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&URS�3ODQQLQJ��LWK�3UREDELOLW���QDO�VLV�

5���%DQVRG

�XWKRU�V� �IILOLDWLRQ�� 3URIHVVRU� DQG� +HDG�� 'HSDUWPHQW� RI� $JULFXOWXUH� (QJLQHHULQJ� 6HFWLRQ�� &ROOHJH� RI� $JULFXOWXUH�� 3XQH��
0DKDUDVKWUD����������,QGLD�

,QGLDQ�-RXUQDO�RI�3ODQW�DQG�6RLO
9ROXPH���1XPEHU����-XO����'HFHPEHU�����

'2,��KWWS���G[�GRL�RUJ����������LMSV�����������������

�R��WR�FLWH�WKLV�DUWLFOH�

5�'�%DQVRG��&URS�3ODQQLQJ�ZLWK�3UREDELOLW��$QDO�VLV��,QGLDQ�-�3ODQW�6RLO������������������

,QWURGXFWLRQ

7KH� DPRXQW� RI� UDLQIDOO� DQG� LWV� GLVWULEXWLRQ� LV�
YHU�� LPSRUWDQW� FKDUDFWHULVWLFV� WKDW� DIIHFW� WKH�
DJULFXOWXUDO� SURGXFWLYLW�� LQ� WKH� UDLQIHG� UHJLRQV�
�6XEDVK� HW� DO��� ������� 5DLQIDOO� EHLQJ� WKH� RQO��
VRXUFH� RI�PRLVWXUH� IRU� FURSV� LQ� UDLQIHG� IDUPLQJ��
LWV�SUHGLFWLRQ� IRU� RFFXUUHQFH�RYHU�SHULRG�RI� WLPH�
EDVHG�RQ�SDVW� UHFRUGV� LV�YHU�� LPSRUWDQW� IRU�FURS�
SODQQLQJ�XVLQJ�DQ��UHOLDEOH�PHWKRGV��%RXPDQ�DQG�
<RXQJ�������0LVKUD��HW�DO���������6ULYDVWDYD��HW�DO���
������DQG�%XUQV��HW�DO����������3UREDELOLW��DQDO�VLV�
LV� RQH� RI� WKH� UHOLDEOH� WRROV� IRU� SUHGLFWLQJ� WKH�
UDLQIDOO�EHKDYLRXU�DQG�KDV�EHHQ�XVHG�H[WHQVLYHO��
E��PDQ��UHVHDUFKHUV�IRU�VXFFHVVIXO�FURS�SODQQLQJ�
�3DQLJUDKL� �� 3DQGD�� ������ 0XNHVK�� HW� DO��� ������
-DNKDU�HW�DO���������6XEXGKL�HW�DO����������7KHUH�DUH�
ODUJH�YDULDWLRQV�LQ�WKH�TXDQWLW��RI�UDLQIDOO�UHFHLYHG�

2�LJ�DO����LFO�

'DLO�� UDLQIDOO� GDWD� ������������ IRU� 3XQH� VWDWLRQ�ZDV� DQDO�VHG� WR� HVWLPDWH� WKH� DYHUDJHV� RI� ZHHNO��� PRQWKO���
VHDVRQDO�DQG�DQQXDO� UDLQIDOO�DQG� LWV�YDULDELOLW���3UREDELOLW��DQDO�VLV�VKRZHG� WKDW�RFFXUUHQFH�RI�SUREDEOH� UDLQIDOO�
ZDV�RI�������PP�������PP�������PP��DQG��������PP�UHVSHFWLYHO��IRU�WKH�.KDULI��5DEL��VXPPHU�DQG�DQQXDO�DW�����
FRQILGHQFH�OHYHO��WKH�RFFXUUHQFH�RI�UDLQ��GD�V�ZDV�IRXQG�WR�EH�����������DQG���GD��IRU�WKH�DQQXDO��.KDULI��5DEL�DQG�
VXPPHU�VHDVRQ��UHVSHFWLYHO���7KH�KLJKHVW�UDLQIDOO�RI��������PP�LV�UHFRUGHG�LQ�WKH�PRQWK�RI�-XO��������7KH�UDLQIDOO�
ZDV�DVVXUHG�GXULQJ�VWDQGDUG�PHWHRURORJLFDO�:HHN����WR����DQG����WR�����2FFXUHQFH�RI�GU��VSHOO�LV�DOVR�VHHQ�LQGLFDWHG�
WKH�QHHG�RI�FRQVWUXFWLRQ�RI�ZDWHU�KDUYHVWLQJ�VWUXFWXUHV�IRU�OLIH�VDYLQJ�LUULJDWLRQ�IRU�WKH�VXUYLYDO�RI�FURSV��.HHSLQJ�
LQ�YLHZ�WKH�UDLQIDOO�SDWWHUQ�DQG�LWV�GLVWULEXWLRQ�LQ�WKH�DUHD��VXJJHVWLRQV�KDYH�EHHQ�PDGH�WR�PRGLI��WKH�PLFURFOLPDWH�
ZLWK�UHVSHFW�WR�FURS�SODQQLQJ�WR�LQFUHDVH�WKH�TXDOLW��DQG�SURGXFWLYLW��XQGHU�UDLQIHG�FRQGLWLRQV��'LIIHUHQW�FURSSLQJ�
VWUDWHJLHV�DUH�VXJJHVWHG�VXFK�DV�VHOHFWLRQ�RI�HDUO��PDWXULQJ�YDULHWLHV��FKDQJH�LQ�FURSV��FURSSLQJ�SDWWHUQ��UDLQZDWHU�
KDUYHVWLQJ�WHFKQLTXHV�

.H��RUGV��&URS�SODQQLQJ��3UREDELOLW���5DLQIDOO��:HLEXOO�SORWWLQJ�PHWKRG�

�EVWUDFW

&RUUHVSRQGLQJ� �XWKRU�� 5� �� %DQVRG�� 3URIHVVRU� DQG� +HDG�� 'HSDUWPHQW� RI� $JULFXOWXUH� (QJLQHHULQJ� 6HFWLRQ�� &ROOHJH� RI�
$JULFXOWXUH��3XQH��0DKDUDVKWUD����������,QGLD�

(�PDLO��UWXOMDSXU�����JPDLO�FRP

ZLWKLQ�VWDWH��:LWK�WKHVH�YLHZV��WKH�SUHVHQW�VWXG��
ZDV� FDUULHG�RXW� WR� VWXG�� UDLQIDOO� DQG� UDLQ��GD�V�
YDULDELOLW��SDWWHUQ��SUREDELOLW��DQDO�VLV�RI�UDLQIDOO�
DQG�UDLQ��GD�V�DQG�VXJJHVWLQJ�FURS�SODQQLQJ�IRU�
3XQH�WDOXND�

0DWHULDOV�DQG�0HWKRGV

3XQH� VWDWLRQ� LV� ORFDWHG� DW� ������� 1� ODWLWXGH� DQG�
�������� (� ORQJLWXGHV��7KH�GDLO�� UDLQIDOO� GDWD�RI����
�HDUV� ������������ IRU� 3XQH� VWDWLRQ� ZDV� FROOHFWHG�
IURP� ,0'�� 7KH� FROOHFWHG� GDLO�� UDLQIDOO� GDWD� WKHQ�
FRQYHUWHG� LQWR� ZHHNO��� PRQWKO��� VHDVRQDOO�� YL]��
NKDULI� �-XQH�6HSWHPEHU��� 5DEL� �2FWREHU�-DQXDU���
DQG�VXPPHU��)HEUXDU����0D���DQG�DQQXDO�UDLQIDOO�
GLVWULEXWLRQ�SDWWHUQV�ZHUH�FULWLFDOO��H[DPLQHG�DQG�
VLPSOH�VWDWLVWLFV�VXFK�DV�PHDQ��VWDQGDUG�GHYLDWLRQ�
and�coef�cient�of�variation�of�rainfalls�and�rainy�day�
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HVWLPDWHG��7KH�SUREDELOLW��DQDO�VLV�ZDV�SHUIRUPHG�
XVLQJ�:HLEXOO�SORWWLQJ�PHWKRG��&KRZ���������ZKLFK�
LV�DV�IROORZV�

� 3� �>P��Q�����@������

� :KHUH��3�LV�WKH�SORWWLQJ�SRVLWLRQ����

� P�LV�WKH�UDQN�RI�GDWD

� Q�LV�WKH�WRWDO�QXPEHU�RI�UHFRUG��HDUV�

� �7KH� UHFXUUHQFH� LQWHUYDOV� ZHUH� FDOFXODWHG�
XVLQJ�WKH�IROORZLQJ�UHODWLRQVKLS�7� ���3�LQ�
ZKLFK�7�LV�WKH�UHWXUQ�SHULRG���HDUV��

5HVXOW�DQG��LVFXVVLRQ

7KH�KLJKHVW�DQG� ORZHVW�YDOXHV�RI�DQQXDO� UDLQIDOO�
DUH��������PP�DQG�������PP�LV�UHFRUGHG�GXULQJ�
�HDU� ����� DQG� ����� UHVSHFWLYHO�� DQG� LW� LV� DOVR�
VHHQ�WKDW�KLJKHVW�DQG�ORZHVW�YDOXHV�RI�UDLQ��GD�V�
DUH� ��� DQG� ��� UHFRUGHG� LQ� �HDU� ����� DQG� �����
UHVSHFWLYHO���7KH�KLJKHVW�VHDVRQDO� UDLQIDOO��������
PP� UHFRUGHG� GXULQJ� .KDULI� �-XQH�6HSWHPEHU��
VHDVRQ� RI� ����� DQG� ����� UHFRUGHG� WKH� ORZHVW�
UDLQIDOO� ������ PP� ZKLFK� LV� ����� DQG� ���� RI�
DYHUDJH�VHDVRQDO�UDLQIDOO��������PP���7KH�KLJKHVW�
QXPEHU�RI�UDLQ�����LQ������DQG�ORZHVW�UDLQ��GD�V�
��� LQ� ����� DUH� UHFRUGHG�� 'XULQJ� 5DEL� �2FWREHU�
-DQXDU����WKH�DUHD�H[SHULHQFHG�KLJKHVW�UDLQIDOO�RI�
������PP�LQ������DQG�ORZHVW� VHDVRQDO�UDLQIDOO�RI�
�����PP�LQ������ZKLFK�LV������DQG�����RI�DYHUDJH�
VHDVRQDO� UDLQIDOO� ������� PP�� UHVSHFWLYHO��� 5DEL�
�2FWREHU�-DQXDU��� VHDVRQ� H[SHULHQFHG� KLJKHVW�
UDLQ��GD�V� ��� LQ� �HDU� ����� DQG� ORZHVW� �� LQ� �HDU�
������:KHUHDV� VXPPHU� �)HEUXDU�� ��0D���VHDVRQ�
UHFHLYHG�KLJKHVW�UDLQIDOO������PP�LQ��HDU������DQG�
ORZHVW�����PP�LQ��HDU������UHFHLYHG�KLJKHVW�DQG�
ORZHVW�UDLQIDOO�LV������DQG�QHDUO������RI�DYHUDJH�
VHDVRQDO� UDLQIDOO� ���� PP��� 6XPPHU� �)HEUXDU�� ��
0D��� VHDVRQ� UHFRUGHG� KLJKHVW� QXPEHU� RI� UDLQ��
GD�V�RI� ��GXULQJ� �����DQG� ORZHVW��� LQ��HDU������
7KH�KLJKHVW�YDOXH�RI�PRQWKO��UDLQIDOO��������PP�
LV� UHFRUGHG� LQ� WKH�PRQWK� RI� -XO�� ������7KH� GDWD�
RQ�YDULDELOLW�� RI�ZHHNO�� UDLQIDOO�GXULQJ� WKH��HDU�
����������DW�3XQH�UHYHDOV�WKDW�WKH�KLJKHVW�ZHHNO��
UDLQIDOO� RI� ������ PP� LV� UHFRUGHG� GXULQJ� ��WK�
VWDQGDUG�PHWHRURORJLFDO�:HHN�������-XO���RI������
�HDU�� LW�LV�REVHUYHG�WKDW�.KDULI��-XQH�6HSWHPEHU��
VHDVRQ� UHFHLYHG� PHDQ� UDLQIDOO� ������ PP� ZKLFK�
FRQVWLWXHQWV� ����� ��PHDQ� UDLQIDOO� RI� �HDUV� ZLWK�
coef�cient� of� variation� 50.2.� Fig.� 1� depicts� the�
ZHHNO�� UDLQIDOO� DQG� UDLQ�� GD�V� SDWWHUQ� DORQJ�
with� coef�cients� of� variation� for� all� 53� standard�
PHWHRURORJLFDO�ZHHN�
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5DLQ��GD�V�QRV��

6WDQGDUG��HHNV

0HDQ�UDLQIDOO�PP�

)LJ�����9DULDWLRQ�LQ�ZHHNO��UDLQIDOO��UDLQ��GD�V�DQG�FRHIILFLHQW�RI�
YDULDWLRQ�

8VLQJ�:HLEXOO�V�IRUPXOD�SUREDELOLW��RI�RFFXUUHQFH�
RI�UDLQIDOO�DQG�UDLQ��GD�V�IRU�DQQXDO�DQG�VHDVRQDO�
FDOFXODWHG�DQG�SUHVHQWHG� LQ�7DEOH���3UREDELOLW��RI�
RFFXUUHQFH� RI� ������� PP� UDLQIDOO� LV� ����� PHDQV�
DIWHU�HYHU�����HDU�WKLV�HYHQW�ZLOO�KDSSHQ��)RU�����
DQG� ���� SUREDELOLW�� FKDQFHV�� UDLQIDOO� RFFXUUHQFH�
RI� DQQXDO� UDLQIDOO� LV� ������ PP� DQG� ������ PP�
UHVSHFWLYHO��

&RQFOXVLRQ

.KDULI�VHDVRQ�LV�EHVW�IRU�FURSSLQJ�ZLWK�JRRG�UDLQIDOO�
RI�����PP� LQ����GD�V��:KLOH� LQ�5DEL� IDUPHUV�QHHG�
WR� VHOHFW� OHVV� ZDWHU� FRQVXPSWLYH� FURSV� EHFDXVH�
RQO�����PP�UDLQIDOO� LV�SRVVLEOH�LQ���GD�V��$OWHUQDWH�
DUUDQJHPHQW� IRU� VXSSOHPHQWDU�� LUULJDWLRQ�PXVW� EH�
HQVXUHG� E�� FRQVLGHULQJ� VRLO�PRLVWXUH� FRQGLWLRQ�� ,Q�
VXPPHU� �)HEUXDU�� �� 0D��� RQO�� ��PP� RI� UDLQIDOO�
LV�DYDLODEOH� LQ�RQH�GD���6R�FURSSLQJ� LV�QRW�SRVVLEOH�
ZLWKRXW� LUULJDWLRQ�� )DUPHUV� DUH� DGYLVHG� WR� VWDUW�
VRZLQJ�LQ�PRQWK�RI�-XQH�IURP�VHFRQG�DQG�FRPSOHWH�
LQ�WKLUG�ZHHN��$OVR�UDLQIDOO�UHFHLYHG�GXULQJ�PRQWK�RI�
July�in��rst�decade�was�well�but�in�next�decade�it�has�
became�very�erratic� showing�much�high�coef�cient�
RI� YDULDWLRQ�� 0HDQV� DIWHU� VRZLQJ� RI� FURSV� LQ� -XQH�
IDUPHUV�QHHG�WR�NHHS�DWWHQWLRQ�RQ�GU��VSHOO�RFFXUULQJ�
LQ�-XO��WR�VXUYLYH�FURSV��5HPRYDO�RI�PRQVRRQ�VWDUWV�
IURP�PRQWK�RI�2FWREHU��,W�JHWV�FRPSOHWHO��UHPRYHG�
LQ� PRQWK� RI� 1RYHPEHU�� VR� VRZLQJ� RI� 5DEL� FURSV�
should�be�carried�out� in��rst� fortnight� to�3rd�week�
RI� 2FWREHU�� :HHNO�� UDLQIDOO� DQDO�VLV� UHYHDOV� WKDW�
VWDQGDUG� PHWHRURORJLFDO� :HHN� �� WR� ��� UHFHLYHG�
very� less� rainfall�with� higher� values� of� co-ef�cient�
RI� YDULDWLRQ�� 6WDQGDUG� PHWHRURORJLFDO� :HHN� ��� ���

&URS�3ODQQLQJ�ZLWK�3UREDELOLW��$QDO�VLV
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&URS�3ODQQLQJ�ZLWK�3UREDELOLW��$QDO�VLV

