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9HUDUPG�XUDQLXP� �'8�� LV� HHQ�FKHPLVFK� WR[LVFK�]ZDDU
PHWDDO� GDW� VFKDGH� NDQ� YHURRU]DNHQ�DDQ�GH�QLHUHQ�HQ
GH� ORQJHQ�� +HW� LV� RRN� HHQ� UDGLRDFWLHYH� VXEVWDQWLH� GLH
KRJH� HQHUJLH� DOID�GHHOWMHV� XLW]HQGW�� 'H]H� GHHOWMHV
NXQQHQ� GH� KXLG� QLHW� GRRUERUHQ� PDDU� ZDQQHHU� ]H
LQJHDGHPG� RI� YLD� YRHGVHO� RSJHQRPHQ� ZRUGHQ�
EHVWUDOHQ�]H�ORQJFHOOHQ�HQ�DQGHUH�FHOOHQ�LQ�KHW�OLFKDDP�
+HW� ]HQGW� RRN� EqWDGHHOWMHV� XLW� GLH� GRRU� ���� j� �����
FHOOHQ� NXQQHQ� SDVVHUHQ�� '8� LV� RRN� HHQ� ]ZDNNH
XLW]HQGHU�YDQ�JDPPDVWUDOHQ�GLH�GRRUKHHQ�ZHHIVHO��HQ
ERWFHOOHQ�NXQQHQ�GULQJHQ�
9UDFKWZDJHQEHVWXXUGHU�*HUDUG�'DUUHQ
0DWWKHZ�YHUYRHUGH�LQ������PHW�'8�EHVFKRWHQ
WDQNV�YDQ�,UDN�QDDU�.RHZHLW��+LM�JLQJ�XLW�GLHQVW
ZHJHQV�]LHNWH��7HVWHQ�RS�XULQHVWDOHQ�WRRQGHQ
EHVPHWWLQJ�PHW�'8�DDQ��=LMQ�GRFKWHUWMH�9LFWRULD
ZHUG�JHERUHQ�PHW��HHQ�PLVYRUPGH
UHFKWHUKDQG�

'8� LV� PLQGHU� UDGLRDFWLHI� GDQ
JHFRQFHQWUHHUG�¶QDWXXUOLMN�XUDQLXP·�
ZDW� FKHPLVFK� EHZHUNW� XUDQLXP� LV�� '8� LV� YHOH� PDOHQ
UDGLRDFWLHYHU� GDQ� � KHW� LQ� GH� QDWXXU� YRRUNRPHQGH
PLQHUDDO� XUDQLXP�� 'LW� LV� HHQ� VSRUHQHOHPHQW� LQ� ZDWHU�
OXFKW�HQ�ERGHP�GDW�LQ�VSRUHQKRHYHHOKHGHQ�DDQZH]LJ�LV
LQ� KHW� PHQVHOLMN� OLFKDDP�� '8� LV� HHQ� DIYDOSURGXFW� XLW
NHUQFHQWUDOHV� ZDDUYDQ� YROJHQV� ZHVWHUVH� ZHWWHQ� QRJ
JHHQ�PLOOLJUDP�LQ�KHW�PLOLHX�PDJ�ZRUGHQ�JHORRVG��7RFK
ZHUG� '8� DOV� ZDSHQ� LQJH]HW� LQ� GH� *ROI�� HQ
%DONDQRRUORJHQ�� ,Q� ����� EOHHI� KLHUGRRU� PLQVWHQV� ���
WRQ� '8� DFKWHU� RS� GH� VODJYHOGHQ� YDQ� ,UDN�� ,Q� ����
RQGHU]RFKW�GH�ELRFKHPLFXV�GU��$OEUHFKW�6FKRWW����%ULWVH
YHWHUDQHQ�YDQ�FRQIOLFWHQ�LQ�GH�*ROI��%RVQLs�HQ�.RVRYR�
8LW� KHW� RQGHU]RHN� EOHHN� GDW� ]H� ���� NHHU� KHW� JHZRQH
QLYHDX� YDQ� FKURPRVRRPDIZLMNLQJHQ� LQ� KXQ� JHQHQ
YHUWRRQGHQ��'LW�GRHW�GH�YUHHV�RQWVWDDQ�GDW�]H�NDQNHUV

Ten geleide ]XOOHQ� RQWZLNNHOHQ� HQ� JHQHWLVFKH� ]LHNWHQ� ]XOOHQ
RYHUGUDJHQ� DDQ� KXQ� QDNRPHOLQJHQ�� 'U�� $OEUHFKW
6FKRWW� RQGHU]RFKW� KHW� EORHG� YDQ� GH
*ROIRRUORJYHWHUDDQ� .HQQ\� 'XQFDQ�� 'LW� WRRQGH
FKURPRVRRPDIZLMNLQJHQ� DDQ� GLH� YHURRU]DDNW� ZDUHQ
GRRU� LRQLVHUHQGH� VWUDOLQJ�� +LM� OLMGW� DDQ� WRHQHPHQGH
DGHPKDOLQJVPRHLOLMNKHGHQ�HQ�SLMQOLMNH�JHZULFKWHQ��=LMQ
GULH� NLQGHUHQ� YHUWRQHQ� V\PSWRPHQ� ]RDOV� PLVYRUPGH
WHQHQ�HQ�HHQ� ]ZDN� LPPXXQV\VWHHP�GDW� KHQ� YDWEDDU
PDDNW� YRRU� DVWPD�� KRRLNRRUWV� HQ� HF]HPD�� ,Q� GH
*ROIRRUORJ�YDQ������KLHOS�'XQFDQ�YHUQLHOGH� WDQNV� WH
YHUSODDWVHQ�GLH�PHW�'8�NRJHOV�EHVFKRWHQ�ZDUHQ�
6FKU|GHU�� +��� 6FKRWW�� $��� HW� DO��� &KURPRVRPH� DEHUUDWLRQ� DQDO\VLV� LQ
SHULSKHUDO� O\PSKRF\WHV� RI� *XOI� ZDU� DQG� %DONDQV� ZDU� YHWHUDQV�� LQ
5DGLDWLRQ�3URWHFWLRQ�'RVLPHWU\��YRO�������QU�����SS����������
KWWS���ZZZ�FHUULH�RUJ�FRPPLWWHHBSDSHUV�,1)2B��+�SGI

=RDOV�EOLMNW�XLW�GH�KLHURQGHU�JHFLWHHUGH�UDSSRUWHQ��ZDV
KHW�PLOLWDLU�DSSDUDDW�RS�GH�KRRJWH�YDQ�GH�ULVLFR·V�GDW
KHW� JHEUXLN� YDQ� '8� LQKRXGW�� $GYLHVEXUHDXV� KDGGHQ
JHZDDUVFKXZG�YRRU�GH�ODQJH�WHUPLMQ�JHYROJHQ�YDQ�GH
LQ]HW� YDQ� '8�ZDSHQV� RS� KHW� VODJYHOG�� PDDU� GH
/HJHUWRS�QHJHHUGH�GH]H�ZDDUVFKXZLQJHQ�

´'H�EHZHHJOLMNKHLG�YDQ�'8� LQ�ZDWHU�KDQJW�DI�YDQ�KHW
YHUPRJHQ� WRW� RSORVEDDUKHLG�� 2SORVEDUH� '8�
YHUELQGLQJHQ� ]XOOHQ� JHPDNNHOLMN� RSORVVHQ� HQ� ]LFK
YHUSODDWVHQ� PHW� KHW� RSSHUYODNWH�� HQ� JURQGZDWHU�
'ULQNHQ�RI�ZDVVHQ�RI�DQGHU�FRQWDFW�PHW�EHVPHW�ZDWHU
]DO� GH� EHVPHWWLQJ� YHUVSUHLGHQ�� ���� +HW� HLQGUHVXOWDDW
YDQ�GH�EHVPHWWLQJ�YDQ�OXFKW�HQ�ZDWHU�LV�GDW�'8�ZRUGW
DIJH]HW� LQ� GH� ERGHP�� (HQV� KHW� GDDU� LV�� EOLMIW� KHW� HU
]LWWHQ�WHQ]LM�KHW�HUXLW�JHQRPHQ�ZRUGW��'LW�EHWHNHQW�GDW
KHW� JHELHG� EHVPHW� EOLMIW� HQ� ]LFK]HOI� QLHW� NDQ
RQWVPHWWHQ�µ
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´2S�KHW�RJHQEOLN�GDW�JHSDQWVHUGH�YRHUWXLJHQ�JHWURIIHQ
ZRUGHQ� GRRU� PXQLWLH� PHW� YHUDUPG� XUDQLXP�� ]RX
SHUVRQHHO� LQ�RI� LQ�GH�QDELMKHLG��PLQGHU�GDQ�RQJHYHHU
��� PHWHU�� YDQ� ]R·Q� JHSDQWVHUG� YRHUWXLJ� EHODQJULMNH
LQZHQGLJH�EORRWVWHOOLQJ�NXQQHQ�RSORSHQ� �G�Z�]�JURWHU
GDQ�GH�JHRRUORRIGH�QRUPHQ��µ
)OLV]DU�HW�DO���5DGLRORJLFDO�FRQWDPLQDWLRQ�IURP�LPSDFWHG�$EUDPV�KHDY\
DUPRU��WHFKQLVFK�UDSSRUW�%5/�75�������GHFHPEHU�������KWWS���
ZZZ�JXOIOLQN�RVG�PLO�GXBLL�GXBLLBWDEO��KWP

'H]H�VWXGLH�VWHOGH�YDVW�GDW�JHPLGGHOG������YDQ�GH�LQ
GH� OXFKW� JHEUDFKWH� '8�GHHOWMHV� �� JHPHWHQ� LQ� GH
ZLQGULFKWLQJ� YDQ� HHQ� JHWURIIHQ� YRHUWXLJ� �� YDQ
LQDGHPEDUH� JURRWWH� ]LMQ� �PLQGHU� GDQ� ��� PLFURPHWHU
JURRW��]RGDW�ELM�LQDGHPLQJ�]H�]LFK�EOLMYHQG�LQ�GH�ORQJHQ
NXQQHQ�YDVW]HWWHQ�

(HQ�'8�SURMHFWLHO�VFKHUSW�]LFK]HOI�DDQ�ELM�KHW�LQVODDQ�RS�HHQ�PHWDOHQ
SDQWVHUSODDW�

U.S. Army Ballistic
Research Laboratory

KHEEHQ�LQ�KHW�DOJHPHHQ�JHUHDJHHUG�RS�GH]H�NZHVWLH
GRRU�WH�]HJJHQ�GDW�KHW�RQEHODQJULMN�LV��RI�GDW�KHW�QLHW
VLJQLILFDQW� LV� YHUJHOHNHQ�PHW� GH�DQGHUH�JHYDUHQ�YDQ
KHW�VWULMGWRQHHO��(YHQZHO��PLOLHXSUREOHPHQ�]XOOHQ�]LFK
YRRUGRHQ� ZDQQHHU� '8� WLMGHQV� JHYHFKWHQ� ZRUGW� JH�
EUXLNW�� ����1D�JHYHFKWHQ�PHW�SDQWVHUGRRUERUHQGH�PX�
QLWLH�ORSHQ�ZDDUVFKLMQOLMN�GH�JURQGWURHSHQ���GLH�WH�YRHW
RI�PHW�JHPRWRULVHHUGH� WUDQVSRUWHQ� �HHQ�VODJYHOG�RS�
QLHXZ�EHWUHGHQ���KHW�JURRWVWH�ULVLFR�RS�EHVPHWWLQJ�µ
1D� NULWLHN� YDQ� /HJHUIXQFWLRQDULVVHQ� VFKUHHI� KHW� DG�
YLHVEXUHDX�
´:H�EHOLFKWHQ�JHZRRQ�GH�PRJHOLMNKHLG�YDQ�GH�QLYHDXV
YDQ� EORRWVWHOOLQJ� DDQ� '8� ELM� KHW� PLOLWDLU� SHUVRQHHO
JHGXUHQGH� GH� JHYHFKWHQ�� 'H]H� QLYHDXV� ]LMQ� RQDDQ�
YDDUGEDDU�JHGXUHQGH�RSHUDWLHV�LQ�YUHGHVWLMG�µ
.LQHWLF�(QHUJ\�(QYLURQPHQWDO�DQG�+HDOWK�&RQVLGHUDWLRQV��6$,&��MXOL
������YRO���������������

'HYHORSPHQW�RI�GHSOHWHG�XUDQLXP�WUDLQLQJ�VXSSRUW�SDFNDJHV��WLHU�,��
JHQHUDO�DXGLHQFH��RNWREHU�������EO]�����

7LMGHQV�GH�*ROIRRUORJ�YDQ������ZHUGHQ�LQ�,UDN�RRN
VWHGHOLMNH�JHELHGHQ�EHVPHW�GRRU�KHW�JHEUXLN�YDQ
ZDSHQV�PHW�YHUDUPG�XUDQLXP�

