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FKDUDFWHULVWLFV�� 0RUSKRPHWULF� FKDUDFWHULVWLFV� RI�
WKUHH�FDWFKPHQWV�RI�03.9�&HQWUDO�&DPSXV��ZHVW���
5DKXUL��0DKDUDVKWUD�IRU�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�
PHDVXUHV� KDYH� EHHQ� DQDO�VHG� E�� XVLQJ� 5HPRWH�
VHQVLQJ��56��DQG�*HRJUDSKLFDO�LQIRUPDWLRQ�6�VWHP�
�*,6��WHFKQLTXHV�

0HWKRGRORJ�

0RUSKRORJLFDO�DQDO�VLV�LV�WKH�V�VWHPDWLF�GHVFULSWLRQ�
RI�ZDWHUVKHG�V�JHRPHWU��DQG�LWV�VWUHDP�V�VWHP�WR�
PHDVXUH� WKH� OLQHDU� DVSHFWV� RI� GUDLQDJH� QHWZRUN��
DUHDO� DVSHFWV� RI� ZDWHUVKHG� DQG� UHOLHI� DVSHFWV� RI�
VWUHDP� QHWZRUN�� 7KH� GUDLQDJH� PDS� RI� WKH� VWXG��
DUHD� ZDV� XVHG� IRU� TXDQWLWDWLYH� PRUSKRORJLFDO�
DQDO�VLV� RI� ERWK� OLQHDU� DQG� DHULDO� DVSHFWV� RI� WKH�
GUDLQDJH� EDVLQ�� 7KH� PRUSKRORJLFDO� LQIRUPDWLRQ�
SHUWDLQLQJ� WR�HDFK�RI� WKH�ZDWHUVKHG�ZDV�REWDLQHG�

,�WURG�FWLR�

5HPRWH�6HQVLQJ�WHFKQLTXH�LV�D�FRQYHQLHQW�PHWKRG�
IRU�PRUSKRPHWULF�DQDO�VLV�VLQFH�WKH�VDWHOOLWH�LPDJHV�
SURYLGH�V�QRSWLF�YLHZ�RI�D�ODUJH�DUHD�ZKLFK�LV�YHU��
XVHIXO�LQ�SLFNLQJ�XS�GUDLQDJH�QHWZRUN�RI�DQ�DUHD��
0XOWL�VSHFWUDO�VDWHOOLWH�GDWD�SURYLGHV�D�FRQYHQLHQW�
PHDQV� WR� DQDO�]H� GUDLQDJH� DQG�GLVWLQFW� ODQGIRUP�
FKDUDFWHULVWLFV� DW� YDULRXV� VFDOHV�� 7KH� VDWHOOLWH�
UHPRWH�VHQVLQJ�KDV�WKH�DELOLW��WR�SURYLGH�V�QRSWLF�
YLHZ�RI� ODUJH�DUHD�DQG�LV�YHU��XVHIXO�LQ�DQDO�]LQJ�
GUDLQDJH�PRUSKRPHWU���5HPRWH�VHQVLQJ�WHFKQLTXHV�
XVLQJ� VDWHOOLWH� LPDJHV� DQG� DHULDO� SKRWRJUDSKV�
DUH� FRQYHQLHQW� WRROV� IRU� PRUSKRPHWULF� DQDO�VLV��
5HPRWH� VHQVLQJ� DQG� *,6� KDV� HVWDEOLVKHG� DV� DQ�
ef�cient�tool�in�drainage�delineation�and�updation.�
,QWHJUDWLRQ� RI� UHPRWHO�� VHQVHG� GDWD� ZLWK� *,6�
is� an� ef�cient� and� widely� accepted� approach� in�
DQDO�]LQJ�PRUSKRPHWULF�SDUDPHWHUV�DQG�ODQGIRUP�

�EVWUDFW

5HPRWH�6HQVLQJ�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6�VWHP��56�*,6��WHFKQLTXHV�ZHUH�XVHG�WR�GHWHUPLQH�PRUSKRORJLFDO�
FKDUDFWHULVWLFV�RI�&DWFKPHQW����%�DQG�&�FDWFKPHQWV�RI�0DKDWPD�3KXOH�.ULVKL�9LG�DSHHWK�&HQWUDO�&DPSXV��ZHVW���
5DKXUL�LQ�YLHZ�RI�DFTXLULQJ�WKH�DFFXUDWH�GDWD�RI�PHDVXUDEOH�IHDWXUHV�RI�VWUHDP�QHWZRUN�RI�WKH�GUDLQDJH�EDVLQ��7KUHH�
FDWFKPHQWV�ZHUH�LGHQWLILHG�IURP�0DKDWPD�3KXOH�.ULVKL�9LGW�DSHHWK�&HQWUDO�&DPSXV��5DKXUL��'LVW��KPHGQDJDU��
0DKDUDVKWUD� EDVHG� RQ� WKH� GUDLQDJH� SDWWHUQ� DQG� FDWFKPHQW� ERXQGDU��� 7KHPDWLF� PDSV� ZHUH� SUHSDUHG� DQG� WKH�
&DUWRVDW��'(0�RI�WKH�DUHD�ZHUH�XVHG��0RUSKRORJLFDO�FKDUDFWHULVWLFV�XQGHU�DUHDO�DVSHFWV��OLQHDU�DVSHFWV�DQG�UHOLHI�
DVSHFWV�ZHUH�GHWHUPLQHG�LQ��UF*,6������HQYLURQPHQW�

