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/DQG�8VH��6RLO�/RVV�DQG�6XVWDLQDEOH/DQG�8VH��6RLO�/RVV�DQG�6XVWDLQDEOH�

$JULFXOWXUH�LQ�5ZDQGD$JULFXOWXUH�LQ�5ZDQGD

'DQLHO�&��&OD\��DQG�/DXUHQFH�$��/HZLV�

7KH�FRQVHUYDWLRQ�RI�VFDUFH�ODQG�UHVRXUFHV�LV�HVVHQWLDO�WR�WKH�ORQJ�WHUP�YLDELOLW\�RI�DJULFXOWXUH

LQ�5ZDQGD���+LJK�SRSXODWLRQ�GHQVLW\��VWHHS�VORSHV�DQG�DEXQGDQW�UDLQIDOO�SUHYDLO�LQ�WKH�KLJKODQG

SRUWLRQV�RI�WKLV�$IULFDQ�FRXQWU\��PDNLQJ�WKH�WDVN�RI�HURVLRQ�FRQWURO�XQFRPPRQO\�GLIILFXOW�IRU

WKH�SHDVDQW�IDUPHU���7KH�VSHFLILF�XVH�WR�ZKLFK�ODQG�LV�SXW��H�J���FXOWLYDWLRQ��IDOORZ��SDVWXUH�

ZRRGORWV��DQG��LI�LW�LV�FXOWLYDWHG��WKH�SDUWLFXODU�FRPELQDWLRQ�RI�FURSV�JURZQ��FDQ�EH�VHHQ�DV

FRQWULEXWLQJ�WR�ERWK�WKH�FDXVH�DQG�WKH�VROXWLRQ�RI�WKH�ODQG�GHJUDGDWLRQ�SUREOHP���%DVHG�RQ

GDWD�IURP�D�QDWLRQZLGH�VXUYH\�RI�RYHU�������DJULFXOWXUDO�ILHOGV�LQ�5ZDQGD��WKLV�VWXG\�UHYLHZV

WKH�H[WHQW�WR�ZKLFK�WKH�ODQG�XVH�DQG�FURSSLQJ�SDWWHUQV�HPSOR\HG�E\�IDUPHUV�DUH�DSSURSULDWHO\

VXLWHG��LQ�WHUPV�RI�HURVLRQ�FRQWURO��WR�WKH�WRSRJUDSKLFDO�DQG�HQYLURQPHQWDO�FKDUDFWHULVWLFV�RI

WKHLU� ODQGKROGLQJV�� �$QDO\VHV�RI�RWKHU�DVSHFWV�RI� WKH� WUDGLWLRQDO�DJULFXOWXUDO� V\VWHP��H�J��

YDULDWLRQV�LQ�UHODWLYH�VRLO�IHUWLOLW\��WKH�XVH�RI�RUJDQLF�IHUWLOL]HUV��DQG�WKH�ORFDWLRQ�RI�ILHOGV�UHODWLYH

WR�WKH�KRXVHKROG��DUH�LQWURGXFHG�WR�KHOS�H[SODLQ�ZK\�IDUPHUV�RIWHQ�IDLO�WR�PD[LPL]H�HURVLRQ

FRQWURO�WKURXJK�ODQG�XVH�DQG�FURSSLQJ�SUDFWLFHV���$GMXVWPHQWV�WR�FXUUHQW�ODQG�XVH�SUDFWLFHV

WKDW�FDQ�EH�H[SHFWHG�WR�UHGXFH�VRLO�ORVV�DUH�GLVFXVVHG�

.H\�ZRUGV���VRLO�HURVLRQ��FURSSLQJ�SDWWHUQV��VORSH��VXVWDLQDEOH�DJULFXOWXUH��5ZDQGD�

�0LFKLJDQ�6WDWH�8QLYHUVLW\��'HSDUWPHQW�RI�6RFLRORJ\��%HUNH\�+DOO��(DVW�/DQVLQJ��0,�������
�&ODUN�8QLYHUVLW\��*UDGXDWH�6FKRRO�RI�*HRJUDSK\��:RUFHVWHU��0$������������

$FNQRZOHGJHPHQWV���:H�WKDQN�WKH�'LYLVLRQ�GHV�6WDWLVWLTXHV�$JULFROHV��'6$��RI�WKH�5ZDQGDQ

0LQLVWU\�RI�$JULFXOWXUH��0,1$*5,��IRU�SURYLVLRQ�RI�WKH�GDWD���:H�WKDQN�86$,'�$)5�6'�36*(�

)63�� 86$,'�.LJDOL�� DQG� $,'�*OREDO� %XUHDX��2IILFH� RI� $JULFXOWXUH� DQG� )RRG� 6HFXULW\� IRU

IXQGLQJ�YLD�WKH�)RRG�6HFXULW\�,,�&RRSHUDWLYH�$JUHHPHQW�

$�UHYLVHG�YHUVLRQ�RI�WKLV�SDSHU�KDV�EHHQ�SXEOLVKHG�XQGHU�WKH�VDPH�WLWOH�LQ�+XPDQ�(FRORJ\�

��������������SS�����������5HSULQWHG�LQ�'�*��%DWHV�DQG�6�+��/HHV��HGV����&DVH�6WXGLHV�LQ

+XPDQ�(FRORJ\��1HZ�<RUN��3OHQXP�3UHVV�������
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,1752'8&7,21,1752'8&7,21

