR� KDV�
�������� KHFWDUHV� �ZHVW� ZDYH� GLUHFWLRQ��� ��������
KHFWDUHV��VRXWKZHVW�ZDYH�GLUHFWLRQ�����������KHFW-
DUHV� �VRXWK�ZDYH�GLUHFWLRQ���DQG���������KHFWDUHV�
�VRXWKHDVW�ZDYH�GLUHFWLRQ��
� %DQWXO� ORFDO� JRYHUQPHQW� L Q � FRRSHUDWLRQ� ZLWK�
<RJ\DNDUWD�&HQWUDO�*RYHUQPHQW�KDV� LQVWDOOHG�VLUHQ�
V\VWHPV� LQ� WKH�3DUDQJWULWLV� DUHD�ZKLFK� LV�DQ�DUHD�
YXOQHUDEOH� WR� WVXQDPL��7KRVH� FRPSOHWHG� V\VWHPV�
DUH����SXEOLF�DGGUHVV�V\VWHPV���� WRZHU����DPSOL¿HU�
DQG���UHFHLYHU��7KLV�V\VWHP�LV�LQVWDOOHG�LQ���GLIIHUHQW�

Fig. 9 Micro Plan Map of Parangtritis

Fig. 8c Tsunami Inundation Area of Sand Dune Zone Map 
with West Direction Wave Simulation.
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Fig. 9. Micro Plan Map of Parangtritis 

Fig. 10.  Tsunami Mitigation in Parangtritis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8c. Tsunami Inundation Area of Sand Dune Zone Map with 
West Direction Wave Simulation. 

Fig. 8d. Tsunami Inundation Area of Sand Dune Zone Map with 
Southeast Direction Wave Simulation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8c. Tsunami Inundation Area of Sand Dune Zone Map with 
West Direction Wave Simulation. 

Fig. 8d. Tsunami Inundation Area of Sand Dune Zone Map with 
Southeast Direction Wave Simulation. 

Fig. 8d Tsunami Inundation Area of Sand Dune Zone Map 
with Southeast Direction Wave Simulation.
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ORFDWLRQV�FRQQHFWHG�WR�D�UHSHDWHU�ZKLFK�LV�SODFHG�LQ�
KLOO� WKHQ�FRUUHODWH�ZLWK� WKH�DFWLYH�V\VWHP�LQ�KHDG-
TXDUWHUV�RI�WKH�ORFDO�JRYHUQPHQW�%DQWXO��7KLV�V\V-
WHP�LV�EDVHG�RQ�UDGLR�DQDORJXH�WHFKQRORJ\�ZLWK�)0�
ZDYH��7KH�RWKHU�DGYDQWDJHV�RI� WKLV� V\VWHP�EHVLGH�
VRXQGLQJ�D�VLUHQ�IRU�HYDFXDWLRQ�DUH�WKDW�LW�DOVR�JLYHV�
LQIRUPDWLRQ�DERXW�ZKDW�WKH�NLQG�RI�HDUWKTXDNH�FDQ�
WULJJHU� D� WVXQDPL�� %DQWXO� ORFDO� JRYHUQPHQW� KDYH�
RUJDQL]HG�WKH�FRPPHUFLDO�SODFH�IRU�ORFDO�SHRSOH�LQ�
KLJKHU�SODFH�DQG�VDIH� IURP�WVXQDPL�DQG�KDYH�DOVR�
¿JXUH�RXW�WVXQDPL�GULOO�WR�IDFH�WVXQDPL�KD]DUG�

Conclusions
$OWKRXJK� WKH � WVXQDPL� LV� WKH� ZRUVW� GLVDVWHU� LQ�
FRDVWDO� DUHD�� LQ� ,QGRQHVLD�� HVSHFLDOO\� SHRSOH� ZKR�
OLYH�DORQJ�FRDVWDO�DUHD��QRW�PXFK�ZDV�NQRZQ�DERXW�
WKH� ELJ� LPSDFWV��:KHQ� WKH� WVXQDPL� RFFXUUHG� RQ�
$FHK�LQ������� LW�RSHQHG�WKH�H\HV�RI� WKH�SHRSOH� WR�
WKH�GHVWUXFWLYH�DQG�GDQJHURXV�LPSDFW�RI�D�WVXQDPL��
7VXQDPL�DUH�D�QDWXUDO�SKHQRPHQRQ�ZKLFK�FDQQRW�EH�
SUHYHQWHG��KRZHYHU��WKLV�GRHV�QRW�LPSO\�WKDW�QR�RQH�
VKRXOG� OLYH� LQ� FRDVWDO� DUHDV�� ,W�LV�YHU\� LPSRUWDQW� WR�
PD[LPL]H� WKH� PLWLJDWLRQ� HIIRUW� LQ� RUGHU� WR�PLQL-
PL]H�WKH�QHJDWLYH�LPSDFW�IURP�WKH�QDWXUDO�GLVDVWHU��
%RWK�JRYHUQPHQW�DQG�ORFDO�SHRSOH�KDYH�WR�VLW�GRZQ�
WRJHWKHU�� GLVFXVV� ZKDW� WKH� VWDQGDUG�RSHUDWLRQ�SUR-
FHGXUH�VKRXOG�EH�ZKHQ�D� WVXQDPL�RFFXUV��DQG�KRZ�

LW�FRXOG�EH�GRQH�DQG�ZKHWKHU�WKH�JRYHUQPHQW�FRXOG�
SURYLGH� D� QHDUE\� HYDFXDWLRQ� ]RQH�� 7KH� VRXWKHUQ�
FRDVWDO�DUHD�RI�&HQWUDO�-DYD�LV�IUHTXHQWO\�DIIHFWHG�E\�
WVXQDPL��:H�XQGHUWDNH�D�SUHOLPLQDU\�WVXQDPL�YXO-
QHUDELOLW\�DVVHVVPHQW�LQ�D�SDUW�RI�WKH�FRDVWDO�VHJPHQW�
LQ�VRXWKHUQ�FRDVWDO�DUHD�RI�&HQWUDO�-DYD�DV�D�VXSSRUW�
IRU�WKH�GLVDVWHU�PDQDJHPHQW�V\VWHP�
� 7KH�UHVXOW�RI�RXU�VWXG\�PD\�KDYH�LPSRUWDQW�LPSOL-
FDWLRQV�IRU�PDQ\�GLIIHUHQW�VWDNHKROGHUV��,Q�DGGLWLRQ��
LW�ZRXOG�VHHP�DSSURSULDWH�WKDW�WKRVH�DJHQFLHV�WDVNHG�
ZLWK� FRDVWDO� ]RQH�PDQDJHPHQW� RXJKW� WR� FRQVLGHU�
IRFXVLQJ� WKHLU� UHVRXUFHV� LQ� WKH�3DUDQJWULWLV�FRDVWDO�
DUHD��,Q�SDUWLFXODU��DJULFXOWXUDO�ODQG�DQG�QRQ�DJULFXO-
WXUDO�ODQG�DSSHDUV�WR�EH�DW�VLJQL¿FDQW�ULVN�LQ�WHUPV�RI�
WKH�LPSDFW�RI�D�IXWXUH�WVXQDPL�HYHQW��)LQDOO\��UHFRP-
PHQGDWLRQV�LQFOXGH�����IXUWKHU�UHVHDUFK�WKDW�FRQVLG-
HUV�WKH�RFFXUUHQFH�RI�WVXQDPL��UXQ�XS�PRGHO��FRDVWDO�
FKDUDFWHULVWLFV��K\GURG\QDPLF�DQG�GHWDLO�FRDVWDO�JHR-
PRUSKRORJ\������GHWDLOHG�ODQG�XVH�PDSSLQJ�LQ�RUGHU�
WR�LGHQWLI\�WKH�LPSDFW�RI�WKH�WVXQDPL�LQXQGDWLRQ�DQG�
WR�FDOFXODWH�WKH�GHWDLO�SRWHQWLDO�ORVV�LQ�FRPSUHKHQ-
VLYH�DSSURDFK��)XUWKHUPRUH��WKH�UHVXOW�DOVR�VXJJHVWV�
WKDW�LQWHJUDWLRQ�RI�*,6�DQG�VDWHOOLWH�LPDJH�LV�D�VXLW-
DEOH�PHWKRG� IRU� GHWHFWLQJ�GDPDJH� FDXVHG�E\� WVX-
QDPL�LQXQGDWLRQ��,Q�WHUPV�RI�ULVN�PDQDJHPHQW��WKHUH�
DUH�PDQ\�ZD\V�WR�DGGUHVV�ULVN�DQG�KD]DUG�LVVXHV�DV�
GHVFULEH�LQ�&RDVWDO�3ODQQLQJ�DQG�0DQDJHPHQW��7KH\�
FRQVLVW�RI����(YHQW�SURWHFWLRQ��KDUG�RU�VRIW�HQJLQHHU-
LQJ������'DPDJH�SUHYHQWLRQ��DYRLGDQFH��PLWLJDWLRQ���
���/RVV�'LVWULEXWLRQ��WUDQVIHU��DQG����5LVN�$FFHSW�
DQFH��GR�QRWKLQJ���7KH�UROH�RI�VSDWLDO�SODQQLQJ�IRU�
GLVDVWHU�PDQDJHPHQW�FRQVLVWV�RI�

  Keeping areas free of development
� � �6SDWLDO�SODQQLQJ�KDV� WKH� LQVWUXPHQWV�DW�KDQG�

WR�NHHS�IUHH�WKRVH�DUHDV�RI�IXWXUH�GHYHORSPHQW�
WKDW�DUH�����3URQH�WR�KD]DUGV��H�J��ÀRRG�SURQH�
DUHDV�� DYDODQFKH�SURQH� DUHDV��� ���� WKDW� ZLOO�
EH�QHHGHG�WR�ORZHU�WKH�HIIHFWV�RI�D�KD]DUGRXV�
HYHQW� �H�J�� UHWHQWLRQ� DUHDV�� DQG� ���� WKDW�ZLOO�
EH� QHHGHG� WR� JXDUDQWHH� WKH� HIIHFWLYHQHVV� RI�
UHVSRQVH�DFWLYLWLHV��H�J��HVFDSH�ODQHV��JDWKHULQJ�
SRLQWV�HWF���
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Fig. 9. Micro Plan Map of Parangtritis 

Fig. 10.  Tsunami Mitigation in Parangtritis. 

Fig. 10 Tsunami Mitigation in Parangtritis.
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  Differentiated decision on land use
� � �%HVLGHV�NHHSLQJ�FHUWDLQ�DUHDV�IUHH�IURP�GHYHO-

RSPHQW��VSDWLDO�SODQQLQJ�PD\�DOVR�GHFLGH�RQ�
ODQG�XVH� W\SH� DFFRUGLQJ� WR� WKH� LQWHQVLW\� DQG�
IUHTXHQF\�RI�WKH�H[LVWLQJ�KD]DUG��H�J��DJULFXO-
WXUDO�XVH�RI�D�PRGHUDWHO\�KD]DUGRXV�ÀRRG�DUHD�
PLJKW�EH�DOORZHG�ZKHUHDV�UHVLGHQWLDO�XVH�PD\�
EH�IRUELGGHQ��

   Recommendations in legally binding land 
use or zoning plans 

� � �$OWKRXJK�UHFRPPHQGDWLRQV�DERXW�FHUWDLQ�FRQ-
VWUXFWLRQ� UHTXLUHPHQWV� EHORQJ� WR� WKH� DUHD� RI�
EXLOGLQJ�SHUPLVVLRQV��VRPH�UHFRPPHQGDWLRQV�
FDQ�DOUHDG\�EH�PDGH�RQ�WKH�OHYHO�RI�ODQG�XVH�RU�
]RQLQJ�SODQV��H�J��PLQLPXP�HOHYDWLRQ�KHLJKW�
RI�EXLOGLQJV�DERYH�ÀRRU� OHYHO��SURKLELWLRQ�RI�
EDVHPHQWV��SURKLELWLRQ�RI�RLO�KHDWLQJ��W\SH�RI�
URRI��

� � �,QÀXHQFH�RQ�KD]DUG�LQWHQVLW\�DQG�IUHTXHQF\�
(hazard potential) by spatial planning

� � �6SDWLDO�SODQQLQJ�FDQ�DOVR�FRQWULEXWH�WR�D�UHGXF-
WLRQ�RI�WKH�KD]DUG�SRWHQWLDO��H�J��SURWHFWLRQ�RU�
H[WHQW�RI�ULYHU�ÀRRG�UHWHQWLRQ�DUHDV��SURWHFWLYH�
IRUHVW�HWF�

� 6DQG� GXQH� FRQVHUYDWLRQ� PDQDJHPHQW� UHTXLUHV�
FRRUGLQDWLRQ� EHWZHHQ� VWDNHKROGHUV� DQG� WKH� ORFDO�
FRPPXQLW\��0DQ\�ORFDO�FRPPXQLWLHV�DUH�DZDUH�RI�
WKH�LPSRUWDQFH�RI�WKH�FRDVWDO�VDQG�GXQHV�DQG�KDYH�
WKHLU� WUDGLWLRQDO� PHWKRGV� RI� GXQH� FRQVHUYDWLRQ�
DQG�UHVWRUDWLRQ��DV� LQ� WKH�FDVH�RI�6RXWKHUQ�SDUW�RI�
3DUDQJWULWLV�9LOODJH��,W� LV�QHFHVVDU\�WR�UHYLYH�WKHVH�
WUDGLWLRQDO�SUDFWLFHV�DV� WKH\�DUH� ORFDOO\� WHVWHG�DQG�
VXFFHVVIXO�VWUDWHJLHV��7KHVH�QHHG�WR�EH�VXSSOHPHQWHG�
ZLWK� DGYDQFHG� VFLHQWL¿F� UHVHDUFK� DQG� HFRORJLFDO�
VWXGLHV� WR� VXJJHVW� VXLWDEOH� VSHFLHV� DV� YHJHWDWLRQ�

FRYHU�� SODQWDWLRQ� WHFKQLTXHV� DQG� PHWKRG� RI� VLWH�
VHOHFWLRQ�� ZKLFK� ZRXOG� HIIHFWLYHO\� VHUYH� UHVWRUH�
GXQHV��,Q�FDVHV�ZKHUH�GHVWUXFWLRQ�RI�WKH�GXQH�V\V-
WHP�KDV�SDVVHG�D�VWDJH�ZKHUH�VLPSOH�PHWKRGV�VXFK�
DV� UHPRYDO� RI� VWUHVV� IDFWRUV� DQG� SURWHFWLRQ� PD\�
QRW�UHYHUVH�WKH�GDPDJH��UHVWRUDWLRQ�HIIRUWV�PD\�EH�
QHFHVVDU\��'XQH�UHVWRUDWLRQ�HIIRUWV�QRW�RQO\�KHOS�LQ�
GXQH�IRUPDWLRQ��EXW�DOVR�KHOS�LQ�EULQJLQJ�EDFN�ÀRUDO�
DQG�IDXQDO�GLYHUVLW\��ZKLFK�SUHYLRXVO\�H[LVWHG�LQ�WKH�
KHDOWK\�V\VWHP�
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