��WKRU�V��IILOLDWLR���3URIHVVRU���JULFXOWXUDO�(QJLQHHULQJ��&ROOHJH�RI��JULFXOWXUH��3XQH��0DKDUDVKWUD���������,QGLD�

�RUUHVSR�GH�FH���WKRU��5DYL�GUD�%D�VRG��3URIHVVRU���JULFXOWXUDO�(QJLQHHULQJ��&ROOHJH�RI��JULFXOWXUH��3XQH��0DKDUDVKWUD�
��������,QGLD�

(PDLO��UWXOMDSXU�����JPDLO�FRP

2ULJL�DO��UWLFOH ,QGLDQ�-RXUQDO�RI�:DVWH�0DQDJHPHQW
9ROXPH���1XPEHU����-XO��'HFHPEHU�����

0RUSKRORJLFDO��KDUDFWHULVWLFV�RI��KUHH�:DWHUVKHGV�RI�0DKDWPD�
3K�OH�.ULVKL�9LG�DSHHWK��H�WUDO��DPS�V�5DK�UL�E��5HPRWH�

6H�FL�J�D�G��HRJUDSKLFDO�,�IRUPDWLR��6�VWHP

5DYL�GUD�%D�VRG

�R��WR�FLWH�WKLV�DUWLFOH�

5DYLQGUD�%DQVRG�0RUSKRORJLFDO�&KDUDFWHULVWLFV�RI�7KUHH�:DWHUVKHGV�RI�0DKDWPD�3KXOH�.ULVKL�9LG�DSHHWK�&HQWUDO�&DPSXV�
5DKXUL�E��5HPRWH�6HQFLQJ�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6�VWHP�,QGLDQ�-RXUQDO�RI�:DVWH�0DQDJHPHQW������������������
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ZLWK�UHIHUHQFH�WR�LWV�VL]H��VKDSH��VORSH��UHOLHI��VWUHDP�
GHQVLW��� YHJHWDWLRQ�� DQG� ODQG� XVH� DQG� VWUHDP�
QHWZRUN� V�VWHP�� 0RUSKRPHWULF� SDUDPHWHUV� KDYH�
been�classi�ed�into�three�groups:�(a)�linear�aspect,�
�E��DUHDO�DVSHFW�DQG��F��UHOLHI�DVSHFW�

�R�DWLR��RI�W����W�G��D��D

6WXG�� DUHD� LV� ORFDWHG� LQ� �KPHGQDJDU� GLVWULFW��
VLWXDWHG� RQ� WKH� �KPHGQDJDU0DQPDG� KLJKZD���
��� NP� IURP� WKH� GLVWULFW� SODFH�� 7KH� QHLJKERXULQJ�
GLVWULFWV� WR� �KPHGQDJDU� GLVWULFW� DUH� 6RODSXU�

�6RXWK� �� (DVW��� 2VPDQDEDG� �6RXWK� �(DVW��� %HHG�

�6RXWK� �(DVW����XUDQJDEDG� �1RUWK� ��(DVW���1DVKLN�

�1RUWK� �:HVW��� 7KDQH� �1RUWK� :HVW�� DQG� 3XQH�

�6RXWK� �:HVW����KPHGQDJDU�GLVWULFW� LV� WKH� ODUJHVW�

GLVWULFW� RI� 0DKDUDVKWUD� VWDWH� LQ� ZHVWHUQ� ,QGLD��

7KH� VWXG�� DUHD� RI� WKH� UHVHDUFK� ZDV� 0DKDWPD�

3KXOH.UXVKL9LG�DSHHWKFHQWUDO� FDPSXV� 5DKXUL�

LQ��KPHGQDJDU�GLVWULFW��0DKDUDVKWUD��7KH� DUHD� LV�

ORFDWHG�EHWZHHQ���R���WR���R����1RUWK�ODWLWXGH�DQG�

��������WR���������(DVW�ORQJLWXGH�

)LJ�����/RFDWLRQ�RI�WKH�VWXG��DUHD�

5DYLQGUD�%DQVRG�0RUSKRORJLFDO�&KDUDFWHULVWLFV�RI�7KUHH�:DWHUVKHGV�RI�0DKDWPD�3KXOH�.ULVKL�9LG�DSHHWK�
&HQWUDO�&DPSXV�5DKXUL�E��5HPRWH�6HQFLQJ�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6�VWHP
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�DEOH���%DVLF�GDWD�SURGXFWV�XVHG�IRU�WKH�VWXG��

�DWD�
�ROOHFWLR�

6R�UFH�RI��DWD 3�USRVH

&DGDVWUDO�0DS 2IILFH�RI�8QLYHUVLW��
(QJLQHHU��03.9�
5DKXUL

7R�3UHSDUH�RI�
ERXQGDU��DQG�EDVH�
PDS�RI�VWXG��DUHD

7RSRVKHHWV�
���,�

6XUYH��RI�,QGLD 7R�GHOLQHDWH�
FDWFKPHQWV

'LJLWDO�
(OHYDWLRQ�
0RGHO�
�'(0�

%KXYDQ�ZHEVLWH��
�156&��+�GHUDEDG��
�KWWS���EKXYDQ�
QUVF�JRY�LQ�

7R�SUHSDUH�
VORSH�PDS��IORZ�
GLUHFWLRQ�PDS��IORZ�
DFFXPXODWLRQ�PDS��
FRQWRXU�PDS�DQG�
GUDLQDJH�QHWZRUN�
PDS�RI�VWXG��DUHD

���PDWL��PDS�

7KHPDWLF� PDSV� VXFK� DV� 'LJLWDO� (OHYDWLRQ� 0RGHO�
�'(0��� ODQG� XVH� PDS�� VORSH� PDS�� ZDWHUVKHG�
GHOLQHDWLRQ�DQG�PHWHRURORJLFDO�GDWD�EDVHG�UDLQIDOO�
PDSV�DUH�WKH�PDLQ�LQSXWV�IRU�K�GURORJLFDO�VWXGLHV�
&DUWRVDW�'(0�����P�UHVROXWLRQ��GDWD�GRZQ�ORDGHG�
IURP� �KWWS���EKXYDQ�QUVF�JRY�LQ�� ZHEVLWH� DQG�
SURFHVVHG� WR� GHULYH� VORSH� PDS�� 7KHPDWLF� PDSV�
ZHUH� SUHSDUHG� XVLQJ� UHPRWH� VHQVLQJ� GDWD�� '(0�
GDWD��VORSH��VWUHDP�QHWZRUN��HWF�

0HWKRGRORJ�

9DULRXV� LQWHUSUHWDWLRQ� WHFKQLTXHV� DQG�
PHWKRGRORJLHV�ZHUH� DGRSWHG� WR� SUHSDUH� WKHPDWLF�
PDSV�IRU�WKHVH�K�GURORJLFDO�VWXGLHV�ZKLFK�LQFOXGH�
VORSH�PDS��ODQG�XVH�ODQG�FRYHU�DQG�VRLO�PDS�IURP�
WKH� FHQWUDO� FDPSXV� RI� 0DKDWPD� 3KXOH� .ULVKL�
9LG�DSHHWK�5DKXUL���KPHGQDJDU��0�6���UHJLRQ�

��OL��DWLR��RI��DW�����G

7KH�GHOLQHDWLRQ�RI�ZDWHUVKHG�ZDV�GRQH�E��XVLQJ�WKH�
6XUYH��RI� ,QGLDWRSRVKHHWV�RI����������VFDOH�ZLWK�D�
FRQWRXU�LQWHUYDO�RI����P�7KH�ERXQGDU��ZDV�PDUNHG�
E�� ELVHFWLQJ� WKH� FRQWRXU� OLQHV�SHUSHQGLFXODUO�� RQ�
WKH�WRSRVKHHW��7KH�ERXQGDU��OLQH�ZDV�GUDZQ�ZKHUH�
WKH� WZR� VWUHDPV� DUH� JRLQJ� LQ� RSSRVLWH� GLUHFWLRQ�
DQG� MRLQLQJ� WR� WKHLU� KLJKHU� VWUHDP�� ,Q� GHOLQHDWLRQ�
SURFHVV�� WKH� EDVH� PDS� RI� WRSRJUDSKLFDO� VKHHW� LV�
VFDQQHG�� 6�VWHP� *&6� �*HRJUDSKLFDO� &RRUGLQDWH�
6�VWHP�� DQG� SURMHFWHG� WR� 870� �8QLYHUVDO�
7UDQVYHUVH�0HUFDWRU������1�]RQH��,Q�UHJLVWHUHG�DQG�
JHR�UHIHUUHG� WR� WKH�:RUOG�*HRGHWLF� 6�VWHP�:*6�
�����*HRJUDSKLF�&RRUGLQDWH��UF*,6�VRIWZDUH��WKH�
PDS� ZDV� UHJLVWHUHG�� JHR�� UHIHUUHG� DQG� GLJLWL]HG�
IRU� EXLOGLQJ� WRSRORJ��� �OO� WKH� VWUHDPV� SUHVHQW�
LQVLGH�WKH��ERXQGDU��RI�EDVLQ�ZHUH�GLJLWLVHG��2WKHU�
FKDUDFWHULVWLF�IHDWXUHV�OLNH�YLOODJHV�� URDG�QHWZRUNV�
DQG�ZDWHU�WDQNV�ZHUH�GHOLQHDWHG�

�DEOH���/LQHDU�DVSHFWV�RI�GUDLQDJH�QHWZRUNV�

�DEOH����UHDO�DVSHFWV�RI�GUDLQDJH�QHWZRUNV�

�DEOH���5HOLHI�DVSHFWV�RI�GUDLQDJH�QHWZRUNGV�

5DYLQGUD�%DQVRG�0RUSKRORJLFDO�&KDUDFWHULVWLFV�RI�7KUHH�:DWHUVKHGV�RI�0DKDWPD�3KXOH�.ULVKL�9LG�DSHHWK�
&HQWUDO�&DPSXV�5DKXUL�E��5HPRWH�6HQFLQJ�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6�VWHP
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%DVH�0DS

�� PDS� UHSUHVHQWLQJ� WKH� RXWOLQH� VWUXFWXUH� RI� WKH�

VWXG�� DUHD� LV�NQRZQ�DV� D�EDVH�PDS�� ,W� LV� VNHOHWRQ�

VWUXFWXUH�RI�DQ�DUHD�DQG�UHSUHVHQWV�WKH�VKDSH��VL]H��

SRVLWLRQ� DQG� UHODWLRQ� RI� WKH� SK�VLFDO� IHDWXUHV� RI�

DQ� DUHD�� 7KH� EDVH� PDS� LV� SUHSDUHG� XVLQJ� 6XUYH��

RI� ,QGLDWRSRVKHHW� RI� ��������� VFDOH�7RSRVKHHW�ZDV�

georeferenced� and� recti�ed� using� ArcGIS� 10.2�

VRIWZDUH�%DVH� PDS� FRQVLVWV� RI� YDULRXV� IHDWXUHV�

OLNH� URDG� QHWZRUN�� VHWWOHPHQWV�� ZDWHU� ERGLHV��

DQG� UDLOZD�� OLQH� QHWZRUN� HWF��� GHOLQHDWHG� IURP�

WKH� WRSRVKHHW�� 7KH� LQIRUPDWLRQ� FRQWHQW� RI� EDVH�

map� is� used� as� a� baseline� data� to� �nalize� the�

SK�VLFDO� IHDWXUHV� RI� RWKHU� WKHPDWLF� PDSV�� 6LQFH�

WKH� WRSRVKHHWV�ZHUH� YHU��ROG� DOO� WKH� IHDWXUHV� OLNH�

URDGV��UDLOZD�V��VHWWOHPHQWV�HWF���DUH�XSGDWHG�ZLWK�

the�help�of�recti�ed�and�scaled�satellite�imageries�of�

WKH�VWXG��DUHD�DQG�JURXQG�WUXWK�GDWD�

�L�LWDO�(O��DWLR��0RG�O���(0�

'(0� LV� DQ� LPSRUWDQW� SDUDPHWHU� LQ� UHVRXUFH�

PDQDJHPHQW� DSSOLFDWLRQV�� ,W� LV� D� UDVWHU� *,6� OD�HU�

UHSUHVHQWLQJ� WKH�DUHD�DV�D� UHJXODU�DUUDQJHPHQW�RI�

ORFDWLRQV��URZV�DQG�FROXPQV��ZLWK�D�YDOXH�LQ�HDFK�

FHOO� FRUUHVSRQGLQJ� WR� LWV� HOHYDWLRQ� �.XPDU�� �������

7KH� GLJLWDO� HOHYDWLRQ� PRGHO� GRZQORDGHG� IURP�

ZHEVLWH� EKXYDQ�QUVF�JRY�LQ�8VLQJ� ERXQGDU�� RI�

VWXG�� DUHD�'(0�ZDV� FOLSSHG�XVLQJ�([WUDFWLRQ� E��

PDVN� IXQFWLRQ� LQ� 6SDWLDO� �QDO�VW� WRRO� LQ� �UF*,6�

������([WUDFWHG�'(0�WKHQ�VXEMHFWHG�WR�)LOOV�VLQNV�LQ�

D�VXUIDFH�UDVWHU�IXQFWLRQ�RI�6SDWLDO��QDO�VW�WRRO�WR�

UHPRYH�VPDOO�LPSHUIHFWLRQV�LQ�WKH�GDWD�

�H�HUDWLR��RI�WKHPDWLF�PDSV

�D���PDS

�� PDS� UHSUHVHQWLQJ� WKH� RXWOLQH� VWUXFWXUH� RI� WKH�

VWXG�� DUHD� LV�NQRZQ�DV� D�EDVH�PDS�� ,W� LV� VNHOHWRQ�

VWUXFWXUH�RI�DQ�DUHD�DQG�UHSUHVHQWV�WKH�VKDSH��VL]H��

SRVLWLRQ�DQG�UHODWLRQ�RI�WKH�SK�VLFDO�IHDWXUHV�RI�DQ�

DUHD��7KH�EDVH�PDS�ZDV�SUHSDUHG�XVLQJ�6XUYH��RI�

,QGLD� WRSRVKHHW� RI� ��������� VFDOH�� 7RSRVKHHW� ZDV�

georeferenced�and�recti�ed�using�ArcGIS

����� VRIWZDUH�� %DVH� PDS� FRQVLVWV� RI� YDULRXV�

IHDWXUHV� OLNH� URDG� QHWZRUN�� VHWWOHPHQWV�� ZDWHU�

ERGLHV�� DQG� UDLOZD�� OLQH� QHWZRUN� HWF��� GHOLQHDWHG�

IURP�WKH�WRSRVKHHW�

�L�LWDO�(O��DWLR��0RG�O���(0�

7KH� GLJLWDO� HOHYDWLRQ� PRGHO� GRZQORDGHG� IURP�

ZHEVLWH� EKXYDQ�QUVF�JRY�LQ�� 8VLQJ� ERXQGDU�� RI�

VWXG�� DUHD�'(0�ZDV� FOLSSHG�XVLQJ�([WUDFWLRQ�E��

PDVN� IXQFWLRQ� LQ� 6SDWLDO� �QDO�VW� WRRO� LQ� �UF*,6�

������([WUDFWHG�'(0�WKHQ�VXEMHFWHG�WR�)LOOV�VLQNV�LQ�

D�VXUIDFH�UDVWHU�IXQFWLRQ�RI�6SDWLDO��QDO�VW�WRRO�WR�

UHPRYH�VPDOO�LPSHUIHFWLRQV�LQ�WKH�GDWD

��DL�D���PDS

'UDLQDJH�PDS�ZDV�SUHSDUHG�IURP�'LJLWDO�(OHYDWLRQ�

0RGHO�� LQ� �UF*,6� HQYLURQPHQW�� �IWHU� SUHSDULQJ�

WKH�GUDLQDJH�QHWZRUN�PDS��WKH�PDS�ZDV�XSGDWHG�

XVLQJ� 6R,7RSRVKHHW� WR� NQRZ� WKH� FKDQJHV� LQ� WKH�

VWXG��DUHD��'UDLQDJH�PDS�LQFOXGHV�DOO�WKH�VWUHDPV��

WULEXWDULHV�DQG�VPDOO� VWUHDP�FKDQQHOV�DQG�GHSLFWV�

�ow� pattern� of� drainage� lines� in� the� study� area.�

7KH�OHQJWKV�DQG�QXPEHUV�RI�DOO�VWUHDP�RUGHUV�ZHUH�

REWDLQHG� IURP� GUDLQDJH�PDS�SUHSDUHG� LQ��UF*,6�

�����VRIWZDUH�XVLQJ�6SDWLDO��QDO�VW�WRRO�

�R�WR���PDS

7KH� FRQWRXU� PDS� RI� 03.9� FHQWUDO� FDPSXV� ZHVW�

UHJLRQ� ZDV� GHYHORSHG� XVLQJ� 'LJLWDO� (OHYDWLRQ�

0RGHO� �'(0�� LQ� �UF*,6� ����� 6RIWZDUH�� 5DVWHU�

VXUIDFH�IXQFWLRQ�LQ��'��QDO�VW�WRRO�XVHG�WR�JHQHUDWH�

FRQWRXU�PDS�

�ORS��PDS

6ORSH� LV� WKH� PRVW� LPSRUWDQW� WHUUDLQ� FKDUDFWHULVWLF�

ZKLFK� SOD�V� D� YLWDO� UROH� LQ� � PRUSKRORJ��� UXQRII�

processes,� soil� erosion,� in�ltration� and� land� use/�

ODQG� FRYHU� �-KDHW� DO��� ������ �HKHW� DO��� ������� ,W� LV�

YHU�� LPSRUWDQW� IRU� XQGHUVWDQGLQJ� WKH� VSDWLDO�

GLVWULEXWLRQ��GHYHORSPHQW�DQG�PDQDJHPHQW�RI�ERWK�

ODQG� DQG� ZDWHU� UHVRXUFHV� DQG� PDMRU� FRQWUROOLQJ�

IDFWRU� LQ� WKH� GHYHORSPHQW� DQG� IRUPDWLRQ� RI�

GLIIHUHQW� ODQGIRUPV��7KH�VORSH�PDS�ZDV�SUHSDUHG�

IRU�WKH�VWXG��DUHD�IURP�WKH�'(0�

5HV�OWV

�����DWLR��RI�W��PDWL��PDS�

8VLQJ��UF*,6������YHUVLRQ��YDULRXV�WKHPDWLF�PDSV�

ZHUH�JHQHUDWHG�VXFK� DV� EDVH�PDS��GUDLQDJH�PDS��

FRQWRXU�PDS��GLJLWDO� HOHYDWLRQ�PRGHO�� VORSH�PDS��

�ow�accumulation�map,�as�a�spatial�database.

