
�

&RQWHQWV�

,QWURGXFWLRQ��7KH�(FRORJLFDO�DQG�6RFLHWDO�&RQVHTXHQFHV��
RI�%LRGLYHUVLW\�/RVV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � [LLL�
0LFKHO�/25($8��$QG\�+(&725��DQG�)RUHVW�,6%(//�

3DUW����%LRGLYHUVLW\�DQG�(FRV\VWHPV��$Q�2YHUYLHZ� � � � � � � � � � � � � ��

&KDSWHU����%LRGLYHUVLW\�&KDQJH��3DVW��3UHVHQW��DQG�)XWXUH� � � � � � � � ��
$QG\�3859,6�DQG�)RUHVW�,6%(//�

�����6HWWLQJ�WKH�VWDJH��GLIILFXOWLHV�RI�GRFXPHQWLQJ��XQGHUVWDQGLQJ���
DQG�FRPPXQLFDWLQJ�ELRGLYHUVLW\�FKDQJH� � � � � � � � � � � � � � � � � � � � � � �� ��
�����%LRGLYHUVLW\�FKDQJH�LQ�(DUWK�KLVWRU\�� � � � � � � � � � � � � � � � � � � � � �� ��
�����3UH�LQGXVWULDO�ELRGLYHUVLW\�FKDQJH� � � � � � � � � � � � � � � � � � � � � � � �� ��
�����%LRGLYHUVLW\�FKDQJH�LQ�WKH�³$QWKURSRFHQH´�� � � � � � � � � � � � � � � � � �� ��
�����)XWXUH�RI�ELRGLYHUVLW\�FKDQJH� � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����)XWXUH�RI�ELRGLYHUVLW\�FKDQJH�UHVHDUFK�� � � � � � � � � � � � � � � � � � � � �� ���
�����$FNQRZOHGJHPHQWV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

&KDSWHU����%LRGLYHUVLW\��&RQFHSWV��'LPHQVLRQV��DQG�0HDVXUHV� � � � � ���
$QQH�&+$2�DQG�5REHUW�.��&2/:(//�

�����,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����3URJUHVV�LQ�PHDVXULQJ�WD[RQRPLF�GLYHUVLW\�� � � � � � � � � � � � � � � � � �� ���



YL�����7KH�(FRORJLFDO�DQG�6RFLHWDO�&RQVHTXHQFHV�RI�%LRGLYHUVLW\�/RVV�

�����7D[RQRPLF�GLYHUVLW\�DQG�HYHQQHVV�PHDVXUHV�� � � � � � � � � � � � � � � � �� ���
�������7D[RQRPLF�GLYHUVLW\��HIIHFWLYH�QXPEHU�RI�VSHFLHV� � � � � � � � � � �� ���
�������(YHQQHVV�PHDVXUHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

�����$�XQLILHG�IUDPHZRUN�LQWHJUDWLQJ�GLYHUVLWLHV��7'��3'��DQG�)'�� � � � � � �� ���
�������3K\ORJHQHWLF�GLYHUVLW\�DV�D�VSHFLDO�FDVH�RI�DWWULEXWH�GLYHUVLW\�� � � �� ���
�������)XQFWLRQDO�GLYHUVLW\�DV�D�VSHFLDO�FDVH�RI�DWWULEXWH�GLYHUVLW\� � � � � �� ���

�����'LYHUVLW\�LQ�VSDFH�DQG�WLPH� � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����([DPSOHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

�������&RUDO�GDWD� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�������6DSUR[\OLF�EHHWOH�GDWD� � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

�����&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����$FNQRZOHGJHPHQWV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

&KDSWHU����(FRV\VWHPV��$Q�2YHUYLHZ�� � � � � � � � � � � � � � � � � � � � � � ���
$PHOLD�$��:2/)��6DUDK�.��257,=��DQG�&KDVH�-��5$.2:6.,�

�����$Q�LQWURGXFWLRQ�WR�HFRV\VWHPV� � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�������(FRV\VWHP�H[WHQW��DELRWLF�IDFWRUV�LQ�WHUUHVWULDO�V\VWHPV�� � � � � � � �� ���
�������(FRV\VWHP�H[WHQW��ELRWLF�IDFWRUV� � � � � � � � � � � � � � � � � � � � � �� ���
�������0DMRU�HFRV\VWHP�W\SHV�� � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�������0HWD�HFRV\VWHPV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�������(FRV\VWHP�G\QDPLFV�DQG�FKDQJH�RYHU�WLPH�DQG�VSDFH� � � � � � � � �� ���

�����(FRV\VWHP�IXQFWLRQLQJ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����(FRV\VWHP�VWDELOLW\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����(FRV\VWHP�VHUYLFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����+XPDQ�DOWHUDWLRQV�WR�HFRV\VWHPV�� � � � � � � � � � � � � � � � � � � � � � � �� ���
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

3DUW����+RZ�%LRGLYHUVLW\�$IIHFWV�(FRV\VWHP�)XQFWLRQLQJ� � � � � � � � � ���

&KDSWHU����%LRGLYHUVLW\�DQG�(FRV\VWHP�)XQFWLRQLQJ���
7KHRUHWLFDO�)RXQGDWLRQV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
6KDRSHQJ�:$1*�

�����,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����%LRGLYHUVLW\��IURP�FDXVHV�WR�FRQVHTXHQFHV� � � � � � � � � � � � � � � � � � �� ���
�����:K\�GRHV�ELRGLYHUVLW\�SURPRWH�HFRV\VWHP�IXQFWLRQLQJ"�� � � � � � � � � �� ���
�����7URSKLF�GLYHUVLW\�DQG�HFRV\VWHP�IXQFWLRQLQJ�� � � � � � � � � � � � � � � � �� ���
�����%()�RYHU�WLPH�DQG�VSDFH�� � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���



&RQWHQWV�����YLL�

�����&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����$FNQRZOHGJHPHQWV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���

&KDSWHU����([SHULPHQWDO�(YLGHQFH�IRU�+RZ�%LRGLYHUVLW\��
$IIHFWV�(FRV\VWHP�)XQFWLRQLQJ�� � � � � � � � � � � � � � � � � � � � � � � � � � ���
0DU\�,��2¶&21125��-RH\�5��%(51+$5'7��.HLOD�67$5.��-DFRE�86,12:,&=��DQG��
0DWWKHZ�$��:+$/(1�

�����7KH�UROH�RI�H[SHULPHQWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ���
�������7KH�H[SHULPHQW�WKDW�ODXQFKHG�D�WKRXVDQG�H[SHULPHQWV�� � � � � � � �� ���
�������+RZ�GR�ZH�JDLQ�NQRZOHGJH�IURP�H[SHULPHQWV"�� � � � � � � � � � � �� ����

�����%()�H[SHULPHQWV�DV�WHVWV�RI�WKHRU\�� � � � � � � � � � � � � � � � � � � � � � �� ����
�������'LYHUVLW\�DV�D�GULYHU�RI�FKDQJH�LQ�HFRV\VWHP�IXQFWLRQ� � � � � � � � �� ����
�������(YLGHQFH�IRU�VHOHFWLRQ�DQG�FRPSOHPHQWDULW\�� � � � � � � � � � � � � �� ����
�������([SHULPHQWDO�HYLGHQFH�IRU�NH\�DVVXPSWLRQV�RI�%()�WKHRU\�� � � � �� ����
�������7HVWLQJ�IRU�GLYHUVLW\�HIIHFWV�XQGHU�EURDGHU�DELRWLF�DQG��
ELRWLF�FRQGLWLRQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�������'LYHUVLW\�HIIHFWV�LQ�VSDFH�DQG�WLPH�� � � � � � � � � � � � � � � � � � � �� ����

�����([SHULPHQWV�WKDW�H[WHQG�FODVVLF�WKHRU\�� � � � � � � � � � � � � � � � � � � � �� ����
�������'RHV�H[WLQFWLRQ�RUGHU�PDWWHU"�� � � � � � � � � � � � � � � � � � � � � � �� ����
�������([SHULPHQWV�WKDW�EULGJH�%()�DQG�PRGHUQ�FRH[LVWHQFH��
WKHRU\��0&7��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�������([SHULPHQWDO�HYLGHQFH�IRU�HIIHFWV�RI�ELRGLYHUVLW\�RQ��
HFRV\VWHP�VHUYLFHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

