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$EVWUDFW

6SDWLDO LQWHUSRODWLRQ LV FRPPRQO\ XVHG WR HVWLPDWH SK\VLFDO GDWD LQ D FRQWLQXRXV GRPDLQ

ZKHUH GDWD LV RQO\ DYDLODEOH DW D IHZ GLVWLQFW SRLQWV� 'LIIHUHQW LQWHUSRODWLRQ PHWKRGV SHUIRUP

GLIIHUHQWO\� GHSHQGLQJ RQ WKH SURSHUWLHV DQG G\QDPLFV JRYHUQLQJ WKH SK\VLFDO SKHQRPHQD

XQGHUO\LQJ WKH GDWD DW KDQG� 7KLV SDSHU DLPV WR FRPSDUH WKH SHUIRUPDQFH RI WKHVH LQWHUSRODWLRQ

PHWKRGV RYHU VRPH DFWXDO GDWD VHWV� 7KUHH GLIIHUHQW LQWHUSRODWLRQ PHWKRGV �,':� &XELF 6SOLQH

DQG 2UGLQDU\ .ULJLQJ� DUH FRPSDUHG RYHU WKUHH HQYLURQPHQWDO GDWDVHWV �JURXQG�ZDWHU�

ZLQG�VSHHG��DQG�UDLQIDOO��

,QWURGXFWLRQ

6SDWLDO GDWD LV YLWDO WR YDULRXV GLVFLSOLQHV ± LW LV QHFHVVDU\ WR PDNH LQIRUPHG GHFLVLRQV

UDQJLQJ IURP HQYLURQPHQWDO PDQDJHPHQW WR UHQHZDEOH SODQW ORFDWLRQV� 8QIRUWXQDWHO\� WKH

FROOHFWLRQ RI GDWD FDQ ODUJHO\ RQO\ RFFXU DW D IHZ� GLVFUHWH SRLQWV� WKURXJK LQVWDOOHG

HOHPHQWV�JDXJHV� UHTXLULQJ WKH XVH RI LQWHUSRODWLRQ LI WKH UHOHYDQW TXDQWLW\ KDV WR EH HVWLPDWHG

HOVHZKHUH�

7KHUHIRUH� PDQ\ UHVHDUFKHUV KDYH LQYHVWLJDWHG DQG FRPSDUHG YDULRXV LQWHUSRODWLRQ

PHWKRGV SUHYLRXVO\� )RU LQVWDQFH� �&DUXVR HW DO� ����� H[DPLQHV WKH SHUIRUPDQFH RI PHWKRGV DV D

UHIOHFWLRQ RI WKH VSDWLDO FRUUHODWLRQ RI WKH GDWDVHWV �HQYLURQPHQWDO RU PDWKHPDWLFDOO\ JHQHUDWHG�

ZKLOH��$MYD]L�HW�DO��������DSSOLHV�PHWKRGV�WR�JHRJUDSKLFDO�HOHYDWLRQ�

,Q WKLV SDSHU� ZH DVVHVV WKH SHUIRUPDQFH RI WKUHH VSDWLDO LQWHUSRODWLRQ PHWKRGV �,':�

&XELF 6SOLQH DQG 2UGLQDU\ .ULJLQJ�� (DFK RI WKHVH PHWKRGV� GLVFXVVHG LQ PRUH GHWDLO LQ WKH

0HWKRGV VHFWLRQ� ZHUH DSSOLHG WR WKUHH GLIIHUHQW GDWDVHWV GHULYHG IURP HQYLURQPHQWDO VWXGLHV�



JURXQG ZDWHU� ZLQG VSHHG DQG UDLQIDOO� 7KH SRLQWV LQ WKHVH GDWDVHWV DUH LUUHJXODUO\ VSDFHG� DQ

DFFXUDWH�UHIOHFWLRQ�RI�UHDO�ZRUOG�DSSOLFDWLRQV�RI�LQWHUSRODWLRQ�

0HWKRGV

7KH FKRVHQ LQWHUSRODWLRQ PHWKRGV DUH ,QYHUVH 'LVWDQFH :HLJKWLQJ �,':�� �' &XELF

6SOLQH��&6��DQG�2UGLQDU\�.ULJLQJ��2.��

���,':