Science Applications
International Corporation

,Q� RSGUDFKW� YDQ� KHW� $PHULNDDQV� /HJHU� EUDFKW� HHQ
QXFOHDLU� DGYLHVEXUHDX� HHQ� UDSSRUW� XLW� YRRUDIJDDQG
DDQ�GH�*ROIRRUORJ�YDQ�������:H�OH]HQ�
´.RUWH�WHUPLMQ�HIIHFWHQ�YDQ�KRJH�'8�GRVLVVHQ�NXQQHQ
UHVXOWHUHQ�LQ�GH�GRRG��WHUZLMO�ODQJH�WHUPLMQ�HIIHFWHQ�YDQ
ODJH� GRVLVVHQ� YHUEDQG� KRXGHQ� PHW� NDQNHU�� ���
*HZDSHQGH� FRQIOLFWHQ� ]XOOHQ� OHLGHQ� WRW� KHW� RQJHFRQ�
WUROHHUG� OR]HQ� YDQ� '8�� *HFRQVXOWHHUGH� LQGLYLGXHQ

%HOJLDQ�$UP\�0HGLFDO�6HUYLFH
&RPPDQGDQW�0DUWLQ�=L]L�YHUNODDUGH�LQ�KHW�EODG�92;�
´%LM� LPSDFW� ZRUGHQ� GHHOWMHV� DDQJHPDDNW� PHW� HHQ
GLDPHWHU�YDQ���WRW���PLFURPHWHU�GLH�YHUVSUHLG�ZRUGHQ
LQ�HHQ�VWUDDO�YDQ�HHQ�YLMIWLJWDO�PHWHU�URQGRP�KHW�GRHO�
+HW� JDDW� RP� UDGLRDFWLHYH� GHHOWMHV�� PDDU� RRN� RP
]ZDUH�PHWDOHQ� �]RDOV�ELM� NODVVLHNH�PXQLWLH���(Q�GDDU
VLWXHHUW� ]LFK� KHW� JURRWVWH� ULVLFR�� :DQQHHU� MH� GH]H
VWRIGHHOWMHV� LQDGHPW� RI� LQVOLNW�� NXQQHQ� ]H� ]LFK
¶YDVW]HWWHQ·� RS� GH� FHOOHQ�� HQ�� RS� WHUPLMQ�� YHUDQGH�
ULQJHQ� YHURRU]DNHQ� LQ� KHW� GLJHVWLHYH�� SXOPRQDLUH� HQ
YRRUDO� UHQDOH�VOLMPYOLHV��(HQ�WZHHGH� ULVLFR� LV�YHUERQ�
GHQ�DDQ�GH�GLUHFWH�EHVWUDOLQJ�YLD�GH�KXLG��ZDQQHHU�MH
]RQGHU� EHVFKHUPLQJ� UDGLRDFWLHYH� YRRUZHUSHQ� DDQ�
UDDNW��PHWDOHQ�VWXNNHQ�HQ]���µ
92;�QU���������VHSWHPEHU�������EO]�����KWWS���ZZZ�PLO�EH�YR[�VXEMHFW�
LQGH[�DVS"/$1 QO	,' ���	0(18 ���	3$*( �
³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³
*HHQ�YDQ�GH�PLOLWDLUH�RQGHU]RHNHQ�GLH�KLHU�JHFLWHHUG
ZRUGHQ� KHHIW� ]LFK� EH]LJJHKRXGHQ�PHW� GH� V\QHUJHWL�
VFKH��DGGLWLHYH�RI�DQWDJRQLVWLVFKH�HIIHFWHQ�
'H]H�ZDUHQ�SRWHQWLHHO�DDQZH]LJ�WLMGHQV�GH�*ROIRRUORJ
YDQ� ����� LQ� GH� YHUPHQJLQJ� YDQ� GH� HIIHFWHQ� YDQ� GH
YDFFLQDWLHV� GLH� YHWHUDQHQ� ELM� YHUWUHN� NUHJHQ� PHW
SDWKRORJLVFKH�� FKHPLVFKH�� WR[LVFKH� HQ� HOHFWURPDJ�
QHWLVFKH�EORRWVWHOOLQJHQ�
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,Q������JDI�HHQ�UDSSRUW�YDQ�KHW�6SLH]�/DERUDWRULXP��
HHQ�FRQWUDFWDQW�YDQ�KHW�=ZLWVHUV�/HJHU���WRH�
´'LW�W\SH�YDQ�PXQLWLH�YHUYXLOW�ODQJGXULJ�GH�VODJYHOGHQ�
'LW� LV� RQYHUHQLJEDDU� PHW� GH� QRUPHQ� YDQ
EXUJHUEHVFKHUPLQJ�WHJHQ�VWUDOLQJ�µ
6FKPLG��(��HQ�:LU]��&K���'HSOHWHG�XUDQLXP��PHL�������KWWS���
ZZZ�ODERU�VSLH]�FK�G�KBLQIR�GX�LQGH[�KWP

QLHUHQ� FLUFXOHHUW� WRW� ppQ� RI� WZHH�ZHNHQ� YRRUDIJDDQG
DDQ� KHW� PRPHQW� YDQ� GH� WHVW�� 2PGDW� KHW� QLHW� GH
YROOHGLJH� KRHYHHOKHLG� DDQ� '8� NDQ� PHWHQ� GDW� HHQ
OLFKDDP�KHHIW�RSJHQRPHQ��NDQ�KHW�QLHW�JHEUXLNW�ZRU�
GHQ�RP�GH�GRVLV� WH�EHSDOHQ�GLH�GH�YHWHUDQHQ�PRJH�
OLMN�WLMGHQV�KXQ�PLVVLH�LQ�KXQ�OLFKDPHQ�RSQDPHQ�
,Q�HHQ�LQWHUYLHZ�PHW�1HZ�6FLHQWLVW�PHUNWH�VWUDOLQJVEL�
RORRJ�'XGOH\�*RRGKHDG�VHQLRU�RS�
´'H� ZHUNHOLMNH� GUDDJZLMGWH� YDQ� GH� EHVPHWWLQJ� PHW
NDQNHUYHUZHNNHQG�XUDQLXP� LQ�VROGDWHQ�GLH� LQ�%RVQLs
HQ� .RVRYR� GLHQGHQ�� ]DO� ZHOOLFKW� QRRLW� DDQ� KHW� OLFKW
NRPHQ� RPGDW� GH� GRRU� GH� RYHUKHLG� JHSODQGH� WHVWHQ
JHHQ�PHWDDO� NXQQHQ� RQWGHNNHQ� GDW� ]LFK� GLHS� LQ� KHW
OLFKDDP� QHVWHOW�� ���� 'H� JHYDDUOLMNVWH� EHVPHWWLQJ� ]DO
PRJHOLMN� QLHW� RQWGHNW� ZRUGHQ� LQ� GH� XULQH�� 9HUEUDQG
XUDQLXP� YRUPW� ]HHU� ILMQH� LQDGHPEDUH� R[LGHGHHOWMHV
YDQ� ���� WRW� ��� PLFURPHWHU� JURRW�� :LWWH� EORHGFHOOHQ
VSRUHQ�GH]H�R[LGHGHHOWMHV�RS� LQ�GH� ORQJHQ�HQ�]HWWHQ
]H� DI� LQ� GH� WUDFKHREURQFKLDOH� O\PIHNQRRSSXQWHQ��'H
GHHOWMHV�]LMQ�KRRJVW�RQRSORVEDDU�HQ�]HQGHQ�RQGHUZLMO
ORNDDO�LQWHQVH�DOID��HQ�EqWDGHHOWMHV�XLW��'LW�NDQ�EORHG�
VWDPFHOOHQ�EHVFKDGLJHQ��PHW�OHXNHPLH�DOV�JHYROJ�
$OV�GH�XULQHWHVWHQ�QRUPDOH�QLYHDXV�YDQ�XUDQLXP�ODWHQ
]LHQ�� ZLO� GLW� QRJ� QLHW� ]HJJHQ� GDW� HU� JHHQ� JHYDDU� LV�
:DW�HU�QRGLJ�LV�]LMQ�FKHPLVFKH�DQDO\VHV�YDQ�GH�O\PIH�
NQRRSSXQWHQ� YDQ� GH� JHVWRUYHQ� PLOLWDLUHQ�� 0DDU� HU
ZDUHQ�JHHQ�EHULFKWHQ�YDQ�GHUJHOLMNH�DXWRSVLHV�µ
0DF.HQ]LH��'HERUDK��2II�WDUJHW���WHVWV�RQ�VROGLHUV�PD\�QRW�VSRW�WKH�UHDO
GDPDJH�GRQH�E\�XUDQLXP�ZHDSRQV��LQ�1HZ�6FLHQWLVW����������MDQXDUL
������EO]�����KWWS���ZZZ�QHZVFLHQWLVW�FRP�DUWLFOH�PJ�������������KWPO