�����&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&KDSWHU����%LRGLYHUVLW\�DQG�(FRV\VWHP�)XQFWLRQLQJ�LQ��
2EVHUYDWLRQDO�$QDO\VHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
/DXUD�(��'((��.DLWOLQ�.,00(/��DQG�0HJKDQ�+$<'(1�

�����,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����$�KLVWRULFDO�SHUVSHFWLYH��UHWXUQLQJ�WR�REVHUYDWLRQDO�GDWD� � � � � � � � � � �� ����
�����%HQHILWV�RI�REVHUYDWLRQDO�GDWD�� � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����7KH�FKDOOHQJH�RI�FDXVDO�LQIHUHQFH�LQ�REVHUYDWLRQDO�VWXGLHV�� � � � � � � � �� ����
�����2EVHUYDWLRQDO�VWXGLHV��UHVXOWV�DQG�HYLGHQFH�WR�GDWH� � � � � � � � � � � � � �� ����

�������$FURVV�GLPHQVLRQV�RI�ELRGLYHUVLW\�� � � � � � � � � � � � � � � � � � � �� ����
�������$FURVV�HFRV\VWHP�IXQFWLRQV�� � � � � � � � � � � � � � � � � � � � � � � �� ����
�������$FURVV�HFRV\VWHP�W\SHV� � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�������6XPPDU\�RI�FXUUHQW�HYLGHQFH�JDSV�� � � � � � � � � � � � � � � � � � � �� ����



YLLL�����7KH�(FRORJLFDO�DQG�6RFLHWDO�&RQVHTXHQFHV�RI�%LRGLYHUVLW\�/RVV�

�����5HYLHZLQJ�VWXG\�GHVLJQ�WR�GDWH��KRZ�DUH�VWXGLHV�DQDO\]LQJ��
REVHUYDWLRQDO�GDWD"�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

�������0RYLQJ�IRUZDUG��LPSURYLQJ�VWXG\�GHVLJQV�IRU�REVHUYDWLRQDO��
GDWD�DQG�DQDO\VHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

�����)XWXUH�GLUHFWLRQV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

3DUW����+RZ�%LRGLYHUVLW\�$IIHFWV�(FRV\VWHP�6WDELOLW\� � � � � � � � � � � � ����

&KDSWHU����%LRGLYHUVLW\�DQG�(FRV\VWHP�6WDELOLW\��1HZ��
7KHRUHWLFDO�,QVLJKWV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
0LFKHO�/25($8�

�����,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����:KDW�LV�VWDELOLW\"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����:K\�GRHV�ORFDO�ELRGLYHUVLW\�SURPRWH�HFRV\VWHP�VWDELOLW\"�� � � � � � � � �� ����
�����6FDOLQJ�XS�GLYHUVLW\−VWDELOLW\�UHODWLRQVKLSV�� � � � � � � � � � � � � � � � � �� ����
�����&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����$FNQRZOHGJHPHQWV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&KDSWHU����:KDW�'R�%LRGLYHUVLW\�([SHULPHQWV�7HOO�8V�$ERXW�
%LRGLYHUVLW\�DQG�(FRORJLFDO�6WDELOLW\�5HODWLRQVKLSV"� � � � � � � � � � � � ����
/LQ�-,$1*�DQG�4LDQQD�;8�

�����,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����,QVLJKW�IURP�PRGHOV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����$�EULHI�DFFRXQW�RI�HDUOLHU�GLYHUVLW\±VWDELOLW\�H[SHULPHQWV� � � � � � � � � �� ����
�����7KH�UHODWLRQVKLSV�EHWZHHQ�ELRGLYHUVLW\�DQG�WHPSRUDO�VWDELOLW\�� � � � � � �� ����

�������*UDVVODQG�ELRGLYHUVLW\�H[SHULPHQWV� � � � � � � � � � � � � � � � � � � �� ����
�������)RUHVW�ELRGLYHUVLW\�H[SHULPHQWV� � � � � � � � � � � � � � � � � � � � � �� ����
�������$TXDWLF�ELRGLYHUVLW\�H[SHULPHQWV� � � � � � � � � � � � � � � � � � � � �� ����
�������0LFURELDO�ELRGLYHUVLW\�H[SHULPHQWV� � � � � � � � � � � � � � � � � � � �� ����
�������+RZ�JHQHUDO�DUH�WKH�HIIHFWV�RI�VSHFLHV�GLYHUVLW\�RQ��
WHPSRUDO�VWDELOLW\"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�������2WKHU�GLPHQVLRQV�RI�ELRGLYHUVLW\�� � � � � � � � � � � � � � � � � � � � �� ����

�����7KH�UHODWLRQVKLSV�EHWZHHQ�ELRGLYHUVLW\�DQG�UHVLVWDQFH�UHVLOLHQFH� � � � � �� ����
�����7KH�UHOHYDQFH�RI�ELRGLYHUVLW\�H[SHULPHQWV�WR�UHDO�ZRUOG�HFRV\VWHPV�� � �� ����
�����&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����



&RQWHQWV�����L[�

�����$FNQRZOHGJHPHQWV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&KDSWHU����%LRGLYHUVLW\�DQG�7HPSRUDO�6WDELOLW\�RI�1DWXUDOO\��
$VVHPEOHG�(FRV\VWHPV�$FURVV�6SDWLDO�6FDOHV��
LQ�D�&KDQJLQJ�:RUOG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
<DQQ�+$87,(5�DQG�)RQV�9$1�'(5�3/$6�

�����,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����%LRGLYHUVLW\±VWDELOLW\�UHODWLRQVKLSV�DORQJ�QDWXUDO�JUDGLHQWV� � � � � � � � �� ����
�����*OREDO�FKDQJH�GULYHUV�DQG�ELRGLYHUVLW\±VWDELOLW\�UHODWLRQVKLSV� � � � � � �� ����
�����&RQWULEXWLRQ�RI�GRPLQDQW�DQG�UDUH�VSHFLHV�WR�VWDELOLW\� � � � � � � � � � � �� ����
�����)XWXUH�GLUHFWLRQV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�����5HIHUHQFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

3DUW����+RZ�%LRGLYHUVLW\�$IIHFWV�+XPDQ�6RFLHWLHV� � � � � � � � � � � � � � ����

&KDSWHU�����%LRGLYHUVLW\�DQG�(FRV\VWHP�6HUYLFHV�LQ�0DQDJHG�
(FRV\VWHPV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
%HUQKDUG�6&+0,'�DQG�&KULVWLDQ�6&+g%�

������$�EULHI�KLVWRU\�RI�WKH�UROH�RI�ELRGLYHUVLW\�LQ�PDQDJHG�HFRV\VWHPV�� � � �� ����
������%LRGLYHUVLW\�DV�WKH�EDVLV�IRU�D�QHZ�JUHHQ�UHYROXWLRQ�� � � � � � � � � � � �� ����
������%LRGLYHUVLW\�LQ�DJULFXOWXUH� � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

��������&URS�JHQHWLF�GLYHUVLW\� � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������6SHFLHV�GLYHUVLW\�LQ�JUDVVODQGV�DQG�LQWHUFURSSLQJ� � � � � � � � � � �� ����
��������)DUP�VFDOH�GLYHUVLW\�� � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������%LRGLYHUVLW\�LQ�IRUHVWU\� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������(YLGHQFH�IRU�SRVLWLYH�ELRGLYHUVLW\�HIIHFWV�RQ�IRUHVW��
HFRV\VWHP�VHUYLFHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������(FRV\VWHP�VHUYLFHV�SURYLGHG�E\�DJURIRUHVWU\�� � � � � � � � � � � � �� ����

������2XWORRN� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������3RWHQWLDO�RI�ELRGLYHUVLW\�WR�VXSSRUW�WKH�QH[W�JUHHQ�UHYROXWLRQ� � � �� ����
��������2EVWDFOHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������6ROXWLRQV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������$FNQRZOHGJHPHQWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������5HIHUHQFHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����



[�����7KH�(FRORJLFDO�DQG�6RFLHWDO�&RQVHTXHQFHV�RI�%LRGLYHUVLW\�/RVV�

&KDSWHU�����%LRGLYHUVLW\�DQG�+XPDQ�+HDOWK��2Q�WKH�1HFHVVLW\��
RI�&RPELQLQJ�(FRORJ\�DQG�3XEOLF�+HDOWK� � � � � � � � � � � � � � � � � � � � ����
-HDQ�)UDQoRLV�*8e*$1��%HQMDPLQ�52&+(��DQG�6HUJH�025$1'�

������,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������0LFURELDO�ELRGLYHUVLW\�LV�D�NH\�FRPSRQHQW�RI�HFRV\VWHPV� � � � � � � � �� ����
������7KH�OLQNDJHV�EHWZHHQ�ELRGLYHUVLW\�DQG�KXPDQ�LQIHFWLRXV�GLVHDVHV� � � �� ����
������7KH�HYROXWLRQ�RI�KXPDQ�VRFLHW\�LV�SXQFWXDWHG�E\��
HSLGHPLRORJLFDO�SKDVHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������7KH�QHZ�HFRORJ\�DQG�HYROXWLRQ�RI�]RRQRWLF�DQG�VDSURQRWLF��
HVWDEOLVKPHQW�LQ�WKH�$QWKURSRFHQH�� � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������7KH�SURFHVV�RI�JOREDOL]DWLRQ�RI�KXPDQ�LQIHFWLRXV�GLVHDVHV�� � � � � � � �� ����
������$�OLYHVWRFN�GRPLQDWHG�SODQHW� � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������$FNQRZOHGJHPHQWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
�������5HIHUHQFHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&KDSWHU�����(FRQRPLF�9DOXDWLRQ�RI�%LRGLYHUVLW\�DQG��
(FRV\VWHP�6HUYLFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
6HWK�%,1'(5�

������,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������:KDW�YDOXDWLRQ�LV�DQG�LV�QRW� � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������1RQ�PDUNHW�HFRQRPLF�YDOXDWLRQ�PHWKRGV� � � � � � � � � � � � � � � � � � �� ����

��������3URGXFWLRQ�IXQFWLRQ�PHWKRGV� � � � � � � � � � � � � � � � � � � � � � �� ����
��������5HYHDOHG�SUHIHUHQFH�PHWKRGV�� � � � � � � � � � � � � � � � � � � � � �� ����
��������6WDWHG�SUHIHUHQFH�PHWKRGV�� � � � � � � � � � � � � � � � � � � � � � � �� ����
��������%HQHILW�WUDQVIHU�PHWKRGV�� � � � � � � � � � � � � � � � � � � � � � � � �� ����

������&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������5HIHUHQFHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

3DUW����=RRPLQJ�2XW��%LRGLYHUVLW\�LQ�D�&KDQJLQJ�3ODQHW� � � � � � � � � � ����

&KDSWHU�����)HHGEDFNV�%HWZHHQ�%LRGLYHUVLW\�DQG��
&OLPDWH�&KDQJH�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
$NLUD�6��025,��7DNHKLUR�6$6$.,��0DLNR�.$*$0,��7DNHVKL�0,.,��DQG��
0RULDNL�<$68+$5$�

������,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����



&RQWHQWV�����[L�

������9XOQHUDELOLW\�DQG�UHVSRQVHV�RI�ELRGLYHUVLW\�DQG�HFRV\VWHP��
IXQFWLRQLQJ�WR�WKH�FKDQJLQJ�FOLPDWH�LQ�GLIIHUHQW�ELRPHV� � � � � � � � � � � � � �� ����
������6RFLHWDO�DQG�SROLWLFDO�FKDOOHQJHV�WR�WKHVH�WZLQ�FULVHV��
DQG�WKHLU�LQWHUOLQNDJHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������7KH�SRWHQWLDO�RI�ELRGLYHUVLW\�WR�FRSH�ZLWK�WKH�FKDQJLQJ�FOLPDWH�� � � � �� ����
������&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������$FNQRZOHGJHPHQWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������5HIHUHQFHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&KDSWHU�����)HHGEDFNV�%HWZHHQ�%LRGLYHUVLW\�DQG�6RFLHW\�� � � � � � � � ����
.LUVWHQ�+(1'(5621�

������,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������6RFLHW\¶V�LPSDFW�RQ�ELRGLYHUVLW\�� � � � � � � � � � � � � � � � � � � � � � � �� ����

��������$JULFXOWXUH�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������,QFRPH� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������+RZ�VRFLHWLHV�YLHZ�ELRGLYHUVLW\�� � � � � � � � � � � � � � � � � � � � � � � �� ����
��������%LRGLYHUVLW\�DQG�FXOWXUH� � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������%LRGLYHUVLW\�DQG�ZHOO�EHLQJ�� � � � � � � � � � � � � � � � � � � � � � �� ����
��������9DOXH�RI�ELRGLYHUVLW\� � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������%LRGLYHUVLW\�SROLF\�DQG�VRFLHW\� � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������$ZDUHQHVV�DQG�SHUFHSWLRQ�� � � � � � � � � � � � � � � � � � � � � � � �� ����
��������0DQDJHPHQW�VWUDWHJLHV�� � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������&RQIOLFWV�LQ�ELRGLYHUVLW\�PDQDJHPHQW�� � � � � � � � � � � � � � � � �� ����
��������6XFFHVVIXO�LQLWLDWLYHV� � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

������&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������$FNQRZOHGJHPHQWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������5HIHUHQFHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����

&KDSWHU�����3URWHFWLQJ�DQG�5HVWRULQJ�%LRGLYHUVLW\�DQG��
(FRV\VWHP�6HUYLFHV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����
)RUHVW�,6%(//�

������,QWURGXFWLRQ�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������3URWHFWLQJ�ELRGLYHUVLW\�DQG�HFRV\VWHPV� � � � � � � � � � � � � � � � � � � �� ����

��������:KDW�DUH�SURWHFWHG�DUHDV�DQG�ZKDW�DUH�WKH\�LQWHQGHG��
WR�SURWHFW"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������:KDW�JOREDO�WDUJHWV�KDYH�EHHQ�HVWDEOLVKHG�IRU��
SURWHFWHG�DUHDV"�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������:KHUH�DUH�SURWHFWHG�DUHDV�DQG�KRZ�HIIHFWLYH�DUH�WKH\"�� � � � � � �� ����



[LL�����7KH�(FRORJLFDO�DQG�6RFLHWDO�&RQVHTXHQFHV�RI�%LRGLYHUVLW\�/RVV�

��������'RHV�SURWHFWLQJ�ELRGLYHUVLW\�DOVR�SURWHFW�HFRV\VWHP��
VHUYLFHV"� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������:KDW�DUH�WKH�OLPLWDWLRQV�RI�SURWHFWHG�DUHDV"� � � � � � � � � � � � � �� ����

������5HVWRULQJ�ELRGLYHUVLW\�DQG�HFRV\VWHPV�E\�UHYHUVLQJ�GHJUDGDWLRQ� � � � �� ����
��������:KDW�LV�UHVWRUDWLRQ�DQG�ZK\�LV�LW�QHHGHG"�� � � � � � � � � � � � � � �� ����
��������:KDW�JOREDO�WDUJHWV�KDYH�EHHQ�HVWDEOLVKHG�IRU�UHVWRUDWLRQ"�� � � � �� ����
��������+RZ�H[WHQVLYH�DQG�HIIHFWLYH�LV�UHVWRUDWLRQ"�� � � � � � � � � � � � � �� ����
��������,QFUHDVLQJ�WKH�GLYHUVLW\�RI�UHVWRUDWLRQV�FDQ�LQFUHDVH��
WKHLU�HIILFDF\�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
��������:KDW�DUH�WKH�OLPLWDWLRQV�RI�UHVWRUDWLRQ"� � � � � � � � � � � � � � � � �� ����

������/RRNLQJ�DKHDG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������&RQFOXVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������$FNQRZOHGJHPHQWV� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
������5HIHUHQFHV�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� ����
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,QGH[�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����


