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STRATEGI PEMBANGUNAN RENDAH KARBON UNTUK PENGGUNAAN LAHAN DI DAS 
CILIWUNG BAGIAN TENGAH. Segmen kedua dan ketiga yang merupakan bagian dari DAS Ciliwung bagian 
tengah mengalami perubahan penggunaan lahan yang cukup pesat selama dua dekade terakhir. Tulisan ini menganalisa trend 
perubahan penggunaan lahan dari 1989-2012 dan dampaknya terhadap penurunan stok karbon/peningkatan emisi CO

2
eq 

serta proyeksi Reference Level (RL) pada tahun 2020. Reference Level terbaik digunakan untuk membangun Strategi 
Pembangunan Rendah Karbon (Low Carbon Development Strategy-LCDS) di kedua segmen. Perubahan penggunaan 
lahan pada 1989-2012 memperlihatkan bahwa terjadi penurunan luasan ruang terbuka hijau (RTH) hingga 3.623,17 ha 
sedangkan non-RTH meningkat hingga 2.575,57 ha. Hal ini berdampak pada menurunnya stok karbon hingga 26.900 
ton. C dan melepaskan emisi CO

2
eq hingga 98.723 ton. CO
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eq. Penyebab perubahan penggunaan lahan yaitu pertambahan 

penduduk, kebutuhan lahan, dan keterbatasan lahan. Proyeksi RL hingga tahun 2020 dilakukan berdasarkan kondisi 
standar (BAU) dan rencana ke depan (FL). Hasil proyeksi memperlihatkan bahwa FL adalah skenario terbaik yang 
diestimasi menyimpan karbon hingga 217.610 ton C di tahun 2020. Strategi pembangunan rendah emisi karbon diarahkan 
pada penambahan luasan RTH hingga 20% melalui implementasi strategi didasarkan pada RTH dan non-RTH meliputi 
strategi perlindungan, pemantauan, penyuluhan, dan penegakan hukum.

Kata kunci: Stok karbon, DAS Ciliwung, perubahan penggunaan lahan, reference level
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I. INTRODUCTION

,QGRQHVLD·V� *UHHQ� +RXVH� *DVVHV� �*+*��
GDWD� IURP� ���������� VKRZHG� WKDW� *+*�
HPLVVLRQV� IURP� /DQG�8VH�� /DQG�8VH� &KDQJH�
DQG� )RUHVWU\� �/8/8&)�� VHFWRU� ZDV� ���� RI �
WRWDO� QDWLRQDO� *+*� HPLVVLRQ�� ZLWK� HPLVVLRQV�
LQ������DPRXQWLQJ�WR�������PLOOLRQ�*J��&2

�
e 

�0LQLVWU\�RI �(QYLURQPHQW�>02(@���������%DVHG�
RQ�����������GDWD��WKHVH�HPLVVLRQV�ZHUH�PDLQO\�
FDXVHG�E\�IRUHVW�FRYHU�DQG�ODQG�XVH�FKDQJHV�RI �
WKH�DUHD�DPRXQWHG�DSSUR[LPDWHO\�WR�����PLOOLRQ�
KD�\HDU��/DQG�XVH�DQG�ODQG�FRYHU�FKDQJHV�LQ�WKH�
ZDWHUVKHG�HVSHFLDOO\�RFFXUUHG�IURP�JUHHQ�VSDFH�
�H�J��IRUHVWV��SODQWDWLRQV��HWF���WR�QRQ�YHJHWDWLRQ�
DUHD��H�J��EXLOW�XS�DUHD��URDGV��HWF����ZKLFK�OHG�WR�
GHFUHDVH�RI �FDUERQ�VWRFN� LQ� WKH�ZDWHUVKHG��DV�
ZHOO�DV�WKH�DELOLW\�WR�DEVRUE�FDUERQ��2QH�RI �WKH�
ZDWHUVKHGV�WKDW�KDYH�EHHQ�DIIHFWHG�E\�PDVVLYH�
ODQG�XVH�FKDQJH�LV�&LOLZXQJ�ZDWHUVKHG�
&LOLZXQJ�ZDWHUVKHG� LV� DQ� DUHD�ZLWK� D�PDLQ�

ULYHU� DQG� WULEXWDULHV� ORFDWHG� DGMDFHQWO\� WR� WKH�
'.,�-DNDUWD�3URYLQFH�DQG�:HVW�-DYD�3URYLQFH��
7RWDO�ZDWHUVKHG�DUHD�LV�DSSUR[LPDWHO\�����NP� 

KDYLQJ�PDLQ�ULYHU�OHQJWK�RI �DSSUR[LPDWHO\�������
NP� �02(�� ������� %DVHG� RQ� DGPLQLVWUDWLYH�
UHJLRQV�� &LOLZXQJ� ZDWHUVKHG� LV� GLYLGHG� LQWR�
�� VHJPHQWV�� VSDQQHG� IURP� XSVWUHDP� ��st 

VHJPHQWV��� PLGGOH�VWUHDP� ��nd� VHJPHQW�� �rd 

VHJPHQW�� DQG��th� VHJPHQW�� WR�GRZQVWUHDP� ��th 

DQG��th� VHJPHQW���ZLWK�HDFK�VHJPHQW�PDQDJHG�
E\�WKH�ORFDO�JRYHUQPHQW�ZKRVH�ODQG�LV�FURVVHG�
E\�WKH�&LOLZXQJ�ULYHU��7KH�VHJPHQWDWLRQ�FRYHUV�
IURP� %RJRU� 5HJHQF\� ��nd� DQG� �rd� VHJPHQWV���
%RJRU� &LW\� ��nd� VHJPHQW��� 'HSRN� &LW\� ��th 

VHJPHQW��DQG�'.,�-DNDUWD���th�DQG��th�VHJPHQWV��
)LUVW� ��st�� VHJPHQW� DQG� WKLUG� ��rd�� VHJPHQW�

LV�PDQDJHG�E\�WKH�ORFDO�JRYHUQPHQW�RI �%RJRU�
5HJHQF\��ZLWK��st�VHJPHQW�FRYHULQJ�WKH�GLVWULFWV�
RI � &LDZL�� &LVDUXD� DQG� 0HJDPHQGXQJ�� ZKLOH�
WKH���rd�VHJPHQW�FRYHUV�WKH�GLVWULFWV�RI �6XNDUDMD��
%DEDNDQ�0DGDQJ�� %RMRQJJHGH�� DQG�&LELQRQJ��
6HFRQG� ��nd�� VHJPHQW� LV�PDQDJHG�E\� WKH� ORFDO�
JRYHUQPHQW� RI � %RJRU� &LW\�� ZKLFK� FRYHUV� WKH�
GLVWULFWV� RI � 6RXWK� %RJRU�� (DVW� %RJRU�� &HQWHU�
%RJRU��DQG�7DQDK�6DUHDO��)RXUWK���th��VHJPHQW�
LV�PDQDJHG�E\�WKH�ORFDO�JRYHUQPHQW�RI �'HSRN�
&LW\��ZKLFK�FRYHUV�WKH�GLVWULFWV�RI �%HMR��/LPR��
&LPDQJJLV��6XNPDMD\D�DQG�3DQFRUDQ�0DV��)LIWK�

��th��VHJPHQW�DQG�VL[WK���th��VHJPHQW�LV�PDQDJHG�
E\� WKH� ORFDO� JRYHUQPHQW� RI � '.,� -DNDUWD�
3URYLQFH��ZLWK��th�VHJPHQW�FRYHULQJ�WKH�GLVWULFWV�
RI �-DJDNDUVD��3DVDU�0LQJJX��0DPSDQJ�3UDSDWDQ��
3DQFRUDQ��7HEHW�� 6HWLD�%XGL��.HED\RUDQ�%DUX��
3DVDU�5HER��&LUDFDV��.UDPDW�-DWL��DQG�-DWLQHJDUD��
ZKLOH� �th� VHJPHQW� LV� FRYHULQJ� WKH� GLVWULFWV� RI �
3XOR� *DGXQJ�� 0DWUDPDQ�� 0HQWHQJ�� 6HQHQ��
7DQDK� $EDQJ�� -RKDU� %DUX�� &HPSDND� 3XWLK��
.HPD\RUDQ�� 6DZDK� %HVDU�� *DPELU�� 7DPERUD��
7DPDQ�6DUL��.RMD��3HQMDULQJDQ��7DQMXQJ�3ULRN��
DQG� .HODSD� *DGLQJ�� &LOLZXQJ� ZDWHUVKHG�
VHJPHQWDWLRQ�FDQ�EH�VHHQ�LQ�)LJXUH���

7KLV�VWXG\�ZDV�IRFXVHG�RQ�WKH��nd�VHJPHQW�

PDQDJHG� E\� WKH� *RYHUQPHQW� RI � %RJRU� &LW\�

DQG��rd� VHJPHQW�PDQDJHG�E\� WKH�*RYHUQPHQW�

RI �%RJRU�5HJHQF\��6HFRQG�VHJPHQW�DQG� WKLUG�

VHJPHQW� LQ�&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG�

KDV� EHHQ� DIIHFWHG� E\� WKH� ODQG� XVH� DQG� ODQG�

FRYHU� FKDQJHV� GXULQJ� WKH� SDVW� WZR� GHFDGHV���

,QFUHDVLQJ� SRSXODWLRQ� DQG� WKHLU� GHPDQG� IRU�

ODQG� LQ� D� OLPLWHG� DUHD� KDG� EHFRPH� WKH�PDMRU�

FDXVHV�RI �IRUHVW�ODQG�FRQYHUVLRQ��IURP�IRUHVWV�

DQG�DJULFXOWXUH�ODQG�LQWR�EXLOW�XS�DUHDV��02(��

������� (YHQ� WKRXJK� XS� WR� ���� RI � ODQG� XVH�

LQ� &LOLZXQJ�PLGGOH�VWUHDP� ZDV� GRPLQDWHG� E\�

IDUPV�DQG�SODQWDWLRQV�ZKLOH�WKH�UHVLGHQFH�DUHD�

LQFUHDVHG�XS�WR������.XVPDQD���������/DQG�XVH�

DQG�ODQG�FRYHU�FKDQJH�ZLWKLQ�D�FDWFKPHQW�KDV�

SURYLGHG�D�EDG� LPSDFW�RQ�WKH� LQFUHDVH�RI �VRLO�

HURVLRQ�� UXQ�RII�� VHGLPHQWDWLRQ��PLFUR�FOLPDWH�

FKDQJH��DV�ZHOO�DV�WKH�LQFUHDVH�LQ�*+*�HPLVVLRQ�

�:DVLV��6DKDUMR��$ULÀQ�	�3UDVHW\R���������/DQG�

XVH�DQG�ODQG�FRYHU�FDXVH�WKH�LQFUHDVH�RI �EXLOW�

XS�DUHD�LQ�&LOLZXQJ�PLGGOH�VWUHDP�ZKLFK�DIIHFWV�

WKH�TXDOLW\�RI �WKH�ZDWHUVKHG��HVSHFLDOO\�E\�ORZHU�

ZDWHU�DEVRUSWLRQ�FDSDFLW\�DQG�LQFUHDVHG�FDUERQ�

HPLVVLRQ�

7KH�GHFUHDVLQJ�RI �JUHHQ�VSDFH�DUHD�LPSDFW�RQ�

WKH�GHFUHDVHG�RI �FDUERQ�VWRUDJH�LQ�ERWK�UHJLRQV��

$GLQXJURKR��������VWDWHG�WKDW�ODQG�XVH�SDWWHUQ�

ODUJHO\� GHWHUPLQHV� LWV� FDUERQ� VHTXHVWUDWLRQ�

DELOLW\��&KDQJHV�LQ�ODQG�XVH�PXVW�EH�FRQVLGHUHG�

LQ�WKH�SUHSDUDWLRQ�RI �WKH�5HJLRQDO�6SDWLDO�3ODQ�

LQ�ERWK�UHJLRQV��%DVHG�RQ�WKH�5HJLRQDO�$FWLRQ�

3ODQ�*+*�:HVW� -DYD� 3URYLQFH�� WKH� SRWHQWLDO�

*+*� HPLVVLRQ� DEVRUSWLRQ� FDQ� EH� HQKDQFHG�
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WKURXJK� WKH� LQFUHDVH�RI � JUHHQ� VSDFH� LQ� XUEDQ�

DUHDV� E\� ���� ZKLFK� FRQVLVWV� RI�� ���� ���� RI �

SXEOLF�JUHHQ�VSDFH��DQG���������SULYDWH�JUHHQ�

VSDFH�ORFDWHG�LQ�UHVLGHQWLDO�DUHDV��7KH�FUHDWLRQ�

RI �JUHHQ�VSDFH�LQ�XUEDQ�DUHDV�ZLOO�FRQWULEXWH�WR�

WKH�QDWLRQDO�*+*�HPLVVLRQ�UHGXFWLRQ�WDUJHW�E\�

������*RYHUQPHQW�RI �,QGRQHVLD� LV�WDUJHWLQJ�D�

QDWLRQDO�*+*�HPLVVLRQ� UHGXFWLRQ� IURP�%$8�

XS� WR� ����ZLWK� GRPHVWLF� UHVRXUFHV� DQG� ����

ZLWK�LQWHUQDWLRQDO�DVVLVWDQFH�E\������

7KH�REMHFWLYH�RI �WKLV�VWXG\�LV�WR�LGHQWLI\�WKH�

FRQWULEXWLRQ�RI �VSDWLDO�DUUDQJHPHQW�RI �ODQG�XVH�

DQG� ODQG� FRYHU� RQ� WKH�SUHSDUDWLRQ�RI � FOLPDWH�

FKDQJH� PLWLJDWLRQ� VWUDWHJLHV� IRU� WKH� ODQG� XVH�

VHFWRU� LQ� &LOLZXQJ� PLGGOH�VWUHDP� ZDWHUVKHG��

IRFXVLQJ� RQ� �nd� VHJPHQW� %RJRU� &LW\� DQG� �rd 

VHJPHQW� %RJRU� 5HJHQF\�� 7KH� UHVXOWV� RI � WKH�

VWXG\�ZHUH�H[SHFWHG�WR�SURYLGH�DOWHUQDWLYH�SODQV�

WKDW� PD\� VXSSRUW� FOLPDWH� FKDQJH� PLWLJDWLRQ�

VWUDWHJLHV�IRU�WKH�ODQG�XVH�VHFWRUV�LQ��nd�VHJPHQW�

DQG� �rd� VHJPHQW� RI � &LOLZXQJ� PLGGOH�VWUHDP�

ZDWHUVKHG�

II. MATERIAL AND METHOD

7KLV� VWXG\� ZDV� FRQGXFWHG� LQ� �nd� DQG� �rd 

VHJPHQWV�RI �&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG�

ZKLFK�LV�ORFDWHG�DW������·��··�²������·��··�6RXWK�

/DWLWXGH�DQG��������·��··�²��������·���··�(DVW�

/RQJLWXGH��%DVHG�RQ�DGPLQLVWUDWLYH�UHJLRQ���nd 

VHJPHQW� LV� ORFDWHG�DW���GLVWULFWV� LQ�%RJRU�&LW\�

ZKLFK� DUH� 6RXWK� %RJRU�� (DVW� %RJRU�� &HQWHU�

%RJRU�� DQG�7DQDK�6DUHDO��ZKLOH� �rd VHJPHQW� LV�

)LJXUH����&LOLZXQJ�ZDWHUVKHG�VHJPHQWDWLRQ�PDS

6RXUFH���0LQLVWU\�RI �(QYLURQPHQW�������

/RZ�&DUERQ�'HYHORSPHQW�6WUDWHJ\�IRU�/DQG�8VH�6HFWRU�LQ�&LOLZXQJ���������������*DPPD�1�0��6XODUVR�HW�DO��
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ORFDWHG�DW���GLVWULFWV� LQ�%RJRU�5HJHQF\�ZKLFK�

DUH� 6XNDUDMD�� %DEDNDQ� 0DGDQJ�� %RMRQJJHGH��

DQG� &LELQRQJ�� 6XUYH\� DQG� FROOHFWLQJ� *URXQG�

&RQWURO�3RLQW��*&3��ZHUH�FDUULHG�RXW� LQ�-XO\�

$XJXVW� ����� WR� KHOS� FODVVLI\� ODQG� XVH� W\SHV�

DQG� DUHDV�� 6DPSOLQJ� GDWD� FRQVLVWHG� RI � ODQG�

XVH� W\SHV�� SRSXODWLRQ�� OLYHOLKRRGV�� FDUERQ�

VWRFN� FKDQJH� LQ� HYHU\� W\SH� RI � ODQG� XVH�� DQG�

UHJXODWLRQV� DQG�SROLFLHV� UHODWHG� WR� VSDWLDO�SODQ�

DQG� UHJLRQDO�GHYHORSPHQW�SODQ��/DQG�XVH�DQG�

ODQG�FRYHU�W\SHV�ZHUH�FDWHJRUL]HG�LQWR���W\SHV�

QDPHO\�� QDWXUDO� IRUHVWV�� SODQWDWLRQ� IRUHVWV��

PL[HG�SODQWDWLRQV�� GU\� ODQG� DJULFXOWXUH�� SDGG\�

ÀHOGV�� EXLOW� XS� DUHD�� VKUXEV�� EDUUHQ� ODQGV� DQG�

ZDWHU�ERGLHV�

5HVHDUFK� GDWD� FRQVLVWHG� RI�� ��� *URXQG�

&RQWURO� 3RLQW� �*&3�� IURP� HDFK� W\SH� RI � ODQG�

XVH�EDVHG�RQ�VXUYH\�����/DQGVDW�VDWHOOLWH�LPDJH�

SDWK�URZ� �������� LQ� ������ ������ DQG� �����

IURP�8QLWHG�6WDWHV�*HRORJLFDO�6XUYH\��86*6���

��� WRSRJUDSKLF�PDSV�ZLWK� D� VFDOH�RI � ���������

IURP� )DFXOW\� RI � )RUHVWU\�� %RJRU� $JULFXOWXUDO�

8QLYHUVLW\� ZKLFK� RULJLQDWHG� IURP� *HRVSDWLDO�

,QIRUPDWLRQ�$JHQF\��Badan Informasi Geospasial��

%,*��� ��� FDUERQ� VWRFN� GDWD� LQ� &LOLZXQJ�

ZDWHUVKHG� IURP�:DVLV� HW� DO�� �������� ��� VSDWLDO�

SODQ� �Rencana Tata Ruang dan Wilayah��575:��

DQG� UHJLRQDO� GHYHORSPHQW� SODQ� �Rencana 

Pembangunan Jangka Panjang��53-3��LQ�%RJRU�&LW\�

DQG�%RJRU�5HJHQF\�����UHJXODWLRQV�DQG�SROLFLHV�

UHODWHG� WR� WKH� VWXG\� IURP� FHQWUDO� JRYHUQPHQW�

DQG�ORFDO�JRYHUQPHQW��DQG����VWDWLVWLFDO�UHSRUW�

RI �SRSXODWLRQ��OLYHOLKRRGV��HGXFDWLRQ�DQG�KHDOWK�

IDFLOLWLHV�LQ�3RWHQVL�'HVD�������������DQG������

IURP� &HQWUDO� 6WDWLVWLFV� $JHQF\� �Badan Pusat 

Statistik��%36��

'DWD�DQDO\VLV�LQ�WKLV�VWXG\�ZDV�GRQH�WKURXJK�

ÀYH� VWHSV��)LUVW� VWHS�ZDV� LGHQWLI\LQJ� WKH� WUHQG�

LQ�ODQG�XVH�FKDQJHV�E\�VXSHUYLVHG�FODVVLÀFDWLRQ�

PHWKRG� ZLWK� PD[LPXP� OLNHOLKRRG� SDUDPHWULF�

UXOH�RI �/DQGVDW�70�VDWHOOLWH� LPDJHV�SDWK�URZ�

��������GDWH�RI �DFTXLVLWLRQ����6HSWHPEHU�������

���-XQH�������DQG����-XQH�������XVLQJ�(5'$6�

����DQG�$UF*,6������(DFK�LPDJH�ZDV�FODVVLÀHG�

ZLWK�*&3�RI �HDFK� W\SH�RI � ODQG�XVH� IURP�WKH�

VXUYH\� ZKLFK� SURGXFHG� FODVVLÀHG� WLPH� VHULHV�

LPDJHV� WKDW� FRQWDLQHG� DUHD� YDOXHV� �KD��� 7KLV�

UHVXOW�ZDV�XVHG�IRU�DQDO\]LQJ�ODQG�XVH�FKDQJHV�

IURP������WR������

6HFRQG�VWHS�ZDV�GHWHUPLQLQJ�WKH�FDXVHV�RI �

ODQG�XVH�FKDQJHV�IURP�VRFLDO�HFRQRPLF�IDFWRUV�

EDVHG�RQ�ÀHOG�VXUYH\�DQG�UHYLHZ�RI �GRFXPHQW�

3RWHQVL� 'HVD� �32'(6�� REWDLQHG� IURP� %36��

7KLUG� VWHS� ZDV� HVWLPDWLQJ� FDUERQ� VWRFN� DQG�

&2
�
HT� HPLVVLRQ�� &DOFXODWLRQ� RI � FDUERQ� VWRFN�

ZDV� GRQH� E\� PXOWLSO\LQJ� ODQG� XVH� DUHD� ZLWK�

FDUERQ� VWRFN� YDOXH� IURP� :DVLV� HW� DO�� ��������

&DOFXODWLRQ� RI � &2
�
HT� HPLVVLRQ� ZDV� GRQH� E\�

FDOFXODWLQJ� WKH� ORVV� RI � FDUERQ� VWRFN� WKDW� ZDV�

FDXVHG� E\� ODQG� FRQYHUVLRQ�� 7KH� GHÀFLW� RI �

FDUERQ�VWRFN�ZDV�PXOWLSOLHG�E\��
����PXOWLSO\LQJ�

IDFWRU� WR� WUDQVIRUP� FDUERQ� �&�� LQWR� FDUERQ�

GLR[LGH��&2
�
���5HIHUHQFH�IRU�FDUERQ�VWRFN�GDWD�

LQ�&LOLZXQJ�ZDWHUVKHG�LV�SUHVHQWHG�LQ�7DEOH���

)RXUWK�VWHS�ZDV�SURMHFWLRQ�RI �UHIHUHQFH�OHYHO�

�5/�� ZLWK� �� VFHQDULRV�� 5HIHUHQFH� OHYHO� LV� WKH�

7DEOH����&DUERQ�VWRFN�DYHUDJH�LQ�YDULRXV�ODQG�XVH�W\SHV�LQ�&LOLZXQJ�ZDWHUVKHG

    

No. Type of  land use
Carbon stock average

 (ton C ha-1)

�� Natural forest ������
�� 3ODQWDWLRQ�IRUHVW ������
�� 0L[HG�SODQWDWLRQ �����
�� 6KUXE ����
��� 3DGG\�ÀHOG ����
�� 'U\�ODQG�DJULFXOWXUH ����
�� %XLOW�XS�DUHD ����

6RXUFH��:DVLV�HW�DO��������

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO�����1R�����$SULO���������������������������������������,661��������������(�,661�����������
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EDVHOLQH�RI �FDUERQ�VWRUDJH�DQG�&2
�
HT�HPLVVLRQ�

LQ�WKH�ODQG�XVH�VHFWRU�LQ�ERWK�VHJPHQWV��7KHVH�

SURMHFWLRQV� ZHUH� EDVHG� RQ� KLVWRULFDO� GDWD� IRU�

EXVLQHVV� DV� XVXDO� �%$8�� 5/� SURMHFWLRQ� DQG�

UHJLRQDO� SROLFLHV� IRU� IRUZDUG� ORRNLQJ� �)/��

5/� SURMHFWLRQ�� 5HJLRQDO� SROLF\� GDWD� XVHG� IRU�

GHWHUPLQLQJ� )/� 5/� ZHUH� VSDWLDO� SODQQLQJ�

UHJDUGLQJ� JUHHQ� VSDFH� DQG� QRQ�JUHHQ� VSDFH�

DUHDV� REWDLQHG� IURP� WKH� VSDWLDO� SODQ� �575:��

DQG� WKH� ORQJ�WHUP� UHJLRQDO� GHYHORSPHQW� SODQ�

�53-3�� UHJDUGLQJ� FRPSOLDQFH� WR� IXOÀOO� JUHHQ�

VSDFH�DUHD�EHLQJ�����RI �WKH�WRWDO�DUHD�LQ�ERWK�

UHJLRQV��)RUPXOD�RI �5/�ZDV�PRGLÀHG�EDVHG�RQ�

81�5(''�LQ�6XU\DGL��������DV�PHQWLRQHG�LQ�

HTXDWLRQV�

7KUHH� 5/� VFHQDULRV� ZHUH� DV� IROORZ�� ���

%$8� 5/� EDVHG� RQ� KLVWRULFDO� GDWD� SURMHFWLRQ�

ZLWKRXW�FRQVLGHULQJ�IXWXUH�VSDWLDO�DQG�UHJLRQDO�

GHYHORSPHQW� SODQV�� ��� )/�� 5/� EDVHG� RQ�

FRPELQDWLRQ�RI � KLVWRULFDO� GDWD� SURMHFWLRQ� DQG�

VSDWLDO� DQG� UHJLRQDO� GHYHORSPHQW� SODQV� LQ� D�

SHVVLPLVWLF�RSWLRQ��EXLOW�XS�DUHD�LQFUHDVHV�E\�XS�

WR�������DQG����)/��5/�EDVHG�RQ�FRPELQDWLRQ�

RI � KLVWRULFDO� GDWD� SURMHFWLRQ� DQG� VSDWLDO� DQG�

UHJLRQDO� GHYHORSPHQW� SODQV� LQ� DQ� RSWLPLVWLF�

RSWLRQ� �JUHHQ� VSDFH� DUHD� LQFUHDVHV� E\� XS� WR�

������/DQG�XVH�FKDQJH�SURMHFWLRQ�IURP������WR�

�����ZDV�FRQGXFWHG�XVLQJ�IRUHFDVWLQJ�PHWKRG�

RI � 0RYLQJ� $YHUDJH� �0$�� DQG� YDOLGDWHG� E\�

0HDQ� $EVROXWH� (UURU� �0$(��� )RUPXODV� RI �

IRUHFDVWLQJ��5/�DQG�ODQG�XVH�FKDQJH�SURMHFWLRQV�

DUH�DV�IROORZ�

)LIWK� VWHS� ZDV� GHYHORSLQJ� /RZ� &DUERQ�

'HYHORSPHQW�6WUDWHJLHV��/&'6��IRU�WKH�ODQG�XVH�

VHFWRU��ZKLFK�ZDV� FRQGXFWHG�E\� DQDO\]LQJ� WKH�

EHVW�5/�VFHQDULR�WKDW�FDQ�LQFUHDVH�FDUERQ�VWRUDJH�

RU� UHGXFLQJ�FDUERQ�GLR[LGH� �&2
�
) emission in 

ERWK�VHJPHQWV��7KLV�VWUDWHJ\�ZDV�PRGLÀHG�IURP�

/RZ�(PLVVLRQ�'HYHORSPHQW�6WUDWHJ\�WKDW�ZDV�

GHYHORSHG� E\� 'HZL�� (NDGLQDWD�� *DOXGUD� DQG��

-RKDQ� ������� E\� IRFXVLQJ� RQ� GHYHORSLQJ� WKH�

VWUDWHJLHV�EDVHG�RQO\�RQ� WKH�EHVW�5/� VFHQDULR�

WKDW� LQFUHDVHV� FDUERQ� VWRFN� LQ�ERWK� VHJPHQWV��

'HYHORSPHQW� RI � LPSOHPHQWDWLRQ� VWUDWHJLHV�

EDVHG�RQ�VSDWLDO�DQDO\VLV��EHVW�5/�GHYHORSPHQW�

WKDW� VXSSRUW� UHGXFHG�&2
�
� HPLVVLRQ�LQFUHDVHG�

FDUERQ�VWRFN��DQG�SUREOHP�VROYLQJ�ZHUH�UHODWHG�

WR�WKH�VFHQDULR�WDUJHW�LQ�VLWH�

III. RESULT AND DISCUSSION

A.  Land Use Change at 2nd Segment and 3rd 

Segment of  Ciliwung Middle-stream 

Watershed during 1989-2012

%DVHG� RQ� WKH� SURFHVVHG� ODQG� XVH�PDSV� RI �

������������ DQG�������JUHHQ� VSDFH�DUHDV�ZHUH�

LGHQWLÀHG�DV�QDWXUDO�IRUHVWV��SODQWDWLRQ�IRUHVWV��

PL[HG�SODQWDWLRQV�� GU\� ODQG� DJULFXOWXUH�� SDGG\�

ÀHOGV�� DQG� VKUXEV�� ZKHUHDV� QRQ�JUHHQ� VSDFH�

DUHDV�ZHUH� LGHQWLÀHG� DV� EXLOW� XS� DUHDV�� EDUUHQ�

ODQGV��DQG�ZDWHU�ERGLHV��1DWXUDO�IRUHVW�LQ�ERWK�

VHJPHQWV�ZDV�PRVWO\�IRXQG�DORQJ�WKH�ULYHU�EDQNV�

ZKLFK� ZDV� GRPLQDWHG� E\� MDFNIUXLW� �Artocarpus 

heterophyllus��� JDQGDULD� �Bouea macrophylla) and 

EDPERR��Asparagus�VS���Gigantochloa VS���Bambusa 

VS�� DQG�Dendrocalamus� VS���� 7KH� IRUHVW� FURZQ�

FRYHUHG�DSSUR[LPDWHO\���������ZLWK�FDQRS\�

VWUDWLÀFDWLRQ�UDQJH�IURP�$�WR�(��IURP�HPHUJHQW�

WUHHV� WR� KHUEV� DQG� OLWWHUV��� 1DWXUDO� IRUHVW�

DUHD� ZDV� ODUJHO\� IUDJPHQWHG� EHFDXVH� RI � ODQG�

FOHDULQJ� DQG� GHDWK� RI � WUHHV�� 3ODQWDWLRQ� IRUHVW�

LQ�ERWK�VHJPHQWV�ZDV�PRVWO\�IRXQG�QHDU�PL[HG�

SODQWDWLRQ��GU\ODQG�DJULFXOWXUH� DQG� VHWWOHPHQW��

3ODQWDWLRQ�IRUHVW� LV�GRPLQDWHG�E\�WHDN��Tectona 

grandis�� DQG� ZKLWH� DOEL]LD� �Falcataria mollucana) 

RZQHG� E\� LQGLYLGXDOV� DQG� FRPPXQLWLHV� DV�

� ���������������������������������������������0$� �� � � �������� � � � ��������

����������������/DQG�XVH�FKDQJH�SURMHFWLRQ� �ODQG�XVH�DUHD�LQ�\HDU�L��KD����0$�ODQG�XVH�LQ������������� �������

� ��������5/�SURMHFWLRQ� �5/�LQ�\HDU�L��KD����0$�KLVWRULF�FDUERQ�VWRFN�LQ������������� ���� ��������

�����������������������+LVWRULF�&�VWRFN�UDWH��� �� �/DQG�XVH�FKDQJH�GDWD�� ��[�&�VWRFN�IDFWRU �����������������

��������������������������5/��WRQ�&�� �+LVWRULF�FDUERQ�VWRFN�UDWH��W� ����6XE�QDWLRQDO�FLUFXPVWDQFHV� ��������

/RZ�&DUERQ�'HYHORSPHQW�6WUDWHJ\�IRU�/DQG�8VH�6HFWRU�LQ�&LOLZXQJ���������������*DPPD�1�0��6XODUVR�HW�DO��
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FRPPXQLW\� IRUHVW� �+XWDQ� 5DN\DW�+5��� 0RVW�

RI � WKH� SODQWDWLRQ� IRUHVWV� ZHUH� SODQWHG� ZLWK�

VSDFLQJ�IURP���P�[���P�WR���P�[���P��EXW�WKH\�

ZHUH� DOVR� LQWHUVSHUVHG�ZLWK� IUXLW� WUHHV��0L[HG�

SODQWDWLRQV� LQ�ERWK� VHJPHQWV�ZHUH�GRPLQDWHG�

E\� EDQDQD� �Musa� VS���� FRFRQXW� �Cocos nucifera���

DQG�PDQJR��Mangifera indica) which was located 

QHDU� GU\ODQG� DJULFXOWXUH�� IRUHVW� SODQWDWLRQ��

DQG� ULYHU� EDQNV��'U\ODQG� DJULFXOWXUHV� LQ� ERWK�

VHJPHQWV�ZHUH�GRPLQDWHG�E\�FDVVDYD� �Manihot 

utilissima) and chili (Capsicum annum) which 

located near settlements and roads to facilitate 

WKH�WUDQVSRUWDWLRQ�RI �WKH�FURSV��3DGG\�ÀHOGV�LQ�

ERWK� VHJPHQWV�ZHUH� GRPLQDWHG� E\� ULFH� EXW� LW�

WXUQHG�WR�SODQWHG�FURSV�GXULQJ�IDOORZ�SHULRG�

%XLOW�XS�DUHD�LQ�ERWK�VHJPHQWV�FRQVLVWHG�RI �

VHWWOHPHQWV�IURP�PHGLXP�WR�FRPSDFW�UHVLGHQWLDO��

VFKRROV�� RIÀFHV�� IDFWRULHV�� FRPPHUFLDO� DQG�

recreational areas that were often found near 

ULYHU�EDQNV��&RPSDFW�UHVLGHQWLDO�DUHD�ZDV�PRVWO\�

IRXQG� LQ� �nd VHJPHQW� ZKHUHDV� LQ� �rd� VHJPHQW�

LW� YDULHG� UHODWLYHO\� UDQJLQJ� IURP� FRPSDFW�

UHVLGHQWLDO�DUHD�QHDU�WKH�FRPPXWHU�WUDLQ�WUDFN�LQ�

%RMRQJJHGH�DQG�&LELQRQJ�WR�HOLWH�VHWWOHPHQW�LQ�

&LEHQRQ��6FKRROV��RIÀFHV��IDFWRULHV��FRPPHUFLDO�

and recreational areas were mostly found in 

GRZQWRZQ��6KUXEV�LQ�ERWK�VHJPHQWV�FRQVLVWHG�

RI �JUDVVODQG��EXVKHV�DQG�ERUGHU�KLJKZD\V��7KH�

ZLGHVW�DUHD�RI �VKUXEV�ZDV�ORFDWHG�LQ�6XNDUDMD��

6KUXEV�ZHUH�GRPLQDWHG�E\� UHHG��EXOUXVK�� DQG�

%HUPXGD�JUDVV��

%DUUHQ� ODQG� LQ� ERWK� VHJPHQWV� ZDV� IRXQG�

near new settlement and construction areas of  

IDFWRULHV�DQG�VWDGLXPV��7KH�ODUJHVW�EDUUHQ�ODQG�

ZDV� ORFDWHG� LQ�&LELQRQJ�ZKLFK�ZDV�FDXVHG�E\�

ODQG� FOHDULQJ� WR� EXLOG� %RJRU� 6WDGLXP�� :DWHU�

ERGLHV� FRQVLVW� RI � VWUHDPV�� ODNH�� GDP�� DQG�

UHVHUYRLU��0RVW�RI �WKH�JUHHQ�VSDFH�DUHD�DURXQG�

ODNHV�DQG�UHVHUYRLUV�DUH�WXUQHG�LQWR�WRXULVW�VLWHV��

VXFK� DV� LQ� 6LWX� &LORGRQJ�� &XPXODWLYHO\�� ODQG�

XVH�FKDQJH� LQ�ERWK�VHJPHQWV� IURP�����������

LQGLFDWHG�D�UHGXFWLRQ�RI �WKH�JUHHQ�VSDFH�DUHD�E\�

���������KD��ZKHUHDV�QRQ�JUHHQ�VSDFH�LQFUHDVHG�

E\����������KD��(DFK�ODQG�XVH�DUHD�ZDV�REWDLQHG�

IURP� WKH� SURFHVVLQJ� RI � /DQGVDW� LPDJHV� IURP�

�����������DQG������ZLWK�RYHUDOO�FODVVLÀFDWLRQ�

DFFXUDF\�RI ����������DQG���������UHVSHFWLYHO\��

7DEOH���VKRZV� ODQG�XVH�FKDQJHV� LQ��nd�DQG��rd 

VHJPHQWV�RI �&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG�

IURP�����������

)URP� ����������� WKH� ODQG� XVH� DUHD� KDV�

LQFUHDVHG� � IRU� VKUXEV�� EXLOW� XS� DUHDV�� SDGG\�

ÀHOGV� DQG� SODQWDWLRQ� IRUHVWV�� ZKHUHDV� LW� KDV�

GHFUHDVHG� IRU� � PL[HG� SODQWDWLRQV�� GU\ODQG�

DJULFXOWXUH�� QDWXUDO� IRUHVWV�� ZDWHU� ERGLHV� DQG�

EDUUHQ� ODQGV�� ,QFUHDVHG� DUHD� RI � VKUXEV� ZDV�

FDXVHG�E\�FRQVWUXFWLRQ�RI �JROI �FRXUVH�DQG�WKH�

IDOORZ� SHULRG� RI � SDGG\� DQG� FURSV�� 5HGXFWLRQ�

RI � PL[HG� SODQWDWLRQ� DUHDV� PRVWO\� RFFXUUHG�

LQ� %RMRQJJHGH� GLVWULFW� DQG� &LELQRQJ� GLVWULFW��

7DEOH����/DQG�XVH�FKDQJHV�LQ��nd�DQG��rd�VHJPHQWV�RI �&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG�IURP�
���������

Type of  Land Use
1989
(ha)

2001
(ha)

2012
(ha)

Land use 
change from

1989-2001 (ha)

Land use 
change from

2001-2012 (ha)

Natural forests �������� ������ ������ ������� ������
3ODQWDWLRQ�IRUHVWV ������ ����� ������ ������ ������
0L[HG�SODQWDWLRQV �������� ������ ������ ������� ������
'U\�ODQG�DJULFXOWXUH �������� �������� �������� ������� ���������
3DGG\�ÀHOGV ����� ������ ������ ������ �����
%XLOW�XS�DUHDV �������� �������� �������� ������ ������
6KUXEV ������ ������� ������ ������ �������
%DUUHQ�ODQGV ���� ���� ����� ����� ������
:DWHU�ERGLHV ������ ������ ������ ������ �����

727$/ �������� ��������� ��������

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO�����1R�����$SULO���������������������������������������,661��������������(�,661�����������
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%RJRU� UHJHQF\�� FDXVHG�E\� WKH�FKDQJHV� LQ� ODQG�

XVH� IURP�SODQWDWLRQ� LQWR�FURSV�DQG�H[SDQVLRQ�

RI �UHVLGHQWLDO�DUHDV�

)URP� ����������� WKH� LQFUHDVH� LQ� DUHD� KDV�

RFFXUUHG� IRU� EXLOW� XS� DUHDV�� QDWXUDO� IRUHVWV��

EDUUHQ� ODQGV�� DQG�SDGG\�ÀHOGV��ZKHUHDV� LW� KDV�

GHFUHDVHG��IRU�GU\ODQG�DJULFXOWXUH��VKUXEV��PL[HG�

SODQWDWLRQV�� QDWXUDO� IRUHVWV� DQG� ZDWHU� ERGLHV��

,QFUHDVH�RI �EXLOW�XS�DUHDV�GUDVWLFDOO\�RFFXUUHG�

LQ�%RMRQJJHGH�'LVWULFW�DQG�&LELQRQJ�'LVWULFW��

%RJRU�5HJHQF\��'HFUHDVHG�GU\�ODQG�DJULFXOWXUH�

ZDV� FDXVHG� E\� ODQG� FRQYHUVLRQ� LQWR� EXLOW� XS�

DUHDV� DQG� SODQWDWLRQ� IRUHVWV�� %RJRU� &LW\� DQG�

%RJRU�5HJHQF\�ZDV�WKH�PDLQ�FHQWUH�RI �WDSLRFD�

VWDUFK� SURGXFWLRQ� LQ� %RJRU� 'LVWULFW�� ZKLFK�

UHVXOWHG� LQ� GU\� ODQG� IDUPV� LQ� ERWK� VHJPHQWV�

ZKLFK� ZDV� GRPLQDWHG� E\� FDVVDYD� FURSV�� 7KH�

GHFUHDVH�LQ�WKH�GU\�ODQG�DJULFXOWXUH�DUHD�ZDV�WKH�

PDLQ�UHDVRQ�IRU�WKH�GHFOLQH�LQ�SURGXFWLRQ�GXH�

WR�VKRUWDJHV�RI �WDSLRFD�UDZ�PDWHULDOV�

5HVLGHQWLDO�� FRPPHUFLDO�� DQG� VXSSRUWLQJ�

LQIUDVWUXFWXUHV� ZHUH� WKH� FDXVHV� RI � UXUDO�

XUEDQ� OLQNDJHV� �5XVWLDGL�� 6DHIXOKDNLP� 	�

3DQXMX�� ������� 5XUDO�XUEDQ� OLQNDJHV� LQ� ERWK�

VHJPHQWV�ZHUH�KLJKO\�DIIHFWHG�E\� WKH�PRELOLW\�

RI � WKH� SHRSOH� ZRUNLQJ� LQ� WKH� -DNDUWD�%RJRU�

'HSRN�7DQJHUDQJ�%HNDVL� �-DERGHWDEHN�� DUHD�

DQG� OLYLQJ� LQ�%RJRU�&LW\� DQG�%RJRU�5HJHQF\��

'HYHORSPHQW�RI �VDWHOOLWH�WRZQV�ZKLFK�EHFRPH�

D�EXIIHU�DUHD�RI �-DNDUWD�DQG�%RJRU�KDV�UHVXOWHG�

LQ� UDSLG� LQFUHDVH� RI � UHVLGHQWLDO�� FRPPHUFLDO��

LQGXVWULDO� DUHDV�� DQG� LQIUDVWUXFWXUH�� ,PSURYHG�

URDG� DFFHVV� DQG� SXEOLF� WUDQVSRUWDWLRQ� OHG� WR�

WKH�GHYHORSPHQW�RI �VXEXUEDQ�DUHDV�LQWR�XUEDQ�

DUHDV�� HVSHFLDOO\� LQ� %RMRQJJHGH�� &LELQRQJ��

1RUWKHUQ�%RJRU��DQG�6DUHDO�/DQG��'HPDQG�IRU�

ODQG�IRU�WKH�GHYHORSPHQW�RI �WKH�UHJLRQ�LQ�ERWK�

VHJPHQWV�OHG�WR�WKH�FRQYHUVLRQ�RI �JUHHQ�VSDFH�

DUHD� WR�QRQ�JUHHQ� VSDFH� DUHD��)LJXUH� �� VKRZV�

ODQG� XVH� LQ� �nd� DQG� �rd� VHJPHQWV� RI � &LOLZXQJ�

PLGGOH�VWUHDP�ZDWHUVKHG�

B.  Driving Factors of  Land Use and Land 

Cover Changes in 2nd and 3rd Segments 

of  Ciliwung Middle-stream Watershed 

/DQG�XVH�DQG�ODQG�FRYHU�FKDQJHV�ZHUH�FDXVHG�

E\�WKUHH�PDLQ�GULYLQJ�IDFWRUV�QDPHO\��SRSXODWLRQ�

JURZWK��GHPDQG�IRU�ODQG��DQG�ODQG�FRQVWUDLQW��

7KHVH� GULYLQJ� IDFWRUV� ZHUH� LQWHUUHODWHG��

3RSXODWLRQ� JURZWK� LPSOLHV� LQFUHDVHG� GHPDQG�

IRU� ODQG� WR� PHHW� EDVLF� QHHGV�� %XW� LQFUHDVHG�

GHPDQG�IRU�ODQG�ZDV�QRW�IROORZHG�E\�ODQG�XVH�

DUHD�H[SDQVLRQ�GXH�WR�ODQG�FRQVWUDLQ��7KLV�KDV�

)LJXUH����/DQG�XVH�LQ��nd�DQG��rd�VHJPHQWV�RI �&LOLZXQJ�PLGGOHVWUHDP�ZDWHUVKHG

/RZ�&DUERQ�'HYHORSPHQW�6WUDWHJ\�IRU�/DQG�8VH�6HFWRU�LQ�&LOLZXQJ���������������*DPPD�1�0��6XODUVR�HW�DO��
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UHVXOWHG�LQ�WKH�FRQYHUVLRQ�RI �JUHHQ�VSDFH�DUHD�

WR�DFFRPPRGDWH�WKH�QHHGV�RI �QRQ�JUHHQ�VSDFH�

DUHDV��PDLQO\�WR�H[SDQG�WKH�EXLOW�XS�DUHD�

7KH� ÀUVW� GULYLQJ� IDFWRU� ZDV� SRSXODWLRQ�

JURZWK� IURP� ����������� 7KH� SRSXODWLRQ� RI �

�rd� VHJPHQW� LQFUHDVHG� IURP���������SHRSOH� LQ�

����� WR� �������� SHRSOH� LQ� ����� ZKHUHDV� WKH�

SRSXODWLRQ�RI ��nd�VHJPHQW�IURP���������SHRSOH�

LQ������WR���������LQ�������7KH�WRWDO�QXPEHU�

RI �SRSXODWLRQ� LQ�ERWK�VHJPHQWV�KDV� LQFUHDVHG�

E\� ������ RU� ������� SHRSOH� IURP� ����������

EXW� IURP� ���������� WKH� SRSXODWLRQ� LQFUHDVHG�

IRXU� WLPHV� ���������RU� ��������SHRSOH���7KLV�

PDWFKHG� ZLWK� WKH�:HVW� -DYD� 3URYLQFH� FHQVXV�

GDWD� IURP� ����� �%36� :HVW� -DYD� 3URYLQFH��

������ WKDW�%RJRU�5HJHQF\�KDG�KLJKHU� UDWH�RI �

SRSXODWLRQ� LQFUHDVH� WKDQ� %RJRU� &LW\� ZKLFK�

ZDV� ������ FRPSDUHG� WR� ������� 7KH� ULVH� RI �

SRSXODWLRQ�JURZWK� OHG� WR� LQFUHDVH�RI �GHPDQG�

IRU� ODQG� HVSHFLDOO\� IRU� UHVLGHQWLDO�FRPPHUFLDO�

LQGXVWULDO� DUHDV� DQG� IRU� LQIUDVWUXFWXUHV�� 7KXR�

�������VWDWHG�WKDW�LQFUHDVHG�SRSXODWLRQ�LQ�UXUDO�

XUEDQ�IULQJH�RSHQ�QHZ�LQFRPH�RSSRUWXQLW\�LQ�

the service sector such as construction sector 

GXH� WR� SHRSOH·V� QHHG� IRU� VHWWOHPHQW� HVSHFLDOO\�

IRU�KRXVLQJ���

0RQLDJD��������VWDWHG�WKDW�RQH�RI �WKH�IDFWRUV�

LQÁXHQFLQJ� SRSXODWLRQ� SUHVVXUH� RQ� ODQG� ZDV�

WKH�SHRSOH·V� OLYHOLKRRG�VWUXFWXUH��(PSOR\PHQW�

FKDQJHV�RI �SHRSOH�RFFXUUHG�LQ�ERWK�VHJPHQWV�

ZKLFK�ZHUH�IURP�MREV�WKDW�UHTXLUHG�ODQG�VXFK�DV�

DJULFXOWXUH�DQG�PLQLQJ� LQWR� MREV� WKDW� UHTXLUHG�

KLJKHU� VNLOOV� DQG� HGXFDWLRQ�� ,W� KDV� LQGLUHFWO\�

DIIHFWHG�SHRSOH·V�DFWLYLWLHV�LQ�HDFK�ODQG�XVH��,Q�

������DJULFXOWXUH�DQG�WUDGH�ZDV�VWLOO�GRPLQDWHG�

LQ�ERWK�VHJPHQWV�WKDW�DIIHFWHG�WKH�H[SDQVLRQ�RI �

WKH�DJULFXOWXUDO�DUHD�RI �SDGG\�ÀHOGV�DQG�GU\�ODQG�

DJULFXOWXUH�EHFDXVH�RI �WKH�WUDGH�RI �IRRG�FURSV��

3HRSOH�OLYHOLKRRG�LQ��rd�VHJPHQW�PDLQO\�VKLIWHG�

IURP�DJULFXOWXUH�VHFWRU������RI �SRSXODWLRQ��LQ�

�����WR�WUDGH�VHFWRU����������LQ�������3HRSOH�

OLYHOLKRRG� LQ� �nd� VHJPHQW�PDLQO\� VKLIWHG� IURP�

WUDGH� VHFWRU� ������ LQ� ����� WR� VHUYLFH� VHFWRU�

������LQ�������/LYHOLKRRGV�FKDQJHV�IURP������

�����LQ�DJULFXOWXUH�DQG�WUDGH�VKLIWHG�WR�LQGXVWU\�

DQG� VHUYLFHV� �EDQNLQJ� DQG� FRQVWUXFWLRQ��� 7KH�

HPHUJHQFH�RI �WUDGH�DQG�VHUYLFH�VHFWRUV�FDXVHG�

ODQG� FRQYHUVLRQ� IURP� DJULFXOWXUH� ODQG� XVH� WR�

EXLOG�XS�DUHD��*\DZDOL�HW�DO���������VWDWHG�WKDW�

EDODQFLQJ� UXUDO�XUEDQ� JURZWK� E\� HVWDEOLVKLQJ�

UXUDO�XUEDQ� EXVLQHVV� OLQNDJHV� ZDV� LPSRUWDQW�

VR�WKH�XUEDQL]DWLRQ�HIIHFW�OLNH�ODQG�FRQYHUVLRQ�

IRU�XUEDQ�VSUDZO�FDQ�EH�UHGXFHG��8UEDQ�VSUDZO�

LQ� ERWK� VHJPHQWV� ZDV� FDXVHG� E\� LQFUHDVHG�

SRSXODWLRQ�DQG�VKLIWLQJ� OLYHOLKRRGV�FDXVHG�WKH�

H[SDQVLRQ� RI � EXLOW� XS� DUHDV� IRU� UHVLGHQWLDO��

FRPPHUFLDO��DQG�LQGXVWULDO�SXUSRVHV��7KH�ODQG�

FRQYHUVLRQ�WKDW�RFFXUUHG�IURP������������IURP�

JUHHQ�VSDFH�DUHD�WR�EXLOW�XS�DUHDV�DPRXQWHG�WR�

���������KD�

7KH� VHFRQG� GULYLQJ� IDFWRU� ZDV� LQFUHDVHG�

GHPDQG� IRU� ODQG� DORQJ� ZLWK� WKH� SRSXODWLRQ�

JURZWK� LQ� ERWK� VHJPHQWV�� %DVHG� RQ� WKH�

5HJXODWLRQ� RI � WKH� 0LQLVWHU� RI � (QYLURQPHQW�

1R�� �������� RQ� *XLGHOLQHV� IRU� 'HWHUPLQLQJ�

(QYLURQPHQWDO� &DUU\LQJ� &DSDFLW\� LQ� 5HJLRQDO�

6SDWLDO� 3ODQQLQJ�� ODQG� UHTXLUHPHQW� FDOFXODWLRQ�

ZDV�EDVHG�RQ�WKH�UHVXOWV�RI �WKH�FDOFXODWLRQ�RI �

ODQG� UHTXLUHPHQWV� IRU� D� GHFHQW� OLIH�PXOWLSOLHG�

E\� WKH� QXPEHU� RI � SRSXODWLRQ�� $UHD� RI � ODQG�

UHTXLUHG� IRU� WKH�QHFHVVLWLHV�RI � OLIH�SHU�SHUVRQ�

IRU� GHFHQW� OLYLQJ� ZDV� GLYLGHG� E\� ORFDO� ULFH�

SURGXFWLYLWLHV�� 3URGXFWLYLW\� RI � ULFH� LQ� %RJRU�

5HJHQF\� ZDV� ������ WRQ� KD�� year���� ZKLOH� LQ�

%RJRU�&LW\�LW�ZDV�������WRQ�KD�� year����'HFHQW�

OLYLQJ�SHU�SHRSOH�ZDV�DVVXPHG�WR�EH�HTXLYDOHQW�

WR���WRQ�RI �ULFH�FDSLWD�\HDU��VWDWHG�DVVXPSWLRQ�

IURP� 0R(� UHJXODWLRQ� 1R����������� ,Q� ������

GHPDQG�IRU�ODQG�LQ��rd�VHJPHQW�ZDV�����������

KD�ZKLFK�ZDV� KLJKHU� WKDQ� LQ� WKH� �nd� VHJPHQW�

ZKHUH� LW� ZDV� ���������� KD�� 7KLV� ZDV� FDXVHG�

E\� WKH� LQFUHDVHG� QXPEHU� RI � SRSXODWLRQ� ZKR�

UHTXLUHG�ODQG�IRU�EDVLF�QHHGV��HVSHFLDOO\�LQ�WKH�

ERUGHU� DUHDV� EHWZHHQ�'HSRN�&LW\� DQG�%RJRU�

&LW\�� 2YHUVKRRW� GHPDQG� IRU� ODQG� LQ� ERWK�

VHJPHQWV�ZHUH���WLPHV�IURP�WKH�DFWXDO�DUHD��

7KH�WKLUG�GULYLQJ�IDFWRU�ZDV�ODQG�FRQVWUDLQW��

,QFUHDVHG� GHPDQG� IRU� ODQG� IURP� ����������

H[FHHGHG� WKH� DFWXDO� DUHD� LQ� ERWK� VHJPHQWV��

:KLOH� ODQG�DUHD� LQ�ERWK�VHJPHQWV� IURP������

�����ZDV�VWLOO�WKH�VDPH�ZKLFK�ZDV����������KD��

EXW�WKH�GHPDQG�LQ������KDV�UHDFKHG�����������

KD��6R�WKHUH�ZDV�D�GHÀFLW�DUHD�RI �����������KD��

,W� FDQ�EH� FRQFOXGHG� WKDW� ERWK� VHJPHQWV�ZHUH�

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO�����1R�����$SULO���������������������������������������,661��������������(�,661�����������



��

GHSHQGHQW�RQ�WKH�VXUURXQGLQJ�DUHDV�WR�PHHW�WKH�

QHHGV�RI �WKH�SRSXODWLRQ�OLYLQJ��PDLQO\�IRU�IRRG��

)RRG�VXSSO\� LQ�ERWK� VHJPHQWV�ZDV� VXSSRUWHG�

E\� WKH� UHJLRQ�RI �&LOLZXQJ�XSVWUHDP�RU�FURVV�

UHJHQF\�VXFK�DV�&LDQMXU��,QGUDPD\X��.DUDZDQJ�

DQG�6XEDQJ��7KRVH�UHJHQFLHV�ZHUH�WKH�ELJJHVW�

FRQWULEXWRUV�RI �ULFH�SURGXFWLRQ�LQ�:HVW�-DYD�

C.  Carbon Stock and CO
2
eq Emissions 

in 2nd and 3rd Segments of  Ciliwung 

Middle-stream Watershed

&DUERQ� VWRFN� DQG� &2
�
HT� HPLVVLRQV� LQ� �nd 

DQG� �rd� VHJPHQWV� RI � &LOLZXQJ� PLGGOHVWUHDP�

ZDWHUVKHG� FKDQJHG� GXULQJ� ����������� %RWK�

VHJPHQWV� VWRUHG� FDUERQ� XS� WR� �����������

WRQ�&� LQ������������������WRQ�&� LQ�������DQG�

����������� LQ� ������ 'HVSLWH� HQKDQFHPHQW� RI �

FDUERQ�VWRFN�IURP������������WKH�GHFOLQH�IURP�

����������ZDV� VWLOO� KLJKHU�� FXPXODWLYHO\� IURP�

���������� WKH� FDUERQ� VWRFN� ZDV� UHGXFHG� E\�

�������WRQ�&��7DEOH���VKRZV�FDUERQ�VWRFN�DQG�

WRWDO�&2
�
HT�HPLVVLRQV�LQ�HDFK�W\SH�RI �ODQG�XVH�

DW� ERWK� VHJPHQWV� RI � &LOLZXQJ�PLGGOH� VWUHDP�

ZDWHUVKHG�LQ������������DQG������

)URP� ����������� FDUERQ� VWRFN� UHGXFWLRQ�

RFFXUUHG� LQ�QDWXUDO� IRUHVWV��PL[HG�SODQWDWLRQV��

DQG�GU\ODQG�DJULFXOWXUH��ZKHUHDV�FDUERQ�VWRFN�

LQFUHPHQW�RFFXUUHG�LQ�SODQWDWLRQ�IRUHVWV��SDGG\�

ÀHOGV�� EXLOW� XS� DUHDV�� DQG� VKUXEV�� 5HGXFWLRQ�

RI �QDWXUDO� IRUHVW·V� FDUERQ�VWRFN� LQ� WKLV�SHULRG�

PRVWO\� KDSSHQHG� LQ� %RJRU� 5HJHQF\�� 7KH�

LQFUHDVH� LQ� SODQWDWLRQ� IRUHVW·V� FDUERQ� VWRFN�

ZDV�FDXVHG�E\�WKH�GHYHORSPHQW�RI �FRPPXQLW\�

IRUHVWV� LQ� ERWK� VHJPHQWV�� 3ODQWDWLRQ� IRUHVW�

LQ� ERWK� VHJPHQWV� ZDV� PDLQO\� SODQWHG� ZLWK�

IDVW�JURZLQJ� VSHFLHV� ZKLWH� DOEL]LD� �Falcataria 

mollucana��WKDW�LQÁXHQFHG�WKH�LQFUHDVH�RI �FDUERQ�

VWRFN�LQ�SODQWDWLRQ�IRUHVWV�

&DUERQ�VWRFN� LQFUHDVH� LQ�SODQWDWLRQ� IRUHVWV�

ZDV� FDXVHG� E\� WKH� H[SDQVLRQ� RI � FRPPXQLW\�

IRUHVWV�� ,Q� WKLV� SHULRG�� FRPPXQLW\� IRUHVWV� LQ�

%RJRU� 5HJHQF\� DQG� %RJRU� &LW\� H[SDQGHG�

JUHDWO\�GXH�WR�LWV�SURÀWDEOH�PDUNHW�VKDUH��:KLWH�

DOEL]LD�DQG�WHDN�EHFDPH�WZR�GRPLQDQW�VSHFLHV�

LQ� FRPPXQLW\� IRUHVWV� LQ� :HVW� -DYD� LQFOXGLQJ�

%RJRU�EHFDXVH�RI �LWV�DELOLW\�WR�JURZ�IDVW��HDV\�

DFFHVV� DQG� ZLGH� RSHQ� PDUNHWLQJ� �5DFKPDQ��

0LOH�	�$FKPDG���������:KLWH�DOEL]LD�KDG�D�ZLGH�

PDUNHW� VKDUH� IRU� UDZ� PDWHULDOV� IRU� SO\ZRRG��

SXOS�DQG�SDSHU�ZKLOH� WHDN�KDG�D�PDUNHW�VKDUH�

IRU� IXUQLWXUH� DQG� KDQGLFUDIW�� ,Q� FRPPRQ�

FRPPXQLW\�IRUHVW�SODQWDWLRQ�ZDV�HVWDEOLVKHG�E\�

FRPELQLQJ�WLPEHU�ZLWK�FURSV�RU�KRUWLFXOWXUH�LQ�

WKH� IRUP� RI � DJURIRUHVWU\� �+DNLP�� ,QGDUWLN�	�

6XU\DQGDUL����������7LPEHU�VSHFLHV�ZDV�SODQWHG�

ZLWKRXW� LQWHUVSHUVH�ZLWK� FURSV�RU�KRUWLFXOWXUH�

LQ� FRPPXQLW\� IRUHVWV� LQ� ERWK� VHJPHQWV�� ,Q�

FRPPXQLW\�IRUHVWV�LQ�&LELQRQJ��%RJRU�5HJHQF\��

DQG�6DUHDO�/DQG��%RJRU�&LW\��ZKLWH�DOEL]LD�DQG�

WHDN�ZDV�SODQWHG�DW�D�VSDFLQJ�RI ���P�[���P�DQG�

��P� [� ��P�ZLWK� DQ� DYHUDJH� GLDPHWHU� UDQJLQJ�

IURP�������FP��7KHUHIRUH��FRPPXQLW\�IRUHVW·V�

FDUERQ�VWRFN�LQ�SODQWDWLRQ�IRUHVW�ZDV�WKH�KLJKHVW�

FDUERQ�VWRUDJH�FRPSDUHG�ZLWK�RWKHU�ODQG�XVHV�

/RVV�RI ���WRQ�RI �FDUERQ��WRQ�&��HTXLYDOHQW�

WR� WKH� UHOHDVH� RI � ����� WRQ� &2
�
HT� �9RQ�

7DEOH����&DUERQ�VWRFN�DQG�WRWDO�&2
�
HT�HPLVVLRQV�LQ�HDFK�ODQG�XVH�W\SH�DW��nd�DQG��rd�VHJPHQWV�RI �

&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG�LQ������������DQG�����

No. Type of  land use       1989           2001         2012

�� Natural forests ���������� ��������� ���������
�� 3ODQWDWLRQV�IRUHVWV ��������� ��������� ����������
�� 0L[HG�SODQWDWLRQV ��������� ��������� ���������
�� 'U\�ODQG�DJULFXOWXUH ��������� ��������� ��������
�� 3DGG\�ÀHOGV ������ ������ ��������
�� %XLOW�XS�DUHDV �������� �������� ���������
�� 6KUXEV �������� �������� ��������

7RWDO�WRQ�& ���������� ���������� ����������

7RWDO�WRQ�&2
�
HT ���������� ���������� ����������

/RZ�&DUERQ�'HYHORSPHQW�6WUDWHJ\�IRU�/DQG�8VH�6HFWRU�LQ�&LOLZXQJ���������������*DPPD�1�0��6XODUVR�HW�DO��
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0LUEDFK�� ������� $FFXPXODWLYHO\�� IURP� �����

����� WKH� UHOHDVH�RI �&2
�
 emissions amounted 

WR� �������� WRQ� &2
�
HT� ZKLFK� ZDV� FDXVHG� E\�

WKH� ORVV� RI � FDUERQ� VWRFN� LQ� QDWXUDO� IRUHVWV��

PL[HG� SODQWDWLRQV�� DQG� GU\ODQG� DJULFXOWXUH��

&XPXODWLYHO\� IURP� ���������� WKH� UHOHDVH� RI �

&2
�
�HPLVVLRQV�DPRXQWHG�WR��������WRQ�&2

�
HT��

:KHUHDV�IURP�����������DEVRUSWLRQ�RI �FDUERQ�

DPRXQWHG�WR���������WRQ�&2
�
HT�DV�D�UHVXOW�RI �

FDUERQ�VWRFN�HQKDQFHPHQW�LQ�SODQWDWLRQ�IRUHVWV��

EXLOW�XS�DUHDV�DQG�SDGG\�ÀHOGV�

D.   Reference Level Projections in 2nd and 

3rd Segments of  Ciliwung Middle-

stream Watershed

5HIHUHQFH� /HYHO� �5/�� SURMHFWLRQV� ZHUH�

GHWHUPLQHG�E\�FRQVLGHULQJ�WKH�FKDQJHV�LQ�ODQG�

XVH� DOVR� FDUERQ� VWRFN� DQG� &2
�
HT� HPLVVLRQV�

DW� ERWK� VHJPHQWV�� +LVWRULFDO� WUHQGV� RI � ODQG�

XVH�ZHUH� LGHQWLÀHG� LQ� WKH� VSDQ� RI � �� \HDUV� RU�

XQWLO�������7KH�SURMHFWLRQV�IRFXVHG�RQ�FDUERQ�

VWRFN� FKDQJHV� FDXVHG� E\� ODQG� XVH� FKDQJH�

DFWLYLWLHV� IURP� JUHHQ� VSDFH� DUHD� LQWR� QRQ�

JUHHQ� VSDFH� DUHD� DQG� YLFH� YHUVD�� 6XE�QDWLRQDO�

FRQGLWLRQV�ZHUH� UHIHUHQFHG� IURP�� ��� ��� \HDU
V�

VSDWLDO� SODQ� L�H�� 575:� %RJRU� 5HJHQF\� �����

�����DQG�575:�%RJRU�&LW\������������������

\HDU
V�UHJLRQDO�SODQ��L�H��53-3'�%RJRU�5HJHQF\�

����������DQG�53-3'�%RJRU�&LW\������������

%DVHG�RQ�WKHVH�GRFXPHQWV��%RJRU�5HJHQF\�DQG�

%RJRU� &LW\� SODQQHG� WR� PHHW� WKH� FRPSXOVRU\�

DOORFDWLRQ�RI �JUHHQ�VSDFH�DUHD�RI �XS�WR�����RI �

WRWDO�DUHD�XQWLO�������%RWK�UHJLRQV�KDYH�D�JUHHQ�

VSDFH�DUHD�RI �DERXW�����RI �WKH�WRWDO�UHJLRQDO�

DUHD��7KHUHIRUH��IRU�WKLV�DQDO\VLV�LW�ZDV�DVVXPHG�

WKDW�DW��VXE�QDWLRQDO��%RJRU�5HJHQF\�DQG�&LW\��

OHYHO�SODQQLQJ� WKH�JUHHQ� VSDFH� DUHD� VKRXOG�EH��

LQFUHDVHG�E\�����

,Q������� LW�ZLOO�EH�HYDOXDWHG�KRZ�PXFK�RI �

WKH� DFKLHYHPHQW�RI �*+*�HPLVVLRQ� UHGXFWLRQ�

RQ�%$8�FRQGLWLRQV�DQG�KRZ�IDU�WKH�WDUJHW�RI �

WKH� ���� HPLVVLRQ� UHGXFWLRQ� RI � 5$1� *5.�

KDV� EHHQ� DFKLHYHG�� )URP� WKH� SURMHFWLRQV� RI �

ODQG�XVHV� LQ������� WKH�W\SHV�RI � ODQG�XVH�DUHDV�

WKDW� UHGXFHG� ZLOO� EH�� QDWXUDO� IRUHVWV� ��������

KD��� PL[HG� SODQWDWLRQV� ������� KD��� GU\� ODQG�

DJULFXOWXUH���������KD���DQG�ZDWHU�ERGLHV��������

KD���:KHUHDV�WKH�W\SHV�RI �ODQG�XVHV�WKDW�LQFUHDVH�

ZLOO� EH�� SODQWDWLRQ� IRUHVWV� �������� KD��� SDGG\�

ÀHOGV���������KD���EXLOW�XS�DUHDV�����������KD���

VKUXEV�����������KD��DQG�EDUUHQ� ODQGV���������

KD��

5HIHUHQFH� OHYHO� SURMHFWLRQV� ZHUH� GRQH� E\�

XVLQJ�WKUHH�VFHQDULRV�QDPHO\��%$8�5/��)/�5/��
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)LJXUH�����5HIHUHQFH�/HYHO�SURMHFWLRQV�LQ�WKUHH�6FHQDULRV��%$8�5/��)/��5/��DQG�)/��5/��LQ��nd 

DQG��rd�VHJPHQWV�RI �&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG
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DQG�)/��5/��7KRVH�VFHQDULRV�ZHUH�GHYHORSHG�

IURP�SURMHFWLQJ�KLVWRULFDO�GDWD�RI �FDUERQ�VWRFN�

DQG�ODQG�XVH�FKDQJHV�GXULQJ������������DQG�KDV�

EHHQ�SURMHFWHG��� \HDUV� IRUZDUG�RU� XQWLO� ������

7KH� 0$(� HUURU� UDWH� RI � KLVWRULFDO� GDWD� ZDV�

��������,W�FRXOG�EH�FRQFOXGHG�WKDW�WKH�IRUHFDVW�

DFFXUDF\� RI � WKH� KLVWRULFDO� GDWD� ZDV� ��������

)LJXUH���VKRZV�5/�SURMHFWLRQV�EDVHG�RQ�WKUHH�

VFHQDULRV��QDPHO\�%$8�5/��)/��5/��DQG�)/��

5/�XQWLO������LQ�ERWK�VHJPHQWV�

,Q� %$8� 5/� VFHQDULR�� FDUERQ� VWRFN� DQG�

&2�HT�HPLVVLRQV�XQWLO������UHPDLQHG�WKH�VDPH�

DV� WKH� FDUERQ� VWRFN� KLVWRU\� IURP� ����������

ZLWKRXW� FRQVLGHULQJ� VSDWLDO� SODQ� DQG� UHJLRQDO�

SODQ�LQ�ERWK�VHJPHQWV��7KH�%$8�5/�SURMHFWLRQ�

UHVXOWV� VKRZHG� D� GHFUHDVH� LQ� FDUERQ� VWRFN� E\�

���������WRQ�&�\HDU��6R�WKH�%$8�FRQGLWLRQ�LQ�

ERWK� VHJPHQWV� LQGLFDWHG� WKDW� WKH� WRWDO� FDUERQ�

VWRFN�VWRUHG�ZDV�HVWLPDWHG�DW�����������WRQ�&�

LQ� ����� RU� ��������� WRQ�&� GHÀFLW� IURP� ������

&DUERQ�VWRUDJH�UHGXFWLRQ�LQ�WKH�%$8�VFHQDULRV�

LV� DOVR� VWDWHG� LQ� :RKO�� 'ZLUH�� 6XWÀQ�� 3ROYL�

DQG� %D]DQ� ������� WKDW� KLVWRULFDO� FKDQJHV� LQ�

ULYHULQH�FRPSOH[LW\�KDYH�OLNHO\�UHGXFHG�FDUERQ�

VWRUDJH�LQ�PRXQWDLQ·V�KHDGZDWHU�ULYHUV�LQ�5RFN\�

0RXQWDLQ�1DWLRQDO�3DUN��86$��

,Q� )/�� 5/� VFHQDULR�� WKH� DVVXPSWLRQ� XVHG�

LQ� �����ZDV� DQ� LQFUHDVH� LQ� WKH� EXLOW� XS� DUHDV�

XS� ���� IURP�������%DVHG�RQ� WKH�GRFXPHQWV�

RI � WKH� VSDWLDO�SODQ�DQG� UHJLRQDO�SODQ�� UHJLRQDO�

GHYHORSPHQW�VWUDWHJLHV�VXFK�DV�UHVLGHQWLDO�DUHDV�

DQG�LQIUDVWUXFWXUH�ZLOO�EH�LPSURYHG�WR�GHYHORS�

QHZ� UHJLRQDO� JURZWK� FHQWHUV� LQ� UHPRWH� DUHDV��

3HVVLPLVWLF� VFHQDULRV� GHYHORSPHQW� ZDV� WKDW�

WKH� GHYHORSPHQW� LQ� %RJRU� &LW\� DQG� %RJRU�

5HJHQF\� ZLOO� UHVXOW� LQ� WKH� GHFUHDVH� RI � JUHHQ�

VSDFH�LQ�ERWK�UHJLRQV��,Q�)/��5/�SURMHFWLRQ��D�

GHFUHDVH�RI �JUHHQ�VSDFH�DUHD�UHVXOWHG�LQ�FDUERQ�

VWRFN� UHGXFWLRQ� E\� ��������� WRQ� &� \HDU���� ,I �

WKLV�RFFXUUHG��LQ������ERWK�VHJPHQWV�ZLOO�VWRUH�

����������� WRQ� &� RU� ���������� WRQ� &� GHÀFLW�

IURP������

,Q� )/�� 5/� VFHQDULR�� WKH� DVVXPSWLRQ� XVHG�

LQ������ZDV�DQ�LQFUHDVH�LQ�JUHHQ�VSDFH�DUHD�XS�

WR������%RWK�UHJLRQV�FRQVLGHUHG�WR�LPSOHPHQW�

SROLF\�RI �DOORFDWLQJ�XS�WR�����RI �JUHHQ�VSDFH�

DUHDV� RI � WKH� WRWDO� UHJLRQDO� DUHD�� )RXU� EDVLF�

VWUDWHJLHV�XVHG�IRU�)/��5/�VFHQDULR��WKDW�LV�ERWK�

UHJLRQV�ZHUH�FDSDEOH�WR�RSWLPL]H�WKH�XWLOL]DWLRQ�

RI �YHUWLFDO�VSDFH��GHYHORSLQJ�JUHHQ�VSDFH�DUHDV�

RI �XS�WR������OLPLWLQJ�WKH�GHYHORSPHQW�RI �WKH�

EXLOW�XS�DUHDV�LQ�XUEDQ�FHQWUHV�E\�UHGXFLQJ�WKH�

DUHD�E\�����DQG�PDLQWDLQ� WKH� IXQFWLRQ�RI � WKH�

VXUURXQGLQJ� UXUDO� DUHDV�� ,Q� )/�� 5/� VFHQDULR�

LW�ZDV�HVWLPDWHG� WKDW� WKHUH�ZLOO�EH�DQ� LQFUHDVH�

LQ�JUHHQ�VSDFH�DUHD�WKDW�UHVXOWV�LQ�WKH�LQFUHDVH�

RI �FDUERQ�VWRFN�E\������� WRQ�&�\HDU���� ,I � WKLV�

RFFXUV�� LQ������ERWK�VHJPHQWV�ZHUH�HVWLPDWHG�

WR� VWRUH� �������� WRQ� &� FDUERQ� RU� D� VXUSOXV�

E\� ������� WRQ� &� IURP� ������ )URP� WKH� WKUHH�

VFHQDULRV� LW� FDQ�EH� FRQFOXGHG� WKDW�)/��5/� LV�

WKH�EHVW�RSWLRQ�IRU�GHYHORSLQJ�/&'6�

E.  Low Carbon Development Strategies  

for Land Use Sector in 2nd Segment 

and 3rd Segment of  Ciliwung Middle-

stream Watershed

/RZ�FDUERQ�GHYHORSPHQW�VWUDWHJLHV��/&'6��

IRU� ODQG�XVH� VHFWRU�RI �&LOLZXQJ�PLGGOHVWUHDP�

ZDWHUVKHG� ZDV� GHYHORSHG� EDVHG� RQ� DQDO\VLV�

RI � SROLFLHV� DQG� UHJXODWLRQV� UHODWHG� WR� H[LVWLQJ�

FRQGLWLRQV� DQG� WKH� EHVW� 5/� VFHQDULR� WKDW�

FDQ� LQFUHDVH� FDUERQ� VWRFN�� )RUZDUG� ORRNLQJ�

RSWLPLVWLF� VFHQDULR� �)/�� 5/��� ZDV� WKH� EHVW�

SURMHFWLRQ�WKDW�FDQ�VLJQLÀFDQWO\�UHGXFH�FDUERQ�

HPLVVLRQ� E\� LQFUHDVLQJ� WKH� JUHHQ� VSDFH� DUHD�

WR������,Q�DFFRUGDQFH�ZLWK�WKH�DXWKRULWLHV�RI �

WKH� UHJHQF\�FLW\� WR� VXSSRUW� QDWLRQDO� SURJUDP�

IRU� UHGXFWLRQ� RI � *+*� HPLVVLRQV�� ERWK�

JRYHUQPHQWV� RI � %RJRU� 5HJHQF\� DQG� %RJRU�

&LW\� DUH� UHVSRQVLEOH� IRU� WKH� LPSOHPHQWDWLRQ�

RI � *+*� HPLVVLRQ� UHGXFWLRQ�� DSSOLFDWLRQ� RI �

UHOHYDQW�SROLFLHV��VWDNHKROGHU�FRQVXOWDWLRQV��DQG�

DOVR�KDYH�SROLFLHV�LQ�SODFH�WR�VXSSRUW�WKH�SODQ�WR�

LQFUHDVH�JUHHQ�VSDFH�DQG�FRQWURO�WKH�XWLOL]DWLRQ�

RI �&LOLZXQJ�ZDWHUVKHG�DUHD��3ROLF\�DQDO\VLV�IRU�

WKH�UHGXFWLRQ�RI �FDUERQ�HPLVVLRQV�LQ��nd DQG��rd 

VHJPHQWV�RI �&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG�

LV�SUHVHQWHG�LQ�7DEOH���

7KH� UHVXOWV� RI � )/�� 5/� SURMHFWLRQ� ZKLFK�

VXSSRUW� WKH� UHGXFWLRQ� RI � &2
�
 emissions and 

LQFUHDVH�FDUERQ�VWRFN�ZHUH�FRQVLVWHQW�ZLWK�WKH�

UHVXOW� RI � WKH� SROLF\� DQDO\VLV�� ,PSOHPHQWDWLRQ�

VWUDWHJ\�ZDV�EDVHG�RQ�WKH�GHYHORSPHQW�RSWLRQV�

/RZ�&DUERQ�'HYHORSPHQW�6WUDWHJ\�IRU�/DQG�8VH�6HFWRU�LQ�&LOLZXQJ���������������*DPPD�1�0��6XODUVR�HW�DO��



RI � WKH� JUHHQ� VSDFH� DUHD� DQG� QRQ�JUHHQ� VSDFH�

DUHD���/RZ�FDUERQ�GHYHORSPHQW�VWUDWHJ\�DLPHG�

DW�DGGLQJ�JUHHQ�VSDFH�DUHD�XS�WR�����WKURXJK�

LPSOHPHQWDWLRQ�RI �VWUDWHJLHV�EDVHG�RQ�W\SH�RI �

JUHHQ�VSDFH�DUHD�DQG�QRQ�JUHHQ�VSDFH�DUHD�

,PSOHPHQWDWLRQ� VWUDWHJLHV� RI � JUHHQ� VSDFH�

DUHD�FRQVLVW�RI��SURWHFWLRQ��FRQWURO��H[WHQVLRQ�

DZDUHQHVV� ULVLQJ�� DQG�HQIRUFHPHQW��3URWHFWLRQ�

VWUDWHJLHV� ZLOO� EH� LPSOHPHQWHG� WKURXJK�

FRQVHUYDWLRQ�RI �WKH�UHPDLQLQJ�QDWXUDO�IRUHVWV�LQ�

&LOLZXQJ� PLGGOHVWUHDP� ZDWHUVKHG�� SUHVHUYLQJ�

H[LVWLQJ�SXEOLF�JUHHQ�VSDFH��DQG�RSWLPL]DWLRQ�RI �

JUHHQ�VSDFH�E\�SODQWLQJ�WUHH�VSHFLHV�ZLWK�KLJKHU�

FDUERQ�VHTXHVWUDWLRQ��&RQWURO�VWUDWHJLHV�ZLOO�EH�

LPSOHPHQWHG�E\�VWUHQJWKHQLQJ�PRQLWRULQJ�DQG�

HYDOXDWLRQ� RI � ODQG� XVH� DQG� ODQG� XVH� FKDQJHV��

([WHQVLRQ�DZDUHQHVV� ULVLQJ� VWUDWHJLHV� ZLOO� EH�

LPSOHPHQWHG�E\�DZDUHQHVV�ULVLQJ�DQG�SURYLGLQJ�

��

7DEOH����3ROLF\�DQDO\VLV�IRU�WKH�UHGXFWLRQ�RI �FDUERQ�HPLVVLRQV�LQ��nd�DQG��rd�VHJPHQWV�RI �&LOLZXQJ�
PLGGOH�VWUHDP�ZDWHUVKHG

RL scenario
Supportive existing policy 

options

Non-supportive existing 

policy options

Strategies/policies 

needed
Follow-up plan

$GGLWLRQDO�JUHHQ�

VSDFH�DUHD�XS�WR�

���

��� *UHHQ�VSDFH�DUHD�DOORFDWLRQ�

XS�WR�����DW�UHJHQF\�FLW\�

LQ�88�1R����������DERXW�

6SDWLDO�3ODQQLQJ�

��� $UWLFOH����DERXW�ODQG�XVH�

control in catchment area 

LQ�33�1R����������DERXW�

:DWHUVKHG�0DQDJHPHQW�

��� %RJRU�DV�D�ZDWHU�FDWFKPHQW�

DUHD�LQ�.HSSUHV�1R��

���������DERXW�5HJLRQDO�

6SDWLDO�3ODQQLQJ�LQ�%RJRU�

3XQFDN�&LDQMXU�

��� *RYHUQPHQW�DIIDLUV�GLYLVLRQ�

EHWZHHQ�JRYHUQPHQW��

SURYLQFLDO�JRYHUQPHQW��DQG�

ORFDO�JRYHUQPHQW�DERXW�33�

1R����������

��� *XLGHOLQHV�IRU�SURYLVLRQ�DQG�

XWLOL]DWLRQ�RI �JUHHQ�VSDFH�LQ�

XUEDQ�DUHDV�DERXW�3HUPHQ38�

1R�����357�0������

��� *UHHQ�VSDFH�DUHD�DOORFDWLRQ�

and land use control in 

3HUGD�.DEXSDWHQ�%RJRU�

1R����������DERXW�%RJRU�

5HJHQF\�6SDWLDO�3ODQQLQJ��

3HUGD�.RWD�%RJRU�1R��

������DERXW�%RJRU�&LW\�

6SDWLDO�3ODQQLQJ��3HUGD�

.DEXSDWHQ�%RJRU�1R��

��������DERXW�%RJRU�

5HJHQF\�53-3'������������

3HUGD�.RWD�%RJRU�1R��

�������DERXW�%RJRU�&LW\�

53-3'�����������

��� *XLGHOLQHV�IRU�FRQVWUXFWLRQ�

RI �SULYDWH�JUHHQ�VSDFH�

in residential areas and 

SURFXUHPHQW�RI �ODQG�

DFTXLVLWLRQ�DQG�VXSSRUWLQJ�

FRPSRQHQWV�IRU�SXEOLF�JUHHQ�

VSDFH�DUHD�LQ�WKH�GRFXPHQW�

UHVXPH�RI �:HVW�-DYD�5HJLRQDO�

$FWLRQ�3ODQ�IRU�*+*�

5HGXFWLRQ�

��� Inconsistency in the 

DSSOLFDWLRQ�RI �VSDWLDO�

SODQQLQJ�LQ�WKH�ÀHOG�

LQ�%RJRU�5HJHQF\�DQG�

%RJRU�&LW\��HVSHFLDOO\�IRU�

WKH�FRQWURO�RI �EXLOW�XS�

DUHDV�GHYHORSPHQW�RQ�

ULYHU�EDQNV�

��� 9LRODWLRQV�RI �EXLOGLQJ�

SHUPLWV�DERXW�

HVWDEOLVKPHQW�RI �VSDWLDO�

SODQQLQJ�SROLF\�LQ�

%RJRU�5HJHQF\�DQG�

%RJRU�&LW\�

��� *UHHQ�VSDFH�DUHD�

DGGLWLRQ�KDG�QRW�EHHQ�

LPSOHPHQWHG�LQ�%RJRU�

5HJHQF\�DQG�%RJRU�

&LW\�

��� +DUPRQL]DWLRQ�

of  the 

LPSOHPHQWDWLRQ�

RI �UHJHQF\�FLW\�

VSDWLDO�SODQV�RQ�

WKH�JURXQG�

��� /HJDO�

SURVHFXWLRQ�

for violators 

RI �VLWH�SODQ�

DQG�EXLOGLQJ�

SHUPLW�LQ�WKH�

UHJHQF\�DQG�FLW\��

HVSHFLDOO\�EXLOW�

XS�DUHDV�RQ�ULYHU�

EDQNV�

��� Relocation of  

settlements that 

are located at 

ULYHU�EDQNV�

��� 7KH�UHDOL]DWLRQ�

of  additional 

JUHHQ�VSDFH�

DUHD�

��� &RQWURO�RI �

land use to 

restore it 

DFFRUGLQJ�WR�

its function (in 

JUHHQ�VSDFH�

DUHD�DQG�QRQ�

JUHHQ�VSDFH�

DUHD��

��� $FFHOHUDWH�

WKH�UHDOL]DWLRQ�

of  additional 

JUHHQ�VSDFH�

areas as 

SODQQHG�

E\�ORFDO�

JRYHUQPHQWV�LQ�

ERWK�UHJLRQV�

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO�����1R�����$SULO���������������������������������������,661��������������(�,661�����������



LQFHQWLYHV�IRU�SHRSOH�WR�DGG�SXEOLF�SULYDWH�JUHHQ�

VSDFH� DUHDV�� DQG�GHYHORSPHQW�RI � DJURIRUHVWU\�

DQG�SODQWDWLRQ� IRUHVWV��(QIRUFHPHQW�VWUDWHJLHV�

ZLOO� EH� LPSOHPHQWHG� E\� VWULFW� DFWLRQ� DJDLQVW�

YLRODWLRQV�RI �WKH�VSDWLDO�ODZ�WKURXJK�OHWWHUV�RI �

UHSULPDQG�WR�WKH�SURVHFXWLRQ�

,PSOHPHQWDWLRQ� VWUDWHJLHV� RQ� QRQ�JUHHQ�

VSDFH� DUHD� FRQVLVW� RI�� H[WHQVLRQ�DZDUHQHVV�

UDLVLQJ�� LQFHQWLYHV�� DQG� HQIRUFHPHQW��

([WHQVLRQ�DZDUHQHVV� UDLVLQJ� VWUDWHJLHV�ZLOO� EH�

LPSOHPHQWHG�E\�LQFOXVLRQ�RI �VRFLDO�FRPPXQLW\�

DQG� FRPPXQLW\� OHDGHUV� LQ� VRFLDOL]DWLRQ� DQG�

PDQDJHPHQW� RI � ERWK� VHJPHQWV�� ,QFHQWLYHV�

VWUDWHJLHV� ZLOO� EH� LPSOHPHQWHG� E\� SURYLGLQJ�

EXGJHW� IRU� DGGLQJ� JUHHQ� VSDFH� DUHD� LQ� QHZ�

ORFDWLRQV�� UHORFDWLRQ� RI � UHVLGHQWV� ZKRVH�

ODQGV� KDYH� EHHQ� UHGHHPHG� IRU� JUHHQ� VSDFH�

GHYHORSPHQW� DQG� VXSSRUWLQJ� LQIUDVWUXFWXUHV��

(QIRUFHPHQW�VWUDWHJLHV�ZLOO�EH�LPSOHPHQWHG�E\�

VWULFW�DFWLRQ�DJDLQVW�YLRODWLRQV�RI �WKH�VSDWLDO�ODZ�

WKURXJK�OHWWHUV�RI �UHSULPDQG�WR�WKH�SURVHFXWLRQ��

/RZ� FDUERQ� GHYHORSPHQW� VWUDWHJLHV� RQ� ODQG�

��

7DEOH����/RZ�FDUERQ�GHYHORSPHQW�VWUDWHJ\�IRU�ODQG�XVH�VHFWRU�LQ��nd��DQG��rd�VHJPHQWV�RI �
&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG

Type of  land use Scenario options Problems Implementation strategy

��� *UHHQ�VSDFH�DUHD�
�FRQVLVWLQJ�RI �QDWXUDO�
IRUHVWV��SODQWDWLRQ�
IRUHVWV��PL[HG�
SODQWDWLRQV��GU\�ODQG�
DJULFXOWXUH��DQG�
SDGG\�ÀHOGV�

��� /LPLWLQJ�WKH�ODQG�FRQYHUVLRQ�
IURP�JUHHQ�VSDFH�DUHD�WR�QRQ�
JUHHQ�VSDFH�DUHD

��� $GGLQJ�SXEOLF�DQG�SULYDWH�JUHHQ�
VSDFH�DUHD

��� 6XSSRUWLQJ�WKH�GHYHORSPHQW�
of  community forests and 
DJURIRUHVWU\

��� 3ODQWLQJ�VSHFLHV�RI �WUHH�ZLWK�
KLJKHU�FDUERQ�VLQNV�HVSHFLDOO\�
LQ�SXEOLF�JUHHQ�VSDFH�DUHD��H[��
Samanea VS��DQG�Cassia VS��

��� 3RSXODWLRQ�
JURZWK

��� /DQG�FRQVWUDLQW
��� Increased 

demand for 
ODQG�IRU�EXLOW�XS�
DUHDV�7KH�DUHD�
RI �WKH�H[LVWLQJ�
JUHHQ�VSDFH�LV�
RQO\�����IURP�
the minimum 
WDUJHW�RI �����

��� 6XJJHVW�WR�FRQVHUYLQJ�
WKH�UHPDLQLQJ�QDWXUDO�
IRUHVW�DUHD�LQ�&LOLZXQJ�
middlestream watershed 
DQG�PDLQWDLQ�H[LVWLQJ�
SXEOLF�JUHHQ�VSDFH�

��� 2SWLPL]H�H[LVWLQJ�SXEOLF�
JUHHQ�VSDFH�E\�SODQWLQJ�
VSHFLHV�RI �WUHHV�ZLWK�KLJKHU�
FDUERQ�VLQNV�

��� 6WUHQJWKHQ�PRQLWRULQJ�
and evaluation of  land 
use control and land use 
FKDQJH�

��� ,PSURYH�VRFLDOL]DWLRQ�
and incentives from local 
JRYHUQPHQWV�DQG�WKH�
SULYDWH�VHFWRU�WR�WKH�SXEOLF�
WR�VXSSRUW�DGGLLQJ�RI �
SXEOLF�SULYDWH�JUHHQ�VSDFH�

��� 6XSSRUW�FRPPXQLW\�
DJURIRUHVWU\�DQG�
FRPPXQLW\�IRUHVWV�WKURXJK�
LQFHQWLYHV�

��� /DZ�HQIRUFHPHQW

��� 1RQ�JUHHQ�VSDFH�
�EXLOW�XS�DUHDV��
EDUUHQ�ODQGV��DQG�
ZDWHU�ERGLHV�

��� (QFRXUDJLQJ�IRU�UHVLGHQWLDO�
JUHHQ�FOXVWHUV

��� /LPLWLQJ�WKH�ODQG�FRQYHUVLRQ�RI �
SRWHQWLDO�ODQGV�IRU�JUHHQ�VSDFH�
area

��� &RQÀUPLQJ�WKDW�GHYHORSHUV�ZLOO�
EXLOG�RU�KDYH�EXLOW�IRU�SURYLGLQJ�
JUHHQ�VSDFH�DUHD

��� /HJDO�DFWLRQ�DJDLQVW�YLRODWLRQV�
RI �VSDWLDO�UXOHV��HVSHFLDOO\�
KRDUGLQJ�RU�QDUURZLQJ�WKH�ULYHU�
WR�EXLOG�UHVLGHQWLDO�FRPPHUFLDO�
industrial areas

��� /DQG�
conversion to 
EXLOW�XS�DUHDV

��� 7KH�ODFN�RI �
PRQLWRULQJ�DQG�
control of  the 
VSDWLDO�SODQ�LQ�
WKH�ÀHOG

��� )UHTXHQW�
ÁRRGLQJ�DQG�
landslides in 
WKH�ULYHU�EDQNV�
settlements

��� (QJDJH�VRFLDO�FRPPXQLWLHV�
and community leaders 
LQ�WKH�VRFLDOL]DWLRQ�RI �
&LOLZXQJ�ZDWHUVKHG�
PDQDJHPHQW�

��� 6XEPLW�D�SURSRVDO�WR�EXLOG�
D�SXEOLF�JUHHQ�VSDFH�VXFK�
DV�SDUNV�LQ�GHQVH�DQG�RU�
PRGHUDWH�VHWWOHPHQWV�

��� 3URYLGH�UHORFDWLRQ�RI �
residents from land 
DFTXLVLWLRQ��HVSHFLDOO\�
IRU�SHRSOH�OLYLQJ�RQ�ULYHU�
EDQNV�

��� /DZ�HQIRUFHPHQW�IRU�
YLRODWRUV�RI �VSDWLDO�UXOHV�
DQG�EXLOGLQJ�SHUPLWV�

/RZ�&DUERQ�'HYHORSPHQW�6WUDWHJ\�IRU�/DQG�8VH�6HFWRU�LQ�&LOLZXQJ���������������*DPPD�1�0��6XODUVR�HW�DO��



��

XVH�VHFWRU�LQ�ERWK�VHJPHQWV�DUH�VXPPDUL]HG�LQ�

7DEOH���

IV. CONCLUSION

/DQG�XVH�FKDQJH�LQ��nd�DQG��rd�VHJPHQWV�RI �

&LOLZXQJ�PLGGOH�VWUHDP�ZDWHUVKHG�IURP������

����� LQGLFDWHG� WKDW� UHGXFWLRQ� RI � JUHHQ� VSDFH�

DUHD� ZDV� FDXVHG� E\� WKH� LQFUHDVHG� SRSXODWLRQ�

DQG�ODQG�GHPDQG��7KH�UHGXFWLRQ�RI �JUHHQ�VSDFH�

DUHD�IURP�����������DFFXPXODWLYHO\�UHVXOWHG�LQ�

WKH�UHGXFWLRQ�RI �FDUERQ�VWRFN�E\��������WRQ�&��

%XW�WKH�LQFUHDVH�RI �JUHHQ�VSDFH�DUHD�DQG�FDUERQ�

VWRFN�HQKDQFHPHQW�IURP�����������UHVXOWHG�LQ��

LQFUHDVHG� �FRPPXQLW\�IRUHVW�DQG�SXEOLF�JUHHQ�

VSDFH� DUHDV� LQ� ERWK� VHJPHQWV�ZKLFK� KDYH� WKH�

SRWHQWLDO� WR� VXSSRUW� PLWLJDWLRQ� VWUDWHJLHV� IRU�

VSDWLDO� DUUDQJHPHQWV� HVSHFLDOO\� LQ� FDWFKPHQW�

DUHDV��

%\�SURMHFWLQJ� WKH�5HIHUHQFH�/HYHO�RI �ERWK�

VHJPHQWV� ZLWK� WKUHH� RSWLRQV�� QDPHO\�� %$8��

)/��5/��IRUZDUG�ORRNLQJ���SHVLPLVWLF�VFHQDULR��

DQG� )/�� 5/� �IRUZDUG� ORRNLQJ�� � RSWLPLVWLF�

VFHQDULR��� LW� ZDV� FRQFOXGHG� WKDW� WKH� EHVW� 5/�

SURMHFWLRQ�ZDV�WKH�IRUZDUG�ORRNLQJ���RSWLPLVWLF�

VFHQDULR�RSWLRQ�E\�DGGLQJ�JUHHQ�VSDFH�DUHD�XS�

WR� ����ZLWK� DQ� HVWLPDWHG� FDUERQ� VWRULQJ� � RI �

�������� WRQ�&�RU� D� VXUSOXV� � RI � ������� WRQ�&�

IURP� ������ 7KH� EHVW� SURMHFWLRQ� ZDV� XVHG� WR�

GHYHORS� /&'6� LQ� ERWK� VHJPHQWV�� 7KH� /&'6�

DLPHG�DW�DGGLQJ�JUHHQ�VSDFH�XS�WR�����WKURXJK�

WKH�LPSOHPHQWDWLRQ�RI �WKH�VWUDWHJLHV�EDVHG�RQ�

WKH� W\SH� RI � JUHHQ� VSDFH� DUHD� DQG� QRQ�JUHHQ�

VSDFH�DUHD��,PSOHPHQWDWLRQ�VWUDWHJLHV�RI �JUHHQ�

VSDFH� DUHD� FRQVLVW� RI � SURWHFWLRQ�� FRQWURO��

H[WHQVLRQ�DZDUHQHVV� ULVLQJ�� DQG� HQIRUFHPHQW��

,PSOHPHQWDWLRQ�VWUDWHJLHV�RI �QRQ�JUHHQ�VSDFH�

DUHD� FRQVLVW� RI � H[WHQVLRQ�DZDUHQHVV� UDLVLQJ��

LQFHQWLYHV��DQG�HQIRUFHPHQW�
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