7DEOH����3RVVLEOH�FURSSLQJ�VWUDWHJ����)RU�.KDULI��-XQH�6HSWHPEHU��

(DUO��VHDVRQ�
GURXJKW�
�GHOD�HG�RQVHW�

1RUPDO�&URS�
&URSSLQJ�

V�VWHP

&KDQJH�LQ�FURS���
FURSSLQJ�V�VWHP

�JURQRPLF�PHDVXUHV 5HPDUNV�RQ�,PSOHPHQWDWLRQ

�HOD��E����
�HHNV��
-XQH��WK�ZHHN

/RZ�ODQG�
3DGG�

,QGUD�DQL��3DYDQD��3KXOH�
6DPUXGKL

6WDJJHUHG�SODQWLQJ�LQ�
QXUVHULHV�IRU�WLPHO��

DYDLODELOLW��RI�VHHGOLQJV

6HHG�6RXUFH�
03.9��5DKXUL��&ROOHJH�RI

$JULFXOWXUH��3XQH��.ROKDSXU��
'KXOH��16&��066&��3ULYDWH�&R���
'LVWULEXWRUV��7KH�VHOI�KHOS�JURXSV�

VKRXOG�EH�LQYROYHG

*UHHQ�JUDP .RSDUJRDQ �

6R�EHDQ -DZDKDU�6R�EHDQ �

*URXQGQXW -/�����-/������-/���� +RHLQJ�DQG�ZHHGLQJ

3HDUO�PLOOHW 6KUDGGKD��6DEXUL��6KDQWL $V�DERYH

�HOD��E����
�HHNV��
-XO���QG�ZHHN

/RZ�ODQG�
3DGG�

,QGUD�DQL��3DYDQD��3KXOH�
6DPUXGKL

6WDJJHUHG�SODQWLQJ�LQ�
QXUVHULHV�IRU�WLPHO��

DYDLODELOLW��RI�VHHGOLQJV

6HHG�6RXUFH�
03.9��5DKXUL��&ROOHJH�RI

$JULFXOWXUH��3XQH��.ROKDSXU��
'KXOH��16&��066&��3ULYDWH�&R���
'LVWULEXWRUV��7KH�VHOI�KHOS�JURXSV�

VKRXOG�EH�LQYROYHG

*URXQGQXW -/�����-/������-/����
*URXQGQXW���3LJHRQ�SHD�

�����

+RHLQJ�DQG�ZHHGLQJ
3URWHFWLYH�LUULJDWLRQ

3LJHRQ�SHD 9LSXOD��%'1�����
,&3/���

+RHLQJ�DQG�ZHHGLQJ�DW�
���'$6

2SHQLQJ�RI�FRQVHUYDWLRQ�
IXUURZV�DIWHU�HYHU��WZR�

URZV

6R�EHDQ -6������-6����� +RHLQJ�DQG�ZHHGLQJ�DW�
���'$6

�HOD��E���
�HHNV
-XO����WK�ZHHN

/RZ�ODQG�
3DGG�

,QGUD�DQL��3DYDQD��3KXOH�
6DPUXGKL

6WDJJHUHG�SODQWLQJ�LQ�
QXUVHULHV�IRU�WLPHO��

DYDLODELOLW��RI
VHHGOLQJV

6HHG�6RXUFH�
03.9��5DKXUL�
&ROOHJH�RI

$JULFXOWXUH��3XQH��
.ROKDSXU��'KXOH�
16&��066&��3ULYDWH
&R���'LVWULEXWRUV�

7KH�VHOI�KHOS�JURXSV
VKRXOG�EH�LQYROYHG

3HDUO�PLOOHW 6KUDGGKD�
6DEXUL��6KDQWL

+RHLQJ�DQG�ZHHGLQJ�LQ�
VXQIORZHU�DW�
���'$6

+RHLQJ�DQG�ZHHGLQJ�DW�
���'$6

2SHQLQJ�RI�FRQVHUYDWLRQ�
IXUURZV�DIWHU�HYHU��WZR�

URZV

*URXQGQXW 6XQIORZHU��%KDQX� +RHLQJ�DQG�ZHHGLQJ�LQ�
VXQIORZHU�DW����'$6

(DUO��VHDVRQ
GURXJKW
�1RUPDO�RQVHW��
IROORZHG�E������
���GD�V�GU��VSHOO�
DIWHU�VRZLQJ�
OHDGLQJ�WR�SRRU�
JHUPLQDWLRQ

/RZ�ODQG�
3DGG�

� 6HHGOLQJV�E��'DSRJ�
PHWKRG�IRU�UHVRZLQJ�LI�

QHHGHG

)RU�KRHLQJ��SUHIHU�VOLW�DQG�HQWLUH�
EODGH�KRH��&DQ�EH

SRSXODUL]HG�WKURXJK
*RYW��SURJUDPPHV

6RUJKXP 5HVRZLQJ�LI�QHHGHG ,QWHUFXOWLYDWLRQ��ZHHGLQJ�
DQG�KRHLQJ

3HDUO�PLOOHW $V�DERYH $V�DERYH

7HUPLQDO
GURXJKW
�(DUO��
ZLWKGUDZDO�RI�
PRQVRRQ�

/RZ�ODQG�
3DGG�

� � 5DLQZDWHU
KDUYHVWLQJ�WKURXJK

IDUP�SRQGV
*URXQGQXW � �

3HDUO�PLOOHW � �

)RU�5DEL� �2FWREHU�-DQXDU����:KHDW� �0DODY�VKDNWL��*:������:+������5DEL�VRUJKXP��0DKDEHHHM����9DVXGD� �769�NUDQWL����VDIIORZHU��
�6���6KDUDGD��3DUEKDQL���VXQIORZHU��66����DQG�FKLFNSHD��9LMD��3KXOH��&KDIID��9LVKZDV��

��DQG����ZHUH�ZLWKRXW�DQ��UDLQIDOO�DQG�UDLQ��GD�V��
6WDQGDUG� PHWHRURORJLFDO�:HHN� ���� ���� ��� UHFRUGHG�
PHDQ�ZHDNO��UDLQIDOO������������������PP�UHVSHFWLYHO���
But�this�rainfall�record�showed�more�co-ef�cient�of�
YDULDWLRQ��7KHUH�ZDV�FRPSOHWH�UHPRYDO�RI�PRQVRRQ�

IURP�VWDQGDUG�PHWHRURORJLFDO�:HHN�����)DUPHUV�DUH�
DGYLVHG�WR�VHOHFW�VKRUW�GD��YDULHWLHV�ZKLFK�ZLOO�DGRSW�
VKRUW�RI�UDLQIDOO�DQG��LHOG�HFRQRPLFDOO���,I�LUULJDWLRQ�
IDFLOLWLHV� DUH� DYDLODEOH� WKHQ�RQH� VKRXOG�SODQ� DV� SHU�
ZDWHU�UHTXLUHPHQW�RI�FURSV�VRZQ��
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5HIHUHQFHV

��� %RXPDQ��%�$�0�� DQG�7�3��<RXQJ�� � ������ )LHOG�
ZDWHU�PDQDJHPHQW�WR�VDYH�ZDWHU�DQG�LQFUHDVH�
LWV�SURGXFWLYLW��LQ�LUULJDWHG�ORZ�ODQG�ULFH��$JULF�
:DWHU�0DQDJH������������������

��� 0LVKUD� 3�.��� '�� .KDUH�� $�� 0DQGRO�� ������
3UREDELOLW��DQG�VWDWLVWLFDO�DQDO�VLV�RI�UDLQIDOO�IRU�
FURS� SODQQLQJ� LQ� FRPPDQG� DUHD�� $JULFXOWXUH�
IRU�VXVWDLQDEOH�GHYHORSPHQW���������$UWLFOH�

��� 0XNHVK�&���.XPDU��'���6LQJK�'���5R���1��DQG�
6LQJK��'�.�� ������$QDO�VLV� RI� UDLQIDOO� IRU� FURS�
SODQQLQJ�LQ�-KDQVL�GLVWULFW�RI�%XQGHONKDQG�]RQH�
RI�8WWDU�3UDGHVK��,QG��-��6RLO�&RQV�����������������

��� 3DQLJUDKL�%�������3UREDELOLW��DQDO�VLV�RI� VKRUW�
GXUDWLRQ� UDLQIDOO� IRU� FURS� SODQQLQJ� LQ� FRDVWDO�
2ULVVD�� ,QGLDQ� -RXUQDO� RI� 6RLO� &RQVHUYDWLRQ�
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