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ABSTRACT: 
,Q�WKH�SUHVHQW�VWXG\��WKH�SRWHQWLDO�RI�6HQWLQHO����6����PXOWLVSHFWUDO�VDWHOOLWH�LPDJHV�IRU�6XUIDFH�6RLO�0RLVWXUH��660��HVWLPDWH�LV�LQYHVWLJDWHG��
)RU�WKLV�SXUSRVH��GHSHQGHQF\�LV�ORRNHG�IRU�EHWZHHQ�6���LPDJHV�DQG�DQ����PRQWKV��IURP��VW�RI�-DQXDU\������WR���WK�RI�-XQH�������GDWDVHW�
RI�KRXUO\�660�PHDVXUHPHQWV��DFTXLUHG�DW� IRXU�GLIIHUHQW�GHSWKV� ����FP�� ���FP�� ���FP�� ���FP�� IURP�HDFK�RI� WKH�QRGHV�RI�D�PRQLWRULQJ�
QHWZRUN�LQ�0HQGDWLFD��/LJXULD��,WDO\���'DWD�DFTXLUHG�E\�WKH�VHQVRUV�ZHUH�SUHYLRXVO\�FDOLEUDWHG��FRQVLGHULQJ�WKH�VRLO�VSHFLILF�FKDUDFWHULVWLFV�
RI�WKH�DUHDV��DQG�WKH�UHOLDELOLW\�RI�WKH�GDWDVHW�ZDV�YHULILHG��$IWHU�SHUIRUPLQJ�WKH�UHTXLUHG�SUHSURFHVVLQJ�RQ�VDWHOOLWH�LPDJHV��WKH�SHUIRUPDQFH�
RI�WKUHH�QRQOLQHDU�UHJUHVVLRQ�PHWKRGV��ZKHQ�DSSOLHG�WR�IRXU�GLIIHUHQW�W\SHV�RI�LQSXWV�����VSHFWUDO�FKDQQHOV��1'9,��1':,�DQG�1'0,���ZDV�
TXDQWLWDWLYHO\�DVVHVVHG��

1. INTRODUCTION

6XUIDFH�6RLO�0RLVWXUH��660��LV�DQ�(VVHQWLDO�&OLPDWH�9DULDEOH�
�(&9�� WKDW� FUXFLDOO\� LQIOXHQFHV� UDLQIDOO�WULJJHUHG� ODQGVOLGHV��
ZKHUH� VORSH� VWDELOLW\� FDQ� EH� PDUNHGO\� DIIHFWHG� E\� WKH�
SURSDJDWLRQ�RI�WKH�VDWXUDWLRQ�IURQW�ZLWKLQ�WKH�XQVDWXUDWHG�]RQH�
�9LDJJLR�HW�DO����������660�FDQ�EH�PRQLWRUHG�XVLQJ�WUDGLWLRQDO�
PHWKRGV�VXFK�DV�JURXQG�EDVHG�PHDVXUHPHQWV�WKURXJK�FRQWDFW�
VHQVRUV��WKH\�SURYLGH�DFFXUDWH�EXW�VLQJOH�SRLQW�PHDVXUHPHQWV��
UHTXLUH�PDQXDO�SODFHPHQW�DQG�LQWHQVLYH�PDLQWHQDQFH�DQG�DUH�
WKHUHIRUH�SDUWLFXODUO\�RQHURXV�RYHU�ZLGH�DUHDV��1JX\HQ�HW�DO���
������� 6LQFH� 660� LV� D� KHWHURJHQHRXV� YDULDEOH� LQ� WHUPV� RI�
VSDFH�DQG� WLPH��GDWD�DFTXLVLWLRQ�ZLWK�WUDGLWLRQDO�VLQJOH�SRLQW�
PHDVXUHPHQW�PHWKRGV� LV� OLPLWHG� WR� WKH� ORFDO� VFDOH�� 5HPRWH�
6HQVLQJ��56��RIIHUV�WKH�SRVVLELOLW\�WR�FRQWLQXRXVO\�REVHUYH�WKH�
ODQG�VXUIDFH�DQG�FKDUDFWHUL]H�WKH�VSDWLR�WHPSRUDO�YDULDWLRQ�RI�
WKH�660��$GDE�HW�DO����������EHFDXVH�LW�LV�RQH�RI�WKH�LQIOXHQWLDO�
IDFWRUV� WKDW� FRQWURO� WKH� UDGLDWLRQ� HPLWWHG� IURP� WKH� (DUWK¶V�
VXUIDFH� �*DR� HW� DO��� ������� $OO� SDUWV� RI� WKH� HOHFWURPDJQHWLF�
�(0��VSHFWUXP�QRUPDOO\�XVHG�IRU�(DUWK�2EVHUYDWLRQ��(2��FDQ�
EH�DQDO\]HG�IRU�TXDQWLWDWLYH�660�HVWLPDWH��56�EDVHG�PHWKRGV�
IRU�660�UHWULHYDO�FDQ�EH�FODVVLILHG�LQWR�WKUHH�FDWHJRULHV��DV�D�
IXQFWLRQ� RI� WKH� W\SH� RI� LQSXW� GDWD�� WKHUPDO��PLFURZDYH�� DQG�
RSWLFDO�� 0RVW� JOREDOO\� DYDLODEOH� 660� SURGXFWV� DUH� GHULYHG�
IURP�PLFURZDYH�56��GXH�WR�WKH�DELOLW\�RI�PLFURZDYH�UDGLDWLRQ�
WR� SHQHWUDWH� FORXG� FRYHU�� DQG� WKHLU� SRWHQWLDO� WR� SURYLGH� DOO�
ZHDWKHU�DOO�WLPH�VHQVLQJ��<XDQD�HW�DO����������+RZHYHU��VRLO�
PRLVWXUH� SURGXFWV� REWDLQHG� IURP� LQSXW� VSDFH�ERUQH� SDVVLYH�
PLFURZDYH�GDWD�DUH� VHQVLWLYH� WR�VXUIDFH� URXJKQHVV�DQG�KDYH�
FRDUVH� VSDWLDO� UHVROXWLRQ� �LQ� WKH� UDQJH�RI� NP���PDNLQJ� WKHP�
LQHIILFLHQW� IRU� VWXGLHV� RYHU� VPDOO� DUHDV� �)DQJ� HW� DO��� �������
$FWLYH�PLFURZDYH�GDWD�FDQ�EH�XVHG�IRU�UHWULHYLQJ�VRLO�PRLVWXUH�
DW�KLJKHU�VSDWLDO�UHVROXWLRQ��H�J�����P���DOWKRXJK�WKHLU�SRWHQWLDO�
IRU�WKLV�UHWULHYDO�WDVN�RIWHQ�GHFUHDVHV�LQ�WKH�FDVH�RI�YHJHWDWLRQ�
FRYHUHG� DUHDV� �&XL� HW� DO�� ������ *UDOGL� DQG� 9LWWL�� �������
7KHUPDO� 56� XVXDOO\� H[SORLWV� WKH� GLIIHUHQFHV� EHWZHHQ� /DQG�
6XUIDFH� 7HPSHUDWXUH� �/67�� DQG� DLU� WHPSHUDWXUH� WR� HVWLPDWH�
HYDSRUDWLYH�IUDFWLRQ�DV�D�SUR[\�RI�WKH�60��6LQL�HW�DO���������
6HSDUDWLQJ�/67�IURP�FDQRS\�WHPSHUDWXUH�LV�DQ\ZD\�D�GLIILFXOW�
WDVN��*DR�HW�DO����������2SWLFDO�56��LQ�WKH�YLVLEOH��QHDU�LQIUDUHG�
�1,5���DQG�VKRUWZDYH� LQIUDUHG��6:,5��UDQJHV��PHDVXUHV� WKH�
UHIOHFWHG� UDGLDWLRQ� IURP� WKH� HDUWK� VXUIDFH�� ZKLFK� FDQ� EH�
FRUUHODWHG� ZLWK� VRLO� PRLVWXUH� WR� SURYLGH� YHU\� KLJK� VSDWLDO�
UHVROXWLRQ� GDWD� �$GDE� HW� DO��� ������� 1XPHURXV� UHVHDUFKHV�
IRFXVHG� RQ� PXOWL�VHQVRU� GDWD� IXVLRQ�� VDWHOOLWH�GHULYHG�
YHJHWDWLRQ�� ZDWHU� DQG� VRLO� LQGLFHV�� DQG� GLIIHUHQW� 0DFKLQH�
/HDUQLQJ��0/��WHFKQLTXHV��1JX\HQ�HW�DO����������0XOWLVSHFWUDO�
LQGLFHV��OLNH�1RUPDOL]HG�'LIIHUHQFH�9HJHWDWLRQ�,QGH[��1'9,��
DQG� 1RUPDOL]HG� 'LIIHUHQFH� :DWHU� ,QGH[� �1':,��� KDYH�
GHPRQVWUDWHG� VWURQJ� DVVRFLDWLRQV� ZLWK� 660� �5DPDW� HW� DO��

������+DFKDQL�HW�DO���������6HUUDQR�HW�DO����������6HYHUDO�0/�
WHFKQLTXHV�� VXFK� DV� *UDGLHQW� %RRVWLQJ� 5HJUHVVLRQ� �*%5���
6XSSRUW� 9HFWRU� 5HJUHVVLRQ� �695��� (ODVWLF� 1HW� 5HJUHVVLRQ�
�(15��� DQG� 5DQGRP� )RUHVW� �5)��� VKRZHG� JUHDW� SRWHQWLDO�
�$GDE� HW� DO��� ������� ,Q� WKH� SUHVHQW� VWXG\�� WKH� SRWHQWLDO� RI�
PXOWLVSHFWUDO�VDWHOOLWH�LPDJHV�DFTXLUHG�E\�6HQWLQHO����6����IRU�
660� H[WUDFWLRQ� DW� WKH� VSDWLDO� UHVROXWLRQ� RI� ��� PHWHUV� LV�
LQYHVWLJDWHG��)RU�WKLV�SXUSRVH��DQ����PRQWKV�GDWDVHW�RI�KRXUO\�
660� PHDVXUHPHQWV�� DFTXLUHG� E\� VHQVRUV� SODFHG� DW� IRXU�
GLIIHUHQW� GHSWKV� LQ� IRXU� QRGHV� RI� D� PRQLWRULQJ� QHWZRUN� LQ�
0HQGDWLFD��/LJXULD��,WDO\���IURP��VW�RI�-DQXDU\������WR���WK�RI�
-XQH������� LV�XVHG� WR� ORRN�IRU�GHSHQGHQF\�ZLWK�6��� LPDJHV��
)RU�WKLV�SXUSRVH��WKH�0/�DOJRULWKPV�5)��695��DQG�*%5��KDYH�
EHHQ� WUDLQHG� IRU� HDFK�PHDVXUHPHQW� QRGH� DQG� DW� WKH� YDULRXV�
GHSWK�� DQG� WKH� UHVXOWLQJ� UHJUHVVLRQ� SHUIRUPDQFH� KDYH� EHHQ�
HYDOXDWHG�DQG�FRPSDUHG���

2. SOIL MOISTURE MONITORING NETWORK: 
CHARACTERISTICS, CALIBRATION AND 

RELIABILITY ANALYSIS�

&DSDFLWLYH� VHQVRUV� DUH� WKH� PRVW� YHUVDWLOH� DQG� HFRQRPLFDOO\�
VXVWDLQDEOH�VRLO�PRLVWXUH�VHQVRUV��7KH\�DUH�UHODWLYHO\�HDV\�WR�
LQVWDOO�DQG�UHSODFH�DQG�FDQ�EH�LQVWDOOHG�LQ�WKH�VRLO�DW�GLIIHUHQW�
GHSWKV� DQG� ORFDWLRQV� LQ� WKH� VWXG\� DUHD�� WKXV� FUHDWLQJ� D�
PRQLWRULQJ�QHWZRUN��%RYROHQWD�HW�DO����������6XFK�PRQLWRULQJ�
QHWZRUN�ZDV�LQVWDOOHG�LQ�0HQGDWLFD��/LJXULD��,WDO\���XVLQJ�WKH�
:DWHU6FRXW�60�����6SHFWUXP�7HF����7KH�QHWZRUN�FRQVLVWV�RI�
ILYH� PHDVXUHPHQW� QRGHV� �0��� 0��� 0��� 0��� 0��� DQG� D�
UHWULHYHU� QRGH�� WKDW� FROOHFWV� DQG� VHQGV� GDWD�� (DFK� QRGH� LV�
FRQQHFWHG�ZLWK�IRXU�VHQVRUV�SODFHG�DW�GLIIHUHQW�GHSWKV�����FP��
���FP�� ���FP�� ���FP��� SURYLGLQJ� LQIRUPDWLRQ� RQ� VRLO�ZDWHU
FRQWHQW�DORQJ�D�YHUWLFDO�PHDVXULQJ�OLQH��9LDJJLR�HW�DO���������
+RZHYHU�� WKH� 0�� QRGH� ZDV� QRW� FRQVLGHUHG� LQ� WKH� IXUWKHU
DQDO\VLV�� EHFDXVH� XQUHSUHVHQWDWLYH� RI� WKH� VWXG\� DUHD�� 7KH
DGRSWHG� VRLO� PRLVWXUH� VHQVRUV� QHHG� WR� EH� VLWH�VSHFLILFDOO\
FDOLEUDWHG�FRQVLGHULQJ� WKH�FKDUDFWHULVWLFV�RI� WKH� VRLO� VDPSOHV
WDNHQ�IURP�WKH�VWXG\�DUHD�DW�WKH�PHDVXULQJ�SRLQWV��7KH�UHVXOWV
RI�WKH�VRLO�VSHFLILF�FDOLEUDWLRQ�DUH�VKRZQ�LQ�7DEOH����LQ�ZKLFK
ș�GHILQHV� WKH�YROXPHWULF�ZDWHU� FRQWHQW� RI� WKH� VRLO�ZKLOH� WKH
UDWLR�EHWZHHQ�RXWSXW�DQG�LQSXW�YROWDJH��9RXW�9LQ��UHSUHVHQWV�WKH
UDZ�GDWD�IURP�WKH�VRLO�PRLVWXUH�VHQVRUV�
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)LJXUH����0HQGDWLFD�VRLO�PRLVWXUH�PRQLWRULQJ�QHWZRUN�
�5HJLRQH�/LJXULD�RUWKRSKRWR�RQ�WKH�EDFNJURXQG��
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7DEOH����&DOLEUDWLRQ�IXQFWLRQ�IRU�60����LQ�0HQGDWLFD��5���
FRHIILFLHQW�RI�GHWHUPLQDWLRQ��506(��URRW�PHDQ�VTXDUH�HUURU��

7KH�UHOLDELOLW\�YHULILFDWLRQ�RI�WKH�DFTXLVLWLRQV�REWDLQHG�WKURXJK�
WKH� 60� PRQLWRULQJ� QHWZRUN� ZDV� FRQGXFWHG� WKURXJK� WKH�
DQDO\VLV� RI� WKH� FRUUHODWLRQ� EHWZHHQ� UDLQIDOO� DQG� YROXPHWULF�
ZDWHU�FRQWHQW�ș�YDULDWLRQV�UHFRUGHG�E\�WKH�IRXU�VHQVRUV�DORQJ�
WKH�YHUWLFDO�RI�HDFK�PHDVXUHPHQW�QRGH��$V�H[SHFWHG��D�KLJKHU�
FRUUHODWLRQ�EHWZHHQ�UDLQIDOO�DQG�60�LV�HYLGHQW�LQ�WKH�VKDOORZHU�
VHQVRUV�� ZLWK� PD[LPXP� YDOXHV� SRVLWLRQHG� DW� VKRUW� ODJV�� $�
GHFUHDVH�LQ�FRUUHODWLRQ�LV�HYLGHQW�IRU�WKH�GHHSHVW�VHQVRUV��ZLWK�
D� SURJUHVVLYH� GHOD\� RI� WKH� SHDNV� �)LJXUH� ���� ,Q� )LJXUH� �� DQ�
H[DPSOH� RI� 60� DFTXLVLWLRQ� SHUIRUPHG� E\� 0�� QRGH� LV�
SUHVHQWHG���

)LJXUH����5DLQIDOO�ș�FURVV�FRYDULDQFH�UHIHUUHG�WR�0D\�������

)LJXUH����60�GDWD�PHDVXUHG�E\�0��PHDVXUHPHQW�QRGH�DW�
GLIIHUHQW�GHSWK��DQG�UDLQIDOO�GDWD�GXULQJ�WKH�VWXG\�SHULRG��

3. SATELLITE REMOTE SENSING DATA

6���SURYLGHV�V\VWHPDWLF�JOREDO�DFTXLVLWLRQ�RI�KLJK�UHVROXWLRQ
PXOWLVSHFWUDO� LPDJHV��06,��ZLWK����VSHFWUDO�EDQGV�DW�VSDWLDO

UHVROXWLRQV�RI���P����P�DQG���P��7KH�DYDLODELOLW\�RI�FORXG�
EDVHG�SODWIRUPV�IRU�DFTXLULQJ�DQG�SURFHVVLQJ�VDWHOOLWH�LPDJHV�
KDV�VLJQLILFDQWO\�VLPSOLILHG�WKH�LPSOHPHQWDWLRQ�RI�ODUJH�VFDOH�
56�DSSOLFDWLRQV�OLNH�WLPH�VHULHV�DQDO\VLV��'XDQ�HW�DO����������
,Q� WKLV� VWXG\�� ZH� XVHG� WKH� +DUPRQL]HG� 6���06,� /HYHO� �$�
�³&23(51,&86�6��65�+$5021,=('´��LPDJH�FROOHFWLRQ�
LQ�*RRJOH�(DUWK�(QJLQH�RYHU�WKH�FRQVLGHUHG�VWXG\�SHULRG��7KLV�
LPDJH�FROOHFWLRQ�FRQWDLQV�6XUIDFH�5HIOHFWDQFH��65��YDOXHV�RI�
���VSHFWUDO�EDQGV��65�YDOXHV�IRU�DOO�EDQGV�RI�6���ZHUH�XVHG�LQ�
WKLV�VWXG\�WR�WUDLQ�UHJUHVVLRQ�PRGHOV���65�ZDV�H[SRUWHG�IRU�DOO�
EDQGV� IURP� WKH� LPDJH� FROOHFWLRQ� ZLWK� ��� PHWHU� VSDWLDO�
UHVROXWLRQ�RQ� HDFK� PHDVXUHPHQW� QRGH� LQ� WKH� PRQLWRULQJ�
QHWZRUN� WKURXJK� WKH� VWXG\� SHULRG�� $FFRUGLQJO\�� D� GDWDVHW�
FRQWDLQLQJ�YDOXHV�RI�65�RI� HDFK�EDQG�EDVHG�RQ� WKH� VSHFLILF�
JHRPHWU\�IRU�WKH�ZKROH�VWXG\�SHULRG�ZDV�JHQHUDWHG���

3.1. Machine Learning for Supervised Regression�

,Q�RUGHU�WR�WUDLQ�WKH�PRGHO��DOO�EDQGV�RI�6���ZHUH�VHW�DV�LQSXW�
REVHUYDWLRQV�DQG�WKH�ILHOG�PHDVXUHG�660�DW�HDFK�QRGH��0���
0��� 0�� DQG� 0��� ZDV� FRQVLGHUHG� DV� WKH� WDUJHW� YDULDEOH��
6HSDUDWH� UHJUHVVLRQ� PRGHOV� ZHUH� WUDLQHG� ZLWK� PHDVXUHPHQW�
GDWD�DW�GLVWLQFW�GHSWKV��,Q�WKH�IROORZLQJ��ZRUNLQJ�60�VHQVRUV�
���� LQ� WRWDO�� FRQQHFWHG� WR�PHDVXUHPHQW�QRGHV� DUH� LGHQWLILHG�
ZLWK�D�QRWDWLRQ�WKDW�GHILQHV�WKHLU�PHDVXUHPHQW�GHSWK�;;�LQ�FP�
�660;;��� 2SWLFDO� UHIOHFWDQFH� FDQ� VHUYH� DV� DQ� LQGLUHFW�
PHDVXUH�RI�URRW�]RQH�60��0RVW�YHJHWDWLRQ�LQGLFHV��UHODWHG�WR�
ELRPDVV� DQG� OHDI� DUHD� LQGH[� OLNH� 1RUPDOL]HG� 'LIIHUHQW�
9HJHWDWLRQ�,QGH[��1'9,���RU�FDQRS\�ZDWHU�EDVHG�LQGLFHV�OLNH�
1RUPDOL]HG�'LIIHUHQW�:DWHU� ,QGH[� �1':,��DQG�1RUPDOL]HG�
'LIIHUHQFH�0RLVWXUH�,QGH[��1'0,���DUH�DVVRFLDWHG�ZLWK�URRW�
]RQH� 60� �/LX� HW� DO�� ������� 6XEVHTXHQWO\�� HDFK� UHJUHVVLRQ�
PHWKRG�ZDV�WUDLQHG�XVLQJ�WKUHH�LQGLFHV�LQ�LQSXW��WKH�1'9,��WKH�
1':,��DQG�WKH�1'0,��(DFK�VLWH�ZDV�FRQVLGHUHG�LQGHSHQGHQW�
EHFDXVH�RI�WKH�GLIIHUHQW�ODQG�XVH�W\SHV�DW�WKH�YDULRXV�ORFDWLRQV��
+HQFH��VRLO�PRLVWXUH�FRQWHQW�KDV�EHHQ�HVWLPDWHG�DW�IRXU�VLWHV�
DQG� WKH� DYDLODEOH� GHSWKV�� E\� GHYHORSLQJ� HOHYHQ� LQGLYLGXDO�
PRGHOV�IRU�HDFK�UHJUHVVLRQ�DOJRULWKP�XVHG��L�H��5)��695��DQG�
*%5��7KH�IROORZLQJ�PRGHO�VHOHFWLRQ�VHWWLQJV�ZHUH�FKRVHQ��IRU�
5)��WKH�PD[LPXP�QXPEHU�RI�IHDWXUHV�WR�EH�XVHG�LQ�HDFK�VSOLW�
ZDV�VHW�XVLQJ�WKH�ZHOO�NQRZQ�UXOH�RI�WKXPE�RI�WKH�VTXDUH�URRW��
ZKLOH�WKH�QXPEHU�RI�WUHHV�LQ�WKH�HQVHPEOH�ZDV�IL[HG�WR���������
)RU� 695�� IRXU� GLIIHUHQW� NHUQHOV�� L�H��� OLQHDU�� VLJPRLGDO��
SRO\QRPLDO�� DQG�*DXVVLDQ� UDGLDO� EDVLV� IXQFWLRQ� �5%)��ZHUH�
XVHG��7KH�UHJXODUL]DWLRQ�SDUDPHWHUV�C DQGܭ��ZHUH�VHW�WR���DQG�
����� UHVSHFWLYHO\�� )RU� *%5�� WKH� QXPEHU� RI� HVWLPDWRUV�� WKH�
OHDUQLQJ� UDWH� �VKULQNDJH��� WKH� PLQLPXP� QXPEHU� RI�
REVHUYDWLRQV�DW�HDFK�QRGH�DQG�WKH�PD[LPXP�GHSWK�ZHUH������
��������DQG����UHVSHFWLYHO\��,Q�WKLV�VWXG\��WKH�GDWDVHW�ZDV�VSOLW�
DV� ���� IRU� WUDLQLQJ� WKH� PRGHOV� DQG� ���� IRU� WHVWLQJ� WKHLU�
SHUIRUPDQFHV��7KH� WRWDO�QXPEHU�RI�DFTXLVLWLRQV�IRU�VLWHV�0��
�ODQG�XVH��DJULFXOWXUH���0�� �ODQG�XVH��ZRRGV�DQG�EUDPEOHV���
0���ODQG�XVH��DJULFXOWXUH�FORVH�WR�KRXVHV��DQG�0���ODQG�XVH��
DJULFXOWXUH� FORVH� WR� ZRRGV�� ZHUH� ����� ����� ����� DQG� �����
UHVSHFWLYHO\��'LVFUHSDQFLHV�LQ�DFTXLVLWLRQ�QXPEHUV�DURVH�GXH�
WR� WKH� FORXG� FRYHU� RU� VKDGRZ� REVFXULQJ� WKH� GHVLUHG� SL[HOV��
([WHUQDO� WHVWV� KHOS� WR� HQVXUH� WKH� UREXVWQHVV� RI� WKH� PRGHO��
$FFXUDF\�DVVHVVPHQW�ZDV�GRQH�XVLQJ�WKH�URRW�PHDQ�VTXDUHG�
HUURU��506(��WR�HYDOXDWH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�REVHUYHG�
YDOXHV� RI� 660� DQG� WKH� UHWULHYHG� YDOXHV� FRPSXWHG� E\� WKH�
GLIIHUHQW�UHJUHVVLRQ�DOJRULWKPV�RQ�WKH�WHVW�VDPSOHV��

4. RESULTS AND CONCLUSIONS

7KH�PDLQ� JRDO� RI� WKLV� VWXG\�ZDV� WR� H[SORUH� WKH� UHODWLRQVKLS�
EHWZHHQ�6���06,�GDWD�DQG�JURXQG�EDVHG�660�PHDVXUHPHQWV��
,QLWLDOO\�� ��� GLIIHUHQW� VSHFWUDO� FKDQQHOV� �%�� WR� %���� ZHUH�
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FRQVLGHUHG� DV� SRWHQWLDO� YDULDEOHV� IRU� PRGHO� WUDLQLQJ��
6XEVHTXHQWO\�� FRPPRQ�YHJHWDWLRQ� LQGLFHV�ZHUH� H[DPLQDWHG��
GXH� WR� WKH� VLJQLILFDQW� LPSDFW� RI� YHJHWDWLRQ� FRYHU� RQ� WKH�
UHFHLYHG�VXUIDFH�UHIOHFWDQFH�IURP�HDUWK�VXUIDFH��7DEOH���VKRZV�
WKDW�WKH�DFFXUDF\�RI�WKH�UHVXOWV�LV�FRQVLGHUDEO\�GHSHQGHQW�RQ�
WKH�WUDLQLQJ�GDWDVHW��KHQFH�WKH�ODQG�XVH�W\SHV�DW�HDFK�ORFDWLRQ�
DQG�WKH�DQDO\VHG�GHSWK��7KH�KLJKHVW�GHSHQGHQF\�EHWZHHQ�WKH�
PHDVXUHG�VRLO�PRLVWXUH�DQG�WKH�LQSXWV�RI�WKH�UHJUHVVLRQ�PRGHOV�
ZDV� REVHUYHG� DW� WKH� GHHSHVW� PHDVXUHPHQW� GHSWK� DFURVV� DOO�
PRQLWRULQJ�QRGHV��0���0���0���DQG�0����([FHSW�IRU�WKH�0��
VHQVRU�� ZKLFK� RSHUDWHV� LQ� DUHDV� FKDUDFWHUL]HG� E\� KLJK�
KHWHURJHQHLW\�LQ�ODQG�XVH��ERWK�1'9,�DQG�1'0,�H[KLELWHG�D�

PRUH� SURQRXQFHG� GHSHQGHQF\� RQ� VRLO� PRLVWXUH� IRU� WKH�
UHPDLQLQJ�PHDVXUHPHQW�QRGHV��7KLV�KLJKOLJKWV�WKH�VXEVWDQWLDO�
LPSDFW� RI�YHJHWDWLRQ�G\QDPLFV�RQ� VRLO�PRLVWXUH� DVVHVVPHQW��
SDUWLFXODUO\�DV�PHDVXUHPHQW�GHSWK�LQFUHDVHV��3UHYLRXV�VWXGLHV�
�/LX�HW�DO��������KDYH�HPSKDVL]HG�WKH�HIIHFWLYHQHVV�RI��
YHJHWDWLRQ� LQGLFHV� VXFK� DV� 1'9,� LQ� HOXFLGDWLQJ� WKH�
UHODWLRQVKLS� EHWZHHQ� 660�� URRW�]RQH� 60�� DQG� FURS� ZDWHU�
FRQWHQW�� 5RRW�]RQH� 60� VLJQLILFDQWO\� LQIOXHQFHV� YHJHWDWLRQ�
FRYHU�DQG�DOWHUV�WKH�VXUIDFH�HQHUJ\�EDODQFH���

0��1RGH� 0��1RGH� 0��1RGH� 0��1RGH�

0HWKRG� NHUQHO� 660
���

660
���

660
���

660
���

660
���

660
���

660
���

660
���

660
���

660
���

660
���

���&KDQQHOV�

5)� ����� ����� ����� 2.62 ����� ����� 6.43 ����� ����� 2.89 �����

695�

/LQHDU� 3.39 3.67 ����� ����� 2.69 1.76 ����� ����� ����� ����� �����

6LJPRLG� ����� ����� 3.08 ����� ����� ����� ����� ����� ����� ����� �����

5%)� ����� ����� ����� 2.62 ����� ����� ����� ����� ����� ����� �����

3RO\QRPLDO� ����� ����� ����� ����� ����� ����� ������ ������ ����� ����� �����

*%5� ����� ����� ����� ����� ����� ����� ����� 3.02 2.25 ����� 1.68 

1'9,�

5)� 2.93 3.64 1.81 1.76 2.15 1.38 ����� ����� ����� 2.15 1.42 

695�

/LQHDU� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6LJPRLG� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

5%)� ����� ����� ����� ����� ����� �����   7.32 ����� ����� ����� �����

3RO\QRPLDO� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

*%5� ����� ����� ����� ����� ����� ����� ����� 5.02 5.22 ����� �����

1':,�

5)� 2.50 3.09 1.82 1.93 2.15 1.29 4.52 3.05 3.12  2.17 1.45 

695�

/LQHDU� ������ ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

6LJPRLG� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

5%)� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

3RO\QRPLDO� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

*%5� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

5)� 2.78 3.29 1.74 1.86 1.88 1.27 4.52 3.05 3.12 2.31 1.61 

695�

/LQHDU� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

1'0,� 6LJPRLG� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

5%)� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

3RO\QRPLDO� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

*%5� ����� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

7DEOH����506(�RI�9ROXPHWULF�:DWHU�&RQWHQW�GDWD��H[SUHVVHG�DV�SHUFHQWDJH��XVLQJ�GLIIHUHQW�0/�DOJRULWKPV��7KH�ORZHVW�YDOXHV�IRU�
HDFK�VHQVRU�DQG�HDFK�WUDLQLQJ�DUH�KLJKOLJKWHG�LQ�EROG��

Investigating the dependency between Sentinel-2 multispectral images and ground-based field measurements of soil moisture in Mendatica, Liguria, Italy

44



7KH� ILQGLQJV�RI� WKLV� VWXG\� LQGLFDWH� WKDW� WKH� JUHHQQHVV�EDVHG�
YHJHWDWLRQ�LQGH[��1'9,��LV�PRUH�UHOLDQW�RQ�YDULDWLRQV�LQ�VRLO�
PRLVWXUH� LQ� WKH� URRW�]RQH�DUHD� LQ�DJULFXOWXUDO� ODQG�XVH�FDVHV�
�0��DQG�0����FRPSDUHG�WR�FDQRS\�ZDWHU�FRQWHQW�LQGLFHV�OLNH�
1':,� DQG� 1'0,�� SDUWLFXODUO\� HYLGHQW� LQ� 0�� ZLWK� GHQVHU�
YHJHWDWLRQ�FRYHU��$PRQJ�WKH�WKUHH�DOJRULWKPV�XVHG�WR�HVWLPDWH�
VRLO� PRLVWXUH�� WKH� 5)� PHWKRG� GHPRQVWUDWHG� WKH� KLJKHVW�
SURILFLHQF\� LQ� VRLO� PRLVWXUH� UHWULHYDO�� SDUWLFXODUO\� ZKHQ�
FRPELQHG� ZLWK� 1'9,�� FRQVLVWHQW� ZLWK� ILQGLQJV� IURP� RWKHU�
VWXGLHV��:DQJ�DQG�)X���������)RU�IXWXUH�ZRUNV��LW�LV�VXJJHVWHG�
WR�FRQVLGHU�WKH�KRPRJHQHLW\�RI�ODQG�XVH�ZLWKLQ�HDFK�SL[HO�DQG�
YHULI\� WKDW� WKH� VHOHFWHG� SL[HO� DFFXUDWHO\� UHSUHVHQWV� WKH� DUHD�
VXUURXQGLQJ�WKH�VHQVRU��
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