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

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

����� W�KD��HDU�� DQG� SODFHG� �WK� LQ� SRVLWLRQ� DPRQJ�
,QGLDQ� VWDWHV� �,&$5�1$66�� ������� 7KH� GLVWULFW�
ZLVH� VRLO� HURVLRQ� ULVN�PDSV� ZHUH� JHQHUDWHG� XVLQJ�
ZHLJKWHG�HURVLRQ� LQGH[�YDOXHV��%LVZDV�HW�DO���������
DQG�UHSRUWHG�WKDW�PRUH�WKDQ����SHU�FHQW�RI�DUHDV�LQ�
�ve�districts�viz.,�Bagalkot,�Chamrajnagar,�Dharwad,�
.RSSDO� DQG� 8WWDU� .DQQDGD� KDYH� HURVLRQDO� UDWHV�
PRUH�WKDQ���W�KD��HDU�

,Q�UHFHQW�WLPHV���PDQ��VRLO�HURVLRQ�VWXGLHV�XVLQJ�
UHPRWH�VHQVLQJ�DQG�JHRJUDSKLF�LQIRUPDWLRQ�V�VWHPV�
�*,6�� WHFKQRORJLHV� KDYH� EHHQ� XVHG� WR� JHQHUDWH�
VRLO� HURVLRQ� ULVN�PDSV� ZLWK� UHDVRQDEOH� FRVWV� DQG�
DFFXUDF���3DQGH��HW�DO���������%LVZDV���������0DQ��
VWXGLHV�XVHG�8QLYHUVDO�6RLO�/RVV�(TXDWLRQ��86/(��
IRU� WKH� HVWLPDWLRQ� RI� VXUIDFH� HURVLRQ� �&KDWWHUMHH�

6RLO�(URVLRQ�5LVN��VVHVVPHQW�8VLQJ�&RULQH�0RGHO�����&DVH�6WXG��IURP�
�DUYH���0LFUR�:DWHUVKHG��&HQWUDO�.DUQDWDND�3ODWHDX��,QGLD

6XQLO�0DVNH���5DMHQGUD��HJGH���.�9�1LUDQMDQD���6�6ULQLYDV���.�6XMDWKD���%�3�%KDVNDU�

�XWKRU�V��IILOLDWLRQ���6FLHQWLVW��VHQLRU�VFDOH����3ULQFLSDO�VFLHQWLVW�DQG�+HDG������&KLHI�7HFKQLFDO�2IILFHU���3ULQFLSDO�VFLHQWLVW��,QGLDQ�
&RXQFLO� RI�$JULFXOWXUDO� 5HVHDUFK��1DWLRQDO�%XUHDX� RI� 6RLO� 6XUYH��DQG�/DQG�8VH�3ODQQLQJ��5HJLRQDO� FHQWUH�� +HEEDO�� %DQJDORUH�
��������,QGLD�

�R��WR�FLWH�WKLV�DUWLFOH�

6XQLO�0DVNH��5DMHQGUD�+HJGH��.�9�1LUDQMDQD��HW��DO���6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH�
��PLFUR�ZDWHUVKHG��&HQWUDO�.DUQDWDND�SODWHDX��,QGLD��,QGLDQ�-�3ODQW�6RLO������������������

7KH� VRLO� HURVLRQ� ULVN� LQ� +DUYH� �� PLFURZDWHUVKHG� RI� &KDPDUDMQDJDU� GLVWULFW�� .DUQDWDND�� ,QGLD� ZDV� VWXGLHG�
XVLQJ�&25,1(�PRGHO��&RRUGLQDWLRQ�RI�,QIRUPDWLRQ�RQ�WKH�(QYLURQPHQW���7KH�LQSXW�GDWD�IRU�&25,1(�PRGHO�ZDV�
GHWHUPLQHG�IURP�VRLO�VXUYH��GDWD��VRLO�HURGLELOLW���7RSRJUDSK��DQG�YHJHWDWLRQ�FRYHU��DQG�PRQWKO��PHWHRURORJLFDO�
GDWD� �HURVLYLW��� UHVSHFWLYHO��� 7KH� VRLO�PDS� FRQVLVWV� ��� VHULHV� RI� $OILVROV� DQG� ,QFHSWLVROV�ZLWK� ���SKDVHV�� � �� 6L[W��
HLJKW�SHU�FHQW�RI�DUHD�LQ�ZDWHUVKHG�KDG�ORDP��VDQG����������DQG�VDQG��ORDP����������WH[WXUHV�ZLWK�PRGHUDWH�VRLO�
HURGLELOLW���7KH�HURVLYLW��ZDV�FDOFXODWHG�IURP�WKH�UDWLQJV�RI�0RGLILHG�)RXUQLHU�LQGH[��0),��DQG�%DJQRXOV���*DXVVHQ�
DULGLW��LQGH[�IURP�FOLPDWLF�GDWD�RYHU�D�SHULRG�RI�����HDUV��7KH�VWXG��DUHD�KDV�PHDQ�0),�RI�����DQG�PHDQ�%*,�RI�����
WR�GHILQH�DV�YHU��GU���%RWK�ZHUH�UDWHG�DV�KLJK�WR��LHOG�HURVLYLW��RI�PRUH�WKDQ�����7KH�VWXG��DUHD�KDG�QHDUO��OHYHO�WR�
YHU��JHQWO��VORSLQJ�JUDQLWLF�ODQGV�WR�JHQHUDWH�SRWHQWLDO�VRLO�HURVLRQ�ULVN�PDS��7KH�UHVXOWV�VKRZHG�WKDW�WKH�+DUYH���
PLFURZDWHUVKHG�KDV��������RI�DUHD�DW�KLJK�HURVLRQ�ULVN��������KD����������RI�DUHD�XQGHU�PRGHUDWH�ULVN���������KD��
DQG�ORZ�ULVN�DW��������7KH�ODQG�FRYHU�PDS�VKRZHG�WKDW�������SHU�FHQW�RI�DUHD�LV�IXOO��SURWHFWHG�DUHD��IRUHVW��GHQVH�
VKUXE�HWF��ZLWK�KLJK�DFWXDO�VRLO�HURVLRQ�ULVN�LQ��������RI�WRWDO�DUHD�

.H��RUGV��6RLO�HURGLELOLW���&RULQH�PRGHO��0RGLILHG�IRXUQLHU�LQGH[��$ULGLW��LQGH[��6RLO�HURVLRQ�ULVN��+RW�PRLVW�
VHPLDULG�HFRV�VWHP�

�EVWUDFW

&RUUHVSRQGLQJ��XWKRU��6XQLO�0DVNH��6FLHQWLVW��VHQLRU�VFDOH���,QGLDQ�&RXQFLO�RI�$JULFXOWXUDO�5HVHDUFK��1DWLRQDO�%XUHDX�RI�6RLO�
6XUYH��DQG�/DQG�8VH�3ODQQLQJ��+HEEDO��%DQJDORUH���������,QGLD�

(�PDLO��EKDVNDUBSKDQHHQGUD��DKRR�FR�LQ

,QWURGXFWLRQ

6RLO�LQ�GU�ODQGV�DUH�KLJKO��YXOQHUDEOH�WR�GHJUDGDWLRQ�
LQ� WKH� JOREH� �/DO�� ������ ZLWK� WKH� ODUJHVW� VKDUH� RI�
ZDWHU� LQGXFHG� VRLO�HURVLRQ� �5RGULJR�HW� DO��� ������ ��
,W� ZDV� UHSRUWHG� WKDW� ������PLOOLRQ� KHFWDUHV� �0KD��
LV�EHLQJ�XVHG�IRU�DJULFXOWXUH��IRUHVWU���SDVWXUH�DQG�
RWKHU� ELRPDVV� SURGXFWLRQ� ZKHUHLQ� ������ 0KD� LV�
GHJUDGHG� �1%66/83�� ������ ZLWK� DQ� DYHUDJH� VRLO�
HURVLRQ� UDWH� RI� ����� W�KD����HDU��� UHVXOWLQJ� LQ� WRWDO�
VRLO� ORVV� RI� ���� ELOOLRQ� WRQV� WKURXJKWRXW� FRXQWU��
�'KUXYDQDUD�DQD��������DQG�ORVV�RI�SURGXFWLRQ�RI�
86�����ELOOLRQ��6KDUGD�HW�DO���������7KH�VRLO�HURVLRQ�
VWXGLHV� LQ� .DUQDWDND� UHSRUWHG� WKDW� ���� RI� WRWDO�
JHRJUDSKLFDO� DUHD� LV� VXEMHFWHG� WR� ZDWHU� HURVLRQ�

2�LJ�DO����LFO�
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HW�DO���������.RXUJLDODV�HW�DO����������DQG�DOVR�XVHG��
586/(� WR� HVWLPDWH� VRLO� ORVV� �.XPDU� HW� DO��� ������
*DQDVUL� DQG� � 5DPHVK�� ������ 5DZDW� HW� DO��� ������
.DODPEXNDWWX� DQG�.XPDU�� ����� ��� 6LPLODU� NLQG� RI�
VWXGLHV� RQ� VRLO� ORVV� XVLQJ� 5HYLVHG� 8QLYHUVDO� 6RLO�
/RVV� (TXDWLRQ� �586/(�� KDV� EHHQ� UHSRUWHG� LQ� 7�*��
+DOOL�:DWHUVKHG��1DUD�DQD�6ZDP��HW�DO���������DQG�
LQ��VXE�ZDWHUVKHGV�RI�.DOL�5LYHU�EDVLQ�LQ�.DUQDWDND�
�0DUNRVH�DQG� -D�DSSD��������� ,Q�PDQ��VRLO�HURVLRQ�
VWXGLHV�� &25,1(�PRGHO� ZDV� XVHG� VXFFHVVIXOO�� DW�
GLIIHUHQW� VFDOHV� DQG� DUHDV�� )RU� H[DPSOH� �� &25,1(�
PRGHO�XVLQJ�5HPRWH�6HQVLQJ� �56��DQG�*HRJUDSKLF�
,QIRUPDWLRQ� 6�VWHP� �*,6�ZDV� HPSOR�HG� WR�
GHWHUPLQH�VRLO�HURVLRQ�ULVN�LQ�'DODPDQ�%DVLQ�RI�ZHVW�
0HGLWHUUDQHDQ� UHJLRQ� �'RUDQ� HW� DO��� ������� *ROEDVL�
HQYLURQPHQWDO�SURWHFWLRQ�DUHD�RI�7XUNH��RQ���������
VFDOH� XVLQJ� JHRJUDSKLF� LQIRUPDWLRQ� V�VWHP� �*,6��
WHFKQLTXH��'HQL]�DQG�$NJXO���������*R]�:DWHUVKHG�
RI�0HQ]HOHW�'DP�LQ�WKH�HDVWHUQ�0HGLWHUUDQHDQ�FLW��
RI�.DKUDPDQPDUDV�LQ�7XUNH����5HLV�HW�DO���������DQG�
WKH�.DUWDOND�D�'DP�:DWHUVKHG� LQ� 7XUNH�� �<XNVHO�
HW�DO����������$Q�DWWHPSW�ZDV�PDGH� WR�JHQHUDWH�VRLO�
HURVLRQ�ULVN�PDSV�XVLQJ�&25,1(�PRGHO�LQ�5DPJDG�
ZDWHUVKHG�RI�1DLQLWDO�UHJLRQ��*XSWD�DQG�8QL�DO��������
EXW�IHZ�VWXGLHV�ZHUH�FRPH�DFURVV�LQ�.DUQDWDND�VWDWH�
SHU�VH��'XULQJ�DQ�LQLWLDO�LPSOHPHQWDWLRQ�ZRUNVKRS�
RI� VXMDOD�SURMHFW� LQ�.DUDQDWDND�� WKH�SUREOHP�RI�VRLO�
HURVLRQ�ZDV� YHU��ZHOO� DGGUHVVHG� DQG� SURSRVHG� WR�
JHQHUDWH�VRLO�HURVLRQ�ULVN�PDSV�IRU�LPSOHPHQWDWLRQ�
RI� VRLO� ZDWHU� FRQVHUYDWLRQ� SURJUDPPHV� QHDU� IRRW�
KLOOV� RI�1LOJLUL�PRXQWDLQV� RI� FKDPUDMQDJDU�GLVWULFW��
7KH�REMHFWLYH�RI�SUHVHQW�VWXG��ZDV�WR�GHWHUPLQH�WKH�
KHWHURJHQHLW��VRLO�HURVLRQ�ULVN�DQG�WR�DVVHVV�SRWHQWLDO�
HURVLRQ�ULVN�DUHDV�DORQJ�ZLWK�DFWXDO�HURVLRQ�ULVN�DUHDV�
LQ�WKH�IRUP�RI�VSDWLDOO��GLVWULEXWHG�PDSV�RI�+DUYH���
PLFURZDWHUVKHG�RI�&HQWUDO�.DUQDWDND��SODWHDX��,QGLD�
XVLQJ�&25,1(�PHWKRGRORJ��

0HWKRGV�DQG�0DWHULDOV

�HVF�LSWLR��RI�VW�G��D�HD

+DUYH� ��� PLFURZDWHUVKHG� ���R�����µ���R�����µ� 1�
WR� ��R�����µ���R�����µ(�� LQ� &KDPUDMQDJDU� GLVWULFW�
RI�.DUQDWDND�ZDV�VHOHFWHG�IRU�WKH�VRLO�HURVLRQ�ULVN�
DVVHVVPHQW� DQG�PDSSLQJ� �)LJ�� ���� 7KH� VWXG�� VLWH�
KDV�DQ�HOHYDWLRQ�RI��������P��7KLV�KLOO��DJULFXOWXUDO�
PLFUR�ZDWHUVKHG�FRYHU��������KHFWDUH�EXW�VHYHUHO��
VXEMHFWHG� WR� ZDWHU� HURVLRQ�� 7KH� FOLPDWH� ZDV�
FKDUDFWHUL]HG�DV�KRW�PRLVW�VHPLDULG�HFRVXEUHJLRQ�RI�
&HQWUDO�.DUQDWDND�SODWHDX� �$(65������ZLWK� OHQJWK�
RI� JURZLQJ�SHULRG� RI� ���� WR� ���� GD�V� �0DQGDO� HW�
DO��� ������� 7KH� DYHUDJH� DQQXDO� UDLQIDOO� LV� ����PP��
7KH�VRXWK�ZHVW�PRQVRRQ�FRQWULEXWHV�DERXW������RI�

WRWDO�UDLQIDOO�LQ�WKH�UHJLRQ��7KH�PDMRU�FURSV�JURZQ�
DUH�ULFH��2U�]D�VDWLYD���UDJL��(OHXVLQH�FRUDFDQD��DQG��
sugar�cane�(Saccharum�of�cinarum).�Geologically,�
WKH� VWXG�� VLWH� KDV� 5DPDQDJDUDP� JUDQLWLF� KLOOV�
RI� ROGHVW� IRUPDWLRQV� ������� PLOOLRQ� �HDUV�� RI�
WKH� HDUWK�V� FUXVW�� 7KH� LPSRUWDQW� IRUPDWLRQV� RI�
WKLV� JURXS� ZHUH� 3HQLQVXODU� *QHLVV�� 'KDUZDU�
VFKLVWV�� DQG�&KDUQRFNLWHV�ZLWK�GHQGULWLF�GUDLQDJH�
SDWWHUQ�� 7KH� GLIIHUHQW� ODQGIRUPV� GLVFHUQDEOH� RQ�
the� imagery� have� been� broadly� classi�ed� into�
Pediments,� pediplains,� valley� �lls,� residual� and�
LQVHOEXUJV� �1DJDUDMX� HW� DO��� �������7KH�RFFXUUHQFH�
RI� GDUN� UHGGLVK� EURZQ� ��<5����� WR� GDUN� UHG�
(2.5YR4/4)� soils� of� subgroups� of� Al�sols� such� as�
7�SLF�5KRGXVWDOIV�ZLWK�&(&�WR�FOD��UDWLR�RI�R���WR�
����DQG�7�SLF�+DSOXVWDOIV�ZHUH�DVVRFLDWHG�ZLWK�WKH�
VXEJURXSV�RI�,QFHSWLVROV�YL]���7�SLF�+DSOXVWHSWV�LQ�
WKH�UHJLRQ��3LQNL�VHWK�HW�DO����������7KH�H[LVWHQFH�RI�
IRUHVWV� SURYLGHV� UDZ�PDWHULDOV� IRU� LQGXVWULHV� OLNH�
SDSHU��UD�RQ��VDZ�PLOOV��VDIHW��PDWFKHV�DQG�VDQGDO�
ZRRG� �%DVDYDUDMDSSD� HW� DO��� ������� 7KH� QDWXUDO�
YHJHWDWLRQ� PDLQO�� FRQVLVWV� RI� WUHHV� DQG� VKUXEV�
QDPHO�� $FDFLD� �$FDFLD� DXUXFXOLIRUPLV��� 1HHP�
�$]DGLUDFKWD� LQGLFD�� DQG� (XFDO�SWXV� �(XFDO�SWXV�
VLGHUR[�ORQ�DQG�(XFDO�SWXV�UHJQDQD��

�RLO��HVR��FH�GDWD�EDVH

7KH�VRLO�UHVRXUFH�GDWD�EDVH�ZDV�JHQHUDWHG��RQ���������
VFDOH��XQGHU� 6XMDOD� �� ,,,� SURMHFW� RI�.DUQDWDND� DQG�
FDUULHG�RXW�GHWDLOHG�VRLO�VXUYH��XVLQJ�FDGDVWUDO�PDS�
LQ�FRQMXQFWLRQ�ZLWK�,QGLDQ�UHPRWH�VHQVLQJ��,56��3��
PHUJHG�ZLWK�&DUWRVDW���LPDJHU��IRU�JURXQG�WUXWK�
veri�cation�of�land�forms�and�land�use/land�cover.�
The��eld�traverse�was�made�to�verify�land�units�and�
to� check� boundaries.� Sixty� �ve� soil� pro�les�were�
GXJ�DQG�UHFRUGHG�ODWLWXGH��ORQJLWXGH�DQG�HOHYDWLRQ�
ZLWK�KDQG�KHOG�*OREDO�3RVLWLRQLQJ�6�VWHP� �*36���
After�correlation,�15�soil�series�were�identi�ed�and�
GHVFULEHG� IRU� PRUSKRORJLFDO� IHDWXUHV� DV� SHU� WKH�
VWDQGDUG�JXLGHOLQHV�RI�6FKRHQHEHUJHU�HW�DO�����������
These�soils�were�classi�ed�upto�series�and�its�phases�
DV� PDSSLQJ� XQLWV� �6RLO� 6XUYH�� 6WDII�� ������� 7KH�
VRLO�PDS�ZDV�JHQHUDWHG�ZLWK����SKDVHV�XQGHU�*,6�
with� ARCinfo� version10.3.� In� pro�le� description�
SURIRUPD�� WKH� GHWDLOV� RI� VORSH� DQG� VXUIDFH� FRYHU�
was�recorded�and�used�for�further�de�ning�the�land�
XQLWV��7KH�ODQG�XVH���ODQG�FRYHU�PDS�ZDV�JHQHUDWHG�
using�land�use�statistics�at�village�level.�The��fty��ve�
�HDUV� ������������RI�UDLQIDOO�DQG�WHPSHUDWXUH�GDWD�
FROOHFWHG�IURP�.61'0&��.DUQDWDND�6WDWH�1DWXUDO�
'LVDVWHU� 0DQDJHPHQW� &HQWUH�� IRU� FDOFXODWLQJ�
modi�ed� fournier� index� (MFI)� and� Bagnouls� and�
*DXVVHQ�LQGH[��%*,���

6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
&HQWUDO�.DUQDWDND�SODWHDX��,QGLD
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�2�,1(�0RGHO

8VLQJ� &25,1(� PRGHO� �������� WKH� VWHSZLVH�
LQWHJUDWLRQ� RI� ODQG� UHVRXUFH� GDWD� VHWV� ZLWK� WKHLU�
FRUUHVSRQGLQJ�LQGLFHV�DQG�WKHQ�JURXSLQJ�WR�GHULYH�
SRWHQWLDO�DQG�DFWXDO�HURVLRQ�ULVN�ZHUH�PDGH�DV�SHU�
VFKHPH�SUHVHQWHG�LQ� )LJ����7KLV�PRGHO� FRQVLVWV�RI�
VL[� �VWHSV�VXFK�DV��L�GHYHORSPHQW�RI�VRLO�HRGLELOLW��
PDS� XVLQJ� VRLO� WH[WXUH�� VRLO� GHSWK� DQG� VWRQLQHVV��
(ii)� computation� of� �modi�ed� Fournier� index� and�
%DJQRXOV�*DXVVHQ� LQGH[� WR� GHULYH� HURVLYLW�� OD�HU�
,� (iii)� the� slope� layer� from� �eld� observation� and�
WKH� UHFRUGLQJ� RI� VLWH� HOHYDWLRQV� IURP� *36� �� �LY��
LQWHJUDWLRQ�RI�WKH�OD�HUV�RI�VRLO�HURGLELOLW���HURVLYLW��
DQG�VORSH�OD�HUV�WR�JHQHUDWHG�SRWHQWLDO�VRLO�HURVLRQ�
ULVN�PDSV� DQG� �Y��/8/&� OD�HU� �/DQG�XVH��� /DQG�
FRYHU� OD�HU�� IRUP�,56�/,66�,9�PHUJHG�&DUWRVDW� ���
imagery�was�prepared�with�suf�cient�ground�truth��
and��nal�sixth�step�was�to�combine�LULC�map�with�
36(5�PDSV�WR�GHULYH�DFWXDO�VRLO�HURVLRQ�ULVN�PDS��$�
GHWDLOHG�GHVFULSWLRQ�RI�GDWD�VHWV�UHTXLUHG�IRU�DFWXDO�
VRLO�HURVLRQ�ULVN�PDS�ZDV�GLVFXVVHG�DV�XQGHU�

�RLO�(�RGLELOLW�

7KH� VRLO� HURGLELOLW�� ZDV� FDOFXODWHG� FRQVLGHULQJ�
WKH� �� VFDOH� UDWLQJV� RI� VRLO� WH[WXUH�� GHSWK� FODVV�
DQG� VWRQLQHVV�� 7KH� VRLO� WH[WXUH� ZDV� JURXSHG�
LQWR� WKUHH� FODVVHV� VXFK� DV�� ���� VOLJKWO�� HURGLEOH�
�FOD�� �&��� VDQG�� FOD�� �6&�� DQG� VLOW�� FOD�� �6L&����
����PRGHUDWHO�� HURGLEOH� �VDQG��FOD�� ORDP� �6&/���
VLOW�� FOD�� ORDP� �6L&/��� FOD�� ORDP� �&/��� ORDP��
VDQG� �/6���� DQG� ���� KLJKO�� HURGLEOH� �ORDP� �/���
VLOW� ORDP� �6L/�� DQG� VDQG�� ORDP� �6/���� 7KHUH� DUH�
WKUHH� GHSWK� FODVVHV� VXFK� DV�� ��� VOLJKWO�� HURGLEOH�
��� ��FP��� ���� PRGHUDWHO�� HURGLEOH� ����� ��FP���
DQG� ���� KLJKO�� HURGLEOH� ��� ��FP�� DQG� RQO�� WZR�
FODVVHVV� RI� VWRQLQHVV� ��VXUIDFH� FRYHU� RI� VWRQHV��
VXFK�DV�����������DQG�����VRLOV�KDYLQJ�������7KH�
VRLO� HURGLELOLW�� LQGH[� ZDV� FDOFXODWHG� ZLWK� WKH�
PXOWLSOLFDWLRQ� RI� WH[WXUDO� FODVV� ;� GHSWK� FODVV� ;�
VWRQLQHVV� FODVV� �HT�� ���� 7KH� VRLO� HURGLELOLW�� ZDV�
further� classi�ed� as� (1)� low� (0-3),� (2)� moderate��
�������DQG�����KLJK�HURVLRQ�������7KH�VRLO�HURGLELOLW��
LQGH[�ZDV�FRPSXWHG�DV�SHU�HT����DV�XQGHU�

6RLO� HURGLELOLW�� LQGH[�  � WH[WXUDO� FODVV� [� GHSWK�
FODVV�[�VWRQLQHVV�FODVV����HT���

(�RVL�LW�

7KH� HURVLYLW�� �5��ZDV� FDOFXODWHG� VLPSO�� ZLWK� WKH�
multiplication� of� coded� value� of� MFI� (modi�ed�

)RXUQLHU�LQGH[��$UQROGXV��������DQG�%*,��%DJQRXOV�

DQG� *DXVVHQ�� ������� 7KH� PRQWKO�� UDLQIDOO� DQG�

PHDQ� DLU� WHPSHUDWXUH� GDWD� RI� ��� �HDUV� FROOHFWHG�

IURP�.61'0&��.DUQDWDND�6WDWH�1DWXUDO�'LVDVWHU�

0DQDJHPHQW� &HQWUH�� ZDV� XVHG� WR� FDOFXODWH� 0),�

DQG� %DJQRXOV� �� *DXVVHQ� LQGH[�� 7KH� 0),� ZDV�

FDOFXODWHG�IURP�PRQWKO��SUHFLSLWDWLRQ��3L�� WR�WRWDO�

PHDQ�SUHFLSLWDWLRQ��3D��DV�SHU�HT���

1.�Modi�ed�Fournier�index�(MFI)�=�∑L �

��
3
L
�

3
D

�����HT����

:KHUH�3L�LV�WRWDO�SUHFLSLWDWLRQ�LQ�D�PRQWK��3BD�LV�

PHDQ�DQQXDO�SUHFLSLWDWLRQ

As�per�CORINE�model,� the�MFI�was� classi�ed�

into��ve�categories�such�as�:�1.very�low�(<60),�2.low�

��������� ��PRGHUDWH� ���������� ��KLJK� ���������� DQG�

��YHU��KLJK���������

����7KH� %*,� DV� VHFRQG� FOLPDWH� LQGH[� ZDV�

FRPSXWHG�DV�WKH�UDWLR�RI�WKH�WHPSHUDWXUH�DQG�

SUHFLSLWDWLRQ� DQG� LWV� FDOFXODWLRQ�ZDV�GRQH� DV�

SHU�HT���

� �%DJQRXOV�*DXVVHQ�LQGH[��%*,�� �∑L �

��
���7

L
�3

L
�N

L

�HT���

:KHUH��7
L
�LV�WHPSHUDWXUH�LQ�D�PRQWK

3
L
�LV�WRWDO�SUHFLSLWDWLRQ�LQ�D�PRQWK

N
L�
LV� SURSRUWLRQ� RI� WKH� PRQWK� GXULQJ� ZKLFK�

��7
L
�3

L
����������FODVVHV�ZHUH�PDGH�EDVHG�RQ�WKH�%*,�

LQGH[�DV�����KXPLG���������PRLVW�����������GU����������

DQG���YHU��GU��������

7KH�HURVLYLW��ZDV�GHWHUPLQHG�ZLWK�WKH�PXOWLSOLFDWLRQ�

RI� FRGHG� YDOXHV� RI� WKHVH� WZR� FOLPDWLF� LQGLFHV� DV�

IROORZV��UDWLQJ�RI�0),�;�UDWLQJ�RI�%*,��7KH�HURVLYLW��

was�further�reclassi�ed�into�3�classes�such�as�:low�

������PRGHUDWH������DQG�KLJK�����

�RWH�WLDO�VRLO�H�RVLR���LVN����(��

7KH� VORSH� PDS� ZDV� JHQHUDWHG� XVLQJ� ,56�/,66�,9�

GDWD�PHUJHG�FDUWRVWDW�GDWD�DW�WKH�VFDOH���������DQG�

classi�ed� the� slopes� into� 4� groups� very� gentle� to�

�at�(<5%),�gentle�(5-15%),�steep�(15-30%)�and�very�

VWHHS� �������� 7KHQ� WKH�SRWHQWLDO� VRLO� HURVLRQ� ULVN�

�36(5��PDS�ZDV�GHWHUPLQHG�DV�

36(5�FODVV� �6RLO�HURGDELOLW��FODVV�;�HURVLYLW��FODVV�

;�VORSH�FODVV��(T�����DQG�JHQHUDWHG�PDS�XQGHU�*,6��

7KH�SRWHQWLDO� HURVLRQ�ULVN�]RQHV�ZHUH�GHOLQHDWHG�

DQG�JURXSHG�DV�QRQH������ ORZ��������PRGHUDWH����

����DQG�KLJK�������

6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
&HQWUDO�.DUQDWDND�SODWHDX��,QGLD
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6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
&HQWUDO�.DUQDWDND�SODWHDX��,QGLD

)LJ�����/RFDWLRQ�PDS�RI�+DUYH���PLFURZDWHUVKHG

.�51�7�.�

,1�,� �DUYH���0LFUR��DWHUVKHG

&+$0$5$-$1$*$5
',675,&7

5HIHUHQFH
6WUHDPV�'UDLQDJH

5RDG�&DUW�WUDFN

0LFUR�ZDWHUVKHG�ERXQGDU�

/DQG�SDUFHO�ZLWK�1R�V

9LOODJH�ERXQGDU�

'LVWULFW�ERXQGDU�

6WDWH�ERXQGDU�

+DELWDWLRQ
:DWHUERG�

�FW�DO�VRLO�H�RVLR���LVN����(��

7KH�ODQG�XVH���FRYHU�HVWLPDWLRQV�IURP�VDWHOOLWH�GDWD�
as�well�as�the�present�land�cover�at�the�time�of��eld�
VXUYH��DQG�ODQG�UHFRUGV�ZDV�XVHG��7KH�YHJHWDWLRQ�
cover�was�classi�ed�broadly�into�two�classes�such�
DV���IXOO��SURWHFWHG��������DQG�QRW�IXOO��SURWHFWHG�
��������)LQDOO��DFWXDO�VRLO�HURVLRQ�ULVN�PDS��$6(5��
ZDV� JHQHUDWHG� ZLWK� WKH� FRPELQDWLRQ� RI� SRWHQWLDO�
VRLO�HURVLRQ�ULVN�OD�HU�DQG�YHJHWDWLRQ�FRYHU�OD�HU�DW�
the� study� site.�ASER�was� further� reclassi�ed� into�
WKUHH�JURXSV���ORZ��PRGHUDWH�DQG�KLJK�

5HVXOWV�DQG��LVFXVVLRQ

����6RLO�PDS�

7KH�PLFUR�ZDWHUVKHG�DUHD�KDV�JUDQLWH�DQG�JUDQLWH�
JQHLVV�DQG�VFKLVW�ODQGVFDSH��7KH�VRLO�PDS��)LJ�����RI�
study�area�has��fteen�soil�series� ,�of�which�12�soil�
series� are� identi�ed� in� granite� and� granite� gneiss�
ODQGVFDSH�DQG���VHULHV�RQ�VFKLVW�ODQGVFDSH��7KH����VRLO�
VHULHV�RI�JUDQLWH�JQHLVV�ODQGVFDSH�LQFOXGH�YL]����/DNNXU�
�/.5��VHULHV������KD���������+DUYH��+59�������KD�������

��.HQJDNL��.*.�������KD���������.XWHJRXGDQDKXQGL�
�.*+������KD���������.DJJDOLSXUD��.*3�������KD������
��*ROODUDKDWWL� �*+7��� ��� KD� �������+RRUDGKDKDOOL�
�+'+������KD��������.HWKDQDSXUD��.73������KD������
��+RQQHQDKDOOL��+1+������KD��������7KDPPDGDKDOOL�
�7'+�����KD��������%DODSXU��%35�����KD�������DQG�
0XNKDGDKDOOL��0.+�����KD��������

�RLOV�R����D�LWH�����HLVV�OD�GVFDSH

7KHVH� VRLOV� DUH� ZHOO� GUDLQHG�� PRGHUDWHO�� VKDOORZ�
�PRGHUDWHO��DONDOLQH�/DNNXU�VHULHV���/.5��PRGHUDWHO��
DFLG� +DUYH� VHULHV� �� +59�� WR� PRGHUDWHO�� GHHS�
�PRGHUDWHO�� DFLG� WR� QHXWUDO� *ROODUDKDWWL� VHULHV� ��
*+7��� 7KHVH� VRLOV� KDYH�PRVWO�� UHGGLVK� EURZQ� WR�
GDUN� UHG�� JUDYHOO�� VDQG�� FOD�� WR� VDQG�� FOD�� ORDP�
WH[WXUHG� DUJLOOLF� KRUL]RQV�� 7KHVH� WKUHH� VHULHV� DUH�
classi�ed�under�the�subgroup�of�Typic�Rhodustalfs�
�6RLO� 6XUYH��6WDII��������KDYLQJ�SDUWLFOH� VL]H� FODVV�
RI�FOD�H��IRU�/DNNXU�DQG�.DJJDOLSXUD�VHULHV��ORDP��
skeletal� for�Harve�and��ne� loamy�for�Gollarahatti�
VHULHV��7KH�%DODSDQXU�VHULHV�DUH�PRGHUDWHO��DONDOLQH�
ZLWK� UHGGLVK� EURZQ� WR� GDUN� UHG� JUDYHOO�� VDQG��
FOD��WR�FOD��WH[WXUHG�QLWULF�KRUL]RQV��H[FKDQJHDEOH�
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sodium� >15� per� cent).� This� series� is� classi�ed�

XQGHU� WKH� VXEJURXS� RI� 7�SLF� 1DWUXVWDOIV�� 7KH�

PRGHUDWHO�� WR�VOLJKWO��DFLG� �+RRUDGKDKDOOL� VHULHV��

7KDPPDGDKDOOL� VRLOV� DQG� .HWKDQDSXUD� VHULHV� LV�

classi�ed�under�the�subgroup�of�Rhodic�Paleustalfs�

ZKHUH� DV� PRGHUDWHO�� VKDOORZ�� ZHOO� GUDLQHG� DQG�

QHXWUDO�WR�PRGHUDWHO��DONDOLQH�.XWHJRXGDQDKXQGL�

soils�and�Mukhadahalli�soils�are�classi�ed�under�the�

VXEJURXS�RI�7�SLF�+DSOXVWDOIV��7KH�+RQQHQDKDOOL�

�+1+�� DQG�.HQJDNL� �.*.��VHULHV�DUH�PRGHUDWHO��

GHHS�� ZHOO� GUDLQHG� DQG� VOLJKWO�� WR� PRGHUDWHO��

DONDOLQH��7KLV�VRLO�KDV�EURZQ�WR�GDUN�EURZQ��VDQG��

clay� textured.� These� soils� are� classi�ed� as� �ne-

ORDP��� PL[HG�� LVRK�SHUWKHUPLF� IDPLO�� RI� 7�SLF�

+DSOXVWHSWV�

�RLOV�R��VF�LVW�OD�GVFDSH�

7KH�VRLOV�RI�VFKLVW�ODQGVFDSH�KDYH���VRLO�VHULHV�YL]���
6DJDGH��6*'�����KD��������%HWWDGDSXUD��%73������
KD� �����DQG�0XGDQDNRGX� �08.�����KD�������7KH�
EULHI� GHVFULSWLRQ� RI� HDFK� VRLO� VHULHV� DORQJ� ZLWK�
classi�cation� (Soil� Survey� Staff,� 2014)� is� given� as�
XQGHU�

0XGDQDNRGX� VRLOV� DUH� VKDOORZ� ������� FP�� DQG�
ZHOO�GUDLQHG��7KLV�VRLOV�LV�PRGHUDWHO��DONDOLQH�DQG�
KDYH�GDUN�EURZQ�WR�EURZQ��VDQG��FOD��WR�FOD��FDPELF�
horizons.� This� soils� is� classi�ed� as� �ne,� mixed,�
LVRK�SHUWKHUPLF�IDPLO��RI�7�SLF�+DSOXVWHSWV�ZKHUH�
DV�PRGHUDWHO�� GHHS� DQG� VWURQJO�� DONDOLQH� 6DJDGH�
VRLOV�ZLWK�VKLQ��SUHVVXUH�IDFHV�RQ�SHG�VXUIDFHV�DQG�
IDLQW�VOLFNHQVLGHG�]RQH�ZLWK�VKULQN�VZHOO�SURSHUWLHV�

6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
&HQWUDO�.DUQDWDND�SODWHDX��,QGLD

6RLO�WH[WXUH

��&��6&��6,&

��6&/��&/��6,&/��/6��6

��/��6L/��6L��6/

Modi�ed�

IRXUQLHU�LQGH[�

�0),�

�����

�������

��������

���������

������

6RLO

HURGLELOLW�

�����

�����

����

/DQG�FRYHU

���)XOO��SURWHFWHG

���1RW�IXOO��SURWHFWHG

3RWHQWLDO�VRLO

HURVLRQ�ULVN

�36(5�

������

�������

������

�FWXDO�VRLO

HURVLRQ

ULVN��6(5�

������

�������

������

(URVLYLW�

����

�����

����

6ORSH

�����

�������

��������

������

%DJQRXOV�DQG

*DXVVHQ�LQGH[

�%*,�

�����KXPLG�

������

��������

������

6RLO�GHSWK

�������FP

�������FP

������FP

6WRQLQHVV

�����

������

)LJ�����&25,1(�PHWKRGRORJ��IRU�VRLO�HURVLRQ�ULVN�DVVHVVPHQW�
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6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
&HQWUDO�.DUQDWDND�SODWHDX��,QGLD

�� ��������� ���

/HJHQG� /HJHQG��UHD�LQ�KD �UHD�LQ�KD
%35� ����
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6WUHDPV�'UDLQDJH

5RDG�&DUW�WUDFN

9LOODJH�ERXQGDU�

+DELWDWLRQ

:DWHUERG�

)LJ�����6RLO�PDS�RI�+DUYH���PLFURZDWHUVKHG�
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)LJ�����D���6RLO�WH[WXUH�

/HJHQG

9LOODJH�ERXQGDU�

.HWKDQDSXUD�9LOODJH

.HWKDQDSXUD�9LOODJH

+DUYH���9LOODJH

0RRGQDNRRG�
9LOODJH

7KDPPDGDKDOOL�
9LOODJH

���F��VF��VLF� �������������

���VFO��FO��VLFO��/6� ��������������

���VL/��6/� ��������������

�UHD�LQ�KD����&ODVVHV

.HWKDQDSXUD

+DUYH

����������
NP

:DWHUERG�

5RFN�RXWFURSV

0LQLQJ�,QGXVWULDO

+DELWDWLRQ

6WUHDP�'UDLQDJH

5RDG�&DUW�WUDFN

)LJ�����E���6RLO�GHSWK�

.HWKDQDSXUD

+DUYH

�������FP� ��������������

��������FP� ��������������

&ODVVHV �UHD�LQ�KD����

)LJ�����F���6WRQLQHVV�

.HWKDQDSXUD

+DUYH

������ �������������

������ ��������������

&ODVVHV �UHD�LQ�KD����

)LJ�����G���6RLO�HURGDELOLW��

.HWKDQDSXUD

+DUYH

/RZ� �������������

0RGHUDWH� ��������������

+LJK� ��������������

&ODVVHV �UHD�LQ�KD����
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.HWKDQDSXUD

+DUYH

1HDUO��OHYHO�������� ��������������

9HU��JHQWO��VORSLQJ�������� ��������������

&ODVVHV �UHD�LQ�KD����

)LJ�����H���6ORSH�

.HWKDQDSXUD

+DUYH

��)XOO��SURFWHFWHG� ��������������

��1RW�IXOO��SURFWHFWHG� ��������������

&ODVVHV �UHD�LQ�KD����

)LJ�����J���9HJHWDWLRQ�

.HWKDQDSXUD

+DUYH

/RZ� �������������

0RGHUDWH� ��������������

+LJK� ��������������

&ODVVHV �UHD�LQ�KD����

)LJ�����I���36(5

.HWKDQDSXUD

+DUYH

/RZ� �����������

0RGHUDWH� ��������������

+LJK� ��������������

/HJHQG

)LJ�����K���$6(5

6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
&HQWUDO�.DUQDWDND�SODWHDX��,QGLD
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)LJ�����<HDUO��PRGLILHG�)RXUQLHU�LQGH[�0),��DQG�%RJQROV�*DXVVHQ�LQGH[�IRU�+DUYH���PLFURZDWHUVKHG�

is� classi�ed� as� a� �ne,� smectitic,� isohyperthermic�
IDPLO�� RI� 9HUWLF� +DSOXVWHSWV� DQG� WKH� GHHS� EODFN�
WR� GDUN� JUH�� FUDFNLQJ� FOD�� %HWWDGDSXUD� VRLOV� DUH�
classi�ed� as� very� �ne,� smectitic,� isohyperthermic�
IDPLO��RI�7�SLF�+DSOXVWHUWV�

�RLO�H�RGLELOLW��

6RLO�HURGLELOW��LV�YHU�� LPSRUWDQW�SDUDPHWHU�LQ�VRLO�
ORVV� HVWLPDWLRQV� DQG� PRVWO�� GHSHQGV� RQ� WKH� VRLO�
VWUXFWXUDO� VWDELOLW�� WRZDUGV� UDLQIDOO�UXQRII�� 6RLO�
HURGLELOLW�� IDFWRU� LV� HVWLPDWHG� IURP� VRLO� DWWULEXWHV�
measured� in� the��eld�during� soil� survey� such� as:�
VRLO�WH[WXUH��VRLO�GHSWK�DQG�VWRQLQHVV�DV�FRQVLGHUHG�
LQ� &25,1(� PRGHO�� 7KH� VRLOV� RI� PLFURZDWHUVKHG�
have� �ve� textural� classes� such� as� loamy� sand�
�/6���VDQG�ORDP��6/���VDQG��FOD��ORDP��6&/���VDQG�
FOD��6&�� DQG� FOD��&��� 6L[W�� HLJKW� SHU� FHQW� RI� DUHD�

KDYH�ORDP��VDQG����������DQG�VDQG��ORDP����������
WH[WXUHG�VRLOV��7KH�WKHPDWLF�PDS�RI�WH[WXUH��)LJ��D��
VKRZV� WKDW� WKH� VDQG�� ORDP� WH[WXUHG� VRLOV� DUH�
PRVWO�� FRQFHQWUDWHG� LQ�ZHVWHUQ� DQG� HDVWHUQ�SDUWV�
ZKHUHDV�FOD��WR�VDQG��FOD��WH[WXUH�DOO�DORQJ�VWUHDP�
lines� �owing� from� north� to� south� direction� and�
RI� ORDP�� VDQG� LQ� QRUWKHUQ� WLS� RI�ZDWHUVKHG�� 7KH�
ZDWHUVKHG� KDV� RQO�� WZR� GHSWK� FODVV� VXFK� DV� VRLO�
PRUH� WKDQ� ��� FP� FRYHULQJ� ������ SHU� FHQW� RI� WRWDO�
DUHD�RI�PLFURZDWHUVKHG���������KD���7KHVH�VRLOV�DUH�
PRVWO��FRQFHQWUDWHG�DOO�DORQJ�WKH�VWUHDPV��)LJ��E���
7KH�VKDOORZ� WR�PRGHUDWHO��GHHS� VRLOV� FRYHU� ������
SHU�FHQW�RI�DUHD���������KD��DQG�ORFDOLVHG�LQ�ZHVWHUQ�
DQG� HDVWHUQ�SDUWV� RI� VWXG��DUHD��7KH� VWRQLQHVV� DV�
GHULYHG�IURP�WKH�VRLO�PDS�VKRZV�WKDW�������SHU�FHQW�
RI�PLFURZDWHUVKHG�DUHD�KDV�PRUH�WKDQ����SHU�FHQW�
DQG� WKH� UHVW� KDV� OHVV� WKDQ� ���� VWRQLQHVV� ��������
RI� WRWDO�DUHD�� )LJ���&���7KH�UDWLQJV�DUH�DVVLJQHG� WR�
HDFK�SURSHUW��XQGHU�VWXG��DQG�WKHQ�WKH�PXOWLSOLHG�

6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
&HQWUDO�.DUQDWDND�SODWHDX��,QGLD
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HDFK� UDWLQJ� WR� GHULYH� FRPELQHG� VFRUHV� RI� VRLO�
HURGLELOW���7KH�VRLO�HURGLELOLW��ZDV�IXUWKHU�GLYLGHG�
LQWR� WKUHH� FODVVHV� YL]��� ORZ�� PRGHUDWH� DQG� KLJK��
7KH� VRLO� HURGLELOLW�� PDS� ZDV� GHULYHG� XVLQJ� *,6�
�)LJ��'���7KLV�PDS�VKRZV�WKDW�VDQG��VRLOV�DUH�UDWHG�
DV�KLJKO��HURGLEOH�LQ�ZHVWHUQ�DQG�HDVWHUQ�SDUWV�RI�
PLFURZDWHUVKHG����������������KD���ORDP��VDQG�WR�
VDQG��FOD��ORDP�VRLOV�LQ�VRXWK�HDVWHUQ�WR�QRUWKHUQ�
SDUWV� ��������� DV� PRGHUDWHO�� HURGLEOH�� DQG� FOD��
sandy�clay�textured�soils�near�stream��oors�as�low�
HURGLEOH����������

(�RVL�LW�

0HWHRURORJLFDO�GDWD� RI�PLFURZDWHUVKHG� LV�XVHG� WR�
SUHSDUH�WKH�HURVLYLW��OD�HU�RYHU�WKH�SHULRG������WR�
2014.� The� two� climatic� indices�modi�ed� Fournier�
LQGH[� �0),�� DQG� %DQJRXOV�*DXVVHQ� DULGLW�� LQGH[�
�%*,��ZHUH� FDOFXODWHG� DQG� WKHQ� FRGHG� DV� SHU� WKH�
CORINE� model.� The� modi�ed� Fournier� index�
�0),�� ZDV� FDOFXODWHG� IURP� PRQWKO�� UDLQIDOO�
DPRXQWV�� )LJ�� �� GHSLFWV� WKH� DQQXDO� YDULDWLRQ� RI�
modi�ed�Fournier�index.�BGI�was�calculated�using�
PRQWKO�� WHPSHUDWXUH� DQG� PRQWKO�� UDLQIDOO�� 7KH�
mean�±�SD�MFI�was�141�±�101.09�with� coef�cient�
RI�YDULDWLRQ�RI������SHU�FHQW�DQG�UDWHG�DV����7KH�%*,�
index�has�a�mean�±�SD�of�169�±148.3�with�coef�cient�
RI�������DQG�DVVLJQHG�D�UDWLQJ�RI����+LJK�FODVV���7KH�
FRPELQHG�HIIHFW�RI�0),�DQG�%*,�KDV��LHOGHG�D�YDOXH�
RI����WR�UDWH�LW�DV�KLJK�

�RWH�WLDO�VRLO�H�RVLR���LVN����(��

Slope�is�the�main�controlling�factor�for�overland��ow�
depth,� the� �ow� velocity,� and� shear� stress� of� soils�
GXULQJ�H[WUHPH�UDLQIDOO�HYHQWV��/LX�HW�DO���������DQG�
DOVR�DVVXPHG�DV�D�PHDVXUH�RI�WKH�VHGLPHQW�WUDQVSRUW�
FDSDFLW�� WKDW� DIIHFW� UXQRII�� DQG� HURVLRQ� �0RRUH�
DQG� %XUFK�� ������� 0DMRU� DUHD� RI� DERXW� ���� ������
KDYH�YHU��JHQWO�� VORSLQJ� ������ VORSH�� FODVV� DQG� LV�
GLVWULEXWHG�LQ�WKH�PDMRU�SDUW�RI�WKH�PLFURZDWHUVKHG��
$Q�DUHD�RI�DERXW�����KD�������LQ�WKH�PLFURZDWHUVKHG�
LV�XQGHU�QHDUO��OHYHO��������ODQGV�DQG�GLVWULEXWHG�LQ�
WKH�FHQWUDO��QRUWKHUQ�DQG�VRXWKHUQ�SDUW�RI�WKH�PLFUR�
watershed� At� such� slopes,� the� agricultural� �elds�
QHDU� IRRW�KLOOV�DUH�VXEMHFWHG�WR�VHYHU�HURVLRQ�XQGHU�
KLJK� LQWHQVLYH� UDLQIDOO� HYHQWV� GXULQJ� VRXWK� ZHVW�
PRQVRRQ� �)LJ������%�� LQWHJUDWLRQ�RI� VRLO�HURGLELOLW���
HURVLYLW��DQG�VORSH�OD�HUV��WKH�SRWHQWLDO�HURVLRQ�ULVN�
PDS�ZDV�JHQHUDWHG��)LJ���D���7KLV�PDS�VKRZV�WKDW�
KLJK�HURVLRQ�ULVN�LV�HVWLPDWHG�LQ��������RI�WKH�VWXG��
DUHD��������KD���PRGHUDWH�ULVN�DW���������������KD��
DQG�ORZ�ULVN�DW�������RI�WRWDO�DUHD��

�FW�DO�VRLO�H�RVLR���LVN����(��

)LQDOO��DFWXDO�VRLO�HURVLRQ�ULVN�ZDV�JHQHUDWHG�VLPSO��
FRPELQLQJ� SRWHQWLDO� VRLO� HURVLRQ� ULVN� PDS� ZLWK�
vegetation�cover�over�lay.�The�cadastral�level�(�eld�
VXUYH��QXPEHU�ZLVH��YHJHWDWLYH�FRYHU�DQG�ODQG�XVH�
FRQYHQWLRQV�RI�WKH�VWXG��VLWH�KDYH�EHHQ�UHFRUGHG�DQG�
JHQHUDWHG�PDSV�XQGHU�*,6�HQYLURQPHQW��,QGHHG��WKH�
UHVXOWV�VKRZ�WKDW�������SHU�FHQW�RI�WKH�VWXG��DUHDV�LV�
IXOO��SURWHFWHG��IRUHVW��GHQVH�VKUXE���ZKLOH�������SHU�
FHQW� RI� WKH� DUHD� LV� QRW� IXOO��SURWHFWHG� �DJULFXOWXUDO�
ODQGV�DQG�RSHQ�DUHDV���7KH�QRUWK�WR�VRXWKHUQ�SDUWV�
RI� WKH� VWXG��DUHDV� KDYH� LQWHQVLYH� VWUHDP� OLQHV� EXW�
GHYRLG� RI� WKH� YHJHWDWLRQ� DQG� UDWHG� ������ SHU� FHQW�
RI�DUHD�DV�KLJK�DFWXDO�VRLO�HURVLRQ�ULVN�]RQH��)LJ��E���
7KH� UHPDLQLQJ� ������ SHU� FHQW� RI� SURWHFWHG� DUHD� LQ�
HDVWHUQ�WR�ZHVWHUQ�SDUWV�RI�ZDWHUVKHG�KDV�PRGHUDWH�
DFWXDO� VRLO�HURVLRQ�ULVN��7KH�GLIIHUHQFH�EHWZHHQ�WKH�
areas� of� potential� and� actual� erosion� risk� re�ects�
the� protective� in�uence� of� present� land� cover� in�
WKH�PLFURZDWHUVKHG��%��FRPELQLQJ�36(5�PDS�ZLWK�
YHJHWDWLRQ� FRYHU� OD�HU�� WKH� DUHD� LV� GHFUHDVHG� WR�
�������XQGHU�DFWXDO�VRLO�HURVLRQ�ULVN�PDS��

&RQFOXVLRQV

7KH� ODQG� UHVRXUFH� LQYHQWRU�� RI� +DUYH� �� PLFUR�
ZDWHUVKHG� ZDV� FDUULHG� RXW� RQ� �������� VFDOH� ZLWK�
FROOHFWLRQ� RI� FROODWHUDO� LQIRUPDWLRQ� RQ� DJULFXOWXUH�
DW� IDUP� OHYHO�� 7KH� &25,1(� PRGHO� ZDV� DSSOLHG�
WR� GHOLQHDWH� VRLO� HURVLRQ� ULVN� DVVHVVPHQW�ZLWK� WKH�
LQWHJUDWLRQ�RI�VRLO���VLWH�GDWDVHWV�YL]���VRLO�HURGLELOLW��
�WH[WXUH� FODVV� ;� GHSWK� FODVV� ;� VWRQLQHVV� FODVV���
HURVLYLW���0),�FRGH�;�%*,�FRGH��DQG�VORSH�FRGH�WR�
JHQHUDWH�SRWHQWLDO�VRLO�HURVLRQ�ULVN�]RQH��36(5���7KH�
GDWD�VKRZV�WKDW��������RI�WKH�VWXG��DUHD��������KD��
LV�FDWHJRUL]HG�DV�KLJK�HURVLRQ�ULVN�ZKHUHDV��������
�������KD��DV�PHGLXP�DQG�ORZ�ULVN�DW�������:LWK�
RYHUOD��RI�ODQG��FRYHU��WKH�DFWXDO�VRLO�HURVLRQ�ULVN�
LV�HVWLPDWHG�DV�WKH�GLIIHUHQFH�LQ�DUHD�XQGHU�KLJK�WKH�
SRWHQWLDO� VRLO� HURVLRQ� ULVN�PDS�GHFUHDVHG���������
WR�������� LQ� WKH�DFWXDO�VRLO�HURVLRQ�ULVN�� ,Q� IXWXUH�
studies,�there�is�a�scope�for�re�ning�ASER�with�soil�
HURVLRQ�FODVVHV�RI�FRQYHQWLRQDO�VRLO�VXUYH��RI�VWXG��
DUHD�ZLWK�WKH�GXH�FRQVLGHUDWLRQ�RI�WKH�LQFLGHQFH�RI�
H[WUHPH� VWRUPV�ZLWKLQ� WKH� �HDU� DQG� EHWZHHQ� WKH�
�HDU�YDULDWLRQV�RI�UDLQIDOO�GDWD��

5HIHUHQFHV

��� $UQROGXV�� +�0�-�� �������� $Q� DSSUR[LPDWLRQ�
RI� WKH� UDLQIDOO� IDFWRU� LQ� WKH�XQLYHUVDO� VRLO� ORVV�
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HTXDWLRQ�� ,Q��'H�%RRGW�0��*DEULHOV�'��HGLWRUV��
$VVHVVPHQW�RI�HURVLRQ��&KLFKHVWHU��:LOH����SS���
��������

��� %DJQRXOV�� )�� DQG� *XDVVHQ�� +�� �������� 7KH�
[HURWKHUPLF� LQGH[��%XOOHWLQ� RI� WKH�$VVRFLDWLRQ�
RI�)UHQFK�*HRJUDSKHUV������������������

��� %DVDYDUDMDSSD�� 7�� 3XVKSDYDWKL�� .�1�� DQG�
0DQMXQDWKD��0�&�� ��������&OLPDWH�&KDQJH�DQG�
LWV�LPSDFWRQ�*URXQGZDWHU�7DEOH�)OXFWXDWLRQ�LQ�
3UHFDPEULDQ�URFNVRI�&KDPDUDMDQDJDUD�GLVWULFW��
.DUQDWDND�� ,QGLD� XVLQJ*HRPDWLFV� 7HFKQLTXH��
,QWHUQDWLRQDO� -RXUQDO� RI� *HRPDWLFV� DQG�
*HRVFLHQFHV����������������

��� %LVZDV��+���5DL]GD��$���6XUHVK�.XPDU��0DQGDO��
'��� 6ULQLYDV�� 6��� +HJGH�� 5�� DQG� 0LVKUD�� 3�.��
�������� 6RLO� HURVLRQ� ULVN� PDSSLQJ� IRU� QDWXUDO�
UHVRXUFH� FRQVHUYDWLRQ� SODQQLQJ� LQ� .DUQDWDND�
UHJLRQ�� 6RXWKHUQ� ,QGLD�� ,QGLDQ� -RXUQDO� RI� 6RLO�
&RQVHUYDWLRQ����������������

��� %LVZDV�� 6XMDWD�� �������� (VWLPDWLRQ� RI� VRLO�
HURVLRQ� XVLQJ� UHPRWH� VHQVLQJ� DQG� *,6� DQG�
SULRULWLVDWLRQ� RI� FDWFKPHQWV�� ,QWHUQDWLRQDO�
-RXUQDO�RI�(PHUJLQJ�7HFKQRORJ��DQG�$GYDQFHG�
(QJLQHHULQJ��������������

��� &KDWWHUMHH�� 6�� .ULVKQD��$�3�� DQG� 6KDUPD��$�3��
�������� *HRVSDWLDO� DVVHVVPHQW� RI� VRLO� HURVLRQ�
YXOQHUDELOLW�� DW� ZDWHUVKHG� OHYHO� LQ� VRPH�
VHFWLRQV� RI� WKH� 8SSHU� 6XEDUQDUHNKD� ULYHU�
EDVLQ��-KDUNKDQG��,QGLD��(QYLURQ�(DUWK�6FL�������
��������

��� &25,1(����������6RLO�HURVLRQ�ULVN�DQG�LPSRUWDQW�
ODQG�UHVRXUFHV�LQ�WKH�6RXWKHDVWHUQ�UHJLRQV�RI�WKH�
(XURSHDQ�FRPPXQLW���(85��������/X[HPEHUJ��
%HOJLXP��SS���������

��� 'HQJL]�� 2UKDQ� DQG� 6XDW�� $NJXO� ������ 6RLO�
(URVLRQ� 5LVN� $VVHVVPHQW� RI� WKH� *�OEDIO��
(QYLURQPHQWDO�3URWHFWLRQ�$UHD�DQG�,WV�9LFLQLW��
8VLQJ�WKH�&25,1(�0RGHO��7XUN��-��$JULF��)RU��
������������

��� 'RUDQ�� -RKQ�:�� DQG� =HLVV��0LFKDHO� 5�� ��������
6RLO� KHDOWK� DQG� VXVWDLQDELOLW��� PDQDJLQJ� WKH�
ELRWLF� FRPSRQHQW� RI� VRLO� TXDOLW���$SSOLHG� 6RLO�
(FRORJ�������������

���� *DQDVUL��%��DQG�5DPHVK��+����������$VVHVVPHQW�
RI� VRLO� HURVLRQ�E��586/(�PRGHO�XVLQJ�UHPRWH�
VHQVLQJ�DQG�*,6�D�FDVH�VWXG��RI�1HWKUDYDWKL�
%DVLQ��*HRVFL�)URQW�����������������

���� *XSWD��3��DQG�8QL�DO��6����������$�&DVH�6WXG��2I�
5DPJDG�:DWHUVKHG��1DLQLWDO�)RU� 6RLO�(URVLRQ�
5LVN�$VVHVVPHQW�8VLQJ�&25,1(�0HWKRGRORJ���
,QWHUQDWLRQDO� -RXUQDO� RI� (QJLQHHULQJ�5HVHDUFK�
��7HFKQRORJ�������������

���� ,&$5� DQG� 1$$6�� �������� 'HJUDGHG� DQG�
:DVWHODQGV� RI� ,QGLD�� 6WDWXV� DQG� 6SDWLDO�
'LVWULEXWLRQ�� ,QGLDQ� &RXQFLO� RI� $JULFXOWXUDO�
5HVHDUFK�DQG�1DWLRQDO�$FDGHP��RI�$JULFXOWXUDO�
6FLHQFH��1HZ�'HOKL������S�

���� .DODPEXNDWWX�� -�*�� DQG� .XPDU�� 6�� ��������
0RGHOOLQJ� VRLO� HURVLRQ� ULVN� LQ� D� PRXQWDLQRXV�
ZDWHUVKHG� RI� 0LG�+LPDOD�D� E�� LQWHJUDWLQJ�
586/(� PRGHO� ZLWK� *,6�� (XUDVLDQ� -RXUQDO� RI�
6RLO�6FLHQFH����������������

���� .RXUJLDODV�� 1�1��� .RXERXULV�� *�&��� .DUDW]DV��
*�3��DQG�0HW]LGDNLV��,����������$VVHVVLQJ�ZDWHU�
HURVLRQ�LQ�0HGLWHUUDQHDQ�WUHH�FURSV�XVLQJ�*,6�
WHFKQLTXHV� DQG� ILHOG�PHDVXUHPHQWV�� WKH� HIIHFW�
RI�FOLPDWH�FKDQJH��1DW�+D]DUGV���������������

���� .XPDU��$���'HYL��0��DQG�'HVKPXNK��%����������
,QWHJUDWHG� UHPRWH� VHQVLQJ� DQG� JHRJUDSKLF�
LQIRUPDWLRQ� V�VWHP� EDVHG� 586/(� PRGHOOLQJ�
IRU�HVWLPDWLRQ�RI�VRLO�ORVV�LQ�ZHVWHUQ�+LPDOD�D��
,QGLD��:DWHU�5HV�0DQDJ�����������������

���� /DO��5����������:RUOG�FURSODQG�VRLOV�DV�D�VRXUFH�
RI� VLQN� IRU� DWPRVSKHULF� FDUERQ�� $GYDQFHV� LQ�
$JURQRP���������������

���� /LX�� 4�� &KHQ�� /�� DQG� /L�� -�� �������� ,QIOXHQFHV�
RI� VORSH�JUDGLHQW�RQ�VRLO� HURVLRQ��$SSO��0DWK��
0HFK������������������

���� 0DQGDO�� &��� 0DQGDO�� '�� .��� 6ULQLYDV�� &�� 9���
6HKJDO�� -�� DQG� 9HOD�XWKDP�� 0�� �������� 6RLO�
FOLPDWLF� GDWDEDVH� IRU� FURS� SODQQLQJ� LQ� ,QGLD��
1%66�3XEO�������1%66���/83��1DJSXU��,QGLD�

���� 0DUNRVH��9�-��DQG�-D�DSSD��.��6����������6RLO�ORVV�
HVWLPDWLRQ�DQG�SULRULWL]DWLRQ�RI� VXE�ZDWHUVKHGV�
RI� .DOL� 5LYHU� EDVLQ�� .DUQDWDND�� ,QGLD�� XVLQJ�
586/(�DQG�*,6��(QYLURQ�0RQLW�$VVHVV�������������
KWWSV���GRL�RUJ���������V�����������������

���� 0RRUH�� ,�'�� DQG� %XUFK� *�-�� �������� 3K�VLFDO�
EDVLV� RI� WKH� OHQJWK�VORSH� IDFWRU� LQ� WKH�
XQLYHUVDO�VRLO� ORVV� HTXDWLRQ��6RLO�6FL�6RF�$P�
-�����������������

���� 1DJDUDMX��'���6LGGDUDMX��.���%KDQXSUDNDVK��+�0��
DQG�%DODVXEUDPDQLDQ��$��������*,6�WHFKQLTXHV�
LQ�ZDWHU�UHVRXUFHV�SODQQLQJ�DQG�PDQDJHPHQW�
LQ�&KDPUDMQDJDU�WDOXN��&KDPUDMQDJDU�GLVWULFW��
.DUQDWDND�� ,QGLD�� ,QWHUQDWLRQDO� -RXUQDO� RI�
5HFHQW�6FLHQWLILF�5HVHDUFK����������������������

���� 1DUD�DQVZDP���<��$���,QD�DWKXOOD��0��DQG�'U�
6KDVKLVKDQNDU�� $�� �������� 6SDWLDO� (VWLPDWLRQ�
RI� 6RLO� (URVLRQ� 8VLQJ� 586/(�� 56�� DQG� *,6�
7HFKQLTXHV�� $� &DVH� 6WXG�� RI� 7�*�� +DOOL�
:DWHUVKHG�� .DUQDWDND�� ,QGLD�� ,QWHUQDWLRQDO�
-RXUQDO� RI� (QJLQHHULQJ� 'HYHORSPHQW� DQG�
5HVHDUFK������������������

���� 1%66/83�� �������� 6RLO� UHVRXUFH� PDQDJHPHQW�
UHSRUW�1DWLRQDO� %XUHDX� RI� 6RLO� 6XUYH�� DQG�
/DQG�8VH�3ODQQLQJ��1DJSXU�

���� 3DQGH��� $��� &KRZGDU��� 9�0�� DQG� 0DO�� %�&��
�������� ,GHQWLILFDWLRQ� RI� FULWLFDO� HURVLRQ� SURQH�
DUHDV�LQ�WKH�VPDOO�DJULFXOWXUDO�ZDWHUVKHG�XVLQJ�
86/(��*,6� DQG�UHPRWH� VHQVLQJ��:DWHU�5HVRXU�
0DQDJ���������������

���� 3LQNL� 6HWK�� 7�� &KLNNDUDPDSSD�� � 5DMHVZDUL� 'DV�

6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
&HQWUDO�.DUQDWDND�SODWHDX��,QGLD
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DQG� 1DY�D�� 1�� &�� �������� &KDUDFWHULVDWLRQ� DQG�
&ODVVLILFDWLRQ�RI�6RLO�5HVRXUFHV�RI�.XPDFKDKDOOL�
0LFUR�:DWHUVKHG�LQ�&KDPDUDMDQDJDU��.DUQDWDND��
,QGLD�� ,QWHUQDWLRQDO� -RXUQDO� RI� &XUUHQW�
0LFURELRORJ�� DQG� $SSOLHG� 6FLHQFHV��� �������
��������

���� 5DZDW��.�6���0LVKUD��$�.��DQG�%KDWWDFKDU��D��5��
��������6RLO�HURVLRQ�ULVN�DVVHVVPHQW�DQG�VSDWLDO�
PDSSLQJ� XVLQJ� /$1'6$7��� (70��� 586/(��
DQG�*,6�D�FDVH�VWXG���$U�-�*HRVFL��������������

���� 5RGULJR�� -��� &RPLQR�� &��� %ULQJV�� 7��� /DVVX�� 7���
,VHUORK��-��0���6HQFLDOHV��-��)���0DUWtQH]�0XULOOR��
-�� '��� 5XL]� 6LQRJD�� 6HHJHU�� 0�� DQG� 5LHV�� -�� %��
�������� 5DLQIDOO� DQG� KXPDQ� DFWLYLW�� LPSDFWV�
RQVRLO� ORVVHV� DQG� ULOO� HURVLRQ� LQ� YLQH�DUGV�
�5XZHU� 9DOOH��� *HUPDQ���� 6ROLG� (DUWK�
'LVFXVV�������������

���� 6FKRHQHEHUJHU��3�� -���:�VRFNL��'��$���%HQKDP��
(�� &�� DQG� 6RLO� 6XUYH�� 6WDII��������� )LHOG� ERRN�
IRU� GHVFULELQJ� DQG� VDPSOLQJ� VRLOV�� 9HUVLRQ�
����� 1DWXUDO� 5HVRXUFHV� &RQVHUYDWLRQ� 6HUYLFH��
1DWLRQDO�6RLO�6XUYH��&HQWHU��/LQFROQ��1(�

���� 6KDUGD��9��1���'RJUD��3��DQG�3UDNDVK��&����������
$VVHVVPHQW�RI�SURGXFWLRQ�ORVVHV�GXH� WR�ZDWHU�
HURVLRQ� LQ� UDLQIHG� DUHDV� RI� ,QGLD�� -� 6RLO�:DWHU�
&RQVHUY�������������

���� 6RLO� 6XUYH�� 6WDII�� �������� .H�V� WR� 6RLO�
7D[RQRP��� ��WK�HG��86'$�1DWXUDO�5HVRXUFHV�
&RQVHUYDWLRQ�6HUYLFH��:DVKLQJWRQ��'&�

���� <XNVHO��$ODDGGLQ��*XQGRJDQ��5��(��DQG�$ND���
$�� ��������8VLQJ� WKH�5HPRWH� 6HQVLQJ�DQG�*,6�
7HFKQRORJ�� IRU� (URVLRQ� 5LVN� 0DSSLQJ� RI�
.DUWDOND�D�'DP�:DWHUVKHG�LQ�.DKUDPDQPDUDV��
7XUNH���6HQVRUV�-�����������������

6RLO�HURVLRQ�ULVN�DVVHVVPHQW�XVLQJ�FRULQH�PRGHO���$�FDVH�VWXG��IURP�+DUYH���PLFUR�ZDWHUVKHG���
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