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Abstract

&URS�UDLGLQJ�E\�HOHSKDQWV�FRQWLQXHV�WR�LQFUHDVH�DV�KXPDQ�SRSXODWLRQV�LQ�HOHSKDQW�UDQJHV�H[SDQG���7KH�ULVN�
RI�FURS�ORVVHV�FDQ�EH�UHGXFHG�E\�LGHQWLI\LQJ�WKH�PRVW�LPSRUWDQW�IDUPODQG�IHDWXUHV�WKDW�DWWUDFW�HOHSKDQWV���5LVN�
IDFWRUV�YDU\�IURP�SODFH�WR�SODFH�DQG�PXVW�EH�LGHQWL¿HG�E\�VLWH�VSHFL¿F�VWXGLHV���7KH�PRVW�LPSRUWDQW�ULVN�IDFWRUV�
include distance of farm to reserve boundary line, area under cultivation, number of crop types on farm and 
GHJUHH�RI�HDFK�IDUP¶V�LVRODWLRQ���+HUH�ZH�WDNH�WKH�GDWD�IURP�DQ�HDUOLHU�SURVSHFWLYH�VWXG\�RI�FURS�UDLGLQJ�DURXQG�
WKH�.DNXP�&RQVHUYDWLRQ�$UHD�LQ�VRXWKHUQ�*KDQD�WR�LOOXVWUDWH�D�EHWWHU�PHWKRG�RI�DQDO\VLV�XVLQJ�D�]HUR�LQÀDWHG�
3RLVVRQ�PRGHO���:H�WKHQ�XVH�WKH�VDPH�GDWD�VHW�WR�LOOXVWUDWH�WKH�DGYDQWDJHV�DQG�GUDZEDFNV�RI�D�UHWURVSHFWLYH�
GHVLJQ���:LWK�D�UHWURVSHFWLYH�GHVLJQ�D�UDLGHG�IDUP�LV�PDWFKHG�ZLWK�RQH�RU�PRUH�LQWDFW�IDUPV�DW�WKH�HQG�RI�WKH�
JURZLQJ�VHDVRQ���7KLV�PHWKRG�LV�FRVW�HIIHFWLYH�IRU�¿HOG�ZRUNHUV�ZKRVH�UHVRXUFHV�DUH�OLPLWHG�EHFDXVH�LW�GRHV�
QRW�UHTXLUH�UHSHDWHG�YLVLWV�WR�IDUPV�WR�PRQLWRU�UDLGV���7KH�RSWLPXP�VDPSOH�VL]H�LV�DERXW����UDLGHG�IDUPV�WKDW�
DUH�HDFK�PDWFKHG�ZLWK�DW�OHDVW�WZR�LQWDFW�IDUPV�

Additional key words:�*KDQD��HOHSKDQWV��FURS�UDLGLQJ��KXPDQ�HOHSKDQW�FRQÀLFW�

Résumé

La maraude des cultures par les éléphants continuera à être exacerbée par l’expansion des populations 
KXPDLQHV��2Q�SHXW�UpGXLUH�OH�ULVTXH�GH�SHUWHV�GHV�FXOWXUHV�SDU�O¶LGHQWL¿FDWLRQ�GHV�FDUDFWpULVWLTXHV�DJULFROHV�
OHV�SOXV�LPSRUWDQWHV�TXL�DWWLUHQW�OHV�pOpSKDQWV��/HV�IDFWHXUV�GH�ULVTXH�YDULHQW�G¶XQ�HQGURLW�j�XQ�DXWUH�HW�GRLYHQW�
rWUH�LGHQWL¿pV�SDU�GHV�pWXGHV�VSpFL¿TXHV�DX�VLWH��,FL��RQ�SUHQG�OHV�GRQQpHV�G¶XQH�pWXGH�SURVSHFWLYH�DQWpULHXUH�
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GH�PDUDXGH�GHV�FXOWXUHV�DXWRXU�GH� OD�]RQH�GH�FRQVHUYDWLRQ�GH�.DNXP�DX�VXG�GX�*KDQD�SRXU� LOOXVWUHU�XQH�
PHLOOHXUH�PpWKRGH�G¶DQDO\VH�HQ�XWLOLVDQW�XQ�PRGqOH�GH�3RLVVRQ�j�LQÀDWLRQ�GH�]pURV��1RXV�XWLOLVRQV�HQVXLWH�OH�
PrPH�HQVHPEOH�GH�GRQQpHV�SRXU�LOOXVWUHU�OHV�DYDQWDJHV�HW�OHV�LQFRQYpQLHQWV�G¶XQH�FRQFHSWLRQ�UpWURVSHFWLYH��
$YHF�XQ�PRGqOH�UpWURVSHFWLI�XQH�IHUPH�HQGRPPDJpH�HVW�MXPHOpH�j�XQH�RX�SOXVLHXUV�IHUPHV�LQWDFWHV�j�OD�¿Q�GH�
OD�VDLVRQ�GH�FURLVVDQFH��&HWWH�PpWKRGH�HVW�UHQWDEOH�SRXU�OHV�WUDYDLOOHXUV�VXU�OH�WHUUDLQ�GRQW�OHV�UHVVRXUFHV�VRQW�
OLPLWpHV��/D�WDLOOH�RSWLPDOH�GH�O¶pFKDQWLOORQ�HVW�G¶HQYLURQ����IHUPHV�HQGRPPDJpHV�TXL�VRQW�FKDFXQH�MXPHOpH�
DYHF�DX�PRLQV���IHUPHV�LQWDFWHV�

Mots clés supplémentaires:�*KDQD��pOpSKDQWV��GHVWUXFWLRQ�GHV�FXOWXUHV��FRQÀLWV�KRPPH±pOpSKDQW

Introduction

People and elephants come into more frequent contact 
DV�KXPDQ�SRSXODWLRQV� H[SDQG�� �7KH� UHVXOW� LV� DQJHU�
DQG� GHVSDLU� DV� HOHSKDQWV� UDYDJH� IDUPHUV¶� ILHOGV���
0DQDJHPHQW�IRU�WKH�EHQH¿W�RI�IDUPHUV�UHTXLUHV�WKDW�
one understands the farmland landscape features that 
DWWUDFW� HOHSKDQWV�� �7KH� ULVN� RI� FURS� UDLGLQJ� FDQ�EH�
reduced by advising farmers how to modify their 
IDUPLQJ� SUDFWLFHV� �%DUQHV� HW� DO�� �������%XW� HYHU\�
situation is different: while distance of farm to reserve 
boundary line, area under cultivation, number of crop 
types on farm and degree of farm’s isolation may be 
risk factors common to all sites, wildlife managers will 
usually need to identify the most important variables 
that attract elephants to the farmland around their 
SDUWLFXODU�SURWHFWHG�DUHDV��

7KH�REMHFWLYH�RI� WKLV� W\SH�RI�VWXG\�LV� WR� LGHQWLI\�
ULVN� IDFWRUV�� �7KHVH�DUH� WKH�YDULDEOHV�PRVW� VWURQJO\�
DVVRFLDWHG�ZLWK�LQFLGHQWV�RI�FURS�UDLGLQJ��$Q�HDUOLHU�
paper described how the design of studies of crop 
raiding should take account of the aims of the study 
DQG�WKH�UHVRXUFHV�DYDLODEOH��%DUQHV���������$�VHFRQG�
paper described simple methods for analyzing the 
GDWD� IURP�VXFK� VWXGLHV� �%DUQHV�������� �7KDW� SDSHU�
was aimed particularly at researchers who need to 
DQDO\VH�WKHLU�GDWD�EHIRUH�OHDYLQJ�WKH�¿HOG�VLWH���,Q�WKH�
present paper we expand upon the analysis described 
E\�%DUQHV�HW�DO���������IRU�ULVN�IDFWRUV�IRU�IDUPV�DURXQG�
WKH�.DNXP�&RQVHUYDWLRQ�$UHD� �.&$�� LQ� VRXWKHUQ�
*KDQD��,Q�WKDW�VWXG\�ZH�REVHUYHG�D�FRKRUW�RI�IDUPV�
IURP�WKH�EHJLQQLQJ�WR�WKH�HQG�RI�WKH�JURZLQJ�VHDVRQ��
7KDW�ZDV�D�SURVSHFWLYH�VWXG\�EHFDXVH�ZH�LGHQWL¿HG�
WKH� IDUPV� DW� WKH� EHJLQQLQJ� RI� WKH� ¿HOG�ZRUN� DQG�
followed them forward throughout the length of the 
JURZLQJ�VHDVRQ��*RUGLV���������+HUH�ZH�VKRZ�WKDW�
D�]HUR�LQÀDWHG�PRGHO�SURYLGHV�D�EHWWHU�¿W�WR�WKH�GDWD�
compared to our earlier analysis, because most farms 
DUH�XQOLNHO\�WR�EH�UDLGHG���7KDW�PHDQV�WKDW�WKH�RXWFRPH�
YDULDEOH��QXPEHU�RI�UDLGLQJ�LQFLGHQWV�RQ�HDFK�IDUP��

has many values that are zero (that is, there were many 
IDUPV�ZKHUH�QR�LQFLGHQWV�ZHUH�UHFRUGHG����:H�WKHQ�
XVH�WKH�VDPH�GDWD�WR�VLPXODWH�D�UHWURVSHFWLYH�VWXG\���
A retrospective study is one in which the researcher 
LGHQWL¿HV� WKH� IDUPV� DW� WKH� HQG�RI� WKH� VWXG\�SHULRG�
and then looks backward to collect data on what has 
KDSSHQHG�GXULQJ�WKDW�SHULRG��*RUGLV��������:H�DUJXH�
that a retrospective design is a more cost-effective 
XVH�RI�UHVRXUFHV�WKDQ�D�SURVSHFWLYH�GHVLJQ���:H�DOVR�
GLVFXVV� WKH�TXHVWLRQ� WKDW�YH[HV�PRVW�¿HOG�ZRUNHUV��
how large a sample is needed to achieve the statistical 
SRZHU�WKDW�ZLOO�UHYHDO�LPSRUWDQW�HIIHFWV"