8QGHU WKLV PHWKRG� HDFK LQWHUSRODWHG YDOXH IRU DQ XQNQRZQ SRLQW LV HVVHQWLDOO\ D

ZHLJKWHG DYHUDJH RI WKH YDOXHV RI VDPSOH SRLQWV LQ WKH GDWD� ZKHUHLQ WKH ZHLJKW LV LQYHUVHO\

SURSRUWLRQDO WR WKH GLVWDQFH EHWZHHQ WKH XQNQRZQ SRLQWV DQG VDPSOH SRLQWV� 7KXV� WKLV PHWKRG

JLYHV�JUHDWHU�ZHLJKW�WR�WKH�SRLQWV�QHDU�WKH�XQNQRZQ�SRLQW��)RU�VSDWLDO�IXQFWLRQ I�

�

ZKHUH GM LV WKH (XFOLGHDQ GLVWDQFH EHWZHHQ WKH XQNQRZQ SRLQW DQG VDPSOH SRLQW M� YM LV WKH YDOXH

DW VDPSOH SRLQW M� DQG 1 LV WKH QXPEHU RI VDPSOH SRLQWV� :KLOH QHDW� LW DOVR SURYLGHV DSSURSULDWH

HVWLPDWLRQV IRU D ODUJH JDPXW RI VLWXDWLRQV� 8QIRUWXQDWHO\� LWV ELJJHVW OLPLWDWLRQ LV LQ QHYHU EHLQJ

DEOH WR SURYLGH HVWLPDWHV RXWVLGH WKH UDQJH RI YDOXHV DW WKH VDPSOH SRLQWV� ,W LV DOVR SDUWLFXODUO\

VHQVLWLYH WR WKH ZHLJKWLQJ� DV LV DSSDUHQW� ZKLFK FDQ EH D GUDZEDFN GHSHQGLQJ RQ WKH PHFKDQLFV

RI�WKH�PHDVXUHG�YDULDEOH�

���&6

6SOLQH SUHGLFWV YDOXHV RQ XQNQRZQ SRLQWV E\ FUHDWLQJ SLHFHZLVH SRO\QRPLDO VXUIDFHV RQ

HDFK SDWFK EDVHG RQ WKH VDPSOH SRLQWV� $ FXELF VSOLQH WDNHV LQWR DFFRXQW WKH IXQFWLRQ YDOXH DQG



XS WR WZR GHULYDWLYHV WR HQVXUH VPRRWK LQWHUSRODWHG VXUIDFHV� ZLWK PLQLPXP FXUYDWXUH� 7KH

LQWHUHVWHG�UHDGHU�PD\�ILQG�WKDW��$JUDSDUW�HW�DO��������RIIHUV�JUHDWHU�LQVLJKW�

���2.