'H� ,WDOLDDQVH�ZHWHQVFKDSSHU�0DUFR�'XUDQWH�PDDNWH
LQ� ����� ULVLFR�YDVWVWHOOLQJHQ� YDQ�SODDWVHQ� LQ�.RVRYR�
:H�OH]HQ�
´(HQ� NOHLQ� UDGLRORJLVFK� ULVLFR� NDQ� YHUZDFKW� ZRUGHQ
YRRU�GH�EHVPHWWLQJ�YDQ�KHW�JURQGZDWHU�ELM�KHW�HIIHFWLHI
OHNNHQ� YDQ� HQ� ELM� HHQ� ODJH� GLVWULEXWLHFRsIILFLsQW� YDQ
XUDQLXPPHWDDO�� ,Q�KHW� VOHFKWVWH�JHYDO� ]RX�HU�YLD�YDQ
ZDWHU� DIKDQNHOLMNH� ZHJHQ� QD� HHQ� DDQWDO� MDUHQ� HHQ
RSPHUNHOLMNH� UDGLRDFWLHYH� GRVLV� NXQQHQ� EHUHLNW� ZRU�
GHQ��'LW�ULVLFR�]RX�YHU�RYHUVFKDGXZG�ZRUGHQ�GRRU�GH
ULVLFR·V�YDQ�GH�FKHPLVFKH�JLIWLJKHLG�YDQ�GH�GRVLV�µ
'XUDQWH��0��HW�DO���'HSOHWHG�XUDQLXP�UHVLGXDO�UDGLRORJLFDO�ULVN�DVVHVV�
PHQW�IRU�.RVRYR�VLWHV��LQ�-RXUQDO�RI�(QYLURQPHQWDO�5DGLRDFWLYLW\��9RO����
�������������SS����������KWWS���ZZZ�SGKHDOWK�PLO�GRZQORDGV�'8BUHVLG�SGI

AC-Laboratory Spiez

U.S. Department of Defense

´'H� 0HGLVFKH� 'LHQVW� YDQ� GH� %HOJLVFKH� -RLQW� 6WDII
YRHUGH� ]LMQ� HLJHQ� ULVLFRYDVWVWHOOLQJ� XLW� YRRU� RSURHU�
FRQWUROHJDVVHQ�HQ�'8��+RHZHO�GH�%HOJLVFKH�WURHSHQ
QLHW�ZHUGHQ�LQJH]HW�LQ�]RQHV�ZDDU�'8�PXQLWLHV�ZHU�
GHQ�JHEUXLNW��KHHIW�HONH�XLW�GH�%DONDQ�WHUXJJHNHHUGH
%HOJLVFKH�PLOLWDLU�HHQ����XXUV�XULQHDQDO\VH�YRRU�XUD�
QLXP�RQGHUJDDQ��7HJHQ�GHFHPEHU������KDG�GH�%HO�
JLVFKH� 0HGLVFKH� 'LHQVW� ������ DQDO\VHV� YHUULFKW
ZDDUYDQ� JHHQ� HQNHOH� KHW� QRUPDOH� QLYHDX� YDQ� XUD�
QLXP� LQ� GH� XULQH� YDQ� GH� %HOJLVFKH� EHYRONLQJ� RYHU�
VFKUHHG��(HQ� YHUJHOLMNHQGH� DQDO\VH� YDQ� GH� NDQNHU�
VWDWLVWLHNHQ� YRRU� LQ� GH� %DONDQ� LQJH]HWWH� %HOJLVFKH
WURHSHQ� HQ� YRRU� GH� %HOJLVFKH� EHYRONLQJ� LV� LQ� GH
PDDN�� 9RRUORSLJH� LQGLFDWLHV� ]LMQ� GDW� GH� JUDDG� YDQ
NZDDGDDUGLJH�NZDOHQ�RQGHU�KHW�PLOLWDLU�SHUVRQHHO�GDW
GLHQGH� LQ� GH�%DONDQ�� RQGHU� GH�RQWZRUSHQ� YHUZDFK�
WLQJ� OLJW� YRRU� GH� %HOJLVFKH� EHYRONLQJ� YDQ� KHW]HOIGH
JHVODFKW�HQ�OHHIWLMG�µ
&OLQWRQ��GU��-��-DUUHWW��'HSOHWHG�XUDQLXP�HQYLURQPHQWDO�DQG�PHGLFDO
VXUYHLOODQFH�LQ�WKH�%DONDQV�����RNWREHU�������DSSHQGL[�9��KWWS���GHSOR\�
PHQWOLQN�RVG�PLO�GXBEDONDQV�LQGH[�KWPO