6RLO�ORVV�LV�D�VHULRXV�WKUHDW�WR�WKH�ORQJ�WHUP�YLDELOLW\�RI�DJULFXOWXUDO�V\VWHPV�WKURXJKRXW

WKH�7KLUG�:RUOG���3DUWLFXODUO\�RQ�IUDJLOH�ODQGV�LQ�UHJLRQV�ZKHUH�ODQG�UHVRXUFHV�DUH�VFDUFH�DQG

SRSXODWLRQ�JURZWK�FRQWLQXHV�WR�VXUJH��GHFOLQLQJ�SURGXFWLYLW\�GXH�WR�VRLO�GHJUDGDWLRQ�FDQ�KDYH

FUXVKLQJ�ORQJ�WHUP�HIIHFWV�RQ�KXPDQ�KHDOWK�DQG�QXWULWLRQ���$ZDUHQHVV�RI�WKLV�WUXLVP�LV�QR

JUHDWHU�DPRQJ�PHPEHUV�RI�WKH�VFLHQWLILF�FRPPXQLW\�WKDQ�LW�LV�DPRQJ�PHPEHUV�RI�DIIHFWHG

SHDVDQW�YLOODJHV���

7KH� IDUPHUV�RI�5ZDQGD�DUH� HVSHFLDOO\�PLQGIXO�RI� WKH�QHHG� WR�FRQVHUYH� WKHLU� ODQG

UHVRXUFHV���5ZDQGD�LV�DPRQJ�WKH�SRRUHVW�DQG�PRVW�GHQVHO\�SRSXODWHG�QDWLRQV�LQ�$IULFD��ZLWK

DQ�DQQXDO�SRSXODWLRQ�JURZWK�UDWH�RI��������6WHHS�VORSHV��FRPPRQ�WKURXJKRXW�WKH�QDWLRQ�

FRXSOHG�ZLWK�KHDY\�VHDVRQDO�UDLQV�PDNH�WKH�WDVN�RI�HURVLRQ�FRQWURO�HVVHQWLDO�WR�WKH�IXWXUH�RI

5ZDQGDQ�DJULFXOWXUH���7KH�HIIRUWV�RI�LQGLYLGXDO�IDUPHUV��ZRUNLQJ�ZLWK�H[WHQVLRQ�DJHQWV�DQG

JRYHUQPHQW� RIILFLDOV�� KDYH� HPSKDVL]HG� ODQG�PDQDJHPHQW� HQJLQHHULQJ�� DV� WKH�GRPLQDQW

DSSURDFK�WR�FRQWUROOLQJ�VRLO�ORVV�DQG�GHJUDGDWLRQ���7HUUDFHV�DQG�GUDLQDJH�GLWFKHV�KDYH�EHHQ

FRQVWUXFWHG�LQ�PDQ\�SDUWV�RI�WKH�FRXQWU\���(QJLQHHULQJ�VWUDWHJLHV��ZKLOH�SRWHQWLDOO\�YHU\�XVHIXO�

KDYH�QXPHURXV�GLVDGYDQWDJHV���)LUVW��WKH\�PDNH�KLOO�VORSHV�LQKHUHQWO\�OHVV�VWDEOH��&KRUOH\�HW

DO��������DQG�DV�VXFK��FRQWLQXRXV�PDLQWHQDQFH�RI�HQJLQHHULQJ�ZRUNV�LV�LQYDULDEO\�UHTXLUHG�

6HFRQG��WKH\�DUH�JHQHUDOO\�H[SHQVLYH�WR�FRQVWUXFW��HLWKHU�RU�ERWK�LQ�WHUPV�RI�ODERU�DQG�FDSLWDO�

7KLUG��LQ�WKH�5ZDQGDQ�VHWWLQJ�GXH�WR�ERWK�WKH�VWHHSQHVV�RI�WKH�VORSHV�DQG�WKH�KHDY\�YROXPH

RI�VXUIDFH�ZDWHU�UXQRII��XQOLQHG�GUDLQDJH�GLWFKHV�FDQ�HYHQWXDOO\�OHDG�WR�JXOO\�IRUPDWLRQ���$QG

ILQDOO\��LQ�PRVW�SDUWV�RI�QRUWKZHVWHUQ�5ZDQGD��WRSVRLOV�DUH�UHODWLYHO\�WKLQ�DQG�DUH�XQGHUODLQ�ZLWK

D�YHU\�DFLGLF�%�KRUL]RQ��L�H���WKH�VWUDWXP�RI�VRLO�WKDW�OLHV�LPPHGLDWHO\�EHQHDWK�WKH�WRSVRLO�OD\HU�

5HFHQWO\��ELRORJLFDO�DSSURDFKHV�VXFK�DV�SODQWLQJ�JUDVV�VWULSV�DQG�KHGJHURZV�KDYH�EHHQ

LQWURGXFHG�DV�FRPSOHPHQWDU\�PHWKRGV�RI�UHGXFLQJ�VRLO�ORVV���<HW��EHFDXVH�JUDVV�VWULSV�DQG

KHGJHURZV�RIWHQ� UHPRYH�VL]DEOH� VHJPHQWV�RI� ODQG� IURP�FURS�SURGXFWLRQ�� WKH\� FDQ�SXVK

IDUPHUV�WR�FXOWLYDWH�DGGLWLRQDO��RIWHQ�PDUJLQDO�ODQGV�DQG�WKHUHE\�LQFUHDVH�WKH�SRWHQWLDO�DUHD

XQGHUJRLQJ�DFFHOHUDWHG�DJULFXOWXUDO�HURVLRQ�

$QRWKHU� ELRORJLFDO� DSSURDFK�� RQH� WKDW� KDV� UHFHLYHG� UHODWLYHO\� OLWWOH� DWWHQWLRQ� IURP

DJULFXOWXUDO�H[WHQVLRQ�OHDGHUV�LQ�5ZDQGD��LV�WKH�LQWHJUDWLRQ�RI�HURVLRQDO�FRQWUROV�LQWR�IDUPHUV


FURSSLQJ�DQG�ODQG�XVH�V\VWHPV���&URSV�DQG�RWKHU�IRUPV�RI�YHJHWDWLRQ�YDU\�FRQVLGHUDEO\�LQ

WKHLU�DELOLW\�WR�SURWHFW�WKH�VRLO�IURP�WKH�HURVLYH�HIIHFWV�RI�UDLQIDOO�DQG�UXQRII���'LIIHUHQFHV�LQ�WKH

UDWHV�RI�PDWXULW\��H[WHQW�RI�OHDI�FRYHU��URRW�V\VWHPV��DQG�FURS�VSHFLILF�IDUPLQJ�SUDFWLFHV��DUH

VRPH�RI�WKH�PRUH�LPSRUWDQW�IDFWRUV�WKDW�GHWHUPLQH�WKH�UHODWLYH�HIIHFWLYHQHVV�RI�YDULRXV�IRUPV

RI�DJULFXOWXUDO� ODQG�XVH� LQ�FRQWUROOLQJ�VRLO� ORVV�� �7KHVH� IDFWRUV�FDQ�DOVR�DIIHFW� WKH�RYHUDOO

SHUIRUPDQFH�RI�ODQG�HQJLQHHULQJ�VWUDWHJLHV���%\�VHOHFWLYHO\�DGDSWLQJ�ODQG�XVH�DQG�FURSSLQJ

SDWWHUQV�VR�WKDW�SDUFHOV�RI�ODQG�SDUWLFXODUO\�VXVFHSWLEOH�WR�HURVLRQ�DUH�FRYHUHG�ZLWK�YHJHWDWLRQ

RIIHULQJ�HIIHFWLYH�SURWHFWLRQ�DW�FULWLFDO�SHULRGV�GXULQJ�WKH�DJULFXOWXUDO�F\FOH��WKH�ORVV�RI�VRLO�FDQ

EH�PLQLPL]HG���)XUWKHUPRUH��ZKHQ�ERWK�HQYLURQPHQWDO�DQG�FXOWXUDO�IDFWRUV�ILJXUH�LQWR�WKH

IDUPHU
V�FURS�VHOHFWLRQ�ILHOG�ORFDWLRQ�GHFLVLRQ�PDNLQJ��QRW�RQO\�FDQ�VRLO�HURVLRQ�EH�UHGXFHG�

EXW�VRLO�LPSURYHPHQW�PD\�DFWXDOO\�UHVXOW�

7KLV�SDSHU�GHPRQVWUDWHV�WKDW�WKHUH�LV�UHODWLYHO\�OLWWOH�DVVRFLDWLRQ�EHWZHHQ�ILHOG�VORSH�DQG

FURS�FRYHU�LQ�5ZDQGD��DQG�H[DPLQHV�WKH�TXHVWLRQ�RI�KRZ�WKLV�FRXOG�EH�VR�LQ�WKLV�KLJKODQG
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$IULFDQ�QDWLRQ��ZKHUH�ODQG�LV�D�VFDUFH�UHVRXUFH�DQG�RYHU����SHUFHQW�RI�DOO�KRXVHKROGV�GUDZ

WKHLU�OLYHOLKRRG�IURP�DJULFXOWXUH���,W�LV�DUJXHG�WKDW�WKH�UHDVRQ�ZK\�IDUPHUV�GR�QRW�PDNH�PRUH

HIIHFWLYH�XVH�RI�FURSSLQJ�DQG�ODQG�XVH�WR�FRQWURO�VRLO�ORVV�LV�QRW�EHFDXVH�WKH\�DUH�XQDZDUH�RI

WKH�VRLO� ORVV�SUREOHP�� �5DWKHU�� WKH� WUDGLWLRQDO� VHWWOHPHQW�SDWWHUQ�DQG� WKH�RUJDQL]DWLRQ�RI

IDUPLQJ��FRXSOHG�ZLWK�PRUH�UHFHQW�GHPRJUDSKLF�SUHVVXUH��KDYH�LPSHGHG�WKH�GHYHORSPHQW

RI� D� FURSSLQJ� V\VWHP� WKDW� HIIHFWLYHO\� FRQWULEXWHV� WR� WKH� FRQVHUYDWLRQ� RI� SUHFLRXV� ODQG

UHVRXUFHV�

/$1'�86(��6/23(�$1'�62,/�/266/$1'�86(��6/23(�$1'�62,/�/266

7KH�GHJUDGDWLRQ�RI�$IULFD
V�ODQG�UHVRXUFHV�KDV�RIWHQ�EHHQ�LJQRUHG�RU�JRQH�XQQRWLFHG

XQOHVV�LW�KDV�UHVXOWHG�LQ�VSHFWDFXODU�RU�REYLRXV�GHVWUXFWLRQ��VXFK�DV�JXOO\�HURVLRQ��GH�9RV�

��������:KLOH�WKHUH�LV�UHFHQW�UHFRJQLWLRQ�RI�WKH�VRLO�GHJUDGDWLRQ�SUREOHP�WKURXJKRXW�$IULFD�

DJJUHVVLYH�DQG�FRQFHUWHG�HIIRUWV�WR�GHDO�ZLWK�WKH�VLWXDWLRQ�KDYH�HPHUJHG�DOPRVW�H[FOXVLYHO\

LQ�WKH�VHPL�DULG�DUHDV��ZKHUH�DJULFXOWXUDO�DQG�SDVWRUDO�V\VWHPV�KDYH�H[SHULHQFHG�FDWDVWURSKLF

GHFOLQHV��8QLWHG�1DWLRQV����������,Q�5ZDQGD�DQG�RWKHU�KXPLG�DUHDV�RI�WKH�FRQWLQHQW��ZKHUH

WKH�SRWHQWLDO�IRU�DJULFXOWXUDO�SURGXFWLRQ�LV�UHODWLYHO\�KLJK��WKH�HIIHFWV�RI�VRLO�ORVV�KDYH�EHHQ�OHVV

YLVLEOH�DQG��FRQVHTXHQWO\�QRW�SHUFHLYHG�WR�EH�DV�GDPDJLQJ�DV�LQ�WKH�GULHU�DUHDV��/HZLV�DQG

%HUU\����������7RGD\��KRZHYHU��WKH�SUREOHP�RI�ODQG�GHJUDGDWLRQ�LQ�WKH�KXPLG�DUHDV�LV�UDSLGO\

JDLQLQJ�UHFRJQLWLRQ��(O�6ZDLI\�HW�DO���������

3RSXODWLRQ�SUHVVXUH�LQ�5ZDQGD�KDV�SXVKHG�IDUPHUV�RQWR�LQFUHDVLQJO\�IUDJLOH�ODQGV�

:LWKRXW�SURSHU�DWWHQWLRQ��WKH�GRZQZDUG�VSLUDO�RI�HQYLURQPHQWDO�GHWHULRUDWLRQ�LQ�DIIHFWHG�DUHDV

ZLOO�EH�LQHYLWDEOH���,Q�WKH�QRUWKZHVWHUQ�UHJLRQ��ZKHUH�WKH�SRWHQWLDO�IRU�DJULFXOWXUDO�SURGXFWLYLW\

LV�KLJK��WKH�H[SDQVLRQ�RI�DJULFXOWXUH�RQWR�PDUJLQDO�ODQGV�LV�DOUHDG\�UHVXOWLQJ�LQ�VHULRXV�VORSH

IDLOXUHV��VOXPSV�DQG�ODQGVOLGHV���1\DPXOLQGD����������7KH�LQFUHDVH�LQ�GHJUDGDWLRQ�SURFHVVHV

DFWLQJ� RQ� KLOO� VORSHV� ZLOO� HYHQWXDOO\� OHDG� WR� H[FHVVLYH� GHSRVLWLRQ� LQ� WKH� YDOOH\

ERWWRPV³³FRQGLWLRQV�ZKLFK��RYHU�WLPH��FDQ�SUHFLSLWDWH�IORRG�GDPDJH�DQG�WKH�GHVWUXFWLRQ

RI�ORZODQG�FURSV���,Q�IDFW��LI�OHIW�XQWUHDWHG��HQYLURQPHQWDO�GHFOLQH�ZLOO�JHQHUDOO\�DFFHOHUDWH

EHFDXVH�WKH�YDULRXV�VWDJHV�RI�GHWHULRUDWLRQ�WHQG�WR�UHLQIRUFH�RQH�DQRWKHU���'HFUHDVLQJ�VRLO

IHUWLOLW\��IRU�H[DPSOH��UHGXFHV�YHJHWDWLRQ�FRYHU�ZKLFK��LQ�WXUQ��LQFUHDVHV�WKH�SRWHQWLDO�IRU�VRLO

ORVV�DQG�HYHQ�ORZHU�IHUWLOLW\�

7KH�UROH�RI�SODQW�FRYHU��LQFOXGLQJ�ERWK�FURSV�DQG�PXOFKHV��LQ�FRQWUROOLQJ�VRLO�ORVV�LV

ZHOO�HVWDEOLVKHG��:LVFKPHLHU�DQG�6PLWK����������9HJHWDWLRQ�WKDW�SURWHFWV�WKH�VRLO�IURP�WKH

GLUHFW�LPSDFW�RI�UDLQGURSV�DUH�DVVRFLDWHG�ZLWK�ORZ�VRLO�ORVVHV���/LNHZLVH�WKH�DSSOLFDWLRQ�RI

PXOFKHV�KDV�FRQVLVWHQWO\�SURYHQ�WR�EH�HIIHFWLYH�LQ�UHGXFLQJ�HURVLRQ��6&6$��������:LVFKPHLHU

DQG�6PLWK�� ������� � )XUWKHUPRUH�� LQ� KLJKODQG� VHWWLQJV� VXFK� DV� LQ�5ZDQGD��PXOFKHV� DGG

LPSRUWDQW�QXWULHQWV�DQG�LQFUHDVH�WKH�VRLO�PRLVWXUH�XWLOL]DWLRQ�SRWHQWLDO��ERWK�RI�ZKLFK�FDQ

LQFUHDVH�SRWHQWLDO�\LHOGV���,Q�.HQ\D��IRU�H[DPSOH��WKLFN�PXOFKLQJ�RI�FRIIHH�FURSV�RQ�VORSHV�LQ

H[FHVV�RI����GHJUHHV�KDV�UHVXOWHG�LQ�VRLO�ORVVHV�RI�OHVV�WKDQ���WRQV�SHU�KHFWDUH�SHU�\HDU��/HZLV�

��������0XOFKLQJ�RI�FRIIHH�LV�DOPRVW�D�XQLYHUVDO�SUDFWLFH�LQ�5ZDQGD��DQG�SULRU�UHVHDUFK�KDV

VKRZQ�WKDW�VRLO�ORVVHV�RQ�VXFK�ILHOGV�DSSHDU�PLQLPDO��/HZLV��������HYHQ�WKRXJK�WKH�SULPDU\

SXUSRVH�RI� WKH�PXOFK�LV�WR�LPSURYH�WKH�VRLO�PRLVWXUH��QRW�HURVLRQ�FRQWURO���2WKHU�UHFHQW
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UHVHDUFK�KDV�EHJXQ�WR�HPSKDVL]H�WKH�LPSRUWDQFH�RI�FRQWLQXRXV�FURS�FRYHU�DQG�PLQLPDO