$ JHRVWDWLVWLFDO PHWKRG� 2UGLQDU\ .ULJLQJ LV VLPLODU WR ,': LQ WKDW LW DFFRXQWV IRU

(XFOLGHDQ GLVWDQFH EHWZHHQ WKH XQNQRZQ SRLQW DQG VDPSOH SRLQWV� EXW E\ JHQHUDWLQJ D VSDWLDO

FRUUHODWLRQ EHWZHHQ VDPSOHG SRLQWV� ,W RYHUFRPHV D OLPLWDWLRQ RI ,': LQ WKDW LW DFFRXQWV IRU

FOXVWHULQJ RI FHUWDLQ VDPSOH SRLQWV� SUHYHQWLQJ RYHUZHLJKWLQJ RI VDLG FOXVWHUV� 7KHUH LV D ZLGH

UDQJH RI FKRLFHV DYDLODEOH IRU WKH YDULRJUDP� ZKRVH FKRLFH FDQ EH JXLGHG E\ WKH GDWD LWVHOI� 7KH

LQWHUHVWHG�UHDGHU�PD\�ILQG�WKDW��&DUXVR�HW�DO��������RIIHUV�JUHDWHU�LQVLJKW�

'DWD

7KH�IROORZLQJ�WKUHH�GDWD�VHWV�ZHUH�XVHG�IRU�RXU�DQDO\VLV�

�� :LQGVSHHG��$YHUDJH�ZLQG�VSHHG�DW����ORFDWLRQV�QHDU�9LMD\SXUD��.DUQDWDND�RYHU�)<

�������

&RXUWHV\��*UHHQNR�(QHUJLHV�3YW��/WG�

�� *URXQGZDWHU��$YHUDJH�GHSWK�WR�ZDWHU�OHYHO�LQ����GLVWULFWV�RI�0DKDUDVKWUD��0D\�����

&RXUWHV\��&HQWUDO�*URXQG�:DWHU�%RDUG �KWWS���FJZE�JRY�LQ�GRFXPHQWV������0$+$5$6+75$�SGI�

�� $QQXDO�WRWDO�UDLQIDOO�LQ����GLVWULFWV�RI�0DKDUDVKWUD������

&RXUWHV\��,QGLDQ�0HWHRURORJLFDO�'HSDUWPHQW�DQG�,QGLD�:DWHU�3RUWDO��FRPSLODWLRQ�

�KWWSV���ZZZ�LQGLDZDWHUSRUWDO�RUJ�DUWLFOHV�GLVWULFW�ZLVH�PRQWKO\�UDLQIDOO�GDWD�����������OLVW�UDLQJDXJH�VWDWLRQV�LQGLD�PHWHRURORJLFDO�

,Q�HDFK�RI�WKH�WKUHH�GDWDVHWV��ZH�KDYH�WUDQVIRUPHG�WKH�GDWD�VR�DV�WR�EH�DPHQDEOH�WR�LQWHUSRODWLRQ�

E\�FRQYHUWLQJ�WKH�ORQJLWXGHV�DQG�ODWLWXGHV�LQWR�(XFOLGHDQ�VSDFH�FRRUGLQDWHV��7KH�µGHSWK�WR�ZDWHU

OHYHO¶�GDWD�LV�GHULYHG�IURP�D�IUHTXHQF\�WDEOH�

7KH�PRWLYDWLRQ�WR�XVH�WKHVH�GDWDVHWV�LV�DV�IROORZV�

http://cgwb.gov.in/documents/2019/MAHARASHTRA.pdf
https://www.indiawaterportal.org/articles/district-wise-monthly-rainfall-data-2004-2010-list-raingauge-stations-india-meteorological