�D���PDS

7KH� EDVH� PDS� LV� UHSUHVHQWHG� E�� YLOODJHV�� URDGV��

5DYLQGUD�%DQVRG�0RUSKRORJLFDO�&KDUDFWHULVWLFV�RI�7KUHH�:DWHUVKHGV�RI�0DKDWPD�3KXOH�.ULVKL�9LG�DSHHWK�
&HQWUDO�&DPSXV�5DKXUL�E��5HPRWH�6HQFLQJ�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6�VWHP
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VWUHHWV�� FDQDO�� 3ODFHV�� HWF�� 7KH� EDVH� PDS� ZDV�

SUHSDUHG� XVLQJ� 6R,WRSRVKHHW� DQG� JURXQG� WUXWK�

GDWD�LQ��UF*,6�����VRIWZDUH�

7KH� GLJLWDO� HOHYDWLRQ� PRGHO� GRZQORDGHG� IURP�

ZHEVLWH� EKXYDQ�QUVF�JRY�LQ�� 7KH� '(0� ZDV�
reclassi�ed� into� two� classes� namely� high� (570�m)�
DQG�ORZ������P��DQG�XVHG�WR�SUHFLVHO��GHOLQHDWH�WKH�
SK�VLRJUDSKLF�IHDWXUHV�

�R�WR���PDS

&RQWRXU�PDS�ZDV�SUHSDUHG�IURP�'LJLWDO�(OHYDWLRQ�
0RGHO�RI�VWXG��DUHD�ZLWK���P�FRQWRXU�LQWHUYDO��7KH�
FRUUHVSRQGLQJ�FRQWRXU� LQWHUYDOV�ZHUH�UHFRUGHG� LQ�
WKH�DWWULEXWH�WDEOH��7KH�WRWDO�OHQJWK�RI�FRQWRXUV�ZDV�
�������NP�

�ORS��PDS

7KH�VORSH�PDS�ZDV�GHULYHG�XVLQJ�WKH�'(0�IRU�WKH�
study� area.�The� slope�map�was� classi�ed� into� six�
FODVVHV�DFFRUGLQJ�WR�,06'�JXLGHOLQHV

��DL�D���PDS

'UDLQDJH� PDS� ZDV� SUHSDUHG� E�� XVLQJ� 'LJLWDO�
(OHYDWLRQ�0RGHO�RI�VWXG��DUHD��7KH�GUDLQDJH�SDWWHUQ�
REVHUYHG� LQ� WKH� VWXG�� DUHD� ZDV� GHQGULWLF�� 7KH�
KLJKHVW�VWUHDP�RUGHU�LV��UG�RUGHU��7KH�WRWDO�OHQJWK�
RI�VWUHDPV�GUDLQLQJ�WR�UHVSHFWLYH�RXWOHW�SRLQWV�RI�WKH�
FDWFKPHQWV�ZDV�IRXQG�RXW�XVLQJ��UF*,6�VRIWZDUH�

)LJ��'(0�RI�03.9�&HQWUDO�&DPSXV��:HVW��

)LJ��&RQWRXU�0DS�RI�03.9�&HQWUDO�&DPSXV��:HVW��

�DEOH� ��� 6WUHDP� RUGHU� DQG� LWV� PHDQ� VWUHDP� OHQJWKV� RI�
:DWHUVKHG���%�DQG�&�XQGHU�03.9�FHQWUDO�FDPSXV�5DKXUL�

3DUDPHWHUV�
6WUHDP�RUGHU��8�

�RWDO

, ,, ,,,

&DWFKPHQW��

1R��RI�VWUHDPV �� � � ��

6WUHDP�OHQJWK��NP ������ ����� ����� ������

0HDQ�VWUHDP��
OHQJWK��NP

����� ����� ����� �����

�&DWFKPHQW�%

1R��RI�VWUHDPV � � � �

6WUHDP�OHQJWK��NP ����� ����� � ����

0HDQ�VWUHDP��
OHQJWK��NP

����� ����� � �����

�&DWFKPHQW�&

1R��RI�VWUHDPV � � � �

6WUHDP�OHQJWK��NP ����� ����� ����� �����

0HDQ�VWUHDP��
OHQJWK��NP

����� ����� ����� �����
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,���D�������D���I��DVW��0D�DJ����W������������������������������������������

��

�DEOH�����UHDO�DVSHFWV�RI�:DWHUVKHG���%�DQG�&�XQGHU�03.9�
FHQWUDO�FDPSXV�5DKXUL�

�UHDO�DVSHFWV�
�DWFKPH�WV

� % �

'UDLQDJH�DUHD������KD� ����� ����� �����

)RUP�IDFWRU��5
I
�� ���� ���� ����

'UDLQDJH�GHQVLW���
�'