JURXQG�GLVWXUEDQFH�LQ�UHGXFLQJ�VRLO�ORVV�LQ�5ZDQGD��/HZLV�HW�DO����������

'$7$�$1'�0(7+2''$7$�$1'�0(7+2'

��

'DWD�IRU�WKLV�SDSHU�DUH�GHULYHG�IURP�D�QDWLRQZLGH�VWUDWLILHG�UDQGRP�VDPSOH�RI������

IDUP�KRXVHKROGV��DQG�ZHUH�FROOHFWHG�DV�SDUW�RI�WKH���������1DWLRQDO�$JULFXOWXUDO�6XUYH\�LQ

5ZDQGD� �'HMDHJKHU� HW� DO��� ������� � 7KH� VXUYH\� ZDV� VSRQVRUHG� MRLQWO\� E\� WKH� 0LQLVWU\� RI

$JULFXOWXUH�� /LYHVWRFN� DQG� )RUHVWV� DQG� WKH� 8�6�� $JHQF\� IRU� ,QWHUQDWLRQDO� 'HYHORSPHQW�

)LHOGHG� RYHU� D� WZHOYH�PRQWK� SHULRG�� WKH� VXUYH\� ZDV� GHVLJQHG� WR� FROOHFW� LQIRUPDWLRQ� RQ

DJULFXOWXUDO�V\VWHPV�LQ�5ZDQGD�IURP�D�YDULHW\�RI�SHUVSHFWLYHV�

7RSLFV�DGGUHVVHG�LQ�WKH�ILHOG�OHYHO�TXHVWLRQQDLUHV�LQFOXGHG��FURSV�DQG�FURS�URWDWLRQV�

ODQG�WHQXUH��VWHHSQHVV�RI�VORSH��ORFDWLRQ�RI�ILHOGV�RQ�WKH�VORSH��VRLO�FRQVHUYDWLRQ�PHWKRGV�

IHUWLOL]HU�XVH��GLVWDQFH�IURP�WKH�KRXVHKROG�UHVLGHQFH��DQG�SHUFHLYHG�SURGXFWLYLW\�RI�WKH�VRLO�

2I�SDUWLFXODU�LPSRUWDQFH�WR�WKH�SUHVHQW�VWXG\�LV�WKH�GHJUHH�WR�ZKLFK�YDULRXV�FRPELQDWLRQV�RI

FURSV�DQG�RWKHU�W\SHV�RI�ODQG�XVH�KHOS�SURWHFW�WKH�VRLO�IURP�UDLQIDOO�DQG�UXQRII���$�ZHOO�NQRZ

PHDVXUH�WKDW�UHIOHFWV�WKLV�SURWHFWLYH�TXDOLW\�RI�FURSV�LV�WKH�&�YDOXH���

7KH�&�YDOXH�LV�GHILQHG�DV��WKH�UDWLR�RI�VRLO�ORVV�IURP�DQ�DUHD�ZLWK�D�VSHFLILF�FRYHU�DQG

WLOODJH�SUDFWLFH�WR�WKDW�IURP�DQ�LGHQWLFDO�DUHD�LQ�WLOOHG�FRQWLQXRXV�IDOORZ���:LVFKPHLHU�	�6PLWK�

��������)RU�DQ\�JLYHQ�ILHOG��WKH�FURS�FRYHU��FDQRS\��DQG�WLOODJH�SUDFWLFHV�FDQ�YDU\�WKURXJKRXW

WKH�\HDU���7KH�&�YDOXH�UHSUHVHQWV�WKH�DYHUDJH�VRLO�ORVV�UDWLR�UHVXOWLQJ�IURP�WKHVH�IDFWRUV�RYHU

WKH�JURZLQJ�VHDVRQ���,Q�WKH�SUHVHQW�VWXG\��WKH�&�YDOXHV�XVHG��VHH�7DEOH���IRU�DQ�LOOXVWUDWLYH

OLVWLQJ��ZHUH�EDVHG�RQ�ILHOG�ZRUN�XQGHUWDNHQ�LQ�WKH�.LDPEX�DQG�0XUDQJ
D�GLVWULFWV�RI�WKH

.HQ\D�KLJKODQG��/HZLV��������DQG�D�SLORW�VWXG\�RI�VRLO�ORVV�LQ�5ZDQGD��/HZLV��������

>VHH�7DEOH��@

),1',1*6�$1'�',6&866,21),1',1*6�$1'�',6&866,21

7KH�VHOHFWLYH�SODFHPHQW�RI�FURSV��ZRRGORWV�DQG�SDVWXUHV�IRU�WKH�SXUSRVH�RI�FRQWUROOLQJ

VRLO� ORVV� GRHV� QRW� DSSHDU� WR� EH� D� FRPPRQ� SUDFWLFH� DPRQJ� 5ZDQGD
V� ����PLOOLRQ� IDUP

KRXVHKROGV���,I�LW�ZHUH��WKHQ�RQH�PLJKW�H[SHFW�WR�ILQG�WKDW�FURSV�DQG�RWKHU�IRUPV�RI�ODQG�XVH

ZLWK�ORZ�&�YDOXHV��L�H���WKRVH�ZLWK�GHQVH�OHDI�FRYHU�DQG�RWKHU�SURWHFWLYH�DWWULEXWHV��ZRXOG�EH

ORFDWHG�GLVSURSRUWLRQDWHO\�LQ�ILHOGV�WKDW�ZHUH�SDUWLFXODUO\�VXVFHSWLEOH�WR�HURVLRQ��QRWDEO\�WKRVH

ZLWK�VWHHS�VORSHV����%XW�VXFK�LV�QRW�WKH�FDVH���7DEOH���UHSRUWV�WKH�PHDQ�&�YDOXH�IRU�FURSV�DQG

RWKHU�YHJHWDWLRQ�JURZQ�LQ�ILHOGV�RI�YDU\LQJ�GHJUHHV�RI�VWHHSQHVV���7KRXJK�WKHUH�LV�D�VOLJKW

QHJDWLYH�DVVRFLDWLRQ��HWD �������ZH�PXVW�FRQFOXGH�WKDW�&�YDOXHV�GR�QRW�VHHP�WR�YDU\�PXFK

DV�D�IXQFWLRQ�RI�ILHOG�VORSH���7KLV�FRQFOXVLRQ�LV�FRQVLVWHQW�ZLWK�ILQGLQJV�UHSRUWHG�HDUOLHU�RQ�WKH

UHODWLRQVKLS�EHWZHHQ�VORSH�DQG�FURS�FRYHU�LQ�5ZDQGD
V�ZHVWHUQ�SURYLQFHV�DORQJ�/DNH�.LYX

�/HZLV�DQG�1\DPXOLQGD���������
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>VHH�7DEOH��@

7KH�LQWULJXLQJ�TXHVWLRQ�XQHDUWKHG�E\�WKLV�LQLWLDO�ILQGLQJ�DVNV�ZK\��LQ�WKLV�FRXQWU\�RI

VWHHS�VORSHV�DQG�KHDY\�VHDVRQDO�UDLQIDOO��IDUPHUV�DUH�QRW�DFWLYHO\�SXUVXLQJ�HYHU\�SRVVLEOH

PHDQV�RI�SURWHFWLQJ�WKHLU�VFDUFH�ODQG�UHVRXUFHV�IURP�WKH�GDPDJLQJ�HURVLYH�HIIHFWV�RI�WKH

QDWXUDO�HQYLURQPHQW���&RXOG�LW�EH�WKDW�IDUPHUV�DUH�VLPSO\�XQDZDUH�RI�WKH�HURVLRQ�SUREOHP�RU

WKH�IDFWRUV�WKDW�FDXVH�LW"��2U��PLJKW�WKHUH�EH�RWKHU�GLPHQVLRQV�RI�WKHLU�FXOWXUDO�WUDGLWLRQ�DQG

IDUPLQJ�V\VWHPV�WKDW�HIIHFWLYHO\�GLVFRXUDJH�D�SDWWHUQ�RI�ODQG�XVH�WKDW�ZLOO�KHOS�PLQLPL]H�VRLO

GHJUDGDWLRQ"