�� :LQG�VSHHG�PD\�EH�QHHGHG�WR�ILQG�LGHDO�ORFDWLRQV�IRU�LQVWDOODWLRQ�RI�ZLQGPLOOV�VXFK�WKDW

HIILFLHQF\�LV�PD[LPLVHG��0RUH�LPSRUWDQWO\��DFFXUDWH�SUHGLFWLRQV�RI�SRZHU�RXWSXW�FDQ�EH

PDGH�LQIRUPLQJ�EXVLQHVV�RULHQWHG�GHFLVLRQV�

�� :DWHUVKHG�PDQDJHPHQW�UHTXLUHV�JURXQGZDWHU�GHSWK�HVWLPDWLRQ�WR�HQVXUH�WKDW�WKHUH�LV�D

VXLWDEOH�OHYHO�RI�JURXQGZDWHU�WKURXJKRXW��ZKLFK�LV�QHFHVVDU\�IRU�LUULJDWLRQ��DJULFXOWXUDO�

SXUSRVHV�DV�JURXQGZDWHU�IHHGV�ULYHUV�DQG�VWUHDPV�

�� :DWHUVKHG�PDQDJHPHQW�DOVR�UHTXLUHV�LQWHUSRODWLRQ�RI�UDLQIDOO�GDWD�WR�EXLOG�K\GURORJLFDO

PRGHOV�ZKLFK�WKHQ�VXSSRUW�IRUHFDVWLQJ��FULWLFDO�WR�LQGXVWULHV�OLNH�DJULFXOWXUH�

(UURU�PHWULFV

,OOXVWUDWHG�EHORZ�DUH�D�IHZ�PHWULFV�WKURXJK�ZKLFK�SHUIRUPDQFH�LV�PHDVXUHG��7KLV�SDSHU

SULPDULO\�FRQVLGHUV�UHODWLYH�PHDQ�HUURU��50(��LQ�DQDO\VLQJ�WKH�UHVXOWV��7KLV�LV�EHFDXVH�WKH

YDOXHV�ZLWKLQ���RI�WKH���GDWDVHWV�KDYH�KLJK�VWDQGDUG�GHYLDWLRQ�ZKLFK�50(�DFFRXQWV�IRU��E\

WDNLQJ�UHODWLYH�HUURU�

�� 0HDQ�$EVROXWH�(UURU� �

�� 5HODWLYH�0HDQ�(UURU� �

�� 5RRW�0HDQ�6TXDUH�(UURU� �

ZKHUH�WKH�KRUL]RQWDO�SDUHQWKHVLV�DERYH ]L GHQRWHV SUHGLFWHG�YDOXHV�

0HWKRGRORJ\



:KLOH WHVWLQJ IRU HDFK GDWDVHW� WKH SRLQWV WKHUHLQ KDYH EHHQ UDQGRPO\ VSOLW LQWR WZR

VXEVHWV $ DQG % �LQ GLIIHULQJ UDWLRV� ZLWK SRLQWV LQ $ EHLQJ XVHG DV VDPSOH SRLQWV WR LQWHUSRODWH�

DQG WKHLU DFFXUDF\ LV FKHFNHG �XVLQJ 50( DV WKH PHWULF� E\ FRPSDULQJ WKH LQWHUSRODWHG YDOXHV WR

WKH�DFWXDO�RQHV�IRU�DOO�SRLQWV�LQ�%��7KLV�LV�NQRZQ�DV FURVVYDOLGDWLRQ �&DUXVR�HW�DO��������

)RU 2.� ZKHUH WKHUH LV D FKRLFH RI YDULRJUDP� ZH KDYH XVHG WKH VSKHULFDO YDULRJUDP DV

WKDW�\LHOGHG�WKH�EHVW�SHUIRUPDQFH�

$ WULDO FRQVLVWV RI RQH LQVWDQFH RI GLYLGLQJ WKH JLYHQ GDWDVHW UDQGRPO\ LQWR $ DQG % �DV

GHVFULEHG DERYH�� LQWHUSRODWLQJ DQG FRPSXWLQJ 50( IRU HDFK SRLQW LQ % DQG WKHQ DYHUDJLQJ WKH

50( RYHU DOO SRLQWV LQ %� )RU HDFK PHWKRG DQG IRU HDFK GDWDVHW� ZH GR D WKRXVDQG VXFK WULDOV�

PHDVXUH 50( IRU HDFK RI WKH WKRXVDQG WULDOV DQG UHSRUW WKH DYHUDJH DFURVV WKHVH WULDOV LQ WKH

UHVXOWV�EHORZ�

5HVXOWV

7KH�VXPPDU\�UHVXOWV�DUH�WDEXODWHG�LQ�)LJXUH���EHORZ�

)LJ����$YHUDJH��50(�SURGXFHG�SHU�PHWKRG�SHU�GDWDVHW

0HWKRGV $YHUDJH�50(����

:LQG�>�@
����VDPSOH�
���XQNQRZQ�

*URXQGZDWHU�>�@