Study site and methods

7KH�.DNXP�&RQVHUYDWLRQ�$UHD� �.&$�� OLHV� LQ� WKH�
IRUHVW�]RQH�LQ�VRXWK�ZHVW�*KDQD���$JULFXOWXUH�LV�WKH�
predominant activity in communities surrounding 
KCA, resulting in a landscape mosaic of cultivation, 
IDUP�EXVK��VHFRQGDU\�IRUHVW�DQG�VZDPSODQG���0DLQ�
cash crops cultivated include cocoa, oil palm, and 
FLWUXV��ZKLOVW�PDMRU� IRRG�FURSV� DUH�PDL]H�� FDVVDYD��
SODQWDLQ��FRFR\DP��\DP��ULFH�DQG�YHJHWDEOHV��7KRXJK�
the system of farming is rain-fed shifting cultivation, 
farming activity is done throughout the year, resulting 
LQ�DQ�DOO�\HDU�URXQG�RFFXUUHQFH�RI�FURS�UDLGV���.DNXP�
was the site for the largest and longest study of crop 
UDLGLQJ�HYHU�XQGHUWDNHQ�LQ�:HVW�$IULFD��%DUQHV�HW�DO��
������������������%RDIR��HW�DO����������,Q�WKDW�VWXG\�
a prospective design was chosen for the 2001 crop 
JURZLQJ�VHDVRQ�ZKHUHE\�IDUPV�ZHUH�LGHQWL¿HG�DW�WKH�
beginning of the season and monitored for nine months 
XQWLO� WKH� HQG�RI� VHDVRQ�� �7HQ� FRPPXQLWLHV� DURXQG�
WKH�FRQVHUYDWLRQ�DUHD�ZHUH�VHOHFWHG�DW�UDQGRP���7ZR�
hundred and three farms in those communities were 
UHJLVWHUHG�DQG�HDFK�ZDV�YLVLWHG�DW�UHJXODU�LQWHUYDOV���
All crop raiding incidents on each farm were recorded 
GXULQJ�WKH�JURZLQJ�VHDVRQ�� �,Q�DGGLWLRQ��D�VHULHV�RI�
measurements was made on each farm: distance from 
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the KCA boundary, area of farm, distance from the 
next nearest farm, number of crop types and area of 
HDFK�W\SH�RI�FURS��

,Q� WKLV� VWXG\� ZH� XVHG� 6$6� ���� �6$6� ,QVWLWXWH�
&DU\��1RUWK�&DUROLQD��WR�¿W�]HUR�LQÀDWHG�3RLVVRQ�DQG�
FRQGLWLRQDO�ORJLVWLF�UHJUHVVLRQ�PRGHOV��+RVPHU�DQG�
/HPHVKRZ�������6KRXNUL�DQG�&KDXGKDU\�������

Prospective design

The number of crop raiding incidents was not normally 
GLVWULEXWHG�� �5DWKHU�� WKHUH�ZHUH�PDQ\� IDUPV�ZHUH�
untouched and each of these had a value of zero for 
WKH�QXPEHU�RI�UDLGV�� �2WKHU�IDUPV�VXIIHUHG�MXVW�RQH�
raid, a few suffered two or three, and a tiny handful 
VXIIHUHG�IRXU�RU�¿YH��)LJ�������)XUWKHUPRUH��DOO�WKHVH�
QXPEHUV� ZHUH� LQWHJHUV�� � 7KHVH� IHDWXUHV²D� ODUJH�
QXPEHU� RI� ]HURHV� SOXV� LQWHJHUV� WKDW� DUH� SRVLWLYH²
are typical of count data and the usual methods of 
RUGLQDU\� OHDVW� VTXDUHV� �2/6�� UHJUHVVLRQ� VKRXOG�QRW�
EH� DSSOLHG� �+LOEH�������� ,QVWHDG��ZH�XVHG�3RLVVRQ�
regression models, which are part of the family of 
JHQHUDOL]HG�OLQHDU�PRGHOV��0F&XOORXJK�DQG�1HOGHU�
��������7KHVH�DUH�WKH�DSSURSULDWH�PRGHOV�WR�XVH�ZLWK�
FRXQW� GDWD� �0F&XOORXJK� DQG�1HOGHU� ������0DQO\�
������+LOEH�������

Figure 1. Frequency histogram of elephant crop-
raiding incidents on a sample of 203 farms around 
the Kakum Conservation Area in the growing season of 
2001.  The curve shows the fitted Poisson distribution.