)DUPHU�3HUFHSWLRQV�DQG�/DQG�'HJUDGDWLRQ)DUPHU�3HUFHSWLRQV�DQG�/DQG�'HJUDGDWLRQ

7KH�SURSRVLWLRQ�WKDW�IDUPHUV�PD\�QRW�EH�FRJQL]DQW�RI�WKH�KD]DUGV�RI�XQFRQWUROOHG�VRLO

HURVLRQ�VHHPV�LPSODXVLEOH�IRU�DW�OHDVW�WZR�UHDVRQV���)LUVW��WKH�*RYHUQPHQW�RI�5ZDQGD�KDV

UHSHDWHGO\�FDXWLRQHG�IDUPHUV�RQ�WKH�QHHG�IRU�SURSHU�ODQG�PDQDJHPHQW�DQG�KDV�LQLWLDWHG

QDWLRQZLGH�FDPSDLJQV�WR�HQFRXUDJH�IDUPHUV�WR�FRXQWHU�VRLO�HURVLRQ�WKURXJK�FRQVHUYDWLRQ

LQYHVWPHQWV�DQG�UHIRUHVWDWLRQ�� �'DWD� IURP�D� UHFHQW� VWXG\�RI�FRQVHUYDWLRQ� LQYHVWPHQWV� LQ

5ZDQGD�VKRZ�WKDW������SHUFHQW�RI�IDUP�KROGLQJV�KDYH�UHFHLYHG�LQYHVWPHQWV�LQ�WKH�IRUP�RI

UDGLFDO�WHUUDFHV��KHGJHURZV��JUDVV�VWULSV�RU�DQWL�HURVLRQ�GLWFKHV��DQG�WKDW�VXFK�LQYHVWPHQWV

DUH�FRQFHQWUDWHG�RQ�WKH�VWHHSHU�VORSHV��&OD\�DQG�5HDUGRQ��������

6HFRQG��IDUPHUV�WKHPVHOYHV�VD\�WKDW�WKH�SURGXFWLYLW\�RI�WKHLU�ODQG�LV�GHFOLQLQJ�DQG�WKDW

RIWHQ�WKLV�LV�GXH�WR�VRLO�HURVLRQ���7KH�PDUJLQDO�IUHTXHQFLHV�LQ�7DEOH���FRQILUP�WKDW�IDUPHUV

KDYH�REVHUYHG�D�GHFOLQH�RYHU�WLPH�LQ�WKH�SURGXFWLYLW\�RI�D�IXOO�����RI�DOO�RI�WKHLU�KROGLQJV���,Q

PRVW�FDVHV�WKH�GURS�KDV�EHHQ�VPDOO��EXW�IDUPHUV�UHSRUW�WKDW�WKH�GHFOLQH�LQ�SURGXFWLYLW\�KDV

EHHQ� VXEVWDQWLDO� LQ� QHDUO\� RQH� ILHOG� LQ� �� ��������� � ,Q� HLWKHU� FDVH�� WKH� ILQGLQJ� WKDW� WKH

SURGXFWLYLW\�RI�KDOI�WKH�FRXQWU\
V�IDUPODQG�KDV�GHFOLQHG�WR�DQ\�DSSUHFLDEOH�GHJUHH�DW�DOO�LV

GLVWXUELQJ�QHZV���7DEOH�,,,�DOVR�FRQILUPV�WKDW�ILHOGV�H[SHULHQFLQJ�WKH�PRVW�VHULRXV�GHFOLQH�WHQG

WR�EH�WKRVH�RQ�VORSHV�RI����GHJUHHV�RU�JUHDWHU�

>VHH�7DEOH��@

7KH�SHUFHSWLRQV�RI�IDUPHUV�DERXW�WKH�UHDVRQV�IRU�WKH�GHFOLQLQJ�SURGXFWLYLW\�RI�WKHLU

ILHOGV�IRFXV�RQ�WZR�FDXVHV��RYHU�FXOWLYDWLRQ�DQG�VRLO�HURVLRQ��7DEOH������1HDUO\�KDOI���������RI

WKH�ILHOGV�LGHQWLILHG�DV�GHFOLQLQJ�LQ�SURGXFWLYLW\�DUH�EHOLHYHG�E\�WKHLU�RSHUDWRUV�WR�EH�RYHU�

FXOWLYDWHG³³XQGRXEWHGO\�D�PDQLIHVWDWLRQ�RI�WKH�VXEGLYLVLRQ�RI�IDUPV�IURP�RQH�JHQHUDWLRQ

WR�WKH�QH[W�DQG��FRQFRPLWDQWO\��WR�WKH�JUDGXDOO\�GLVDSSHDULQJ�XVH�RI�IDOORZ�SHULRGV�LQ�WKH�FURS

URWDWLRQ�F\FOH���6HFRQG�RQO\�WR�RYHU�FXOWLYDWLRQ�DV�D�SHUFHLYHG�FDXVH�RI�GHFOLQLQJ�SURGXFWLYLW\

LV�VRLO�HURVLRQ��ZKLFK�DJDLQ�LQGLFDWHV�D�GHJUHH�RI�DZDUHQHVV�RQ�WKH�SDUW�RI�5ZDQGDQ�IDUPHUV

YLV�D�YLV�WKH�SUREOHP�RI�VRLO�HURVLRQ��

>VHH�7DEOH��@
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7KRXJK�RYHU�FXOWLYDWLRQ�DQG�VRLO�ORVV�FDQ�EH�FORVHO\�UHODWHG��WKH\�DUH�RIWHQ�IRXQG�DSDUW�

2YHU�FXOWLYDWLRQ�WHQGV�WR�RFFXU�RQ�UHODWLYHO\�JHQWOH�VORSHV��7DEOH�����VLQFH�WKHVH�DUH�WKH�ILHOGV

WKDW�IDUPHUV�PRVW�RIWHQ�FXOWLYDWH���%\�FRQWUDVW��ILHOGV�VXIIHULQJ�IURP�VRLO�HURVLRQ�SUREOHPV�WHQG

WR�EH�WKRVH�VLWXDWHG�RQ�VWHHS�VORSHV���+RZHYHU��D�IRFXVHG�ORRN�DW�ILHOGV�RQ�WKH�VWHHSHVW�VORSHV

����GHJUHHV�RU�PRUH���VKRZV�WKDW�ERWK�HURVLRQ�DQG�RYHU�FXOWLYDWLRQ�DUH�FRPPRQO\�LGHQWLILHG�

LQGLFDWLQJ� WKDW�RQ�VXFK� ILHOGV� WKH� WZR�SUREOHPV�PD\�EH� LQWHUUHODWHG�� � ,W� LV�SUREDEOH� WKDW

GHFOLQLQJ�VRLO�IHUWLOLW\�GXH�WR�HURVLRQ�PD\�FDXVH�ILHOGV�RQ�VWHHS�VORSHV�WR�EH��PLQHG��PRUH

UDSLGO\�DQG�WR�UHJHQHUDWH�PRUH�VORZO\�

,Q�WKH�OLJKW�RI�WKHVH�ILQGLQJV�ZH�UHLWHUDWH�RXU�LQLWLDO�SRLQW��WKDW�WKH�UHDVRQ�FURSSLQJ�DQG

ODQG�XVH�SDWWHUQV�DUH�QRW�HIIHFWLYHO\�XVHG�WR�PLQLPL]H�VRLO� ORVV�LQ�5ZDQGD�LV�QRW�EHFDXVH

IDUPHUV�DUH�XQDZDUH�RI�WKH�VRLO�HURVLRQ�SUREOHP�DQG�LWV�UHODWHG�FDXVHV���%\�DOO�FRXQWV�WKH\�DUH

DZDUH�DQG��DV�WKH�VSHFLDOLVWV�RQ�LQGLJHQRXV�NQRZOHGJH�WHOO�XV��SHDVDQW�IDUPHUV�JHQHUDOO\�KDYH

D�YHU\�LQIRUPHG�DQG�VHQVLEOH�DSSURDFK�WR�WKH�PDQDJHPHQW�RI�WKHLU�QDWXUDO�UHVRXUFHV�

6RLO�/RVV�DQG�WKH�2UJDQL]DWLRQ�RI�)DUPLQJ6RLO�/RVV�DQG�WKH�2UJDQL]DWLRQ�RI�)DUPLQJ

$OWHUQDWLYHO\��ZH� ORRN� WRZDUG� WKH� RUJDQL]DWLRQ�RI� DJULFXOWXUH� DQG� WKH� VRFLRFXOWXUDO

FRQWH[W�LQ�ZKLFK�LW�KDV�HYROYHG�IRU�DQVZHUV�WR�WKH�TXHVWLRQ�RI�ZK\�5ZDQGDQ�IDUPHUV�KDYH�QRW

GHYHORSHG�PRUH�HIIHFWLYH�ODQG�XVH�DQG�FURSSLQJ�SDWWHUQV�LQ�WKHLU�ILJKW�DJDLQVW�VRLO�HURVLRQ�

:H�EHJLQ�ZLWK�DQ�H[DPLQDWLRQ�RI�VRPH�RI�WKH�VSDWLDO�DVSHFWV�RI�WUDGLWLRQDO�IDUP�VHWWOHPHQW�LQ

5ZDQGD���

7KURXJK�WKH�����V�WKH�RQO\�UHJLRQV�RI�WKH�FRXQWU\�WKDW�ZHUH�H[WHQVLYHO\�LQKDELWHG�DQG

IDUPHG�ZHUH�WKRVH�RI�WKH�ZHVWHUQ�KLJKODQGV��ZKHUH�DEXQGDQW�UDLQIDOO�DQG�IHUWLOH�VRLOV�ZHUH

HVSHFLDOO\�FRQGXFLYH�WR�DJULFXOWXUH��*RXURX����������)DUPHUV�LQ�WKHVH�DUHDV�LQLWLDOO\�VHWWOHG

DORQJ�WKH�XSSHU�ULGJHV�RI�WKHLU�KLOOVLGHV�ZKHUH�VRLOV�ZHUH�PRUH�IHUWLOH�DQG�FXOWLYDWLRQ�ZDV�D

VLPSOHU�WDVN�WKDQ�LW�ZDV�IDUWKHU�GRZQ��RQ�WKH�VWHHSHU�VORSHV�DQG�LQ�WKH�PDUVK\�YDOOH\V���,Q

PDQ\�SDUWV�RI�$IULFD��SRSXODWLRQV�KDYH�VHWWOHG�LQ�YLOODJHV���%\�FRQWUDVW��5ZDQGDQ�IDUPHUV�KDYH

GLVSHUVHG� DFURVV� WKH� WRSV� RI� WKHLU� KLOOVLGHV�� ZLWK� HDFK� IDPLO\� FRQVWUXFWLQJ� D� UHVLGHQFH

FRPSRXQG��XUXJR��QHDU�WKH�FHQWHU�RI�LWV�SURSHUW\���

,PPHGLDWHO\� VXUURXQGLQJ� WKH� XUXJR�� IDUPHUV� KDYH� WUDGLWLRQDOO\� SODQWHG� JURYHV� RI

EDQDQDV���%DQDQDV�KDYH�VSHFLDO�VLJQLILFDQFH�LQ�5ZDQGDQ�FXOWXUH�EHFDXVH�WKH\�DUH�XVHG�IRU

PDNLQJ�D�XQLTXH�KRPH�EUHZHG�EHHU�ZKLFK�LV�VHUYHG�DW�YLUWXDOO\�DOO�IRUPDO�DQG�LQIRUPDO�VRFLDO

JDWKHULQJV�� � 7KRXJK� HVVHQWLDO� IRU� VRFLRFXOWXUDO� UHDVRQV�� EDQDQDV� DQG�EDQDQD�EHHU� KDYH

EHFRPH�D�PDLQVWD\�RI�WKH�ORFDO�FDVK�HFRQRP\�DV�ZHOO���%DQDQD�EHHU�LV�QRZ�PDUNHWHG�KHDYLO\

DPRQJ�KRXVHKROGV�DQG�WKURXJK�VPDOO�QHLJKERUKRRG�WDYHUQV��DQG�KDV�FRQVHTXHQWO\�EHFRPH

WKH�SULPDU\�VRXUFH�RI�FDVK�LQFRPH�IRU�����RI�5ZDQGDQ�KRXVHKROGV��5ZDQGD����������2WKHU

HVVHQWLDO�FURSV��QRWDEO\�EHDQV��DUH� W\SLFDOO\�SODQWHG� LQ�DVVRFLDWLRQ�ZLWK�EDQDQDV� LQ� WKHVH

QHDUE\�ILHOGV��5ZDQGD��������S�������

$QRWKHU�UHDVRQ�ZK\�EDQDQDV�DQG�RWKHU�LPSRUWDQW�FURSV�DUH�PRVW�RIWHQ�SODQWHG�QHDU

WKH�IDPLO\�FRPSRXQG�LV�EHFDXVH�5ZDQGDQ�IDUPHUV�KDYH�OLPLWHG�DFFHVV�WR�RUJDQLF�IHUWLOL]HUV�

GHULYHG� SULQFLSDOO\� IURP� ERWK� DQLPDO� DQG� KXPDQ� ZDVWH�� DQG� VXFK� IHUWLOL]HUV� DUH� UDUHO\

WUDQVSRUWHG�WR�WKHLU�PRUH�GLVWDQW�ILHOGV���7DEOH���UHSRUWV�WKDW�ZKLOH�������RI�QHDUE\�ILHOGV
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�ZLWKLQ�D���PLQXWH�ZDON��UHFHLYH�RUJDQLF�IHUWLOL]HU��HLWKHU�DORQH�RU�ZLWK�PXOFK��RQO\������WR

������RI�ILHOGV�LQ�PRUH�GLVWDQW�ORFDWLRQV�DUH�WUHDWHG�ZLWK�IHUWLOL]HU�����

>VHH�7DEOH��@

%H\RQG� WKH� LQQHU� ULQJ�RI�EDQDQDV��D� VHULHV�RI�RXWHU� ULQJV� FDQ�EH� LGHQWLILHG�ZKLFK

IDUPHUV�KDYH�WUDGLWLRQDOO\�XVHG�WR�PHHW�WKH�QHHGV�RI�WKHLU�KRXVHKROGV��1ZDIRU��������S������

7KH�ILUVW�VXFK�ULQJ�LV�IDUPHG�LQWHQVLYHO\�ZLWK�DQQXDO�FURSV�IRU�ERWK�KRPH�FRQVXPSWLRQ�DQG

VDOH�� �1H[W��DQG�D�ELW� IDUWKHU�GRZQ� WKH�KLOOVLGH��FRIIHH� LV�JURZQ�� �&RIIHH� LV� WKH�FRXQWU\
V

SULQFLSDO�H[SRUW�FURS�DQG�DV�VXFK�LV�YLJRURXVO\�SURPRWHG�E\�WKH�JRYHUQPHQW�RI�5ZDQGD�

%H\RQG�WKH�FRIIHH�SORWV��WKH�VORSH�RI�WKH�KLOOVLGH�LV�RIWHQ�DW�LWV�VWHHSHVW��&RQVHTXHQWO\��WKHVH

DUHDV�KDYH�WUDGLWLRQDOO\�EHHQ�UHVHUYHG�IRU�SDVWXUH�DQG�ZRRGORWV�EXW�DOVR�PDQ\�RI�WKH�OHVV

LPSRUWDQW�FURSV�DUH�JURZQ�KHUH�DQG�IUHTXHQW�IDOORZ�SHULRGV�DUH�FRPPRQO\�UHTXLUHG���$W�WKH

YHU\�RXWHU�ULQJV��WRZDUG�WKH�EDVH�RI�WKH�VORSH�DQG�LQ�WKH�VZDPS\�YDOOH\V��FURSSLQJ�LV�GRQH�RQ

ULGJHV�WKDW�DUH�EXLOW�XS�WR�HQVXUH�SURSHU�ZDWHU�GUDLQDJH���6ZHHW�SRWDWRHV�DQG�RWKHU�YHJHWDEOHV

DUH�JURZQ�LQ�WKHVH�PRUH�GLVWDQW�SORWV�WR�HQVXUH�D�FRQWLQXRXV�IRRG�VXSSO\�EHWZHHQ�KDUYHVW

VHDVRQV�

7KLV�WUDGLWLRQDO�V\VWHP�RI�ODQG�XVH�KDV�DOZD\V�EHHQ�VXEMHFW�WR�ZLGH�YDULDWLRQ�IURP�RQH

IDUP�WR�WKH�QH[W��DQG�RQO\�RQ�RFFDVLRQ�FDQ�LW�EH�IRXQG�LQ�LWV��SXUH��IRUP�WRGD\���2Q�DYHUDJH�

KRZHYHU�� LWV� HIIHFWLYHQHVV� LQ�FRQWUROOLQJ�VRLO� ORVV�KDV�EHHQ�PL[HG�� �2Q�RQH�KDQG��HDUOLHU

FRQGLWLRQV�RI�SOHQWLIXO�ODQG�UHVRXUFHV�DOORZHG�IDUP�KRXVHKROGV�WR�FXOWLYDWH�RQO\�WKH�JHQWOHU

VORSHV�DQG�PDLQWDLQ�ZRRGORWV�DQG�SDVWXUHV��ZKLFK�SURYLGH�H[FHOOHQW�HURVLRQ�SURWHFWLRQ��RQ

WKH�VWHHSHU�VORSHV���2Q�WKH�RWKHU�KDQG��EDQDQDV�DOVR�SURYLGH�GHQVH�FURS�FRYHU�EXW�WHQGHG

WR�EH�SODQWHG�RQ�WKH�UHODWLYHO\�IODW�DUHDV�DURXQG�WKH�IDPLO\�FRPSRXQG��ZKLOH�VHFRQGDU\�FURSV

VXFK�DV�PDL]H�DQG�PDQLRF�ZHUH�SODQWHG�RQ�VWHHS�VORSHV�GHVSLWH�WKHLU�SRRU�VRLO�FRQVHUYDWLRQ

TXDOLWLHV������

7KRXJK�VWLOO�DSSDUHQW�WRGD\��LQFUHDVLQJ�ODQG�VFDUFLW\�GXH�WR�SRSXODWLRQ�JURZWK�KDV

REOLJHG�PDQ\� IDUPHUV� LQ� UHFHQW� GHFDGHV� WR� GHSDUW� IURP� WKLV� WUDGLWLRQDO� V\VWHP�� � $V� WKH

SUHIHUUHG� ODQGV�DORQJ� WKH�KLOOWRSV� EHFDPH�RFFXSLHG�� \RXQJ� IDUPHUV�ZHUH� IDFHG�ZLWK� WKH

GHFLVLRQ�WR�HLWKHU�FXOWLYDWH�VPDOOHU�DQG�OHVV�IHUWLOH�SORWV�IDUWKHU�GRZQ�WKH�KLOOVLGH�RU�WR�PLJUDWH

HOVHZKHUH�LQ�VHDUFK�RI�VXIILFLHQW�ODQG�UHVRXUFHV���$V�HDUO\�DV�WKH�PLG�����V�D�PDVV�H[RGXV

IURP� WKH� ZHVWHUQ� SURYLQFHV� ZDV� XQGHU� ZD\� �2OVRQ�� ������� ZKLFK� ODWHU� FXOPLQDWHG� LQ� D

JRYHUQPHQW�VSRQVRUHG�UHVHWWOHPHQW�SURJUDP��SD\VDQQDW��RI�JUDQG�SURSRUWLRQ�GXULQJ�WKH

����V�DQG�����V��,Q�DOO��WKLV�SURJUDP�GLVSODFHG�RYHU��������IDUPHUV�DQG�WKHLU�IDPLOLHV�LQWR

SUHYLRXVO\�XQRFFXSLHG�DUHDV�RI�WKH�FRXQWU\��&OD\�HW�DO�������D��5ZDQGD��������

$V�WKH�QRQ�IDUP�VHFWRU�LQ�5ZDQGD�LV�VWLOO�LQ�LWV�LQIDQF\��DFFRXQWLQJ�IRU�RQO\�����RI�DOO

UXUDO�HPSOR\PHQW��&OD\�HW�DO�������F���PRVW�\RXQJ�SHRSOH�DUH�REOLJHG�WR�UHPDLQ�LQ�IDUPLQJ�

&RQVHTXHQWO\��IDUPV�KDYH�EHFRPH�EDGO\�IUDJPHQWHG�DQG�PDUJLQDO�ODQGV�RQ�HYHQ�WKH�VWHHSHVW

VORSHV�KDYH�EHHQ�EURXJKW�LQWR�SURGXFWLRQ���7KLV�LV�SDUWLFXODUO\�HYLGHQW�LQ�VRPH�RI�WKH�ZHVWHUQ

UHJLRQV�ZKHUH�SRSXODWLRQ�GHQVLWLHV�QRZ�H[FHHG�����SHUVRQV�SHU�NP���'HOHSLHUUH���������

'DWD� IURP� WKH� FXUUHQW� VWXG\� VXJJHVW�� LQGLUHFWO\�� WKDW� HYHQ� WRGD\� WKH� KRXVHKROG

UHVLGHQFH�WHQGV�WR�EH�ORFDWHG�WRZDUG�WKH�WRS�RI�WKH�VORSH��DV�������RI�ILHOGV�RQ�WKH�WRS�RI�WKH

VORSH�DUH�OHVV�WKDQ�D�ILYH�PLQXWH�ZDON�IURP�WKH�XUXJR�FRPSDUHG�WR�������RI�WKRVH�ORFDWHG
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IDUWKHU�GRZQ�LQ�WKH�YDOOH\V���*LYHQ�WKH�FRQWLQXHG�VRFLDO�DQG�HFRQRPLF�LPSRUWDQFH�RI�EDQDQDV

LQ�5ZDQGD�� WKHLU� ORFDWLRQ�RQ�WKH�SUHIHUUHG�XSSHU�VORSHV�QHDU� WKH� IDPLO\�UHVLGHQFH�VHHPV

HQWLUHO\�UHDVRQDEOH��7DEOH������%HDQV�DQG�VRUJKXP�DUH�WZR�RWKHU�FURSV�WKDW�DUH�IDYRUHG�E\

IDUP�KRXVHKROGV�DQG�IRU�WKLV�UHDVRQ�DUH�OHVV�OLNHO\�WR�EH�IRXQG�RQ�WKH�VWHHSHU�VORSHV���7KH

GDWD�DOVR�LQGLFDWH�WKDW�ZKLOH�EHDQV�DUH�RIWHQ�ORFDWHG�RQ�WKH�JHQWOHU�VORSHV�VXUURXQGLQJ�WKH

IDPLO\�FRPSRXQG��VRUJKXP�LV�FRPPRQO\�ORFDWHG�RQ�WKH�ORZ�VORSHV�DW�WKH�EDVH�RI�WKH�KLOOVLGH

DQG�LQ�WKH�YDOOH\���%\�FRQWUDVW��FURSV�WKDW�WHQG�WR�EH�JURZQ�RQ�WKH�VWHHSHU�VORSHV�DUH�PDQLRF

DQG�PDL]H��ERWK�RI�ZKLFK��EXW�SDUWLFXODUO\�PDL]H��DUH�UHODWLYHO\�LQHIIHFWLYH�LQ�KHOSLQJ�WR�FRQWURO

VRLO�ORVV���%\�DQG�ODUJH��WKH�WUDGLWLRQDO�SUDFWLFH�RI�UHOHJDWLQJ�QRQ�FURSSLQJ�IRUPV�RI�ODQG�XVH

WR�VWHHS�VORSHV�KDV�EHHQ�PDLQWDLQHG���7KLV�LV�HVSHFLDOO\�WUXH�IRU�ZRRGORWV��EXW�ILHOGV�RQ�WKH

YHU\�VWHHSHVW�VORSHV�����GHJUHHV�RU�PRUH��DUH�DOVR�YHU\�OLNHO\�WR�EH�OHIW�IDOORZ�

>VHH�7DEOH��@

����� 7KRXJK�ZRRGORWV�� IDOORZ�DQG�SDVWXUH�DOO�SURYLGH�HIIHFWLYH�SURWHFWLRQ�IURP�HURVLRQ�

UHFHQW�ILQGLQJV�IURP�WKH�5ZDQGD�1RQ�IDUP�6WUDWHJLHV�6XUYH\��5ZDQGD��������GHPRQVWUDWH

WKDW�ODQG�LQ�IDOORZ�DQG�SDVWXUH�KDYH�EHHQ�GHFOLQLQJ�LQ�UHFHQW�\HDUV�EHFDXVH�RI�WKH�QHHG�WR

LQFUHDVH�IRRG�SURGXFWLRQ��7DEOH������2QO\�ZRRGORWV�VHHP�QRW�WR�KDYH�VXIIHUHG�RYHU�WKH�SDVW

IHZ�\HDUV��WKDQNV�WR�D�VWURQJ�JRYHUQPHQW�FDPSDLJQ�DLPHG�DW�UHSODQWLQJ�DQG�PDLQWDLQLQJ

WKHP�DW�ERWK�WKH�KRXVHKROG�DQG�FRPPXQDO� OHYHOV�� �7KRXJK�VRPH�RI� WKH� ORVW� IDOORZ�DQG

SDVWXUH�PD\�EH�ODQG�WKDW�LV�EHLQJ�FRQYHUWHG�LQWR�ZRRGORWV��RWKHU�ILQGLQJV�SRLQW�WR�WKH�IDFW�WKDW

KRXVHKROGV�ZLWK�LQVXIILFLHQW�ODQGKROGLQJV�DUH�EHLQJ�IRUFHG�WR�SODQW�HYHU�LQFUHDVLQJ�SURSRUWLRQV

RI�WKHLU�KROGLQJV�ZLWK�PDQLRF�DQG�RWKHU�WXEHUV��&OD\�DQG�0DJQDQL��������/RYHULGJH��HW�DO��

��������7KHVH�WXEHUV�KDYH�D�KLJKHU�FDORULILF�YDOXH�WKDQ�GR�RWKHU�FURSV��DQG�WHQG�WR�JURZ

UHODWLYHO\�ZHOO�LQ�SRRUHU�VRLOV��*OHDYH�DQG�:KLWH���������VXFK�DV�WKRVH�FRPPRQO\�IRXQG�RQ

VWHHSHU�VORSHV��EXW�ZLWK�&�YDOXHV� LQ� WKH� ����WR� ����UDQJH�� WKH\�GR�QRW�FRPSDUH�ZLWK� WKH

WUDGLWLRQDO�XVHV�RI�WKHVH�VORSHV��L�H���ZRRGORWV�DQG�SDVWXUH��LQ�FRQWUROOLQJ�VRLO�ORVV���,Q�IDFW��WKH\

DUH�FOHDUO\�DVVRFLDWHG�ZLWK�DFFHOHUDWHG�VRLO�ORVV��$VKE\���������DQG�WKHLU�LQFUHDVLQJ�FXOWLYDWLRQ

RQ�VWHHS�VORSHV�FRXOG�EH�D�PDMRU�IDFWRU�FRQWULEXWLQJ�WR�LQFUHDVLQJ�VHGLPHQWDWLRQ�DORQJ�WKH

YDOOH\�ERWWRPV���6HGLPHQWDWLRQ�RIWHQ�LQFUHDVHV�IORRGLQJ�DQG�FDQ�ORZHU�WKH�SURGXFWLYLW\�RI

WKHVH�ERWWRP�ODQGV���7KRXJK�ZH�KDYH�QR�GDWD�WR�WHVW�WKH�K\SRWKHVLV��ZH�VXUPLVH�WKDW�WKH

LQFUHDVH�LQ�IRRG�SURGXFWLRQ�UHVXOWLQJ�IURP�WKH�FXOWLYDWLRQ�RI�WKHVH�VWHHS�VORSHV��LV�EHLQJ�RIIVHW

WR�VRPH�GHJUHH�E\�WKH�GHFOLQLQJ�SURGXFWLRQ�RQ�WKH�YDOOH\�IORRUV���

>VHH�7DEOH��@

&21&/86,216&21&/86,216

7KH�FRQVHUYDWLRQ�RI�VFDUFH�ODQG�UHVRXUFHV�LV�HVVHQWLDO� WR�WKH�ORQJ�WHUP�YLDELOLW\�RI

DJULFXOWXUH�LQ�5ZDQGD���+LJK�SRSXODWLRQ�GHQVLW\��VWHHS�VORSHV�DQG�DEXQGDQW�UDLQIDOO�SUHYDLO�LQ

WKH�KLJKODQG�SRUWLRQV�RI�WKLV�$IULFDQ�FRXQWU\��PDNLQJ�WKH�WDVN�RI�HURVLRQ�FRQWURO�XQFRPPRQO\

GLIILFXOW�IRU�WKH�SHDVDQW�IDUPHU���7KH�VSHFLILF�XVH�WR�ZKLFK�ODQG�LV�SXW��H�J���FXOWLYDWLRQ��IDOORZ�
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SDVWXUH��ZRRGORWV��DQG��LI�LW�LV�FXOWLYDWHG��WKH�SDUWLFXODU�FRPELQDWLRQ�RI�FURSV�JURZQ��FDQ�EH

VHHQ�DV�FRQWULEXWLQJ�WR�ERWK�WKH�FDXVH�DQG�WKH�VROXWLRQ�RI�WKH�ODQG�GHJUDGDWLRQ�SUREOHP�

%DVHG�RQ�GDWD�IURP�D�QDWLRQZLGH�VXUYH\�RI�RYHU�������DJULFXOWXUDO�ILHOGV�LQ�5ZDQGD��WKLV�VWXG\

KDV�UHYLHZHG�WKH�H[WHQW�WR�ZKLFK�WKH�ODQG�XVH�DQG�FURSSLQJ�SDWWHUQV�HPSOR\HG�E\�IDUPHUV�DUH

DSSURSULDWHO\�VXLWHG�� LQ� WHUPV�RI�HURVLRQ�FRQWURO�� WR� WKH�WRSRJUDSKLFDO�DQG�HQYLURQPHQWDO

FKDUDFWHULVWLFV�RI�WKHLU�ODQGKROGLQJV�

7KH�VHOHFWLYH�SODFHPHQW�RI�FURSV��ZRRGORWV�DQG�SDVWXUHV�IRU�WKH�SXUSRVH�RI�FRQWUROOLQJ

VRLO� ORVV� GRHV� QRW� DSSHDU� WR� EH� D� FRPPRQ� SUDFWLFH� DPRQJ� 5ZDQGD
V� ����PLOOLRQ� IDUP

KRXVHKROGV���&�YDOXHV�DSSHDU�WR�YDU\�RQO\�VOLJKWO\�DV�D�IXQFWLRQ�RI�ILHOG�VORSH����&URSV�WKDW�WHQG

WR�EH�JURZQ�RQ�VWHHS�VORSHV�DUH�PDQLRF��PDL]H�DQG�RWKHU�FURSV�WKDW�GR�QRW�SURYLGH�WKH�NLQG

RI�FRYHU�QHFHVVDU\�WR�SURWHFW�WKHVH�IUDJLOH�ODQGV���3RSXODWLRQ�SUHVVXUH�KDV�IRUFHG�IDUPHUV�WR

FXOWLYDWH� WKHLU� ODQG� PRUH� LQWHQVLYHO\� VR� WKDW� HYHQ� SDVWXUH� DQG� IDOORZ� ODQG�� ZKLFK� ZHUH

WUDGLWLRQDOO\�IRXQG�LQ�WKH�VWHHSHVW�VORSHV��DUH�GLVDSSHDULQJ���

:LWK�5ZDQGD
V�FRQWLQXLQJ�SRSXODWLRQ�JURZWK�DQG�WKH�KHDY\�UHOLDQFH�RQ�WKH�DJULFXOWXUDO

VHFWRU��WKH�QHHG�IRU�PDLQWDLQLQJ�WKH�UHVRXUFH�EDVH�LV�RI�SDUDPRXQW�LPSRUWDQFH�WR�WKH�QDWLRQDO

JRYHUQPHQW�� � 7KH� ORQJ�WHUP� IXWXUH� RI� LWV� HFRQRPLF� GHYHORSPHQW� GHSHQGV� RQ� QRW� MXVW

PDLQWDLQLQJ��EXW�DFWXDOO\�LPSURYLQJ�LWV�UHVRXUFH�EDVH��DQG�RQ�HQVXULQJ�WKDW�IRRG�SURGXFWLRQ

ZLOO�FRQWLQXH�WR�LQFUHDVH���<HW��LQGLYLGXDO�IDUPHUV��ZLWK�OLPLWHG�ODQGKROGLQJV��OHVV�WKDQ����

KHFWDUHV�RQ�DYHUDJH��DQG�FDSLWDO��DUH�FRPSHOOHG�WR�ILQG�ZD\V�WR��PD[LPL]H��WKHLU�DJULFXOWXUDO

RXWSXWV�ZLWKLQ�HDFK�JURZLQJ�VHDVRQ���2IWHQ�WKHVH�VKRUW�WHUP�VWUDWHJLHV�UXQ�FRXQWHU�WR�WKH

ORQJHU�UDQJH�QHHG�IRU�HQYLURQPHQWDO�VWDELOLW\���7KXV�WKHUH�LV�D�QHHG�WR�GHYHORS�SROLFLHV�WKDW

PHUJH�WKH�ORQJ�WHUP�QDWLRQDO�QHHGV��HQYLURQPHQWDO�PDLQWHQDQFH�DQG�LPSURYHPHQW��ZLWK�WKH

IDUPHUV
�VKRUW�WHUP�QHHGV�WR�PD[LPL]H�FDORULILF�RXWSXWV�IURP�WKHLU�ILHOGV���6LPLODUO\��WKHUH�LV

DQ�LPPHGLDWH�QHHG�IRU�5ZDQGD
V�DJULFXOWXUDO�UHVHDUFK�DQG�H[WHQVLRQ�SURJUDPV�WR�IRFXV�RQ

WKH�FKDQJLQJ�XVH�RI�WKHVH�VWHHS�DQG�IUDJLOH�VORSHV�DQG�WR�H[SHULPHQW�ZLWK�SUDFWLFHV�WKDW�ZLOO

LPSURYH�WKH�VXVWDLQDELOLW\�RI�WKH�FRXQWU\
V�DJULFXOWXUDO�V\VWHPV�

,Q�5ZDQGD�WRGD\��IROORZLQJ�UHFRPPHQGDWLRQV�PDGH�E\�WKH�:RUOG�%DQN��-RQHV�DQG

(JOL���������IDUPHUV�LQ�FHUWDLQ�UHJLRQV�DUH�EHLQJ�HQFRXUDJHG�WR�WKLQ�WKHLU�EDQDQD�ILHOGV�LQ

RUGHU�WR�LQFUHDVH�WKH�\LHOGV�RI�DVVRFLDWHG�FURSV�JURZQ�XQGHU�WKH�EDQDQD�FDQRS\���7KLV�LV�QRW

D�IDYRUDEOH�VWUDWHJ\�IURP�WKH�IDUPHUV
�SHUVSHFWLYH�JLYHQ�WKH�LPSRUWDQW�UROH�RI�EDQDQDV��ERWK

VRFLDOO\�DQG�HFRQRPLFDOO\���/LNHZLVH��LW�FRQWULEXWHV�OLWWOH�WRZDUG�LPSURYLQJ�WKH�UHVRXUFH�EDVH

LQ�WKH�ORQJ�WHUP�VLQFH�VWHHS�ILHOGV�VWLOO�UHPDLQ�LQ�SURGXFWLRQ�ZLWK�FURSV�WKDW�GR�QRW�PLQLPL]H

VRLO� ORVV�� �%XW� LI� IDUPHUV�ZHUH�SUHVHQWHG�ZLWK� WKH�RSWLRQ�RI�SODQWLQJ� WKHLU�EDQDQDV�PRUH

GHQVHO\�RQ�UHODWLYHO\�VWHHSHU�ILHOGV��RU�WKLQQLQJ�WKHP�ZKHQ�SODQWHG�RQ�JHQWOHU�VORSHV��LW�LV

SRVVLEOH�WKDW�WKH�FXUUHQW�FDPSDLJQ
V�DFFHSWDELOLW\�ZRXOG�JURZ�LQ�WKH�H\HV�RI�IDUPHUV��ZKLOH

VLPXOWDQHRXVO\�LPSURYLQJ�WKH�ORQJHU�WHUP�YLDELOLW\�RI�WKH�VWHHSHU�VORSHV�

$QRWKHU�VWUDWHJ\�WKDW�ZRXOG�KHOS�IDUPHUV�WR�LQFRUSRUDWH��WR�D�JUHDWHU�GHJUHH��SK\VLFDO

HQYLURQPHQWDO�IDFWRUV�LQWR�WKHLU�DJULFXOWXUDO�V\VWHP�ZRXOG�EH�WR�HQFRXUDJH�WKHP�WR�SODQW�RWKHU

SURWHFWLYH�FURSV��VXFK�DV�FRIIHH�RU�SHDV��RQ�WKHLU�VWHHSHU�ODQGV���/LNHZLVH�WKH�XVH�RI�PXOFKHV

DQG�IHUWLOL]HUV��ZKLFK�DUH�JHQHUDOO\�FRQFHQWUDWHG�RQ�WKH�ILHOGV�ZLWK�ORZHU�HURVLRQDO�ULVNV��QHHGV

WR�EH�H[WHQGHG�WR�ILHOGV�RQ�VWHHSHU�VORSHV���$GGLWLRQDOO\��QHZ�FURSV�PXVW�EH�LQWURGXFHG�LQWR

WKH�WUDGLWLRQDO�FURS�PL[�WKDW�FDQ�PHHW�ERWK�WKH�VKRUW�WHUP�UHTXLUHPHQWV�RI�WKH�IDUPHUV�DV�ZHOO

DV�WKH�ORQJ�WHUP�QHHGV�IRU�HQYLURQPHQWDO�FRQVHUYDWLRQ���5HFHQW�UHVHDUFK�LQGLFDWHV�WKDW�WKH
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LQWURGXFWLRQ� RI� VKUXE� FURSV�� H�J��� 6HVEDQLD�� LQ� WKH� IRUP� RI� DOOH\FURSSLQJ�� LV� RQH� VXFK

SRVVLELOLW\��(\ODQGV�DQG�<DPRDK����������&OHDUO\��UHRULHQWLQJ�WKH�VSDWLDO�DUUDQJHPHQW�RI�FURSV

WR�FRUUHVSRQG�ZLWK�YDULDWLRQV�LQ�WRSRJUDSK\�ZLOO�FUHDWH�PRUH�ZRUN�IRU�PHPEHUV�RI�DIIHFWHG

KRXVHKROGV��DQG�ZLOO�XQGRXEWHGO\�UXQ�DJDLQVW�WKH�JUDLQ�RI�FHUWDLQ�ZHOO�HVWDEOLVKHG�FXOWXUDO

WUDGLWLRQV�� � +RZHYHU�� LI� WKH� FXUUHQW� SDWWHUQ�RI� FURS�GLVWULEXWLRQ� UHPDLQV� XQFKDQJHG�� WKH

5ZDQGDQ� ODQGVFDSH� ZLOO� FRQWLQXH� WR� GHJUDGH�� FHWHULV� SDULEXV�� ERWK� WR� WKH� GHWULPHQW� RI

LQGLYLGXDO�IDUPHUV�DQG�WR�WKH�FRXQWU\�DV�D�ZKROH�

$&.12:/('*0(176$&.12:/('*0(176

3DUWLDO� IXQGLQJ� IRU� WKLV� UHVHDUFK�KDV� EHHQ�SURYLGHG�E\� WKH�8�6��$JHQF\� IRU� ,QWHUQDWLRQDO

'HYHORSPHQW� DQG� WKH� 5ZDQGD� 0LQLVWU\� RI� $JULFXOWXUH�� /LYHVWRFN� DQG� )RUHVWV�� XQGHU� WKH

$JULFXOWXUDO�6XUYH\V�DQG�3ROLF\�$QDO\VLV�3URMHFW��$63$3���86$,'�FRQWUDFW�1R������������DQG

the Food Security II Cooperative Agreement (AEP-5459-A-00-2041-00) Add-on for Rwanda (FS-
II/Rwanda)���7KH�DXWKRUV�ZLVK�WR�DFNQRZOHGJH�WKH�KHOSIXO�FRPPHQWV�DQG�VXJJHVWLRQV�PDGH
E\�-DPHV�%LQJHQ��6HUJH�5ZDPDVLUDER�DQG�+DUU\�6FKZDU]ZHOOHU�RQ�DQ�HDUOLHU�YHUVLRQ�RI�WKLV

SDSHU���7KH�LGHDV�DQG�LQWHUSUHWDWLRQV�IRXQG�LQ�WKLV�SDSHU�DUH�XQLTXHO\�WKRVH�RI�WKH�DXWKRUV�DQG

DUH�QRW�QHFHVVDULO\�VKDUHG�E\�WKH�IXQGLQJ�DJHQFLHV�
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5()(5(1&(65()(5(1&(6

$VKE\��-DFTHOLQH�$�������������7KH�6RFLDO�(FRORJ\�RI�6RLO�(URVLRQ�LQ�D�&RORPELDQ�)DUPLQJ

6\VWHP����5XUDO�6RFLRORJ\����������������

&KRUOH\��5�-���6�6��6FKXPQ��DQG�'�(��6XJGHQ�����������*HRPRUSKRORJ\��/RQGRQ�	�1HZ

<RUN��0HWKXHQ��SS���������

&OD\��'DQLHO�&�� DQG�5�-��0DJQDQL�� � �������� � �7KH�+XPDQ�(FRORJ\�RI� )DUPLQJ�6\VWHPV�

7RZDUG�8QGHUVWDQGLQJ�$JULFXOWXUDO�'HYHORSPHQW�LQ�5ZDQGD���LQ�+�.��6FKZDU]ZHOOHU

�HG���5HVHDUFK�LQ�5XUDO�6RFLRORJ\�DQG�'HYHORSPHQW��YRO�����SS���������

&OD\��'DQLHO�&���-��.D\LWVLQJD��7��.DPSD\DQD��,��1JHQ]L�DQG�-��2OVRQ��������D�����6WUDWpJLHV

1RQ�$JULFROH�DX�5ZDQGD��5DSSRUW�3UpOLPLQDLUH����6(6$�'RFXPHQW�GH�7UDYDLO��6HUYLFH

GHV�(QTXrWHV�HW�GHV�6WDWLVWLTXHV�$JULFROHV��5ZDQGD�

&OD\��'DQLHO�&��DQG�7KHREDOG�.DPSD\DQD��������E�����,QHTXDOLW\�DQG�WKH�(PHUJHQFH�RI�1RQ�

IDUP�(PSOR\PHQW�LQ�5ZDQGD����3DSHU�SUHVHQWHG�DW�WKH�$QQXDO�0HHWLQJV�RI�WKH�5XUDO

6RFLRORJLFDO�6RFLHW\��6HDWWOH�������

&OD\��'DQLHO�&���-��.D\LWVLQJD�DQG�7��.DPSD\DQD��������F�����O
(PSORL�HQ�'HKRUV�GX�0pQDJH

DX�5ZDQGD����'RFXPHQW�GH�7UDYDLO�$63$3�'$,�5DSSRUW�1R������6HUYLFH�GHV�(QTXrWHV

HW�GHV�6WDWLVWLTXHV�$JULFROHV��5ZDQGD�

&OD\�� 'DQLHO� &�� DQG� 7KRPDV� 5HDUGRQ� �������� � �������� � "Determinants of Conservation
Investments by Rwandan Farm Households."  IAAE Occasional Paper no. 7.  Contributed
Paper for the 22nd Congress of the International Association of Agricultural Economists,
August 1994.