'H� WRHJHSDVWH� IOXRULPHWULHWHFKQLHN� PDDNW� KHW� PR�
JHOLMN�KHW�WRWDOH�XUDQLXPJHKDOWH�YDQ�HHQ�VWDDO�YDVW�WH
VWHOOHQ��'H]H� WHFKQLHN� LV�HFKWHU�QLHW� ]R�JHYRHOLJ�DOV
GH�PDVVDVSHFWURPHWULHWHFKQLHN��2PGDW�RQRSORVEDUH
'8�GHHOWMHV� LQ� GH� ORQJHQ� NXQQHQ� EOLMYHQ� ]LWWHQ�� KDG
PHQ� GH� DQDO\VHWHFKQLHN� ]R� VQHO� PRJHOLMN� QD� GH
YHUPRHGHOLMNH�EHVPHWWLQJ�PRHWHQ�XLWYRHUHQ��'H�%HO�
JLVFKH� .RVRYR�YHWHUDQHQ� OHYHUGHQ� KXQ� XULQHVWDOHQ
GDJHQ��VRPV�]HOIV�ZHNHQ��QD�GH� WKXLVNRPVW� LQ��(HQ
DQDO\VH�YDQ����XXUV�XULQHVWDOHQ� LV�HQNHO� LQ�VWDDW�GH
KRHYHHOKHLG�'8�DDQ�WH� WRQHQ�GLH� LQ�KHW�EORHG�RI�GH
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'U��$OH[DQGUD�0LOOHU�HQ�KDDU�WHDP�WRRQGHQ�LQ������DDQ
GDW�'8�GRRU�]LMQ�FKHPLVFKH� WR[LFLWHLW�RQGHU�EHSDDOGH
YRRUZDDUGHQ�VFKDGH�DDQ�KHW�HUIHOLMN�PDWHULDDO�'1$�HQ
LQ�HHQ� OHYHQGH� FHO�� NDQNHUYHUZHNNHQGH�YHUELQGLQJHQ
NDQ�YHURRU]DNHQ�
0LOOHU��GU��$�&���HW�DO���'HSOHWHG�XUDQLXP�FDWDO\]HG�R[LGDWLYH�'1$
GDPDJH��DEVHQFH�RI�VLJQLILFDQW�DOSKD�SDUWLFOH�GHFD\��$SSOLHG�&HOOXODU
5DGLRELRORJ\�'HSDUWPHQW��$)55,��LQ�-RXUQDO�RI�,QRUJDQLF�%LRFKHPLVWU\�
9RO�������������MXOL�������SS�����������KWWS���ZZZ�QFEL�QOP�QLK�JRY�HQWUH]�
TXHU\�IFJL"FPG 5HWULHYH	GE 3XE0HG	OLVWBXLGV ��������	GRSW $EVWU
DFW

,Q�HHQ�0�$�
JHYHFKWVWDQN�ZRUGW�GH
EHPDQQLQJ
EORRWJHVWHOG�DDQ�GH
JDPPDVWUDOHQ�YDQ�GH
'8�EHSDQWVHULQJ�HQ
YDQ�GH�'8�NRJHOV�
6OHFKWV�QD�YHOH�XUHQ
YDQ�EORRWVWHOOLQJ�ZRUGW
GH�VWUDOLQJVQRUP
RYHUVFKUHGHQ�

+HW�$UPHG�)RUFHV�5DGLRELRORJ\�5HVHDUFK� ,QVWLWXWH� LV
HHQ� RQGHUGHHO� YDQ� KHW� 3HQWDJRQ�� ,Q� ����� WRRQGH
$OH[DQGUD� 0LOOHU� DDQ� GDW�� ZDQQHHU� GRRU� '8
JHWUDQVIRUPHHUGH� FHOOHQ� LQ� PXL]HQ� �ZLHQV
WK\PXVNOLHU� ZDV� YHUZLMGHUG�� ZHUGHQ� LQJHSODQW�� GLW
ELQQHQ� YLHU� ZHNHQ� GH� RQWZLNNHOLQJ� YDQ� WXPRUHQ
YHURRU]DDNWH�� 'H� RQGHU]RHNHUV� YHUPRHGGHQ� GDW� GLW
HIIHFW�WH�ZLMWHQ�LV�DDQ�GH�FKHPLVFKH�JLIWLJKHLG�YDQ�'8�
0LOOHU��GU��$�&���HW�DO���7UDQVIRUPDWLRQ�RI�KXPDQ�RVWHREODVW�FHOOV�WR�WKH
WXPRULJHQLF�SKHQRW\SH�E\�GHSOHWHG�XUDQLXP�XUDQ\O�FKORULGH��LQ
(QYLURQPHQWDO�+HDOWK�3HUVSHFWLYHV��9RO�������QU�����DXJXVWXV�������SS�
���������KWWS���PHGSL[�QHW�UDGKHDOWK�WUDQVIRUPDWLRQ�KWP

'H� LQ� KHW� ELRPHGLVFK� RQGHU]RHN� DDQJHZHQGH
GLHUPRGHOOHQ�]LMQ�YLWDDO�JHEOHNHQ� LQ�KHW�EHJULMSHQ�YDQ
KHW�PHQVHOLMN� PRGHO� RPGDW� GH� ELRORJLVFKH� V\VWHPHQ
YDQ�GLHUHQ� LQ� IXQFWLH�HQ�VWUXFWXXU�RYHUHHQNRPHQ�PHW
GLH�YDQ�PHQVHQ�
'U�0LOOHU� WRRQGH�RRN�DDQ�GDW�GH�FKHPLVFKH�JLIWLJKHLG
YDQ�'8��OHWVHOV�LQ�KHW�'1$�WHZHHJEUDFKW�GRRU�PLGGHO
YDQ�GH�RQWVWDQH�¶YULMH�UDGLFDOHQ·��*HEUXLN�PDNHQG�YDQ
HHQ� RQRSORVEDUH� '8�YHUELQGLQJ� VWHOGHQ� GH

8�6��$UPHG�)RUFHV�5DGLRELRORJ\
5HVHDUFK�,QVWLWXWH

RQGHU]RHNHUV� YDVW� GDW� '8� EUHXNHQ� YHURRU]DDNWH� LQ
¶HQNHOH�VWUHQJ�'1$·� LQ� RQVWHUIHOLMN� JHPDDNWH
PHQVHOLMNH�FHOOHQ�
0LOOHU��$�&���HW�DO���3RWHQWLDO�ODWH�KHDOWK�HIIHFWV�RI�GHSOHWHG�XUDQLXP�DQG
WXQJVWHQ�XVHG�LQ�DUPRU�SLHUFLQJ�PXQLWLRQV��FRPSDULVRQ�RI�QHRSODVWLF
WUDQVIRUPDWLRQ�DQG�JHQRWR[LFLW\�ZLWK�WKH�NQRZQ�FDUFLQRJHQ�QLFNHO��LQ
0LOLWDU\�0HGLFLQH������IHEUXDUL�������SS�����������KWWS���
ZZZ�ILQGDUWLFOHV�FRP�SDUWLFOHV�PLBTD�����LVB�������DLBQ�������

2QGHU]RHN� YDQ� DQGHUH� LQVWLWXWHQ� ZHHV� LQ� HHQ]HOIGH
ULFKWLQJ�� 0RQLFD� <D]]LH� HQ� KDDU� FROOHJD·V� VWHOGHQ� LQ
����� YDVW� GDW� XUDQLXP� LQ� HHQ� XUDQ\O� DVFRUEDDW
FRPSOH[�DDQOHLGLQJ�JDI�WRW�EUHXNHQ� LQ� ¶HQNHOH�VWUHQJ�
'1$·� LQ� LQ� YLWUR� ¶SODVPLG� '1$·�� 'LW� NDQ� XLWHLQGHOLMN
OHLGHQ�WRW�KHW�RQWVWDDQ�YDQ�NDQNHU�
<D]]LH��0���HW�DO���8UDQ\O�DFHWDWH�FDXVHV�'1$�VLQJOH�VWUDQG�EUHDNV�LQ
YLWUR�LQ�WKH�SUHVHQFH�RI�DVFRUEDWH��9LWDPLQ�&���LQ�&KHPLFDO�5HVHDUFK�LQ
7R[LFRORJ\��9RO������DSULO�������SS�����������KWWS���
ZZZ�QFEL�QOP�QLK�JRY�HQWUH]�
TXHU\�IFJL"FPG 5HWULHYH	GE 3XE0HG	OLVWBXLGV ��������	GRSW $EVWU
DFW

$\DG�]RHNW�VWXNNHQ
PHWDDO�RP�WH�YHUNRSHQ�
+LM�EHVHIW�QLHW�GDW�KLM
EHVPHW�NDQ�UDNHQ�GRRU
XUDQLXPVWRI�HQ�QDQR�
PHWDDOGHHOWMHV�RS�GH
YHUQLHOGH�WDQN�

,Q� KHW� QDJHVODFKW� YDQ� DDQ� LRQLVHUHQGH� VWUDOLQJ
EORRWJHVWHOGH� FHOOHQ�PDQLIHVWHHUW� ]LFK�RYHUGUDDJEDUH
¶JHQRPLVFKH� LQVWDELOLWHLW·�� 'LW� ZRUGW� JHNHQPHUNW� GRRU
QLHXZH�FKURPRVRRPDIZLMNLQJHQ��PXWDWLHV� YDQ�JHQHQ
HQ�HHQ� YHUKRRJGH�JUDDG�DDQ� FHOGRRG��0LOOHU�PDW� GH
FHOVWHUIWH� HQ� GH� YRUPLQJ� YDQ� PLFURFHONHUQHQ� RS
YHUVFKLOOHQGH� WLMGVWLSSHQ� QD� EORRWVWHOOLQJ� DDQ� '8�
QLNNHO� RI� JDPPDVWUDOLQJ�� 7HUZLMO� '8� GH� XLWJHVWHOGH
SURGXFWLH� YDQ� PLFURFHONHUQHQ� VWLPXOHHUGH� WRW� ��
GDJHQ�QD�EORRWVWHOOLQJ��QRUPDOLVHHUGHQ�GH�QLYHDXV� LQ
FHOOHQ� GLH� EORRWJHVWHOG� ZDUHQ� DDQ� QLNNHO� RI
JDPPDVWUDOLQJ� QD� ��� GDJHQ�� (U� WUDG� RRN� HHQ
DDQKRXGHQGH�WRHQDPH�RS�YDQ�PLFURFHONHUQHQ�LQ�DOOH
NORQHQ� GLH� JHwVROHHUG� ZDUHQ� YDQ� FHOOHQ� GLH
EORRWJHVWHOG� ZDUHQ� JHZHHVW� DDQ� QLHW�WR[LVFKH
FRQFHQWUDWLHV�YDQ�'8�
0LOOHU��GU��$�&���HW�DO���*HQRPLF�LQVWDELOLW\�LQ�KXPDQ�RVWHREODVW�FHOOV�DIWHU
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H[SRVXUH�WR�GHSOHWHG�XUDQLXP��GHOD\HG�OHWKDOLW\�DQG�PLFURQXFOHL
IRUPDWLRQ��LQ�-RXUQDO�RI�(QYLURQPHQWDO�5DGLRDFWLYLW\��9RO�����������������
SS�����������KWWS���ZZZ�QFEL�QOP�QLK�JRY�HQWUH]�
TXHU\�IGJL"KROGLQJ QSJ	FPG 5HWULHYH	GE 3XE0HG	OLVWBXLGV �������
�	GRSW $EVWUDFW

'H�H[SHUWHQ�GLH� VWUDOLQJVOLPLHWHQ�YDVWOHJJHQ��KHEEHQ
WRW�QRJ�WRH�JHHQ�UHNHQLQJ�JHKRXGHQ�PHW�GH]H�QLHXZH
ZHWHQVFKDSSHOLMNH�EHYLQGLQJHQ�
0LOOHU�YRHUGH�RRN�HHQ�ODERUDWRULXPRQGHU]RHN�QDDU�GH
NDQNHUYHUZHNNHQGH� HLJHQVFKDSSHQ� YDQ� '8�� 'LW
WRRQGH� DDQ� GDW� ZDQQHHU� LQ� FXOWXXU� JHEUDFKWH
PHQVHOLMNH�ERWFHOOHQ�EORRWJHVWHOG�ZHUGHQ�DDQ�'8��]H
HHQ� WXPRUYRUPHQG� YHUPRJHQ� NUHJHQ�� ]RZHO� LQ� KXQ
JURHL�DOV�LQ�KXQ�ELRFKHPLVFKH�HLJHQVFKDSSHQ�
0LOOHU��GU��$�&���HW�DO���&DUFLQRJHQLF�SRWHQWLDO�RI�GHSOHWHG�XUDQLXP�DQG
WXQJVWHQ�DOOR\V��KWWS���GHSOR\PHQWOLQN�RVG�PLO�GHSOR\PHG�&DQFHU�
'R'����VKWPO

'H]H�'8�SHQHWUDWRU�ZHUG�RS�KHW�JURQGRSSHUYODN�JHYRQGHQ�RQGHU�SXLQ
HQ�VQHHXZ��+LM�ZDV�LQ�HUQVWLJH�PDWH�JHFRUURGHHUG��'H�JHHONOHXULJH

