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�&RQWULEXWHG�HTXDOO\

7KH�%LJJHU�3LFWXUH
2YHU WKH ODVW ������ \HDUV� KXPDQ DFWLYLWLHV KDYH WUDQVIRUPHG WKH (DUWK WKURXJK IDUPLQJ� IRUHVWU\� PLQLQJ DQG LQGXVWU\�
7KH FRPSOH[ UHVXOWV RI WKHVH DFWLYLWLHV DUH QRZ REVHUYHG DQG TXDQWLILHG DV ³KXPDQ LPSDFWV´ RQ (DUWK¶V DWPRVSKHUH�
RFHDQV� ELRVSKHUH DQG JHRFKHPLVWU\� :KLOH P\ULDG VWXGLHV KDYH H[SORUHG IDFHWV RI KXPDQ LPSDFWV RQ WKH SODQHW� WKH\
DUH QHFHVVDULO\ WHFKQLFDO DQG RIWHQ WLJKWO\�IRFXVHG� 7KXV� ILQGLQJ UHOLDEOH TXDQWLWDWLYH LQIRUPDWLRQ UHTXLUHV D VLJQLILFDQW
LQYHVWPHQW RI WLPH WR DVVHVV HDFK TXDQWLW\� LWV PHWKRGV RI GHWHUPLQDWLRQ� DQG DVVRFLDWHG XQFHUWDLQW\� :H SUHVHQW WKH
+XPDQ ,PSDFWV 'DWDEDVH �ZZZ�DQWKURSRQXPEHUV�RUJ�� ZKLFK KRXVHV D GLYHUVH DUUD\ RI VXFK TXDQWLWLHV� :H UHYLHZ D
VXEVHW RI WKHVH YDOXHV DQG KRZ WKH\ KHOS EXLOG LQWXLWLRQ IRU XQGHUVWDQGLQJ WKH (DUWK�KXPDQ V\VWHP� :KLOH FROODWLRQ
DORQH GRHV QRW WHOO XV KRZ WR EHVW DPHOLRUDWH KXPDQ LPSDFWV� ZH FRQWHQG WKDW DQ\ IXWXUH SODQV VKRXOG EH PDGH LQ OLJKW
RI�D�TXDQWLWDWLYH�XQGHUVWDQGLQJ�RI�WKH�LQWHUFRQQHFWHG�ZD\V�LQ�ZKLFK�KXPDQV�LPSDFW�WKH�SODQHW�

6XPPDU\
7KH +XPDQ ,PSDFWV 'DWDEDVH �ZZZ�DQWKURSRQXPEHUV�RUJ� LV D FXUDWHG VHDUFKDEOH UHVRXUFH KRXVLQJ TXDQWLWDWLYH GDWD
UHODWLQJ WR WKH GLYHUVH DQWKURSRJHQLF LPSDFWV RQ RXU SODQHW� ZLWK WRSLFV UDQJLQJ IURP VHD OHYHO ULVH� WR OLYHVWRFN
SRSXODWLRQV� JUHHQKRXVH JDV HPLVVLRQV� IHUWLOL]HU XVH� DQG EH\RQG� (DFK HQWU\ LQ WKH GDWDEDVH UHODWHV D TXDQWLWDWLYH
YDOXH �RU D WLPH�VHULHV RI YDOXHV� DORQJ ZLWK FOHDU UHIHUHQFLQJ RI WKH SULPDU\ VRXUFH� WKH PHWKRG RI PHDVXUHPHQW RU
HVWLPDWLRQ� DQ DVVHVVPHQW RI XQFHUWDLQW\� OLQNV WR WKH XQGHUO\LQJ GDWD� DV ZHOO DV D SHUPDQHQW LGHQWLILHU FDOOHG DQ
+XPDQ ,PSDFWV ,' �³+X,'´�� :KLOH WKHUH DUH RWKHU GDWDEDVHV WKDW KRXVH VRPH RI WKHVH YDOXHV� WKH\ DUH W\SLFDOO\
IRFXVHG RQ D VLQJOH WRSLF DUHD OLNH HQHUJ\ XVDJH RU JUHHQKRXVH JDV HPLVVLRQV� 7KH +XPDQ ,PSDFWV 'DWDEDVH
SURYLGHV FHQWUDOL]HG DFFHVV WR TXDQWLWDWLYH LQIRUPDWLRQ DERXW WKH P\ULDG ZD\V LQ ZKLFK KXPDQV LPSDFW WKH (DUWK�
JLYLQJ OLQNV WR PRUH VSHFLDOL]HG GDWDEDVHV IRU LQWHUHVWHG UHDGHUV� +HUH� ZH RXWOLQH WKH VWUXFWXUH RI WKH GDWDEDVH DQG
GHVFULEH RXU FXUDWLRQ SURFHGXUHV� )LQDOO\� ZH XVH WKLV GDWDEDVH WR JHQHUDWH D JUDSKLFDO VXPPDU\ RI WKH FXUUHQW VWDWH RI
KXPDQ�LPSDFWV�RQ�WKH�(DUWK��LOOXVWUDWLQJ�ERWK�WKHLU�QXPHULFDO�YDOXHV�DQG�WKHLU�GHQVH�LQWHUFRQQHFWLRQV�

,QWURGXFWLRQ
2QH RI WKH PRVW LPSRUWDQW VFLHQWLILF GHYHORSPHQWV RI WKH ODVW WZR FHQWXULHV LV WKH UHDOL]DWLRQ WKDW WKH HYROXWLRQ RI

WKH (DUWK LV GHHSO\ LQWHUWZLQHG ZLWK WKH HYROXWLRQ RI OLIH� 3HUKDSV WKH PRVW IDPRXV H[DPSOH RI WKLV LQWLPDWH UHODWLRQVKLS
LV WKH ODUJH�VFDOH R[\JHQDWLRQ RI (DUWK¶V DWPRVSKHUH IROORZLQJ WKH HPHUJHQFH RI SKRWRV\QWKHVLV�� 7KLV GUDPDWLF
FKDQJH LQ WKH FRPSRVLWLRQ RI WKH DWPRVSKHUH LV EHOLHYHG WR KDYH FDXVHG D PDVVLYH H[WLQFWLRQ� DV WKH RUJDQLVPV OLYLQJ
DW WKH WLPH ZHUH QRW DGDSWHG WR DQ R[\JHQDWHG DWPRVSKHUH�±�� 2YHU WKH SDVW ������ \HDUV� KXPDQV KDYH OLNHZLVH
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WUDQVIRUPHG WKH SODQHW� GLUHFWO\ DIIHFWLQJ WKH ULVH DQG IDOO RI HFRV\VWHPV�±��� WKH S+ DQG VXUIDFH WHPSHUDWXUH RI WKH
RFHDQV������ WKH FRPSRVLWLRQ RI WHUUHVWULDO ELRORJLFDO DQG KXPDQ�PDGH PDVV������ WKH SODQHWDU\ DOEHGR DQG LFH FRYHU��±�� �
DQG WKH FKHPLVWU\ RI WKH DWPRVSKHUH��±��� WR QDPH MXVW D IHZ H[DPSOHV� 7KH EUHDGWK RI KXPDQ LPSDFWV RQ WKH SODQHW LV
VR�GLYHUVH�WKDW�LW�WRXFKHV�RQ�QHDUO\�HYHU\�IDFHW�RI�WKH�(DUWK�V\VWHP�DQG�HYHU\�VFLHQWLILF�GLVFLSOLQH�

7HFKQRORJLFDO DGYDQFHV LQ UHPRWH VHQVLQJ� SUHFLVLRQ PHDVXUHPHQW� DQG FRPSXWDWLRQDO SRZHU KDYH PDGH LW
SRVVLEOH WR PHDVXUH WKHVH DQWKURSRJHQLF LPSDFWV ZLWK XQSUHFHGHQWHG GHSWK DQG UHVROXWLRQ� +RZHYHU� DV VFLHQWLVWV
ZLWK GLIIHUHQW WUDLQLQJ XVH GLVWLQFW PHWKRGV IRU PHDVXUHPHQW DQG DQDO\VLV� UHSRUW GDWD LQ GLIIHUHQW XQLWV DQG IRUPDWV�
DQG XVH QRPHQFODWXUH GLIIHUHQWO\� WKHVH VWXGLHV FDQ EH YHU\ FKDOOHQJLQJ WR XQGHUVWDQG DQG UHODWH WR RQH DQRWKHU� (YHQ
VHHPLQJO\ VLPSOH TXHVWLRQV VXFK DV ³KRZ PXFK ZDWHU GR KXPDQV XVH"´ FDQ EH GLIILFXOW WR DQVZHU ZKHQ VHDUFK
HQJLQHV DUH QRW RSWLPL]HG IRU ILQGLQJ QXPHULF GDWD� DQG D VHDUFK RI WKH VFLHQWLILF OLWHUDWXUH \LHOGV DQ DUUD\ RI
FRPSOLFDWHG DQDO\VHV ZLWK GLIIHUHQW XQLWV� YDU\LQJ GHILQLWLRQV DERXW ZKDW FRQVWLWXWHV ZDWHU XVH� DQG GLVWLQFW DSSURDFKHV
WR TXDQWLI\LQJ IORZV� 7KLV SUREOHP SHUVLVWV EH\RQG WKH SULPDU\ VFLHQWLILF OLWHUDWXUH DV JRYHUQPHQWDO� LQWHUJRYHUQPHQWDO�
DQG�LQGXVWU\�GDWDVHWV�FDQ�EH�VLPLODUO\�FU\SWLF�DQG�ODERULRXV�WR�LQWHUSUHW�

:ULWLQJ IURP &DOLIRUQLD� DV VHYHUDO RI WKH DXWKRUV DUH� ZKHUH ZH QRZ KDYH D ³ZLOGILUH VHDVRQ´ DQG D PXOWL�GHFDGDO
GURXJKW������ ZH ZDQWHG WR GHYHORS D GHHSHU XQGHUVWDQGLQJ RI WKH ZD\V LQ ZKLFK KXPDQ DFWLYLWLHV PLJKW KDYH SURGXFHG
VXFK GUDPDWLF DQG FRQVHTXHQWLDO FKDQJHV LQ RXU ORFDO DQG JOREDO HQYLURQPHQW� ,Q SXUVXLW RI EDVLF XQGHUVWDQGLQJ� ZH
DVNHG PDQ\ TXHVWLRQV OLNH ³KRZ PXFK ZDWHU DQG ODQG GR KXPDQV XVH"´ DQG ³KRZ PXFK PHWKDQH LV HPLWWHG DQQXDOO\"´
,Q RXU VHDUFK IRU DQVZHUV� HYHQ ZKHQ WKH TXHVWLRQ LV ZHOO GHILQHG� DV LV WKH FDVH IRU PHWKDQH HPLVVLRQV� ZH RIWHQ
HQFRXQWHUHG WKH VDPH FKDOOHQJHV� GLVSDUDWH WHFKQLFDO VWXGLHV ZULWWHQ IRU H[SHUW DXGLHQFHV PXVW EH XQGHUVWRRG�
HYDOXDWHG DQG V\QWKHVL]HG MXVW WR DQVZHU VLPSOH TXHVWLRQV� ,W VHHPHG WR XV WKDW D UHIHUHQFHG FRPSHQGLXP RI ³WKLQJV
ZH�DOUHDG\�NQRZ´�DNLQ�WR�WKH�&5&�+DQGERRN�RI�&KHPLVWU\�DQG�3K\VLFV�ZRXOG�EH�YHU\�XVHIXO�IRU�XV�DQG�RWKHUV�

,Q EXLOGLQJ WKH +XPDQ ,PSDFWV 'DWDEDVH� ZH WRRN LQVSLUDWLRQ IURP RXU SUHYLRXV H[SHULHQFH EXLOGLQJ DQG XVLQJ WKH
%LR1XPEHUV 'DWDEDVH�� �ELRQXPEHUV�KPV�KDUYDUG�HGX�� D FRPSHQGLXP RI TXDQWLWDWLYH YDOXHV UHODWLQJ WR FHOO DQG
RUJDQLVPDO ELRORJ\� 2YHU WKH SDVW GHFDGH� WKH %LR1XPEHUV 'DWDEDVH KDV EHFRPH D ZLGHO\�DFFHVVHG UHVRXUFH WKDW
VHUYHV QRW RQO\ DV DQ LQGH[ RI ELRORJLFDO QXPEHUV� EXW DOVR DV D PHDQV RI ILQGLQJ UHOHYDQW SULPDU\ OLWHUDWXUH� OHDUQLQJ
DERXW PHWKRGV RI PHDVXUHPHQW� DQG WHDFKLQJ EDVLF FRQFHSWV LQ FHOO ELRORJ\��� :H EHOLHYH WKDW D UHIHUHQFH IRU
TXDQWLWDWLYH GDWD DERXW WKH H[WHQW RI KXPDQ LPSDFWV RQ RXU SODQHW ZRXOG EH VLPLODUO\ WUDQVIRUPDWLYH IRU UHVHDUFKHUV�
VWXGHQWV DQG LQWHUHVWHG QRQ�VFLHQWLVWV� :KLOH UHDGLQJ DQ HQWU\ LQ WKH +XPDQ ,PSDFWV 'DWDEDVH LV QRW D UHSODFHPHQW IRU
UHDGLQJ WKH SULPDU\ OLWHUDWXUH� H[SORULQJ WKH YDULRXV TXDQWLWLHV WKH UHSRVLWRU\ KRXVHV FDQ UHYHDO D JUHDW GHDO DERXW RXU
SODQHW� WKH KXPDQ FLYLOL]DWLRQV OLYLQJ RQ LW� DQG WKHLU FROOHFWLYH LPSDFWV RQ WKH (DUWK� :H GR QRW NQRZ ZKLFK DSSURDFKHV
WR UHPHGLDWLQJ WKHVH LPSDFWV DUH PRVW HIILFLHQW� H[SHGLHQW RU FRVW�HIIHFWLYH� EXW ZH DUH FRQYLQFHG WKDW SURSRVDOV VKRXOG
EH�HYDOXDWHG�LQ�WKH�OLJKW�RI�D�FRPSUHKHQVLYH�DQG�TXDQWLWDWLYH�XQGHUVWDQGLQJ�RI�WKH�(DUWK�KXPDQ�V\VWHP�

5HVXOWV
)LQGLQJ DQG FRPSLOLQJ QXPEHUV IURP VFLHQWLILF OLWHUDWXUH� JRYHUQPHQWDO DQG QRQ�JRYHUQPHQWDO UHSRUWV� DQG
LQGXVWULDO�GDWDVHWV
:H KDYH HVWDEOLVKHG WKH +XPDQ ,PSDFWV 'DWDEDVH �KWWS���DQWKURSRQXPEHUV�RUJ� DV D UHSRVLWRU\ IRU WKH UDSLG

GLVFRYHU\ RI TXDQWLWLHV GHVFULELQJ WKH (DUWK�KXPDQ V\VWHP� :H KHUH SURYLGH D PRUH FRPSOHWH GHVFULSWLRQ RI WKH
GDWDEDVH VWUXFWXUH� WKH YDOXHV LW KROGV� DQG WKH VWRULHV LW WHOOV XV DERXW KRZ KXPDQV LPSDFW WKH (DUWK� $V RI WKLV ZULWLQJ�
WKH GDWDEDVH KROGV ! ��� XQLTXH PDQXDOO\�FXUDWHG HQWULHV FRYHULQJ D EUHDGWK RI GDWD VRXUFHV� LQFOXGLQJ SULPDU\
VFLHQWLILF OLWHUDWXUH� JRYHUQPHQWDO DQG QRQ�JRYHUQPHQWDO UHSRUWV� DQG LQGXVWULDO FRPPXQLTXHV� %HIRUH LW LV DGGHG WR WKH
GDWDEDVH DQG PDGH SXEOLF� HDFK HQWU\ LV YHWWHG H[WHQVLYHO\ E\ WKH DGPLQLVWUDWRUV �RXU FXUDWLRQ SURFHGXUHV DUH IXOO\
GHVFULEHG LQ WKH 6XSSOHPHQWDO ,QIRUPDWLRQ�� :KLOH WKHVH § ��� HQWULHV LQFOXGH WKRVH ZH FRQVLGHU WR EH HVVHQWLDO IRU D
TXDQWLWDWLYH XQGHUVWDQGLQJ RI KXPDQ LPSDFWV RQ (DUWK� LW LV QRW DQ H[KDXVWLYH OLVW� 7KLV GDWDEDVH ZLOO FRQWLQXH WR JURZ
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DQG HYROYH DV PRUH GDWD EHFRPHV SXEOLFO\ UHOHDVHG� RXU XQGHUVWDQGLQJ RI WKH KXPDQ�HDUWK V\VWHP LPSURYHV� DQG
PHPEHUV�RI�WKH�VFLHQWLILF�FRPPXQLW\�VXJJHVW�YDOXHV�WR�EH�DGGHG�

7R LOOXVWUDWH WKH VWUXFWXUH RI D GDWDEDVH HQWU\� OHW¶V FRQVLGHU WKH PRVW HPEOHPDWLF RQH� WKH DWPRVSKHULF &2�

FRQFHQWUDWLRQ DV PHDVXUHG E\ WKH 0DXQD /RD 2EVHUYDWRU\ �)LJXUH ��� $W WKH WRS RI WKH HQWU\ ZH ILQG WKH WLWOH DQG
FDWHJRU\ �)LJ� �$�%�� 3ULPDU\ FDWHJRUL]DWLRQ IDOOV LQWR RQH RI ILYH FODVVHV� ³/DQG´� ³:DWHU´� ³(QHUJ\´� ³)ORUD 	 )DXQD´�
DQG ³$WPRVSKHULF 	 %LRJHRFKHPLFDO &\FOHV´� 2I FRXUVH� WKHVH FDWHJRULHV DUH EURDG DQG HQWULHV FDQ EH DVVRFLDWHG
ZLWK VHYHUDO FDWHJRULHV� )RU WKLV UHDVRQ� HDFK HQWU\ LV DOVR DVVLJQHG D QDUURZHU ³VXEFDWHJRU\´� VXFK DV ³$JULFXOWXUH´�
³8UEDQL]DWLRQ´� RU ³&DUERQ 'LR[LGH�´ :KLOH WKLV FDWHJRUL]DWLRQ LV QRW PHDQW WR EH H[KDXVWLYH� DQG PDQ\ RWKHU VFKHPHV
FRXOG�EH�LPSOHPHQWHG��ZH�IRXQG�WKLV�RUJDQL]DWLRQ�DOORZHG�XV�WR�TXLFNO\�EURZVH�DQG�LGHQWLI\�TXDQWLWLHV�RI�LQWHUHVW�

)ROORZLQJ WKH WLWOH DQG FDWHJRUL]DWLRQ� ZH UHSRUW WKH PHDVXUHG DWPRVSKHULF &2� FRQFHQWUDWLRQ� 7KLV FRUUHVSRQGV WR
WKH PRVW UHFHQW UHSRUWHG PHDVXUHPHQW� ZKLFK LV� DV RI ZULWLQJ� URXJKO\ ��� SSP LQ ���� �SDUWV SHU PLOOLRQ� )LJXUH �&��
,PSRUWDQWO\� ZH UHSRUW DQ DSSUR[LPDWH &2� FRQFHQWUDWLRQ UDWKHU WKDQ D SUHFLVH RQH WR PDQ\ VLJQLILFDQW GLJLWV� :KLOH WKH
PRVW UHFHQW HQWU\ LQ WKH OLQNHG GDWDVHW �)LJ� �,� JLYHV D PRQWKO\ DYHUDJH YDOXH RI ������ SSP IRU 'HFHPEHU RI �����
WKLV YDOXH GRHV QRW DFFRXQW IRU HUURU LQ WKH PHDVXUHPHQW� IOXFWXDWLRQV WKURXJKRXW 'HFHPEHU� RU VHDVRQDO RVFLOODWLRQV LQ
DWPRVSKHULF &2�� 7KHUHIRUH� ZH UHSRUW D URXQGHG YDOXH RI ��� SSP� &2� PHDVXUHPHQWV DUH TXLWH DFFXUDWH� EXW RWKHU
PHDVXUHPHQWV DQG LQIHUHQFHV UHFRUGHG LQ WKH +XPDQ ,PSDFWV 'DWDEDVH DUH OHVV VR� :H WKHUHIRUH VWULYH WR JLYH DQ
DVVHVVPHQW RI WKH XQFHUWDLQW\ IRU DOO YDOXHV� 7KLV FDQ EH LQ WKH IRUP RI D FRQILGHQFH LQWHUYDO� DV IRU +X,' ������ ZKLFK
UHSRUWV D ��� FRQILGHQFH LQWHUYDO RQ WKH H[WHQW RI VHD OHYHO ULVH GXH WR WKHUPDO H[SDQVLRQ VLQFH ����� RU ERXQGV RQ
WKH YDOXH� DV LQ +X,' ������ ZKLFK UHSRUWV D ORZHU ERXQG RQ WKH QXPEHU RI DQLPDO H[WLQFWLRQV VLQFH ���� &(� ,Q
DGGLWLRQ WR HUURU DVVHVVPHQW� ZH DOVR DLP WR SURYLGH OHJLEOH XQLWV IRU DOO HQWULHV� 7KRXJK DWPRVSKHULF &2� LV FRPPRQO\
UHSRUWHG LQ SDUWV SHU PLOOLRQ �SSP� XQLWV� ZH DOVR UHSRUW WKLV YDOXH LQ RWKHU HTXLYDOHQW XQLWV� LQFOXGLQJ WKH PROH DQG
PDVV IUDFWLRQV RI &2�� DQG WKH WRWDO PDVV RI &2� LQ WKH DWPRVSKHUH LQ NJ &2� �)LJ� �&�� :KHQHYHU SRVVLEOH� HQWULHV
ZLOO�UHSRUW�YDOXHV�LQ�PXOWLSOH�XQLWV�WR�PDNH�TXDQWLWLHV�DFFHVVLEOH�WR�UHDGHUV�FRPLQJ�IURP�GLYHUVH�EDFNJURXQGV�

)ROORZLQJ WKH QXPHULFDO YDOXH� ZH ILQG WKH +XPDQ ,PSDFWV 'DWDEDVH LGHQWLILHU �+X,'� )LJXUH �'�� 7KH +X,' LV D
UDQGRPO\�JHQHUDWHG ILYH�GLJLW QXPEHU WKDW VHUYHV DV D SHUPDQHQW LGHQWLILHU RI WKH HQWU\� %HFDXVH WKH +X,' LV
SHUPDQHQW DQG VWDWLF� LW FDQ EH XVHG IRU UHIHUHQFLQJ� 5DWKHU WKDQ LGHQWLI\LQJ D VLQJOH YDOXH� ZH FRQVLGHU WKH +X,' D
SRLQWHU WR D SDUWLFXODU HQWU\� VR WKDW +X,' ����� FDQ EH XVHG WR UHIHUHQFH WKH DWPRVSKHULF &2� FRQFHQWUDWLRQ LQ ����
DQG ���� �)LJ� �(�� )RU H[DPSOH� WR UHIHUHQFH WKH SUHVHQW�GD\ DWPRVSKHULF &2� FRQFHQWUDWLRQ� RQH FRXOG UHSRUW WKH
YDOXH DV ³§ ��� SSP �+X,' �����������´� $GGLWLRQDOO\� VLQFH HDFK HQWU\ FRPHV IURP D VLQJOH VRXUFH� ZH PD\ KDYH
PRUH WKDQ RQH +X,' UHSRUWLQJ VLPLODU TXDQWLWLHV� IRU H[DPSOH +X,'V ����� DQG ����� UHSRUW UHFHQW PHDVXUHPHQWV RI
WKH�WHPSHUDWXUH�RI�WKH�XSSHU�RFHDQ�

7KH ³6XPPDU\´ ILHOG �)LJXUH �)� JLYHV D VXFFLQFW GHVFULSWLRQ RI WKH TXDQWLW\ DQG LWV UHODWLRQVKLS WR ³KXPDQ LPSDFWV´
EURDGO\�FRQVWUXHG� DORQJ ZLWK RWKHU SHUWLQHQW LQIRUPDWLRQ� 7KLV FRXOG LQFOXGH D PRUH GHWDLOHG GHILQLWLRQ RI WHUPV XVHG LQ
WKH TXDQWLW\� VXFK DV WKH HQWU\ IRU ³VHD LFH H[WHQW ORVV LQ 0DUFK´ ZKLFK GHILQHV WKH WHUP VHD LFH H[WHQW� RU XVHIXO
KLVWRULFDO LQIRUPDWLRQ DERXW WKH PHDVXUHPHQW� ,Q RXU H[DPSOH RI DWPRVSKHULF &2� FRQFHQWUDWLRQ� WKH VXPPDU\ H[SODLQV
WKDW WKH PHDVXUHPHQW LV PDGH DW WKH 0DXQD /RD REVHUYDWRU\ DQG SRLQWV RXW WKH VHDVRQDO RVFLOODWLRQV WKDW DUH
REVHUYHG� 7KH IROORZLQJ ³0HWKRG´ ILHOG GHVFULEHV WKH PHWKRG E\ ZKLFK WKH TXDQWLW\ ZDV PHDVXUHG� LQIHUUHG� RU
HVWLPDWHG �)LJXUH �*�� 7KLV ILHOG DOVR SURYLGHV DQ DVVHVVPHQW RI WKH XQFHUWDLQW\ LQ WKH YDOXH� ZKLFK PD\ LQFOXGH D
GHVFULSWLRQ RI KRZ FRQILGHQFH LQWHUYDOV ZHUH FRPSXWHG RU D OLVW RI FULWLFDO DVVXPSWLRQV WKDW ZHUH PDGH WR HVWLPDWH
PLVVLQJ�GDWD�

$OO ILHOGV WKURXJK ³0HWKRG´ �)LJ �$�*� GHSHQG RQ PDQXDO FXUDWLRQ DQG LQWHUSUHWDWLRQ E\ GDWDEDVH� 7KH IROORZLQJ
WZR ILHOGV� ³6RXUFH´ DQG ³'DWDVHW´ �)LJXUH �+�,� SURYLGH GLUHFW OLQNV WR WKH SULPDU\ VRXUFH UHIHUHQFH DQG WKH UHOHYDQW
GDWD� %RWK RI WKHVH ILHOGV DUH GLUHFW OLQNV �VKRZQ DV LQVHWV LQ )LJXUH ��� 7KH ³6RXUFH´ FDQ SRLQW HLWKHU WR WKH SXEOLVKHG
VFLHQWLILF OLWHUDWXUH RU WKH UHVRXUFH SDJH RI D JRYHUQPHQWDO� LQGXVWULDO� RU QRQ�JRYHUQPHQWDO RUJDQL]DWLRQ GDWD
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GHSRVLWLRQ 85/� 7KH ³'DWDVHW´ ILHOG OLQNV GLUHFWO\ WR D &69 YHUVLRQ RI WKH GDWDILOH LQ RXU *LW+XE UHSRVLWRU\� $V GLVFXVVHG
LQ WKH 6XSSOHPHQW� WKHVH GDWD ILOHV KDYH EHHQ FRQYHUWHG LQWR D ³WLG\�GDWD´ IRUPDW�� E\ GDWDEDVH DGPLQLVWUDWRUV� ZKLFK
PD[LPL]HV�SURJUDPPDWLF�UHDGDELOLW\�

:KHQ SRVVLEOH� D JUDSKLFDO WLPH�VHULHV RI WKH GDWD LV DOVR SUHVHQWHG DV DQ LQWHUDFWLYH SORW �)LJ� �-�� 7KHVH SORWV
HQDEOH XVHUV WR TXLFNO\ DSSUHKHQG WLPH�GHSHQGHQW WUHQGV LQ WKH GDWD ZLWKRXW GRZQORDGLQJ RU SURFHVVLQJ WKH GDWDVHW�
:KLOH QRW DYDLODEOH IRU HYHU\ HQWU\� WKH PDMRULW\ RI TXDQWLWLHV ZH KDYH FXUDWHG LQ WKH +XPDQ ,PSDFWV 'DWDEDVH FRQWDLQ
PHDVXUHPHQWV RYHU WLPH� 7KH ODVW ILHOG JLYHV WKH XVHUQDPH RI WKH DGPLQLVWUDWRU ZKR JHQHUDWHG WKLV HQWU\ �)LJXUH �.��
7KHLU DIILOLDWLRQ DQG FRQWDFW LQIRUPDWLRQ LV DYDLODEOH RQ WKH GDWDEDVH¶V ³$ERXW´ SDJH� :H LQYLWH WKH UHDGHU WR FRQWDFW WKH
DGPLQLVWUDWRUV FROOHFWLYHO\ � WKURXJK RXU ³&RQWDFW´ SDJH RU GLUHFWO\ WKURXJK RXU SHUVRQDO HPDLOV DV SURYLGHG RQ WKH
³$ERXW´�SDJH��IRU�TXHVWLRQV��FRQFHUQV��RU�VXJJHVWLRQV�

:KLOH )LJXUH � LV D UHSUHVHQWDWLYH H[DPSOH� HDFK TXDQWLW\ LQ WKH +XPDQ ,PSDFWV 'DWDEDVH WHOOV D GLIIHUHQW VWRU\�
(DV\ FHQWUDOL]HG DFFHVV WR GLIIHUHQW HQWULHV DOORZV XVHUV WR OHDUQ DERXW WKH PDJQLWXGH RI KXPDQ LPSDFWV� DQG DOVR
VWXG\ WKH LQWHUDFWLRQV EHWZHHQ GLIIHUHQW KXPDQ DFWLYLWLHV� ZKLFK� DV ZH GLVFXVV LQ WKH QH[W VHFWLRQ� DUH GHHSO\
LQWHUWZLQHG�

*OREDO�0DJQLWXGHV
,Q )LJXUH �� ZH SURYLGH DQ DUUD\ RI TXDQWLWLHV WKDW ZH EHOLHYH WR EH NH\ LQ GHYHORSLQJ D ³IHHOLQJ IRU WKH QXPEHUV´

DVVRFLDWHG ZLWK KXPDQ LPSDFWV RQ WKH (DUWK V\VWHP� $OO RI WKH TXDQWLWLHV LQ )LJXUH � DUH GUDZQ IURP HQWULHV LQ WKH
GDWDEDVH DQG JURXSHG LQWR WKH VDPH FDWHJRULHV XVHG LQ WKH GDWDEDVH� ODQG� ZDWHU� IORUD DQG IDXQD� DWPRVSKHUH DQG
ELRJHRFKHPLFDO F\FOHV� DQG HQHUJ\ �VHH FRORU VFKHPH DW WKH WRS RI )LJ� ��� 7KRXJK WKH LPSDFWV FRQVLGHUHG QHFHVVDULO\
FRQVWLWXWH DQ LQFRPSOHWH GHVFULSWLRQ RI KXPDQ LQWHUDFWLRQ ZLWK WKH SODQHW� WKHVH QXPEHUV HQFRPSDVV PDQ\ ZKLFK DUH
FULWLFDOO\ LPSRUWDQW� VXFK DV WKH YROXPH RI OLTXLG ZDWHU UHVXOWLQJ IURP LFH PHOW �)LJ� �%�� WKH H[WHQW RI XUEDQ DQG
DJULFXOWXUDO ODQG XVH �)LJ� �+�� JOREDO SRZHU FRQVXPSWLRQ �)LJ� �1�� DQG WKH KHDW XSWDNH DQG VXEVHTXHQW ZDUPLQJ RI
WKH RFHDQ VXUIDFH �)LJ� �6�� ,Q PDQ\ FDVHV� WKH UDZ QXPEHUV DUH DVWRXQGLQJO\ ODUJH DQG FDQ WKHUHIRUH EH GLIILFXOW WR
IDWKRP� 5DWKHU WKDQ UHSRUWLQJ RQO\ EDUH ³VFLHQWLILF´ XQLWV� ZH SUHVHQW HDFK TXDQWLW\ �ZKHQ SRVVLEOH� LQ XQLWV WKDW DUH
UHODWDEOH WR D EURDG DXGLHQFH� )RU H[DPSOH� WR JLYH FRQWH[W IRU WKH DQQXDO JOREDO PDVV RI &2� HPLVVLRQV LQ NLORJUDPV�
ZH�QRWH�WKDW�WKLV�PDVV�LV�HTXLYDOHQW�WR�����WZR�WRQQH�SLFNXS�WUXFNV�SHU�SHUVRQ�RQ�WKH�SODQHW�SHU�\HDU�

([SORULQJ WKHVH QXPEHUV UHYHDOV D QXPEHU RI LQWULJXLQJ TXDQWLWLHV DQG UHODWLRQVKLSV� )RU H[DPSOH� DJULFXOWXUH
UHSHDWHGO\ DSSHDUV DV D PDMRU FRQWULEXWRU WR PDQ\ KXPDQ LPSDFWV� $JULFXOWXUH GRPLQDWHV ERWK JOREDO ODQG �)LJ� �+�
DQG ZDWHU XVH �)LJ� �/�� DQG DFFRXQWV IRU DSSUR[LPDWHO\ D WKLUG RI JOREDO WUHH FRYHU DUHD ORVV �)LJ� �2�� ,Q DGGLWLRQ� DQ
HQRUPRXV DPRXQW RI QLWURJHQ LV V\QWKHWLFDOO\ IL[HG WKURXJK WKH +DEHU�%RVFK SURFHVV WR SURGXFH IHUWLOL]HU �)LJ� �)��
ZKLFK LV D PDMRU FDXVH RI HPLVVLRQ RI 1�2 �)LJ� � .�� ZKLFK LV D SRWHQW JUHHQKRXVH JDV� $ERXW �� ELOOLRQ OLYHVWRFN DUH
UDLVHG RQ DJULFXOWXUDO ODQGV �)LJ� �(�� ZKLFK� WRJHWKHU ZLWK ULFH SDGGLHV� SURGXFH D PDMRULW\ RI DQWKURSRJHQLF PHWKDQH
HPLVVLRQV �L�H� WKH JUHHQKRXVH JDV &+�� )LJ� � .�� 2Q WKH RWKHU KDQG� XUEDQ ODQG DUHD DFFRXQWV IRU D YHU\ VPDOO
IUDFWLRQ RI ODQG DUHD XVH �§ ��� )LJ� �+�� DQG WKH H[SDQVLRQ RI FLWLHV DQG VXEXUEV DFFRXQWV IRU RQO\ § �� RI JOREDO WUHH
FRYHU DUHD ORVV �)LJ� �2�� 7KLV LV QRW WR VD\� KRZHYHU� WKDW XUEDQ FHQWHUV DUH QHJOLJLEOH LQ WKHLU JOREDO LPSDFWV� $V XUEDQ
DQG VXEXUEDQ DUHDV FXUUHQWO\ KRXVH PRUH WKDQ KDOI RI WKH JOREDO KXPDQ SRSXODWLRQ �)LJ� �-�� PDQ\ KXPDQ LPSDFWV DUH
OLQNHG WR LQGXVWULHV WKDW GLUHFWO\ RU LQGLUHFWO\ VXSSRUW XUEDQ SRSXODWLRQV¶ GHPDQG IRU IRRG� KRXVLQJ� WUDYHO� HOHFWURQLFV
DQG RWKHU JRRGV� )RU H[DPSOH� WKH SXUVXLW RI XUEDQL]DWLRQ LV WKH GRPLQDWLQJ IDFWRU LQ WKH PDVV RI HDUWK PRYHG RQ DQ
DQQXDO�EDVLV��)LJ���:��

&ROOHFWLYHO\� WKH § � ELOOLRQ KXPDQV RQ (DUWK �)LJ� �-� FRQVXPH QHDUO\ �� 7: RI SRZHU� HTXLYDOHQW WR �� RQH
KXQGUHG :DWW OLJKW EXOEV SHU SHUVRQ �)LJXUH �1�� $URXQG ��� RI WKLV HQHUJ\ GHULYHV IURP WKH FRPEXVWLRQ RI IRVVLO IXHOV
�)LJ� �3�� 7KLV UHVXOWV LQ D WUHPHQGRXV PDVV RI &2� EHLQJ HPLWWHG DQQXDOO\ �)LJ� � .� RI ZKLFK RQO\ § ò UHPDLQV LQ WKH
DWPRVSKHUH �+X,' ������� $ VL]DEOH SRUWLRQ RI WKH HPLVVLRQV DUH DEVRUEHG E\ WKH RFHDQV �+X,' ������� OHDGLQJ WR D
VWHDG\ LQFUHDVH LQ RFHDQ DFLGLW\ �)LJ� �*� DQG SRVLQJ ULVNV WR PDULQH HFRV\VWHPV��� )XUWKHUPRUH� LQFUHDVLQJ DYHUDJH
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JOREDO WHPSHUDWXUHV SULPDULO\ FDXVHG E\ JUHHQKRXVH JDV HPLVVLRQV FRQWULEXWH WR VHD OHYHO ULVH QRW RQO\ LQ WKH IRUP RI
DGGHG ZDWHU IURP PHOWLQJ LFH �)LJ� �% DQG 0� EXW DOVR GXH WR WKHUPDO H[SDQVLRQ RI RFHDQ ZDWHU �)LJ� �0�� ZKLFK
DFFRXQWV IRU § ��� RI REVHUYHG VHD OHYHO ULVH��� 7KHVH DUH MXVW D IHZ ZD\V LQ ZKLFK RQH FDQ WUDYHUVH WKH LPSDFWV
LOOXVWUDWHG LQ )LJXUH �� UHYHDOLQJ WKH UHPDUNDEOH H[WHQW WR ZKLFK WKHVH LPSDFWV DUH LQWHUFRQQHFWHG� :H HQFRXUDJH WKH
UHDGHU�WR�H[SORUH�WKLV�ILJXUH�LQ�D�VLPLODU�PDQQHU��EOD]LQJ�WKHLU�RZQ�WUDLO�WKURXJK�WKH�YDOXHV�

5HJLRQDO�'LVWULEXWLRQ
:KLOH )LJXUH � SUHVHQWV WKH PDJQLWXGH RI KXPDQ LPSDFWV DW D JOREDO VFDOH� LW LV LPSRUWDQW WR UHFRJQL]H WKDW WKHVH
LPSDFWV ² ERWK WKHLU RULJLQV DQG UHSHUFXVVLRQV ² DUH YDULDEOH DFURVV WKH JOREH� 7KDW LV� GLIIHUHQW VRFLHWLHV YDU\ LQ WKHLU
SUHIHUHQFHV IRU IRRG �H�J� $PHULFDQV FRQVXPH UHODWLYHO\ OLWWOH ILVK� DQG PRGHV RI OLYLQJ �H�J� DSDUWPHQWV YV KRXVHV��
KDYH GLIIHUHQW OHYHOV RI HFRQRPLF GHYHORSPHQW �H�J� &DQDGD DV FRPSDUHG WR 0DOD\VLD�� UHO\ RQ GLIIHUHQW QDWXUDO
UHVRXUFHV WR EXLOG LQIUDVWUXFWXUH �H�J� ZRRG YV FRQFUHWH� DQG JHQHUDWH SRZHU �H�J� QXFOHDU YV FRDO�� DQG SURPRWH
GLIIHUHQW H[WUDFWLYH RU SROOXWLQJ LQGXVWULHV �H�J� OLWKLXP PLQLQJ YV SDOP RLO IDUPLQJ�� 6RPH RI WKHVH UHJLRQDO GLIIHUHQFHV
DUH HYLGHQW LQ )LJXUH �� ZKLFK VXPPDUL]HV UHJLRQDO EUHDNGRZQV RI VHYHUDO GULYHUV RI JOREDO KXPDQ LPSDFWV� H�J�
OLYHVWRFN�SRSXODWLRQV�DQG�JUHHQKRXVH�JDV�HPLVVLRQV�

-XVW DV LPSDFWIXO KXPDQ DFWLYLWLHV OLNH FRDO SRZHU JHQHUDWLRQ DQG VZLQH IDUPLQJ DUH PRUH FRPPRQ LQ VRPH UHJLRQV
WKDQ RWKHUV �)LJ ���� OLNHZLVH WKH LPSDFWV RI KXPDQ DFWLYLWLHV DIIHFW VRPH UHJLRQV PRUH WKDQ RWKHUV��� )LJXUH � GLVSOD\V
D FRDUVH UHJLRQDO EUHDNGRZQ RI WKH QXPEHUV IURP )LJXUH � IRU ZKLFK UHJLRQDO GLVWULEXWLRQV FRXOG EH GHWHUPLQHG IURP
WKH OLWHUDWXUH� 7KH UHJLRQ GHILQLWLRQV XVHG LQ )LJXUH � DUH VLPLODU WR WKH GHILQLWLRQV VHW IRUWK E\ WKH )RRG DQG $JULFXOWXUDO
2UJDQL]DWLRQ �)$2� RI WKH 8QLWHG 1DWLRQV� DVVLJQLQJ WKH VHPL�FRQWLQHQWDO UHJLRQV RI 1RUWK $PHULFD� 6RXWK $PHULFD�
$IULFD� (XURSH� $VLD� DQG 2FHDQLD�+HUH� ZH VSHFLI\ ERWK WKH WRWDO FRQWULEXWLRQ RI HDFK UHJLRQ DQG WKH SHU FDSLWD YDOXH
JLYHQ�WKH�SRSXODWLRQ�RI�WKDW�UHJLRQ�DV�RI�WKH�\HDU�V��LQ�ZKLFK�WKH�TXDQWLW\�ZDV�PHDVXUHG�

0XFK DV LQ WKH FDVH RI RXU )LJXUH �� LQWHUHVWLQJ GHWDLOV HPHUJH QDWXUDOO\ IURP )LJXUH �� )RU H[DPSOH� $VLD GRPLQDWHV
JOREDO DJULFXOWXUDO ZDWHU ZLWKGUDZDO �H[FOXGLQJ QDWXUDO ZDWHULQJ YLD UDLQIDOO�� XVLQJ DERXW ��� RI WKH WRWDO� ZKLOH 1RUWK
$PHULFD WDNHV WKH OHDG LQ LQGXVWULDO ZDWHU ZLWKGUDZDO� ,QWHUHVWLQJO\� RQ D SHU�FDSLWD EDVLV 1RUWK $PHULFD ZLWKGUDZV WKH
PRVW�ZDWHU�IRU�DOO�XVHV��DJULFXOWXUDO��LQGXVWULDO��DQG�GRPHVWLF�

1RUWK $PHULFD DOVR HPLWV PRUH &2� SHU FDSLWD WKDQ DQ\ RWKHU UHJLRQ� ZLWK 2FHDQLD DQG (XURSH FRPLQJ VHFRQG DQG
WKLUG� UHVSHFWLYHO\� 7KLV GLVSDULW\ FDQ EH SDUWLDOO\ XQGHUVWRRG E\ FRQVLGHULQJ WKH UHJLRQDO GLVWULEXWLRQ RI IRVVLO IXHO
FRQVXPSWLRQ� WKH GRPLQDQW VRXUFH RI &2� HPLVVLRQV �)LJ� �-�� :KLOH $VLD FRQVXPHV PRUH WKDQ KDOI RI WRWDO IRVVLO IXHO
HQHUJ\� SHU FDSLWD FRQVXPSWLRQ LV PDUNHGO\ ORZHU WKDQ LQ 1RUWK $PHULFD� (XURSH� DQG 2FHDQLD �)LJ� �-�� ,QWHUHVWLQJO\�
WKH VWRU\ LV GLIIHUHQW ZKHQ LW FRPHV WR PHWKDQH� 2FHDQLD DQG 6RXWK $PHULFD DUH WKH ODUJHVW HPLWWHUV RI DQWKURSRJHQLF
&+�� PDLQO\ GXH WR D VWDQGLQJ SRSXODWLRQ RI FDWWOH WKDW ULYDOV WKDW RI KXPDQV LQ WKRVH UHJLRQV �)LJ� �'� DQG SURGXFHV
WKLV SRWHQW JUHHQKRXVH JDV WKURXJK HQWHULF IHUPHQWDWLRQ��� 5HJLRQDO GLVSDULWLHV DUH DOVR DSSDUHQW LQ WKH PHDQV RI
HQHUJ\ SURGXFWLRQ� :KLOH FRQVXPLQJ RQO\ �� RI WRWDO SRZHU� 6RXWK $PHULFD JHQHUDWHV DERXW ��� RI UHQHZDEOH
HQHUJ\� 1XFOHDU SRZHU JHQHUDWLRQ� RQ WKH RWKHU KDQG� LV GRPLQDWHG E\ 1RUWK $PHULFD DQG (XURSH� ZKLOH 2FHDQLD�
ZKLFK�KDV�D�VLQJOH�UHVHDUFK�JUDGH�QXFOHDU�UHDFWRU��JHQHUDWHV�QHDUO\�]HUR�QXFOHDU�HQHUJ\�

,QYHVWLJDWLQJ WKH FDXVHV RI IRUHVW ORVV E\ JHRJUDSKLF UHJLRQ OLNHZLVH KLJKOLJKWV LQWHUHVWLQJ GLIIHUHQFHV� $W D JOREDO OHYHO�
DOO GULYHUV RI IRUHVW ORVV DUH FRPSDUDEOH LQ PDJQLWXGH H[FHSW IRU XUEDQL]DWLRQ� ZKLFK DFFRXQWV IRU § �� RI WRWDO DQQXDO
WUHH FRYHU DUHD ORVV �)LJ� �2�� 'HVSLWH FRPSDUDEOH PDJQLWXGHV� GLIIHUHQW GULYHUV RI IRUHVW ORVV KDYH GLIIHUHQW ORQJ�WHUP
FRQVHTXHQFHV��� )RUHVW ORVV GXH WR ZLOGILUHV DQG IRUHVWU\ RIWHQ UHVXOW LQ UHJURZWK� ZKLOH FRPPRGLW\�GULYHQ KDUYHVWLQJ
DQG XUEDQL]DWLRQ WHQG WR EH GULYHUV RI ORQJ�ODVWLQJ GHIRUHVWDWLRQ������ &HQWUDO DQG 6RXWK $PHULFD DFFRXQW IRU DERXW ���
RI FRPPRGLW\�GULYHQ GHIRUHVWDWLRQ �PHDQLQJ� FOHDUFXWWLQJ DQG KXPDQ�LQGXFHG ILUHV ZLWK QR VXEVWDQWLDO UHJURZWK RI WUHH
FRYHU�� ZKHUHDV D PDMRULW\ RI IRUHVW ORVV GXH WR VKLIWLQJ DJULFXOWXUH RFFXUV LQ $IULFD �ZKHUH UHJURZWK GRHV RFFXU��
7RJHWKHU� ZLOGILUHV LQ 1RUWK $PHULFD� 5XVVLD� &KLQD� DQG 6RXWK $VLD PDNH XS QHDUO\ ��� RI ORVVHV GXH WR ILUH��� :KLOH
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XUEDQL]DWLRQ LV WKH VPDOOHVW GULYHU RI WUHH FRYHU ORVV JOREDOO\� LW FDQ VWLOO KDYH VWURQJ LPSDFWV DW WKH UHJLRQDO OHYHO�
SHUWXUELQJ�ORFDO�HFRV\VWHPV�DQG�ELRGLYHUVLW\������

7LPHVHULHV
:KHQ DYDLODEOH� WKH +XPDQ ,PSDFWV 'DWDEDVH LQFOXGHV WLPH VHULHV GDWD IRU HDFK TXDQWLW\� -XVW DV WKH UHJLRQDO
GLVWULEXWLRQV LQ LPSDFWIXO KXPDQ DFWLYLWLHV KHOS XV XQGHUVWDQG GLIIHUHQFHV EHWZHHQ VRFLHWLHV DQG UHJLRQV� VWXG\LQJ WKH
KLVWRU\ RI WKHVH DFWLYLWLHV KLJKOLJKWV UHFHQW WHFKQRORJLFDO DQG HFRQRPLF GHYHORSPHQWV WKDW LQWHQVLI\ RU UHGXFH WKHLU
LPSDFWV� :KHQ FRQVLGHULQJ WKH KLVWRU\ RI KXPDQ LPSDFWV RQ WKH (DUWK� LW LV QDWXUDO WR VWDUW E\ FRQVLGHULQJ WKH JURZWK RI
WKH KXPDQ SRSXODWLRQ RYHU WLPH� $V VKRZQ LQ )LJXUH �� WKH JOREDO KXPDQ SRSXODWLRQ JUHZ QHDUO\ FRQWLQXDOO\ RYHU WKH
SDVW �� \HDUV� ZLWK WKH FXUUHQW SRSXODWLRQ QHDULQJ � ELOOLRQ� +LVWRULFDOO\� PRVW RI WKH JOREDO KXPDQ SRSXODWLRQ OLYHG LQ
UXUDO DUHDV �DERXW ��� DV RI ����� +X,' ������� 5HFHQW GHFDGHV KDYH EHHQ PDUNHG E\ D VXEVWDQWLDO VKLIW LQ KRZ
KXPDQV OLYH JOREDOO\� ZLWK DURXQG KDOI RI WKH KXPDQ SRSXODWLRQ QRZ OLYLQJ LQ XUEDQ RU VXEXUEDQ VHWWLQJV �§ ���� +X,'
�������

*LYHQ WKH JURZWK RI WKH KXPDQ SRSXODWLRQ� LW¶V UHDVRQDEOH WR FRQVLGHU WKDW KXPDQ SRSXODWLRQ PD\ EH WKH PRVW
QDWXUDO VFDOH WR PHDVXUH KXPDQ LPSDFWV��� 7R DVVHVV WKLV SRVVLELOLW\� ZH SORW SHU�FDSLWD LPSDFWV RYHU VHYHUDO GHFDGHV
�)LJXUH ��� ,I LPSDFWV DUH JURZLQJ LQ GLUHFW SURSRUWLRQ ZLWK WKH KXPDQ SRSXODWLRQ� SHU FDSLWD LPSDFWV ZRXOG EH FRQVWDQW
RYHU WLPH� ,QGHHG� WKLV LV URXJKO\ WUXH IRU SHU�FDSLWD ZDWHU ZLWKGUDZDOV RYHU WKH ODVW �� \HDUV �)LJ� �%�� 'HYLDWLRQV IURP
SURSRUWLRQDOLW\ PD\ LQGLFDWH LPSRUWDQW FKDQJHV LQ KXPDQ DFWLYLWLHV� )RU H[DPSOH� LQ UHFHQW GHFDGHV SHU�FDSLWD FKLFNHQ
SRSXODWLRQV JUHZ E\ QHDUO\ WZR�IROG ZKLOH SHU�FDSLWD FDWWOH SRSXODWLRQV VKUXQN E\ URXJKO\ ���� UHIOHFWLQJ D PRGHVW
WUDQVLWLRQ�DZD\�IURP�EHHI�DQG�WRZDUGV�FKLFNHQ�DV�D�VRXUFH�RI�DQLPDO�PHDW�LQ�JOREDO�GLHWV��+X,'V ����� DQG �������

2QH YHU\ YLVLEOH LPSDFW DFFRPSDQ\LQJ WKH VKLIW RI WKH KXPDQ SRSXODWLRQ WR XUEDQ HQYLURQPHQWV LV WKH LQFUHDVH LQ
SURGXFWLRQ RI DQWKURSRJHQLF PDVV �� PDWHULDOV VXFK DV FRQFUHWH� VWHHO� OXPEHU� DQG SODVWLFV XVHG WR EXLOG URDGV�
EXLOGLQJV� PDFKLQHV� SDFNDJLQJ DQG RWKHU XVHIXO KXPDQ�PDGH LWHPV� 6LQFH WKHVH PDWHULDOV DUH GHJUDGHG YHU\ VORZO\�
DQWKURSRJHQLF PDVV KDV EHHQ DFFXPXODWLQJ RYHU WLPH� ,Q DGGLWLRQ� WKH PDVV RI FRQFUHWH� DJJUHJDWHV OLNH DVSKDOW� DQG
EULFNV SHU FDSLWD KDV EHHQ LQFUHDVLQJ VLQFH WKH ����V �)LJ� �'�� &RQFUHWH� LQ SDUWLFXODU� KDV LQFUHDVHG IURP OHVV WKDQ
�� WRQV SHU SHUVRQ LQ WKH ����V WR DOPRVW �� WRQV SHU SHUVRQ LQ WKH ����V� 7KLV LQFUHDVH LQ SHU FDSLWD DQWKURSRJHQLF
PDVV�PHDQV�WKDW�WKH�LQFUHDVH�LQ�SURGXFWLRQ�RI�WKHVH�PDWHULDOV�LV�RXWSDFLQJ�WKH�JURZWK�RI�WKH�KXPDQ�SRSXODWLRQ�

7KHVH PDWHULDO SURGXFWLRQ WUHQGV KDYH EHHQ HQDEOHG� LQ SDUW� E\ D VXVWDLQHG LQFUHDVH LQ SRZHU JHQHUDWLRQ� $V
HYLGHQW IURP )LJXUH �� WRWDO SRZHU FRQVXPSWLRQ KDV EHHQ LQFUHDVLQJ URXJKO\ SURSRUWLRQDOO\ ZLWK WKH KXPDQ SRSXODWLRQ�
3HU FDSLWD FRQVXPSWLRQ KDV DOVR LQFUHDVHG DFURVV DOO JHQHUDWLRQ W\SHV� LQFOXGLQJ IRVVLO IXHOV� K\GURSRZHU� QXFOHDU� DQG
UHQHZDEOHV� 7KH JURZWK DPRQJ QXFOHDU DQG UHQHZDEOHV KDV EHHQ HVSHFLDOO\ GUDPDWLF� DQG QXFOHDU SRZHU QRZ URXJKO\
HTXDOV K\GURSRZHU SURGXFWLRQ� 3URGXFWLRQ RI FURSV� DTXDFXOWXUH� DQG SRSXODWLRQV RI OLYHVWRFN DUH DOO OLNHZLVH
FRUUHODWHG ZLWK JURZWK LQ WKH KXPDQ SRSXODWLRQ �)LJ� �& DQG (�� 7KH WRWDO QXPEHU RI OLYHVWRFN KDV LQFUHDVHG ZLWK WKH
KXPDQ SRSXODWLRQ� SULPDULO\ GXH WR LQFUHDVLQJ FKLFNHQ SRSXODWLRQV DV GLVFXVVHG DERYH� 7KH GRPLQDQW PHDQV RI
DTXDWLF IRRG SURGXFWLRQ KDV DOVR VKLIWHG RYHU WKLV WLPH� XQWLO URXJKO\ ����� QHDUO\ DOO VHDIRRG ZDV FDSWXUHG ZLOG� EXW
VLQFH�WKHQ�DTXDFXOWXUH�KDV�JURZQ�WR�DFFRXQW�IRU�URXJKO\�ò��RI�DTXDWLF�IRRG�SURGXFWLRQ��+X,' �������)LJ���(��

7XUQLQJ RXU IRFXV WR JUHHQKRXVH JDVHV� ZH VHH WKDW DQQXDO DQWKURSRJHQLF &2� HPLVVLRQV KDYH EHHQ LQFUHDVLQJ
ZLWK WKH SRSXODWLRQ �)LJ� �*�� %XUQLQJ RI IRVVLO IXHOV LV WKH GRPLQDQW FRQWULEXWRU WR DQWKURSRJHQLF HPLVVLRQV� DQG KDV
LQFUHDVHG VOLJKWO\ RQ D SHU FDSLWD EDVLV RYHU WKH SDVW �� \HDUV� ,Q FRQWUDVW� DV WKH SDFH RI JOREDO GHIRUHVWDWLRQ KDV
VORZHG����� HPLVVLRQV RI &2� GXH WR ODQG�XVH FKDQJH KDYH GHFUHDVHG SHU FDSLWD� 7KHVH WZR WUHQGV URXJKO\ QHXWUDOL]H
HDFK RWKHU� OHDGLQJ WR OLWWOH RYHUDOO FKDQJH LQ &2� HPLVVLRQV SHU FDSLWD VLQFH WKH ����V� $NLQ WR &2� HPLVVLRQV GXH WR
ODQG�XVH FKDQJH� &+� HPLVVLRQV VKRZ D VXEOLQHDU WUHQG ZLWK KXPDQ SRSXODWLRQ� SDUWLDOO\ GXH WR D GHFOLQH LQ UXPLQDQW
OLYHVWRFN�SHU�FDSLWD��)LJ���&��+��

'LVFXVVLRQ
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4XDQWLWDWLYH OLWHUDF\ LV QHFHVVDU\ IRU XQGHUVWDQGLQJ LQ QHDUO\ DOO EUDQFKHV RI VFLHQFH� $V RXU FROOHFWLYH NQRZOHGJH
RI DQWKURSRJHQLF LPSDFWV H[SDQGV� LW KDV EHFRPH FKDOOHQJLQJ WR VLIW WKURXJK WKH OLWHUDWXUH WR FROOHFW VSHFLILF QXPEHUV
XVHIXO IRU ERWK FDOFXODWLRQ DQG FRPPXQLFDWLRQ� :H KDYH DWWHPSWHG WR UHGXFH WKLV EDUULHU WR HQWU\ RQ VHYHUDO IURQWV� :H
KDYH FDQYDVVHG WKH VFLHQWLILF OLWHUDWXUH� JRYHUQPHQWDO DQG LQWHUQDWLRQDO UHSRUWV WR DVVHPEOH D EURDG� TXDQWLWDWLYH
SLFWXUH RI KRZ KXPDQ DFWLYLWLHV KDYH LPSDFWHG (DUWK
V DWPRVSKHUH� RFHDQV� ULYHUV� ODQGV� ELRWD� FKHPLVWU\� DQG
JHRORJ\� ,Q GRLQJ VR� ZH KDYH FUHDWHG DQ RQOLQH� VHDUFKDEOH GDWDEDVH KRXVLQJ DQ DUUD\ RI TXDQWLWLHV DQG GDWD WKDW
GHVFULEH GLIIHUHQW IDFHWV RI WKH KXPDQ�(DUWK LQWHUIDFH� %H\RQG WKH GDWDEDVH� ZH KDYH DVVHPEOHG WKHVH GDWD LQWR D
FRPSUHKHQVLYH VQDSVKRW� UHOHDVHG DORQJVLGH WKLV ZULWLQJ DV D VWDQGDORQH JUDSKLFDO GRFXPHQW �6XSSOHPHQWDO )LOH ���
ZLWK DOO XQGHUO\LQJ GDWD� DVVRFLDWHG XQFHUWDLQWLHV DQG UHIHUHQFLQJ KRXVHG LQ WKH +XPDQ ,PSDFWV 'DWDEDVH� :KLOH
QHFHVVDULO\ LQFRPSOHWH� WKHVH UHVRXUFHV SURYLGH D EURDG YLHZ RI WKH ZD\V LQ ZKLFK KXPDQ DFWLYLWLHV DUH LPSDFWLQJ WKH
(DUWK�RQ�PXOWLSOH�IURQWV�

2QH LQVLJKW WKDW HPHUJHV IURP FRQVLGHULQJ WKHVH GLYHUVH KXPDQ DFWLYLWLHV WRJHWKHU LV WKDW WKH\ DUH GHHSO\
LQWHUWZLQHG DQG GULYHQ E\ D VPDOO QXPEHU RI SLYRWDO IDFWRUV� WKH VL]H RI WKH KXPDQ SRSXODWLRQ� WKH FRPSRVLWLRQ RI RXU
GLHWV� DQG RXU GHPDQG IRU PDWHULDOV DQG HQHUJ\ WR EXLOG DQG SRZHU RXU LQFUHDVLQJO\ FRPSOH[ DQG PHFKDQL]HG
VRFLHWLHV� 8QGHUVWDQGLQJ WKH VFDOH RI KXPDQ DJULFXOWXUH� ZDWHU DQG SRZHU XVDJH SURYLGHV D IUDPHZRUN IRU
XQGHUVWDQGLQJ PRVW RI WKH QXPHULFDO JDOOHU\ SUHVHQWHG LQ )LJXUH �� 3HUKDSV XQVXUSULVLQJO\� ZH ILQG WKDW IHHGLQJ WKH
JURZLQJ KXPDQ SRSXODWLRQ LV D PDMRU GULYHU RI D ODUJH VZDWK RI KXPDQ LPSDFWV RQ HDUWK� GRPLQDWLQJ JOREDO ODQG �)LJXUH
�+� +X,'� ������ DQG ZDWHU XVH �)LJXUH �/� +X,'V� ������ ������ ������� DV ZHOO DV VLJQLILFDQWO\ FRQWULEXWLQJ WR WUHH
FRYHU ORVV �)LJXUH �2� +X,'� ������� HDUWK PRYLQJ �)LJXUH �:� +X,'� ������ ������� DQG DQWKURSRJHQLF QLWURJHQ
IL[DWLRQ��)LJXUH��)��+X,'� ������ ��������WR�QDPH D�IHZ�VXFK�H[DPSOHV�

,W LV FRPPRQ LQ WKLV VHWWLQJ WR DUJXH WKDW WKH EHZLOGHULQJ EUHDGWK DQG VFDOH RI KXPDQ LPSDFWV VKRXOG PRWLYDWH
VRPH VSHFLILF UHPHGLDWLRQ DW WKH JOREDO RU ORFDO VFDOH� :H� LQVWHDG� WDNH D PRUH PRGHVW �MXVW WKH IDFWV� DSSURDFK� 7KH
QXPEHUV SUHVHQWHG KHUH VKRZ WKDW KXPDQ DFWLYLWLHV DIIHFW RXU SODQHW WR D ODUJH GHJUHH LQ PDQ\ GLIIHUHQW DQG
LQFRPPHQVXUDWH ZD\V� EXW WKH\ GR QRW SURYLGH D URDGPDS IRU WKH IXWXUH� 5DWKHU� ZH FRQWHQG WKDW DQ\ SODQV IRU WKH
IXWXUH VKRXOG EH PDGH LQ WKH OLJKW RI D FRPSUHKHQVLYH DQG TXDQWLWDWLYH XQGHUVWDQGLQJ RI WKH LQWHUFRQQHFWHG ZD\V LQ
ZKLFK KXPDQ DFWLYLWLHV LPSDFW WKH (DUWK V\VWHP JOREDOO\ �)LJXUH ��� ORFDOO\ �)LJXUH ��� DQG WHPSRUDOO\ �)LJXUH ���
$FKLHYLQJ VXFK DQ XQGHUVWDQGLQJ ZLOO UHTXLUH V\QWKHVLV RI EURDG OLWHUDWXUH DFURVV PDQ\ GLVFLSOLQHV� :KLOH WKH TXDQWLWLHV
ZH KDYH FKRVHQ WR H[SORUH DUH FHUWDLQO\ QRW H[KDXVWLYH� WKH\ UHSUHVHQW VRPH RI WKH NH\ D[HV ZKLFK IUHTXHQWO\ GULYH
VFLHQWLILF�DQG�SXEOLF�GLVFRXUVH�DQG�VKDSH�SROLF\�DFURVV�WKH�JOREH�

(DUWK LV WKH RQO\ KDELWDEOH SODQHW ZH NQRZ RI� VR LW LV FUXFLDO WR XQGHUVWDQG KRZ ZH JRW KHUH DQG ZKHUH ZH DUH
JRLQJ� 7KDW LV� KRZ �DQG ZK\� KDYH KXPDQ LPSDFWV FKDQJHG RYHU WLPH" +RZ DUH WKH\ H[SHFWHG WR FKDQJH LQ WKH
IXWXUH" )RU HYHU\ DVSHFW RI KXPDQ HQWDQJOHPHQW ZLWK WKH (DUWK V\VWHP ± IURP ZDWHU XVH WR ODQG XVH� JUHHQKRXVH JDV
HPLVVLRQV� PLQLQJ RI SUHFLRXV PLQHUDOV� DQG VR RQ ± WKHUH DUH H[FHOOHQW VWXGLHV PHDVXULQJ LPSDFWV DQG SUHGLFWLQJ WKHLU
IXWXUH WUDMHFWRULHV� 2I SDUWLFXODU QRWH DUH WKH GDWD�ULFK DQG H[SODQDWRU\ UHSRUWV IURP WKH ,QWHUJRYHUQPHQWDO 3DQHO RQ
&OLPDWH &KDQJH����� DQG WKH HIIRUWV WRZDUGV GHILQLQJ ³3ODQHWDU\ %RXQGDULHV´��� :H KRSH WKDW WKH +XPDQ ,PSDFWV
'DWDEDVH DQG WKH DVVRFLDWHG UHVRXUFHV ZLWK WKLV ZRUN ZLOO DLP DQRWKHU OHQV RQ WKH KXPDQ�(DUWK V\VWHP� RQH WKDW
HQJDJHV�WKH�VFLHQWLILF�FRPPXQLW\�XOWLPDWHO\�KHOSLQJ�KXPDQLW\�FRH[LVW�VWDEO\�ZLWK�WKH�RQO\�SODQHW�ZH�KDYH�
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Figure 1: A representative entry in the Human Impacts Database. The entry page for HuID 81043 - “Atmospheric CO2 concentra-
tion” is diagrammed with important features highlighted. Each entry in the Human Impacts Database has a (A) name, (B) primary and 
secondary categorization, (C) the numerical value with other units when appropriate, (D) a 5-digit permanent numeric identifier, (E) 
years for which the measurement was determined, (F) a brief summary of the quantity, (G) the method of determination, (H) a link to 
the source data, and (I) a link to a processed version of the data saved as a .csv file. When possible, a time series of the data is 
presented. (K) Finally, each entry lists the username of the administrator who curated the quantity. Their contact information is avail-
able on the anthroponumbers.org “About” page.
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Figure 2: Human impacts on the planet and their relevant magnitudes. Relative units and the broad organizational 
categories are shown in the top-left panels. Source information and contextual comments for each subpanel are presented 
in the Supplemental Information.
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Figure 3: Regional distribution of anthropogenic effects. Several quantities from Figure 2 were selected and 
the relative magnitudes were broken down by subcontinental area (A). Donut charts in all sections show the rela-
tive contributions of each quantity by region. Ball-and-stick plots show the per capita breakdown of each quantity 
across geographic regions. All data for global and per-capita breakdowns correspond to the latest year for which 
data were available. The regional breakdown for deforestation uses the regional convention as reported in the 
source data45.

THE HUMAN POPULATION

rural dwellingtotal population

Sources: Food and Agricultural Organization of the United Nations - World Population 
Notes: Urban/rural designation has no set definition and follows the conventions set by 
each reporting country.
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THE GEOGRAPHY OF HUMAN IMPACTS

Asia — (As)
North America — (NA)
South America — (SA)

Europe — (Eu)
Oceania — (Oc)

Africa — (Af)

Page 1 represents the impact humans have on the Earth at a 
global scale. While these numbers are handy, it is important 
to acknowledge that they vary from country-to-country and 
continent-to-continent. Furthermore, the consequences of 
these anthropogenic impacts are also unequally distributed, 
meaning some regions experience effects disproportionate 
to their contribution. Here, we give a sense of the 
geographic distribution of several values presented on page 
1, broken down by continental region as shown below. 

LAND USE

Sources: Food and Agricultural Organization (FAO) of the United Nations (2015) — Land 
Use [agricultural area]. Florczyk et al. 2019 — GHS Urban Centre Database 2015 [urban 
land area]  Notes
defined by the USDA.
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The global population of terrestrial livestock is around 30 
billion individuals, most of which are chickens. Asia houses 
most of the global livestock population, though South 
America and Europe harbor more animals on a per-capita 
basis.

TREE COVERAGE AREA LOSS
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Source: Curtis et al. 2018 doi: 10.1126/science.aau3445.
Notes: Regions are as reported in Curtis et al. 2018. “Deforestation” here denotes 
permanent removal of tree cover for commodity production. “Shifting agriculture” here 
denotes forest/shrub land converted to agriculture and later abandoned. All values 
correspond to breakdown of cumulative tree cover area loss from 2001 - 2015.

REGION DEFINITION
Central & South America

North America Southeast Asia
Russia, China, & South Asia

Europe (- Russia)
OceaniaAfrica

Most drivers of tree coverage area loss are comparable in 
their effect at a global scale. However, there are drastic 
regional differences in the relative magnitudes.

NITROGENOUS FERTILIZER USE & PRODUCTION GREENHOUSE GAS EMISSIONS MATERIAL PRODUCTION
Modern agriculture requires nitrogen in amounts beyond 
what is produced naturally. Asia synthesizes and consumes 
a large majority of fixed nitrogen. However, Europe and 
North America dominate per capita synthesis whereas 
Oceania consumes more fertilizer per capita than any other 
region.

-

the worlds population (as well as the majority of both 
urban and rural dwellers) live in Asia.

Though humans are nearly evenly split between urban 
and rural environments, agricultural land is the far more 
common use of land area. Together, Asia and Africa 
contain more than half of global agricultural land. Asia 
alone accomodates more than half of the global urban 
land area. 
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WATER WITHDRAWAL
While Asia withdraws the most water for agricultural and 
municipal needs, North America withdraws the plurality of 
water for industrial purposes. North America also 
withdraws more water per capita than any other region.

Source: AQUASTAT Main Database, Food and Agriculture Organization of the United Nations. 
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POWER GENERATION AND CONSUMPTION

CO2 and CH4 are two potent greenhouse gases which are 
routinely emitted by anthropogenic processes   such as 
burning fuel and rearing livestock. While Asia emits 
roughly half of all CO2 and CH4, North America and Oceania 
produce the most on a per capita basis, respectively.

Humans excavate an enormous amount of material from 

Two of these materials, concrete and steel, are produced 
primarily in Asia on both a global and per capita basis. 

Europe.

From heating water, to powering lights, to moving 
our vehicles, nearly every facet of modern human 
life requires the consumption of power, culminating 
in nearly 20 TW of power use in recent years. Asia 
consumes over half of the power derived from 
combustion of fossil fuels, with Europe and North 
America each consuming around 20% of the global 
total. Asia also produces the plurality of power from 
renewable technologies, such as hydroelectric, 
wind, and solar, however, North America, South 
America, and Europe each produce more on a per 
capita basis. Nuclear energy, however, is primarly 
produced in Europe, with North America and Asia 
coming in second and third place, respectively. On 
a per-capita basis, North America consumes or 
produces more energy than all other regions 
considered here, yielding a total power consump-
tion of nearly 10,000 W per person.

Eu

As           
  

15%

 75%

10%

pe
r 

ca
pi

ta
 [k

g 
/ 

yr
]

pe
r 

ca
pi

ta
[1

00
0 

kg
 /

 y
r]

GLOBAL FRACTION PRODUCTION PER CAPITA

co
nc

re
te

st
ee

l

Sources: USGS Statistics and Information 2020, Steel Statistical Yearbook 2019 World Steel 
Association. Food and Agricultural Organization (FAO) of the United Nations — Annual 
Population. Notes: Reported values for cement and steel production corresponds to 2017 
and 2018 values, respectively. Mass of concrete was calculated using a rule-of-thumb that 1 
kg of cement yields 7 kg of concrete (Monteiro et al. 2017. doi: 0.138/nmat4930).

Af NA Eu SA As Oc

Af NA Eu SA As Oc

As82%

18%

Af NA Eu SA As Oc

CH
4 p

er
 c

ap
ita

 
[k

g 
/ 

yr
]

Af NA Eu SA As Oc

20
%            18%

53%

NA
        Eu   

As        
   

  

9%

Eu
   

  A
f    NA    SA

As     

   
   

  14
% 

    
13%     13%     12%

47%

1%

Source: Energy Information Administration of the United States (2017)
Notes:  “Renewables” includes hydroelectric, biofuels, biomass (wood), geothermal, 
wind, and solar. “Fossil fuels” includes coal, oil, and natural gas.

NA

     
     Eu   

As 

21
%  

       
     20%

50%

9%

CONSUMPTION PER CAPITAGLOBAL FRACTION PRODUCTION PER CAPITAGLOBAL FRACTION

  p
er

 c
ap

ita
   

[1
00

0 
W

 ]

Af NA Eu SA As Oc

NA
         Eu   

As

9%

20
%            18%

53%
Af NA Eu SA As Oc

Eu
   

    
  NA       SA

As 

22
% 

    
     2

0%         13%

41%

4%
2%

Af NA Eu SA As Oc

37
%  

                 18%

43%

NA
             As

Eu 
Af NA Eu SA As Oc

pe
r 

ca
pi

ta
 

  [
m

3 
/ 

yr
] 

pe
r 

ca
pi

ta
 

  [
m

3 
/ 

yr
] 

B C

ED F

G H I

J

A

  p
er

 c
ap

ita
   

[1
00

0 
W

]
  p

er
 c

ap
ita

   
[1

00
0 

W
]

  p
er

 c
ap

ita
   

[1
00

0 
W

]

.CC-BY 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 7, 2022. ; https://doi.org/10.1101/2022.03.04.483053doi: bioRxiv preprint 

https://doi.org/10.1101/2022.03.04.483053
http://creativecommons.org/licenses/by/4.0/


Figure 4: Temporal dynamics of key human impacts. Several quantities from Figure 2 were selected and 
the magnitudes were plotted either as a function of time (for cumulative quantities such as anthropomass) or 
human population (A). Ball-and-stick plots show the per capita breakdown as decadal averages to give a 
more reflective view of cultural and technological shifts than year-to-year variation.
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 Per capita values are computed given population of reporting countries. 
2013-2017 period.

Sources: Food and Agricultural Organization of the United Nations 

Sources: Krausmann et al. 2017 doi: 10.1073/pnas.1613773114
Notes: Material production is estimated from a material flows model. Source: Energy Information Administration of the United States (2017)

Notes:  “Renewables” includes biofuels, biomass (wood), geothermal, wind, and solar. “Fossil fuels” includes coal, oil, and natural gas.

Sources: Saunois et al, 2020 doi: 10.5194/essd-12-1561-2020 

 

Sources: Food and Agricultural Organization of the United Nations 

Annual anthropogenic CO2 emissions have been increasing with the population, driven 
by an increase in fossil fuel combustion. The amount of CO2 emissions from fossil fuels 
has increased slightly per capita, while the per capita emissions from land use change 
have decreased.

While total anthropogenic methane (CH4) emissions have been increasing with the human 
population, per capita emissions have been decreasing each decade since the 1970s. 
This per capita reduction reflects a shift in global diets away from methane-intenesive 
beef products, as well as better waste management policies in developed countries. 