����VDPSOH�
���XQNQRZQ�

5DLQIDOO�>�@
����VDPSOH�
���XQNQRZQ�

,': ���� ���� ����

&6 ���� ������ ����

2. ���� ���� ����
�5RXQGHG�WR���V�I�



0RUH LQVLJKW FDQ EH GHULYHG E\ SORWWLQJ KRZ WKH QXPEHU RI VDPSOH SRLQWV � XQNQRZQ SRLQWV XVHG

DIIHFWV WKH DYHUDJH 50(� )LJXUHV �� � DQG � GHSLFW WKLV IRU ZLQG VSHHG� JURXQGZDWHU DQG UDLQIDOO

UHVSHFWLYHO\�



2EVHUYDWLRQV�	�,QVLJKWV

)LJ � VKRZV WKDW HUURU OHYHOV DUH ORZ IRU DOO WKUHH PHWKRGV EXW 2. DQG ,': DUH PRUH

DFFXUDWH IRU LQWHUSRODWLQJ ZLQG VSHHG DV FRPSDUHG WR &6� $FFXUDF\ LPSURYHV PDUJLQDOO\ DV PRUH

GDWD SRLQWV DUH LQFOXGHG LQ WKH VDPSOH VHW� DV H[SHFWHG� DQG 2. LV WKH PRVW DFFXUDWH PHWKRG ZLWK

KLJKHU�VDPSOH�SRLQWV�

)LJ � VKRZV WKDW &6 LV WKH PRVW DFFXUDWH PHWKRG RI LQWHUSRODWLQJ JURXQGZDWHU GDWD ZLWK

QHJOLJLEOH OHYHO RI HUURU DQG VLJQLILFDQWO\ EHWWHU WKDQ ,': DQG 2.� &6 LV TXLWH DFFXUDWH HYHQ

ZLWK�OLPLWHG�GDWD�SRLQWV�

)LJ � VKRZV WKDW UDLQIDOO KDV D ZHDN VSDWLDO FRUUHODWLRQ ZLWK UHODWLYHO\ �DQG HYHQ LQ

DEVROXWH WHUPV� KLJK HUURU OHYHOV DFURVV DOO PHWKRGV EXW &6 LV EHWWHU WKDQ 2. DQG ,':� 7KH

DFFXUDF\�LPSURYHV��DJDLQ�DFURVV�PHWKRGV��ZLWK�PRUH�GDWD�SRLQWV��DV�H[SHFWHG�

$ UHFXUULQJ WUHQG LV WKH GLYHUJHQFH EHWZHHQ WKH DFFXUDFLHV RI 2. DQG ,': DV WKH QXPEHU

RI VDPSOHV LQFUHDVH� WKH SHUIRUPDQFH RI 2. FRQWLQXHV WR LPSURYH� PRUH VR WKDQ ,':� 7KLV FDQ

EH DWWULEXWHG WR D VXSSRVHG µFOXVWHU¶ HIIHFW ZKHUHLQ ,': GRHV QRW DFFRXQW IRU WKH VSDWLDO

GLVWULEXWLRQ RI WKH SRLQWV L�H� PXOWLSOH SRLQWV LQ D GHQVH UHJLRQ RU FOXVWHU� ZLWK VLPLODU YDOXHV� ZLOO

H[HUW DQ RYHUW LQIOXHQFH RQ WKH SUHGLFWLRQ DW WKH XQNQRZQ SRLQW� D UHVXOW RI WKH LPSRUWDQFH JLYHQ

WR WKH ZHLJKWLQJ IXQFWLRQ �PHQWLRQHG LQ WKH 0HWKRGV VHFWLRQ�� 7KLV QRWLRQ LV FRUURERUDWHG E\ WKH

GLYHUJHQFH EHLQJ UHGXFHG IRU ZLQG VSHHG GDWD� 6LQFH WKLV GDWD ZDV PHDVXUHG E\ *UHHQNR� D

UHQHZDEOH HQHUJ\ FRPSDQ\� WR SHUIRUP D VXUYH\ IRU D SURVSHFWLYH ZLQG IDUP� WKH SRLQWV DUH PRUH

HYHQO\�GLVWULEXWHG��UHGXFLQJ�WKH�FOXVWHU�HIIHFW�

$QDO\VLQJ WKH HUURUV RI &6� LW FRQVLVWHQWO\ SHUIRUPV EHWWHU WKDQ WKH RWKHU PHWKRGV IRU

ERWK WKH JURXQGZDWHU DQG UDLQIDOO GDWD� LUUHVSHFWLYH RI WKH QXPEHU RI VDPSOHV� %RWK WKHVH VHWV

FRQWDLQ MXVW D VLQJOH GDWDSRLQW IURP PRVW GLVWULFWV LQ 0DKDUDVKWUD DQG VR� DUH GLVWULEXWHG RYHU D