R[LGHGHHOWMHV�EUDNHQ�HUYDQ�DI�ELM�DDQUDNLQJ�

U.S. Veterans Affairs
Baltimore DU program

7LHQ�MDDU�QD�KXQ�EORRWVWHOOLQJ�RQGHU]RFKW�0HOLVVD�0F'L�
DUPLG� HHQ� JURHS� YDQ� ��� JROIRRUORJYHWHUDQHQ�� $OOHQ
YHUWRRQGHQ�'8�LQ�KXQ�XULQH�����YDQ�KHQ�ZDUHQ�EORRW�
JHVWHOG�JHZHHVW�DDQ�GH�LQ�KXQ�OLFKDDP�DFKWHUJHEOHYHQ
'8�VFKHUYHQ�� =LM� YHUWRRQGHQ� GH� KRRJVWH� FRQFHQWUDWLH
DDQ�'8� LQ�KXQ�XULQH��'H�DQGHUH���� YHWHUDQHQ�ZDUHQ
EORRWJHVWHOG� JHZHHVW� YLD� LQDGHPLQJ�� YHUZRQGLQJ� RI
RSQDPH� YLD� KRHVWHQ�� 2RN� KHW� EORHG� YDQ� GH� JDQVH
JURHS� ZHUG� RQGHU]RFKW�� (QNHO� RSORVEDUH� '8�GHHOWMHV
ZHUGHQ�EHVWXGHHUG��'H�VWXGLH�YDQ�GH�YHWHUDQHQJURHS
PHW� HHQ� KRRJ� XUDQLXPQLYHDX� YRQG� HHQ� EHZLMV� YRRU
JHQRWR[LFLWHLW�� HHQ� OLFKWHOLMN� YHUPLQGHUGH� QLHUIXQFWLH�
HHQ� YHUPLQGHUG� SHUFHQWDJH� DDQ�7�O\PIRF\WHQ� HQ� HHQ
ODJHU�JHKDOWH�DDQ�URGH�EORHGFHOOHQ�

+HW�WHDP�YDQ�0F'LDUPLG�EHNOHPWRRQGH�GDW�JHHQ�YDQ
GH�EHVWXGHHUGH� YHWHUDQHQ� OHHG�DDQ�GRRU�'8�YHURRU�
]DDNWH�]LHNWHQ��=RQGHU�GDW�HU�HHQ�RRU]DNHOLMN�YHUEDQG
PHW�'8�LV�DDQJHWRRQG��KDG�HHQ�YDQ�KHQ�O\PIRRP�
(U� GLHQW� RSJHPHUNW� GDW� GH� PDQ� PHW� O\PIRRP� ODDJ
SRVLWLHI� WHVWWH� YRRU� XUDQLXP� LQ� ]LMQ� XULQH�� +RHYHHO
RQRSORVEDDU�'8�HU�LQ�]LMQ�OLFKDDP�]DW��LV�QLHW�JHZHWHQ�
0F'LDUPLG��0���HW�DO���+HDOWK�HIIHFWV�RI�GHSOHWHG�XUDQLXP�RQ�H[SRVHG
*XOI�ZDU�YHWHUDQV��D�����\HDU�IROORZ�XS��LQ�-RXUQDO�RI�7R[LFRORJ\�DQG�(Q�
YLURQPHQWDO�+HDOWK��GHHO�$��������������SS�����������KWWS���
ZZZ�SGKHDOWK�PLO�GRZQORDGV�(QYB+HDOWK���(IIHFWVB'8�SGI

9ROJHQV�QDWXXUNXQGLJH�HQ�ELR�LQJHQLHXU�GU��$QWRQLHWWD
*DWWL� �0RGHQD�8QLYHUVLWHLW�� ]LMQ�GH� O\PIHNQRRSSXQWHQ
GH�SODDWV�ZDDU�O\PIRPHQ�RQWVWDDQ��=LM�YRQG�DQRUJDQL�
VFKH� GHHOWMHV� LQ� OLFKDDPVZHHIVHO� YDQ� ,WDOLDDQVH� HQ
%DONDQYHWHUDQHQ��RRN�LQ�GH�O\PIHNQRRSSXQWHQ�
7RW� RS� KHGHQ� ZHUG� HU� JHHQ� '8� JHYRQGHQ� LQ� QDQR�
VWRIGHHOWMHV��:DQQHHU� HHQ� '8�NRJHO� RS� HHQ� WDQN� LQ�
VODDW�� YHUGDPSHQ� GH� PHWDOHQ� LQ� GH� WDQN� GRRU� GH
RQWVWDQH� H[WUHHP� KRJH� WHPSHUDWXUHQ�� =R� RQWVWDDQ
PHWDOLVFKH�QDQRGHHOWMHV��'H�JHYRQGHQ�QDQRGHHOWMHV�LQ
GH� GRGH� ZHHIVHOV� YDQ� VROGDWHQ� HQ� EXUJHUV�� HQ�� GLH
JHYRQGHQ� LQ� GH� ERGHP� YDQ� GH� JHELHGHQ� ZDDU� GH
]LHNWHQ�ZHUGHQ�RSJHORSHQ��]LMQ�RQGHUOLQJ�FRPSDWLEHO�

'H]H�'8�SHQHWUDWRU�ZHUG�JHYRQGHQ�LQ�GH�VSRXZ�YDQ�HHQ�PXXU��(U�LV
HHQ�NOHLQH�KRHYHHOKHLG�JHHONOHXULJH�RSSHUYODNWH�R[LGDWLH�]LFKWEDDU�RS�GH

