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LPSOHPHQWDWLRQ�DQG�WKH�LPSDFW�WKHVH�LQLWLDWLYHV�KDYH�RQ�VXVWDLQDEOH�GHYHORSPHQW��$�WUDQVGLVFL�
SOLQDU\� DSSURDFK� KDV� EHHQ� DGRSWHG� WKDW� FRPELQHV� GLIIHUHQW� SHUVSHFWLYHV� RI� EHHNHHSHUV� LQ� WKH�
ILHOG��VFKRODUV�DQG�EXVLQHVV��,W�LV�WKHUHE\�LPSRUWDQW�WR�QRWH�WKDW�DGRSWLQJ�DSLFXOWXUH�DV�SDUW�RI�D�
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UHVXOWV�RI�WKH�VWXG\��7KLV�VWXG\�KDV�IRXQG�WKH�SULPDU\�PRWLYDWLRQ�EHKLQG�DSLFXOWXUH�SURMHFWV�IRU�
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1 Introduction 
�
Background 

�/LIH�RQ�(DUWK�� LQ�DOO� LWV�GLYHUVLW\��VKDSHV�WKH�HQYLURQPHQWDO��VRFLDO�DQG�HFRQRPLF�SURFHVVHV�
DQG�UHVRXUFHV�WKDW�DUH�XOWLPDWHO\�NH\�WR�KXPDQ�ZHOO�EHLQJ�>���@��/RVLQJ�ELRGLYHUVLW\�HURGHV�WKH�
EDVLV� IRU� VXVWDLQDEOH� GHYHORSPHQW� E\� XQGHUPLQLQJ� HFRV\VWHP� VHUYLFHV� DQG� VRFLDO� DQG�
HFRORJLFDO�UHVLOLHQFH��ZKLFK�UHGXFHV�WKH�FDSDFLW\�IRU�DGDSWLYH�UHVSRQVHV�LQ�D�UDSLGO\�FKDQJLQJ�
ZRUOG��%LRGLYHUVLW\�VKRXOG� WKXV�EH� LQWHJUDWHG� LQ�DOO� WKH�6XVWDLQDEOH�'HYHORSPHQW�*RDOV�DQG�
EHFRPH�D�JRDO�LQ�LWV�RZQ�ULJKW´��5RFNVWU|P�DQG�%DSWLVWH���������
�
7KLV� VWDWHPHQW�ZDV� LVVXHG� GXULQJ� D� VLGH� HYHQW� WR� WKH� HLJKWK�PHHWLQJ� RI� WKH�8QLWHG�1DWLRQV�
*HQHUDO�$VVHPEO\�2SHQ�:RUNLQJ�*URXS� RQ� 6XVWDLQDEOH�'HYHORSPHQW�*RDOV� LQ�1HZ�<RUN�
)HEUXDU\����������DQG�KLJKOLJKWV�ERWK�WKH�LQWHUFRQQHFWLRQ�RI�VRFLHW\�DQG�WKH�HQYLURQPHQW�DQG�
WKHLU�GHSHQGHQFH�RQ�ELRGLYHUVLW\��%RWK�RI�WKHVH�WKHPHV�FRUUHODWH�ZLWK�WKH�PDLQ�WKHPH�RI�WKLV�
VWXG\��$QG�VLPLODU�WR�WKH�HYHQW�ZKLFK�DLP�ZDV�WR�³EURDGHQ�DQG�HQKDQFH�WKH�XQGHUVWDQGLQJ�RI�
ELRGLYHUVLW\�QRW�DV�D�SUREOHP�WR�VROYH��DV�LW�LV�RIWHQ�SHUFHLYHG��EXW�DV�DQ�LPSRUWDQW�RSSRUWXQLW\�
DQG� VROXWLRQ� IRU� VXVWDLQDEOH� GHYHORSPHQW´� WKH� VWXG\� LV� ORRNLQJ� LQWR� WKH� DSSOLFDWLRQ� RI�
VXVWDLQDEOH�GHYHORSPHQW��+HUPDQVVRQ�7|U|N���������,Q�SDUWLFXODU�LW�LV�EXVLQHVV�WKDW�KDV�EHHQ�
FKRVHQ� DV� WKH� PHDQV� RI� VXFK� DQ� DSSOLFDWLRQ� DV� FRUSRUDWLRQV� RIIHU� DQRWKHU� SHUVSHFWLYH� WKDW�
FRPSOHPHQWV� WKH� RQHV� RI� VRFLHW\� DQG� WKH� HQYLURQPHQW�� 7RJHWKHU�� WKHVH� WKUHH�� VRFLHW\�� WKH�
HQYLURQPHQW�DQG�WKH�HFRQRP\�WKDW�LV�KHUH�YLHZHG�WKURXJK�FRUSRUDWLRQV��DUH�RIWHQ�UHIHUUHG�WR�
DV�WKH�WKUHH�SLOODUV�RI�VXVWDLQDEOH�GHYHORSPHQW��
�
�
Problem formulation 

$OWKRXJK� VRFLHW\� DW� ODUJH� DQG� WKH� HQYLURQPHQW� DUH� IXQGDPHQWDOO\� LQWHUFRQQHFWHG� WKLV�
UHODWLRQVKLS�KDV�IRU�WKH�PRVW�SDUW�EHHQ�HLWKHU�WDNHQ�IRU�JUDQWHG�RU�VLPSO\�IRUJRWWHQ��7RR�RIWHQ�
KXPDQ�EHLQJV�EHKDYH�DV�LI�WKH\�DUH�WRWDOO\�VHSDUDWHG�IURP�QDWXUH��$V�D�FROOHFWLYH��ZH�DOWHU�WKH�
FRPSRVLWLRQ�RI� WKH�DWPRVSKHUH�DQG�GHJUDGH� ODQG�DQG�RFHDQV�DV� LI� WKHVH�DFWLRQV�GR�QRW�KDYH�
DQ\�QHJDWLYH�HIIHFWV��7KH�UHODWLRQVKLS�RI�VRFLHW\�WR�QDWXUH�LV�D�RQH�ZD\�UHODWLRQVKLS��7R�UHDFK�
LWV�SUHVHQW�VWDWXV�VRFLHW\�KDV�EHHQ�H[SORLWLQJ�QDWXUH�UDWKHU�WKDQ�UHFRJQLVLQJ�LWV�GHSHQGHQFH�RQ�
LW��0XFK�RI�KXPDQ�EHKDYLRXU�FDQ�WKHUHE\�EH�DWWULEXWHG�WR�VLPSO\�ORVLQJ�WRXFK�ZLWK�QDWXUH��,Q�
SDUWLFXODU�XUEDQ�VRFLHWLHV�IDOO�LQ�WKLV�FDWHJRU\��7KHUH�LV�RI�FRXUVH�D�JHQHUDO�XQGHUVWDQGLQJ�RI�
WKH� LQWHUFRQQHFWLRQ� RI� VRFLHW\� DQG� WKH� HQYLURQPHQW�� EXW� WKH� GLUHFW� OLQN� WR� WKH� VRXUFH� RI�
UHVRXUFHV�WKDW�DUH�XVHG�DQG�WKH�LPSOLFDWLRQV�WKHLU�XVH�KDV�IRU�QDWXUH�LV�RIWHQ�PLVVLQJ��8VXDOO\�
WKHVH�WKLQJV�DUH�VLPSO\�RXW�RI�VLJKW��
�
7KH� LPSOLFDWLRQV�RI� KXPDQ�DFWLRQV� DUH�EHFRPLQJ�PRUH� DQG�PRUH�QRWLFHDEOH�� SDUWLFXODUO\� LQ�
UHFHQW� \HDUV��7KLV�EHFRPHV�FOHDU�HYHQ�E\�RQO\� ORRNLQJ�DW� WKH� UHODWLRQVKLS�EHWZHHQ�VRFLHWLHV�
DQG�KRQH\EHHV��Apis mellifera���,W�LV�HVWLPDWHG�WKDW�DERXW����SHU�FHQW�RI�FURSV�LQ�(XURSH�DUH�
GHSHQGHG�RQ�SROOLQDWLRQ� IURP�KRQH\EHHV� DQG�RWKHU� DQLPDOV� �.OHLQ�et al.�� �������/LNH�RWKHU�



�

��
�

HQYLURQPHQWDO� VHUYLFHV� SROOLQDWLRQ� LV� WKXV� LQYDOXDEOH� IRU� RXU� OLIH� RQ� WKLV� SODQHW�� 7KHUH� DUH��
KRZHYHU�� FRQWLQXRXV� DWWHPSWV� WR� SXW� D� SULFH� RQ� WKHP� QRQHWKHOHVV�� ,Q� WHUPV� RI� ZRUOGZLGH�
PRQHWDU\�YDOXH��SROOLQDWLRQ�VHUYLFHV�SURYLGHG�E\�LQVHFWV��DQG�PDLQO\�KRQH\EHHV��DUH�WKRXJKW�
WR�EH�ZRUWK�EHWZHHQ����ELOOLRQ�DQG����ELOOLRQ�(XURV�HDFK�\HDU��%ODFN���������6RPH�HVWLPDWHV�
HYHQ�VXJJHVW�QXPEHUV�RI�XS�WR�����ELOOLRQ�(XURV��*DOODL�et al.���������7KDW�DPRXQWV�WR�����SHU�
FHQW� RI� WKH� WRWDO� YDOXH� RI� ZRUOG� DJULFXOWXUDO� IRRG� SURGXFWLRQ�� 3DUWLFXODUO\� DIIHFWHG� E\�
SROOLQDWLRQ�DUH�IUXLWV�DQG�YHJHWDEOHV�DW�DQ�HVWLPDWH�RI����ELOOLRQ�(XURV�HDFK�DQG�RLOVHHG�FURSV�
DW�DQ�HVWLPDWH�RI����ELOOLRQ�(XURV��&URSV�SROOLQDWHG�WKURXJK�LQVHFWV�DUH�RQ�DYHUDJH�DOVR�YDOXHG�
VLJQLILFDQWO\�KLJKHU�WKDQ�FURSV�WKDW�DUH�QRW�GHSHQGLQJ�RQ�LQVHFW�SROOLQDWLRQ��,Q�UHFHQW�\HDUV�D�
JUHDW�GHFOLQH�LQ�KRQH\EHH�SRSXODWLRQ�KDV�EHHQ�REVHUYHG��,W�LV�QRW�WKH�ILUVW�WLPH�VXFK�D�GHFOLQH�
KDV� KDSSHQHG�� 2OGUR\G� FRPSLOHV� D� OLVW� RI� QRWDEOH� FDVHV� LQ� WKH� SDVW� LQFOXGLQJ� ³WKH� JUHDW�
PRUWDOLW\�RI�EHHV´�LQ�,UHODQG�LQ������DQG�DJDLQ�LQ�����DQG�������ORVV�RI�DOO�KRQH\EHHV�RQ�WKH�
,VOH�RI�:ULJKW�LQ�WKH�8QLWHG�.LQJGRP�LQ������DQG�VHYHUDO�FDVHV�LQ�WKH�8QLWHG�6WDWHV���������
7KH�UHDVRQ�WR�ZK\�WKLV�PRUH�UHFHQW�SKHQRPHQRQ�KDV�EHHQ�JDLQLQJ�VXFK�DWWHQWLRQ� LV� WKH�IDFW�
WKDW� LW� LV� QRW� UHJLRQDOO\� OLPLWHG� EXW� KDV� D� JOREDO� DSSHDUDQFH�� ,Q� DGGLWLRQ�� VRPH� SRSXODWLRQ�
GHFOLQH�KDV�EHHQ�DW�WKH�DEVROXWH�KLJKHU�HQG�RI�DQ�RUGHU�RI����WR�����SHU�FHQW��2OGUR\G���������
7KH�SKHQRPHQRQ�KDV�EHHQ�GXEEHG�FRORQ\�FROODSVH�GLVRUGHU�DQG�LV�VLPSO\�FKDUDFWHULVHG�E\�D�
ORZ�QXPEHU�RI�DGXOW�KRQH\EHHV��1R�GHDG�ERGLHV�DQG�QR�RXWZDUG�VLJQV�RI�GLVHDVH�DUH�SUHVHQW�
DQG�RIWHQ�WKHUH�LV�VWLOO�VXIILFLHQW�IRRG�DQG�LPPDWXUH�KRQH\EHHV�LQ�WKH�KLYHV��7KLV�LQGLFDWHV�WR�D�
GHDWK�RI�DGXOW�ZRUNHUV�DZD\� IURP� WKH�KLYHV��&RORQ\�FROODSVH�GLVRUGHU� LV� OLNHO\� FDXVHG�E\�D�
FRPELQDWLRQ�RI� IDFWRUV� VXFK�DV�KDELWDW� ORVV�� FKDQJHV� LQ� DJULFXOWXUDO�SUDFWLFHV�DQG�SDUDVLWLVP�
�YDQ(QJHOVGRUS� et al.�� ������� $OWKRXJK� EHHNHHSLQJ� KDV� EHHQ� FDUULHG� RXW� IRU� WKRXVDQGV� RI�
\HDUV�PXFK�RI�SUHVHQW�NQRZOHGJH�KDV�EHHQ�DFFXPXODWHG�WKURXJK�H[SHULHQFH�DQG�WKH�SUDFWLFDO�
ZRUN�ZLWK�KRQH\EHHV��7KH�LPSOLFDWLRQV�RI�D�FKDQJLQJ�KXPDQ�EHKDYLRXU�DQG�FRORQ\�FROODSVH�
GLVRUGHU�LQ�SDUWLFXODU��KRZHYHU��VKRZ�WKDW�WKHUH�LV�DOVR�JUHDW�QHHG�IRU�VFLHQWLILF�UHVHDUFK�LQ�WKLV�
ILHOG��
�
�
Aim and research questions 

,QVWHDG�RI�PHHWLQJ�WURXEOH�KDOIZD\��WKH�IRFXV�RI�WKLV�VWXG\�LV�WR�UHDOLVH�WKDW�WKH�LPSOLFDWLRQV��
WKDW� VXFK� D� WXUQLQJ� DZD\� IURP� QDWXUH� KDV�� DOVR� RIIHU� JUHDW� RSSRUWXQLWLHV� WR� UHFRQQHFW� WR� LW�
DJDLQ��7KH� DLP�RI� WKLV� VWXG\� LV� WKXV� WR� ORRN� LQWR� WKH� TXHVWLRQ� RI� KRZ� D� WXUQLQJ� DZD\� IURP�
HFRV\VWHP� VHUYLFHV� DQG� ELRGLYHUVLW\� LQ� SDUWLFXODU� FDQ� EH� DOOHYLDWHG� IURP� D� EXVLQHVV�
SHUVSHFWLYH��7KLV� LV� LQWHUHVWLQJ��DV�FRUSRUDWLRQV��GXH� WR�SURILW�DQG�VWDNHKROGHU� LQWHUHVW��RIWHQ�
WHQG�WR�DGRSW�LQLWLDWLYHV�WKDW�DUH�EHQHILWWLQJ�WKHP�UDWKHU�REYLRXVO\��,W�LV�PRUH�GLIILFXOW�WR�ILQG�
LQLWLDWLYHV� ZKRVH� EHQHILWV� DUH� JDLQHG�PRUH� LPSOLFLWO\� VXFK� DV� WKH� EHQHILWV� WKDW� FRPH� DORQJ�
HFRV\VWHP�VHUYLFHV�DQG�ELRGLYHUVLW\�VFKHPHV��
�
$V�D�SDUWLFXODU�H[DPSOH�XUEDQ�EHHNHHSLQJ�LV�FKRVHQ��7KLV�UHVHDUFK�DFFHVVHV�WKH�PRWLYDWLRQ�RI�
FRUSRUDWLRQV� WKDW� KDYH� GHFLGHG� WR� DGRSW� XUEDQ� EHHNHHSLQJ� LQLWLDWLYHV� LQ� IDYRXU� RI� RU� LQ�
DGGLWLRQ�WR�RWKHU�LQLWLDWLYHV�DV�SDUW�RI�WKHLU�FRUSRUDWH�VRFLDO�UHVSRQVLELOLW\�VFKHPHV��7KLV�OHDGV�
WR�WKH�IROORZLQJ�UHVHDUFK�TXHVWLRQ��
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+RZ� DUH� XUEDQ� DSLFXOWXUH� LQLWLDWLYHV� DGRSWHG� E\� GLIIHUHQW� FRUSRUDWLRQV� DQG� ZKDW� LV� WKH�
PRWLYDWLRQ�IRU�GRLQJ�VR"�

�
)XUWKHUPRUH�WKLV�UHVHDUFK�DLPV�WR�JLYH�DQ�LGHD�DERXW�WKH�LPSDFW�RI�VXFK�LQLWLDWLYHV��7KURXJK�
WKH� FRXUVH� RI� WKLV� VWXG\� WKH� GLIILFXOWLHV� RI� PHDVXULQJ� WKH� LPSDFW� RI� EHHNHHSLQJ�� KRZHYHU��
EHFDPH�YHU\�PXFK�DSSDUHQW�DQG� WKXV� WKH� IRFXV�KDV� VKLIWHG�D�ELW�PRUH� WRZDUGV�FRUSRUDWLRQV�
DQG� WKHLU� SHUFHSWLRQ� RI� WKH� LPSDFW�� 7KDW�� KRZHYHU�� GRHV� QRW� QHFHVVDULO\� PHDQ� WKDW� DQ�
HQYLURQPHQWDO�SHUVSHFWLYH�LV�HQWLUHO\�RPLWWHG��,W�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LPSDFW�RQ�WKH�
HQYLURQPHQW� LQ� JHQHUDO�� DQG� WKH� KRQH\EHH� PRUH� VSHFLILFDOO\�� DQG� D� FRUSRUDWLRQ� WKDW� LQ�
SDUWLFXODU�RIIHUV�URRP�IRU�ODWHU�GLVFXVVLRQ��7KLV�OHDGV�WR�WKH�VHFRQG�UHVHDUFK�TXHVWLRQ��
�

:KDW� LV� WKH� LPSDFW� RI� XUEDQ� DSLFXOWXUH� RQ� VXVWDLQDEOH� GHYHORSPHQW"� ,Q� SDUWLFXODU�� KRZ�
GRHV�LW�DIIHFW�WKH�HQYLURQPHQW�DQG�KRQH\EHHV�WKHPVHOYHV��DQG�ZKDW�DUH�WKH�LPSOLFDWLRQV�IRU�
FRUSRUDWLRQV�DQG�WKXV�WKH�HFRQRP\�DW�ODUJH"�

�
�
Scope and limitations 

7KH� VFRSH� DQG� OLPLWDWLRQV� RI� WKLV� VWXG\� DUH� ILUVW� DQG� IRUHPRVW� GHILQHG� E\� LWV� UHVHDUFK�
TXHVWLRQV�� $OWKRXJK� WKH� SUREOHP� DW� KDQG� LV� D� JHQHUDO� WXUQLQJ� DZD\� IURP� QDWXUH� XUEDQ�
EHHNHHSLQJ�KDV�EHHQ�FKRVHQ�DV�D�SDUWLFXODU�VROXWLRQ�WR�DGGUHVV�LW��8UEDQ�EHHNHHSLQJ�LV�WKHQ��
KRZHYHU��ORRNHG�XSRQ�IURP�HYHU\�SRVVLEOH�DQJOH��7KLV�LQFOXGHV�PRWLYDWLRQ��GLIIHUHQW�IRUPV�RI�
LPSOHPHQWDWLRQ�DQG�WKH�LPSDFW�RI�WKH�VROXWLRQ�RQ�WKH�HQYLURQPHQW��WKH�FRUSRUDWLRQ�DQG�SDUWO\�
VRFLHW\� DW� ODUJH�� $V� TXDOLWDWLYH� GDWD� KDV� EHHQ� JDWKHUHG� ILUVW�KDQG� DQRWKHU� SUREOHP� LV� WKH�
GHSHQGHQFH�RQ� UHVSRQVHV��3DUWLFLSDWLRQ� LQ� WKLV� VWXG\�KDV�EHHQ�H[FOXVLYHO\� YROXQWDU\� DQG�DOO�
UHVSRQVHV�DUH�WKXV�KHOG�LQ�KLJK�UHJDUG��,W�PXVW��KRZHYHU��EH�VDLG�DW�WKLV�SRLQW�WKDW�GXH�WR�RWKHU�
GXWLHV�QRW�DOO�SHRSOH�ZKRVH�SHUVSHFWLYHV�KDYH�EHHQ�NLQGO\� UHTXHVWHG�KDYH�EHHQ�DYDLODEOH� WR�
LQFOXGH� LQ� WKLV� VWXG\��$OWKRXJK� WKLV� VWXG\� LV� WKRXJKW� WR� EH� JLYLQJ� D�ZHOO�URXQGHG�SLFWXUH� LW�
QDWXUDOO\� FRXOG� KDYH� EHQHILWWHG� IURP� DGGLWLRQDO� LQVLJKWV�� $QRWKHU� OLPLWLQJ� IDFWRU� LV� WLPH�
FRQVWUDLQWV��7KH�VWXG\�KDV�EHHQ�FRQGXFWHG�LQ�WKH�WLPH�EHWZHHQ�-DQXDU\�����������DQG�-XQH����
������ 7KLV� WLPHIUDPH� GLG� QRW� DOORZ� IRU� D� ILUVW�KDQG� REVHUYDWLRQ� RI� VHYHUDO� EXVLQHVV� DQG�
KRQH\EHH�DFWLYLWLHV�WKDW�IROORZ�DQ�DQQXDO�UK\WKP��7KHUH�KDV�IRU�LQVWDQFH�EHHQ�QR�SRVVLELOLW\�WR�
GLUHFWO\�REVHUYH�KRQH\�KDUYHVW�SURFHVVHV�RU�KRQH\EHH�RYHUZLQWHULQJ��$W�SRLQWV�ZKHUH� WKHVH�
OLPLWDWLRQV�EHFRPH�LPSRUWDQW�IRU�DQVZHULQJ�WKH�UHVHDUFK�TXHVWLRQV�WKH�VWXG\�UHOLHV�RQ�VHFRQG�
KDQG�GDWD�� )XUWKHUPRUH�� DV� WKH�SKHQRPHQRQ�RI�XUEDQ�EHHNHHSLQJ� LV� DOVR� D� UHODWLYHO\� \RXQJ�
WUHQG��UHVHDUFK�FUXFLDO�WR�WKH�VWXG\��HVSHFLDOO\�DGGUHVVLQJ�WKH�LVVXH�RI�WRR�PDQ\�KRQH\EHHV�LQ�D�
SDUWLFXODU� DUHD�� LV� VWLOO� LQ� WKH� SURFHVV� DQG� KDV� QRW� EHHQ� RIILFLDOO\� SXEOLVKHG� \HW�� 1DWXUDOO\��
UHVHDUFKHUV� ZKR� FRQGXFW� WKHVH� VWXGLHV� KDYH� EHHQ� KLQGHUHG� WR� DQVZHU� DQ\� TXHVWLRQV�� 7KHLU�
DQVZHUV�ZRXOG�KDYH�IXUWKHU�EHQHILWWHG�WKLV�VWXG\��
�
�
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Methodology 

,Q� RUGHU� WR� DQVZHU� WKH� UHVHDUFK� TXHVWLRQV� SRVHG� E\� WKLV� VWXG\� D� FRPELQDWLRQ� RI� GLIIHUHQW�
UHVHDUFK�PHWKRGV� LV� XVHG��7KLV� LV� GRQH� WR� HQVXUH� WKDW� WKH� WRSLF� DW� KDQG� LV� LOOXPLQDWHG� IURP�
GLIIHUHQW� DQJOHV� DQG� IROORZV� WKH� DSSURDFK� RI� WULDQJXODWLRQ� �-RKDQVVRQ�� ������� 7KH� LGHD� LQ�
PLQG� LV� WR� VWUHQJWKHQ�FRQILGHQFH� LQ� WKH� UHVXOWV�RI� WKLV� VWXG\� WKURXJK�FURVV�YHULILFDWLRQ� IURP�
GLIIHUHQW�VRXUFHV��7KH�DSSURDFK�LV�PRVW�FOHDUO\�VHHQ�ZKHQ�DVVHVVLQJ�WKH�LPSDFW�RI�WKH�KRQH\�
EHH�RQ�WKH�XUEDQ�HQYLURQPHQW�DQG�WKH�RWKHU�ZD\�DURXQG��+HUH�VFLHQWLILF�UHVHDUFK�LV�FRPSOH�
PHQWHG� E\� IXUWKHU� LQVLJKWV� RI� VFKRODUV� DQG� FRPSDQLHV� DV� ZHOO� DV� REVHUYDWLRQDO� GDWD� IURP�
EHHNHHSHUV��
�
7R�HVWDEOLVK�D�IUDPHZRUN�D�OLWHUDWXUH�UHYLHZ�RI�WKH�DFDGHPLF�GLVFRXUVH�RQ�WKH�WRSLF�DW�KDQG�
KDV� EHHQ� FRQGXFWHG�� 7KH� OLWHUDWXUH� SUHVHQWV� UHOHYDQW� NQRZOHGJH� DQG� LGHDV� WKDW� VR� IDU� KDYH�
EHHQ� HVWDEOLVKHG� E\� DFFUHGLWHG� VFKRODUV� DQG� UHVHDUFKHUV�� 7KH� OLWHUDWXUH� UHYLHZ� VHUYHV� DV� D�
EDVLV� RI� WKLV� VWXG\� DQG� HQVXUHV� D� FRPPRQ� JURXQG� DPRQJ� UHDGHUV�� 7KH� FRPSRVHG� LGHDV� DUH�
WDNHQ�XS�DJDLQ�LQ�WKH�ODWHU�SDUW�RI�WKH�VWXG\��
�
7KH�UHVHDUFK�TXHVWLRQV�ZHUH�WKHUHDIWHU�PRUH�GLUHFWO\�DGGUHVVHG�LQ�WKH�GDWD�JDWKHULQJ�SURFHVV��
0RVW�RI�WKH�GDWD�ZDV�WKHUHE\�RI�TXDOLWDWLYH�QDWXUH�DQG�UHIOHFWV�WKH�SHUVRQDO�LQVLJKW�JLYHQ�IURP�
UHVHDUFKHUV�DQG�PRVW�QRWDEO\� WKH� FRUSRUDWLRQV� LQYROYHG� LQ�EHHNHHSLQJ��7KLV�TXDOLWDWLYH�GDWD�
ZDV��KRZHYHU��DOVR�VXSSOHPHQWHG�E\�TXDQWLWDWLYH�GDWD�DW�FHUWDLQ�SRLQWV��7KURXJKRXW�WKH�GDWD�
JDWKHULQJ�SURFHVV�LW�WKHUHE\�EHFDPH�DSSDUHQW�WKDW�GLIIHUHQW�LQLWLDWLYHV�LQ�D�VLQJOH�UHJLRQ�PLJKW�
EH�TXLWH�VLPLODU�WR�HDFK�RWKHU��7KLV�LV�GXH�WR�EHHNHHSLQJ�EHLQJ�LPSOHPHQWHG�E\�RQO\�D�OLPLWHG�
QXPEHU�RI�FRPSDQLHV��ZKLFK� LQ� WXUQ�RIIHU� WKHLU�VHUYLFHV� WR�RWKHU�FRPSDQLHV� WKDW� WKHPVHOYHV�
PLJKW� EH� LQWHUHVWHG� LQ� EHHNHHSLQJ�� 7R� ORRN� DW� WKH� SUREOHP�PRUH� LQ� LWV� HQWLUHW\� DQG� KHQFH�
LQFOXGH�PRUH�WKDQ�RQH�EHHNHHSLQJ�LQLWLDWLYH�PRUH�WKDQ�RQH�UHJLRQ�KDV�WR�EH�FRQVLGHUHG��7KLV�
LV�ZK\� WKH�VFRSH�RI� WKH� WKHVLV�KDG� WR�EH�EURDGHQHG�DQG�D�PRUH�KROLVWLF�DSSURDFK�KDG� WR�EH�
DGRSWHG��
�
,QWHUYLHZV�KDYH�EHHQ� WKH�SULPDU\�PHDQV�RI�JDWKHULQJ�GDWD��$V�XUEDQ�EHHNHHSLQJ� LV�D� UDWKHU�
UHFHQW�WUHQG��DOO�WKH�PRUH�RQ�D�FRUSRUDWH�OHYHO��WKH�FKRLFH�RI�LQWHUYLHZHHV�KDV��KRZHYHU��EHHQ�
OLPLWHG��7KHUHIRUH�LQLWLDWLYHV�ZLWK�WKH�PRVW�H[SRVXUH�DQG�LQLWLDWLYHV�WKDW�ZHUH�SRLQWHG�RXW� WR�
PH�LQ�VHSDUDWH�LQWHUYLHZV�ZHUH�FKRVHQ�WR�EH�LQFOXGHG�LQ�WKLV�UHVHDUFK��'XH�WR�WKH�LQWHUYLHZHHV�
EHLQJ� ORFDWHG� LQ� GLIIHUHQW� FRXQWULHV�� QR� IDFH�WR�IDFH� LQWHUYLHZV� ZHUH� SRVVLEOH�� 7KH� GHVLUHG�
IRUP� WR� FRQGXFW� LQWHUYLHZV� KDV� WKHUHIRUH� EHHQ� FDOOV� WKURXJK� 6N\SH� DQG� RWKHU� ZHE� EDVHG�
FRQIHUHQFH�WRROV�VXFK�DV�&LVFR¶V�:HE([��DV�WKHQ�LQWHUYLHZV�ZHUH�PRUH�VLPLODU�WR�D�FRQYHUVD�
WLRQ�DQG�LW�ZDV�HDVLHU�WR�LQFOXGH�IROORZ�XS�TXHVWLRQV��7KHVH�LQWHUYLHZV�GLG�QRW�VWULFWO\�IROORZ�
D� SUHGHILQHG� VHW� RI� TXHVWLRQ�� DOWKRXJK� LPSRUWDQW� NH\� SRLQWV� ZHUH� SUHSDUHG� WKDW� DGGUHVVHG�
PRWLYDWLRQ�� LPSOHPHQWDWLRQ� DQG� LPSDFWV� WR� D� UDQJH� RI� VXVWDLQDELOLW\� LVVXHV�� ,QWHUYLHZV� WKXV�
DVVXPHG� DQ� XQVWUXFWXUHG� DQG� VHPL�VWUXFWXUHG� IRUP�� ,Q�PRVW� FDVHV�� KRZHYHU�� D� FDOO�ZDV� QRW�
SRVVLEOH� DQG� LQWHUYLHZV� ZHUH� FRQGXFWHG� WKURXJK� HPDLO�� 7KHVH� ZHUH� H[FOXVLYHO\� VWUXFWXUHG��
4XHVWLRQV�DGGUHVVHG�WKH�VDPH�SRLQWV�DV�LQ�LQWHUYLHZV�WKURXJK�FDOOV�EXW�ZHUH�FXVWRPLVHG�WR�WKH�
LQWHUYLHZHH��&RPSDQLHV�WKDW�RQO\�RIIHU�EHHNHHSLQJ�WR�RWKHU�FRPSDQLHV�ZHUH��IRU�LQVWDQFH��QRW�
DVNHG� DERXW� WKH� LPSDFW� RI� EHHNHHSLQJ� RQ� WKHLU� EXVLQHVV� DQG� WKHLU� HPSOR\HHV�� 'XULQJ� WKH�
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LQWHUYLHZ�SURFHVV�D�VQRZEDOO�DSSURDFK�ZDV�NHSW� LQ�PLQG�DW�DOO� WLPHV�� WKDW� LV� WKDW�DV�VRRQ�DV�
FRQWDFW� WR�RQH�NH\�SHUVRQ� LV� HVWDEOLVKHG� WKLV� SHUVRQ� LV� XVHG� WR�JHW� LQ� WRXFK�ZLWK�RWKHUV�� IRU�
LQVWDQFH� WKH� SHUVRQ¶V� FROOHDJXHV� RU� EXVLQHVV� SDUWQHUV�� 7KLV�PHWKRG�ZRUNHG� RXW� SDUWLFXODUO\�
ZHOO�ZLWK�EHHNHHSHUV�DQG�FRPSDQLHV�RIIHULQJ�EHHNHHSLQJ�VHUYLFHV�DQG�FRVWXPHUV�WKDW�GHPDQG�
VXFK�D� VHUYLFH� IURP� WKHP�� VLQFH� D� FRQWDFW� WR�RQH�RI� WKHP�DVVXUHG� JHWWLQJ� LQ� WRXFK�ZLWK� WKH�
RWKHU�DV�ZHOO��
�
$SDUW� IURP� TXDOLWDWLYH� GDWD� TXDQWLWDWLYH� GDWD� ZDV� XVHG� ZKHQ� DGGUHVVLQJ� WKH� VHFRQG� VHW� RI�
UHVHDUFK� TXHVWLRQV�� +RZHYHU�� QR� TXDQWLWDWLYH� GDWD� ZDV� JDWKHUHG� IRU� WKLV� VWXG\�� $W� SRLQWV�
ZKHUH�TXDQWLWDWLYH�GDWD�LV�XVHG��LW�LV�IURP�VHFRQGDU\�VRXUFHV��

�
7KH�GDWD� LV� DQDO\VHG�DQG�GLVFXVVHG�E\�PHDQV�RI�DQ� LPSDFW�DVVHVVPHQW��7KDW�PHDQV� WKDW� WKH�
GLIIHUHQW�RSWLRQV�RI�FRUSRUDWLRQV�WR�DGRSW�EHHNHHSLQJ�DUH�VKRZQ�DQG�WKHLU�SRWHQWLDO�HQYLURQ�
PHQWDO��VRFLDO�DQG�HFRQRPLF�FRQVHTXHQFHV�HYDOXDWHG��$GYDQWDJHV�DQG�SUREOHPV�RI�DGRSWLQJ�
EHHNHHSLQJ�DV�D�FRUSRUDWLRQ�DUH�RXWOLQHG��
�
�
Outline 

)ROORZLQJ� WKH� LQWURGXFWRU\� FKDSWHU�� D� JHQHUDO� IUDPHZRUN� LV� HVWDEOLVKHG� LQ� FKDSWHU� ��� 7KLV�
FKDSWHU�DLPV�WR�SUHVHQW�DOO�NQRZOHGJH�WKDW�LV�MXGJHG�LPSRUWDQW�IRU�WKLV�VWXG\�LQ�D�SUHFLVH�DQG�
FRQFLVH�IRUP��$�OLQH�RI�FRQVHFXWLYH�SHUVSHFWLYHV�LV�IROORZHG�WKDW�VWDUWV�RXW�ZLWK�WKH�KLVWRU\�RI�
XUEDQ�HFRQRPLF�GHYHORSPHQW�DQG�DLPV�WR�KLJKOLJKW� WKH�FRQQHFWLRQ�EHWZHHQ�XUEDQ�DUHDV�DQG�
FRUSRUDWLRQV�� 7KH� FRQVHTXHQFHV� XUEDQ� GHYHORSPHQW� KDV� RQ� QDWXUH� DUH� VKRZQ�� 7KHUHDIWHU� D�
WXUQLQJ�SRLQW�LV�LQWURGXFHG�WKDW�DLPV�WR�SRLQW�RXW�WKH�LPSRUWDQFH�RI�QRW�WXUQLQJ�RQH¶V�EDFN�RQ�
QDWXUH�DQG�LQVWHDG�UHFRQQHFW�WR�LW��7KLV�LV�GRQH�E\�JRLQJ�LQWR�JUHDW�GHWDLO�RQ�WKH�UHODWLRQVKLS�
EHWZHHQ� VRFLHW\� DQG� WKH� HQYLURQPHQW�� 7KH� FKDSWHU� LV� URXQGHG� RII� LQWURGXFLQJ� WKH� UROH� RI�
FRUSRUDWLRQV��ZKLFK�KDYH�EHHQ�VR�SURILWHG� IURP�DQ�H[SORLWDWLRQ�RI�QDWXUH�� LQ� WKDW�SURFHVV�RI�
UHFRQQHFWLRQ��&KDSWHU���SUHVHQWV� WKH�ILUVW�ILQGLQJV�WR�KRZ�VXFK�D�UHFRQQHFWLRQ�FDQ�ORRN�OLNH�
IURP�D�EXVLQHVV�SHUVSHFWLYH��NHHSLQJ�LQ�PLQG�WKH�QDUURZHU�UHODWLRQVKLS�EHWZHHQ�VRFLHW\�DQG�
KRQH\EHHV�FRPSDUHG� WR� VRFLHW\�DQG� WKH�HQYLURQPHQW��&KDSWHU���VXEVHTXHQWO\� ORRNV� LQWR� WKH�
LPSDFW�WKHVH�FRUSRUDWH�LQLWLDWLYHV�KDYH�DV�D�ZKROH��7KH�LPSDFW�RQ�QDWXUH�KDV�WR�EH�VSOLW�LQWR�
WKH� LPSDFW� WKH�XUEDQ�HQYLURQPHQW�KDV�RQ�KRQH\EHHV�DQG� WKH� LPSDFW�KRQH\EHHV�KDYH�RQ� WKH�
XUEDQ� HQYLURQPHQW�� +HUH� PRUH� LQIRUPDWLRQ� LV� JLYHQ� WR� WKH� LVVXH� WKDW� KDV� EHHQ� DULVLQJ�
UHJDUGLQJ� WRR� PDQ\� KRQH\EHHV� LQ� D� SDUWLFXODU� UHJLRQ�� 7KH� LPSDFW� RQ� WKH� FRUSRUDWLRQ� LV�
SUHVHQWHG� WKHUHDIWHU�� &KDSWHU� �� RIIHUV� DQ� DQDO\VLV� LQ� IRUP� RI� DQ� LPSDFW� DVVHVVPHQW� DQG� D�
GLVFXVVLRQ�EHIRUH�FKDSWHU���GUDZV�D�FRQFOXVLRQ�RI�WKLV�VWXG\��
�
�
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2 Establishing the Framework 
�
Urban development 

8UEDQ�DUHDV�DUH�D�IRUP�RI�KXPDQ�VHWWOHPHQW�WKDW�HDFK�RI�XV�NQRZV�EXW�VWLOO�VWUXJJOHV�WR�IXOO\�
FRPSUHKHQG��7KHUH�LV�QR�FOHDU�ERXQGDU\�RI�ZKDW�LV�FRQVLGHUHG�XUEDQ�DQG�ZKDW�LV�FRQVLGHUHG�
UXUDO�� 2I� FRXUVH� WKHUH� DUH� GHILQLWLRQV� WKDW� VWDWH� LI� SRSXODWLRQ� QXPEHU� RU� SRSXODWLRQ� GHQVLW\�
VXUSDVVHV�D�FHUWDLQ�ILJXUH�RQH�FDQ�VSHDN�RI�WKH�WUDQVLWLRQ�IURP�D�UXUDO�WR�DQ�XUEDQ�DUHD��7KHVH�
ILJXUHV��KRZHYHU��DUH�GHILQHG�E\�WKH�QDWLRQDO�FHQVXV�DQG�GLIIHU�LQ�SDUW�LPPHQVHO\�DFFRUGLQJ�WR�
UHJLRQ��81�'HSDUWPHQW�RI�(FRQRPLF�DQG�6RFLDO�$IIDLUV���������,Q�3HUX�IRU�LQVWDQFH�DQ�DUHD�LV�
FRQVLGHUHG�XUEDQ�LI�LW�H[FHHGV�D�SRSXODWLRQ�RI������,Q�-DSDQ�LW�LV���������,Q�WKH�IROORZLQJ��WKH�
WHUP�RI�XUEDQ�DUHDV�LV�WKHUHIRUH�QRW�D�QXPEHUV�JDPH��8UEDQ�DUHDV�DUH�UDWKHU�VHHQ�DV�DUHDV�IRU�
³SROLWLFDO�DQG�VRFLDO�RUJDQLVDWLRQ��IRU�WKH�GHYHORSPHQW�DQG�H[SUHVVLRQ�RI�FXOWXUDO�LGHQWLW\��IRU�
WKH�RUJDQLVHG�GLYLVLRQ�RI�ODERXU��DQG�>���@�IRU�WKH�GHYHORSPHQW�RI�WUDGH�DQG�WKH�DFFXPXODWLRQ�
RI�ZHDOWK´��:DWVRQ��������S������
�
8UEDQ�DUHDV�DUH�RIWHQ�DVVRFLDWHG�ZLWK� WKH�SURFHVV�RI�XUEDQLVDWLRQ��7KLV� VLPSO\� UHIHUV� WR� WKH�
JURZLQJ�RI�XUEDQ�DUHDV��,Q�WKH�PRVW�REYLRXV�VHQVH�WKH�JURZLQJ�LV�SK\VLFDO�DQG�GHVFULEHV�WKH�
WUDQVIRUPDWLRQ�RI�ODQG�IRU�XUEDQ�SXUSRVHV��+DOO�et al.�IROORZ�WKLV�OHDG�DQG�JR�PRUH�LQWR�GHWDLO�
RI�WKH�QDWXUH�RI�DQ�XUEDQ�SXUSRVH���������,W�FRQQHFWV�WR�WKH�LGHD�WKDW�XUEDQLVDWLRQ�FDQ�DOVR�EH�
GHILQHG� LQ� D� IXQFWLRQDO� VHQVH� DQG� GHVFULEHV� D� UDQJH� RI� KXPDQ� DFWLYLWLHV�� ZKHWKHU� WKH\� DUH�
HFRQRPLF��VRFLDO�RU�FXOWXUDO��0DQ\�RI�WKHVH�DFWLYLWLHV�GLIIHU�D�ORW�GHSHQGLQJ�ZKHWKHU�RQH�UHIHUV�
WR�DQ�XUEDQ�RU�D�PRUH�UXUDO�VHWWLQJ��7KH�SURFHVV�RI�XUEDQLVDWLRQ�LV�D�UDWKHU�UHFHQW�SKHQRPHQRQ��
,Q������RQO\����SHU�FHQW�RI�WKH�SRSXODWLRQ�RI�(QJODQG�DQG�:DOHV�OLYHG�LQ�XUEDQ�DUHDV�GHILQHG�
E\�D�SRSXODWLRQ�RI�PRUH�WKDQ���������:DWVRQ���������8S�WR�WKLV�SRLQW�LQ�WKH�HDUO\�QLQHWHHQWK�
FHQWXU\�QRWKLQJ�PXFK�KDV�FKDQJHG�RQ� WKLV�QXPEHU�IRU�TXLWH�VRPH�WLPH��$QG�WKH�UHVW�RI� WKH�
ZRUOG�ORRNHG�YHU\�VLPLODU�WR�WKLV��7KH�UHDVRQ�RI�FRXUVH�LV�WKH�JUHDW�DPRXQW�RI�KXPDQ�ODERXU�
WKDW� KDG� WR� JR� LQWR� WKH� SURGXFWLRQ� RI� DJULFXOWXUDO� FRPPRGLWLHV�� 3HRSOH� OLYHG� LQ� UXUDO� DUHDV�
VLPSO\�EHFDXVH� WKH\�KDG� WR�EH�FORVH� WR� WKHLU� ILHOGV�� 6KRUW�RI�D�FHQWXU\� ODWHU�� LQ�������XUEDQ�
SRSXODWLRQ�LQ�(QJODQG�DQG�:DOHV�KDV�VXGGHQO\�ULVHQ�WR����SHU�FHQW�����SHU�FHQW�LI�D�EURDGHU�
GHILQLWLRQ�LV�DSSOLHG��$QG�WKH�UHVW�RI�WKH�ZRUOG�VRRQ�IROORZHG��7KLV�LPPHQVH�FKDQJH��WKDW�KDG�
LWV�VWDUWLQJ�SRLQW� LQ�(QJODQG��KDV�RI�FRXUVH�EHHQ�EURXJKW�E\� LQGXVWULDOLVDWLRQ��7HFKQRORJLFDO�
LQQRYDWLRQ�DOORZHG�PRUH�DQG�PRUH�SHRSOH�WR�OHDYH�WKH�DJULFXOWXUDO�VHFWRU�ZLWKRXW�IHDU�WKDW�LWV�
RXWSXW� PLJKW� EH� GURSSLQJ�� +RZHYHU�� ³WKH� VXEVWDQWLDO� QDWXUH� DQG� VFDOH� RI� WKH� XUEDQLVDWLRQ�
H[SHULHQFH�>���@�FDQQRW�EH�H[SODLQHG�E\�LQGXVWULDOLVDWLRQ�DORQH�EXW�UDWKHU�E\�D�FRPELQDWLRQ�RI�
LQGXVWULDO�DFWLYLW\��DQG�WKH�GHYHORSPHQW�RI�EXVLQHVV�DQG�FRPPHUFH´��:DWVRQ��������S������7KH�
UROH�HFRQRPLFV�WKDW�SOD\V�LQ�WKLV�SURFHVV�FDQQRW�EH�GHQLHG��
�
0RGHUQ�HFRQRPLF�WKRXJKW�FDPH�XS�DERXW�WKH�VDPH�WLPH�DV�LQGXVWULDOLVDWLRQ��$GDP�6PLWK��WKH�
IDWKHU�RI�PRGHUQ�HFRQRPLFV�� LQ� IDFW� SXEOLVKHG�KLV�PRVW� LPSRUWDQW� WUHDWLVH� LQ�The Wealth of 
Nations�RQO\�VOLJKWO\�DKHDG�RI�WKH�LQGXVWULDO�UHYROXWLRQ���������,Q�LWV�EDVLF�IRUP�HFRQRPLFV�LV�
WKHUHE\� GHVFULEHG� DV� WKH� VWXG\� RI� DOORFDWLRQ� RI� VFDUFH� UHVRXUFHV�� )RU� WKH� PRVW� HIILFLHQW�
DOORFDWLRQ� WKH� LQVWUXPHQW� RI� D� PDUNHW� LV� XVXDOO\� XVHG�� 7KLV� LQVWUXPHQW�� KRZHYHU�� LV� UDWKHU�
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FRQFHSWXDO�DQG�RQO\�GHILQHG�E\�WKH�LQWHUDFWLRQ�EHWZHHQ�VXSSO\�DQG�GHPDQG��7KDW�PLVVHV�DQ�
LPSRUWDQW� DVSHFW�� DV� DOORFDWLRQ� DOVR� KDSSHQV� LQ� D� JHRJUDSKLFDO� VSDFH�� ,I� D�PDUNHW� LV� RQ� WKH�
RWKHU� KDQG� LPDJLQHG� DV� VRPHWKLQJ�PRUH� SK\VLFDO� GLIIHUHQW� DVSHFWV� VXGGHQO\� EHFRPH�PXFK�
PRUH�LPSRUWDQW��)RU�LQVWDQFH��WKH�LGHDO�ORFDWLRQ�RI�VXFK�D�PDUNHW��DQG�WKH�LGHDO�ORFDWLRQ�RI�LWV�
VXSSOLHUV�DQG�FRQVXPHUV�DV�D�UHVXOW��DUH�FRPLQJ�WR�WKH�IRFXV��7KLV�IUDPH�RI�PLQG�EHWWHU�DOORZV�
GLVFXVVLQJ� ZK\� HFRQRPLF� DFWLYLWLHV� DUH� XQHYHQO\� GLVWULEXWHG� LQ� VSDFH� DQG� VWLOO� UHPDLQ�
SHUVLVWHQW�DV�VXFK�RYHU�WLPH��
�
$V�DQ�HFRQRPLVW�$OIUHG�0DUVKDOO�ORRNHG�LQWR�WKHVH�TXHVWLRQV�DV�RQH�RI�WKH�ILUVW�� ,W�KDV�EHHQ�
KLP�ZKR�REVHUYHG�WKDW�HFRQRPLF�SURGXFWLYLW\�LV�KLJKHU�LQ�FDVHV�LQGXVWULHV�DUH�ORFDWHG�FORVH�WR�
HDFK�RWKHU���������2U�LQ�RWKHU�ZRUGV�� WKDW�SURGXFWLYLW\�LQ�XUEDQ�DUHDV�LV�KLJKHU�WKDQ�LQ�WKHLU�
UXUDO�VXUURXQGLQJV��$FFRUGLQJ�WR�0DUVKDOO�WKH�JDLQ�LQ�SURGXFWLYLW\�LV�FDXVHG�E\�HFRQRPLHV�RI�
DJJORPHUDWLRQ� FRPLQJ� LQWR� HIIHFW�� ,Q� KLV� H[SODQDWLRQ� 0DUVKDOO� WKHUHE\� IRFXVHV� RQ� KXPDQ�
FDSLWDO� H[WHUQDOLWLHV� DQG�NQRZOHGJH� VSLOORYHUV��+H� LGHQWLILHV� WKUHH� GLIIHUHQW� VRXUFHV�� QDPHO\�
VKDULQJ� RI� ORFDO� LQSXWV�� D� JUHDWHU� SRRO� RI� VNLOOHG� ODERXU� DQG� LQFUHDVHG� RSSRUWXQLWLHV� IRU�
NQRZOHGJH� VSLOORYHUV�� 6KDULQJ� RI� ORFDO� LQSXWV� FRPHV� LQWR� SOD\� ZKHQ�� IRU� LQVWDQFH�� D�
PDQXIDFWXUHU�IRU�FRDWV� LV�DEOH� WR�SXUFKDVH� LWV� IDEULFV� IURP�D� ORFDO�GUDSHU�� ,Q� WXUQ� WKH�GUDSHU�
PD\� DOVR� VHOO� LWV� IDEULFV� WR� RWKHU� PDQXIDFWXUHUV� IRU� GLIIHUHQW� FORWKHV�� 7KLV� DOVR� DOORZV� IRU�
VSHFLDOLVDWLRQ� WR� RFFXU� PRUH� HDVLO\�� ,QVWHDG� RI� SURYLGLQJ� D� QXPEHU� RI� GLIIHUHQW� IDEULFV� WKH�
GUDSHU�PD\� VSHFLDOLVH� RQ� RQO\� WKH�PRVW� SURILWDEOH�� DQG� WKXV� OHDYH� D� QLFKH� WR� ILOO� E\� RWKHUV��
/DERXU� SRROLQJ� WKHQ� H[LVWV�ZKHQ�� IRU� LQVWDQFH�� D�PDQXIDFWXUHU� IRU� FRDWV� FDQ� TXLFNO\� KLUH� D�
WDLORU�DV�PDQ\�VSHFLDOLVHG� WDLORUV�DUH�DOUHDG\�SUHVHQW� LQ� WKH�DUHD��6LPLODUO\�� D� WDLORU� WKDW�KDV�
EHHQ� OHW� JR� KDV� D� KLJKHU� FKDQFH� RI� ILQGLQJ� QHZ� HPSOR\PHQW� ZLWK� DQRWKHU� PDQXIDFWXUHU��
6SLOORYHUV� RI� NQRZOHGJH� WKHQ� VLPSO\� GHVFULEH� WKH� VKDULQJ� RI� LGHDV� DPRQJ� DOO� WKRVH�
LQGLYLGXDOV�� $V� HFRQRPLHV� RI� DJJORPHUDWLRQ� E\� GHILQLWLRQ� HQKDQFH� SURGXFWLRQ� 0DUVKDOO¶V�
LQLWLDO�REVHUYDWLRQ�FDQ�EH�SURYHG�ZLWK�HVWLPDWLQJ�D�SURGXFWLRQ�IXQFWLRQ��(PSLULFDO�HYLGHQFH�
IRU� WKH� VRXUFHV� LGHQWLILHG� E\� 0DUVKDOO� KDV� DOVR� EHHQ� RIIHUHG� E\� D� QXPEHU� RI� HFRQRPLVWV��
+ROPHV�VKRZV�WKH�SUHVHQFH�RI�LQSXW�VKDULQJ���������&RVWD�DQG�.DKQ�ILQG�WKDW�LQGLYLGXDOV�RI�
KLJKHU�HGXFDWLRQ�DUH�SURSRUWLRQDOO\�PRUH�RIWHQ�ORFDWHG�LQ�XUEDQ�DUHDV�DV�FKDQFHV�RI�ILQGLQJ�D�
JRRG� PDWFK� IRU� WKHLU� VSHFLDOLVDWLRQ� DUH� KLJKHU� �������� DQG� -DIIH� et al.� GLVFXVV� WKDW� SDWHQW�
FLWDWLRQV�DUH�JHRJUDSKLFDOO\�ORFDOLVHG���������VKRZLQJ�WKH�SUHVHQFH�RI�NQRZOHGJH�VSLOORYHUV��
�
$� GLIIHUHQW� DSSURDFK� WKDW� H[SODLQV� WKH� JHRJUDSK\� RI� HFRQRPLF� DFWLYLWLHV� DUH� QDWXUDO�
DGYDQWDJHV� �VHH� (OOLVRQ� DQG�*ODHVHU�� ������ �������+HUH� VRPH� ORFDWLRQV� DUH� QDWXUDOO\�PRUH�
IDYRXUDEOH� WKDQ� RWKHUV� GXH� WR� WKH� IDFW� WKDW� WKH\� DUH� FORVH� WR� SURGXFWLRQ� UHVRXUFHV� RU� RIIHU�
EHWWHU� PHDQV� RI� WUDQVSRUWDWLRQ�� 7KLV� LV� DOVR� NQRZQ� DV� ILUVW� QDWXUH� �.UXJPDQ�� ������ DQG�
ORFDWLRQ�IXQGDPHQWDOV��'DYLV�DQG�:HLQVWHLQ���������
�
7KH�1HZ�(FRQRPLF�*HRJUDSK\� DSSURDFK� LV� D� WKLUG� DSSURDFK� IRU� HFRQRPLF� JHRJUDSK\� WKDW�
HPSKDVL]HV� WKH� LQWHUDFWLRQ� EHWZHHQ� WUDGH� FRVWV� DQG� LQWHUQDO� HFRQRPLHV� RI� VFDOH� �+HDG� DQG�
0D\HU���������7KLV�DSSURDFK�VKLHV�DZD\� IURP� WKH� IRFXV�RQ�D�PDQXIDFWXULQJ�EDVHG� LQGXVWU\�
DQG� WXUQV� WR� D� VHUYLFH� RULHQWHG� LQGXVWU\�� +HUH�� FRRSHUDWLRQ� EHFRPHV� D� GHILQLQJ� DVSHFW� RI�
VXFFHVV�DQG�WDFLW�NQRZOHGJH�DQG�LQWHUSHUVRQDO�UHODWLRQVKLSV�SOD\�D�PXFK�JUHDWHU�UROH�WKDQ�LQ�
RWKHU�FRQFHSWV��
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7KH�8QLWHG�1DWLRQV� HVWLPDWH� WKDW� E\� WRGD\� VOLJKWO\�PRUH� WKDQ�KDOI� RI� WKH�ZRUOG� SRSXODWLRQ�
OLYHV� LQ� XUEDQ� DUHDV� �81� 'HSDUWPHQW� RI� (FRQRPLF� DQG� 6RFLDO� $IIDLUV�� ������� ,W� LV� DOVR�
H[SHFWHG� WKDW� WKH� SURFHVV� RI� XUEDQLVDWLRQ� KDV� QRW� \HW� FRPH� WR� D� KDOW��%\������ WKH� VKDUH� RI�
XUEDQ�SRSXODWLRQ�LV�OLNHO\�WR�LQFUHDVH�WR����SHU�FHQW��IURP�����ELOOLRQ�LQ������WR�����ELOOLRQ��$OO�
SURVSHFWHG� SRSXODWLRQ� JURZWK� LV� WKXV� H[SHFWHG� WR� EH� DEVRUEHG� E\� XUEDQ� GHYHORSPHQW��
+RZHYHU��WKH�UDWH�RI�XUEDQLVDWLRQ�LV�QRWLFHDEO\�VORZLQJ�GRZQ��
�
�
Urban development as a driver of environmental change 