G
���NP�NP���� ���� ���� ����

6WUHDP�IUHTXHQF���
�)���1RV�NP��� ���� ���� ����

&LUFXODULW��UDWLR��5
F
��� ���� ���� ����

(ORQJDWLRQ�UDWLR��5
H
��� ���� ���� ����

&RPSDFWQHVV���
FRHIILFLHQW��&

F
��

���� ���� ����

(OOLSWLFLW��LQGH[��(
L
�� ���� ���� ����

7H[WXUH�UDWLR��5
W
��� ���� ���� ����

&RQVWDQW�RI�FKDQQHO��
PDLQWHQDQFH��&���NP��NP�� ���� ���� ���

/HQJWK�RI�RYHUODQG��
IORZ��/J���NP�

���� ���� ����

'UDLQDJH�WH[WXUH��'W� ���� ���� ����

�DEOH� ��� %LIXUFDWLRQ� UDWLR� DQG� VWUHDP� OHQJWK� UDWLR� RI�
:DWHUVKHG���%�DQG�&�XQGHU�03.9�FHQWUDO�FDPSXV�5DKXUL�

�DWFKPH�WV %LI�UFDWLR��
UDWLR��5E�

6WUHDP�
OH�JWK�UDWLR�
�5/�

5KR�
�RHIILFLH�W

&DWFKPHQW�� ���� ���� ����

&DWFKPHQW�% � ���� ����

&DWFKPHQW�& ���� ���� ����

�DEOH����5HOLHI�DVSHFWV�RI�:DWHUVKHG���%�DQG�&�XQGHU�03.9�
FHQWUDO�FDPSXV�5DKXUL�

5HOLHI�SDUDPHWHUV
�DWFKPH�WV

� % �

6WUHDP�VORSH��6���� ���� ���� ����

:DWHUVKHG�UHOLHI��+���P �� �� ��

5HODWLYH�UHOLHI��5
5
� ���� ���� ����

5HOLHI�UDWLR��5
U
� ����� ����� �����

5XJJHGQHVV�QXPEHU��5
Q
� ���� ����� �����

*HRPHWULF�QXPEHU ����� ���� ����

7LPH�RI�FRQFHQWUDWLRQ��
�7F���PLQ

����� ����� �����

�IWHU� DQDO�VLV� LW�ZDV� IRXQG� WKDW� WKH�ZDWHUVKHG� LV�
RI��UG�RUGHU�W�SH�DQG�GUDLQDJH�SDWWHUQ�LV�GHQGULWH�
ZKLFK� LQGLFDWHV� WKH� KRPRJHQHLW�� LQ� WH[WXUH�
DQG� ODFN� RI� VWUXFWXUDO� FRQWURO� �0LWWDO�� ������� 7KH�
PD[LPXP� OHQJWK� DQG� EDVLQ� ZLGWK� RI� ZDWHUVKHG�
ZDV�IRXQG�WR�EH������DQG������NP�IRU�FDWFKPHQW�����
�����DQG������NP�FDWFKPHQW��%�������DQG������NP�IRU�
FDWFKPHQW��&��7KH�YDOXHV�RI�VWUHDP�OHQJWKV�IRU��VW��

�QG�DQG��UG�RUGHU�VWUHDPV��ZHUH�IRXQG�WR�EH���������
��������������NP� IRU� FDWFKPHQW� ����������������� IRU�
FDWFKPHQW�%����������������������IRU�FDWFKPHQW�&��,W�
UHYHDOHG�WKDW�WKH�WRWDO�OHQJWK�RI�VWUHDP�VHJPHQWV�LV�
maximum� in��rst� order� streams� and�decreases�as�
WKH�VWUHDP�RUGHU�LQFUHDVHV��

7KH� PHDQ� VWUHDP� OHQJWKV� RI� �VW�� �QGDQG� �UG�
RUGHU�VWUHDPV�ZHUH���������������DQG�������NP�IRU�
FDWFKPHQW���� ������� ������ IRU� FDWFKPHQW�%�� �������
������� ������ IRU� FDWFKPHQW�&� ZKLFK� LQGLFDWHV� WKH�
PHDQ� OHQJWK� RI� WKH�VWUHDP�RI� WKH�SDUWLFXODU� RUGHU�
LQFUHDVHV�ZLWK� WKH� LQFUHDVH� LQ� WKH�RUGHU� RI� VWUHDP�
DQG�GHFUHDVHV�DW�ODVW�RUGHU�ZKLFK�PHDQV�WKH�PHDQ�
OHQJWK�RI�D�VWUHDP�RI�D�JLYHQ�RUGHU�LV�JUHDWHU�WKDQ�
WKDW�RI�LPPHGLDWH�ORZHU�RUGHU�EXW�OHVV�WKDQ�WKDW�RI�
the�next�higher�order�(Horton,�1945).�This�con�rms�
WKH�SURSHUW��RI�WKH�VWUHDP�RUGHU��QXPEHU�DQG�WKHLU�
FRUUHVSRQGLQJ�OHQJWK�

+RUWRQ� ������� VWDWHG� WKDW� WKH� PHDQ� ZDWHUVKHG�
DUHD�RI�VXFFHVVLYH�RUGHUV�WHQGV�WR�IRUP�D�JHRPHWULF�
VHULHV� DQG� WKH�ZDWHUVKHG� DUHD� LQFUHDVHV�ZLWK� WKH�
LQFUHDVH� LQ� VWUHDP� RUGHU�� �UHD� RI� D� KLJKHU� RUGHU�
VWUHDP� LQFOXGHV� WKH� WRWDO� DUHD� FRYHUHG� E�� DOO�
VWUHDPV�RI� ORZHU� RUGHU���UHDO� DVSHFWV�RI�GUDLQDJH�
QHWZRUN� LQFOXGH� PHDVXUHPHQW� RI� DUHDO� HOHPHQWV�
VXFK� DV� GUDLQDJH� DUHD�� IRUP� IDFWRU�� GUDLQDJH�
GHQVLW��� GUDLQDJH� WH[WXUH�� VWUHDP� IUHTXHQF���
FLUFXODULW��UDWLR��HORQJDWLRQ�UDWLR��FRPSDFWQHVV�FR�
ef�cient,�ellipticity�index,�texture�ratio,�constant�of�
channel�maintenance�and�length�of�overland��ow�
LQ�D�V�VWHPDWLF�ZD���+LJK�YDOXH�RI�GHQVLW��LQGLFDWHV�
ZHOO�GHYHORSHG�QHWZRUN�DQG�WRUUHQWLDO�UXQRII�OLNHO��
to�cause�violent��ood,�while�a�low�value�signi�es�a�
OHVV�GHYHORSHG�QHWZRUN�DQG�D�PRGHVW�UXQRII�ZKLFK�
LV�H[SODLQHG�E��KLJK�SHUPHDELOLW��RI�WKH�WHUUDLQ�

7KH� YDOXH� RI� GUDLQDJH� WH[WXUH� �NP���� GHSHQGV�
XSRQ�D�QXPEHU�RI�QDWXUDO�IDFWRUV�VXFK�DV�FOLPDWH��
rainfall,�vegetation,�lithology,�soil�type,�in�ltration�
FDSDFLW��� UHOLHI� DQG� VWDJH� RI� GHYHORSPHQW� �6PLWK��
1950).� Smith� (1950)� classi�ed� drainage� density�
into� �ve� different� classes� of� drainage� texture,� i.e.�
OHVV� WKDQ� ��� LQGLFDWHV� YHU�� FRDUVH�� EHWZHHQ� �� DQG�
��LV�FRDUVH��EHWZHHQ���DQG���LV�PRGHUDWH��EHWZHHQ�
6�and�8� is��ne�and�greater� than�8� represents�very�
�ne� drainage� texture.� Only� catchment-A� falls� in�
PRGHUDWH�GUDLQDJH� WH[WXUH�FDWHJRU��DQG�RWKHUV� LQ�
YHU��FRDUVH�GUDLQDJH�WH[WXUH�FDWHJRU��

:LWK� ORZ� YDOXH� RI� UXJJHGQHVV� QXPEHU�� LW� LV�
HYLGHQW� WKDW�ZDWHUVKHG�LV�KDYLQJ�JHQWOH�VORSH���OO�
WKH� IDFWRUV� XQGHU� OLQHU�� DUHDO� DQG� UHOLHI� DVSHFWV�
SHUWDLQLQJ�WR�:DWHUVKHG����%�DQG�&�DUH�GHSLFWHG�LQ�
WKH�DERYH�WDEOHV�
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5HIHUH�FHV

��� +RUWRQ�� 5�� (��� ������ (URVLRQDO� GHYHORSPHQW� RI�

VWUHDPV� DQG� WKHLU� GUDLQDJH� EDVLQV�� K�GURSK�VLFDO�

DSSURDFK� WR� TXDQWLWDWLYH�PRUSKRORJ��� %XOO�� *HRO��

6RF���PHULFD���������������

��� -KD�� 0��� &KRZGKXU��� ���� &KRZGDU��� 9�� DQG�

3HLIIHU�� 6��� ������ *URXQGZDWHU� � PDQDJHPHQW� DQG�

GHYHORSPHQW� E�� LQWHJUDWHG� UHPRWH� VHQVLQJ� DQG�

JHRJUDSKLFDO� LQIRUPDWLRQ� V�VWHPV�� SURVSHFWV� DQG�

FRQVWUDLQWV��:DWHU�5HVRXUFHV�0JPW�������������������

��� 0DKDGHYDVZDP��� *��� 1DJDUDMX�� '���
6LGGDOLQJDPXUWK���6���/DNVKPDPPD�

��� 0RKDPPDG��6���1DJHVK��3��&��DQG�.ULVKQD��5���������
0RUSKRPHWULF�DQDO�VLV�RI�1DQMDQJXGWDOXN��0�VRUH�
GLVWULFW��.DUQDWDND��,QGLD��XVLQJ�*,6�WHFKQLTXHV��,QW��
-��*HRPDWLFV�DQG�*HRVFLHQFHV����������������

��� 6LQJK��5��.���%KDWW��&��0��DQG�3UDVDG��+��9���������
0RUSKRORJLFDO�VWXG��RI�D�ZDWHUVKHG�XVLQJ�UHPRWH�
VHQVLQJ�DQG�*,6�WHFKQLTXHV��-��+�GUR����������������

5DYLQGUD�%DQVRG�0RUSKRORJLFDO�&KDUDFWHULVWLFV�RI�7KUHH�:DWHUVKHGV�RI�0DKDWPD�3KXOH�.ULVKL�9LG�DSHHWK�
&HQWUDO�&DPSXV�5DKXUL�E��5HPRWH�6HQFLQJ�DQG�*HRJUDSKLFDO�,QIRUPDWLRQ�6�VWHP


