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(FRV\VWHP� VHUYLFHV� LQ�GHFLVLRQ� PDNLQJ��
WLPH� WR� GHOLYHU�

*UHWFKHQ� &�'DLO\��� 6WHSKHQ� 3RODVN\��� -RVKXD�*ROGVWHLQ��� 3HWHU�0� .DUHLYD��� +DUROG� $�0RRQH\��� /LED� 3HMFKDU���
7D\ORU� +� 5LFNHWWV��� -DPHV�6DO]PDQ��� DQG�5REHUW� 6KDOOHQEHUJHU��

,� 2YHU� WKH�SDVW� GHFDGH�� HIIRUWV�WR�YDOXH� DQG� SURWHFW� HFRV\VWHP� VHUYLFHV�KDYH� EHHQ� SURPRWHG� E\�PDQ\� DV� WKH� ODVW��
EHVW�KRSH� IRU�PDNLQJ� FRQVHUYDWLRQ� PDLQVWUHDP� ��DWWUDFWLYH� DQG� FRPPRQSODFH� ZRUOGZLGH�� ,Q�WKHRU\��LI�ZH� FDQ�

KHOS� LQGLYLGXDOV� DQG� LQVWLWXWLRQV� WR�UHFRJQL]H� WKH�YDOXH� RI�QDWXUH�� WKHQ�WKLV�VKRXOG� JUHDWO\� LQFUHDVH� LQYHVWPHQWV�

LQ�FRQVHUYDWLRQ�� ZKLOH� DW� WKH� VDPH� WLPH� IRVWHULQJ�KXPDQ� ZHOO�EHLQJ�� ,Q�SUDFWLFH�� KRZHYHU�� ZH� KDYH� QRW� \HW�

GHYHORSHG� WKH� VFLHQWLILF�EDVLV�� QRU� WKH�SROLF\� DQG� ILQDQFH�PHFKDQLVPV�� IRU�LQFRUSRUDWLQJ� QDWXUDO� FDSLWDO� LQWR�

UHVRXUFH�� DQG� ODQG�XVH� GHFLVLRQV� RQ� D� ODUJH� VFDOH�� +HUH��ZH� SURSRVH� D� FRQFHSWXDO� IUDPHZRUN� DQG� VNHWFK�RXW� D�

VWUDWHJLF� SODQ� IRU�GHOLYHULQJ� RQ� WKH�SURPLVH� RI� HFRV\VWHP� VHUYLFHV�� GUDZLQJ� RQ� HPHUJLQJ� H[DPSOHV� IURP�

+DZDL
L�� :H� GHVFULEH� NH\�DGYDQFHV� LQ�WKH�VFLHQFH� DQG� SUDFWLFH� RI�DFFRXQWLQJ� IRU�QDWXUDO� FDSLWDO� LQ�WKH�GHFLVLRQV�

RI� LQGLYLGXDOV�� FRPPXQLWLHV�� FRUSRUDWLRQV�� DQG� JRYHUQPHQWV��

)URQW�(FRO�(QYLURQ������� ������ ������� GRL�����������������

7KH�

0LOOHQQLXP� (FRV\VWHP� $VVHVVPHQW� �0$��
DGYDQFHG� D� SRZHUIXO� YLVLRQ� IRU� WKH� IXWXUH� �0$�

������� DQG� QRZ� LW�LV�WLPH� WR�GHOLYHU�� 7KH� YLVLRQ� RI� WKH�
0$� �� DQG� RI� WKH� SUHVFLHQW� HFRORJLVWV� DQG� HFRQRPLVWV�
ZKRVH� ZRUN� IRUPHG� LWV�IRXQGDWLRQ� �� LV�D�ZRUOG� LQ�ZKLFK�

SHRSOH� DQG� LQVWLWXWLRQV�DSSUHFLDWH� QDWXUDO� V\VWHPV�DV�YLWDO�

DVVHWV�� UHFRJQL]H� WKH� FHQWUDO� UROHV� WKHVH� DVVHWV� SOD\� LQ� VXS�

SRUWLQJ� KXPDQ� ZHOO�EHLQJ�� DQG� URXWLQHO\� LQFRUSRUDWH�
WKHLU�PDWHULDO� DQG� LQWDQJLEOH� YDOXHV� LQWR�GHFLVLRQ� PDN�

LQJ��7KLV� YLVLRQ� LV�QRZ� EHJLQQLQJ� WR�WDNH�KROG�� IXHOHG�E\�
LQQRYDWLRQV� IURP�DURXQG� WKH�ZRUOG� �� IURP�SLRQHHULQJ�
ORFDO� OHDGHUV� WR� JRYHUQPHQW� EXUHDXFUDFLHV�� DQG� IURP� WUD�

GLWLRQDO� FXOWXUHV� WR�PDMRU� FRUSRUDWLRQV� �HJ�D�QHZ� H[SHUL�

,Q�D�QXWVKHOO��

9DOXLQJ� QDWXUH� LV�FHQWUDO� WR�PDLQVWUHDPLQJ� FRQVHUYDWLRQ�� EXW� LV�

QRW� DQ� HQG� LQ� LWVHOI�

6XFFHVV� KLQJHV� RQ� D�EHWWHU� XQGHUVWDQGLQJ� RI�HFRV\VWHP� SURGXF�
WLRQ� IXQFWLRQV� DQG� RQ� LQWHJUDWLQJ� UHVHDUFK� �DQG� H[SHULPHQWD�
WLRQ�� LQWR� WKH�GHYHORSPHQW� RI�QHZ� SROLFLHV� DQG� LQVWLWXWLRQV�

7KH� 1DWXUDO� &DSLWDO� 3URMHFW� LV�GHVLJQLQJ� SUDFWLFDO� WRROV� IRU�WKLV�

SXUSRVH�� LQFOXGLQJ� ,Q9(67�� D� V\VWHP� IRU�TXDQWLI\LQJ� HFRV\VWHP�
VHUYLFHV� SURGXFHG� XQGHU� GLIIHUHQW� VFHQDULRV�

7KH� XVH� RI� WKHVH� WRROV� LQ� FRQWUDVWLQJ� VHWWLQJV� LV�RSHQLQJ� XS�

LPSRUWDQW� FRQVHUYDWLRQ� RSSRUWXQLWLHV�

��&HQWHU�IRU�&RQVHUYDWLRQ�%LRORJ\��'HSDUWPHQW�RI�%LRORJ\��DQG�:RRGV�
,QVWLWXWH� IRU� WKH�(QYLURQPHQW�� 6WDQIRUG� 8QLYHUVLW\�� 6WDQIRUG�� &$�

�JGDLO\#VWDQIRUG�HGX����$SSOLHG�(FRQRPLFV�DQG�(FRORJ\��(YROXWLRQ�
DQG�%HKDYLRU��8QLYHUVLW\�RI�0LQQHVRWD��6W�3DXO��01�� 7KH�1DWXUH�

&RQVHUYDQF\�� 6HDWWOH�� :$�� A&RQVHUYDWLRQ� 6FLHQFH� 3URJUDP�� ::)�

86��:DVKLQJWRQ��'&�� 1LFKRODV�6FKRRO�RI�(QYLURQPHQW�DQG�(DUWK�

6FLHQFHV�� 'XNH� 8QLYHUVLW\�� 'XUKDP�� 1&�� �7KH� 1DWXUH�

&RQVHUYDQF\�� .DPXHOD�� +,�

PHQWDO� ZLQJ� RI�*ROGPDQ� 6DFKV�� 'DLO\� DQG�(OOLVRQ� ������

%KDJZDW� DQG� 5XWWH� ������ .DUHLYD� DQG�0DUYLHU� ������
2VWURP� HW�DO�� ������ *ROGPDQ� HW�DO�� ������� &KLQD�� IRU�

LQVWDQFH�� LV� LQYHVWLQJ� RYHU� ���� ELOOLRQ� \XDQ� �DERXW�
86������� ELOOLRQ�� LQ�HFRV\VWHP� VHUYLFH�SD\PHQWV�� LQ�WKH�
FXUUHQW�GHFDGH� �/LX� HW�DO�� �������
7KH� JRDO� RI�WKH�1DWXUDO� &DSLWDO� 3URMHFW�

�� D�SDUWQHUVKLS�
EHWZHHQ� 6WDQIRUG�8QLYHUVLW\�� 7KH� 1DWXUH� &RQVHUYDQF\��
DQG�:RUOG�:LOGOLIH� )XQG� �ZZZ�QDWXUDOFDSLWDOSURMHFW�RUJ��
�� LV�WR�KHOS� LQWHJUDWH� HFRV\VWHP� VHUYLFHV� LQWR� HYHU\GD\�
GHFLVLRQ� PDNLQJ� DURXQG� WKH�ZRUOG�� 7KLV� UHTXLUHV� WXUQLQJ�
WKH�YDOXDWLRQ� RI�HFRV\VWHP� VHUYLFHV� LQWR�HIIHFWLYH�SROLF\�
DQG� ILQDQFH� PHFKDQLVPV�

�� D� SUREOHP� WKDW�� DV� \HW�� QR� RQH�

KDV� VROYHG� RQ� D� ODUJH�VFDOH��$� NH\�FKDOOHQJH� UHPDLQV�� UHO�
DWLYH� WR�RWKHU� IRUPV�RI�FDSLWDO�� DVVHWV�HPERGLHG� LQ�HFRV\V�
WHPV� DUH� RIWHQ� SRRUO\� XQGHUVWRRG�� UDUHO\� PRQLWRUHG�� DQG�

DUH� XQGHUJRLQJ� UDSLG� GHJUDGDWLRQ� �+HDO� ����D�� 0$�

������ 0DOHU� HW�DO�� ������� 7KH� LPSRUWDQFH� RI�HFRV\VWHP�
VHUYLFHV� LV�RIWHQ�UHFRJQL]HG� RQO\�DIWHU�WKH\�KDYH� EHHQ� ORVW��
DV�ZDV� WKH�FDVH� IROORZLQJ�+XUULFDQH� .DWULQD� �&KDPEHUV�
HW�DO�� ������� 1DWXUDO� FDSLWDO�� DQG� WKH�HFRV\VWHP� VHUYLFHV�
WKDW� IORZ�IURP� LW��DUH� XVXDOO\� XQGHUYDOXHG�

��
E\�JRYHUQ�

PHQWV�� EXVLQHVVHV�� DQG� WKH�SXEOLF�
�� LI�LQGHHG� WKH\�DUH�

FRQVLGHUHG� DW�DOO� �'DLO\� HW�DO�� ������ %DOPIRUG� HW�DO�� ������
15&�������

7ZR� IXQGDPHQWDO� FKDQJHV� QHHG� WR�RFFXU� LQ�RUGHU� WR�

UHSOLFDWH�� VFDOH� XS��DQG� VXVWDLQ� WKH�SLRQHHULQJ� HIIRUWV�WKDW�
DUH� FXUUHQWO\� XQGHUZD\�� WR� JLYH� HFRV\VWHP� VHUYLFHV� ZHLJKW�
LQ� GHFLVLRQ� PDNLQJ�� )LUVW�� WKH� VFLHQFH� RI� HFRV\VWHP� VHU�

YLFHV� QHHGV� WR�DGYDQFH� UDSLGO\�� ,Q�SURPLVLQJ� D� UHWXUQ� �RI�
VHUYLFHV�� RQ� LQYHVWPHQWV� LQ�QDWXUH�� WKH� VFLHQWLILF� FRPPX�

QLW\�QHHGV� WR�GHOLYHU� WKH�NQRZOHGJH� DQG� WRROV�QHFHVVDU\� WR�

IRUHFDVW� DQG� TXDQWLI\� WKLV� UHWXUQ��7R� KHOS� DGGUHVV� WKLV�

FKDOOHQJH�� WKH�1DWXUDO� &DSLWDO� 3URMHFW� KDV� GHYHORSHG�
,Q9(67� �D� V\VWHP�IRU�,QWHJUDWHG�9DOXDWLRQ� RI�(FRV\VWHP�

���

R�

"� 7KH� (FRORJLFDO� 6RFLHW\� RI� $PHULFD� ZZZ�IURQWLHUVLQHFRORJ\�RUJ�



(FRV\VWHP� VHUYLFHV� LQ�GHFLVLRQ�PDNLQJ� *&�'DLO\� HW� DO��

���

R�

�R�

3DQHO� ���$� WRRO�IRU�,QWHJUDWHG�9DOXDWLRQ� RI�(FRV\VWHP� 6HUYLFHV� DQG�7UDGHRIIV� �,Q9(67��

7KH� 1DWXUDO� &DSLWDO� 3URMHFW� �ZZZ�QDWXUDOFDSLWDOSURMHFW�RUJ�� LV�D� SDUWQHUVKLS�
EHWZHHQ� 6WDQIRUG� 8QLYHUVLW\�� 7KH� 1DWXUH� &RQVHUYDQF\�� DQG�:RUOG� :LOGOLIH�

)XQG��ZRUNLQJ� WRJHWKHU� ZLWK� PDQ\� RWKHU� LQVWLWXWLRQV�� 7KH� 3URMHFW
V� PLVVLRQ� LV�

WR� DOLJQ� HFRQRPLF� IRUFHV� ZLWK� FRQVHUYDWLRQ�� E\� GHYHORSLQJ� WRROV� WKDW�PDNH�

LQFRUSRUDWLQJ� QDWXUDO� FDSLWDO� LQWR�GHFLVLRQV� HDV\�� E\�GHPRQVWUDWLQJ� WKH� SRZHU�
RI� WKHVH� WRROV� LQ�LPSRUWDQW�� FRQWUDVWLQJ� SODFHV�� DQG� E\�HQJDJLQJ� OHDGHUV� JOREDOO\��

7KH� 3URMHFW� LV�GHYHORSLQJ� D� VRIWZDUH� V\VWHP� IRU�TXDQWLI\LQJ� HFRV\VWHP� VHU�

YLFH� YDOXHV� DFURVV� ODQG�� DQG� VHDVFDSHV�� FDOOHG� ,Q9(67�7KLV� WRRO� LQIRUPV�PDQ�

DJHUV� DQG� SROLF\� PDNHUV� DERXW� WKH� LPSDFWV� RI� DOWHUQDWLYH� UHVRXUFH� PDQDJH�
PHQW� FKRLFHV� RQ� WKH� HFRQRP\�� KXPDQ� ZHOO�EHLQJ�� DQG� WKH� HQYLURQPHQW�� LQ�DQ�

LQWHJUDWHG�ZD\��

([DPSOHV� RI� XUJHQW� TXHVWLRQV� WKDW� ,Q9(67� FDQ� KHOS� DQVZHU� LQFOXGH��

+RZ� GRHV� D� SURSRVHG� IRUHVWU\�PDQDJHPHQW� SODQ� DIIHFW� WLPEHU� \LHOGV�� ELRGL�

YHUVLW\��ZDWHU� TXDOLW\�� DQG� UHFUHDWLRQ"�

:KLFK� SDUWV� RI� D�ZDWHUVKHG� SURYLGH� WKH�JUHDWHVW� FDUERQ� VHTXHVWUDWLRQ�� ELRGL�

YHUVLW\��DQG� WRXULVP� YDOXHV"�:KHUH� ZRXOG� UHIRUHVWDWLRQ� DFKLHYH� WKH� JUHDWHVW�
GRZQVWUHDP� ZDWHU� TXDOLW\� EHQHILWV"�

+RZ� ZRXOG� DJULFXOWXUDO� H[SDQVLRQ� DIIHFW� D� GRZQVWUHDP� FLW\
V� GULQNLQJ�ZDWHU�

VXSSO\"� +RZ� ZLOO� FOLPDWH� FKDQJH� DQG� SRSXODWLRQ� JURZWK� LPSDFW� WKHVH� HIIHFWV"�

,Q9(67� LV�GHVLJQHG� IRU� XVH� DV� SDUW� RI� DQ� DFWLYH� GHFLVLRQ�PDNLQJ� SURFHVV�

�)LJXUH� ,���7KH� ILUVW�SKDVH� RI� WKH� DSSURDFK� LQYROYHV�ZRUNLQJ� ZLWK� GHFLVLRQ� PDN�

HUV� DQG� RWKHU� VWDNHKROGHUV� WR� LGHQWLI\�FULWLFDO� PDQDJHPHQW� GHFLVLRQV� DQG� WR�

GHYHORS� VFHQDULRV� WR� SURMHFW� KRZ� WKH� SURYLVLRQ� RI� VHUYLFHV� PLJKW� FKDQJH� LQ�

UHVSRQVH� WR� WKRVH� GHFLVLRQV�� DV�ZHOO� DV� WR� FKDQJLQJ� FOLPDWH�� SRSXODWLRQ�� DQG� VR�

IRUWK�� %DVHG� RQ� WKHVH� VFHQDULRV�� D� VHW�RI�PRGHOV� TXDQWLILHV� DQG�PDSV� HFRV\VWHP�
VHUYLFHV�� 7KH� RXWSXWV� RI� WKHVH� PRGHOV� SURYLGH� GHFLVLRQ� PDNHUV� ZLWK� LQIRUPD�

a_� 6WDJLQJ� >��
F� 6FHQDULRV�

���
"� �$�0DQDJHPHQW�� FOLPDWH�� SRSXODWLRQ��
"B�

HQ� 0RGHOV�
2��
&� %LRGLYHUVLW\�3URYLVLRQLQJ� 5HJXODWLQJ� &XOWXUDO� 6XSSRUWLQJ�

�� 6SHFLHV� )RRG� F�MP"H�
5HFUHDWLRQ� 3ROOLQDWLRQ�

2� 7LP.QU� VWDELOLW\� 7UDGLWLRQ�PP� X� LB��M�� 7LPEHU� B��
�� +DELWDWV� )ORRG� &RPPXQLW\�

2�
)UHVKZDWHU� FRQWUD_�

BJ�2XWSXWV�
��%LRSK\VLFDO�� HFRQRPLF�� FXOWXUDO�

��� 0DSV� 7UDGHRII� %DODQFH�
S� FXUYHV� VKHHWV�

)LJXUH� ��$Q� LWHUDWLYH�SURFHVV�IRU�LQWHJUDWLQJ�HFRV\VWHP�
VHUYLFHV�LQWR�GHFLVLRQV��7KH� SURFHVV�EHJLQV�ZLWK�VWDNH�
KROGHU�HQJDJHPHQW�DURXQG� LPSHQGLQJ�GHFLVLRQV��ZLWK�D�

IRFXV� RQ� UHDOLVWLF�� DOWHUQDWLYH� VFHQDULRV� IRU� WKH�IXWXUH��
7KH�PRGHOLQJ� LV�VKDSHG�E\�VWDNHKROGHUV��DQG� W\SLFDOO\�
IRFXVHV�RQ�WKH��VXEVHW�RI�SRVVLEOH��VHUYLFHV�DQG�VFHQDULRV�
GHHPHG�PRVW� LPSRUWDQW��2XWSXWV� DUH� GLVSOD\HG� LQ�
DFFRUGDQFH�ZLWK�VWDNHKROGHU�SUHIHUHQFHV��LQ�WKH�IRUP�RI�
PDSV�� WUDGHRII�FXUYHV��DQG�RU�EDODQFH� VKHHWV��7KHVH�
FDQ� EH�H[SUHVVHG�LQ�ELRSK\VLFDO��HJ� WRQV�RI�FDUERQ���
HFRQRPLF� �HJ�GROODUV��� RU� FXOWXUDO� �HJ� YLVLWRU�GD\V��
WHUPV��VHH�1HOVRQ� HW�DO��SDJH��� LQ�WKLV�LVVXH���

WLRQ� DERXW� FRVWV�� EHQHILWV�� WUDGH�RIIV�� DQG� V\QHUJLHV� RI� DOWHUQDWLYH� LQYHVWPHQWV� LQ�HFRV\VWHP� VHUYLFH� SURYLVLRQ�� $� GHWDLOHG� FDVH� VWXG\� RI� WKH�

:LOODPHWWH� 9DOOH\��25�� LV�JLYHQ� LQ�1HOVRQ� HW�DO�� �SDJH� �� LQ�WKLV� LVVXH���
,Q9(67� XVHV� D� IOH[LEOH��PRGXODU�� DQG� �WLHUHG�� PRGHOLQJ� DSSURDFK� WR� HQVXUH� WKDW� WKH�PRGHOV� DUH� XVHIXO�ZRUOGZLGH�� LQFOXGLQJ� LQ�SODFHV� ZLWK�

VSDUVH� GDWD7LHU� ,�PRGHOV� KDYH�PRGHVW� GDWD� UHTXLUHPHQWV� WR� HVWLPDWH� WKH� UHODWLYH� SURGXFWLRQ� RI�HFRV\VWHP� VHUYLFHV� DFURVV� D� ODQGVFDSH�� DQG�

FDQ� LQIRUP�SULRULWL]DWLRQ� H[HUFLVHV� DQG� JHQHUDO� PDQDJHPHQW� SODQQLQJ�7LHU� ��PRGHOV� FRPSXWH� DEVROXWH� VHUYLFH� OHYHOV�DQG� FRUUHVSRQGLQJ� HFR�

QRPLF� YDOXHV�� WR� VXSSRUW� PRUH� LQIRUPDWLRQ�ULFK� SODQQLQJ� SURFHVVHV�� VXFK� DV� SD\PHQW� IRU�HFRV\VWHP� VHUYLFHV� VFKHPHV�� )LQDOO\�7LHU� �� LQWH�

JUDWHV� PRUH� FRPSOH[� PRGHOV�� GHYHORSHG� E\�RWKHU� UHVHDUFK� WHDPV� �HJ� K\GURORJ\� PRGHOV��� WKDW� LQFOXGH� WLPH� VWHSV� DQG� IHHGEDFNV� LQ�WKH�RYHU�

DOO�HFRV\VWHP� VHUYLFH� DQDO\VLV��

6HUYLFHV� DQG�7UDGHRIIV�� VHH�3DQHO� ��DQG�1HOVRQ� HW�DO��SDJH�
�� LQ�WKLV�LVVXH���6HFRQG�� HFRV\VWHP� VHUYLFHV�PXVW� EH�H[SOLF�
LWO\�DQG� V\VWHPDWLFDOO\� LQWHJUDWHG� LQWR�GHFLVLRQ�PDNLQJ� E\�
LQGLYLGXDOV�� FRUSRUDWLRQV�� DQG� JRYHUQPHQWV� �/HYLQ� ������
+HDO� ����D�� 15&� ������� :LWKRXW� WKHVH� DGYDQFHV�� WKH�
YDOXH� RI�QDWXUH�ZLOO� UHPDLQ� OLWWOH�PRUH� WKDQ�DQ� LQWHUHVWLQJ�
LGHD�� UHSUHVHQWHG� LQ� VFDWWHUHG�� ORFDO�� DQG� LGLRV\QFUDWLF�
HIIRUWV��

+HUH�� ZH� SURSRVH� D� IUDPHZRUN� WKDW� FRQVLGHUV� D� QXPEHU�

RI� VHUYLFHV� VLPXOWDQHRXVO\�� ,W�GRHV� VR� RYHU� VFDOHV� DSSURSUL�
DWH� WR� ORFDO��� UHJLRQDO��� DQG� QDWLRQDO�OHYHO� UHVRXUFH�PDQ�

DJHPHQW� GHFLVLRQV�� LW�FRQQHFWV� WKH�VFLHQFH� RI�TXDQWLI\LQJ�
VHUYLFHV�ZLWK� YDOXDWLRQ� DQG�SROLF\�ZRUN� WR�GHYLVH� SD\PHQW�
VFKHPHV� DQG�PDQDJHPHQW� DFWLRQV�� DQG� LW�KHOSV� LQ� WKH�

UHSOLFDWLRQ� DQG� VFDOLQJ� XS� RI� VXFFHVVIXO�PRGHOV�� WKHUHE\�
FUHDWLQJ� FRQILGHQFH� DQG� SURYLGLQJ� LQVSLUDWLRQ� IRU�IXWXUH�
LQLWLDWLYHV��:H� DOVR�KLJKOLJKW� WKH�DGYDQFHV� LQ�UHVHDUFK�DQG�

LPSOHPHQWDWLRQ� WKDW� ZLOO� EH� QHFHVVDU\� WR� WDNH� WKLV�

DSSURDFK� IRUZDUG��VHH� DOVR�&DUSHQWHU� HW�DO�� LQ�UHYLHZ���
:H� GUDZ� XSRQ� H[SHULHQFHV� IURP�+DZDL
L� WR� LOOXVWUDWH�

HDFK� VWHS� LQ�RXU�IUDPHZRUN��+DZDL
L� LV�D�PLFURFRVP� RI�WKH�

LPSRUWDQW�IRUFHV�DW�SOD\�ZRUOGZLGH�� $V� D� UHVXOW�RI�D� UDSLGO\�
JURZLQJ� SRSXODWLRQ� DQG� LQWHQVLI\LQJ�GHYHORSPHQW� SUHV�
VXUH�� WKH� IXWXUH� RI�+DZDLL
V� IRUHVWV�� FURSODQGV�� DQG� UDQFK�

ODQGV� LV� LQ�TXHVWLRQ�� DV� DUH� RWKHU� DVSHFWV� RI� LWV�HFRQRP\� DQG�

FXOWXUH�� 7KHUH� LV��KRZHYHU�� UHQHZHG� DSSUHFLDWLRQ� IRU� WUDGL�

WLRQDO�+DZDLLDQ� ODQG�PDQDJHPHQW�� LQ�ZKLFK� ZDWHUVKHGV�
DUH�UHFRJQL]HG� IRU�DOO� WKH�JRRGV� DQG� VHUYLFHV� WKH\�SURGXFH��
IURP� WKH�PRXQWDLQV� WR� WKH� VHD�� 7RGD\�� GLYHUVH� OHDGHUV� DFURVV�

WKH�SXEOLF��SULYDWH��DQG�QRQ�SURILW� VHFWRUV�DUH�PRELOL]LQJ� WR�

LQFRUSRUDWH� WKH�YDOXHV� RI�QDWXUDO� FDSLWDO� LQWR�ODQG�XVH� DQG�

SROLF\�GHFLVLRQV�� %\�KLJKOLJKWLQJ� VRPH�RI�WKH�DFWLYH�ZRUNV�

LQ�SURJUHVV�WKHUH��ZH� LOOXVWUDWH�WKH�SURPLVH� DQG� FKDOOHQJH�
RI�FUHDWLQJ� WKH�EURDGHU� LQVWLWXWLRQDO�DQG� FXOWXUDO� FKDQJHV�
WKDW�DUH�QHHGHG� ZRUOGZLGH��

:KDW
V� QHZ"�

$Q� DSSUHFLDWLRQ� RI� HFRV\VWHPV� DV� YDOXDEOH� FDSLWDO� DVVHWV�

WUDFHV�EDFN� WR�3ODWR�� RU�HYHQ� HDUOLHU� �0RRQH\� DQG�(KUOLFK�

ZZZ�IURQWLHU�LQHFRORJ\�RUJ� "� 7KH� (FRORJLFDO� 6RFLHW\� RI�$PHULFD�



*&�'DLO\� HW� DO�� (FRV\VWHP� VHUYLFHV� LQ�GHFLVLRQ�PDNLQJ�

������� DQG� WKH�FXUUHQW� UHVHDUFK� DJHQGD� RQ�

HFRV\VWHP� VHUYLFHV� FRQWLQXHV� D� ORQJ�VWDQGLQJ�

ILHOG� RI� LQTXLU\�� )RU� H[DPSOH�� UHQHZDEOH�
UHVRXUFHV� KDYH� EHHQ� DQ� DFWLYH� DUHD� RI� VWXG\�
VLQFH� DW� OHDVW� WKH� ����V�� ZKHQ� *RUGRQ�

������� ILUVW�FKDUDFWHUL]HG� WKH� SUREOHPV� RI�

RSHQ�DFFHVV� ILVKHULHV�� ,Q� WKH� ����V� DQG�

����V�� HFRQRPLVWV� VHW� RXW� WR�PHDVXUH� �WKH�

YDOXH� RI� VHUYLFHV� WKDW� QDWXUDO� DUHDV� SURYLGH��

�.UXWLOOD� DQG� )LVKHU� ������� WKH\�IRFXVHG� RQ�

DJULFXOWXUDO� SURGXFWLRQ� �%HDWWLH� DQG�7D\ORU�
������� UHQHZDEOH� UHVRXUFHV� �.UXWLOOD� ������
&ODUN� ������� QRQ�UHQHZDEOH� UHVRXUFHV�

�'DVJXSWD� DQG�+HDO� ������� DQG�HQYLURQPHQ�
WDO�DPHQLWLHV� �)UHHPDQ� �������0RUH� UHFHQW�
DGYDQFHV� KDYH� EHHQ� VHHQ� LQ�D�EURDG� UDQJH�RI�

DUHDV�� LQFOXGLQJ� HFRORJ\� DQG� JOREDO� FKDQJH��
HFRQRPLFV�� LQVWLWXWLRQV� DQG� SROLF\�� DQG� HVSH�

FLDOO\� WKHLU� LQWHJUDWLRQ� �HJ�'DVJXSWD� ������
0$� ������15&� ������5XKO�HW�DO���������

<HW�� DVFULELQJ� YDOXHV� WR� HFRV\VWHP� JRRGV�
DQG� VHUYLFHV� LV�QRW� DQ�HQG� LQ�LWVHOI��EXW� UDWKHU�
RQH� VPDOO� VWHS� LQ�WKH�PXFK� ODUJHU�DQG� G\QDPLF� DUHQD� RI�

SROLWLFDO� GHFLVLRQ� PDNLQJ� �'DLO\� HW�DO�� ������� 2XU� FKDO�

OHQJH� WRGD\� LV�WR�EXLOG� RQ� WKLV�IRXQGDWLRQ� DQG� LQWHJUDWH�
HFRV\VWHP� VHUYLFHV� LQWR�HYHU\GD\�GHFLVLRQV�� 7KLV� UHTXLUHV�
D� QHZ� IRFXV� RQ� VHUYLFHV� EH\RQG� SURYLVLRQLQJ� VHUYLFHV�� DQ�

XQGHUVWDQGLQJ� RI�WKH� LQWHUOLQNHG�SURGXFWLRQ� RI�VHUYLFHV�� D�

JUDVS� RI� WKH� GHFLVLRQ�PDNLQJ� SURFHVVHV� RI� LQGLYLGXDO�

VWDNHKROGHUV�� LQWHJUDWLRQ� RI� UHVHDUFK� LQWR� LQVWLWXWLRQDO�

GHVLJQ� DQG� SROLF\� LPSOHPHQWDWLRQ�� DQG� WKH� LQWURGXFWLRQ�
RI�H[SHULPHQWDOO\� EDVHG� SROLF\� LQWHUYHQWLRQV�GHVLJQHG� IRU�

SHUIRUPDQFH� HYDOXDWLRQ� DQG� LPSURYHPHQW� RYHU� WLPH��

7KHUH� DUH�D� ORW�RI�GHYLOV� LQ�WKH�GHWDLOV� RI�WKLV�ZRUN��

0DNLQJ� HFRV\VWHP� VHUYLFHV� RSHUDWLRQDO�

)LJXUH� ��SUHVHQWV� D�IUDPHZRUN�IRU�WKH�UROH� WKDW�HFRV\VWHP�
VHUYLFHV� FDQ� SOD\� LQ� GHFLVLRQ� PDNLQJ�� $OWKRXJK� WKH�
IUDPHZRUN� LV� VKRZQ� DV� D� FRQWLQXRXV� ORRS�� ZH� VWDUW� ZLWK�

WKH� �GHFLVLRQV�� RYDO� WR�HPSKDVL]H� RXU� IRFXV��7KH� PDLQ�
DLP� LQ�XQGHUVWDQGLQJ� DQG� YDOXLQJ� QDWXUDO� FDSLWDO� DQG�

HFRV\VWHP� VHUYLFHV� LV�WR�PDNH� EHWWHU�GHFLVLRQV�� UHVXOWLQJ�
LQ�EHWWHU� DFWLRQV� UHODWLQJ� WR� WKH�XVH� RI� ODQG��ZDWHU�� DQG�
RWKHU� HOHPHQWV� RI�QDWXUDO� FDSLWDO��
7KH� ELRSK\VLFDO� VFLHQFHV� DUH�FHQWUDO� WR�HOXFLGDWLQJ� WKH�

OLQN�EHWZHHQ� DFWLRQV� DQG� HFRV\VWHPV�� DQG� WKDW�EHWZHHQ�

HFRV\VWHPV� DQG� VHUYLFHV� �ELRSK\VLFDO� PRGHOV� RI��HFRORJL�
FDO� SURGXFWLRQ� IXQFWLRQV����7KH� VRFLDO� VFLHQFHV� DUH� FHQ�

WUDO� WR�PHDVXULQJ� WKH� YDOXH� RI� VHUYLFHV� WR� SHRSOH� ��HFR�

QRPLF� DQG� FXOWXUDO� PRGHOV���� %HFDXVH� WKLV� YDOXH� LV�

PXOWLGLPHQVLRQDO�� LW�PDNHV� VHQVH� WR� FKDUDFWHUL]H� LW� DV�

IXOO\�DQG� V\VWHPDWLFDOO\� DV�SRVVLEOH�� LQ�ZD\V� WKDW�ZLOO� EH�

PHDQLQJIXO� WR�PDQ\� GLIIHUHQW�DXGLHQFHV��

)LQDOO\�� YDOXLQJ� HFRV\VWHP� VHUYLFHV� SURYLGHV� XVHIXO�
LQIRUPDWLRQ� WKDW� FDQ� KHOS� GHVLJQ� WKH� LQVWLWXWLRQV� WKDW�
ZLOO� JXLGH� UHVRXUFH�PDQDJHPHQW� DQG� SROLF\��+DYLQJ� WKH�

,� 'HFLVLRQV�-� $FWLRQV�DQG�
OQFHQW�YHVA?A� A�AVFHQDULRV�

I� ,QVWLWXWLRQV� -� I�(FRV\VWHPV� ��

,�QI�RUPDWLRQ�A� A�

I� 9DOXHV� <AK�� 6HUYLFHV�

(FRQRPLF� DQG�
FXOWXUDO�PRGHOV�

)LJXUH� ��$� IUDPHZRUN�VKRZLQJ�KRZ�HFRV\VWHP�VHUYLFHV�FDQ�EH� LQWHJUDWHG�LQWR�
GHFLVLRQ�PDNLQJ��2QH� FRXOG�OLQN�DQ\� WZR�RYDOV�� LQ�DQ\�GLUHFWLRQ��ZH�SUHVHQW�WKH�

VLPSOHVW� YHUVLRQ� KHUH��

ULJKW�LQVWLWXWLRQV�FDQ� FUHDWH� LQFHQWLYHV�� VR� WKDW�WKH�GHFL�
VLRQV�PDGH� E\� LQGLYLGXDOV�� FRPPXQLWLHV�� FRUSRUDWLRQV��
DQG� JRYHUQPHQWV� SURPRWH� ZLGHO\� VKDUHG� YDOXHV�� 7KH�
OLQNV� EHWZHHQ� WKH� �YDOXHV��� �LQVWLWXWLRQV��� DQG� �GHFLVLRQV��

RYDOV� DUH�PXFK�PRUH� UHSUHVHQWDWLYH� RI�WKH�DUW�DQG�SROLWLFV�
RI� VRFLDO� FKDQJH� WKDQ�RI�VFLHQFH�� DOWKRXJK� VFLHQWLVWV� FDQ�

LQIRUP�WKHVH�GHEDWHV� LI�WKH\�FRQFHQWUDWH� RQ� VSHFLILF�GHFL�
VLRQV�DQG� DUH�DWWXQHG� WR�WKH�VRFLDO� DQG�SROLWLFDO� FRQWH[WV��

,Q� WKH� IROORZLQJ� VHFWLRQV�� ZH� PRYH� DURXQG� WKH�
VFKHPDWLF� RI�)LJXUH� ��WR�H[SORUH� KRZ� D�IRFXV�RQ� GHFLVLRQV�
FDQ� PRWLYDWH� WKH� LQWHJUDWLRQ� RI� HFRV\VWHP� VHUYLFHV� LQWR�

PDQDJHPHQW� DQG� SROLF\� GHFLVLRQV�� DQG� LQVSLUH�D� UHVHDUFK�

DJHQGD� WR� VXSSRUW� WKLV� FKDQJH��

'HFLVLRQV� �!�HFRV\VWHPV�

,Q�)LJXUH� ��� WKH� VFLHQFH� QHHGHG� WR� LQIRUP�WKH� OLQN� WKDW�
FRQQHFWV� GHFLVLRQV� DQG� HFRV\VWHPV� LV�D�KXJH� FKDOOHQJH� LQ�
LWVHOI��:H� GR�QRW�GHWDLO� WKLV�KHUH�� VLQFH� UHDGHUV�RI�)URQWLHUV�
KDYH� EXLOW� D�YDVW� OLWHUDWXUH�FRQQHFWLQJ� SDVW�KXPDQ� GHFL�
VLRQV� DQG� DFWLYLWLHV� WR� WKHLU� LPSDFWV� RQ� HFRV\VWHPV� DQG�

ODQGVFDSHV�� DQG� WKH� VSHFLHV� WKDW� LQKDELW� WKHP��/RRNLQJ�
IRUZDUG� LV� DOVR� HVVHQWLDO�� KRZHYHU�� DQG� VFHQDULRV� WKDW�

GHVFULEH� SODXVLEOH� IXWXUHV��FRPELQLQJ� DOWHUQDWLYH� GHFL�
VLRQV�ZLWK� SURMHFWHG� FKDQJHV� LQ�GHPRJUDSKLFV�� FOLPDWH��
DQG� RWKHU� IDFWRUV��KDYH� EHFRPH� ERWK�PRUH� FRPPRQ� DQG�
PRUH� VRSKLVWLFDWHG� �HJ�3HWHUVRQ� HW�DO�� �������

,Q�+DZDL
L�� WKHUH�KDV� EHHQ� H[WHQVLYH� ZRUN� RQ� KRZ�

ODQG�PDQDJHPHQW� GHFLVLRQV� DIIHFW� HFRV\VWHPV�� )RU� H[DP�

SOH�� ZH� KDYH� OHDUQHG� WKDW� WKH� GHFLVLRQ� WR� LQWURGXFH�
H[RWLF� SDVWXUH� JUDVVHV�KDV� GUDPDWLFDOO\� FKDQJHG� ILUH�IUH�

TXHQF\� DQG� LQWHQVLW\�DFURVV� ODQGVFDSHV� �'
$QWRQLR� DQG�
9LWRXVHN� ������� DQG� WKDW�WKH� LQWURGXFWLRQ� RI�FDWWOH��QRQ�
QDWLYH� JDPH�� DQG� IHUDO�XQJXODWHV� KDV� IXUWKHU�WUDQVIRUPHG�

���

6UL�

2�

"� 7KH� (FRORJLFDO� 6RFLHW\� RI� $PHULFD� ZZZ�IURQWLHUVLQHFRORJ\�RUJ�
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)LJXUH� ��$� PLFURUUWHWHRURIRJLFD��VWDWLRQ��RU�TXDQWLI\LQJ�WKH�UROHV�RI�SDVWXUH�
DQG�QHDUE\�IRUHVW�LQ�UHFKDUJLQJ�JURXQGZDWHU�VXSSOLHV�IRU� ORFDO�ZDWHU�XVHUV��
3DODQL� 5DQFK�� .RQD�� +DZDLL��

QDWLYH� HFRV\VWHPV� �&XGGLK\� DQG�6WRQH� ������0DJXLUH� HW�
DO�� ������� &RQVHUYDWLRQ� DQG� UHVWRUDWLRQ� DUH� D�NH\� IRFXV�

WRGD\� �0DQQLQJ� HW�DO�� ������*ROGVWHLQ� HW�DO�� ������� DV�DUH�
QHZ� UHPRWH� VHQVLQJ� V\VWHPV� IRU� FKDUDFWHUL]LQJ� ELRGLYHU�

VLW\� DQG� HFRV\VWHP� VWUXFWXUH� DQG� IXQFWLRQ� DW� ODUJH� VFDOHV�

�$VQHU� HW�DO�� �������
7KH� VFLHQWLILF� IRXQGDWLRQ� IRU�LQIRUPLQJ�GHFLVLRQV� WKDW�

DIIHFW�HFRV\VWHPV� FRXOG� EH� JUHDWO\�HQKDQFHG� E\�� ���� FRO�

ODERUDWLQJ�ZLWK� VWDNHKROGHUV� WR�GHILQH� LPSRUWDQW� VFHQDU�
LRV� RI� DOWHUQDWLYH� IXWXUH� XVHV� RI� ODQG�� ZDWHU�� DQG� RWKHU� QDW�

XUDO� UHVRXUFHV� �HJ�0$� ������ �6FHQDULRV�� YROXPH��� ����
LPSURYLQJ�PHWKRGV� IRU�DVVHVVLQJ� WKH�FXUUHQW� FRQGLWLRQ��
DQG� SUHGLFWLQJ� WKH� IXWXUH�FRQGLWLRQ�� RI� HFRV\VWHPV� �HJ�
+HLQ]� &HQWHU� ������� DQG� ���� HVWDEOLVKLQJ� VWDWH�RI�WKH�DUW�

SURJUDPV� IRU� ORQJ�WHUP�PRQLWRULQJ� RI� ELRGLYHUVLW\� DQG�
RWKHU� HFRV\VWHP� DWWULEXWHV� �HJ�6FKROHV� HW�DO�� �������

(FRV\VWHPV� �"�VHUYLFHV�

(FRORJLFDO� SURGXFWLRQ� IXQFWLRQV� WUDQVODWH� WKH� VWUXFWXUH�
DQG� IXQFWLRQ� RI�HFRV\VWHPV� LQWR� WKH�SURYLVLRQ� RI� LPSRU�
WDQW�VHUYLFHV� �+HDO� ����E��15&� ������� 3URGXFWLRQ� IXQF�
WLRQV�KDYH� D� ORQJ�WUDGLWLRQ� LQ�DJULFXOWXUH�DQG�PDQXIDFWXU�

LQJ��ZKHUH� WKH�DPRXQW� SURGXFHG� RI�D�JLYHQ�FRPPRGLW\� �HJ�
JUDLQ�� LV�UHODWHG� WR�WKH�TXDQWLWLHV� DQG� TXDOLW\� RI�WKH�YDUL�
RXV� LQSXWV� �HJ� VHHGV�� ODERU�� FKHPLFDOV�� LUULJDWLRQ���
(VWLPDWLQJ� WKHVH� IXQFWLRQV� IRU�HFRV\VWHP� VHUYLFHV� RIWHQ�

UHTXLUHV�D�IRFXV�RQ�GLIIHUHQW�TXHVWLRQV� WKDQ�DUH�

WUDGLWLRQDO� LQ� HFRORJ\� �%R\G� DQG� %DQ]KDI�

������� 7KH� 0$� V\QWKHVL]HV� RXU� H[LVWLQJ�
NQRZOHGJH� �0$� ������� RIWHQ� DW� WKH� JOREDO�
VFDOH�� 7KHUH� DUH� DOVR� PDQ\� ILQH�VFDOH� VWXGLHV� RI�

HFRV\VWHP� SURGXFWLRQ� IXQFWLRQV�� W\SLFDOO\�
IRFXVLQJ� RQ� D� VLQJOH� VHUYLFH� �.UHPHQ� HW� DO��

������ 5LFNHWWV� HW�DO�� ������ -DFNVRQ�HW�DO�� ������
+RXJQHU� HW�DO�� ������� 0XFK� PRUH� ZRUN� LV�
QHHGHG� QRZ�� RQ� LQWHJUDWLQJ�PXOWLSOH� VHUYLFHV�
DW� UHJLRQDO� DQG� JOREDO� VFDOHV� �HJ�1HOVRQ� HW�DO��

SDJH� �� LQ�WKLV� LVVXH��&KDQ� HW�DO�� ������1DLGRR�
DQG�5LFNHWWV� ������ %UDXPDQ� HW�DO�� �������

,Q�+DZDL
L�� DV� LQ�PRVW� SODFHV�� HFRORJLFDO� SUR�

GXFWLRQ� IXQFWLRQV� DUH� ODUJHO\� XQGHVFULEHG��

+RZHYHU�� HIIRUWV� DUH� QRZ� XQGHUZD\� WR�TXDQWLI\�

SURGXFWLRQ� IXQFWLRQV�IRU�D�UDQJH�RI�SROLF\�UHOH�
YDQW� HFRV\VWHP� VHUYLFHV�� LQ� ILQH� GHWDLO�� DFURVV�

KHWHURJHQHRXV� ODQGVFDSHV�� DQG� WR� HOXFLGDWH�
WKH� WUDGHRIIV�DQG� V\QHUJLHV� DPRQJ� VHUYLFHV�
XQGHU� DOWHUQDWLYH� PDQDJHPHQW� RSWLRQV��

+LVWRULFDOO\�� WKH�SURGXFWLRQ� RI�JRRGV� WKURXJK�
UDQFKLQJ� DQG� IRUHVWU\�KDV� EHHQ� WKH� EHVW�
GHVFULEHG� RI�WHUUHVWULDO�VHUYLFHV��7RGD\�� WKHUH� LV�

JURZLQJ� LQWHUHVW� LQ�PDQDJLQJ� IRUHVWV�RI� WKH�
HQGHPLF� KDUGZRRG� $FDFLD� NRD� DV�D� �ZLQ�ZLQ��
ODQG�XVH�� SURYLGLQJ� KLJK�YDOXH� WLPEHU�DV�ZHOO�
DV� RWKHU� HFRV\VWHP� VHUYLFHV� �HJ�3HMFKDU� HW�DO��

������*ROGVWHLQ� HW�DO�� ������ /LWWRQ� HW�DO�� ������
6FRZFURIW� HW�DO�� ������� 0XOWLSOH� UHIRUHVWDWLRQ�

SURMHFWV�
�� VRPH� VSDQQLQJ� WKRXVDQGV� RI� DFUHV� ��

KDYH�

UHFHQWO\�EHHQ� ODXQFKHG�� DOORZLQJ� IXUWKHU�UHVHDUFK�RQ�SUR�
GXFWLRQ� IXQFWLRQV� IRU� VHUYLFHV� VXFK� DV� FDUERQ� VHTXHVWUDWLRQ�

�HJ�/LWWRQ� HW�DO�� ������ 6FRZFURIW� HW�DO�� ������ DQG� JURXQG�
ZDWHU� UHFKDUJH� �.�%UDXPDQ� XQSXEOLVKHG� GDWD�� )LJXUH�����
7KH� WUDQVODWLRQ� RI� HFRV\VWHP� FRQGLWLRQ� DQG� IXQFWLRQ�

LQWR� HFRV\VWHP� VHUYLFHV� UHTXLUHV� LQWHUGLVFLSOLQDU\� DQG� XVHU�

RULHQWHG� UHVHDUFK�� LQFOXGLQJ�� ���� FROODERUDWLQJ� ZLWK� VWDNH�
KROGHUV� WR� GHILQH� VHUYLFHV� WKDW� SHRSOH� FDUH� DERXW� �HJ�
&DUSHQWHU� HW�DO�� ������&RZOLQJ� HW�DO�� ������� ����GHYHORSLQJ�
WUDQVSDUHQW��IOH[LEOH�PRGHOV� RI�HFRORJLFDO� SURGXFWLRQ� IXQF�
WLRQV�DW� VFDOHV� UHOHYDQW� WR�GHFLVLRQ�PDNLQJ� �3DQHO� ����DQG�

���� WHVWLQJ�DQG� UHILQLQJ�WKHVH�PRGHOV� LQ�V\VWHPV�DURXQG� WKH�

ZRUOG�� WR�GHULYH�JHQHUDO� LQVLJKWV��HJ�5LFNHWWV� HW�DO���������

6HUYLFHV� �!�YDOXHV�

7KH� SURPLVH� RI� HFRV\VWHP� VHUYLFH� DQDO\VHV� LV�WKDW� WKH\�
ZLOO�PDNH� H[SOLFLW� WKH� FRVWV� DQG� EHQHILWV� RI� DOWHUQDWLYH�
DFWLRQV� WR� SHRSOH� �15&� ������� (FRQRPLF� YDOXDWLRQ�
PHWKRGV� WDNH�FKDQJHV� LQ�WKH�VXSSO\�RI�HFRV\VWHP� VHUYLFHV�
DV� LQSXW�DQG� WUDQVODWH� WKHVH� LQWR�FKDQJHV� LQ�KXPDQ� ZHO�

IDUH�� LQ�PRQHWDU\� WHUPV� �5HSHWWR� HW�DO�� ������'DLO\� HW�DO��

������$UURZ� HW�DO�� ������� &RVW�EHQHILW� DQDO\VHV� DQG�RWKHU�

PHWKRGRORJLHV� H[SUHVV� DSSOHV�WR�RUDQJHV� FRPSDULVRQV� LQ�

PRQHWDU\� FXUUHQFLHV�� PDNLQJ� DOWHUQDWLYH� RSWLRQV� HDVLHU� WR�

FRPSDUH�� ,Q� FHUWDLQ� FDVHV�� KRZHYHU�� VHUYLFH� YDOXHV� PD\�

ZZZ�IURQWLHUVLQHFRORJ\�RUJ� "� 7KH� (FRORJLFDO� 6RFLHW\� RI�$PHULFD�
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EHVW� EH� FRQYH\HG� LQ�RWKHU�ZD\V� �HJ� WKH�FXOWXUDO� LPSRU�
WDQFH� RI�QDWXUDO� SODFHV��� EHFDXVH� DVVLJQLQJ� FUHGLEOH�PRQ�

HWDU\�YDOXHV� LV�GLIILFXOW�RU� OHVV�PHDQLQJIXO��
,Q� +DZDL
L�� ERWK� PRQHWDU\� DQG� QRQ�PRQHWDU\� PHWULFV�

DUH� LPSRUWDQW� WR� GHFLVLRQ� PDNHUV�� .DLVHU� DQG� 5RXPDVVHW�

�������� IRU�H[DPSOH�� H[DPLQHG� WKH�PRQHWDU\� FRQWULEXWLRQ�
RI� D� IRUHVWHG� ZDWHUVKHG� LQ� HQKDQFLQJ� JURXQGZDWHU�
UHFKDUJH��DQG�SUHVHQW� D�FOHDU�PHWULF� IRU�ZHLJKLQJ� WKH�FRVWV�
DQG� EHQHILWV�RI�DOWHUQDWLYH� DSSURDFKHV� WR�ZDWHUVKHG�PDQ�

DJHPHQW�� .DPHKDPHKD� 6FKRROV�� D� PDMRU� HGXFDWLRQDO�
WUXVW�� LV� GHYHORSLQJ� D� PXOWL�GLPHQVLRQDO� SHUVSHFWLYH��
LQFOXGLQJ� HFRQRPLF�� HQYLURQPHQWDO�� HGXFDWLRQDO�� DQG�

FRPPXQLW\� HOHPHQWV��ZLWK� DQ�XQGHUO\LQJ� FXOWXUDO� IRXQGD�
WLRQ�� 7R� HYDOXDWH� ODQG�PDQDJHPHQW� GHFLVLRQV�� WKH� WUXVW�

FRQVLGHUV� WKH�QXPEHU� RI�VWXGHQW�DFWLYLW\�GD\V�SHU�\HDU��WKH�
QXPEHU� RI�DUHDV� DYDLODEOH� IRU�JDWKHULQJ� WUDGLWLRQDO� SODQWV�
�HJ�IRU�OHL�PDNLQJ��� DQG� DFFHVV� WR�VLWHV�RI�VSLULWXDO� LPSRU�
WDQFH�� LQ� DGGLWLRQ� WR�PRQHWDU\� HVWLPDWHV� RI� YDOXH�� 7KH�

1DWXUDO� &DSLWDO� 3URMHFW� LV�ZRUNLQJ� ZLWK� .DPHKDPHKD�
6FKRROV� WR�DSSO\� ,Q9(67� WR�D�NH\� WUDFW�RI� ODQG�RQ�2
DKX��
WR�GHWHUPLQH� WKH� LPSDFWV�RI�DOWHUQDWLYH� ODQG�XVHV�RQ� ELR�

SK\VLFDO� DQG� FXOWXUDO� HFRV\VWHP� VHUYLFHV� �)LJXUH�����
0RUH� UHVHDUFK� LV�QHHGHG� WR� EXLOG� WKH� FUHGLELOLW\� RI�

HFRV\VWHP� VHUYLFH� DSSURDFKHV�� E\�� ���� FRPELQLQJ� GLUHFW�

���

2�

"� 7KH� (FRORJLFDO� 6RFLHW\� RI�$PHULFD� ZZZ�IURQWLHUVPHFRORJ\�RUJ�



(FRV\VWHP� VHUYLFHV� LQ�GHFLVLRQ�PDNLQJ� *&�'DLO\� HW� DO��

���

2�

ELRSK\VLFDO� PHDVXUHPHQWV� ZLWK� HFRQRPLF� YDOXDWLRQ� WR�
HVWLPDWH� WKH� PRQHWDU\� YDOXH� RI� HFRV\VWHP� VHUYLFHV� DW� WKH�

VFDOH� RI�GHFLVLRQV�� ���� GHYHORSLQJ� QRQ�PRQHWDU\� PHWKRGV�
IRU�YDOXLQJ� KXPDQ� KHDOWK� DQG� VHFXULW\��DQG� FXOWXUDO� VHU�

YLFHV�� DQG� LQFRUSRUDWLQJ� WKHVH� LQ� HDV\�WR�XVH�� HDV\�WR�

XQGHUVWDQG�� EXW� ULJRURXV� WRROV� IRU�YDOXLQJ� HFRV\VWHP� VHU�

YLFHV�� DQG� ���� GHYHORSLQJ� PHWKRGV� IRU� LGHQWLI\LQJ�ZKR�
EHQHILWV� IURP�HFRV\VWHP� VHUYLFHV�� DQG� ZKHUH� DQG�ZKHQ�
WKRVH�ZKR� EHQHILW� OLYH�UHODWLYH� WR�WKH� ODQGV�DQG�ZDWHUV� LQ�

TXHVWLRQ��:LWKRXW� WKLV� LQIRUPDWLRQ��ZH� ULVN�FUHDWLQJ� RU�

H[DFHUEDWLQJ� H[LVWLQJ� VRFLDO� LQHTXLWLHV�ZLWK� SROLF\� LQFHQ�
WLYHV� �HJ�3DJLROD� HW�DO�� �������

9DOXHV� �!� LQVWLWXWLRQV�

7R� EULQJ�DERXW� D�FKDQJH� LQ�GHFLVLRQ�PDNLQJ� �)LJXUH� ���� LW�LV�

LPSRUWDQW�WR�HPEHG� WKH�YDOXHV� RI�QDWXUDO� FDSLWDO� LQ�LQVWLWX�
WLRQV��:LWKRXW� LQVWLWXWLRQDO� FKDQJH�� FRPPXQLWLHV� PD\�
ZHOO� FRQWLQXH� WR�FDUU\�RQ�ZLWK� EHKDYLRUV� WKDW�DUH�ZLGHO\�
NQRZQ� WR�EH� KDUPIXO� WR� VRFLHW\�RYHU� WKH� ORQJ� WHUP� �HJ�
RYHUILVKLQJ��KLJK� XVH�RI�IRVVLO�IXHOV���%ULQJLQJ� DERXW�EHQHIL�
FLDO� LQVWLWXWLRQDO� FKDQJH� LV�GLIILFXOW�DQG� UHTXLUHV� FDUHIXO�
DWWHQWLRQ� WR� WKH�GLVWULEXWLRQ� RI� WKH�FRVWV� DQG� EHQHILWV�RI�

FKDQJH� �LQ�WHUPV�RI�SRZHU�� VWDWXV��ZHDOWK�� HWF���0DQ\� VXFK�

FKDQJHV� DUH� SRVVLEOH�� IURP� FUHDWLQJ� PRQHWDU\� LQFHQWLYHV� WR�

DOWHULQJ�FXOWXUDO�QRUPV� �HJ� LQ�DWWLWXGHV� WR�VPRNLQJ���7KHUH�
LV�QR�PDJLF� UHFLSH�IRU�LQLWLDWLQJ�FKDQJH�� DQG� LW�PDNHV� VHQVH�
WR�H[SHULPHQW�ZLWK� D�ZLGH� YDULHW\�RI�SRVVLEOH�PHFKDQLVPV�

�HJ�2OVVRQ� HW�DO�� ������� ,Q�VRPH�FDVHV�� WKH�ILUVW�VWHS�WRZDUG�
LQVWLWXWLRQDO�FKDQJH� KDV� EHHQ� LQ�WKH�IRUP�RI�D�GHPRQVWUD�
WLRQ��SLORW�SURMHFW�� �HJ�3DJLROD� HW�DO�� ������ 6DO]PDQ� �������
,Q�WKLV�SURFHVV�� LW�LV�LPSRUWDQW� WKDW�UHVHDUFKHUV�DUH� OLQNHG�
ZLWK�NH\� OHDGHUV�DV�ZHOO� DV�SXEOLF� DQG�SULYDWH�RUJDQL]DWLRQV�
IURP�WKH�EHJLQQLQJ�� WR�GHVLJQ�SROLF\� LQ�VWDJHV�DQG�� LGHDOO\��
WR�LPSURYH� LWV�IRUP�DQG� LPSOHPHQWDWLRQ� DV�NQRZOHGJH� DQG�

XQGHUVWDQGLQJ� LQFUHDVH��

,Q�+DZDL
L�� JRYHUQPHQW� LQLWLDWLYHV�DUH�KHOSLQJ� WR�EULQJ�
VWDNHKROGHUV� WRJHWKHU� DQG� FUHDWLQJ� RSSRUWXQLWLHV� IRU�

FKDQJH�� ,Q� ������ WKH�+DZDL
L� +RXVH� RI�5HSUHVHQWDWLYHV�
SDVVHG� D� UHVROXWLRQ� UHTXHVWLQJ� DQ� DQDO\VLV� RI� LQFHQWLYHV� WR�

SURPRWH� FRQVHUYDWLRQ� DFWLYLWLHV� RQ� SULYDWH� ODQGV� �+RXVH�

&RQFXUUHQW� 5HVROXWLRQ� ����� ��UG�/HJLVODWXUH�� ������� 7KH�
UHVROXWLRQ� HPSKDVL]HG� WKH�YDOXDEOH� HFRQRPLF� DQG� FXOWXUDO�
FRQWULEXWLRQ� RI� HFRV\VWHP� VHUYLFHV� WR�+DZDL
L� V� UHVLGHQWV��

XUJLQJ�VWDWH�SROLF\� UHIRUP��E\�WKLQNLQJ�RI�WKH�HQYLURQPHQW�
QRW�DV�D� 
IUHH�JRRG�
�EXW�DV�D�FDSLWDO� UHVRXUFH�WKDW�ZLOO�GHSUH�
FLDWH�ZLWKRXW� DSSURSULDWH� FDUH��� ,Q�������+DZDL
L� SDVVHG�
WKH�QDWLRQV� VHFRQG� VWDWH�OHYHO� FOLPDWH� ELOO��PDQGDWLQJ� D�

UHGXFWLRQ� LQ�JUHHQKRXVH�JDV� HPLVVLRQV� WR� ����� OHYHOV�E\�
����� �+RXVH� %LOO� ����� ��WK�/HJLVODWXUH�� ������� 0RWLYDWHG�

E\� WKLV�OHJLVODWLRQ�� WKH�1DWXUDO� &DSLWDO� 3URMHFW� LV�ZRUNLQJ�
WR� ODXQFK� D�SLORW�SURMHFW�� IRFXVHG� LQLWLDOO\�RQ�SD\PHQWV� IRU�
ODQG�EDVHG� FDUERQ� VHTXHVWUDWLRQ�� ZKLOH� DLPLQJ� WR� DFKLHYH� D�

UDQJH� RI� RWKHU� HQYLURQPHQWDO�� HFRQRPLF�� DQG� FXOWXUDO� EHQ�

HILWV��%HLQJ� UHDG\�WR�LQIXVH�SROLF\�GLVFXVVLRQV�ZLWK� UHOHYDQW�

VFLHQWLILF�� HFRQRPLF�� DQG� FXOWXUDO� LQIRUPDWLRQ� LV�NH\� WR�

PDNLQJ� HIIHFWLYH�XVH�RI�WKHVH�SROLF\�RSSRUWXQLWLHV��

,QIOXHQFLQJ� H[LVWLQJ� LQVWLWXWLRQV��RU�EXLOGLQJ� QHZ� RQHV�
DV�QHHGHG�� LV�RQH� RI� WKH�PRVW� LPSRUWDQW� FKDOOHQJHV� ZH�
IDFH�� :H� FDQ� KHOS� WR� FXOWLYDWH� D� YLHZ� RI� HFRV\VWHPV� DV�

FDSLWDO� DVVHWV� E\�� ���� SLORWLQJ� LQLWLDWLYHV� WKDW� LQFOXGH�
LQFHQWLYHV� IRU� WKH� SURWHFWLRQ� RI� HFRV\VWHP� VHUYLFHV� DQG�

IRVWHULQJ� UHFRJQLWLRQ� RI� WKH�YDOXH� RI� WKHVH� VHUYLFHV� �HJ�
2OVVRQ� HW�DO�� ������� ���� GHWHUPLQLQJ� WKH�PHULWV� DQG� OLPL�
WDWLRQV�RI�YDULRXV� SROLF\� DQG� ILQDQFH�PHFKDQLVPV�� LQ�GLI�
IHUHQW� HFRQRPLF�� JRYHUQDQFH�� DQG� RWKHU� VRFLDO� FRQWH[WV�

�HJ�%HUNHV� HW�DO�� ������2VWURP� ������� DQG� ���� GHYHORSLQJ�
LQVWLWXWLRQV� WKDW�DFKLHYH� UHSUHVHQWDWLRQ� DQG�SDUWLFLSDWLRQ�
E\� VWDNHKROGHUV� DV� SDUW� RI� DGDSWLYH� JRYHUQDQFH� V\VWHPV�
�HJ�5LFNHQEDFK� DQG�5HHG� ������&RZOLQJ� HW�DO�� �������

,QVWLWXWLRQV� �"�GHFLVLRQV�

,Q�FRQFUHWH� WHUPV��WKLV�DUURZ� LQ�)LJXUH� ��UHSUHVHQWV�ILQDQ�
FLDO� IORZV� DQG� RWKHU� WDQJLEOH� LQFHQWLYHV�� +RZHYHU�� RXU�
PRGHO� RI�FKDQJH� EHJV� DQ� LPSRUWDQW�TXHVWLRQ�� ZKDW� DFWX�

DOO\� PRWLYDWHV� FKDQJHV� LQ� GHFLVLRQV� DQG� EHKDYLRU�

�7YHUVN\�DQG�.DKQHPDQ� ������
��
PRQHWDU\� UHZDUGV�� OHJDO�

VDQFWLRQV�� JXLOW�� DSSURYDO� E\� SHHUV"�+RZ� FDQ� WKHVH� EH�
LQFOXGHG� LQ� D� FRQVFLRXV� SURFHVV� RI� FXOWXUDO� HYROXWLRQ�

�.DKQHPDQ� �����"�:KHQ� VRFLHWLHV� KDYH� YDOXHV� FRQVLV�
WHQW�ZLWK� WKH�DSSURDFK� ODLG�RXW�KHUH��ZH� FDQ� IRVWHU�WKHVH�
YDOXHV�� :KHQ� VRFLHWLHV� HLWKHU� GR� QRW� YDOXH� QDWXUH� RU� DUH�

REVHVVHG� ZLWK� VKRUW�WHUP� HFRQRPLF� JURZWK�� WKH� XVH� RI�

HFRV\VWHP� VHUYLFHV� WR� LQFRUSRUDWH� FRQVHUYDWLRQ� LQ�PDLQ�

VWUHDP� GHFLVLRQ� PDNLQJ� PD\� EH� PXFK� PRUH� GLIILFXOW��
7KHUH� DUH�PDQ\� GLIIHUHQW�QXDQFHV� LQ�HYHQ� WKH�PRVW� EDVLF�
GHFLVLRQV� LQYROYHG� LQ�VHWWLQJ�XS�SD\PHQWV� IRU�HFRV\VWHP�
VHUYLFHV� �HJ�FRQWUDFW� GXUDWLRQ�� SD\PHQW� OHYHO��DQG� VSHFLIL�
FDWLRQ� DQG�PRQLWRULQJ� RI�GHVLUHG� RXWFRPHV��� ,W�LV�LPSRU�
WDQW� WR� LQWHJUDWH� VRFLDO� SV\FKRORJ\� DQG� RWKHU� VRXUFHV� RI�

H[SHULHQFH� DQG� LQVLJKW� LQWR� WKLV�ZRUN� �HJ� 5RVV� DQG�
1LVEHWW�������0F0LOODQ��������

7KH� FRPSOH[LW\� RI� VRFLDO� FKDQJH�� DQG� WKH�GLYHUVLW\�RI�
YDOXHV� DQG�GHFLVLRQV� IDFLQJ�VWDNHKROGHUV� LQ�+DZDL
L�� KLJK�
OLJKW� WKH�QHHG� IRU�D�PXOWL�SURQJHG� DSSURDFK�� )RU� EXVL�
QHVV�PLQGHG� ODQGRZQHUV�� GHYHORSLQJ� D� VXLWH�RI�ILQDQFLDO�
LQFHQWLYHV� OLQNHG�ZLWK� GLIIHUHQW�HFRV\VWHP� VHUYLFH� YDOXHV�
LV�RI�SULPH� LPSRUWDQFH��0DQ\� ODQGRZQHUV� ZLOO� UHTXLUH�

PXOWLSOH� UHYHQXH� VWUHDPV� LQ� RUGHU� WR�PRYH� WRZDUG� PRUH�

FRQVHUYDWLRQ�RULHQWHG� PDQDJHPHQW� �*ROGVWHLQ� HW� DO��

������� &XOWXUDO� DQG� HGXFDWLRQDO� HIIRUWV�DUH�DOVR�XQGHUZD\��
WR� �UH�FRQQHFW� SHRSOH� WR� WKH� ODQG�� 7KH� :DLSD�
)RXQGDWLRQ� �ZZZ�ZDLSDIRXQGDWLRQ�RUJ���� IRU� H[DPSOH��
KDV� GHYHORSHG� D�PRGHUQ� DSSURDFK� WR� WKH� WUDGLWLRQDO�

DKXSXDD� PDQDJHPHQW� V\VWHP� �VXEGLYLVLRQV� RI� ODQG��IURP�

PRXQWDLQWRS� WR� VHDVKRUH�� XVLQJ� VWUHDPV� DV� ERXQGDULHV��

WKURXJK�DFWLYLWLHV�ZLWK� WKH� ORFDO� FRPPXQLW\�� VFKRRO� FKLO�

GUHQ�� DQG� RWKHUV�� 7KH� )LUVW�1DWLRQV
� )XWXUHV� 3URJUDP�
�ZZZ�IQIS�RUJ��� GHYHORSV� YDOXHV�EDVHG� OHDGHUVKLS� IRU�

PDQDJLQJ� QDWXUDO� FDSLWDO�� )LQDOO\�� WR�DFKLHYH� ODQGVFDSH�
VFDOH�PDQDJHPHQW� �*ROGPDQ� HW�DO�� ������� QHZ� LQVWLWX�
WLRQV� DUH� EHLQJ� GHYHORSHG�� LQYROYLQJ� FURVV�ERXQGDU\�
FRRSHUDWLRQ� EHWZHHQ� SXEOLF� DQG� SULYDWH� ODQG�PDQDJHUV��

ZZZ�IURQWLHUVLQHFRORJ\�RUJ� "� 7KH� (FRORJLFDO� 6RFLHW\� RI�$PHULFD�



*&�'DLO\� HW� DO�� (FRV\VWHP� VHUYLFHV� LQ�GHFLVLRQ�PDNLQJ�

)RU� H[DPSOH�� WKH� UHFHQWO\� FUHDWHG� 7KUHH� 0RXQWDLQ�
$OOLDQFH� QRZ� IDFLOLWDWHV� FROODERUDWLRQ� DPRQJ� JURXSV� RI�

ODQGRZQHUV�� LQ� WKH� FRQVHUYDWLRQ� DQG� PDQDJHPHQW� RI�

QHDUO\� RQH�PLOOLRQ� DFUHV�RI�ODQG�RQ� WKH� LVODQG�RI�+DZDL
L��
7KH� LQWHJUDWLRQ� RI�FRQVHUYDWLRQ� LQWR�GHFLVLRQ�PDNLQJ�

SURFHVVHV� ZLOO� EH� DLGHG� E\�� ���� EURDG� GLVFXVVLRQ� DQG�

LQTXLU\�LQWR�ZKDW�PRWLYDWHV� SHRSOH� DQG�KRZ� VRFLDO�QRUPV�

HYROYH�� HVSHFLDOO\� LQ� WKH� FRQWH[W� RI�QDWXUH� �HJ�(KUOLFK�
DQG� .HQQHG\� ������ 3HUJDPV� DQG� =DUDGLF� ������� ����
LQFRUSRUDWLQJ� WUDGLWLRQDO� NQRZOHGJH� DQG� SUDFWLFHV� LQWR�

PRGHUQ� FRQVHUYDWLRQ� DSSURDFKHV� �HJ�%HUNHV� DQG� )RONH�

������� DQG� ���� GHYHORSLQJ� D�EURDGHU� YLVLRQ� IRU�FRQVHUYD�

WLRQ�� DQG� DSSURDFKHV� WKDW� PRYH� IURP� FRQIURQWDWLRQ� WR�

SDUWLFLSDWRU\� HIIRUWV�VHHNLQJ� D�ZLGH� UDQJH�RI�EHQHILWV� �HJ�
7KHREDOG� HW�DO�� ������0DQQLQJ� HW�DO�� ������*ROGPDQ� HW�DO��

������ 3HMFKDUHWD/� �������

&RQFOXVLRQV�

7KH� FKDOOHQJH� ZH� IDFH� LV�WR�PDNH� WKH�HFRV\VWHP� VHUYLFHV�
IUDPHZRUN�FUHGLEOH�� UHSOLFDEOH�� VFDODEOH�� DQG� VXVWDLQDEOH��
7KHUH� DUH�PDQ\� KXUGOHV� WR� LPSOHPHQWLQJ� WKH�DJHQGD� RXW�
OLQHG� LQ�)LJXUH����7KHUH� DUH� VFLHQWLILF�FKDOOHQJHV� IRU�HFROR�

JLVWV�� HFRQRPLVWV�� DQG� RWKHU� VRFLDO� VFLHQWLVWV�� LQ� XQGHU�

VWDQGLQJ� KRZ� KXPDQ� DFWLRQV� DIIHFW� HFRV\VWHPV�� WKH�

SURYLVLRQ� RI� HFRV\VWHP� VHUYLFHV�� DQG� WKH� YDOXH� RI� WKRVH� VHU�

YLFHV��$W� OHDVW�DV�GLIILFXOW�DUH� WKH�VRFLDO� DQG�SROLWLFDO� TXHV�
WLRQV�DVVRFLDWHG�ZLWK� LQFRUSRUDWLQJ� WKLV�XQGHUVWDQGLQJ� LQWR�
GHFLVLRQ� PDNLQJ��:H� PXVW� GHVLJQ� HIIHFWLYH�DQG� HQGXULQJ�
LQVWLWXWLRQV� WR�PDQDJH�� PRQLWRU�� DQG� SURYLGH� LQFHQWLYHV�

WKDW�UHIOHFW�WKH�VRFLDO� YDOXHV� RI�HFRV\VWHP� VHUYLFHV�� ,GHDOO\��
LQGLYLGXDOV�� FRUSRUDWH�PDQDJHUV�� DQG� JRYHUQPHQW� RIILFLDOV�
ZKR�PDNH� GHFLVLRQV� WKDW�DIIHFW�HFRV\VWHPV� DQG� WKH�VHUYLFHV�

WKH\�SURYLGH�ZLOO� SD\� WKH�SULFHV� WKDW�UHIOHFW�WKHVH� LPSDFWV��
3ULFH� LV�E\�QR�PHDQV� WKH�RQO\� WKLQJ� WKDW�DIIHFWV�SHRSOHV
�
GHFLVLRQV�� +RZHYHU�� LI�ZH� FDQ� JHW�WKH�SULFH� FORVHU� WR�EHLQJ�
�ULJKW���HYHU\GD\�EHKDYLRU� DQG�GHFLVLRQV�ZLOO� EH�FKDQQHOHG�
WRZDUG�D�IXWXUH�LQ�ZKLFK� QDWXUH� LV�QR� ORQJHU�VHHQ�DV�D� OX[�

XU\�ZH� FDQQRW� DIIRUG��EXW� DV� VRPHWKLQJ� HVVHQWLDO� IRU�VXV�

WDLQLQJ�DQG� LPSURYLQJ�KXPDQ�ZHOO�EHLQJ� HYHU\ZKHUH��

$FNQRZOHGJHPHQWV�

7KHVH� LGHDV� WUDFH� WR�PDQ\� SHRSOH�� LQFOXGLQJ�$� %DOPIRUG��
3�%LQJ�� 6�&DUSHQWHU�� 3�(KUOLFK�� &� )RONH�� -�*UHHQZHOO�� 1�

+DQQDKV�� *� +HDO�� &� .DW]�� 0� .OHHPDQ�� 6� /HYLQ�� 3�

0DWVRQ�� '� 0DWVXXUD�� :� 5HLG�� 9� 6DQW�� 5� 6DQW�� -�
6DUXNKDQ�� %�7KRPSVRQ�� .�7XUQHU��.�8QJHU�� 3�9LWRXVHN��
.� :LUWK�� 7� :LUWK�� DQG�:� :LUWK�� DQG� WKH� %HLMHU�
,QVWLWXWH��:H� WKDQN� WKH�+DZDL
L� ODQGRZQHUV� DQG� OHDGHUV�
LQ�WKH�SULYDWH�� SXEOLF�� DQG�QRQSURILW� VHFWRUV��ZKR� DUH�IRV�

WHULQJ�WKLV� MRLQW�ZRUN��:H� DSSUHFLDWH� WKH�FRPPHQWV� RI�-�
%R\G�� 0� &RQWH�� 3� (KUOLFK�� 5� *ROGPDQ�� &� .DW]�� 1�

/LQFROQ�� +� 7DOOLV�� DQG�3�7LPPHU��:H� DUH�JUDWHIXO�IRU�VXS�
SRUW� IURP�3�%LQJ��+� %LQJ��9� 6DQW�� 5� 6DQW�� %�+DPPHWW��
DQG� WKH� .RUHW�� 0DF$UWKXU�� 0RRUH� )DPLO\�� 3DFNDUG��
6KHUZRRG�� DQG�:LQVORZ� IRXQGDWLRQV��

5HIHUHQFHV�
$UURZ� .�� 'DVJXSWD� 3��*RXOGHU� /�� HW�DO� ������ $UH� ZH� FRQVXPLQJ� WRR�

PXFK"� -�(FRQ� 3HUVSHFW� ����+,�����
$VQHU� *3�� +XJKHV� 5)�� 9LWRXVHN� 30�� HW�DO� ������ ,QYDVLYH� SODQWV�

WUDQVIRUP� WKH� WKUHH�GLPHQVLRQDO� VWUXFWXUH� RI� UDLQ� IRUHVWV�� 3�1DWO�

$FDG�6FL���������������
%DNHU�3-�DQG�6FRZFURIW�3*�� ������6WRFNLQJ�JXLGHOLQHV�IRU�WKH�

HQGHPLF� +DZDLLDQ� KDUGZRRG�� $FDFLD� NRD�� @� 7URS� )RU� 6FL� ����

��������
%DOPIRUG� $�� %UXQHU� $�� &RRSHU� 3�� HW�DO� ������ (FRQRPLF� UHDVRQV� IRU�

FRQVHUYLQJ� ZLOG� QDWXUH�� 6FLHQFH� ����� ��������

%HDWWLH� %� DQG�7D\ORU� &5�� ������ 7KH� HFRQRPLFV� RI�SURGXFWLRQ�� 1HZ�

<RUN�� 1<�� :LOH\��
%HUNHV� )� DQG� )RONH� &�� ������ /LQNLQJ� VRFLDO� DQG� HFRORJLFDO� V\VWHPV��

&DPEULGJH�� 8.�� &DPEULGJH� 8QLYHUVLW\� 3UHVV��

%HUNHV� )��&ROGLQJ� -��DQG� )RONH� &�� ������ 1DYLJDWLQJ� VRFLDO�HFRORJL�
FDO� V\VWHPV�� &DPEULGJH�� 8.�� &DPEULGJH� 8QLYHUVLW\� 3UHVV��

%KDJZDW� 6$� DQG� 5XWWH� &�� ������ 6DFUHG� JURYHV�� SRWHQWLDO� IRU�ELRGL�

YHUVLW\�PDQDJHPHQW�� )URQW� (FRO� (QYLURQ� ��� �������

%R\G� -:� DQG� %DQ]KDI� +6�� ������ (FRV\VWHP� VHUYLFHV� DQG� JRYHUQ�
PHQW� DFFRXQWDELOLW\�� WKH� QHHG� IRU� D� QHZ� ZD\� RI� MXGJLQJ�
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