8UEDQ�DUHDV�PLJKW�EH�WKH�VLQJOH�PRVW�DSSDUHQW�DVSHFW�RI�KRZ�KXPDQ�EHKDYLRXU�KDV�FKDQJHG�
WKH�IDFH�RI�WKH�SODQHW��,W�LV�QRW�RQO\�ODQG�XVH�LQ�SODFHV�RI�WKH�XUEDQ�DUHD�LWVHOI�WKDW�DOWHUV�QDWXUH�
IXQGDPHQWDOO\��WKH�LPSDFW�RI�XUEDQ�DUHDV�JRHV�IDU�EH\RQG�D�ORFDO�VFDOH��$V�PHQWLRQHG�DERYH��
VOLJKWO\�PRUH�WKDQ�KDOI�RI�WKH�ZRUOG�SRSXODWLRQ�OLYHV�LQ�XUEDQ�DUHDV��+RZHYHU��RQH�KDV�WR�NHHS�
LQ�PLQG�WKDW�RQO\�DERXW�WKUHH�SHU�FHQW�RI�WKH�ZRUOG¶V�ODQG�VXUIDFH�DUH�FRYHUHG�ZLWK�XUEDQ�DUHDV�
�%DON�et al.���������7KDW�PHDQV�WKDW�KDOI�RI�WKH�ZRUOG�SRSXODWLRQ�OLYHV�ZLWKLQ�WKUHH�SHU�FHQW�RI�
WKH�ZRUOG¶V�ODQG�VXUIDFH��7R�VXSSRUW�WKHVH�VLJQLILFDQWO\�PRUH�ODQG�LV�UHTXLUHG�����SHU�FHQW�RI�
WRWDO�FDUERQ�HPLVVLRQV�����SHU�FHQW�RI�UHVLGHQWLDO�ZDWHU�XVH�DQG����SHU�FHQW�RI�ZRRG�XVHG�IRU�
LQGXVWULDO�SXUSRVHV�LV�DWWULEXWHG�WR�XUEDQ�DUHDV��*ULPP�et al.���������6RPH�HVWLPDWHV�GLVFXVV�
QXPEHUV�RI�D� WRWDO�UHVRXUFH�XVH�RI�XS�WR�RQH�DQG�D�KDOI�SODQHWV�IRU� WKH�HQWLUHW\�RI� WKH�ZRUOG�
SRSXODWLRQ��DOWKRXJK�ERWK�PHWKRGV�DQG�UHVXOWV�RI�VXFK�HVWLPDWHV�DUH�RSHQO\�GLVFXVVHG��::)�
,QWHUQDWLRQDO�et al.���������+DYLQJ�VXFK�D�ODUJH�LPSDFW�RQ�WKH�SODQHW�WKH�WLPH�RXU�JHQHUDWLRQ�
VKDUHV� LV� WKXV� RIWHQ� UHIHUUHG� WR� DV� WKH� DQWKURSRFHQH�� LQGLFDWLQJ� WKDW� ³KXPDQ� DFWLYLWLHV� KDYH�
EHFRPH�VR�SHUYDVLYH�DQG�SURIRXQG�WKDW� WKH\�ULYDO� WKH�JUHDW�IRUFHV�RI�QDWXUH´��6WHIIHQ�et al.��
�������6XFK�DV�XUEDQLVDWLRQ�WKH�DQWKURSRFHQH�LV�FRQVLGHUHG�WR�KDYH�EHJXQ�ZLWK�WKH�LQGXVWULDO�
UHYROXWLRQ��6LQFH�WKHQ�DWPRVSKHULF�FDUERQ�GLR[LGH�KDV�ULVHQ�IURP�����SSP�WR�FXUUHQWO\�DOPRVW�
���� SSP�� ,Q� WKH� \HDUV� IROORZLQJ� WKH�6HFRQG�:RUOG�:DU� IURP������ D� JUHDW� DFFHOHUDWLRQ� RI�
WKHVH� WUHQGV�KDV�JLYHQ�IXUWKHU�UHDVRQ�IRU�FRQFHUQ� WKDW�DQ� LQFUHDVLQJ�KXPDQ�LPSDFW�FRXOG�EH�
GHVWDELOLVLQJ�DQG�OHDG�WR�D�VXGGHQ�RU�LUUHYHUVLEOH�FKDQJH�RI�WKH�HQYLURQPHQW��
�
7KH�LPSDFW�KXPDQ�DFWLRQV�PLJKW�KDYH�RQ�WKH�SODQHW�ZLWKRXW�FRPSURPLVLQJ�KXPDQ�OLIH�LWVHOI�
KDYH�EHHQ�TXDQWLILHG�LQ�WKH�Planetary Boundaries��5RFNVWU|P�et al.���������3UHFLVH�WKUHVKROGV�
RU�WLSSLQJ�SRLQWV�ZKRVH�H[FHHGLQJ�PLJKW�UHVXOW�LQ�WKH�LUUHYHUVLEOH�FKDQJHV�WKDW�DUH�PHQWLRQHG�
DERYH�DUH�GLIILFXOW�WR�ORFDWH��7KH�SODQHWDU\�ERXQGDULHV�WKHUHIRUH�GHILQH�D�UDQJH�WKUHVKROGV�DUH�
VXSSRVHG� WR� OLH� LQ� DQG� UHIHU� WR� WKH� ORZHU� HQG� RI� WKLV� UDQJH� DV� WKH� HSRQ\PRXV� ERXQGDU\��
$Q\WKLQJ�WKDW�LV�ORZHU�WKDQ�WKH�ERXQGDU\�LV�FRQVLGHUHG�VDIH�RSHUDWLQJ�VSDFH��$�WRWDO�RI�QLQH�
ERXQGDULHV�KDYH�EHHQ�LGHQWLILHG��7KH�QLQH�ERXQGDULHV�DUH�FOLPDWH�FKDQJH��RFHDQ�DFLGLILFDWLRQ��
VWUDWRVSKHULF� R]RQH� GHSOHWLRQ�� LQWHUIHUHQFH�ZLWK� WKH� JOREDO� SKRVSKRUXV� DQG� QLWURJHQ� F\FOHV��
UDWH� RI� ELRGLYHUVLW\� ORVV�� JOREDO� IUHVKZDWHU� XVH�� ODQG�V\VWHP� FKDQJH�� DHURVRO� ORDGLQJ� DQG�
FKHPLFDO� SROOXWLRQ�� 7KHUHRI� VHYHQ� KDYH� DOUHDG\� EHHQ� TXDQWLILHG� DQG� WKUHH� DUH� VDLG� WR� EH�
FURVVHG�� QDPHO\� FOLPDWH� FKDQJH�� ELRGLYHUVLW\� ORVV� DQG� WKH� QLWURJHQ� F\FOH�� &OLPDWH� FKDQJH��
ZKLFK� LV� LQGLFDWHG� WKURXJK�DWPRVSKHULF� FDUERQ�GLR[LGH��KDV� D�ERXQGDU\� YDOXH�RI� DERXW�����
SSP��%LRGLYHUVLW\�ORVV�LV�LQGLFDWHG�WKURXJK�VSHFLHV�H[WLQFWLRQ�UDWH��$Q�DYHUDJH�H[WLQFWLRQ�UDWH�
EDVHG�RQ�IRVVLO�UHFRUGV�LV�WKHUHE\�FRQVLGHUHG�WR�EH�DURXQG�����WR���SHU�PLOOLRQ�VSHFLHV�SHU�\HDU�
IRU�PDULQH� RUJDQLVPV� DQG�PDPPDOV� UHVSHFWLYHO\�� 6LQFH� WKH� EHJLQQLQJ� RI� WKH� DQWKURSRFHQH�
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H[WLQFWLRQ�UDWH�KDV�LQFUHDVHG�WR�D�YDOXH�RI�����WR������SHU�PLOOLRQ�VSHFLHV�SHU�\HDU��$�YDOXH�RI�
���KDV�EHHQ�GHILQHG�DV� WKH�ERXQGDU\�RI�ELRGLYHUVLW\� ORVV�� ,PSDFWV�RQ� WKH�QLWURJHQ�F\FOH�DUH�
LQGLFDWHG� WKURXJK� QLWURJHQ� WKDW� LV� UHPRYHG� IURP� WKH� DWPRVSKHUH� WKURXJK� KXPDQ� DFWLRQ�� $�
ERXQGDU\�YDOXH�KDV�EHHQ�SUHOLPLQDU\�GHILQHG�DW����PLOOLRQ�WRQQHV�SHU�\HDU��7KH�FXUUHQW�YDOXH�
FRUUHVSRQGV�WR�����PLOOLRQ�WRQQHV�SHU�\HDU��
�
,Q�UHJDUG�WR�WKH�LPSDFW�RI�XUEDQ�HFRQRPLF�GHYHORSPHQW�DQG�WKH�SXUSRVH�RI�WKLV�VWXG\��RXW�RI�
DOO�WKH�ERXQGDULHV��ELRGLYHUVLW\�ORVV�DQG�FKDQJHV�LQ�ODQG�XVH�LQ�UHVSHFW�RI�ELRGLYHUVLW\�ORVV�DUH�
SDUWLFXODUO\� LQWHUHVWLQJ�� 3K\VLFDO� XUEDQ� H[SDQVLRQ� DORQH� KDV� WKH� HIIHFW� ³RI� GHFUHDVLQJ��
IUDJPHQWLQJ�DQG�LVRODWLQJ�QDWXUDO�SDWFKHV�E\�DOWHULQJ�WKH�VL]H��VKDSH��DQG�LQWHUFRQQHFWLYLW\�RI�
WKH�QDWXUDO�ODQGVFDSH´��*�QHUDOS�et al.��������S��������%HWZHHQ������DQG������WKH�DPRXQW�RI�
XUEDQ�DUHDV�FORVH�WR�SURWHFWHG�DUHDV�LV�HVWLPDWHG�WR�LQFUHDVH�WKUHH�WLPHV�RQ�DYHUDJH��FORVH�WR�
ELRGLYHUVLW\�KRWVSRWV�LW�LV�IRXU�WLPHV�RQ�DYHUDJH��*�QHUDOS�et al.���������&KLQD�LV�FRQVLGHUHG�
WR�KDYH�WKH�PRVW�XUEDQ�DUHDV�ZLWKLQ�D����NP�UDQJH�RI�SURWHFWHG�DUHDV�E\�������+RZHYHU��WKH�
KLJKHVW� LQFUHDVH� RI� XUEDQ� DUHDV� FORVH� WR� SURWHFWHG� DUHDV� ZLOO� EH� LQ� $IULFD� DQG� WKH� KLJKHVW�
LQFUHDVH� LQ�ELRGLYHUVLW\� KRWVSRWV� LQ�6RXWK�$PHULFD��$OWKRXJK� WKHVH� HVWLPDWHV� DUH� VXEMHFW� WR�
PDQ\�XQFHUWDLQWLHV�WKH�LQFUHDVH�ZLOO�OLNHO\�EH�VLJQLILFDQW��EHLQJ�RI�WKH�RUGHU�RI����WR����WLPHV�
WKH������YDOXH��,Q�DGGLWLRQ�WR�SK\VLFDO�H[SDQVLRQ��KXPDQ�EHKDYLRXU�IXUWKHU�KDV�³D�P\ULDG�RI�
FDVFDGLQJ� HIIHFWV� WKDW� KDYH� LPSDFWV� RQ� ELRGLYHUVLW\�� LQFOXGLQJ� FKDQJHV� LQ� ELRJHRFKHPLVWU\�
>���@��ORFDO�WHPSHUDWXUH�>���@��FOLPDWH�FKDQJH�>���@��DQG�K\GURORJLF�V\VWHPV�>���@´��*�QHUDOS�et al.��
������ S�� ������ )RU� ELRGLYHUVLW\� WKLV� XVXDOO\�PHDQV� D� UHGXFWLRQ� LQ� ERWK� VSHFLHV� ULFKQHVV� DQG�
HYHQQHVV� �*ULPP� et al.�� ������� 8UEDQ� DUHDV� DUH� WKHUHE\� VHHQ� DV� ³KRPRJHQL]LQJ� IRUFHV´�
�0F.LQQH\�� �������7KH\� DUH� KDELWDWV� EXLOW� WR�PHHW� WKH� QHHG� RI� KXPDQ� VRFLHWLHV� DV� LWV� RQO\�
VSHFLHV��7KLV�OHDGV�WR�D�VPDOO�QXPEHU�RI�RWKHU�VSHFLHV�WKDW�DGDSW�WR�WKH�XUEDQ�KDELWDW�DQG�FDQ�
WKXV�EH�IRXQG�DOO�RYHU�WKH�ZRUOG��+RZHYHU��³DV�XUEDQL]DWLRQ�RIWHQ�SURGXFHV�D�ORFDO�JUDGLHQW�RI�
GLVWXUEDQFH��RQH�FDQ�DOVR�REVHUYH�D�JUDGLHQW�RI�KRPRJHQL]DWLRQ´��0F.LQQH\��������S������7KH�
PRUH� VXEXUEDQ� DQ� DUHD� EHFRPHV� WKH� KLJKHU� WKH� DPRXQW� RI� QDWLYH� VSHFLHV� WKDW� FDQ� XWLOLVH�
VXEXUEDQ�KDELWDWV��7KHVH� DUH� UHJLRQDOO\�ZLGHVSUHDG��7KLV� HIIHFW� LV� VWUHQJWKHQHG� WKURXJK� WKH�
LPSRUWDWLRQ�RI�RWKHU�VSHFLHV�DQG�IRRG�UHVRXUFHV�IRU�KXPDQ�XVH��$OO�RI�WKLV��KRZHYHU��FRPHV�DW�
WKH� FRVW� RI� D� VXSSUHVVLRQ�RI� LQGLJHQRXV� VSHFLHV��8UEDQ�KXPDQ�SRSXODWLRQV� DV� D� UHVXOW� RIWHQ�
LQKDELW�³ULFKO\�FXOWLYDWHG�VXEXUEDQ�>DUHDV@�ZLWK�D�UHODWLYHO\�KLJK�IORUDO�DQG�IDXQDO�GLYHUVLW\´�
WKDW�VLPXOWDQHRXVO\�PDVN�D�³JOREDO�LPSRYHULVKPHQW�>RI�VSHFLHV@�E\�XUEDQL]DWLRQ´��0F.LQQH\��
������S������

�
7KH�LPSDFWV�RQ�FOLPDWH�DQG�ELRJHRFKHPLFDO�F\FOHV�� WKH�WZR�RWKHU�ERXQGDULHV�WKDW�KDYH�EHHQ�
H[FHHGHG��FDQ�EH�UHODWHG�EDFN�SDUWLDOO\�WR�XUEDQ�DUHDV�DV�ZHOO��,W�KDV�DOUHDG\�EHHQ�PHQWLRQHG�
WKDW�JOREDOO\����SHU�FHQW�RI�FDUERQ�HPLVVLRQV�FDQ�EH�DWWULEXWHG�WR�XUEDQ�DUHDV��,Q�DGGLWLRQ�WR�
WKDW��HIIHFWV�FDQ�DOVR�EH�REVHUYHG�RQ�D� ORFDO�VFDOH�� IRU� LQVWDQFH� WKH�XUEDQ�KHDW� LVODQG�HIIHFW��
7KH�HIIHFW�GHVFULEHV�WKH�WHQGHQF\�RI�XUEDQ�DUHDV�WR�KDYH�KLJKHU�DLU�DQG�VXUIDFH�WHPSHUDWXUHV�
WKDQ�WKH�VXUURXQGLQJ�ODQGVFDSHV�GXH�WR�D�FRPELQDWLRQ�RI�JUHHQKRXVH�JDV�HPLVVLRQV�DQG�KHDW�
DEVRUSWLRQ�RI�EXLOW�VXUIDFHV��8UEDQ�KHDW�LVODQGV�LQ�WXUQ�LQIOXHQFH�ZDWHU�UHVRXUFHV��DLU�TXDOLW\��
HFRV\VWHP� VHUYLFHV� DQG� WKXV� OLYLQJ� FRQGLWLRQV� LQ� JHQHUDO�� 8UEDQ� KHDW� LVODQGV� DUH� LQGLUHFWO\�
DOVR� FRQWULEXWLQJ� WR� FOLPDWH� FKDQJH� WKURXJK� DQ� LQFUHDVHG� HQHUJ\� GHPDQG� IRU� FRROLQJ�� ,W� LV�
HVWLPDWHG� WKDW� LQ� WKH�8QLWHG� 6WDWHV� EHWZHHQ� �� DQG� �� SHU� FHQW� RI� HQHUJ\� GHPDQG� LV� XVHG� WR�
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FRPSHQVDWH�WKH�HIIHFWV�RI�XUEDQ�KHDW� LVODQGV��0F3KHUVRQ���������%LRJHRFKHPLFDO�F\FOHV�DUH�
DIIHFWHG�E\�XUEDQ�DUHDV�WKURXJK�SROOXWLRQ��$LU�SROOXWLRQ��IRU�RQH��³LQIOXHQFHV�QXWULHQW�F\FOLQJ�
DQG�SULPDU\�SURGXFWLRQ�LQ�DGMDFHQW��H[SRVHG�HFRV\VWHPV´��*ULPP�et al.��������S�������'XH�WR�
EHLQJ�RIWHQ�ORFDWHG�DORQJ�VWUHDPV�DQG�FRDVWOLQHV�SROOXWLRQ�DOVR�FRQWULEXWHV�WR�HXWURSKLFDWLRQ�
LQ�WKHVH��$QG��LQ�DGGLWLRQ��QDWXUDO�F\FOHV�PLJKW�DOVR�EH�DIIHFWHG�E\�WKH�ODUJH�DFFXPXODWLRQ�RI�
ZDVWH�LQ�XUEDQ�DUHDV�LQ�D�PRUH�JHQHUDO�VHQVH��
�
�
Reconnecting urban life to the biosphere 

$V�JUHDW�DV�WKHLU�LPSDFW�LV��³FLWLHV�WKHPVHOYHV�SUHVHQW�ERWK�WKH�SUREOHPV�DQG�WKH�VROXWLRQV�IRU�
VXVWDLQDELOLW\�FKDOOHQJHV�RI�DQ�LQFUHDVLQJO\�XUEDQL]HG�ZRUOG´��*ULPP�et al.��������S������,W�LV�
WKHUHE\�LPSRUWDQW�WR�QRW�VHSDUDWH�KXPDQ�EHLQJV�DQG�WKHLU�VRFLHWLHV�IURP�WKH�HQYLURQPHQW�WKH\�
DUH�VR�LQKHUHQWO\�HPEHGGHG�LQ��$IWHU�DOO�WKH\�DUH�DOVR�SDUW�RI�WKH�ELRVSKHUH��$QG�DV�PXFK�DV�
RXU�DFWLRQV�DOWHU�LW��ZH�KXPDQ�EHLQJV�GHSHQG�RQ�IXQFWLRQLQJ�DQG�OLIH�VXSSRUW�RI�WKDW�ELRVSKHUH��
,I�ZH�FRQWLQXH�WR�EHKDYH�DV�LI�GLVFRQQHFWHG�IURP�LW��RXU�DFWLRQV�PD\�HYHQWXDOO\�XQGHUPLQH�RXU�
FDSDFLW\�WR�DGDSW�WR�WKHVH�FKDQJHV��)RONH�et al.���������
�
7KLV�WKRXJKW�KDG�QRW�EHHQ�UHFRJQLVHG�LQ�WKH�VRFLDO�VFLHQFHV�IRU�VRPH�WLPH�DQG�LW�SRVHG�D�JUHDW�
SUREOHP��7KH�QDWXUDO�VFLHQFHV�DQG�VWXGLHV�LQ�HFRORJ\�LQ�SDUWLFXODU��KRZHYHU��GLG�QRW� WHQG�WR�
LQFOXGH�DQ\�NLQG�RI�KXPDQ�FRPSRQHQW��HLWKHU��VHH�3RPHUR\�DQG�$OEHUWV��������/LNHQV���������
7UXO\� UHFRQQHFWLQJ� WR� WKH� ELRVSKHUH� UHTXLUHV� ERWK� VFLHQFHV� WR� FROODERUDWH� LQ� VHDUFK� RI� D�
VROXWLRQ��7RR�RIWHQ�RQH�VFLHQFH�KDV�WKHUHE\�EHHQ�ILWWHG�RQWR�WKH�RWKHU��EXW�FRPELQJ�WKH�NQRZ�
OHGJH�RI�ERWK�OLNH�WKLV�FDQ�EH�D�JUHDW�FKDOOHQJH��DV�ERWK�VFLHQFHV�GHYHORSHG�VR�LQGHSHQGHQWO\�
IURP�HDFK�RWKHU��6R�XOWLPDWHO\�D�QHZ�DSSURDFK�ZDV�QHHGHG��DQ�DSSURDFK�WKDW�LQFRUSRUDWHV�WKH�
HQYLURQPHQW�RQ�WKH�RQH�VLGH�DQG�KXPDQ�GHFLVLRQV��FXOWXUDO�LQVWLWXWLRQV�DQG�HFRQRPLF�V\VWHPV�
RQ�WKH�RWKHU�VLGH�LQWR�D�FRPPRQ�IUDPHZRUN��5HGPDQ�et al.���������
�
6XVWDLQDEOH�GHYHORSPHQW�LV�H[FHSWLRQDOO\�ZHOO�VXLWHG�WR�ILOO� WKLV�UROH��,W�LV�D�WUDQVGLVFLSOLQDU\�
UHVHDUFK� DUHD� DQG� DV� VXFK� LW� SURPRWHV� FRPPRQ� IUDPHZRUNV� RI� UHVHDUFK� DFURVV� DQG� EH\RQG�
GLVFLSOLQHV�DQG�HVWDEOLVKHV�ODVWLQJ�QHWZRUNV�RI�FRPPXQLFDWLRQ��3LFNHWW�et al.���������7KH�LGHD�
RI� VXVWDLQDEOH� GHYHORSPHQW� LV� WKHUHE\� QRW� QHZ�� $OWKRXJK� WKH� FRQFHSW� KDV� DQ� HYHQ� ORQJHU�
KLVWRU\��LWV�HVVHQWLDO�GHILQLWLRQ�JRHV�EDFN�WR�WKH�VR�FDOOHG�Brundtland Report�RI�������HQWLWOHG�
Our Common Future��DQG�ZDV�WKH�UHVXOW�RI�D�FRPPLVVLRQ�FRQYHQHG�E\�WKH�8QLWHG�1DWLRQV�WR�
SURSRVH� ³D� JOREDO� DJHQGD� IRU� FKDQJH´� �81� :RUOG� &RPPLVVLRQ� RQ� (QYLURQPHQW� DQG�
'HYHORSPHQW�� ������� 7KH� UHSRUW� GHVFULEHV� VXVWDLQDEOH� GHYHORSPHQW� DV� D� GHYHORSPHQW� WKDW�
³PHHWV� WKH� QHHGV� RI� WKH� SUHVHQW� ZLWKRXW� FRPSURPLVLQJ� WKH� DELOLW\� RI� IXWXUH� JHQHUDWLRQV� WR�
PHHW� WKHLU� RZQ� QHHGV´� �81�:RUOG�&RPPLVVLRQ� RQ�(QYLURQPHQW� DQG�'HYHORSPHQW�� �������
$OWKRXJK�WKLV�SDUWLFXODU�GHILQLWLRQ�OHDYHV�PXFK�URRP�IRU�LQWHUSUHWDWLRQ��LW�KDV�EHHQ�WKH�ILUVW�RI�
LWV�NLQG�WR�DGGUHVV�FRQFHUQV�DERXW�WKH�HQYLURQPHQW�LQ�WKH�*OREDO�1RUWK�DV�ZHOO�DV�GHPDQGV�IRU�
IXUWKHU� GHYHORSPHQW� LQ� WKH� *OREDO� 6RXWK�� 7KH� UHSRUW� UHFRJQLVHG� WKDW� HQYLURQPHQW� IULHQGO\�
HFRQRPLF�JURZWK�LV�QHHGHG�WR�DFFRPPRGDWH�WKHVH�GLIIHUHQW�LQWHUHVWV��7KLV�LVVXH�KDV�ODWHU�EHHQ�
FRQWLQXRXVO\�DGGUHVVHG�DW� WKH�(DUWK�6XPPLW�FRQIHUHQFHV�RI� WKH�8QLWHG�1DWLRQV�DQG�UHPDLQV�
KHDYLO\� GHEDWHG��$�QXPEHU� RI� VFKRODUV� DUJXH� WKDW� HFRQRPLF� JURZWK� LV� QRW� FRPSDWLEOH�ZLWK�
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HQYLURQPHQWDO�FRQFHUQV�DQG�WKH�SDWK�WDNHQ�LV�WKHUHIRUH�DJDLQVW�WKH�WUXH�QDWXUH�RI�VXVWDLQDEOH�
GHYHORSPHQW� �VHH�6DFKV���������)RU� WKLV� VWXG\� D�GHILQLWLRQ�RI� VXVWDLQDEOH�GHYHORSPHQW� DV� D�
SURFHVV� WKDW� LQFOXGHV� HFRORJLFDO�� VRFLDO� DQG� HFRQRPLF� DVSHFWV�� DQG� WKDW� LPSOLHV� ³QRW�
FKDOOHQJLQJ� HFRORJLFDO� WKUHVKROGV� RQ� WHPSRUDO� DQG� VSDWLDO� VFDOHV� WKDW�ZLOO� QHJDWLYHO\� DIIHFW�
HFRORJLFDO�V\VWHPV�DQG�VRFLDO�V\VWHPV´�LV��KRZHYHU��VHHQ�DV�VXIILFLHQW��%HUNHV�et al.��������S��
����
�
7KH�WHUP�RI�HFRORJLFDO�V\VWHPV�RU�HFRV\VWHPV�%HUNHV�et al.�XVH�WKHUHE\�UHIHUV�WR�WKH�HQYLURQ�
PHQW�DQG�VLPSO\�GHVFULEHV�WKH�HQWLUHW\�RI�LWV�OLYLQJ�DQG�QRQOLYLQJ�RUJDQLVPV�WKDW�LQWHUDFW�ZLWK�
RQH�DQRWKHU�DV�D�IXQFWLRQDO�V\VWHP��$Q�HFRV\VWHP�FDQ�WKHUHE\�KDYH�DQ�LQWULQVLF�YDOXH��/LJKW��
�������7KDW�PHDQV�LW�KDV�D�YDOXH�LQ�LWVHOI��,W�LV�DSSUHFLDWHG�IRU�ZKDW�LW�LV�DQG�QRW�UHJDUGHG�DV�D�
PHDQV� IRU� VRPHWKLQJ� HOVH��+XPDQ� EHLQJV�� KRZHYHU�� RIWHQ� WHQG� WR� VHH� WKH� XVH� RI� WKLQJV� IRU�
WKHLU�RZQ�SXUSRVHV��7KLV�LV�UHJDUGHG�DV�LQVWUXPHQWDO�YDOXH�DQG�FDQ�DOVR�EH�VHHQ�ZKHQ�ORRNLQJ�
DW�HFRV\VWHPV��)URP�DQ�DQWKURSRFHQWULF�SHUVSHFWLYH�HFRV\VWHPV�HQWDLO�FHUWDLQ�SURFHVVHV� WKDW�
EHQHILW�WKH�OLIH�RI�KXPDQ�EHLQJV��7KH�81�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�UHSRUW�WKDW�KDV�
EHHQ�FDUULHG�RXW�WR�DVVHVV�WKH�FRQVHTXHQFHV�RI�HFRV\VWHP�FKDQJH�WR�KXPDQ�ZHOO�EHLQJ�GHILQHG�
WKHVH�EHQHILWV� DV� HFRORJLFDO� VHUYLFHV�RU� HFRV\VWHP�VHUYLFHV� �������� ,W� GLVWLQJXLVKHV�EHWZHHQ�
IRXU�GLIIHUHQW�FDWHJRULHV�RI�HFRV\VWHP�VHUYLFHV��7KHVH�LQFOXGH�³SURYLVLRQLQJ�VHUYLFHV�VXFK�DV�
IRRG�� ZDWHU� >DQG� RWKHU� UHVRXUFHV@�� UHJXODWLQJ� VHUYLFHV� WKDW� DIIHFW� FOLPDWH� >DQG� HFRV\VWHP�
SURFHVVHV@�� FXOWXUDO� VHUYLFHV� WKDW� SURYLGH� UHFUHDWLRQDO�� DHVWKHWLF�� DQG� VSLULWXDO� EHQHILWV�� DQG�
VXSSRUWLQJ� VHUYLFHV� VXFK� DV� VRLO� IRUPDWLRQ�� SKRWRV\QWKHVLV�� DQG� QXWULHQW� F\FOLQJ´� �81�
0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW���������7KH�DELOLW\�RI�RUJDQLVPV�WR�VXVWDLQ�WKHVH�VHUYLFHV�
LV� FULWLFDO� IRU� KXPDQ� EHLQJV��'DLO\� GHVFULEHV� WKHP� LQ� IDFW� DV� ³WKH� FRQGLWLRQV� DQG� SURFHVVHV�
WKURXJK� ZKLFK� QDWXUDO� HFRV\VWHPV�� DQG� WKH� VSHFLHV� WKDW� PDNH� WKHP� XS�� VXVWDLQ� DQG� IXOILO�
KXPDQ�OLIH´���������

�
Table 1�VKRZV�DQ�RXWOLQH�RI�WKH�PRVW�LPSRUWDQW�HFRV\VWHP�VHUYLFHV�IRU�XUEDQ�DUHDV��,W�PXVW�EH�
NHSW�LQ�PLQG�WKDW�QRW�RQO\�HFRV\VWHP�VHUYLFHV�WKDW�DUH�JHQHUDWHG�ZLWKLQ�WKH�XUEDQ�DUHD�LWVHOI�
DUH�VKRZQ��EXW�DOVR�WKRVH�IURP�WKH�RXWVLGH��7KLV�FRQQHFWV�WR�WKH�FRQFHSW�RI�HFRORJ\�LQ�FLWLHV�
DQG� HFRORJ\� RI� FLWLHV� �-DQVVRQ�� �������ZKLFK� UHFRJQLVHV� WKH� GHSHQGHQFH� RI� XUEDQ� DUHDV� RQ�
HFR�V\VWHPV�WKDW�DUH�RIWHQ�JUHDW�GLVWDQFHV�DZD\��
�
Table 1 
&ODVVLILFDWLRQ�RI�VHOHFWHG�HFRV\VWHP�VHUYLFHV�ERWK�LQ�DQG�RI�XUEDQ�DUHDV�

Ecosystem service Examples 

3URYLVLRQ�RI�IRRG� 2QO\� D� VPDOO� VKDUH�RI� WKH� WRWDO� DPRXQW�RI� IRRG� WKDW� LV� FRQVXPHG�E\� WKH� XUEDQ�
SRSXODWLRQ�LV�HIIHFWLYHO\�DOVR�SURGXFHG�ZLWKLQ�WKH�XUEDQ�DUHD�LWVHOI��$�IDU�ODUJHU�
VKDUH�FRPHV�IURP�RXWVLGH��,W�LV�HVWLPDWHG�WKDW�DERXW����SHU�FHQW�RI�WKH�VXUIDFH�RI�
WKH�SODQHW�DUH�VROHO\�XVHG�IRU�DJULFXOWXUH�DQG�OLYHVWRFN�IDUPLQJ��$ERXW���SHU�FHQW�
RI�WKH�VXUIDFH�LV�XUEDQ�DUHDV��7KH�LQFUHDVLQJ�QHHG�WR�IHHG�WKH�JOREDO�SRSXODWLRQ�
KDV�WKHUHE\�OHG�WR�D�IRFXV�RQ�HIILFLHQF\�DQG�WKXV�D�ORVV�RI�JHQHWLF�GLYHUVLW\��

3URYLVLRQ�RI�IUHVK�ZDWHU� (FRV\VWHPV� DUH� IXQGDPHQWDOO\� LPSRUWDQW� IRU� IUHVK�ZDWHU� SURYLVLRQ� WKURXJK� WKH�
K\GURORJLFDO�F\FOH��,Q�SDUWLFXODU�IRUHVWV�KDYH�VKRZQ�WR�LQIOXHQFH�LW�WKURXJK�WKHLU�
KLJKHU�UDWHV�RI�HYDSRWUDQVSLUDWLRQ��6RLO�TXDOLW\�DQG�VRLO�ELRGLYHUVLW\�DUH�OLQNHG�WR�
IUHVK�ZDWHU�ILOWUDWLRQ�DQG�VWRUDJH��
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&OLPDWH�UHJXODWLRQ� 3ODQWV�PLWLJDWH�D�QDWXUDO�JUHHQKRXVH�JDV�HIIHFW�E\�DEVRUELQJ�DWPRVSKHULF�FDUERQ�
DQG�WKXV�UHJXODWH�WKH�FOLPDWH��3ODQWV�IXUWKHU�KDYH�D�GLUHFW�FRROLQJ�HIIHFW�WKURXJK�
WKH� SURFHVV� RI� HYDSRWUDQVSLUDWLRQ� DQG� E\� SURYLGLQJ� VKDGH�� 7KLV� GLUHFW� FRROLQJ�
HIIHFW�FDQ�EH�XVHG�WR�SDUWLDOO\�PLWLJDWH�DQ�XUEDQ�KHDW�LVODQG�HIIHFW��

$LU�SXULILFDWLRQ� 3ROOXWDQWV�DQG�RWKHU�SDUWLFOHV�DUH� ILOWHUHG�RXW�RI� WKH�DLU� WKURXJK�SODQW�SURFHVVHV�
EHIRUH� UHDFKLQJ� DPRXQWV� WKDW� FDQ� EH� KDUPIXO� WR� KXPDQ� KHDOWK�� )LOWUDWLRQ� LV�
HVSHFLDOO\� LPSRUWDQW� LQ�XUEDQ�DUHDV�DV� WKH�DPRXQW�RI�PDWWHU�GXH� WR�FRPEXVWLRQ�
SURFHVVHV� IURP� KHDWLQJ� DQG� WUDQVSRUWDWLRQ� LV� VLJQLILFDQWO\� KLJKHU� WKDQ� LQ� UXUDO�
DUHDV��

1RLVH�UHGXFWLRQ� 3ODQWV�FDQ�DFW�DV�D�QDWXUDO�VRXQG�EDUULHU��

3ROOLQDWLRQ� 3ROOLQDWLRQ�VHUYLFHV�DUH�LPSRUWDQW�WR�XSKROG�DOO�IRUPV�RI�ELRGLYHUVLW\��3ROOLQDWLRQ�
LV�DOVR�KXJHO\�LPSRUWDQW�IRU�DJULFXOWXUH�DV�LW�LV�HVWLPDWHG�WKDW����SHU�FHQW�RI�FURS�
SODQWV�UHO\�RQ�SROOLQDWLRQ�E\�DQLPDOV��

� ,Q� UHFHQW� \HDUV� D� JUHDW� GHFOLQH� LQ� KRQH\� EHHV� DV� RQH� RI� WKH� PRVW� FRPPRQ�
SROOLQDWRU� KDV� EHHQ� REVHUYHG�� 5HVHDUFK� LQGLFDWHV� WKDW� D� FRPELQDWLRQ� RI� IDFWRUV�
VXFK� DV� KDELWDW� ORVV�� DJULFXOWXUDO� SUDFWLFHV� DQG� SDUDVLWLVP� LV� D� SUREDEOH� FDXVH��
8UEDQ�DUHDV�SURYLGH�D�KDELWDW�WKDW�KDV�EHHQ�ODUJHO\�LJQRUHG�VR�IDU��

5HFUHDWLRQ�DQG�HGXFDWLRQ� (FRV\VWHPV�RIIHU�JUHDW�RSSRUWXQLWLHV� IRU� UHFUHDWLRQ�DQG�HGXFDWLRQ��8UEDQ�JUHHQ�
VSDFHV�KDYH� WKHUHE\�PHDVXUDEOH�SK\VLFDO�DQG�SV\FKRORJLFDO�EHQHILWV� IRU�KXPDQ�
ZHOO�EHLQJ��

�

6RXUFH��%DVHG�RQ�*yPH]�%DJJHWKXQ�DQG�%DUWRQ��������DQG�-DQVVRQ��������
�
�
8UEDQ�HFRV\VWHPV�DUH�FRPPRQO\�UHVHDUFKHG�ZLWKLQ�WKH�ILHOG�RI�XUEDQ�HFRORJ\��8UEDQ�HFRORJ\�
³LQWHJUDWHV� WKH� WKHRU\�DQG�PHWKRGV�RI�ERWK�QDWXUDO�DQG�VRFLDO� VFLHQFHV� WR� VWXG\� WKH�SDWWHUQV�
DQG�SURFHVVHV�RI�XUEDQ�HFRV\VWHPV´��*ULPP�et al.��������S������&LWLHV�DUH�WKHUHE\�YLHZHG�DV�
³KHWHURJHQHRXV�� G\QDPLF� ODQGVFDSHV� DQG� DV� FRPSOH[�� DGDSWLYH�� VRFLRHFRORJLFDO� V\VWHPV�� LQ�
ZKLFK� WKH� GHOLYHU\� RI� HFRV\VWHP� VHUYLFHV� OLQNV� VRFLHW\� DQG� HFRV\VWHPV� DW� PXOWLSOH� VFDOHV´�
�*ULPP� et al.�� ������ S�� ���� $ORQJ� ZLWK� HFRV\VWHP� VHUYLFHV� DOVR� FRPH� GLVVHUYLFHV�� ZKLFK�
GHVFULEH�IXQFWLRQV�RI�HFRV\VWHPV�WKDW�DUH�SHUFHLYHG�DV�QHJDWLYH�WR�KXPDQ�ZHOO�EHLQJ��*yPH]�
%DJJHWKXQ� DQG� %DUWRQ�� ������� VXFK� DV� WKH� FRPSHWLWLRQ� RI� KDELWDW� ZLWK� RWKHU� DQLPDOV� DQG�
SODQWV��DQG�DFFLGHQWV�DQG�RWKHU�GDPDJHV�FDXVHG�WR�LQIUDVWUXFWXUH��)LQGLQJ�WKH�EDODQFH�EHWZHHQ�
HFRV\VWHP� VHUYLFHV� DQG� GLVVHUYLFHV� LQ� XUEDQ� HFRORJ\� LV� RQH� WKH�PRVW� LPSRUWDQW� WDVNV�ZKHQ�
UHFRQQHFWLQJ�XUEDQ�DUHDV�WR�WKH�ELRVSKHUH��
�
)ROORZLQJ� WKH� 8QLWHG� 1DWLRQV¶� 0LOOHQQLXP� (FRV\VWHP� $VVHVVPHQW� HFRV\VWHP� VHUYLFHV� RI�
XUEDQ� DUHDV� KDYH� EHHQ� JDLQLQJ� IXUWKHU� DWWHQWLRQ� LQ� LQLWLDWLYHV� VXFK� DV� 7KH� (FRQRPLFV� RI�
(FRV\VWHPV�DQG�%LRGLYHUVLW\��7((%���������7KH�DLP�RI�WKHVH�LQLWLDWLYHV�LV�QRW�RQO\�WR�GUDZ�
DWWHQWLRQ�WR�WKH�LPSRUWDQFH�RI�HFRV\VWHP�VHUYLFHV�EXW�WR�DOVR�GHYHORS�XQLIRUP�VWDQGDUGV�WKDW�
KHOS� DFFRXQWLQJ� WKHP�� ,W� WKHUHE\� EHFRPHV� DSSDUHQW� WKDW� XUEDQ� DUHDV� FDQ� LQ� IDFW� QRW� EH�
JHQHUDOLVHG��7KH\�GLIIHU�LQ�WKHLU�VL]H��WKHLU�SURVSHULW\�DV�ZHOO�DV�WKH�FOLPDWH�WKH\�DUH�EXLOW�LQ��
7KH�HFRV\VWHP�VHUYLFH�DQG�LWV�YDOXH�WR�WKH�XUEDQ�DUHD�ODUJHO\�GHSHQG�RQ�WKLV�FRQWH[W��%ROXQG�
DQG�+XQKDPPDU���������%XW�VWLOO��LQLWLDWLYHV�OLNH�WKH�0LOOHQQLXP�(FRV\VWHP�$VVHVVPHQW�RIIHU�
JUHDW� RSSRUWXQLWLHV� WR� EXLOG� XUEDQ� VXVWDLQDELOLW\� DQG� UHVLOLHQFH� DQG� DUH� DQ� LPSRUWDQW� VWHS� LQ�
UHFRQQHFWLQJ�XUEDQ�DUHDV�WR�WKH�ELRVSKHUH��
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,Q�KLV�GHILQLWLRQ�RI�VXVWDLQDEOH�GHYHORSPHQW�%HUNHV�et al.�DOVR�PHQWLRQ�VRFLDO�V\VWHPV��7KHVH��
RQ� WKH�RWKHU�KDQG��GHDO�ZLWK�³SURSHUW\� ULJKWV�� ODQG�DQG� UHVRXUFH� WHQXUH� V\VWHPV�� V\VWHPV�RI�
NQRZOHGJH� SHUWLQHQW� WR� HQYLURQPHQW� DQG� UHVRXUFHV�� DQG�ZRUOG� YLHZV� DQG� HWKLFV� FRQFHUQLQJ�
HQYLURQPHQW�DQG�UHVRXUFHV´���������RU�LQ�RWKHU�ZRUGV�ZLWK�WKH�LPSOLFDWLRQV�RI�KXPDQV�OLYLQJ�
LQ� QDWXUH�� ,W� FDQ� EH� VHHQ� WKDW� DOO� RI� WKHVH� DVSHFWV� DUH� LQWHUOLQNHG� ZLWK� RQH� DQRWKHU�� 7R�
HPSKDVLVH� WKLV� OLQNDJH� EHWZHHQ� KXPDQ� EHLQJV� DQG� WKH� HQYLURQPHQW� DQG� WR� VWUHVV� WKDW� WKH�
GHOLQHDWLRQ�EHWZHHQ�WKHP�LV�RQO\�FRQVWUXFWHG�WKH�WHUP�VRFLDO�HFRORJLFDO�V\VWHP�FDQ�EH�XVHG��
$V�V\VWHPV�LQ�JHQHUDO�VRFLDO�HFRORJLFDO�V\VWHPV�DOVR�FRQVLVW�RI�GLIIHUHQW�FRPSRQHQWV�DQG�WKH�
LQWHUDFWLRQV�EHWZHHQ�WKHP��7KH�LGHQWLW\�RI�WKH�V\VWHP�LV�WR�SUHVHUYH�DOO�WKHVH�GLIIHUHQW�DVSHFWV�
GHVSLWH�LWV�QDWXUH�WKDW�LV�G\QDPLF�DQG�FRQVWDQWO\�VXEMHFW�WR�FKDQJH�DQG�WKXV�GHILQHG�DW�VHYHUDO�
VSDWLDO��WHPSRUDO�DQG�RUJDQLVDWLRQDO�VFDOHV��5HGPDQ�et al.���������
�
(FRV\VWHP� VHUYLFHV� DUH�� LQ� JHQHUDO��PHQWLRQHG� LQ� WDQGHP�ZLWK� ELRGLYHUVLW\�� %LRGLYHUVLW\� LV�
WKHUHE\�GHVFULEHG�DV�³WKH�YDULHW\�RI�HFRV\VWHPV��ZKLFK�FRPSURPLVH�ERWK�WKH�FRPPXQLWLHV�RU�
RUJDQLVPV� ZLWKLQ� SDUWLFXODU� KDELWDWV� DQG� WKH� SK\VLFDO� FRQGLWLRQV� XQGHU� ZKLFK� WKH\� OLYH´�
�:LOVRQ�� ������� )RONH� et al.� REVHUYH� WKDW�PXFK�RI� WKH� HIIRUWV� WR� SUHVHUYH� ELRGLYHUVLW\� KDYH�
EHHQ� JRLQJ� LQWR� HVWDEOLVKLQJ� SURWHFWHG� DUHDV� �������� ,Q� WKHVH� QDWXUDO� UHVHUYHV� VSHFLHV� DUH�
VXSSRVHG� WR�EH�VKLHOGHG� IURP�DQ\�KXPDQ� LQIOXHQFH��7KLV� LV�QRW� WR� VD\� WKDW� WKHVH�HIIRUWV�DUH�
IXWLOH�� EXW� WKH� SUREOHP� KHUH� OLHV� LQ� WKH� IDFW� WKDW� WKHVH� UHVHUYHV� DUH� HPEHGGHG� LQ� D� ODUJHU�
HQYLURQPHQW��DQG�WKDW�LV�LQ�PRVW�FDVHV�VWLOO�H[SRVHG�WR�WKH�KXPDQ�LQIOXHQFH�DIWHU�DOO��3URWHFWHG�
UHVHUYHV�WKXV�JR�DJDLQVW�WKH�QRWLRQ�RI�DQ�LQWHUOLQNHG�VRFLDO�HFRORJLFDO�V\VWHP��7KLV��KRZHYHU��
DOVR�LPSOLHV�WKDW�WKH�SUHVHUYDWLRQ�RI�ELRGLYHUVLW\�PXVW�EH�DGGUHVVHG�GLIIHUHQWO\��,W�PXVW�LQ�IDFW�
EH� DGGUHVVHG� HYHU\ZKHUH�� DQG� SDUWLFXODUO\� LQ� SODFHV� ZKHUH� LW� GHFUHDVHG� GXH� WR� KXPDQ�
EHKDYLRXU��,Q�WKLV�UHJDUG�)RONH�et al. PHQWLRQ�D�VKLIW��WR�QRW�SURWHFW�³DOO�ELRGLYHUVLW\�LQ�VRPH�
DUHDV�� EXW� ELRGLYHUVLW\� WKUHVKROGV� LQ� DOO� DUHDV´� �������� 8UEDQ� GHYHORSPHQW� KDV� WKXV� WR� EH�
UHFRQFLOHG�ZLWK�ELRGLYHUVLW\�FRQVHUYDWLRQ��,W�LV�QR�ORQJHU�D�TXHVWLRQ�RI�RQH�RU�WKH�RWKHU��
�
%LRGLYHUVLW\�KDV� D�SRVLWLYH� HIIHFW� RQ�PDQ\� HFRV\VWHP�VHUYLFHV� �VHH�%DOYDQHUD�et al.�� �������
7KH�JUHDWHU�ELRORJLFDO�GLYHUVLW\�LV�WKH�JUHDWHU�LV�DOVR�WKH�DELOLW\�WR�PDLQWDLQ�HFRORJLFDO�VHUYLFHV�
XQGHU�GLIIHUHQW�FRQGLWLRQV��)RU�LQVWDQFH��WKH�DELOLW\�RI�D�VLQJOH�VSHFLHV�WR�UHVSRQG�WR�FKDQJH�LV�
UDWKHU�OLPLWHG��$�FRPPXQLW\�RI�VSHFLHV��KRZHYHU��PD\�KDYH�PHPEHUV�WKDW�IXOILO�VLPLODU�IXQF�
WLRQV� ZLWKLQ� DQ� HFRV\VWHP�� EXW� UHVSRQG� GLIIHUHQWO\� WR� FKDQJH�� 7KLV� LV� DOVR� FDOOHG� UHVSRQVH�
GLYHUVLW\� �(OPTYLVW�HW�DO����������$�ORVV�RI�ELRGLYHUVLW\�� LQ� WXUQ�� UHGXFHV�WKH�DELOLW\�RI�PDQ\�
HFRV\VWHP�VHUYLFHV�WR�PDLQWDLQ�WKHLU�SRVLWLYH�HIIHFWV��7KDW�PHDQV�WKH�IXQFWLRQ�RI�D�V\VWHP�WR�
VXVWDLQ�HFRV\VWHP�VHUYLFHV�DQG�WKXV�WKH�IRXQGDWLRQ�IRU�KXPDQ�ZHOO�EHLQJ�LV�WKUHDWHQHG��)RONH�
et al.���������
�
%LRGLYHUVLW\�WKHUHIRUH�GRHV�QRW�RQO\�SURYLGH�EHQHILWV�WKDW�VRFLHW\�HQMR\V�LQ�WKH�SUHVHQW��LW�DOVR�
KDV�DV�DQ�LQVXUDQFH�IXQFWLRQ�IRU�WKH�IXWXUH�DQG�LV�WKXV�D�KXJH�SDUW�RI�UHVLOLHQFH�WKLQNLQJ��,W�LV�
UHVLOLHQFH��ZKLFK� LV� FRPLQJ�PRUH� DQG�PRUH� LQWR� WKH� IRFXV� WKHVH� GD\V�� WKDW� DOVR� SURYLGHV� D�
YDOXDEOH� IUDPHZRUN� WR� DQDO\VH� VRFLDO�HFRORJLFDO� V\VWHPV� �)RONH�� ������� ,Q� LWV� HVVHQFH� UHVL�
OLHQFH�LV�GHVFULEHG�DV�³WKH�DPRXQW�RI�GLVWXUEDQFH�D�V\VWHP�FDQ�DEVRUE�DQG�VWLOO�UHPDLQ�ZLWKLQ�
WKH� VDPH� VWDWH� RU� GRPDLQ� RI� DWWUDFWLRQ�� WKH� GHJUHH� WR� ZKLFK� WKH� V\VWHP� LV� FDSDEOH� RI� VHOI�
RUJDQLVDWLRQ��YHUVXV�ODFN�RI�RUJDQLVDWLRQ��RU�RUJDQLVDWLRQ�IRUFHG�E\�H[WHUQDO�IDFWRUV���DQG�WKH�
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GHJUHH�WR�ZKLFK�WKH�V\VWHP�FDQ�EXLOG�DQG�LQFUHDVH�WKH�FDSDFLW\�IRU� OHDUQLQJ�DQG�DGDSWDWLRQ´�
�&DUSHQWHU�DQG�*XQGHUVRQ��������� ,Q�RWKHU�ZRUGV�� UHVLOLHQFH�GHVFULEHV� WKH�DELOLW\� WR�ERXQFH�
EDFN��DQG�WR�JHW�EDFN�RQ�IHHW�DIWHU�EHLQJ�SXVKHG�RYHU��0XFK�RI�WKH�IRFXV�LQ�UHVHDUFK�KDV�EHHQ�
JLYHQ�WR�WKH�ILUVW�SDUW�RI�WKH�GHILQLWLRQ��WKH�DELOLW\�WR�EH�SHUVLVWHQW�DQG�ZLWKVWDQG�FKDQJH��,W�LV�
UDWKHU�HDV\�WR�WKHQ�PLVWDNH�UHVLOLHQFH�DV�D�FRQFHSW�WKDW�GHVFULEHV�WKH�PDLQWHQDQFH�RI�D�GHVLUHG�
V\VWHP�� 7KH� GHILQLWLRQ�� KRZHYHU�� EULQJV� WRJHWKHU� GLIIHUHQW� SHUVSHFWLYHV�� 7R� DOOHYLDWH� WKLV�
&XPPLQJ� �������� IRU� LQVWDQFH�� GHILQHV� UHVLOLHQFH� DV� WKH� DELOLW\� RI� D� V\VWHP� WR�PDLQWDLQ� LWV�
LGHQWLW\� LQ� WKH� IDFH� RI� LQWHUQDO� FKDQJH� DQG� H[WHUQDO� SHUWXUEDWLRQV�� 3HUVLVWHQFH� LV�PHQWLRQHG�
ZLWK�WKH�VDPH�HPSKDVLV�DV�DGDSWDELOLW\�DQG�WUDQVIRUPDWLRQ��VHH�)RONH�et al.���������7KH�VFDOHV�
GHILQHG� E\� 5HGPDQ� DUH� WKHUHE\� RI� IXQGDPHQWDO� LPSRUWDQFH�� 2WKHUZLVH� WKH� GLIIHUHQW�
SHUVSHFWLYHV�PD\� VHHP� UDWKHU� RSSRVLQJ� WR� HDFK� RWKHU�� 3HUVLVWHQFH� RI� D� V\VWHP�GHVFULEHV� LWV�
DELOLW\�WR�PDLQWDLQ�LWV� LGHQWLW\�� ,Q�RUGHU�WR�GR�VR�D�V\VWHP�PXVW�DOVR�VKRZ�DGDSWDELOLW\��7KDW�
PHDQV�LW�PXVW�KDYH�WKH�FDSDELOLW\�WR�OHDUQ�DQG�DGMXVW�LWV�UHVSRQVHV�DFFRUGLQJ�WR�D�VLWXDWLRQ��,W�
PXVW�EH�DEOH�WR� WUDQVIRUP�LQWR�D�QHZ�V\VWHP�ZKHQ�HFRORJLFDO��SROLWLFDO�� VRFLDO��RU�HFRQRPLF�
FRQGLWLRQV�PDNH� WKH� H[LVWLQJ� V\VWHP� XQWHQDEOH� �:DONHU� et al.�� �������5HVLOLHQFH� LV� WKXV� DOO�
DERXW�RSSRUWXQLWLHV�WKDW�RSHQ�XS�LQ�GLVWXUEDQFH�DQG�DOORZ�IRU�FRQWLQXHV�GHYHORSPHQW��)RONH��
�������
�
7KH�1HZ�<RUN�7LPHV�KDV�SXVKHG�RQ�DQ�LQWHUHVWLQJ�GLVFXVVLRQ�DERXW�UHVLOLHQFH�E\�WHOOLQJ�XV�WR�
³)RUJHW� DERXW� VXVWDLQDELOLW\�� ,W¶V� DERXW� UHVLOLHQFH´� �=ROOL�� ������� 7KH� DUWLFOH� TXHVWLRQV� WKH�
DELOLW\�RI�VXVWDLQDELOLW\�WR�VXIILFLHQWO\�DGGUHVV�FKDQJH��6XVWDLQDELOLW\�LV�KHUH�UDWKHU�VHHQ�DV�D�
PHDQV�WR�D�SHUIHFW�EDODQFH�EHWZHHQ�VRFLHW\�DQG�WKH�HQYLURQPHQW��$QG�ULVN�WR�WKLV�EDODQFH�LV�
DLPHG�WR�EH�PLWLJDWHG�DW�WKH�VRXUFH�RI�LW��%XW�WKH�ZRUOG�LV�FRQVWDQWO\�FKDQJLQJ��6R�LQVWHDG�RI�
WU\LQJ� WR�SXW� LW�EDFN� LQWR�EDODQFH�VRFLHW\�VKRXOG� UDWKHU� ORRN�IRU�ZD\V� WR�PDQDJH� LPEDODQFH��
5HVLOLHQFH�LV�VXFK�D�ZD\��³,W�GRHVQ¶W�SURSRVH�D�VLQJOH��IL[HG�IXWXUH��,W�DVVXPHV�ZH�GRQ¶W�NQRZ�
H[DFWO\� KRZ� WKLQJV�ZLOO� XQIROG�� WKDW�ZH¶OO� EH� VXUSULVHG�� WKDW�ZH¶OO�PDNH�PLVWDNHV� DORQJ� WKH�
ZD\´��=ROOL���������EXW�WKDW�LQ�WKH�HQG�ZH�ZLOO�EH�DEOH�WR�DGDSW��5HVLOLHQFH�GRHV�WKHUHE\�QRW�
DGGUHVV� WKH� XQGHUO\LQJ� FDXVHV� RI� FKDQJH�� 7KLV� LV�ZK\�PDQ\� VFKRODUV� UHDVRQ� WKDW� LI� VRFLHW\�
IRFXVHV�RQ�DGDSWDWLRQ�UDWKHU�WKDQ�PLWLJDWLRQ�WKH�UHVSRQVLELOLW\�RI�FDXVLQJ�FKDQJH�LQ�WKH�ILUVW�
SODFH� LV� SXVKHG�DZD\�� DQG�D� VFHQDULR�ZKHUH�PRUH� DQG�PRUH� FKDQJH� LV� DVNLQJ� IRU�PRUH� DQG�
PRUH�DGDSWDWLRQ�LV�LQHYLWDEOH��1HJOHFWLQJ�WKH�LGHD�RI�VXVWDLQDELOLW\�DOWRJHWKHU�LV�WKXV�D�ELW�UDVK��
�
5HFRJQLVLQJ� WKDW� ELRGLYHUVLW\� LV� D� SUHUHTXLVLWH� IRU� EXLOGLQJ� UHVLOLHQFH� DQG� WKXV� KXPDQ�ZHOO�
EHLQJ�FDQ�RQO\�EH�WKH�ILUVW�VWHS��XWLOLVLQJ�WKDW�NQRZOHGJH�LV�DQRWKHU�RQH�DOWRJHWKHU��7KLV�RWKHU�
VWHS��KRZHYHU��LV�PDGH�LQ�WKH�IROORZLQJ�FKDSWHUV��
�
�
The role of corporate responsibility 

&RUSRUDWLRQV� DUH� JHQHUDOO\� XQGHUVWRRG� WR� EH� WKH� SUHYDOHQW� IRUP� RI� EXVLQHVV� WRGD\� DQG�
DOWKRXJK� WKH\� FRPH� LQ� DOO� NLQGV� RI� IRUPV� DQG� IXQFWLRQV� VRPH� GLVWLQFW� IHDWXUHV� DUH� VKDUHG�
DPRQJ�DOO��7KH�EDVLF�GHILQLWLRQ�RI�FRUSRUDWLRQV�FRPHV�GRZQ�WR�WKHLU�VWDWXV�DV�DQ�LQGHSHQGHQW�
OHJDO� HQWLW\� �&UDQH� DQG� 0DWWHQ�� ������� $V� VXFK� FRUSRUDWLRQV� VKDUH� PDQ\� VLPLODULWLHV� ZLWK�
LQGLYLGXDOV�DQG�DUH�RIWHQ� UHJDUGHG�DV�DUWLILFLDO�SHUVRQV��/LNH�DQ� LQGLYLGXDO� WKH\�HQMR\�PDQ\�
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ULJKWV�DQG�WKH�UHVSRQVLELOLWLHV�WKDW�FRPH�DORQJ�ZLWK�WKHP��7KH\�DUH�IRU�LQVWDQFH�DEOH�WR�HQWHU�
LQWR� FRQWUDFWV�� ORDQ� DQG� ERUURZ� PRQH\�� VXH� DQG� EH� VXHG� DQG� RZQ� DVVHWV�� %XW� XQOLNH�
LQGLYLGXDOV�FRUSRUDWLRQV�DUH�RZQHG��7KLV�RZQHUVKLS�LV�XVXDOO\�H[SUHVVHG�LQ�OLTXLGLW\�VKDUHV�RI�
VKDUHKROGHUV��$�FRUSRUDWLRQ� LV� WKHUHE\�QRW�ERXQG� WR�D�FHUWDLQ�VKDUHKROGHU�DQG� LWV�RZQHUVKLS�
FDQ�FKDQJH�RYHU�WLPH��6KDUHKROGHUV�KDYH�WKH�ULJKW�WR�SDUWLFLSDWH�LQ�GHFLVLRQV�DQG�SURILWV�RI�D�
FRUSRUDWLRQ�� %XW� GXH� WR� WKHLU� LQGHSHQGHQFH� IURP� WKH� FRUSRUDWLRQ� LWVHOI� WKH\� FDQQRW� EH� KHOG�
UHVSRQVLEOH� IRU� D� FRUSRUDWLRQ¶V�PLVPDQDJHPHQW� DQG�GHEWV��5HVSRQVLELOLW\� LV� RQO\� DGGUHVVHG�
WKURXJK�WKHLU�VKDUHV��7KLV�LV�FDOOHG�OLPLWHG�OLDELOLW\��2IWHQ�WKH�EXVLQHVV�RI�FRUSRUDWLRQV�LV�QRW�
FDUULHG�RXW�E\�VKDUHKROGHUV�EXW�E\�PDQDJHUV��7KHVH�DFW�LQ�WKH�EHVW�LQWHUHVW�RI�VKDUHKROGHUV�DQG�
DUH� VXSSRVHG� WR� PD[LPLVH� DQG� SURWHFW� VKDUHKROGHU� YDOXH� WKURXJK� PD[LPLVLQJ� SURILW�� $�
VWDNHKROGHU�RI�D�FRUSRUDWLRQ�LV�³DQ\�JURXS�RU�LQGLYLGXDO�ZKR�FDQ�DIIHFW�RU�LV�DIIHFWHG�E\�WKH�
DFKLHYHPHQW� RI� WKH� RUJDQLVDWLRQ¶V� REMHFWLYH´� �)UHHPDQ�� ������ S�� ����� 7KLV� FDQ� UHDFK� IURP�
SHRSOH� GLUHFWO\� LQYROYHG� LQ� D� FRUSRUDWLRQ�� D� FRPPXQLW\� RU� VRFLHW\� DV� D� ZKROH�� XS� WR�PDVV�
PHGLD� �VHH�+HQULTXHV� DQG�6DGRUVN\�� ������� ,Q� WKH� VWXG\�SHUIRUPHG� LQ� WKH� ODWHU� SDUW� RI� WKLV�
SDSHU�WKH�XUEDQ�FRPPXQLW\�LV�SDUWLFXODUO\�EURXJKW�LQWR�IRFXV��
�
,W� KDV� EHHQ� IRUPHU� *HQHUDO� 6HFUHWDU\� RI� WKH� 81� .RIL� $QQDQ� WKDW� VDLG� GXULQJ� WKH� :RUOG�
6XPPLW� RQ� 6XVWDLQDEOH� 'HYHORSPHQW� WKDW� ³%XVLQHVV� DQG� VRFLHW\� VWDQG� WR� EHQHILW� IURP�
ZRUNLQJ�WRJHWKHU��$QG�>«@�WKDW�LW�LV�RQO\�E\�PRELOL]LQJ�WKH�FRUSRUDWH�VHFWRU�WKDW�ZH�FDQ�PDNH�
VLJQLILFDQW� SURJUHVV�� 7KH� FRUSRUDWH� VHFWRU� KDV� WKH� ILQDQFHV�� WKH� WHFKQRORJ\� DQG� WKH�
PDQDJHPHQW�WR�PDNH�DOO�WKLV�KDSSHQ��7KH�FRUSRUDWH�VHFWRU�QHHG�QRW�ZDLW�IRU�JRYHUQPHQWV�WR�
WDNH�GHFLVLRQV�IRU�WKHP�WR�WDNH�LQLWLDWLYHV��>«@�%XVLQHVV�KDV�FRPH�WR�UHDOL]H�WKDW�LI�LW�ZLVKHV�WR�
WKULYH� LQ� D� FRPSOH[� DQG� VRPHWLPHV� KRVWLOH� JOREDO� HFRQRP\�� LW� PXVW� UHVSRQG� WR� WKH� PDMRU�
VRFLDO�DQG�HQYLURQPHQWDO�WUHQGV�DQG�FKDOOHQJHV�WKDW�DUH�UHVKDSLQJ�RXU�ZRUOG´���������,W�LV�QRW�
WRR�IDUIHWFKHG�WR�WKLQN�RI�FRUSRUDWLRQV�DV�D�YDOXDEOH�SLHFH�RI�WKH�SX]]OH�WKDW�LV�VXVWDLQDELOLW\��,W�
LV� PD\EH� PRVW� FOHDUO\� VHHQ� LQ� 0DUVKDOO¶V� GHVFULSWLRQ� RI� HFRQRPLHV� RI� DJJORPHUDWLRQ� WKDW�
XUEDQ� HFRQRPLF� GHYHORSPHQW� SURYLGHG� DQ� LGHDO� VHWWLQJ� IRU� WKHP� WR� JURZ� LQ�� $OWKRXJK� QRW�
DFFRXQWDEOH�IRU� WKH�SUREOHPV�WKDW�FDPH�DORQJ�ZLWK�WKDW�GHYHORSPHQW�WKH\�PXVW� LQ� WXUQ�KROG�
VRPH�SDUW�RI�WKH�UHVSRQVLELOLW\�WR�DGGUHVV�WKHP��&RUSRUDWH�UHVSRQVLELOLW\�FDQ�IXUWKHUPRUH�DOVR�
EH� VHHQ�DV� DQ� LQYHVWPHQW� LQ� WKH� IXWXUH�� ,W� LV� WKLV�SHUVSHFWLYH� WKDW�$QQDQ¶V� DSSHDO� IRU� DFWLRQ�
WDNHV�DQG�WKXV�HDFK�DQG�HYHU\�FRUSRUDWLRQ�LV�DGGUHVVHG�E\�LW��
�
,Q�KLV�VWDWHPHQW�$QQDQ�XUJHV�WKH�FRUSRUDWH�VHFWRU�WR�WDNH�RQ�D�PRUH�DFWLYH�UROH�LQ�DFKLHYLQJ�
VXVWDLQDELOLW\�� -XVW� KRZ� H[DFWO\� WKLV� UROH� PLJKW� ORRN� LV� OHIW� RSHQ� E\� KLP�� 7KH� UHODWLRQVKLS�
EHWZHHQ�EXVLQHVV�DQG�VRFLHW\�UHJDUGLQJ�D�VXVWDLQDEOH�GHYHORSPHQW�KDV�IRUWXQDWHO\�EHHQ�LQ�WKH�
IRFXV�RI�UHVHDUFK�IRU�VRPH�WLPH�QRZ��,W�LV�WKHUHE\�FRPPRQO\�DJUHHG�XSRQ�³WKH�FRQWULEXWLRQV�
HDFK� FDQ� PDNH� WR� D� EHWWHU� TXDOLW\� RI� OLIH� IRU� DOO� SHRSOH´� �:RRG�� ������ S�� ������ 2QO\� WKH�
SXUSRVH� DQG� H[WHQW� RI� WKLV� UHODWLRQVKLS� KDV� EHHQ� KLJKO\� FRQWURYHUVLDO� �VHH�:KHWWHQ� et al.��
�������
�
)ULHGPDQ� DUJXHV� WKDW� WKH� RQO\� UHVSRQVLELOLW\� RI� EXVLQHVV� LV� ³WR� PDNH� DV� PXFK� PRQH\� DV�
SRVVLEOH�ZKLOH�FRQIRUPLQJ�WR�WKH�EDVLF�UXOHV�RI�WKH�VRFLHW\��ERWK�WKRVH�HPERGLHG�LQ�ODZ�DQG�
WKRVH� HPERGLHG� LQ� HWKLFDO� FXVWRP´� �������� 7KLV� LV� HTXLWDEOH� WR� WKH� SUHPLVH� RI� SURILW�
PD[LPLVDWLRQ�� )ULHGPDQ� VXSSRUWV� KLV� SRVLWLRQ� E\� EULQJLQJ� IRUZDUG� WKUHH� GLIIHUHQW� WKRXJKWV�
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�VHH�&UDQH�DQG�0DWWHQ���������)LUVW�RI�DOO��DOWKRXJK�FRUSRUDWLRQV�GR�KDYH�D�OHJDO�UHVSRQVLELOLW\�
WKH\�FDQQRW�KDYH�D�PRUDO�UHVSRQVLELOLW\��,W�LV�RQH�WKLQJ�WR�VD\�D�SHUVRQ�IHHOV�D�VHQVH�RI�PRUDO�
REOLJDWLRQ�WRZDUGV�VRPHWKLQJ�EXW�LW�LV�DQRWKHU�WR�DWWULEXWH�WKLV�IHHOLQJ�WR�D�FRUSRUDWLRQ��0RUDO�
UHVSRQVLELOLW\�LV�WKXV�RQO\�KHOG�E\�WKH�SHRSOH�ZKR�DUH�LQGLYLGXDOO\�UHVSRQVLEOH�IRU�WKH�DFWLRQV�
RI� D� FRUSRUDWLRQ��$� VHFRQG� SRLQW� LV� WKH� OHJDO� IUDPHZRUN� VRFLHW\� VHW� XS� IRU� FRUSRUDWLRQV�� ,W�
GLFWDWHV� WKDW� D� FRUSRUDWLRQ� DQG� WKHLU� PDQDJHUV� DUH� REOLJHG� WR� PD[LPLVH� SURILW� WR� SURWHFW�
VKDUHKROGHU� YDOXH�� $Q\� UHQXQFLDWLRQ� IURP� WKLV� UHVSRQVLELOLW\� FRUUHVSRQGV� WR� D� EHWUD\DO� RI�
VKDUHKROGHUV��$QG�ODVWO\��FRUSRUDWLRQV�DQG�LWV�PDQDJHUV�DUH�LQ�QR�SRVLWLRQ�DW�DOO�WR�NQRZ�ZKDW�
LV�LQ�WKH�EHVW�LQWHUHVW�RI�VRFLHW\��QHLWKHU�DUH�WKH\�LQ�D�SRVLWLRQ�WR�XWLOLVH�VXFK�NQRZOHGJH��7KLV�
LV�WKH�WDVN�RI�WKH�JRYHUQPHQW��
�
&RUSRUDWLRQV� PXVW� RQ� WKH� RWKHU� KDQG� DOVR� DFNQRZOHGJH� WKH� ³IDU� UHDFKLQJ� VFRSH� DQG�
FRQVHTXHQFHV� RI� WKHLU� GHFLVLRQV´� �/HH�� ������ S�� �����$OWKRXJK� WKH� OHJDO� UHVSRQVLELOLWLHV� IRU�
FRUSRUDWLRQV�DUH�WKHUHE\�FOHDUO\�GHILQHG�IRU�LQGLYLGXDO�FRXQWULHV�6FKHUHU�et al.�SRLQW�RXW�WKDW�
WKHVH�PLJKW�QRW�EH�HQRXJK�DQ\PRUH���������'XH�WR�JOREDOLVDWLRQ��FRUSRUDWLRQV�WRGD\�DFW�RQ�D�
PXFK� ODUJHU� VFDOH�� 7KH\� DUH� QRW� FRQILQHG� WR� D� VLQJOH� FRXQWU\� DQ\PRUH� DQG� WKXV� IDFH� D�
PXOWLWXGH� RI� LVVXHV� UHJDUGLQJ� OHJDO�� DFFRXQWDELOLW\� DQG� FXOWXUDO� DVSHFWV� �&UDQH� DQG�0DWWHQ��
�������1DWLRQDO�JRYHUQPHQWV�RQ�WKH�RWKHU�KDQG�DUH�OLPLWHG�WR�D�FHUWDLQ�WHUULWRU\��7KLV�PHDQV�
WKDW� FRUSRUDWLRQV� FDQ�QR� ORQJHU� UHO\�RQ� D� VLQJOH� OHJDO� IUDPHZRUN� WR�GR�EXVLQHVV��7RR�RIWHQ�
WKH\� DUH� DOVR� VLPSO\� DEOH� WR� FKRRVH� WKH� IUDPHZRUN� WKDW� LV� PRVW� FRQYHQLHQW� LQ� D� FHUWDLQ�
VLWXDWLRQ��*OREDOLVDWLRQ� WKXV� UHGXFHV� WKH� DELOLW\� RI� QDWLRQDO� JRYHUQPHQWV� DQG� LQVWLWXWLRQV� WR�
UHJXODWH� DQG� HQIRUFH� EHKDYLRXU� WKDW� LV� VRFLDOO\� UHVSRQVLEOH�� 2QH� FDQ� DOVR� DUJXH� WKDW�
FRUSRUDWLRQV� DUH� DV� LQIOXHQWLDO� DQG� DV� HFRQRPLFDOO\� SRZHUIXO� DV� FHUWDLQ� FRXQWULHV��
&RUSRUDWLRQV� ³RZQ�PXFK� RI� WKH�PDVV�PHGLD�ZKLFK� LQIOXHQFH�PXFK� RI� WKH� LQIRUPDWLRQ� DQG�
HQWHUWDLQPHQW�ZH�DUH�H[SRVHG�WR��WKH\�VXSSO\�JOREDO�SURGXFWV��WKH\�SD\�SHRSOH¶V�VDODULHV��DQG�
SD\� �GLUHFWO\� RU� LQGLUHFWO\��PXFK� RI� WKH� WD[HV� WKDW� NHHS� JRYHUQPHQWV� UXQQLQJ´� �&UDQH� DQG�
0DWWHQ�� ������ S�� �����(FRQRPLFDOO\� FRUSRUDWLRQV� DQG� FRXQWULHV� DUH� RIWHQ� FRPSDUHG� WKURXJK�
SORWWLQJ� WKH� JURZWK� QDWLRQDO� SURGXFW� RI� FRXQWULHV� DJDLQVW� WKH� VDOHV� UHYHQXH� RI� FRUSRUDWLRQV��
7KLV� DSSURDFK�� KRZHYHU�� FDQ� OHDG� WR� PLVOHDGLQJ� UHVXOWV�� DV� LV� SRLQWHG� RXW� E\� D� QXPEHU� RI�
VFKRODUV� �VHH� 'H� *UDXZH� DQG� &DPHUPDQ�� ������� $� EHWWHU� SLFWXUH� LV� VKRZQ� ZKHQ� LQVWHDG�
JRYHUQPHQW� WD[�UHYHQXH� LV�FRPSDUHG�WR�FRUSRUDWH�UHYHQXH��&KRZOD���������7KLV�UHVXOWV� LQ�D�
OLVW�WKDW�JLYHV�DW�OHDVW�DQ�LGHD�DERXW�WKH�UHODWLRQV�EHWZHHQ�WKHP��,W�LV�WRSSHG�E\�WKH�*��QDWLRQV�
EXW�VWLOO�LQFOXGHV����FRUSRUDWLRQV�ZLWKLQ�WKH�WRS�����HFRQRPLF�HQWLWLHV��7KH�SUREOHP�KHUH�OLHV�
LQ�WKH�DFFRXQWDELOLW\�RI�FRUSRUDWLRQV��8QOLNH�JRYHUQPHQWV�WKH\�GR�QRW�IDFH�DQ\�HOHFWLRQV�RQ�D�
UHJXODU�EDVLV�DQG�PXFK�RI�WKH�SHRSOH�WKDW�DUH�LQIOXHQFHG�E\�FRUSRUDWLRQV�KDYH�QR�VD\LQJ�LQ�WKH�
EXVLQHVV� RI� WKHP� DW� DOO�� ,Q� UHJDUG� WR� FXOWXUH� JOREDOLVDWLRQ� DOVR� H[SRVHV� FRUSRUDWLRQV� WR� D�
PXOWLWXGH� RI� GLIIHUHQW� PRUDO� YDOXHV�� ,Q� VRPH� FDVHV� WKHVH� PD\� HYHQ� FRQWUDGLFW� HDFK� RWKHU��
&UDQH�DQG�0DWWHQ�SRLQW�RXW�WKDW�DOWKRXJK�JOREDOLVDWLRQ�PDNHV�UHJLRQDO�GLIIHUHQFHV�VHHP�OHVV�
LPSRUWDQW� SHRSOH� DUH� FRQIURQWHG� ZLWK� WKHP� RQ� D� PXFK� PRUH� UHJXODU� EDVLV�� $OO� WKHVH�
LPSOLFDWLRQV�RI�JOREDOLVDWLRQ� WKXV�FDOO� IRU�D�JUHDWHU�FRUSRUDWH� UHVSRQVLELOLW\� WKDQ� HVWDEOLVKHG�
PDQDJHPHQW�WKHRULHV�DUH�DGGUHVVLQJ��:DOVK���������
�
0DQ\� FRUSRUDWLRQV� IROORZ�DQ� DSSURDFK�RI� FRUSRUDWH� UHVSRQVLELOLW\� WKDW� LV� HQWLUHO\� YROXQWDU\�
EDVHG�DQG�JRHV�EH\RQG�OHJDO�UHTXLUHPHQWV��7KH�WHUP�FRUSRUDWH�VRFLDO�UHVSRQVLELOLW\�FDQ�DOVR�
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EH�XVHG�WR�GHVFULEH�UHVSRQVLELOLW\�LQ�WKLV�UHJDUG��7KLV�YROXQWDU\�DSSURDFK�WXUQV�LWV�EDFN�IURP�
SXUH�SURILW�PD[LPLVDWLRQ�DQG�DLPV�WR�FUHDWH�D�JURZLQJ�VWDQGDUG�RI�OLYLQJ�IRU�VWDNHKROGHUV�E\�
DFWLQJ�LQ�D�VRFLDOO\�UHVSRQVLEOH�PDQQHU�DQG�SUHVHUYH�WKH�SURILWDELOLW\�RI�WKH�FRUSRUDWLRQ�DQG�LWV�
VWDNHKROGHUV�DW�WKH�VDPH�WLPH��+RSNLQV���������
�
,Q� UHFHQW� \HDUV� HFRV\VWHP� VHUYLFHV� EHFDPH� PRUH� DQG� PRUH� SDUW� RI� WKH� HTXDWLRQ� WKDW� LV�
FRUSRUDWH� VRFLDO� UHVSRQVLELOLW\�� %XVLQHVV� IRU� 6RFLDO� 5HVSRQVLELOLW\� �%65�� REVHUYHV� WKDW�
³FRUSRUDWH�HQJDJHPHQW�ZLWK�WKH�LVVXH�>RI�HFRV\VWHP�VHUYLFHV@�LV�FOHDUO\�RQ�WKH�ULVH´� �:DDJH�
DQG�.HVWHU��������S������7KHUHE\�FRUSRUDWH�ZRUN�RQ�HFRV\VWHP�VHUYLFHV�FDQ�DVVXPH�GLIIHUHQW�
VKDSHV��³6RPH�FRPSDQLHV�KDYH�FUDIWHG�FRUSRUDWH�SROLFLHV�RI�QR�QHW��RU�QHW�SRVLWLYH��LPSDFW�RQ�
HFRV\VWHPV�RU�HFRV\VWHP�VHUYLFHV��2WKHU�FRUSRUDWLRQV�DUH�H[SORULQJ�WKH�LVVXH�DQG�SLORW�WHVWLQJ�
DQDO\WLFDO� WRROV�� <HW�� RWKHUV� VLPSO\� VWDWH� WKDW� WKH\� UHFRJQL]H� WKH� LPSRUWDQFH� RI� HFRV\VWHP�
VHUYLFHV´� �:DDJH� DQG�.HVWHU�� ������S�� ���� ,Q�%65¶V� UHSRUW� WR� WKH� FXUUHQW� VWDWH� RI�SOD\� IRXU�
GLVWLQFWLYH� WUHQGV� DPRQJ� ��� LQWHUQDWLRQDO� RSHUDWLQJ� FRPSDQLHV�� DOO� VWDWLQJ� WKHLU� LQWHUHVW� LQ�
HFRV\VWHP�VHUYLFHV�SXEOLFDOO\�� DUH�SRLQWHG�RXW��)LUVW�RI�DOO�� ³D�JURZLQJ�QXPEHU�RI�FRUSRUDWH�
UHSUHVHQWDWLYHV� VWDWH� WKDW� WKH\� VHH� HFRV\VWHP� VHUYLFHV� DQG� ELRGLYHUVLW\� DV� WKHLU� QH[W� VHW� RI�
LVVXHV�WR�DGGUHVV´��:DDJH�DQG�.HVWHU��������S������7KHUHE\��DV�D�VHFRQG�WUHQG�VWDWHV��³WKH�VSDQ�
RI�FRUSRUDWH�HIIRUWV�>���@�LV�TXLWH�EURDG´��UHDFKLQJ�IURP�RYHUDUFKLQJ�GHFLVLRQ�PDNLQJ�SURFHVVHV�
WR�PRUH�VSHFLILF�DFWLYLWLHV�VXFK�DV�DQ�(QYLURQ�PHQWDO�DQG�6RFLDO�,PSDFW�$VVHVVPHQW��:DDJH�
DQG�.HVWHU��������S������+RZHYHU��%65�DOVR�VWDWHV�LQ�WKH�WKLUG�WUHQG�WKH\�REVHUYH�WKDW�³PRYLQJ�
IURP�HFRV\VWHP�VHUYLFHV�WR�DFWLRQ�UHPDLQV�D�FKDOOHQJH´��:DDJH�DQG�.HVWHU��������S������7KLV�
LV�GXH�WR�OLWWOH�SXEOLFDOO\�NQRZQ�VXFFHVVIXO�LQLWLDWLYHV�WKDW�KDYH�DFWXDOO\�WKH�SRWHQWLDO�WR�VHUYH�
DV�JXLGDQFH�IRU�RWKHU�LQLWLDWLYHV�WKDW�IROORZ��(YHU\�WKHRUHWLFDO�LQLWLDWLYH�EURXJKW�LQWR�SUDFWLFH�
VR� IDU�KDV� WKXV�EHHQ� OLNH� D� OHDS� LQ� WKH�GDUN�� ,Q� FKDSWHU��� VRPH�RI� WKHVH� LQLWLDWLYHV� LQ�XUEDQ�
DSLFXOWXUH�DUH�SUHVHQWHG�LQ�PRUH�GHWDLO��$QG�ODVWO\��³FRUSRUDWH�PDQDJHUV¶�SULPDU\�FRQFOXVLRQV�
DERXW� HFRV\VWHP� VHUYLFHV� DVVHVVPHQWV� DUH� WKDW� WKH\� JHQHUDWH� LQVLJKWV�� SDUWLFXODUO\� DURXQG�
EXVLQHVV� GHSHQGHQFLHV�� WKDW�PD\�EH� DW� ULVN�ZLWKLQ� D� FKDQJLQJ� FOLPDWH´� �:DDJH� DQG�.HVWHU��
������S�������,Q�WKH�ODWHU�SDUW�RI�FKDSWHU���WKH�LVVXH�RI�FRUSRUDWLRQV�EHLQJ�PRUH�DZDUH�RI�WKH�
LPSRUWDQFH�RI�HFRV\VWHP�VHUYLFHV�DQG�PRUH�FRQILGHQW�WR�DGGUHVV�WKHP�DQG�RWKHU�VXVWDLQDELOLW\�
LVVXHV�LQ�D�ZRUNLQJ�HQYLURQPHQW�LV�EURXJKW�WR�DWWHQWLRQ�LQ�GHWDLO�DJDLQ��
�
�
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3 Initiatives in urban apiculture 
�
8UEDQ�EHHNHHSLQJ�LV�PRUH�DQG�PRUH�JURZLQJ�LQ�SRSXODULW\�IRU�FRUSRUDWLRQV�DQG�DOWKRXJK�WKLV�
UHVHDUFK�KDV�EHHQ�FRQFHUQHG�ZLWK�FRUSRUDWH�LQLWLDWLYHV�RQ�D�JOREDO�VFDOH�XUEDQ�EHHNHHSLQJ�LV�
LQ�IDFW�QRW�UHVWULFWHG�WR�WKHP��$SDUW�IURP�EHHNHHSLQJ�VFKHPHV�DGRSWHG�E\�FRUSRUDWLRQV�IRU�QRQ�
FRPPHUFLDO� SXUSRVHV�� EHHNHHSLQJ� LV� DOVR� GRQH� E\� SURIHVVLRQDO� EHHNHHSHUV� IRU� FRPPHUFLDO�
SXUSRVHV�DQG�E\�KREE\�EHHNHHSHUV��7KHVH�DUH��KRZHYHU��RI�OHVVHU�LQWHUHVW�IRU�WKLV�UHVHDUFK��
�
7KURXJK� WKH�FRXUVH�RI� WKLV� UHVHDUFK� WKUHH�GLIIHUHQW�NLQGV�RI� WUHQGV�KDYH�EHHQ�REVHUYHG�KRZ�
EHHNHHSLQJ� LV� DFWXDOO\� DSSURDFKHG� E\� GLIIHUHQW� FRUSRUDWLRQV�� .HHSLQJ� WKH� GLIIHUHQFHV� LQ�
UHJLRQV�LQ�WHUPV�RI�FRQGLWLRQV�DQG�OHJDO�IUDPHZRUNV�LQ�PLQG�WKHVH�DSSURDFKHV�GR�QRW�VHHP�WR�
EH� OLQNHG� WR� D� SDUWLFXODU� UHJLRQ�� EXW� UDWKHU� GHSHQG� RQ� WKH� QDWXUH� RI� WKH� FRUSRUDWLRQ� WKDW� LV�
LQYROYHG�LQ�D�SDUWLFXODU�VFKHPH�LWVHOI��
�
$� IDLUO\� ODUJH� LQWHUQDWLRQDO� FRUSRUDWLRQ� VHHPV� WR�EH� DEOH� WR� LPSOHPHQW�EHHNHHSLQJ� VFKHPHV�
FRPSOHWHO\�E\�LWVHOI�DQG�GRHV�QRW�KDYH�WR�UHO\�RQ�H[WHUQDO�VXSSRUW�IRU�LW�� ,�KDG�WKH�FKDQFH�WR�
WDON� WR� 2OLYLHU� 6H]QHF� IURP� &LVFR� LQ� 3DULV�� )UDQFH�� DQG� 0DWWKLHX� 0LQJXHW� IURP� &LVFR� LQ�
$PVWHUGDP��1HWKHUODQGV�� DV� D� UHSUHVHQWDWLYH� FRUSRUDWLRQ� RI� WKLV� JURXS�� 2OLYLHU� 6H]QHF� KDV�
EHHQ� LQYROYHG� LQ� WKH� FRUSRUDWLRQ¶V� EHHNHHSLQJ� VFKHPH� DV� WKH�&KLHI� 7HFKQRORJ\�2IILFHU� RI�
&LVFR�)UDQFH�IURP�WKH�YHU\�EHJLQQLQJ�LQ������DQG�WKXV�EHHQ�DEOH�WR�SURYLGH�YDOXDEOH�LQVLJKW��
7KH� LGHD� RI� EHHNHHSLQJ�ZDV� LQLWLDOO\� EURXJKW� WR�&LVFR� E\� RQH� RI� LWV� RZQ� HPSOR\HHV��*LOHV�
&OXJQDF��ZKR�KDSSHQHG�WR�EH�D�EHHNHHSHU�DW� WKH�VDPH�WLPH�� ,Q�D�SUHVHQWDWLRQ�KH�WROG�RI� WKH�
IDFW� WKDW� KRQH\EHH� SRSXODWLRQ� QXPEHU� KDV� EHHQ� GHFUHDVLQJ� LQ� UHFHQW� \HDUV�� ,Q� WKH� SURFHVV�
VHYHUDO�RI�KLV�FROOHDJXHV�ZHUH�VR�FDSWLYDWHG�E\�WKH�LGHD�RI�KHOSLQJ�RXW�KRQH\EHHV�WKDW�WRJHWKHU�
WKLV�LGHD�ZDV�EURXJKW�IRUZDUG�WR�WKH�PDQDJHPHQW�RI�&LVFR��$OWKRXJK�GLVPLVVLYH�RI�WKH�LGHD�DW�
ILUVW�0U�6H]QHF�DQG�KLV�FROOHJHV�FRXOG�FRQYLQFHG�WKH�PDQDJHPHQW�RI�WKH�LPSDFW�VXFK�D�SURMHFW�
FDQ� KDYH� DQG� &LVFR� &RQQHFWHG� %HHV� ZDV� ODXQFKHG��:KHQ� ,� KDG� WKH� FKDQFH� WR� WDON� WR�0U�
6H]QHF�DERXW�WKLV�LQLWLDO�SKDVH�LW�EHFDPH�DSSDUHQW�WKDW�QR�IRUPDO�HYDOXDWLRQ�RI�WKH�VLWXDWLRQ�RI�
KRQH\EHHV� LQ�3DULV�KDV�EHHQ�PDGH��)XUWKHUPRUH�� WKHUH�KDV�EHHQ�QR�FRQVLGHUDWLRQ�RI� VLPLODU�
SURMHFWV�DW�WKH�WLPH�ZKLFK�FRXOG�KDYH�EHHQ�LQGLFDWLQJ�IXUWKHU�EHQHILWV�IRU�WKH�FRUSRUDWLRQ��7KH�
VROH� SXUSRVH� RI� WKH� SURMHFW� KDV� EHHQ� WR� UDLVH� DZDUHQHVV� WRZDUGV� WKH� GHFOLQH� RI� KRQH\EHH�
SRSXODWLRQ� DQG� WKH� LPSRUWDQFH� RI� ELRGLYHUVLW\�� 3ROOLQDWLRQ� KDV� QRW� EHHQ� WKRXJKW� RI� DV� D�
SULRULW\�� 7KH� ILUVW� KLYHV� ZHUH� LQVWDOOHG� LQ� WKH� IROORZLQJ� \HDU� LQ� ����� DQG� LQYROYHG� ���
HPSOR\HHV� RI� &LVFR�� 7KHVH� DOVR� UHFHLYHG� WUDLQLQJ� LQ� EHHNHHSLQJ�� 7RGD\� WKLV� QXPEHU� KDV�
LQFUHDVHG�WR����HPSOR\HHV�LQ�D�FRUSRUDWLRQ�RI�DURXQG�����DW�WKH�ORFDWLRQ�RI�3DULV��,QFOXGLQJ�
WKH� ORFDWLRQV�RI�$PVWHUGDP�DQG�5HDGLQJ�ZKHUH� WR� WKH�SURMHFW� ODWHU� VSUHDG� WR�PRUH� WKDQ����
HPSOR\HHV�DUH�LQYROYHG�WRGD\��7KH�LQLWLDO�FRVWV�IRU�HTXLSPHQW�DQG�WUDLQLQJ�DPRXQWHG�WR������
WR������(XUR��7KHUHE\�LW�KDV�WR�EH�QRWHG�WKDW�&LVFR�DV�D�WHFKQRORJ\�FRPSDQ\�LV�DOVR�XWLOLVLQJ�
LWV� RZQ� WHFKQRORJ\� ZLWKLQ� WKH� KRQH\EHH� KLYHV� IRU� PHDVXULQJ� DQG� PRQLWRULQJ� SXUSRVHV� WR�
IXUWKHU� HQVXUH� WKH� VXFFHVV� RI� WKH� SURMHFW�� 7KH� OHJDO� UHVSRQVLELOLW\� WKDW� FRPHV� DORQJ� ZLWK�
EHHNHHSLQJ� LV� VKDUHG� ZLWK� D� XQLRQ�� *URXSHPHQW� $SLFROH� GH� OD� %UpYLDQGH� ,QWHUFRPPXQDOH�
�*DEL���%HLQJ�ILUVW�DQG�IRUHPRVW�D�WHFKQRORJ\�FRPSDQ\�&LVFR�KDV�QR�IRRG�OLFHQVH�WKDW�DOORZV�
VHOOLQJ� WKH� KRQH\� WKH\� KDUYHVW�� $V� D� UHVXOW� KRQH\� LV� HLWKHU� JLYHQ� DZD\� IRU� SURPRWLRQDO�
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SXUSRVHV�RU�RIIHUHG�WR�HPSOR\HHV�LQ�D�FRPSDQ\�UHVWDXUDQW��1R�PRQHWDU\�EHQHILWV�DUH�JDLQHG�
GLUHFWO\�IURP�WKH�KRQH\��

�
$�VHFRQG�WUHQG�WKDW�FDQ�EH�REVHUYHG�LV�SDUWQHUVKLSV�RI�FRUSRUDWLRQV�WKDW�DUH�QRW�DEOH�RU�VLPSO\�
GR�QRW�ZLVK�WR�FDUU\�RXW�EHHNHHSLQJ�RQ�WKHLU�RZQ�ZLWK�FRPSDQLHV�WKDW�SURYLGH�WKLV�VHUYLFH�IRU�
WKHP��7KH�EXVLQHVV�PRGHOV�RI�FRPSDQLHV�VSRQVRULQJ�WKH�KRQH\EHH�KLYHV�DQG�WKH�VHUYLFHV�WKH\�
RIIHU�FDQ� WKHUHE\�EH�TXLWH�GLIIHUHQW� IURP�HDFK�RWKHU��%HH�8UEDQ� LQ�6WRFNKROP��6ZHGHQ�� IRU�
LQVWDQFH�OHDVHV�KLYHV�DQG� WKHLU�PDLQWHQDQFH�IRU�D�FRVW� WR�RWKHU�FRUSRUDWLRQV�LQWHUHVWHG�LQ� WKH�
LQLWLDWLYH�� $V� EHHNHHSLQJ� LV� GRQH� HQWLUHO\� WKURXJK� %HH� 8UEDQ� WKHVH� FRPSDQLHV� RQO\� JHW�
GLUHFWO\� LQ� WRXFK�ZLWK�KRQH\EHHV�XQGHU� LWV� VXSHUYLVLRQ��EXW� VWLOO�JDLQ�DOO� LWV�EHQHILWV� LQ� WXUQ��
,QPLGWRZQ� LQ�/RQGRQ��8QLWHG�.LQJGRP��RQ� WKH�RWKHU�KDQG� IXQGV�KRQH\EHH�KLYHV� DQG� WKHLU�
LQLWLDO�PDLQWHQDQFH� LWVHOI�� EXW� DVNV� IRU� YROXQWHHUV� WR� HYHQWXDOO\� HQDEOH� HDFK� VLWH� WR� EHFRPH�
VHOI�VXIILFLHQW�� ,� KDG� WKH� FKDQFH� WR� WDON� WR� UHSUHVHQWDWLYHV� RI� ERWK� FRPSDQLHV�� 3LP� %HQGW��
3URMHFW�'LUHFWRU�DW�%HH�8UEDQ��DQG�0LWFK�6WHSUDQV��%XVLQHVV�0DQDJHU�DW�,QPLGWRZQ��
�
%HH� 8UEDQ� VWDUWHG� RXW� DV� D� VRFLDO� LQLWLDWLYH� DQG� QRQ� SURILW� RUJDQLVDWLRQ� DV� D� UHVSRQVH� WR� D�
JXLGHG�WRXU�LQ�WKH�5R\DO�1DWLRQDO�&LW\�3DUN�LQ�6WRFNKROP�LQ�������7KHUH��IRXQGHUV�-RVHILQD�
2GGVEHUJ�DQG�.DUROLQD�/LVVO|� OHDUQHG� WKDW�SODQW�VSHFLHV� LQ� WKH�SDUN�DUH�GLVDSSHDULQJ�GXH� WR�
ODFN�RI�SROOLQDWLRQ��7KH�IRXQGLQJ�RI�%HH�8UEDQ�KDV�WKXV�EHHQ�WKH�UHVXOW�RI�D�GHFOLQH�RI�SROOL�
QDWLRQ�VHUYLFHV��DOWKRXJK�QR�SDUWLFXODU� IRUPDO�HYDOXDWLRQ�RI� WKH�VWDWH�RI�KRQH\EHHV�KDV�EHHQ�
PDGH��%HH�8UEDQ�DLPV�WR�UDLVH�DZDUHQHVV�RI�WKLV�GHFOLQH�DQG�WKH�RYHUDOO�LPSRUWDQFH�RI�SROOL�
QDWLRQ�DQG�WKHUHIRUH�DOVR�FRQQHFWV�VXVWDLQDELOLW\�WDONV�WR�WKHLU�XUEDQ�DSLFXOWXUH��'XH�WR�D�ODFN�
RI�LQLWLDO�VXSSRUW��KRZHYHU��WKH�RQFH�VRFLDO�LQLWLDWLYH�KDV�VLQFH�WKHQ�GHYHORSHG�LQWR�D�EXVLQHVV��
OHDGLQJ�WR�D�EHWWHU�UHFRJQLWLRQ�LQ�JHQHUDO�DQG�JHWWLQJ�LQ�WRXFK�ZLWK�RWKHU�FRPSDQLHV��PXQLFL�
SDOLWLHV� DQG� WKH� 6ZHGLVK� JRYHUQPHQW�� 7RGD\�� %HH�8UEDQ� LV� FROODERUDWLQJ�ZLWK� ��� GLIIHUHQW�
FRPSDQLHV� WKDW� DUH� ORFDWHG� LQ� 6WRFNKROP�� 9lVWHUnV� DQG� .DUOVWDG�� *RWKHQEXUJ� DQG� 0DOP|�
PLJKW� EH� DGGHG� WR� WKDW� OLVW� LQ� WKH� QHDU� IXWXUH�� 7KH� KRQH\� WKDW� LV� SURFHVVHG� E\� %HH� 8UEDQ�
WKURXJK�XUEDQ�DSLFXOWXUH�LV�UHWXUQHG�WR�WKH�VSRQVRULQJ�FRPSDQLHV��
�
,QPLGWRZQ� LV� D�PHPEHUVKLS� EDVHG� RUJDQLVDWLRQ� WKDW� UHSUHVHQWV� WKH� LQWHUHVWV� RI� ����/RQGRQ�
FRPSDQLHV� DQG� LWV� EHHNHHSLQJ� LV� RQO\� RQH� RI� WKHLU�PHPEHU� VHUYLFHV��2WKHUV� DUH� WR� SURPRWH�
XUEDQ� JUHHQLQJ� DQG� JDUGHQLQJ� DQG� WR� HOLPLQDWH� WKH� ZDVWH� WKDW� LV� VHQG� WR� ODQGILOOV�� 7KH�
LQLWLDWLYH�UHDFKHV�EDFN�WR������DQG�DLPV�WR�PDNH�%ORRPVEXU\��+ROERUQ�DQG�6W�*LOHV�GLVWULFWV�D�
PRUH�VXVWDLQDEOH�DUHD�WR�ZRUN�DQG�OLYH�LQ��&XUUHQWO\�WKHLU�EHH�NHHSLQJ�SURMHFWV�DUH�OLPLWHG�WR�
WKUHH� GLIIHUHQW� VLWHV�� ZLWK� WKUHH� PRUH� LQ� SODQQLQJ�� DQG� IRFXV� PRUH� RQ� SURYLGLQJ� DGGLWLRQDO�
IRUDJH�WR�VXSSOHPHQW�WKHP��7KH�KRQH\�WKDW�LV�SURFHVVHG��LQLWLDOO\�E\�DQ�,QPLGWRZQ�EHHNHHSHU�
DQG�ODWHU�E\�WKH�VSRQVRULQJ�FRPSDQ\�LWVHOI��LV�VSOLW�KDOI�DQG�KDOI�IRU�HDFK�VLGH�WR�GHFLGH�ZKDW�LV�
GRQH�ZLWK�LW��

�
/DVWO\��D�WKLUG�WUHQG�LV�FRUSRUDWLRQV�WKDW�EHQHILW�IURP�WKH�KRQH\�WKDW�FRPHV�ZLWK�EHH�NHHSLQJ�
RU�IURP�WKH�EHHNHHSLQJ�LWVHOI�ILUVW�KDQG��+RWHOV�DUH�VWURQJ�WUHQGVHWWHUV�LQ�WKLV�UHJDUG�VLQFH�WKH\�
KDYH�D�IRRG�OLFHQVH�WKDW�DOORZV�WKHP�WR�VHOO�KRQH\�WR�LWV�FXVWRPHUV��6RPH�KRWHOV�HYHQ�PDLQWDLQ�
WKHLU�RZQ�JDUGHQV�ZKHUH�KHUEV�DUH�JURZQ��6LPLODU�WR�RWKHU�LQWHUQDWLRQDO�FRUSRUDWLRQV�VXFK�DV�
&LVFR�IDLUO\�ODUJH�KRWHO�FKDLQV�DUH�WKXV�FDSDEOH�RI�FDUU\LQJ�RXW�EHHNHHSLQJ�E\�WKHPVHOYHV��,Q�
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RWKHU�FDVHV��KRZHYHU��LW�FDQ�DOVR�EH�REVHUYHG�WKDW�KRWHOV�DUH�QRW�DEOH�RU�VLPSO\�GR�QRW�ZLVK�WR�
EH�LQYROYHG�VR�WKRURXJKO\��7KHVH�FRUSRUDWLRQV�WKHQ�IRUP�SDUWQHUVKLSV�ZLWK�ORFDO�EHHNHHSHUV��
7KH�,QWHUFRQWLQHQWDO�%HUOLQ��LQ�*HUPDQ\��LV�RQH�LQVWDQFH�WKDW�IDOOV�LQWR�WKH�IRUPHU�FDWHJRU\��,W�
LV�SDUW�RI�WKH�FRUSRUDWLRQ¶V�*UHHQ�(QJDJH�LQLWLDWLYH�WKDW�PHDVXUHV�WKH�HQYLURQPHQWDO�LPSDFW�RI�
WKH�KRWHO��DQG�RWKHU�KRWHOV�RI�WKH�FKDLQ��RQ�D�GD\�WR�GD\�EDVLV��%HHNHHSLQJ�LV�KHUH�RQO\�RQH�RI�
VHYHUDO� DVSHFWV� RI� D� ODUJHU� VXVWDLQDELOLW\� VWUDWHJ\� DOVR� LQFOXGLQJ� FXWWLQJ� HQHUJ\�� ZDWHU� DQG�
ZDVWH� XVDJH�� )RU� LWV� HIIRUWV� WKH� ,QWHUFRQWLQHQWDO� %HUOLQ� KDV� UHFHQWO\� EHHQ� DZDUGHG�ZLWK� WKH�
*UHHQ� *OREH� &HUWLILFDWH� IRU� VXVWDLQDEOH� WRXULVP�� /LNH� LWV� KRQH\� WKLV� IXUWKHU� VXSSRUWV� WKH�
PDUNHWLQJ�RI�WKH�KRWHO��+RWHO�%HUOLQ��%HUOLQ�LV�D�KRWHO�WKDW�IDOOV�LQWR�WKH�ODWWHU�FDWHJRU\��)RU�WKLV�
VWXG\�,�KDG�WKH�FKDQFH�WR�WDON�WR� LWV�H[HFXWLYH�FKHI�6XVDQQH�'H2FDPSR�+HUUPDQQ��6XVDQQH�
'H2FDPSR�+HUUPDQQ� KDV� EHHQ� VXSSRUWLQJ� WKH� EHHNHHSLQJ� SURMHFW� IURP� WKH� EHJLQQLQJ� LQ�
������DQG�DOWKRXJK�VKH�KDG�WKH�SUHVHUYDWLRQ�RI�KRQH\EHH�SRSXODWLRQ�LQ�PLQG�WKH�ILQDO�GHFLVLRQ�
LQ�IDYRXU�RI�WKH�SURMHFW�KDV�EHHQ�PDGH�GXH�WR�WKH�EHQHILWV�RI�KRQH\�IRU�WKH�KRWHO��
�
�
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4 Data presentation 
�
Impact of an urban environment on honeybees 

7R�JHW�DQ�LGHD�DERXW�WKH�LPSDFW�RI�DQ�XUEDQ�DUHD�RQ�KRQH\EHHV�RQH�KDV�WR�ORRN�LQWR�LWV�FKDUDF�
WHULVWLFV�DV�D�KDELWDW�ILUVW��7KH�PRVW�QRWLFHDEOH�IHDWXUH�WKDW�GLVWLQJXLVKHV�XUEDQ�IURP�PRUH�UXUDO�
DUHDV�DUH��QDWXUDOO\��EXLOW�XS�DQG�LPSHUYLRXV�VXUIDFHV�DQG�WKHUHIRUH�D�OHVVHU�DPRXQW�RI�JUHHQ�
VSDFHV�� 7KLV� VHHPV� WR� VWUHQJWKHQ� WKH� QRWLRQ� WKDW� KDELWDW� ORVV� LV� DQ� LPSRUWDQW� IDFWRU� LQ� WKH�
GHFOLQH�RI�KRQH\EHH�SRSXODWLRQ��$QG�LQGHHG��DQ�LQFUHDVH�LQ�EXLOGLQJV�WKDW�LV�DVVRFLDWHG�ZLWK�
XUEDQLVDWLRQ�DQG�D�FRQFXUUHQW�GHFUHDVH�LQ�JUHHQ�VSDFHV�GLUHFWO\�FRUUHODWHV�ZLWK�D�ORVV�RI�PRUH�
VSHFLDOLVHG�EHH�VSHFLHV��=DQHWWH�et al.���������$SDUW�IURP�WKHLU�EXLOW�XS�VXUIDFHV��XUEDQ�DUHDV��
KRZHYHU��DOVR�KDYH�D�VPDOO�DPRXQW�RI�JUHHQ�VSDFHV��LQFOXGLQJ�GLIIHUHQW�NLQGV�RI�JDUGHQV�DQG�
SDUNV��,W�LV�WKHVH�JUHHQ�VSDFHV�WKDW�FDQ�VHUYH�DV�LGHDO�KDELWDWV��DV�WKH\�DUH�GHILQHG�E\�D�JUHDW�
UDQJH�RI�GLIIHUHQW�SODQWV�DQG�IORZHUV��DQG�KDUERXU�D�JUHDW�DEXQGDQFH�RI�KRQH\EHHV�DQG�RWKHU�
SROOLQDWRUV��7RPPDVL�et al.��������$KUQp�et al.���������
�
7KH�JUHDW�GLYHUVLW\�RI�GLIIHUHQW�SODQWV�WKDW�DUH�RIWHQ�EURXJKW�LQWR�XUEDQ�DUHDV�DUWLILFLDOO\�WKHUH�
E\�VHHPV�WR�DIIHFW�KRQH\EHH�SRSXODWLRQV�PRUH�WKDQ�DQ\WKLQJ�HOVH��,W�LV�SODQW�GLYHUVLW\�WKDW�OHWV�
KRQH\EHHV�IHHG�RQ�PDQ\�GLIIHUHQW�SODQWV�DQG��DV�D�UHVXOW�RI�LW��GHYHORS�VWURQJHU�LPPXQH�V\V�
WHPV�WKDQ�EHHV�ZLWK�PRUH�OLPLWHG�GLHWV��$ODX[�et al.���������7KDW�PHDQV�WKDW�KRQH\EHHV�ZLWK�
SRO\IORUDO� GLHWV� DUH� KHDOWKLHU� WKDQ� KRQH\EHHV� ZLWK� PRQRIORUDO� GLHWV�� $QG� FRQVHTXHQWO\�� DV�
SODQW�GLYHUVLW\�GHFUHDVHV�VR�GRHV�WKH�QXPEHU�RI�SROOLQDWRUV��VHH�%LHVPHLMHU�et al.���������3ROOL�
QDWRUV�WKDW�UHO\�RQ�FHUWDLQ�SODQWV�DQG�SODQWV�WKDW�UHO\�RQ�FHUWDLQ�SROOLQDWRUV�KDYH�WKHUHE\�GRQH�
ZRUVH��ZKHUHDV�PRUH�IOH[LEOH�VSHFLHV�KDYH�GRQH�EHWWHU��$Q�XQGHUO\LQJ�IDFWRU�IRU�WKH�GHFOLQH�RI�
KRQH\EHH�SRSXODWLRQV�WKXV�VHHPV�WR�EH�ELRGLYHUVLW\��
�
$�QXPEHU�RI� ILHOG�REVHUYDWLRQV� IXUWKHU� VWUHQJWKHQ� WKLV�YLHZ�RQ�GHSHQGHQFH� RQ�ELRGLYHUVLW\��
:KHUHDV�XUEDQ�DUHDV�WHQG�WR�KDYH�D�PXFK�JUHDWHU�GLYHUVLW\�RI�SODQWV��WKH�FRXQWU\VLGH�VHHPV�WR�
EH�GRPLQDWHG�E\�ODUJH�DUHDV�RI�PRQRFXOWXUHV�IRU�DJULFXOWXUDO�SXUSRVHV��VXFK�DV�RLOVHHG�UDSHV��
QRZDGD\V��,Q�3DULV��IRU�LQVWDQFH��PRUH�WKDQ�����GLIIHUHQW�NLQGV�RI�SROOHQ�KDYH�EHHQ�IRXQG��LQ�
VXU�URXQGLQJ�DUHDV�LW�KDV�EHHQ�DV�IHZ�DV����WR�����6FKRILHOG���������7KDW�LV�OHVV�WKDQ�D�WHQWK��
,Q� DGGLWLRQ�� PRQRFXOWXUHV� RQO\� SURYLGH� IRUDJH� IRU� EHHV� IURP� RQH� SODQW� VSHFLHV� RYHU� D�
UHODWLYHO\� VKRUW� SHULRG� RI� WLPH� RI� WKH� \HDU�� ZKHUHDV� SODQWV� LQ� XUEDQ� DUHDV� OLNHO\� EORRP�
WKURXJKRXW� WKH�HQWLUH�JURZLQJ�VHDVRQ� �&XVVDQV�et al.���������7KLV�GLIIHUHQFH�EHWZHHQ�XUEDQ�
DQG� UXUDO� DUHDV� LQ� WHUPV� RI� IRUDJH� LV� UDWKHU� QRWLFHDEOH�� %HHNHHSHUV� LQ� WKH� 8QLWHG� 6WDWHV�
SURFHHGHG� WR� WUDQVSRUW� WKHLU�KRQH\EHHV�DURXQG� WKH�FRXQWU\� VR� WKDW� WKH\�FRXOG�SROOLQDWH�KLJK�
VHOOLQJ� FURSV� RI� D� SDUWLFXODU� NLQG� DQG� SRSXODWLRQ� GHFOLQH� WKHUH� KDV� EHHQ� SDUWLFXODUO\� JUHDW�
�%ODFN�� ������� ,Q� 6DQ� )UDQFLVFR�� RQ� WKH� RWKHU� KDQG�� DOWKRXJK� EHH� SRSXODWLRQV�� LQ� WKLV� FDVH�
EXPEOH�EHHV��KDV�EHHQ�GHFOLQLQJ�RQ�DYHUDJH��WKH�DEXQGDQFH�RI�EHHV�LQ�XUEDQ�JUHHQ�VSDFHV�KDV�
EHHQ� JUHDWHU� WKDQ� LQ�QHDUE\�ZLOG� DUHDV� �0F)UHGHULFN� DQG�/H%XKQ��������� ,W� WKXV� ORRNV� OLNH�
XUEDQ� DUHDV� FDQ� VHUYH� DV� UHIXJHV� IRU� EHHV� DQG�� FRXQWHU� LQWXLWLYHO\�� HYHQ� IDYRXU� WKHP� DV� D�
KDELWDW��
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+HDOWKLHU�KRQH\EHHV�QDWXUDOO\�KDYH�D�KLJKHU�FKDQFH�WR�VXUYLYH�WKURXJK�ZLQWHU�SHULRGV��+HUH��
DQRWKHU�GLIIHUHQFH�EHWZHHQ�XUEDQ�DQG�UXUDO�DUHDV�EHFRPHV�QRWLFHDEOH��,Q�RQH�FDVH�LQ�%RVWRQ��
LQ� WKH�8QLWHG�6WDWHV�0DVVDFKXVHWWV��RYHUZLQWHULQJ�VXFFHVV�KDV�EHHQ�DURXQG������SHU�FHQW� LQ�
XUEDQ� DUHDV� FRPSDUHG� WR� DURXQG� ����� SHU� FHQW� LQ�PRUH� UXUDO� DUHDV� �:LOVRQ�5LFK�� �������$�
VLPLODU� WUHQG� KDV� EHHQ� REVHUYHG� E\� WKH� )UHQFK� EHHNHHSHUV
� DVVRFLDWLRQ�8QLRQ�1DWLRQDOH� GH�
O
$SLFXOWXUH�)UDQoDLVH��8QDI��LQ�3DULV�ZKHUH�XUEDQ�VXUYLYDO�KDV�EHHQ�DURXQG����WR����SHU�FHQW�
DQG� UXUDO� VXUYLYDO� KDV� EHHQ� DURXQG� ��� WR� ��� SHU� FHQW� �+DWWDP�� ������ %HQMDPLQ�� �������
8QIRUWXQDWHO\�DWWHPSWV�WR�JHW�KROG�RI�DQ\�RI�WKHVH�GDWD�KDYH�EHHQ�XQVXFFHVVIXO�IRU�GLIIHUHQW�
UHDVRQV�� ,W� KDV� WR� EH� SRLQWHG� RXW�� KRZHYHU�� WKDW� IXUWKHU� UHVHDUFK� LV� FXUUHQWO\� XQGHUZD\� DQG�
XQWLO� WKDW� LV� FRQFOXGHG� LW� LV�GLIILFXOW� WR�GHWHUPLQH�ZKDW� OHDGV� WR� WKH�GLIIHUHQFH� LQ� VXFFHVV�RI�
RYHUZLQWHULQJ��2WKHU�IDFWRUV�WKDQ�GLHWV�PLJKW�FRPH�LQWR�SOD\�KHUH�DV�ZHOO��8UEDQ�DUHDV�DUH��IRU�
LQVWDQFH��DERXW���WR���GHJUHHV�ZDUPHU�WKDQ�WKHLU�VXUURXQGLQJV��D�GLIIHUHQFH�WKDW�FDQ�EH�FULWLFDO�
LQ�ZLQWHU��)XUWKHUPRUH�� SHVWLFLGHV� DUH�PRUH� FRPPRQO\�XVHG� LQ� UXUDO� DUHDV� WKDW� DUH�XVHG� IRU�
DJULFXOWXUDO�SXUSRVHV�WKDQ�WKH\�DUH�LQ�XUEDQ�DUHDV��,Q�VRPH�XUEDQ�DUHDV��VXFK�DV�3DULV��WKH�XVH�
SHVWLFLGHV�LV�HYHQ�FRPSOHWHO\�SURKLELWHG��

�
,Q�DGGLWLRQ�WR�VXFK�D�GLUHFW�LPSDFW�RQ�KRQH\EHHV�LQ�WHUPV�RI�KHDOWK�D�KLJK�GLYHUVLW\�RI�SODQWV�
DQG�IORZHUV�DOVR�DIIHFWV� WKH�KRQH\�WKDW� LV�SURGXFHG��2EVHUYDWLRQV��DJDLQ��FRPH�IURP�%RVWRQ�
DQG�3DULV�DQG�LQGLFDWH�D�KLJKHU�DYHUDJH�TXDQWLW\�RI�KRQH\�LQ�XUEDQ�DUHDV��,Q�WKH�IRUPHU�FDVH�
KRQH\�\LHOG�KDV�EHHQ������SHU�FHQW�VWURQJHU��LQ�WKH�ODWWHU�LW�KDV�EHHQ�DV�PXFK�DV������WR�������
SHU�FHQW�GHSHQGLQJ�RQ�WKH�VHDVRQ��3HUVRQDO�FRQFHUQV�DERXW�WKH�TXDOLW\�RI�KRQH\�LQ�XUEDQ�DUHDV�
GXH�WR�DLU�SROOXWLRQ�FDQ�WKHUHE\�EH�QHJOHFWHG��DV�KRQH\�DV�DQ\�RWKHU�FRPHVWLEOH�LV�VXEMHFW�WR�
IRRG�FRQWUROV��
�
�
Impact of honeybees on an urban environment 

7KH�LPSDFW�RI�KRQH\EHHV�RQ�WKH�XUEDQ�HQYLURQPHQW�VHHPV�WR�EH�IDU�OHVV�WKDQ�WKH�LPSDFW�RI�WKH�
XUEDQ�HQYLURQPHQW�RQ�KRQH\EHHV��0XFK�RI�WKLV�KDV�WR�GR�ZLWK�WKH�IDFW�WKDW�XUEDQ�DUHDV�DUH�IRU�
WKH�PRVW�SDUW�DUWLILFLDOO\�VKDSHG��7KDW�PHDQV�WKDW�PDQ\�RI�LWV�SODQWV�DUH�FXOWLYDWHG�E\�KXPDQV�
WR�KDYH�DPHQLW\�YDOXH�PRUH�WKDQ�DQ\WKLQJ�HOVH��$QG�HYHQ�LQ�FDVHV�D�SODQW�LV�KHOG�IRU�LWV�VHHGV�
DQG�IUXLWV��LI�LW�GRHV�QRW�FDUU\�D�GHVLUHG�DPRXQW�DQRWKHU�SODQW�LV�PRVW�OLNHO\�EHLQJ�DGGHG��7KH�
GHSHQGHQF\�RQ�KRQH\EHHV�LV�WKHUHIRUH�QR�ORQJHU�D�JLYHQ��
�
,W�LV�UDWKHU�GLIILFXOW�WR�HVWLPDWH�D�GHILQLWH�LPSDFW�RI�KRQH\EHHV�RQ�DQ�HQYLURQPHQW�RI�DQ\�NLQG��
2IWHQ�LW�VHHPV�WR�EH�VKHHU�LPSRVVLEOH�GXH�WR�LPSUDFWLFDOLW\��5HVHDUFK�WKDW�DLPV�WR�HVWLPDWH�WKH�
LPSDFW�RI�SROOLQDWLRQ�LV�WKXV�OLPLWHG�WR�D�VPDOO�QXPEHU�RI�SODQW�VSHFLHV�UDWKHU�WKDQ�D�UHIOHFWLRQ�
RQ�WKH�HQWLUHW\�RI�WKHP��6XFK�NLQG�RI�UHVHDUFK�LQGLFDWHV�WKDW�SROOLQDWLRQ�VHUYLFHV�DUH�UDWKHU�ORZ�
LQ�DQWKURSRJHQLF�DUHDV� LQFOXGLQJ�ERWK� WKH�XUEDQ�FRUH�DQG�RWKHU�VXEXUEDQ�DUHDV� �3HOOLVVLHU�et 
al.���������3ROOLQDWLRQ�VHUYLFHV� IURP�KRQH\EHHV�DQG�RWKHU� LQVHFWV�DUH��QRQHWKHOHVV�� VWLOO�YHU\�
PXFK�QRWLFHDEOH��$IWHU�DOO��SROOLQDWRUV�DUH�QHHGHG�IRU�VHHG�DQG�IUXLW�SURGXFWLRQ��DQG�GXH�WR�D�
JHQHUDOO\� ORZ� DEXQGDQFH� RI� KRQH\EHHV� DQG� RWKHU� SROOLQDWRUV�ZLWKLQ� XUEDQ� DUHDV� SROOLQDWLRQ�
VHUYLFHV�DUH�SHUFHLYHG�HYHQ�VWURQJHU��&XVVDQV�et al.��IRU�LQVWDQFH��VKRZ�WKDW�VHHG�SURGXFWLRQ�LV�
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KLJKHU�LQ�XUEDQ�JDUGHQV�WKDW�DUH�IUHTXHQWO\�YLVLWHG�E\�EHHV�WKDQ�LW�LV�LQ�UXUDO�DUDEOH�IDUPODQG�
��������,Q�6WRFNKROP�VRPHWKLQJ�VLPLODU�FDQ�EH�REVHUYHG��
�

³>$@� VWRU\� ,� OLNH� WR� WHOO� LV� D�ZRPHQ�ZKR�KDV� FKLOOLHV�RQ�KHU�EDOFRQ\�FORVH� WR�RQH�RI�RXU�
KLYHV�RQ�ZHVWHUQ�6|GHUPDOP�>LQ�6WRFNKROP��6ZHGHQ@��7KH�VKRS� WROG�KHU� WKH�FKLOO\�SODQW�
VKH�ERXJKW�ZRXOG�JHW���IUXLWV��7KHQ�VKH�VDZ�EHHV�YLVLWLQJ�KHU�SODQW�DOO�RI�ODVW�VXPPHU��%\�
WKH�HQG�RI�WKH�VHDVRQ�VKH�KDG�KDUYHVWHG����IUXLWV�IURP�WKLV�SODQW��>���@� ,W�VKRZV�ERWK�KRZ�
SROOLQDWLQJ� LQVHFWV� PDNH� D� ELJ� GLIIHUHQFH� WR� KDUYHVWV� HYHQ� LQ� FLWLHV�� EXW� SHUKDSV� PRUH�
LQWHUHVWLQJO\�� LW� DOVR� VKRZV� KRZ� VKRSV� VHOOLQJ� SODQWV� GRQ¶W� H[SHFW� WKHUH� WR� EH� PXFK�
SROOLQDWLRQ�DW�DOO��VLQFH�WKH\�WHOO�FXVWRPHUV�WR�H[SHFW�RQO\�D�WHQWK�RI�SRWHQWLDO�KDUYHVWV��2U�
SHUKDSV�WKH�VKRSV�DUHQ¶W�HYHQ�DZDUH�RI�WKH�LPSDFW�SROOLQDWLRQ�FDQ�KDYH�RQ�WKH�SODQWV�WKH\�
VHOO��7KH�ODWWHU�VFHQDULR�LV�TXLWH�VDG�´�Pim Bendt, Bee Urban�

�
�
7KURXJK�EHQHILWWLQJ�WKH�XUEDQ�HQYLURQPHQW�KRQH\EHHV�DOVR�EHQHILW�WKH�SURFHVV�RI�SROOLQDWLRQ�
DV�D�ZKROH��7KH\�KHOS�VXVWDLQ�D�JUHDWHU�GLYHUVLW\�RI�SODQWV��ZKLFK��LQ�WXUQ��VHUYH�DV�IRUDJH�IRU�
PRUH� SROOLQDWRUV�� ,Q�PRVW� FDVHV� DUWLILFLDOO\� LQWURGXFHG�KRQH\EHHV� WKHUHIRUH� DOVR� VXSSRUW� WKH�
UHWXUQ�RI�RWKHU�ZLOG�EHH�VSHFLHV�LQWR�WKHVH�DUHDV�DJDLQ��
�
�
Issues of too many honeybees 

7KURXJK�WKH�FRXUVH�RI�WKLV�VWXG\�/RQGRQ��8QLWHG�.LQJGRP��HPHUJHG�DV�WKH�RQO\�FDVH�WKDW�GLV�
FXVVHG�WKH�LVVXH�RI�KRQH\EHH�VDWXUDWLRQ��RU�WKH�TXHVWLRQ�RI�ZKDW�KDSSHQV�LI�WKHUH�DUH�WRR�PDQ\�
KRQH\EHHV�� 6WDUWLQJ� SRLQW� RI� WKLV� GLVFXVVLRQ� KDV� EHHQ� %RULV� -RKQVRQ¶V�� 0D\RU� RI� /RQGRQ��
&DSLWDO� %HH� LQLWLDWLYH� WKDW� RIIHUHG� ILQDQFLDO� VXSSRUW� LQ� EHHNHHSLQJ� WR� XS� WR� ��� FRPPXQLW\�
IRRG�JURZLQJ�JURXSV� �%HQMDPLQ���������-RKQ�&KDSSOH�� IRUPHU�FKDLU�RI� WKH�/RQGRQ�%HHNHH�
SHUV¶� $VVRFLDWLRQ�� /%.$�� FRPPHQWHG� WKDW� /RQGRQ� DOUHDG\� KDV� HQRXJK� EHHNHHSHUV� DQG�
QHLWKHU�QHHGV�QRU�FDQ�VXSSRUW�PRUH�LQH[SHULHQFHG�QHZFRPHUV��%HH%DVH��D�UHJLVWHU�RI�EHHNHH�
SHUV�PDLQWDLQHG� E\� WKH�8.¶V�1DWLRQDO� %HH�8QLW��1%8�� GRFXPHQWV� WKDW� LQ� WKH� VSDQ� RI� ILYH�
\HDUV�WKH�QXPEHU�RI�EHHNHHSHUV�LQ�/RQGRQ�WULSOHG�IURP�����WR��������DQG�WKH�QXPEHU�RI�KLYHV�
GRXEOHG�IURP�������WR�PRUH�WKDQ�������E\�������5DWQLHNV�DQG�$OWRQ���������/%.$¶V�VHFUH�
WDU\�$QJHOD�:RRGV�QRWLFHG�WKLV�WUHQG�EXW�VDLG�WKDW�DOWKRXJK�KRQH\EHH�SRSXODWLRQ�LQFUHDVHV�DV�
D� UHVXOW� RI� LW� KRQH\� \LHOGV� GHFUHDVH� DW� WKH� VDPH� WLPH� �%%&� 1HZV�� ������� 7KLV� UDLVHV� WKH�
TXHVWLRQ� LI� WKHUH� LV� WRR�OLWWOH� IRUDJH�IRU� WKH�DEXQGDQFH�RI�KRQH\EHHV�DQG�RWKHU�SROOLQDWRUV� LQ�
/RQGRQ��$V� D� UHVXOW� RI� VXFK� DQ� LQFUHDVH� LQ� EHHNHHSHUV� DQG� KLYHV� FHUWDLQ� DOORWPHQWV� DFURVV�
/RQGRQ�SUHVHQWO\�HYHQ�UHVWULFW�WKH�QXPEHU�RI�EHHNHHSHUV�RQ�WKHLU�JURXQG��
�
,W�LV�QHHGOHVV�WR�VD\�WKDW�VXFK�D�GLVFXVVLRQ�DERXW�WRR�PDQ\�KRQH\EHHV�TXHVWLRQV�WKH�ZRUN�RI�
,QPLGWRZQ�DQG�RWKHU�EHHNHHSHUV�LQ�/RQGRQ��$Q�,QPLGWRZQ�VSRNHVPDQ�WKHUHWR�VDLG�WKDW�³RXU�
WHDP� WKDW� OHG� >WKH� XUEDQ� EHHNHHSLQJ� SURMHFW@� KDV� EHHQ� WUDLQHG� DQG� JXLGHG� E\� VXVWDLQDELOLW\�
H[SHUWV�WR�HQVXUH�WKH�IORZHU�WR�EHH�UDWLR�LV�ULJKW�EHIRUH�DQ\�KLYHV�DUH�LQVWDOOHG´��%%&�1HZV��
�������8SRQ�IXUWKHU�UHTXHVW�0LWFK�6WHSUDQV�HODERUDWHG�RQ�WKLV�SURFHGXUH��
�



�

���
�

³7KHUH¶V�QR�DFWXDO�UDWLR�WKDW�DQ\RQH�FDQ�FRQILUP�IRU�EHHV�WR�IRUDJH��VR�LW¶V�UHDOO\�D�FDVH�RI�
ZRUNLQJ�FORVHO\�ZLWK�RXU�EHHNHHSHU�WR�MXGJH�ZKDW¶V�DURXQG�WKH�VLWH�DV�ZHOO�DV�RQ�WKH�VLWH��
DQG�DOZD\V�VWDUWLQJ�RII�YHU\�VORZO\��RQH�KLYH�DW�D�WLPH��WR�PDNH�VXUH�WKDW�WKHUH¶V�HQRXJK�
IRUDJH��6RPH�VLWHV�KDYHQ¶W�EHHQ�DEOH�WR�JR�DKHDG�EHFDXVH�RI�ODFN�RI�JUHHQHU\��ZKHUHDV�LQ�
RWKHUV�ZH¶YH�LQVWDOOHG�ORDGV�RI�SODQWLQJ�WR�JHW�VRPH�KLYHV�LQ�´�Mitch Steprans, Inmidtown�

�
�
7KH�LVVXH�RI�WRR�PDQ\�KRQH\EHHV�LV�SXUVXHG�LQ�D�QXPEHU�RI�VWXGLHV�WKDW�DUH�VXSSRUWHG�E\�WKH�
,QVHFW�3ROOLQDWRUV� ,QLWLDWLYH�� ,3,�� IXQGHG�E\� WKH�JRYHUQPHQW��DQG�FDUULHG�RXW� ULJKW�QRZ��-DQH�
0HPPRWW� RI�8QLYHUVLW\� RI�%ULVWRO�� IRU� LQVWDQFH�� UHFHLYHG� DQ� ,3,� JUDQW� RI� DERXW� ����PLOOLRQ�
(XURV� WR� LGHQWLI\� ELRGLYHUVLW\� KRWVSRWV� DQG� FRPSDUH� SROOLQDWRU� GLYHUVLW\� LQ� XUEDQ� DUHDV� DQG�
QDWXUH�UHVHUYHV�DQG�IDUPODQG��+HU�UHVXOWV�ZLOO�VHUYH�DV�D�EOXHSULQW�IRU�XUEDQ�SODQQLQJ�LQ�WKH�
8QLWHG�.LQJGRP��%HQMDPLQ���������*HUDOGLQH�:ULJKW�RI�1HZFDVWOH�8QLYHUVLW\�DOVR�UHFHLYHG�
DQ�,3,�JUDQW�WR�H[DPLQH�QXWULWLRQDO�QHHGV�RI�KRQH\EHHV�DQG�EXPEOHEHHV�DQG�QXWULWLRQDO�TXDOLW\�
RI�SROOHQ�DQG�QHFWDU��%HQMDPLQ���������7KLV�DOORZV�DQ�HVWLPDWH�ZKHWKHU�WKH�DPRXQW�RI�IRUDJH�
LV� VXIILFLHQW� DQG� QXWULWLRQDOO\� FRPSOHWH�� $� JHQHUDO� UHFRPPHQGDWLRQ� DERXW� WKH� QXPEHU� RI�
KRQH\EHHV�DQG�KLYHV�LQ�D�SDUWLFXODU�DUHD�ZLOO�VWLOO�EH�GLIILFXOW�DV�LW�GHSHQGV�RQ�WKH�DPRXQW�RI�
SODQWV� DQG� IORZHUV�ZLWKLQ� WKDW� DUHD� DQG� YDULHV� IXUWKHU� IURP�PRQWK� WR�PRQWK�� +RZHYHU�� DQ�
LQFUHDVH�LQ�IRUDJH�VXSSRUWV�DOO�NLQGV�RI�SROOLQDWRUV��-RKQ�&KDSSOH�VD\V�WKDW�LI�³/RQGRQHUV�ZDQW�
WR�KHOS�EHHV�>WKH\@�ZRXOG�GR�EHWWHU�SODQWLQJ�EHH�IULHQGO\�WUHHV�DQG�IORZHUV�DQG�OREE\LQJ�IRU�D�
PRUH�EHH�IULHQGO\�FLW\��UDWKHU�WKDQ�NHHSLQJ�WKHP´��%HQMDPLQ���������7KXV��XUEDQ�EHHNHHSLQJ�
DQG�WKH�GHYHORSPHQW�RI�XUEDQ�JUHHQ�VSDFHV�KDYH�WR�JR�KDQG�LQ�KDQG��
�
)LUVW�VXFFHVVHV�RI�WKLV�FDQ�EH�VHHQ�LQ�WKH�IRFXV�RI�,QPLGWRZQ�WR�FRPSOHPHQW�EHHNHHSLQJ�ZLWK�
SURMHFWV�WKDW�LQFUHDVH�IRUDJH��7KH�VDPH�LV�WUXH�IRU�&LVFR�$PVWHUGDP�ZKLFK�DLPHG�WR�IROORZ�LQ�
WKH�VWHSV�RI�&LVFR�3DULV�XQWLO�WKH\�UHDOLVHG�WKDW�WKHUH�LV�QRW�HQRXJK�IRUDJH�LQ�FORVH�SUR[LPLW\�WR�
WKHLU�KRQH\EHH�KLYHV��7KHLU�LQLWLDWLYH�KDV�WKHUHIRUH�DOVR�EHHQ�VXSSRUWHG�E\�SODQWLQJ�RI�IORZHUV��
�
�
Impact of urban apiculture on a corporation 

$V� IDU� DV� WKH� LPSDFW� RI� EHHNHHSLQJ� RQ� WKH� FRUSRUDWLRQV� WKHPVHOYHV� JRHV�'U� 6XVDQ�3DUKDP�
IURP�WKH�&HQWUH�IRU�6XVWDLQDEOH�&RPPXQLWLHV�DW�WKH�8QLYHUVLW\�RI�+HUWIRUGVKLUH�FRQGXFWHG�D�
VWXG\�RQ�EHKDOI�RI�,QPLGWRZQ�UHJDUGLQJ�WKH�HIIHFW�RQ�HPSOR\HHV���������$OWKRXJK�WKH�VWXG\�LV�
OLPLWHG�WR�ILYH�FRPSDQLHV��DOO�RI�ZKLFK�DUH�DVVRFLDWHG�ZLWK�,QPLGWRZQ��DQG����HPSOR\HHV�DQG�
WKXV� UHSUHVHQWV� RQO\� D� VPDOO� TXDOLWDWLYH� VDPSOH�� LW�ZLOO� VHUYH� DV� D� EDVLV� IRU� ILQGLQJV� RI� WKLV�
UHVHDUFK��,W�KDV�WR�EH�QRWHG�WKDW�DOO�HPSOR\HHV�WDNLQJ�SDUW�LQ�WKH�VWXG\�KDYH�DOVR�EHHQ�GLUHFWO\�
LQYROYHG�LQ�WKH�EHHNHHSLQJ��7KH�VWXG\�FRYHUV�D�UDQJH�RI�WRSLFV�EXW�FDQ�HVVHQWLDOO\�EH�EURNHQ�
GRZQ� LQWR� WKUHH� SDUWV�� 7KHVH� DUH� WKH� HIIHFWV� RQ� DQ� LQGLYLGXDO� OHYHO�� WKH� HIIHFWV� RQ� DQ�
RUJDQLVDWLRQDO�OHYHO�DQG�WKH�HIIHFWV�RI�WKH�LQLWLDWLYH�LQ�UHJDUG�WR�VXVWDLQDELOLW\�LVVXHV��
�
$V�IDU�DV� WKH�HIIHFWV�RQ�DQ�LQGLYLGXDO� OHYHO�JR�WKH�PDMRULW\�RI�SDUWLFLSDQWV�RI� WKH�VWXG\�KDYH�
VWDWHG�WKDW�WKH\�HQMR\�FRPLQJ�WR�ZRUN�PRUH�VLQFH�KRQH\EHH�KLYHV�KDYH�EHHQ�DGRSWHG�E\�WKHLU�
UHVSHFWLYH�FRPSDQLHV��$ERXW�KDOI�RI�WKH�SDUWLFLSDQWV�IXUWKHU�VWDWHG�WKDW�WKH\�DOVR�VSHQG�PRUH�



�

���
�

WLPH� RXWVLGHV�� 3DUWLFLSDQWV� IURP� WKH� RWKHU� KDOI� FRPPHQWHG� WKDW� WKH\� DOUHDG\� VSHQG� D� ODUJH�
DPRXQW� RI� WLPH� RXWVLGHV� DQG� WKH� SURMHFW� KDV� QRW� PDGH� DQ\� VLJQLILFDQW� GLIIHUHQFH� WR� WKDW��
&RUUHODWLRQV�WR�DQ�LQFUHDVH�LQ�PRWLYDWLRQ�DQG�D�GHFUHDVH�LQ�VWUHVV�DW�WKH�ZRUNSODFH�FRXOG�QRW�
EH�FOHDUO\�VKRZQ�E\�WKH�VWXG\��7KLV�SDUWLFXODU�SDUW�RI�3DUKDP¶V�VWXG\�LV�GLIILFXOW�WR�FRQILUP�DV�
QRQ� RI� WKH� FRPSDQLHV� ,� KDYH� EHHQ� LQ� WRXFK�ZLWK� RYHU� WKH� FRXUVH� RI� WKLV� VWXG\� KDV� GRQH� D�
IRUPDO� HYDOXDWLRQ� RI� D� VLPLODU� IRUP�� +RZHYHU�� WKH� LQGLYLGXDO� UHVSRQVHV� WKDW� ,� JRW� VWLOO�
FRPSOHPHQW�3DUKDP¶V�UHVXOWV��7KH\�FRQILUP�WKDW�HPSOR\HHV�DUH�VXSSRUWLQJ�WKHLU�EHHNHHSLQJ�
SURMHFWV� WKRURXJKO\��(PSOR\HHV� KDYH� RIWHQ� EHHQ� UDWKHU� FKHHUIXO� DQG� JUDWHIXO� RI� WKH� LQWHUHVW�
WKDW� ZDV� VKRZQ� DQG� WKH� RYHUDOO� WRQH� WRZDUGV� WKH� KRQH\EHHV� WKHPVHOYHV� KDV� EHHQ� YHU\�
LQFOXVLYH��+RQH\EHHV�KDYH�EHHQ�VHHQ�DV�D�SDUW�RI�WKH�FRPSDQ\�DQG�KDYH�RIWHQ�EHHQ�UHIHUUHG�WR�
DV�³RXU�EHHV´�RU�³RXU�IULHQGV´��
�
7KH�HIIHFWV� RQ�DQ�RUJDQLVDWLRQDO� OHYHO� KDYH�EHHQ�HYHQ� VWURQJHU� WKDQ�RQ�DQ� LQGLYLGXDO� OHYHO��
$OWKRXJK�DQ�LQFUHDVH�LQ�ZRUN�SURGXFWLYLW\�KDV�EHHQ�GHQLHG�E\�D�PDMRULW\�RI�WKH�SDUWLFLSDQWV�
EHHNHHSLQJ� KDV� VKRZQ� WR� KDYH� D� SRVLWLYH� LPSDFW� RQ� EXLOGLQJ�PRUDOH� DQG� GHYHORSLQJ�ZRUN�
UHODWLRQVKLSV� ZLWKLQ� WKH� FRPSDQ\�� 8VXDO� UHVSRQVHV� KHUH� KDYH� EHHQ� DORQJ� WKH� OLQHV� RI�
³(YHU\RQH�ZDV�YHU\�H[FLWHG�DERXW� WKH�DUULYDO�RI� WKH�EHHV��DQG�HYHQ�LI�QRW�GLUHFWO\�LQYROYHG��
KDV�EHHQ�LQWHUHVWHG�LQ�WKH�SURJUHVV�RI�WKH�SURMHFW´�DQG�³>7KH@�SURMHFW�KDV�HQDEOHG�PH�WR�PHHW�
FROOHDJXHV�WKDW�,�ZRXOG�QRW�QRUPDOO\�LQWHUDFW�ZLWK�GXULQJ�WKH�GD\´��3DUKDP��������S������7KH�
UHVSRQVHV� IURP�3DUKDP¶V� VWXG\�KDYH�EHHQ� FRQILUPHG�E\� WKH�REVHUYDWLRQV�RI� WKLV� VWXG\��)RU�
LQVWDQFH�� LQ� WKH� FDVH� RI�&LVFR� D� YLUWXDO� FRPPXQLW\�ZLWKLQ� WKH� FRPSDQ\� KDV� GHYHORSHG� WKDW�
FRQQHFWV� HPSOR\HHV� IURP� WKHLU� ORFDWLRQV� LQ�3DULV��$PVWHUGDP�DQG�5HDGLQJ� DQG�NHHSV� WKHP�
FRQVWDQWO\�LQ�WRXFK�ZLWK�RQH�DQRWKHU�WR�H[FKDQJH�LGHDV�DERXW�WKHLU�UHVSHFWLYH�SURMHFWV��

�
³7KH� EHHV� DUH� EULQJLQJ� D� YHU\� VSHFLILF� DWPRVSKHUH� >WR@� &LVFR�� ZKHWKHU� WKH� HPSOR\HHV�
EHORQJ�WR�WKH�&RQQHFWHG�%HHV�JURXS�RU�QRW�� ,W�JLYHV�D�VHQVH�RI�SULGH�RI�GRLQJ�VRPHWKLQJ�
YHU\� XQXVXDO� DW� ZRUN�� >���@� )URP� P\� RZQ� H[SHULHQFH�� LW� EURXJKW� PH� LQWHUHVWLQJ� QHZ�
FRQWDFWV�ZLWKLQ�RU�RXWVLGH�&LVFR�´�Olivier Seznec, Cisco Paris 

�
�
6LPLODU�VWDWHPHQWV�DUH�HYHQ�JLYHQ�E\�FRPSDQLHV�ZKRVH�HPSOR\HHV�DUH�QRW�JHWWLQJ�GLUHFWO\�LQ�
WRXFK�ZLWK�WKH�KRQH\EHHV�RQ�VXFK�D�UHJXODU�EDVLV��
�

³(YHU\WLPH�3LP�>%HQGW�IURP�%HH�8UEDQ@�RU�VRPHRQH�LV�KHUH�PDLQWDLQLQJ�WKH�EHHV��RQH�RU�
VHYHUDO�RI�XV�SRS�RXW�RQ� WKH� URRI� WR�DVN�TXHVWLRQV�� >���@�:KDW�KDV� VXUSULVHG�PH�VLQFH� WKH�
EHHV� FDPH�KHUH� LV� WKDW� HYHU\ERG\� �HYHQ� WKH�PRVW� JUXPS\�ROG�PDQ�� VHHPV� WR� FDUH� DERXW�
WKHP��7KH�ILUVW�VHDVRQ�,�JRW�TXHVWLRQV�D�FRXSOH�RI�WLPHV�HYHU\�GD\�DERXW�KRZ�WKH\�ZHUH��LI�
WKH\�VHHPHG�WR�OLNH�LW�KHUH�DQG�LI�LW�ZDVQ
W�WRR�FROG�GXULQJ�ZLQWHU��>���@�,�EHOLHYH�HYHU\ERG\�
KHUH�LV�SURXG�RI�RXU�EHHV�DQG�SURXG�RI�WKH�VPDOO�MDU�RI�KRQH\�WKH\�JHW�WR�WDNH�KRPH�HYHU\�
\HDU�´�Kristina Philipson, White 