Power consumption has increased with population, as well as technological and societal changes, which have driven an increase in power per 
capita across all generation types. The source of our power has also changed over time. Over the last 60 years, nuclear power has become 
comparable to hydroelectricity, with most of the growth occurring between 1970 and 1990. Renewable power generation is currently 
experiencing a similar growth pattern.

Aquatic (blue) foods production has been increasing with the human population. 
Interestingly, the mass produced from wild capture has remained constant per capita  
since the 1980s while the mass produced by aquaculture has increased per capita during 
the same period, driving the increase in overall production.

Total mass of human-made materials 
hasbeen accumulating over time, 
dominated byconstruction materials. Per 
capita, the massof bricks & asphalt, 
aggregates, andconcrete has increased 
since the 1950s.

The standing population of livestock has been 
increasing, with chicken making up a large 
fraction of the total livestock population. The 
number of chicken raised per capita has 
increased since the 1960s, while cattle per capita 
have decreased. 

Total water withdrawal has increased with the human population, dominated by 
increasing agricultural use. Per capita, the amount of water withdrawn for agriculture 
and domestic use has remained constant since the 1980s.

The human population has more than 
doubled in the past 60 years. During this 
time, the fraction of the population living 
in urban areas has increased so that today 
the population is about evenly split 
between urban and rural. 
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��� 0DUFLDQHVL��)���$XOLFLQR��*��	�:DGKDPV��3��$UFWLF�VHD�LFH�DQG�VQRZ�FRYHU�DOEHGR

YDULDELOLW\�DQG�WUHQGV�GXULQJ�WKH�ODVW�WKUHH�GHFDGHV� 3RODU�6FL� ������������������

��� 0RXJLQRW��-� HW�DO� )RUW\�VL[�\HDUV�RI�*UHHQODQG ,FH�6KHHW�PDVV�EDODQFH�IURP������WR

����� 3URF��1DWO��$FDG��6FL� ���������±������������

��� 0DF*UHJRU��-��$� HW�DO� $�V\QWKHVLV�RI�WKH�EDVDO WKHUPDO�VWDWH�RI�WKH�*UHHQODQG�,FH

6KHHW� -��*HRSK\V��5HV��(DUWK�6XUI� ���������±���� �������

��� .ZRN��5��$UFWLF�VHD�LFH�WKLFNQHVV��YROXPH��DQG�PXOWL\HDU�LFH�FRYHUDJH��ORVVHV�DQG

FRXSOHG�YDULDELOLW\������±������ (QYLURQ��5HV��/HWW� ������������������

��� 0DVVRP��5��$� HW�DO� $QWDUFWLF�LFH�VKHOI�GLVLQWHJUDWLRQ WULJJHUHG�E\�VHD�LFH�ORVV�DQG

RFHDQ�VZHOO� 1DWXUH ��������±�����������

��� 1RW]��'��	�6WURHYH��-��2EVHUYHG�$UFWLF�VHD�LFH�ORVV�GLUHFWO\�IROORZV�DQWKURSRJHQLF�&2 �

HPLVVLRQ� 6FLHQFH ��������±�����������

��� 6WURHYH��-��	�1RW]��'��&KDQJLQJ�VWDWH�RI�$UFWLF�VHD�LFH�DFURVV�DOO�VHDVRQV� (QYLURQ��5HV�

/HWW� ������������������

��� *RRGH��3��5� HW�DO� (DUWK¶V�$OEHGR�����±�����DV 0HDVXUHG�)URP�(DUWKVKLQH� *HRSK\V�

5HV��/HWW� �����������

��� )ULHGOLQJVWHLQ��3� HW�DO� *OREDO�&DUERQ�%XGJHW ����� (DUWK�6\VW��6FL��'DWD ��������±����

�������

��� +RXJKWRQ��5��$��	�1DVVLNDV��$��$��*OREDO�DQG�UHJLRQDO�IOX[HV�RI�FDUERQ�IURP�ODQG�XVH

DQG�ODQG�FRYHU�FKDQJH������������&DUERQ�(PLVVLRQV�)URP�/DQG�8VH� *ORE��%LRJHRFKHP�

&\FOHV �������±�����������

��� +DQVLV��(���'DYLV��6��-��	�3RQJUDW]��-��5HOHYDQFH�RI�PHWKRGRORJLFDO�FKRLFHV�IRU

DFFRXQWLQJ�RI�ODQG�XVH�FKDQJH�FDUERQ�IOX[HV� *ORE� %LRJHRFKHP��&\FOHV ��������±����

�������
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��� 7LDQ��+� HW�DO� $�FRPSUHKHQVLYH�TXDQWLILFDWLRQ�RI�JOREDO�QLWURXV�R[LGH�VRXUFHV�DQG�VLQNV�

1DWXUH ��������±�����������

��� .HHOLQJ��&��'��7KH�&RQFHQWUDWLRQ�DQG�,VRWRSLF�$EXQGDQFHV�RI�&DUERQ�'LR[LGH�LQ�WKH

$WPRVSKHUH� 7HOOXV �������±�����������

��� 6DXQRLV��0� HW�DO� 7KH�*OREDO�0HWKDQH�%XGJHW�����±����� (DUWK�6\VW��6FL��'DWD ���

����±������������

��� <RRQ��-��+� HW�DO� ([WUHPH�)LUH�6HDVRQ�LQ�&DOLIRUQLD� $�*OLPSVH�,QWR�WKH�)XWXUH" %XOO�

$P��0HWHRURO��6RF� ����6�±6���������

��� 6HDJHU��5� HW�DO� &DXVHV�RI�WKH�����±���&DOLIRUQLD 'URXJKW
� -��&OLP� ��������±����

�������

��� 0LOR��5���-RUJHQVHQ��3���0RUDQ��8���:HEHU��*��	�6SULQJHU��0��%LR1XPEHUV²WKH�GDWDEDVH

RI�NH\�QXPEHUV�LQ�PROHFXODU�DQG�FHOO�ELRORJ\� 1XFOHLF $FLGV�5HV� ����'���±'�����������

��� 0LOR��5��	�3KLOOLSV��5� &HOO�ELRORJ\�E\�WKH�QXPEHUV� �*DUODQG�6FLHQFH��������

��� :LFNKDP��+��7LG\�'DWD� -��6WDW��6RIWZ� �����������

��� 6FULSSV�,QVWLWXWLRQ�RI�2FHDQRJUDSK\ HW�DO� 8QGHUVWDQGLQJ 2FHDQ�$FLGLILFDWLRQ�,PSDFWV�RQ

2UJDQLVPDO�WR�(FRORJLFDO�6FDOHV� 2FHDQRJUDSK\ ��� ��±����������

��� )UHGHULNVH��7� HW�DO� 7KH�FDXVHV�RI�VHD�OHYHO ULVH�VLQFH������ 1DWXUH ��������±���

�������

��� 3DW]��-��$���&DPSEHOO�/HQGUXP��'���+ROORZD\��7��	�)ROH\��-��$��,PSDFW�RI�UHJLRQDO�FOLPDWH

FKDQJH�RQ�KXPDQ�KHDOWK� 1DWXUH ��������±�����������

��� %RZPDQ��'��0��-��6� HW�DO� )LUH�LQ�WKH�(DUWK�6\VWHP� 6FLHQFH ��������±�����������

��� 6DQWtQ��&���'RHUU��6��+���3UHVWRQ��&��0��	�*RQ]iOH]䇲5RGUtJXH]��*��3\URJHQLF�RUJDQLF

PDWWHU�SURGXFWLRQ�IURP�ZLOGILUHV��D�PLVVLQJ�VLQN�LQ�WKH�JOREDO�FDUERQ�F\FOH� *ORE��&KDQJH�%LRO�

��������±������������

��� &XUWLV��3��*���6OD\��&��0���+DUULV��1��/���7\XNDYLQD��$��	�+DQVHQ��0��&��&ODVVLI\LQJ�GULYHUV

RI�JOREDO�IRUHVW�ORVV� 6FLHQFH ���������±������������
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��� 2OLYLHU��7���7KpEDXOW��(���(OLDV��0���)RQWDLQH��%��	�)RQWDLQH��&��8UEDQL]DWLRQ�DQG

DJULFXOWXUDO�LQWHQVLILFDWLRQ�GHVWDELOL]H�DQLPDO�FRPPXQLWLHV�GLIIHUHQWO\�WKDQ�GLYHUVLW\�ORVV� 1DW�

&RPPXQ� ����������������

��� 1HZEROG��7� HW�DO� *OREDO�HIIHFWV�RI�ODQG�XVH RQ�ORFDO�WHUUHVWULDO�ELRGLYHUVLW\� 1DWXUH ����

��±����������

��� 6\YLWVNL��-� HW�DO� ([WUDRUGLQDU\�KXPDQ�HQHUJ\ FRQVXPSWLRQ�DQG�UHVXOWDQW�JHRORJLFDO

LPSDFWV�EHJLQQLQJ�DURXQG������&(�LQLWLDWHG�WKH�SURSRVHG�$QWKURSRFHQH�(SRFK� &RPPXQ�

(DUWK�(QYLURQ� �������������

��� )$2��6WDWH�RI�WKH�:RUOG¶V�)RUHVWV��������������

��� 0LQ[��-��&� HW�DO� $�FRPSUHKHQVLYH�DQG�V\QWKHWLF GDWDVHW�IRU�JOREDO��UHJLRQDO��DQG

QDWLRQDO�JUHHQKRXVH�JDV�HPLVVLRQV�E\�VHFWRU�����±�����ZLWK�DQ�H[WHQVLRQ�WR������ (DUWK

6\VW��6FL��'DWD ��������±������������

��� 0DVVRQ�'HOOPRWWH��9� HW�DO� *OREDO�:DUPLQJ�RI ����&�$Q�,3&&�6SHFLDO�5HSRUW�RQ�WKH

LPSDFWV�RI�JOREDO�ZDUPLQJ�RI�����&�DERYH�SUH�LQGXVWULDO�OHYHOV�DQG�UHODWHG�JOREDO�JUHHQKRXVH

JDV�HPLVVLRQ�SDWKZD\V��LQ�WKH�FRQWH[W�RI�VWUHQJWKHQLQJ�WKH�JOREDO�UHVSRQVH�WR�WKH�WKUHDW�RI

FOLPDWH�FKDQJH��VXVWDLQDEOH�GHYHORSPHQW��DQG�HIIRUWV�WR�HUDGLFDWH�SRYHUW\���������

��� 3RUWQHU��+��2� HW�DO� ,3&&�6SHFLDO�5HSRUW�RQ�WKH 2FHDQ�DQG�&U\RVSKHUH�LQ�D�&KDQJLQJ

&OLPDWH���������

��� 6WHIIHQ��:� HW�DO� 3ODQHWDU\�ERXQGDULHV��*XLGLQJ KXPDQ�GHYHORSPHQW�RQ�D�FKDQJLQJ

SODQHW� 6FLHQFH ��������������������
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