'HMDHJKHU��<���'�&��&OD\��6��5ZDPDVLUDER��DQG�-�/�1JLUXPZDPL������������$SHUoX�+LVWRULTXH

HW�0pWKRGRORJLTXH��(QTXrWH�1DWLRQDO�$JULFROH��������6HUYLFH�GHV�(QTXrWHV�HW�GHV

6WDWLVWLTXHV�$JULFROHV��5ZDQGD�

'HOHSLHUUH��*LOEHUW������������1RWH�WHFKQLTXH�1R�����GH�O
,6$5��5XERQD��5ZDQGD��

'HOHSLHUUH��*LOEHUW�������������7DEOHV�GH�5pSDUWLWLRQ�HW�GH�'HQVLWp�GH�OD�3RSXODWLRQ�5ZDQGDLVH

SDU�6HFWHXU�&RPPXQDO�HW�SDU�5pJLRQ�$JULFROH����0LQLVWqUH�GH�O
$JULFXOWXUH��GH�O
(OHYDJH

HW�GHV�)RUrWV���5ZDQGD�

'UHVVOHU�� -�� DQG� 1HXPDQQ�� ,�� � �������� � �$JULFXOWXUH� GH� &RXYHUWXUH� GX� 6RO� �$�&�6���� 8Q

,PSHUDWLI�SRXU�OD�/XWWH�&RQWUH�O
(URVLRQ�DX�5ZDQGD����%XOOHWLQ�$JULFROH�DX�5ZDQGD�

����������
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(O�6ZDLI\��6�$���:�&�0ROGHQKDXHU��DQG�$QGUHZ�/R������������6RLO�(URVLRQ�DQG�&RQVHUYDWLRQ�

$QNHQ\��,RZD��6RLO�&RQVHUYDWLRQ�6RFLHW\�RI�$PHULFD�

(\ODQGV��9DO�-��DQG�<DPRDK��&KDUOHV�)�������������6XVWDLQLQJ�6RLO�)HUWLOLW\�ZLWK�$OOH\�&URSSLQJ

6\VWHPV�LQ�WKH�+LJKODQGV�RI�5ZDQGD����3DSHU�SUHVHQWHG�DW�WKH��WK�$QQXDO�)DUPLQJ

6\VWHPV�5HVHDUFK�([WHQVLRQ�6\PSRVLXP��)D\HWWHYLOOH��$UNDQVDV�

*OHDYH��0�%��DQG�+�3��:KLWH�������������3RSXODWLRQ�'HQVLW\�DQG�$JULFXOWXUDO�6\VWHPV�LQ�:HVW

$IULFD����3S����������LQ�0�)��7KRPDV�DQG�*�:��:KLWWLQJWRQ��HGV���(QYLURQPHQW�DQG

/DQG�8VH�LQ�$IULFD���/RQGRQ��0HWKXHQ�

*RXURX��3LHUUH������������/D�'HQVLWp�GH�OD�3RSXODWLRQ�DX�5XDQGD�8UXQGL���(VTXLVVH�G
XQH

(WXGH�*pRJUDSKLTXH���%UXVVHOV��,QVWLWXW�5R\DO�&RORQLDO�%HOJH�

-RQHV��:�,�� DQG�5��(JOL�� � �������� �)DUPLQJ�6\VWHPV� LQ�$IULFD�� � 7KH�+LJKODQGV�RI� =DLUH�

5ZDQGD��DQG�%XUXQGL���:RUOG�%DQN�7HFKQLFDO�'RFXPHQW�1R������:DVKLQJWRQ��'�&�

/HZLV�� /�$�� � �������� � �$VVHVVLQJ� 6RLO� /RVV� LQ� .LDPEX� DQG� 1XUDQJ
D� 'LVWULFWV�� .HQ\D��

*HRJUDILVND�$QQDOHU������$���SS���������

/HZLV�� /�$�� � �������� � �0HDVXUHPHQW� DQG� $VVHVVPHQW� RI� 6RLO� /RVV� LQ� 5ZDQGD��� �&DWHQD

6XSSOHPHQW������������

/HZLV���/�$��DQG�/��%HUU\������������$IULFDQ�(QYLURQPHQWV�DQG�5HVRXUFHV���%RVWRQ��8QZLQ

+\PDQ�

/HZLV���/�$���'��&OD\�DQG�<�0�-��'HMDHJKHU�������������6RLO�/RVV��$JULFXOWXUH��DQG�&RQVHUYDWLRQ

LQ�5ZDQGD��7RZDUG�6RXQG�6WUDWHJLHV�IRU�6RLO�0DQDJHPHQW����-RXUQDO�RI�:DWHU�DQG�6RLO

&RQVHUYDWLRQ���������������

/HZLV��/�$��DQG��9��1\DPXOLQGD�� � �������� � �/HV�5HODWLRQV�(QWUH� OHV�&XOWXUHV�HW� OHV�8QLWpV

7RSRJUDSKLTXHV�GDQV�OHV�5pJLRQV�$JULFROHV�GH�OD�%RUGXUH�GX�ODF�.LYX�HW�GH�O
,PSDUD

DX�5ZDQGD���4XHOTXHV�6WUDWpJLHV�SRXU�XQH�$JULFXOWXUH�6RXWHQXH���%XOOHWLQ�$JULFROH

5ZDQGD��-XO\���������

/RYHULGJH��6FRWW��6��5ZDPDVLUDER�DQG�0�7�:HEHU�������������6HOHFWHG�5HVHDUFK�)LQGLQJV

IURP�5ZDQGD�WKDW�,QIRUP�)RRG�6HFXULW\�3ROLF\�7KHPHV�LQ�6RXWKHUQ�$IULFD����3DSHU

SUHVHQWHG� DW� WKH� )RRG� 6HFXULW\� LQ� 6RXWKHUQ� $IULFD� )RXUWK� $QQXDO� 8QLYHUVLW\� RI

=LPEDEZH�0LFKLJDQ�6WDWH�8QLYHUVLW\�&RQIHUHQFH��+DUDUH�������

1ZDIRU��-�&�������������$JULFXOWXUDO�/DQG�8VH�DQG�$VVRFLDWHG�3UREOHPV�LQ�5ZDQGD����-RXUQDO

RI�7URSLFDO�*HRJUDSK\�����������
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1\DPXOLQGD��9�������������&RQWULEXWLRQ�D�O
(WXGH�GH�O
(URVLRQ�SDU�0RXYHPHQW�GH�0DVVH�GDQV

OHV�0LOLHX[�$PpQDJpV�GX�5ZDQGD���%XOOHWLQ�$JULFROH�5ZDQGD��SS��������

2OVRQ��-HQQLIHU�������������5HGLVWULEXWLRQ�RI�WKH�3RSXODWLRQ�RI�5ZDQGD�GXH�WR�(QYLURQPHQWDO
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Table 1.  Crop Cover Value (C-value) for Selected Crops
in Pure Stands and in Association

       Crop             C-value                Crop             C-value
  
 1.  Coffee               .02           14.  Beans/sweet potato   .20
 2.  Banana               .04           15.  Peanut/beans         .21   
 3.  Banana/beans         .10           16.  Manioc/beans         .22
 4.  Manioc/banana        .10           17.  Potato               .22
 5.  Fallow               .10           18.  Sweet potato         .23
 6.  Pasture              .10           19.  Eleusine             .25
 7.  Woodlot              .10           20.  Manioc               .26
 8.  Beans/banana         .12           21.  Maize/beans          .30
 9.  Banana/sorghum       .14           22.  Sorghum/manioc       .31
10.  Peas                 .15           23.  Cocoyam              .33
11.  Sorghum/banana       .18           34.  Maize                .35
12.  Beans                .19           25.  Sorghum              .40
13.  Beans/potato         .20           26.  Tobacco              .45
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Table 2.  Mean Crop Cover Value (C-Value)
by Steepness of Slope (in degrees)

of fields in Rwanda.

                                       Mean     
                      Slope           C-Value      (N)  

                   0 - 5 Degrees        .17      (1135)
                   6 - 9 Degrees        .18       (785)
                   10 - 14 Degrees      .17       (998)
                   15 - 20 Degrees      .16       (967)
                   21+ Degrees          .16       (931)
                               
                   Total                .17      (4817)  
                                                                 
                     Eta = -.07    Sig.= <.001          
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Table 3.  Decline in Productivity of Cropped Fields 
by Steepness of Field Slope (in degrees).

                              Steepness of Field Slope           

                      %        %        %        %       % 
 Decline in         0 - 5    6 - 9   10 - 14  15 - 20   21 +        Total 
 Productivity      Degrees  Degrees  Degrees  Degrees  Degrees        %     

No decline           53.3     53.8     47.7     49.9     44.3        50.0
Small decline        36.9     39.3     41.5     34.3     39.2        38.2
Large decline         9.8      6.9     10.8     15.8     16.5        11.8
   
Total               100.0    100.0    100.0    100.0    100.0       100.0

(N)                (1041)    (740)    (907)    (837)    (755)      (4279)
                                                                            
Gamma =  .10     Sig < .001
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Table 4.  Primary Reason for Decline in Productivity of Cropped Fields
by Steepness of Field Slope (in degrees).

                              Steepness of Field Slope           

 Reason for           %        %        %        %       % 
 Decline in         0 - 5    6 - 9   10 - 14  15 - 20   21 +        Total 
 Productivity      Degrees  Degrees  Degrees  Degrees  Degrees        %     

Soil erosion          3.8      5.3     11.2     18.1     38.1        15.2
Over-cultivated      58.6     60.7     50.4     40.4     33.8        48.7
Disease               3.7      5.3      4.1      3.3      4.3         4.1
Other                25.4     24.9     27.1     33.3     18.1        25.8
Don't know            8.5      3.8      7.1      4.9      5.7         6.2

Total               100.0    100.0    100.0    100.0    100.0       100.0
(N)                  486      342      475      419      420        2142
                                                                            
Gamma = -.19     Sig < .001
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Table 5.  Use of Organic Fertilizer and Mulch by Distance (in minutes)
of Field from the Household Residence

 Use of org.            Distance from Residence (in minutes)  
 fertilizer         
 and/or mulch        0 - 5    5 - 15  16 - 30   31 - 45   > 45      Total    

  None                50.8     79.6     89.0     82.8     89.7       60.9
  Fertilizer only     33.9     11.6      4.8      5.8      5.0       26.1
  Mulch only          11.6      7.6      5.7      9.1      5.3       10.2
  Fertil. & mulch      3.6      1.1      0.5      2.3      0.0        2.8

  Total              100.0    100.0    100.0    100.0    100.0      100.0
                                                                 
  (N)               (2920)    (874)    (309)     (83)     (92)     (4279)*
                                                                           
* No information on use of manure and mulch on fields in pasture or woodlot



19

Table 6.  Land Use by Steepness of Field Slope

                              Steepness of Field Slope           

                       %        %        %        %        % 
                     0 - 5    6 - 9   10 - 14  15 - 20   21 +       Total
   Land Use         Degrees  Degrees  Degrees  Degrees  Degrees        %    

  Bananas             11.6     11.6     12.9      9.9      7.7       10.8
  Beans               17.5     20.2     20.9     16.9     11.3       17.3
  Sorghum             10.2     10.8      9.6      7.1      4.2        8.8
  Sweet Potatoes      12.4      8.5      7.1      9.3      9.9        9.5
  Coffee               4.3      4.6      5.7      6.6      5.5        5.3
  Maize                1.7      1.4      2.1      2.7      3.4        2.3
  Manioc               4.0      9.2      8.3      7.4     10.5        7.7

  Fallow               8.7      6.9      8.9      9.7     14.0        9.7
  Woodlot              3.1      1.3      3.0      6.6     10.9        5.0
  Pasture              4.0      2.4      3.9      4.2      5.3        4.0

  Other               22.4     23.0     17.7     19.6     17.5       20.0

  Total              100.0    100.0    100.0    100.0    100.0      100.0
 
  (N)               (1135)    (785)    (998)    (967)    (931)     (4817)
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  Table 7.  Change in Fallow, Pasture and Woodlot over the
  Past Two Years as Reported by Heads of Households

                              Change over Past Two Years

             Land Use         More       Less       Same       (N)_   

           Fallow             15.8       28.0       56.2     (1,015)
           Pasture             2.4       13.1       84.5     (1,015)
           Woodlot            21.7        6.3       72.0     (1,015)