³7KH� EHHV� RIIHU� XV� D� XQLTXH� WDONLQJ� SRLQW� WR� EULQJ� DWWHQWLRQ� WR� WKH�ZLGHU� HQYLURQPHQWDO�
ZRUN�WKDW�ZH�GR�´�(QJDJLQJ�LQ�WKHVH�HQYLURQPHQWDO�TXHVWLRQV�LQ�JHQHUDO�PDNHV�³/LQNODWHUV�
D� SODFH� ZKHUH� ZH� DUH� SURXG� WR� ZRUN�� ,W� PDWWHUV� WR� FOLHQWV� >DV� ZHOO@´�� Jens Hornestedt, 
Linklaters 



�
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³:H�DUH�GHILQLWHO\�SURXG�RI�RXU�EHHNHHSLQJ��RXU�WUDLQHHV�DUH�LQ�SDUWLFXODU�YHU\�HQJDJHG�LQ�
WKH�SURMHFW�´�Susanne DeOcampo-Herrmann, Hotel Berlin, Berlin�

�
�
5HJDUGLQJ� WKH� HIIHFWV� RI� KRQH\EHH� LQLWLDWLYHV� WRZDUGV� VXVWDLQDELOLW\� LVVXHV� WKH� VWXG\� VKRZV�
WKDW�D�ODUJH�SURSRUWLRQ�RI�HPSOR\HHV�DUH�DZDUH�RI�WKH�UROH�RI�KRQH\EHHV�IRU�VXVWDLQDELOLW\�DQG�
YDOXH�WKH�HGXFDWLRQDO�DVSHFW�RI� WKH�SURMHFW�D� ORW��7KH�TXHVWLRQ�RQ�HPSOR\HHV�EHLQJ�DZDUH�RI�
WKHVH�LVVXHV�KDV�IRU�LQVWDQFH�EHHQ�DQVZHUHG�ZLWK�³<HV��EXW�RQO\�VLQFH�EHFRPLQJ�LQYROYHG�LQ�
WKH� SURMHFW´� DQG� ³<HV�� WKDW
V� WKH� JUHDW� WKLQJ� DERXW� WKH� SURJUDPPH� �� LW
V� EHHQ� HGXFDWLRQDO´�
�3DUKDP��������S������7KH�REVHUYDWLRQV�RI�WKLV�VWXG\�DUH�VLPLODU��
�

³>7KHUH� LV@� JUHDWHU� VXVWDLQDELOLW\� DZDUHQHVV� DPRQJVW� &LVFR� HPSOR\HHV´� Olivier Seznec, 
Cisco Paris�

³.DUROLQD� >/LVVO|� IURP�%HH�8UEDQ@�KDG�D� OXQFKWLPH� OHFWXUH�KHUH� ODVW� VSULQJ�� ,� WKLQN� WKDW�
HYHU\ERG\�KHUH�KDV�OHDUQHG�WKLQJV�DERXW�SROOLQDWLRQ�DQG�HFRV\VWHP�VHUYLFHV�LQ�VRPH�ZD\��
>+HQFH@� ,
YH� QRWLFHG� WKDW� WDONLQJ� DERXW� XUEDQ� HFRORJ\� LVVXHV� ZLWK� RXU� FXVWRPHUV� WRGD\�
VHHP�OHVV�GLVWDQW�WR�PDQ\�RI�XV�>���@��7R�PH�WKH�JUHDWHVW�>���@�EHQHILW�KDYLQJ�EHHV�RQ�RXU�URRI�
LV� H[DFWO\� WKLV�� WR� UDLVH� DZDUHQHVV� RI� HFRV\VWHP� VHUYLFHV�� JHWWLQJ� IDPLOLDU�ZLWK� WKHP�DQG�
IHHOLQJ�FRPIRUWDEOH�ZLWK�LQWHJUDWLQJ�WKHP�LQ�IXWXUH�EXLOGLQJ�>DQG@�GHYHORSPHQW�SURMHFWV�´�
Kristina Philipson, White 

³7KH�EHHV�DUH�/LQNODWHUV¶�FRQWULEXWLRQ� WR�VDIHJXDUG� WKH�VSHFLHV�DQG�DW� WKH�VDPH�WLPH�>���@�
DZDNH�DQG�PDLQWDLQ�DQ�LQWHUHVW�IRU�WKHVH�TXHVWLRQV�LQ�DOO�VWDII��>���@�:H�KDYH�>���@�RIIHUHG�RXU�
FR�ZRUNHUV�D�FKDQFH� WR�SDUWLFLSDWH� LQ� WKH�SUDFWLFDO�ZRUN�ZLWK� WKH�KLYH�DV�ZHOO�DV�KRVWLQJ�
VHPLQDUV�ZLWK�EHH�XUEDQ� LQ� WKH�RIILFH� IRU� DOO� VWDII�� >���@�:H�KDYH�D�QXPEHU�RI� FROOHDJXHV�
ZKR�KDYH� WDNHQ�DQ� LQWHUHVW� LQ� WKH�KLYH�DQG�FRQWLQXRXVO\�UHSRUW� WR�%HH�8UEDQ�DERXW�ZKDW�
JRHV�RQ�ZLWK�WKH��������H[WUD�WHQDQWV�´�Jens Hornestedt, Linklaters�

�
�
$SDUW�IURP�WKH�LPSDFW�RQ�HPSOR\HHV��XUEDQ�EHHNHHSLQJ�VFKHPHV�DUH�IXUWKHUPRUH�LQWHUHVWLQJ�
IRU�PDUNHWLQJ�SXUSRVHV��(VSHFLDOO\�LQ�FDVHV�ZKHUH�D�EHHNHHSLQJ�SURMHFW�RIIHUHG�FRPSHWHQFHV�
VXSSOHPHQWLQJ� WKH� FRUH� EXVLQHVV� RI� D� FRUSRUDWLRQ�� &LVFR� LV� RQFH�PRUH� WKH� FRUSRUDWLRQ� WKDW�
FRPHV�WR�PLQG�ILUVW��7KURXJK�LQVWDOOLQJ�PRQLWRULQJ�DQG�PHDVXULQJ�WHFKQRORJ\�ZLWKLQ�WKH�EHH�
KLYHV� &LVFR� VKRZFDVHV� WKH� DSSOLFDELOLW\� RI� WKHLU� WHFKQRORJ\� WR� LWV� EXVLQHVV� SDUWQHUV� DQG�
FXVWRPHUV��
�

³:H�DUH� FRQYLQFHG�E\� >&LVFR�&RQQHFWHG�%HHV@�� LW� FKDQJHV� WKH�ZD\�ZH�SHUFHLYH�&LVFR�´�
Credit Agricole 

�
�
&LVFR� &RQQHFWHG� %HHV� KDV� DOVR� EHHQ� HVWDEOLVKHG� DV� D� EUDQG� WKDW� HQMR\V� UHFRJQLWLRQ� ERWK�
ZLWKLQ�WKH�PHGLD�DQG�WKH�SUHVHQWDWLRQ�WKURXJK�LQWHUQDO�HYHQWV��2JLOY\�)UDQFH��DQ�LQWHUQDWLRQDO�
RSHUDWLQJ� DGYHUWLVLQJ�� PDUNHWLQJ� DQG� SXEOLF� UHODWLRQV� DJHQF\�� IRU� LQVWDQFH� HVWLPDWHG�
DGYHUWLVLQJ� FRVWV� VDYLQJV� RI� �������� WR� ��������86�'ROODU� WKURXJK�PHGLD� SUHVHQFH� LQ� WKH�
\HDUV� RI� ����� DQG� ������ ,QFUHDVHG� SXEOLFLW\� KDV� DOVR� EHHQ� REVHUYHG� E\� RWKHU� FRPSDQLHV�
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ZKHWKHU�WKH\�DUH�RQO\�VSRQVRULQJ�XUEDQ�EHHNHHSLQJ�DV�D�VHUYLFH�RQ�WKHLU�URRIV�RU�DGRSWLQJ�LW�
DOWRJHWKHU��
�

³:H� KDG� VRPH� SXEOLFLW\� WKH� ILUVW� WZR� VHDVRQV� DERXW� RXU� EHHV�� ZKLFK� ZH� RI� FRXUVH�
DSSUHFLDWHG�´�Kristina Philipson, White 

³'XULQJ�>WKH�SDVW�\HDU@�/LQNODWHUV�DQG�RXU�EHH�KLYH�ZHUH�PHQWLRQHG� LQ�PHGLD�IRXU� WLPHV�
>���@�´�Jens Hornestedt, Linklaters�

�
�
+RWHOV�DUH�IXUWKHUPRUH�LQ�WKH�XQLTXH�VLWXDWLRQ�WR�FRPELQH�HGXFDWLRQ�DQG�PDUNHWLQJ�SXUSRVHV�
WKURXJK� FRRNLQJ� FODVVHV�ZKHUH� WKHLU� YHU\� RZQ� KRQH\� LV� XVHG�� 7KLV� KDV� EHHQ� FRQILUPHG� E\�
6XVDQQH� 'H2FDPSR�+HUUPDQQ� WR� EH� YHU\� ZHOO�OLNHG�� 7KH� ,QWHUFRQWLQHQWDO� FKDLQ� DOVR� XVHV�
KRQH\�IRU�WKHLU�PDUNHWLQJ�� ,Q�RQH�SDUWLFXODU� WDVWLQJ�HYHQW�KRQH\�KDV�EHHQ�RIIHUHG�IRU� WDVWLQJ�
DQG�IRU�FRPSDULVRQ�IURP�WKH�,QWHUFRQWLQHQWDO�KRWHOV� LQ�%HUOLQ��+DPEXUJ��%RVWRQ��0HOERXUQH�
DQG�9LHQQD��ZKHUH�WKH�WDVWLQJ�WRRN�SODFH��
�
�
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5 Analysis and discussion 
�
6HYHUDO� PHDQV� WR� DGRSW� EHHNHHSLQJ� DV� D� FRUSRUDWLRQ� KDYH� EHHQ� SUHVHQWHG� LQ� FKDSWHU� ���
LQFOXGLQJ� WKH� FRRSHUDWLRQ�ZLWK� ORFDO� EHHNHHSHUV� DV�ZHOO� DV� WKH� FRRSHUDWLRQ�ZLWK� FRPSDQLHV�
GHGLFDWHG�WR�PDNLQJ�EHHNHHSLQJ�DFFHVVLEOH�IRU�D�QXPEHU�RI�FRPSDQLHV�DW�RQFH��,W�LQ�WKH�HQG��
KRZHYHU�� VHHPV� WKDW� QR�PDWWHU�ZKLFK�RSWLRQ� D� FRUSRUDWLRQ� FKRRVHV� LPSDFWV� UHPDLQ� VLPLODU��
,PSDFWV�KDYH�EHHQ�IROORZLQJ�WKH�VDPH�WUHQGV�IRU�HDFK�VWXGLHG�DUHD�EXW�RQH��DQG�QR�FRUUHODWLRQ�
EHWZHHQ�WKLV�RQH�FDVH�RI�/RQGRQ�DQG�RWKHU�FDVHV�FDQ�EH�IRXQG�DV�ERWK�/RQGRQ�DQG�6WRFNKROP�
XVH� VLPLODU� PHDQV� WR� LPSOHPHQW� EHHNHHSLQJ� RQ� D� EXVLQHVV� OHYHO�� 7KH� GLIIHUHQW� LPSDFWV� LQ�
/RQGRQ� UDWKHU� VHHP� WR� VSULQJ� IURP� WKH� JUHDW� QXPEHU� RI� LQLWLDWLYHV� DQG� SURMHFWV� VXSSRUWLQJ�
EHHNHHSLQJ� DQG� DQ� DEXQGDQFH� RI� KRQH\EHHV� DV� D� UHVXOW�� 6XFK� DEXQGDQFH� KDV� QRW� EHHQ�
FRQILUPHG�LQ�DQ\�RWKHU�DUHD��
�
,W�LV�WKHUHE\�DSSDUHQW�WKDW�GLIIHUHQW�SURMHFWV�GR�KDYH�DQ�LPSDFW�RQ�VXVWDLQDEOH�GHYHORSPHQW��,Q�
IDFW�KRQH\EHHV�VHHP�WR�GR�UDWKHU�ZHOO�LQ�WKRVH�DUHDV�WKH�SURMHFWV�DUH�VLWXDWHG�LQ�DQG�WKH�RYHUDOO�
WUHQG�RI�GHFOLQLQJ�SRSXODWLRQ�QXPEHUV�FDQQRW�EH�REVHUYHG��8UEDQ�DUHDV�RIIHU�DQ�HQYLURQPHQW�
WKDW�VXLWV�WKH�OLIH�RI�KRQH\EHHV��,QLWLDO�REVHUYDWLRQV�VKRZ�D�PRUH�GLYHUVH�GLHW�DQG�WKHUHIRUH�D�
EHWWHU� LPPXQH� V\VWHP�� D� KLJKHU� UDWH� RI� RYHUZLQWHULQJ� VXUYLYDO� DQG� D� KLJKHU� KRQH\� \LHOG�� ,W�
PXVW�EH�NHSW�LQ�PLQG��KRZHYHU��WKDW�DOO�WKHVH�KDYH�RQO\�EHHQ�REVHUYDWLRQV�IURP�WKH�ILUVW�IHZ�
\HDUV�XUEDQ�EHHNHHSLQJ�LV�GRQH��DV�LV�QRWHG�E\�1RDK�:LOVRQ�5LFK��
�

³7KH�GDWD� ,�SUHVHQWHG�GXULQJ�P\�7HG� WDON�ZHUH�REVHUYDWLRQDO�� DQG�QRW�SDUW�RI�D� UHVHDUFK�
VWXG\��:H�DUH�FXUUHQWO\�ZRUNLQJ�RQ�D�PXOWL�\HDU�GDWD�VHW�FRPSDULQJ�XUEDQ��VXEXUEDQ��DQG�
UXUDO�KRQH\�EHH�KHDOWK�´�Noah Wilson-Rich, Best Bees�

�
�
7KH�LPSDFW�RI�EHHNHHSLQJ�RQ�WKH�XUEDQ�HQYLURQPHQW�VHHPV�WR�EH�PRUH�GLIILFXOW� WR�PHDVXUH��
7KHRUHWLFDOO\�RQH�PLJKW�GHWHUPLQH�SROOLQDWLRQ�VXFFHVV�RI�HDFK�KLYH��ZLWKRXW�WDNLQJ�SROOLQDWLRQ�
IURP�RWKHU�VRXUFHV�LQWR�DFFRXQW�� ,Q�SUDFWLFH�WKLV�VHHPV�QHLWKHU�GRDEOH�QRU�LV� LW�DWWHPSWHG�E\�
DQ\�EXVLQHVV��7KLV�VWXG\�WKHUHIRUH�UHOLHV�RQ�VLQJOH�FDVH�REVHUYDWLRQV�DQG�D�SURFHVV�RI�HOLPL�
QDWLRQ��7KDW�PHDQV�WKDW�LI�SODQW�VSHFLHV�DUH�GLVDSSHDULQJ�OLNH�LW�KDV�EHHQ�REVHUYHG�LQ�WKH�5R\DO�
1DWLRQDO�&LW\�3DUN�LQ�6WRFNKROP�DQG�VXFK�D�WUHQG�FRPHV�WR�D�KDOW�VLQFH�WKH�EHJLQQLQJ�RI�WKH�
XUEDQ�EHHNHHSLQJ�SURMHFW��WKH�LPSDFW�RI�KRQH\EHHV�PLJKW�LQGHHG�EH�VLJQLILFDQW��%HFDXVH�LW�LV�
VR�GLIILFXOW� WR�PHDVXUH� DQG�HYDOXDWH� WKH� LPSDFW� RI�EHHNHHSLQJ�RQ� DQ�HQYLURQPHQW�� FRUSRUD�
WLRQV� UDWKHU� ODEHO� WKH� DLP� DQG� VXFFHVV� RI� WKHLU�ZRUN� DV� UDLVLQJ� SXEOLF� DZDUHQHVV� LQVWHDG� RI�
EULQJLQJ�DFWXDO�FKDQJH��HYHQ�WKRXJK�FKDQJHV�FDQ�EH�REVHUYHG��7KH\�DFNQRZOHGJH�WKH�LPSDFW�
WKHLU�SURMHFWV�KDYH�EXW�GR�QRW�PHDVXUH�LW��
�
7KH�LPSDFW�RQ�D�FRUSRUDWLRQ�LV�SRVLWLYH�DOO�WKURXJK��(PSOR\HHV�DUH�SURXG�RI�WKHLU�SURMHFWV�DQG�
WKH�FRQWULEXWLRQ�WKHLU�FRUSRUDWLRQ�KDV�WR�VXVWDLQDEOH�GHYHORSPHQW��6RPH�RI�WKHP�HYHQ�ZLVK�WR�
EHFRPH�PRUH�HQJDJHG�WKDQ�WKH\�SUHVHQWO\�DUH��7KLV�VWUHQJWKHQV�WKH�ERQG�EHWZHHQ�HPSOR\HH�
DQG�HPSOR\HU�DQG�PLJKW�OHDG�WR�LQFUHDVHG�OR\DOW\�DQG�WKHUHIRUH�ORQJHU�WHUPV�RI�HPSOR\PHQW�
DQG�OHVVHU�FRVWV�IRU�LQLWLDO�WUDLQLQJ��$QRWKHU�EHQHILW�IRU�D�FRUSRUDWLRQ�LV�WKDW�EHHNHHSLQJ�RSHQV�
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GRRUV�IRU�FRRSHUDWLRQ�WKDW�KDYH�SUHYLRXVO\�EHHQ�FORVHG��&RUSRUDWLRQV�PDNH�QHZ�FRQQHFWLRQV�
WKURXJK�D� FRPPRQ� LQWHUHVW� LQ�EHHNHHSLQJ�� HLWKHU�ZLWK�RWKHU� FRPSDQLHV�RU� WKH�SXEOLF��6RPH�
FRUSRUDWLRQV� HYHQ� VWDWH� WKDW� EHHNHHSLQJ� FKDQJHG� WKH� ZD\� WKHLU� EXVLQHVV� LV� SHUFHLYHG� DV� D�
ZKROH��
�
7KH�LPSDFW�RI�KRQH\EHHV�LQ�DOO�RI�WKHVH�ILHOGV��KRZHYHU��RQO\�JRHV�VR�IDU��%HHNHHSLQJ�VHHPV�
WR� EH� EHQHILFLDO� XQWLO� D� FHUWDLQ� WKUHVKROG� LV� UHDFKHG� DQG� DQ� DUHD� LV� VDWXUDWHG��$Q� LQFUHDVLQJ�
DEXQGDQFH�RI�KRQH\EHHV� IURP� WKLV�SRLQW� RQ� OHDGV� WR� OHVV� DQG� OHVV�EHQHILWV� DQG�HYHQWXDOO\� D�
WXUQ�LQWR�SUREOHPV�DV�LV�PRVW�FOHDUO\�VHHQ�LQ�WKH�FDVH�RI�/RQGRQ��,PSDFWV�RQ�WKH�HQYLURQPHQW�
WKHUHE\� VHHP� WR� EH� OLPLWHG� E\� DQ� DUHD� DQG� LWV� YHJHWDWLRQ�� $� JUHDWHU� DEXQGDQFH� RI� IRUDJH�
VXSSRUWV�D�JUHDWHU�DEXQGDQFH�RI�KRQH\EHHV��+RQH\EHHV��KRZHYHU��RQO\�PDNH�XS�EHWZHHQ����
DQG� ��� SHU� FHQW� RI� IORZHU� GHSHQGHQW� LQVHFWV� LQ� /RQGRQ�� $� VKRUWDJH� LQ� IRUDJH� GXH� WR� DQ�
DEXQGDQFH� RI� KRQH\EHHV� WKURXJK� KXPDQ� LQWURGXFWLRQ� PD\� WKXV� HQGDQJHU� RWKHU� SROOLQDWRUV�
ZKRVH� SRSXODWLRQ� QXPEHUV� DUH� PRUH� WKUHDWHQHG� E\� H[WLQFWLRQ� �5DWQLHNV� DQG� $OWRQ�� �������
)XUWKHUPRUH��DZDUHQHVV�FDQ�RQO\�ULVH�XS�WR�WKH�SRLQW�DOO�SHRSOH�DUH�HGXFDWHG�DERXW�WKH�LVVXH��,W�
LV� WKHQ� DW� WKH� ODWHVW� ZKHQ� WKH� DLP� KDV� WR� VKLIW� IURP� UDLVLQJ� DZDUHQHVV� WR� EULQJLQJ� DFWXDO�
FKDQJH��,QWHUHVW�LQ�XUEDQ�EHHNHHSLQJ�PLJKW�DOVR�EH�KLJK�SUHVHQWO\�VLQFH�WKHVH�SURMHFWV�IROORZ�
D�UDWKHU�UHFHQW�WUHQG��,PSDFWV�RQ�WKH�FRUSRUDWLRQV�WKXV�VHHP�WR�VSULQJ�IURP�WKLV�LQLWLDO�SKDVH�RI�
XUEDQ�EHHNHHSLQJ��&RUSRUDWLRQV�WKDW�DUH�LQYROYHG�LQ�XUEDQ�EHHNHHSLQJ�KDYH�DQ�DGYDQWDJH�RYHU�
RWKHU�FRPSDQLHV�VLPSO\�GXH�WR�WKH�XQLTXH�VHOOLQJ�SRLQW�WKDW�EHHNHHSLQJ�RIIHUV��,W�ORRNV�PRUH�
OLNH�D�ILUVW�PRYHU�DGYDQWDJH��,I�PRUH�DQG�PRUH�FRUSRUDWLRQV�DGRSWHG�EHHNHHSLQJ�EHQHILWV�IRU�D�
VLQJOH�EXVLQHVV�ZRXOG�GHFUHDVH��
�
�
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6 Conclusion 
�
,Q�UHFHQW�\HDUV�KRQH\EHHV�KDYH�DWWUDFWHG�D�JUHDW�GHDO�RI�DWWHQWLRQ�IURP�WKH�PHGLD��WKH�JHQHUDO�
SXEOLF��DV�ZHOO�DV�RUJDQLVDWLRQV�DQG�FRPSDQLHV��$QG�PDQ\�RI�WKHP�FRPH�ZLWK�D�JRRG�LQWHQ�
WLRQ� RI� KHOSLQJ� KRQH\EHHV��8QOLNH� WKH� HQYLURQPHQW� DV� D�ZKROH� KRQH\EHHV� WKHUHE\�KDYH� WKH�
DGYDQWDJH�RI�JLYLQJ�ODUJHU�LVVXHV�D�IDFH��1DWXUDOO\�SHRSOH�DUH�FRQFHUQHG�DERXW�WKH�ZHOOEHLQJ�
RI�KRQH\EHHV��VRPHWKLQJ�WKH\�DOUHDG\�EHFDPH�IDPLOLDU�ZLWK�DW�DQ�HDUO\�DJH��DQG�ZDQW�WR�VKDUH�
WKLV� FRQFHUQ�ZLWK� RWKHUV��7KLV� LV� VHHQ� LQ� WKHLU�PRWLYDWLRQ� DV� WKH� SULPDU\� DLP�RI� DOO� VWXGLHG�
LQLWLDWLYHV� LV� UDLVLQJ� DZDUHQHVV�� +RQH\EHHV� FDQ� WKHUHIRUH� EH� VHHQ� DV� D� SUR[\� IRU� WKH�ZKROH�
HQYLURQPHQWDO�GHEDWH��
�
7KH�LPSDFWV�RI�XUEDQ�DSLFXOWXUH�RQ�VXVWDLQDEOH�GHYHORSPHQW�DUH�DV�PXOWLOD\HUHG�DV�VXVWDLQDEOH�
GHYHORSPHQW� LWVHOI��(QYLURQPHQWDO� LPSDFWV� LQFOXGH�ERWK�EHQHILWV� IRU�KRQH\EHHV�DQG�EHQHILWV�
IRU�WKH�XUEDQ�HQYLURQPHQW�WKURXJK�WKHLU�SROOLQDWLRQ�VHUYLFH��3DUWLFXODUO\�WKH�DGYDQWDJHV�RI�WKH�
XUEDQ�HQYLURQPHQW�DV�D�KDELWDW�PXVW�WKHUHE\�EH�HPSKDVLVHG��)DLUO\�ODUJH�EHQHILWV�FDQ�DOVR�EH�
IRXQG�IRU�FRUSRUDWLRQV�WKDW�GHFLGHG�WR�NHHS�KRQH\EHHV��UHDFKLQJ�IURP�WKH�VLQJOH�LQGLYLGXDO�WR�
ODUJHU�SDUWQHUVKLSV�ZLWK�RWKHU�FRPSDQLHV��
�
7R�UHDFK�LWV�FRQFOXVLRQV�WKLV�VWXG\�DWWHPSWHG�WR�FRPELQH�WKH�SHUVSHFWLYHV�RI�EHHNHHSHUV�DQG�
VFKRODUV� WKDW�DUH� LQYROYHG� LQ� WKH�ILHOGV�RI�XUEDQ�HFRORJ\�DQG�SROOLQDWLRQ�HFRORJ\�RQ� WKH�RQH�
KDQG�DQG�FRUSRUDWLRQV�WKDW�DGRSWHG�EHHNHHSLQJ�RQ�WKH�RWKHU�KDQG��7KH�GHHSHU�LQVLJKW�WKDW�LV�
WKHUHE\�JDLQHG�EHQHILWV� ERWK��$V� WKLV� VWXG\� LQFOXGHV�SHUVSHFWLYHV� IURP�RXWVLGH�RI� VFLHQFH� LW�
WKXV� WUXO\� IROORZV� D� WUDQVGLVFLSOLQDU\� DSSURDFK�� ,Q� OLQH� ZLWK� VXFK� DQ� DSSURDFK� JRHV� WKH�
SUHVXPSWLRQ�WKDW�QRW�DOO�HOHPHQWV�IURP�WKH�GLIIHUHQW�ILHOGV�DUH�XWLOLVHG�DQG��QDWXUDOO\��RQO\�D�
QXPEHU�RI�SHUVSHFWLYHV�DUH�LQFOXGHG��1RQHWKHOHVV��WKLV�VWXG\�VHOHFWHG�LWV�FDVHV�YHU\�FDUHIXOO\��
WDNLQJ�GLIIHUHQW�PRWLYDWLRQV�DQG��GHSHQGLQJ�RQ�WKH�UHJLRQ��GLIIHUHQW�LPSDFWV�LQWR�DFFRXQW��,W�LV�
DOVR� WKLV� YDULHW\� WKDW� VXSSRUWV� WKH� FRQFOXVLRQV� WKDW� KDYH� EHHQ� UHDFKHG�� /LNH� WKH� LGHD� RI�
VXVWDLQDEOH�GHYHORSPHQW��KRZHYHU��WKH�LGHD�RI�XUEDQ�DSLFXOWXUH�KDV�WR�HYROYH�IXUWKHU��2QH�FDQ�
WDNH� WKH� WLPH� DQG� DSSUHFLDWH� WKH� LPSDFWV� WKDW� KDYH� EHHQ� PDGH� VR� IDU� EXW� RQH� PXVW� DOVR�
FRQVWDQWO\� EULQJ� WKH� FXUUHQW� FRXUVH� LQWR� TXHVWLRQ�� $� SRVVLEOH� GLUHFWLRQ� LQWR� ZKLFK� D�
GHYHORSPHQW�PLJKW�JR�FDQ�EH�VHHQ�LQ�/RQGRQ��,QLWLDOO\�WKH�VDPH�FRXUVH�DV�LQ�DQ\�RWKHU�FDVH�
KDV�EHHQ�IROORZHG��7KH�LPSDFW��KRZHYHU��KDV�EHHQ�OHVV�EHQHILFLDO�WKDQ�HOVHZKHUH��SDUWLFXODUO\�
UHJDUGLQJ� WKH� HQYLURQPHQW�� $V� D� UHVXOW� XUEDQ� EHHNHHSLQJ� WKHUH� KDV� EHHQ� PRUH� DQG� PRUH�
VXSSOHPHQWHG�E\�JURZLQJ�RI�SODQWV�DQG�IORZHUV�WKDW�RIIHU�DGGLWLRQDO�IRUDJH�IRU�KRQH\EHHV�DQG�
RWKHU�SROOLQDWRUV��
�
�
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