Ordinary least squares models have the form Y = a 
+ bX, where Y is the dependent variable and X is the 
independent variable, and the residuals are normally 
GLVWULEXWHG�� �7KH�3RLVVRQ� UHJUHVVLRQ�PRGHO�KDV� WKH�
form:

 lnY = a + bX

which is the same as: 

� <� �H[S�D���E;�

The residuals are Poisson distributed and the model 
LV�¿WWHG�E\�PD[LPXP� OLNHOLKRRG� �0F&XOORXJK� DQG�
1HOGHU�������+LOEH���������7KH�ORJDULWKPLF�UHODWLRQVKLS�
means that predicted values of  Y can never be negative 
�L�H��\RX�FDQQRW�KDYH�D�QHJDWLYH�QXPEHU�RI�FURS�UDLGLQJ�
LQFLGHQWV��ZKLFK�LV�VRPHWLPHV�D�SUREOHP�ZLWK�2/6�
PRGHOV���,Q�WKH�HDUOLHU�SDSHU�ZH�¿WWHG�D�3RLVVRQ�PRGHO�
WR�WKH�.&$�GDWD��%DUQHV�HW�DO�����������&RXQWV�RQ�HDFK�
farm of the numbers of crop raiding incidents were 
WKH�UHVSRQVH�RU�GHSHQGHQW�YDULDEOH���7KH�LQGHSHQGHQW�
variables were those likely to attract elephants into the 
IDUPODQGV���:KLOH�WKH�3RLVVRQ�PRGHO�ZDV�WKH�FRUUHFW�
RQH�WR�¿W�WR�WKHVH�GDWD��ZH�QRZ�UHDOL]H�WKDW�ZH�¿WWHG�
WKH�ZURQJ�NLQG�RI�3RLVVRQ�PRGHO���2I�WKH�����IDUPV�
monitored during the course of the growing season, 

�����RU������ZHUH�QRW�DIÀLFWHG�E\�HOHSKDQWV�
�)LJ�������7KLV�QXPEHU�RI�]HURV�LV�VLJQL¿FDQWO\�
greater than that expected from a Poisson 
GLVWULEXWLRQ��Ȥ�� ��������GI� ����S������������7KH�
]HUR�LQÀDWHG�3RLVVRQ��=,3��UHJUHVVLRQ�PRGHO�LV�
the appropriate method to use when you have 
a count data with a disproportionate number of 
]HURV��$¿¿�HW�DO��������

7KH�]HUR�LQÀDWHG�3RLVVRQ�UHJUHVVLRQ�PRGHO�
LV�D�WZR�SDUW�SURFHVV���)LUVW��D�ORJLVWLF�UHJUHVVLRQ�
estimates the probability (p0��RI�WKH�FRXQW�EHLQJ�
]HUR�UDWKHU�WKDQ�3RLVVRQ�GLVWULEXWHG��7KLV�LV�WKH�
]HUR�LQÀDWHG�SDUW�RI�WKH�PHWKRG���7KHQ�D�3RLVVRQ�
UHJUHVVLRQ�PRGHO� LV�¿WWHG� WR� WKH� FRXQWV�ZLWK�
probability 1 – p0��$¿¿�HW�DO��������

To illustrate this example, we used only two 
LQGHSHQGHQW�YDULDEOHV��WKH�GLVWDQFH��LQ�PHWHV��RI�WKH�
farm from the KCA boundary, and the number of crop 
W\SHV�JURZQ�RQ�HDFK�IDUP���7KH�¿WWHG�=,3�PRGHO�LV�
shown in Table 1 (note that some farms were dropped 
EHFDXVH�RI�PLVVLQJ�YDOXHV����7DNLQJ�WKH�LQÀDWH�SDUW�RI�
WKH�WDEOH��WKH�XSSHU�KDOI�RI�7DEOH�����WKH�FRHI¿FLHQW�
IRU�WKH�GLVWDQFH�WR�ERXQGDU\�ZDV���������7KLV�YDOXH�
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LV�VLJQL¿FDQW� �S� ���������%HFDXVH� WKLV� LV�D� ORJLVWLF�
UHJUHVVLRQ��WKH�H[SRQHQW�RI�WKH�FRHI¿FLHQW�LV�WKH�RGGV�
UDWLR��+RVPHU�DQG�/HPHVKRZ�������$¿¿HWDO����������
7KH�RGGV�UDWLR�LV�WKHUHIRUH�H[S��������� ���������7KLV�
means that as one moved away from the KCA the odds 
increased that the farm will be a zero (that is, it will 
EH�LQWDFW���6SHFL¿FDOO\��WKH�RGGV�RI�WKH�IDUP�UHPDLQLQJ�
LQWDFW�LQFUHDVHG�E\�D�IDFWRU�RI��������������IRU�HDFK�
PHWUH�IXUWKHU�IURP�WKH�SDUN�ERXQGDU\��,Q�RWKHU�ZRUGV��
WKH�ULVN�RI�UDLG�GHFUHDVHG�VLJQL¿FDQWO\�ZLWK�LQFUHDVLQJ�
GLVWDQFH�IURP�WKH�.&$�ERXQGDU\���2Q�WKH�RWKHU�KDQG��
the number of crop types had no effect on the risk of 
UDLG��VLQFH�LQ�WKLV�FDVH�S� ��������7DEOH����

Table 1. Results of the zero-inflated Poisson regression 
model applied to farms around the Kakum Conservation 
Area (n = 199 farms). SE: standard error

The lower half of Table 1 deals with the Poisson 
part of the model, that is, the number of incidents 
�IDUPV�ZLWK�D�YDOXH�RI������������RU���UDLGV����:H�¿QG�
that distance from the boundary was not associated 
ZLWK� WKH�QXPEHU�RI� UDLGV� �S� ��������� � ,Q� FRQWUDVW��
the number of crop types was strongly associated (p 
 ��������ZLWK�WKH�QXPEHU�RI�UDLGV��7KH�FRHI¿FLHQW�LV�
��������)RU�D�3RLVVRQ�UHJUHVVLRQ�WKH�H[SRQHQW�RI�WKH�
estimate is a measure of the risk ratio, the greater risk 
associated with a one unit increase in the independent 
YDULDEOH���+HUH�H[S��������� �������ZKLFK�PHDQV�WKDW�
each time you increased the variety of crops on your 
farm by adding another crop type, you increased the 
ULVN�RI�IXUWKHU�UDLGV�E\�����

This prospective design was expensive in terms of 
personnel and resources, because each farm had to 
EH�YLVLWHG�UHJXODUO\�WKURXJKRXW�WKH�VWXG\�SHULRG��:H�
found that only 29 out of 203 farms were raided by 

HOHSKDQWV��,Q�RWKHU�ZRUGV��WKLV�ZDV�QRW�DQ�HI¿FLHQW�ZD\�
RI�¿QGLQJ�UDLGHG�IDUPV��$�UHWURVSHFWLYH�GHVLJQ�ZRXOG�
KDYH�EHHQ�IDU�PRUH�HI¿FLHQW��

Retrospective design

Selection of controls

:LWK�D�UHWURVSHFWLYH�GHVLJQ��DW�WKH�HQG�RI�WKH�JURZLQJ�
VHDVRQ��RU�WKH�\HDU��RU�VRPH�FOHDUO\�GH¿QHG�SHULRG�RI�
LQWHUHVW��RQH�ORRNV�EDFNZDUGV�LQ�WLPH��%DUQHV���������
2QH�WKHQ�LGHQWL¿HV�D�VDPSOH�RI�IDUPV�WKDW�ZDV�UDLGHG�
GXULQJ�WKH�JURZLQJ�VHDVRQ��1H[W�RQH�VHOHFWV�D�VDPSOH�
RI�LQWDFW�IDUPV��WKH�FRQWUROV��IRU�FRPSDULVRQ��

Using the data from the KCA study, let us assume 
WKDW�ZH�LGHQWL¿HG����UDLGHG�IDUPV�DW� WKH�HQG�RI�WKH�
JURZLQJ� VHDVRQ�� %HIRUH� ZH� VDPSOH� D� VHFWLRQ� RI�
the intact farms there is an issue that we have not 

yet addressed: the 203 farms were 
not distributed randomly across the 
ODQGVFDSH�� � 5DWKHU�� WKH\� IHOO� LQ� ���
randomly-distributed communities 
RU�FOXVWHUV���7KH�FKDUDFWHULVWLFV�RI�WKH�
GLIIHUHQW�FRPPXQLWLHV�PD\�LQÀXHQFH�
the probability of crop raids within 
HDFK� FRPPXQLW\�� � +RZHYHU�� ZH�
can remove the variation due to the 
communities by matching each raided 
farm against one or more intact farms 
LQ�WKH�VDPH�FRPPXQLW\�

,Q� WKH� ¿UVW� VWHS� RI� WKLV� DQDO\VLV��
we matched each raided farm with 

one randomly selected intact farm from the same 
FRPPXQLW\���7KHUH�ZDV�RQH�LQWDFW�IDUP�WKDW�ODFNHG�D�
measurement of distance to the park boundary, so it 
ZDV�GURSSHG���7KHUH�ZHUH�QR�RWKHU�LQWDFW�IDUPV�WKDW�
had been measured in that particular community and 
so that left 28 raided and 27 intact farms in this sample 
IRU�WKH�DQDO\VLV��7DEOHV��D�DQG��D��

In the second step we intended to match each raided 
IDUP�ZLWK�WZR�LQWDFW�IDUPV�IURP�WKH�VDPH�FRPPXQLW\���
+RZHYHU��ZH�UHDOL]HG�WKDW�LQ�VRPH�FRPPXQLWLHV�ZH�
KDG�QRW�PHDVXUHG�HQRXJK�LQWDFW�IDUPV���7KHUHIRUH�LQ�
communities with many intact farms we randomly 
selected up to three intact farms to match to each 
UDLGHG�IDUP���:LWK�HDFK�UDLGHG�IDUP�PDWFKHG�ZLWK�RQH��
two or three intact farms we had a sample of 57 intact 
farms to the 28 raided ones, a ratio of almost 2:1 for 
WKH�DQDO\VLV��7DEOHV��E�DQG��E��

 
Stage 
 

 
Parameter 

 
Estimate 

 
SE 

 
p 

 
Inflate portion 

    
Intercept 0.140 1.017 0.890 
Distance to boundary 0.003 0.001 0.004 
Number of crop types 
 

–0.153 0.195 0.434 

 
Poisson portion 

 
Intercept 

 
–0.958 

 
0.801 

 
0.232 

Distance to boundary 0.000 0.000 0.928 
Number of crop types 
 

0.351 0.135 0.009 
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Raided 

farms 

 
Intact farms 

 
Wilcoxon rank-sum 

test1 
z                    p 

 
 
Median distance to boundary (m) 

 
324.5 

 
690.0 

 
 2.64        0.008 

Median number of crop types 
 

3.0 2.0 1.63        0.103 

  
Raided 

farms 

 
Intact  
farms 

 
Wilcoxon  

rank-sum test 
z (p) 

 
 
Median distance to boundary (m) 

 
324.5 

 
596.0 

 
3.21 (0.001) 

Median number of crop types 3.0 2.0 2.33 (0.020) 
 

 

  
Odds ratio 

 
95% CI for 

odds ratio 
 

 
Wald p  

 
Distance to boundary (m) 
 
Number of crop types 
 

 
0.997 

 
1.372 

 

 
0.994, 0.999 

 
0.824, 2.282 

 
0.021 

 
0.224 

 

  
Odds ratio 

 
95% CI for 

odds ratio 
 

 
Wald p  

 
Distance to boundary (m) 
 
Number of crop types 
 

 
0.997 

 
1.372 

 

 
0.994, 0.999 

 
0.824, 2.282 

 
0.021 

 
0.224 

 

Table 2. Estimates of median distance from boundary and median number of crop types for raided 
and intact farms
�D��7KH�H[SHULPHQW�ZLWK�RQH�FRQWURO�SHU�UDLGHG�IDUP��Q� ����UDLGHG�DQG����LQWDFW�IDUPV�

�E���7KH�H[SHULPHQW�ZLWK�WZR�FRQWUROV�SHU�UDLGHG�IDUP��Q� ����UDLGHG�DQG����LQWDFW�IDUPV�

Table 3. Estimates from the conditional logistic regression models  
�D��7KH� H[SHULPHQW�ZLWK�RQH� FRQWURO� SHU� UDLGHG� IDUP� �Q� ���� UDLGHG� DQG���� LQWDFW� IDUPV���&,��
FRQ¿GHQFH�LQWHUYDOV

�E��7KH�H[SHULPHQW�ZLWK�WZR�FRQWUROV�SHU�UDLGHG�IDUP��Q� ����UDLGHG�DQG����LQWDFW�IDUPV�
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:LWK� PDWFKHG� VDPSOHV�� FRQGLWLRQDO� ORJLVWLF�
regression, designed to account for the matching was 
DSSOLHG� �+RVPHU� DQG�/HPHVKRZ�������:RRGZDUG�
������

 Results

:LWK�RQH� FRQWURO� SHU� UDLGHG� IDUP�� WKH� LQWDFW� IDUPV�
were on average twice as far from the KCA boundary 
DV�UDLGHG�IDUPV��7DEOH��D����7KH�FRQGLWLRQDO�ORJLVWLF�
regression is another way of expressing this relationship 
�7DEOH��D���WKH�RGGV�UDWLR�RI�������PHDQV�WKDW�DV�RQH�
moved away from the boundary the odds of being 
UDLGHG�GLPLQLVKHG��2Q�WKH�RWKHU�KDQG��WKH�GLIIHUHQFH�
LQ�QXPEHU�RI�FURS�W\SHV�ZDV�QRW�VLJQL¿FDQW��7DEOHV�
�D�DQG��D��

:LWK�WZR�FRQWUROV�SHU�UDLGHG�IDUP��ZH�VHH�DJDLQ�
WKDW�UDLGHG�IDUPV�ZHUH�VLJQL¿FDQWO\�FORVHU�WR�WKH�SDUN�
ERXQGDU\�� �7KH� FRQGLWLRQDO� ORJLVWLF� UHJUHVVLRQ� WHOOV�
XV�WKDW��DIWHU�DGMXVWLQJ�IRU�WKH�QXPEHU�RI�FURS�W\SHV��
the odds of suffering a raid decreased by a factor of 
������IRU�HDFK�PHWHU�IXUWKHU�IURP�WKH�SDUN�ERXQGDU\�
�7DEOH��E���7KLV�WLPH�UDLGHG�IDUPV�KDG�VLJQL¿FDQWO\�
PRUH�W\SHV�RI�FURSV�WKDQ�LQWDFW�IDUPV��7DEOH��E����$IWHU�
DGMXVWLQJ�IRU�GLVWDQFH�IURP�WKH�ERXQGDU\��WKH�RGGV�RI�
EHLQJ�UDLGHG�LQFUHDVHG�E\�������WLPHV�IRU�HDFK�H[WUD�
FURS�SODQWHG�RQ�WKH�IDUP��7DEOH��E������

The results shown in Tables 2 and 3 make the point 
WKDW� RQH� FRQWURO�ZDV� LQVXI¿FLHQW�ZLWK� WKLV� W\SH� RI�
GHVLJQ��:LWK�WKLV�QXPEHU�RI�UDLGHG�IDUPV��LQ�RUGHU�WR�
GHWHFW�D�VLJQL¿FDQW�GLIIHUHQFH�RQH�QHHGV�DW�OHDVW�WZR�
FRQWUROV�IRU�HDFK�UDLGHG�IDUP�

Discussion

:H�DGRSWHG�WKH�SURVSHFWLYH�GHVLJQ�GXULQJ�D�ZRUNVKRS�
involving the senior staff of the KCA and the research 
WHDP�� �7KLV� GHVLJQ� UHTXLUHG� UHJXODU�PRQLWRULQJ� RI�
HYHU\�IDUP���%XW��DW�D�WLPH�ZKHQ�WKH�ORFDO�DXWKRULWLHV�
were given to understand that the landscape was being 
ravaged by marauding elephants, in the end only 15% 
RI�WKH�IDUPV�ZHUH�UHFRUGHG�DV�UDLGHG���:KLOH�LW�ZDV�
a relief to learn that the problem was not as bad as 
claimed, regular monitoring of 203 farms was not a 
FRVW�HIIHFWLYH�ZD\�RI�GHSOR\LQJ�RXU�UHVRXUFHV���

In contrast, the retrospective method is far more 
cost-effective because repeated visits to each farm 
are not required; each farm need be visited only once, 
RQ�WKH�GD\�ZKHQ�DOO� WKH�GDWD�DUH�FROOHFWHG�� �2Q�WKH�
RWKHU�KDQG��LW�GRHV�QRW�SURYLGH�WKH�VDPH�LQIRUPDWLRQ���

For example, the ZIP model from the prospective 
design indicates that distance from the boundary 
determines the risk of whether or not a farm is raided 
while the number of crop types determines whether a 
IDUP�LV�UDLGHG�RQFH��WZLFH��WKULFH�RU�PRUH�WLPHV���7KH�
retrospective method shows that both distance from 
WKH�SDUN�DQG�QXPEHU�RI�FURS�W\SHV�LQÀXHQFH�WKH�ULVN�
RI�EHLQJ�UDLGHG���

The data collection methods were not designed 
IRU� D� UHWURVSHFWLYH� DQDO\VLV� RU� D�PDWFKHG� DQDO\VLV���
Rather, we have taken advantage of this large data 
VHW� WR� LOOXVWUDWH� WKH� UHWURVSHFWLYH� DSSURDFK�� � � 7KH�
retrospective experiment indicated that if you have 
���UDLGHG�IDUPV�WKHQ�RQH�FRQWURO�LV�LQVXI¿FLHQW���$W�
OHDVW�WZR�ZHUH�UHTXLUHG�WR�GHWHFW�D�VLJQL¿FDQW�HIIHFW�
of both distance from the boundary and number of 
FURSV�� � � ,Q� RWKHU�ZRUGV�� WKH� VWDWLVWLFDO� SRZHU�ZDV�
LQFUHDVHG�E\� DGGLQJ�PRUH� FRQWUROV�� �7KH�RSWLPXP�
UDWLR�RI� FRQWUROV� WR� UDLGHG� IDUPV� LV����� �:RRGZDUG�
������� �1HYHUWKHOHVV� WZR�RU�SHUKDSV� WKUHH� FRQWUROV�
DUH�SUREDEO\�PRUH�SUDFWLFDO�RSWLRQV�IRU�¿HOGZRUNHUV�
ZLWK�OLPLWHG�UHVRXUFHV��

:H�FRQFOXGH�WKDW�ZKHQ�SODQQLQJ�D�VWXG\�RI�FURS�
raiding the retrospective design will be the most cost-
HIIHFWLYH�PHWKRG���2QH�VKRXOG�DLP�WR�KDYH����UDLGHG�
IDUPV��HDFK�PDWFKHG�DJDLQVW�DW�OHDVW�WZR�LQWDFW�IDUPV���
$�WRWDO�RI����IDUPV��WKDW�LV����FDVHV�DQG����FRQWUROV��
will require intense work at the end of the growing 
season, but anything less may lack the statistical 
SRZHU�WR�GHWHFW�LPSRUWDQW�HIIHFWV���2Q�WKH�RWKHU�KDQG��
D�SURVSHFWLYH�GHVLJQ�ZLOO�SURYLGH�PRUH�LQIRUPDWLRQ���
For example, prospective surveys show the proportion 
RI� IDUPV� WKDW� DUH� DIÀLFWHG�E\� HOHSKDQWV�� �7KHUHIRUH�
prospective surveys conducted in different years will 
yield information on whether or not the problem is 
JHWWLQJ�EHWWHU�RU�ZRUVH��7KLV�LV�VRPHWKLQJ�\RX�FDQQRW�
HVWLPDWH� IURP� WKH� UHWURVSHFWLYH� GHVLJQ� XVHG� KHUH���
1HYHUWKHOHVV� WKH� SURVSHFWLYH� GHVLJQ� LV� YHU\�PXFK�
PRUH�H[SHQVLYH�

Farms around the KCA were scattered through the 
EXVK�ZKLFK��EHLQJ�VHFRQGDU\�JURZWK��RU�³IDUPEXVK´���
ZDV�YHU\�GHQVH�DQG�IRU�WKH�PRVW�SDUW�LPSHQHWUDEOH���
2QH�FRXOG�QRW�ZDON�HDVLO\�IURP�IDUP�WR�IDUP��+HQFH�
taking a completely random sample of farms around 
WKH�.&$�ZRXOG�KDYH�EHHQ�YHU\�WLPH�FRQVXPLQJ���,Q�
order to cut travel costs it was more practical to select 
a number of villages at random, and then select farms 
DURXQG�HDFK�YLOODJH��7KH�VDPH�LV�SUREDEO\�WUXH�RI�PRVW�
VWXG\�VLWHV�LQ�WKH�IRUHVW�]RQH��+RZHYHU��DOO�WKH�IDUPV�
around a particular village may share a characteristic 
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WKDW�LQÀXHQFHV�WKHLU�ULVN�RI�DWWDFN�E\�HOHSKDQWV��7KHVH�
farms may be more alike than a sample of farms selected 
FRPSOHWHO\�DW�UDQGRP�IURP�WKH�ZKROH�VWXG\�DUHD���,Q�
other words, there is a degree of correlation between 
WKH� IDUPV�ZLWKLQ�HDFK�YLOODJH�RU�FOXVWHU�� �7KHUH�DUH�
therefore two sources of variation: variability between 
farms in the same village, and variability between 
YLOODJHV��6KRXNUL�DQG�&KDXGKDU\�������� �)DLOLQJ� WR�
account for this will underestimate the true standard 
HUURU� RI� WKH� UHJUHVVLRQ� FRHI¿FLHQW�� �7KLV� LQFUHDVHV�
WKH�ULVN�RI�7\SH�,�HUURU��WKH�ULVN�RI�UHMHFWLQJ�WKH�QXOO�
hypothesis when it is true (Shoukriand Chaudhary 
�������RU�UHFRUGLQJ�D�VLJQL¿FDQW�HIIHFW�ZKHQ�LQ�IDFW�
WKHUH�LV�QRQH���0DWFKLQJ�LV�WKH�VLPSOHVW�ZD\�WR�GHDO�
ZLWK�WKLV�SUREOHP���+RZHYHU��WKHUH�PD\�EH�VLWXDWLRQV�
ZKHUH�\RX�FDQQRW�¿QG�HQRXJK�LQWDFW�IDUPV�WR�PDWFK�
ZLWK� WKH� UDLGHG�RQHV� LQ� HDFK� FOXVWHU�� � ,Q� WKDW� FDVH��
one can take a random sample of intact farms from 
WKH�FRPPXQLWLHV���7KHQ�RQH�VKRXOG�XVH�KLHUDUFKLFDO�
PRGHOV²DOVR�FDOOHG�PL[HG�HIIHFWV�PRGHOV�RU�UDQGRP�
HIIHFWV�PRGHOV²WKDW�DUH�GHVLJQHG�WR�DFFRXQW�IRU�WKH�
variation between farms and between communities 
�6KRXNUL�DQG�&KDXGKDU\���������+RZHYHU��WKLV�W\SH�
of analysis becomes quite complicated especially if 
WKHUH�DUH�QXPHURXV�FRYDULDWHV�

Carefully planned studies will show which features 
of the farming landscape are most likely to draw 
HOHSKDQWV���7KHQ�ZLOGOLIH�PDQDJHUV�FDQ�DGYLVH�IDUPHUV�
RQ�KRZ�WR�UHGXFH�WKH�DWWUDFWLYHQHVV�RI�WKHLU�IDUPV���$W�
Kakum it was obvious before we started that the farms 
DGMDFHQW�WR�WKH�ERXQGDU\�ZHUH�PRVW�OLNHO\�WR�EH�UDLGHG���
But with the present analysis we know that, once you 
KDYH�DGMXVWHG�IRU�SUR[LPLW\�WR�WKH�SDUN��WKH�QXPEHU�
RI�FURS�W\SHV�LV�DQ�LPSRUWDQW�SUHGLFWRU�WRR���
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