VWDWH RI !������� NP� LQ DUHD� ,Q FRQWUDVW� WKH ZLQG VSHHG GDWDVHW FRQWDLQV SRLQWV ZLWKLQ D �

NLORPHWHU UDGLXV VR WKH VDPSOLQJ GHQVLW\ LV JUHDWHU� 7KLV DPSOLILHV WKH LQIOXHQFH RI DQ\ QRLVH

�ZKLFK LV LQHYLWDEOH LQ DQ\ PHDVXUHPHQW � REVHUYDWLRQ�� PDNLQJ LW GLIILFXOW IRU &6 WR µVPRRWK

RXW¶ WKH FXUYDWXUH DQG LQFUHDVLQJ WKH VFRSH IRU HUURU� 6R� &6 KDV WKH ZRUVW SHUIRUPDQFH RYHU

ZLQG�VSHHG�GDWD�

)LQDOO\� &6 DSSOLHG WR JURXQGZDWHU GDWD SURGXFHV D PLUDFXORXVO\ DFFXUDWH� DOPRVW

DQRPDORXV UHVXOW� GHVHUYLQJ RI VSHFLDO DWWHQWLRQ� 7KH HUURU LV IDU ORZHU WKDQ IRU DQ\ RWKHU GDWDVHW

RU PHWKRG� 7KHQ� LWV DFFXUDF\ PXVW KDYH WR GR ZLWK WKH SDUWLFXODU PHDVXUHG YDULDEOH DQG WKH

VSHFLILF LQWHUSRODWLRQ WHFKQLTXH� 7XUQLQJ WR JHRORJ\� RZLQJ WR WKH SKHQRPHQRQ RI JURXQGZDWHU

IORZ� ZDWHU IORZV ³IURP KLJK WR ORZ K\GUDXOLF KHDG´ �3HQQ6WDWH� Q�G�� ZKLFK ZRXOG FDXVH

JUDGLHQWV LQ ZDWHU FRQFHQWUDWLRQ WR VPRRWK RXW� 7KLV FRXOG SRVVLEO\ DOLJQ ZLWK &6¶ WHQGHQF\ WR

PLQLPLVH FXUYDWXUH LQ WKH HOHYDWLRQ PRGHO� WKHUHE\ UHGXFLQJ HUURU VXEVWDQWLDOO\� 6LPSO\ SXW� WKH

LQWHUSRODWLRQ�PHWKRG�VHHPV�WR�EH�LQ�V\QF�ZLWK�WKH�XQGHUO\LQJ�SKHQRPHQRQ�

&RQFOXVLRQV

7KURXJK WKH FRXUVH RI WKLV SDSHU� VHYHUDO LQWHUSRODWLRQ PHWKRGV KDYH EHHQ LQYHVWLJDWHG� ,W

LV HYLGHQW WKDW D EODQNHW VWDWHPHQW FDQQRW EH PDGH UHJDUGLQJ WKH SHUIRUPDQFH RI D WHFKQLTXH ±

WKDW�RQH�LV�EHWWHU�LQ�DOO�FLUFXPVWDQFHV�

,W LV LPSRUWDQW WR VHOHFW WKH DSSURSULDWH WHFKQLTXH DFFRUGLQJ WR WKH GDWD VHW� WKRXJK LW FDQ

EH REVHUYHG ZLWK VRPH FRQVLVWHQF\ WKDW 2. SHUIRUPV EHWWHU WKDQ ,': IRU UHDVRQV GLVFXVVHG LQ

WKH SDSHU� )XWXUH LQYHVWLJDWLRQV QHHG QRW FRQVLGHU ,': EH\RQG LWV XVH DV D EDVHOLQH� LQVWHDG

LQFOXGLQJ�RWKHU�PHWKRGV�LQ�WKH�GRPDLQ�



$Q LPSRUWDQW DVSHFW RI WKH XVH RI &6 LV WKH VDPSOLQJ DUHD DW ZKLFK GDWD LV DYDLODEOH� ,Q D

UHODWHG PDQQHU� WKH XQGHUO\LQJ µSK\VLFV¶ RI WKH SKHQRPHQRQ FDQ DOVR LQIRUP WKH DSSURSULDWHQHVV

RI�DQ�LQWHUSRODWLRQ�PHWKRG�

)LQDOO\� WKDW DFFXUDF\ LPSURYHV ZLWK PRUH GDWD VDPSOHV LV NQRZQ� 0RUH LPSRUWDQWO\� WKH

QXPEHU RI VDPSOHV WDNHQ FDQ EH VHW EDVHG RQ ZKDW HUURU OHYHO LV DFFHSWDEOH� WKHUHE\ OLPLWLQJ

FRVWV�
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