SHQHWUDWRU��'H]H�R[LGDWLH�WUHHGW�YOXJ�RS�ELM�NDPHUWHPSHUDWXXU�

U.S Army Environmental
Policy Institute

,Q�HHQ�UDSSRUW�YDQ�KHW�$(3,�XLW������OH]HQ�ZH�
´7DEHO� ����� $OV� GH� ZDDUVFKLMQOLMNKHLG� VWLMJW� YDQ� KHW
YRRUNRPHQ�YDQ�HHQ�NDQNHU�RI�HHQ�JHQHWLVFKH�]LHNWH
LQ� HHQ� DDQ� VWUDOLQJ� EORRWJHVWHOGH� EHYRONLQJVJURHS�
ZRUGW� GH]H� VWLMJLQJ� HHQ� VWRFKDVWLVFK� JH]RQGKHLGVHI�
IHFW� JHQRHPG�� 'LW� ZLO� R�P�� ]HJJHQ� GDW� HONH� EORRW�
VWHOOLQJ��RQJHDFKW�GH�EURQ�RI�GH�VWHUNWH��ELMGUDDJW�DDQ
KHW�ULVLFR�WRW�KHW�RSORSHQ�YDQ�GH]H�]LHNWHQ��(HQ�WRHQDPH
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DDQ� EORRWVWHOOLQJHQ� YHUKRRJW� KHW� YRRUNRPHQ� YDQ� HHQ
QDWXXUOLMN� YRRUNRPHQGH� ]LHNWH�� PDDU� GH� HUQVW� YDQ� GH
]LHNWH� LV�QLHW�JHUHODWHHUG�DDQ�KHW�QLYHDX�YDQ�GH�EORRW�
VWHOOLQJ�>DDQ�VWUDOLQJ��QYGU@�µ
´����� *HHQ� EHVFKLNEDUH� WHFKQRORJLH� NDQ� GH� LQKHUHQWH
JLIWLJKHLG� YDQ� '8� YHUDQGHUHQ� RI� GH]H� LQ� EHODQJULMNH
PDWH�YHUPLQGHUHQ��=RDOV� ¶QDWXXUOLMN�XUDQLXP·� >QDWXXUOLMN
XUDQLXPFRQFHQWUDDW��QYGU@�YRUPW�'8��WR[LFRORJLVFKH�HQ
UDGLRORJLVFKH� JH]RQGKHLGVULVLFR·V�� 'H� UDGLRORJLVFKH
ULVLFR·V�YDQ�H[WHUQH�EORRWVWHOOLQJ�DDQ�'8�SHQHWUDWRUV�]LMQ
ODDJ�� 6ROGDWHQ�ZRUGHQ� LQWHUQ� EORRWJHVWHOG� DDQ�'8� DOV
]H� '8�GHHOWMHV� LQDGHPHQ� RI� RSQHPHQ�� DOV� HHQ� '8�
IUDJPHQW�YDVW]LW� LQ�KHW� OLFKDDP��RI�DOV�'8�GHHOWMHV�HHQ
ZRQGH�EHVPHWWHQ��'H�UDGLRORJLVFKH�ULVLFR·V�YDQ�LQWHUQH
EORRWVWHOOLQJ�]LMQ�JURWHU�GDQ�GLH�YDQ�H[WHUQH�EORRWVWHOOLQJ�
����'H�QLHUHQ�]LMQ�KHW�JHYRHOLJVW�YRRU�XUDQLXP�µ
´�����+HUVWHO� YDQ� VFKLHWWHUUHLQHQ� ]DO�PHW�'8�EHVPHWWH
ERGHP�HQ�VOLN�WHZHHJEUHQJHQ������'8�LV�UDGLRDFWLHI�DIYDO
YDQ�ODDJ�QLYHDX�GDW�RP�GLH�UHGHQ�PRHW�RQGHUJHEUDFKW
ZRUGHQ�LQ�HHQ�RIILFLHHO�WRHJHODWHQ�GHSRW�µ
:DQQHHU�HHQ�'8�NRJHO
RS�HHQ�WDQN�LQVODDW�ZRUGW
HU�HHQ�WHPSHUDWXXU�YDQ
PHHU�GHQ��������&�RQW�
ZLNNHOG��'RRU�GH�H[WUHPH
KLWWH�RQWVWDDQ�HU�LQDGHP�
EDUH�'8�R[LGHGHHOWMHV�HQ
QDQR�VWRIGHHOWMHV��YDQ�GH
PH�WDOHQ�LQ�GH�WDQN��GLH
]LHNWHQ�NXQQHQ�YHURRU]D�
NHQ�

(Q�LQ�GH�LQOHLGLQJ�YDQ�KHW�UDSSRUW�OH]HQ�ZH�
´+HW�]RX�YDQ�ILQDQFLsOH�YRRU]LFKWLJKHLG�JHWXLJHQ�RP�HHQ
YHHORPYDWWHQGHU� EHJULS� WH� RQWZLNNHOHQ� YDQ� KHW� EORRW�
VWHOOLQJVSRWHQWLHHO�HQ�GH�HUELM�KRUHQGH�PHGLVFKH� LPSOL�
FDWLHV�� :DQQHHU� '8� DDQJHNODDJG� ZRUGW� DOV� HHQ
RRU]DDN� YDQ� GH�'HVHUW� 6WRUP� >*ROIRRUORJ@]LHNWHQ�� GDQ
PRHW�KHW�/HJHU�YROGRHQGH�JHJHYHQV�KHEEHQ�RP� ILFWLH
YDQ�UHDOLWHLW�WH�RQGHUVFKHLGHQ��=RQGHU�YRRUEHGDFKWKHLG
HQ�JHJHYHQV�]XOOHQ�GH�ILQDQFLsOH� LPSOLFDWLHV�YDQ� ODQJH
WHUPLMQ� LQYDOLGLWHLWVYHUJRHGLQJHQ� HQ� YDQ� JH]RQGKHLGV�
]RUJNRVWHQ�EXLWHQVSRULJ�]LMQ�µ
+HW�$(3,�UDSSRUW�YHUPHOGW�LQ�]LMQ�FRQFOXVLHV�
´%HVOLVVLQJHQ� PRHWHQ� ]RGDQLJ� RQGHU� ZRRUGHQ� ZRUGHQ
JHEUDFKW� GDW� ]H� YHU]HNHUHQ� GDW� VWXGLHV� KHW� SRWHQWLHHO
KHEEHQ�RP�GH�ZHUNHOLMNH�NRVWHQ� YDQ�KXOSYHUOHQLQJ�HQ

JH]RQGKHLGVPDQDJHPHQW�WH�PDWLJHQ�µ
+HDOWK�DQG�HQYLURQPHQWDO�FRQVHTXHQFLHV�RI�GHSOHWHG�XUDQLXP�XVH�LQ�WKH
8�6��$UP\��$(3,�WHFKQLVFK�UDSSRUW��MXQL�������]LH��KWWS���ZZZ�IDV�RUJ

'DW�GH�NRVWHQ�YDQ�JH]RQGKHLGV]RUJ�EHSHUNW�ZHUGHQ�LV
GXLGHOLMN�� +HW� RIILFLsOH� %DOWLPRUH� '8� IROORZ�XS� SUR�
JUDPPD� YDQ� 9HWHUDQV� $IIDLUV� KHHIW� VOHFKWV� �� SURFHQW
YDQ�GH�JHVFKDWWH�����GRRU�'8�EHVPHWWH�*ROIRRUORJYH�
WHUDQHQ�EHGLHQG�

Nawoord

,Q�MXQL������VFKUHHI�KHW�8�6��$UP\�(QYLURQPHQWDO�3ROLF\
,QVWLWXWH� QRJ� GDW� ´GH� ZHWHQVFKDSSHOLMNH� JHPHHQVFKDS
KHW� HURYHU� HHQV� LV� GDW� GH�PRGHOOHQ� YRRU� GH� VFKDWWLQJ
YDQ�NDQNHUV�HQ�JHQHWLVFKH�DIZLMNLQJHQ�GLH�YHURRU]DDNW
ZRUGHQ� GRRU� EORRWVWHOOLQJ� DDQ� ODDJQLYHDX� VWUDOLQJ� GH
ZHUNHOLMNH�JHYDUHQ�WH�KRRJ�RSJHYHQ�µ
2QGHUWXVVHQ�ZLM]HQ�GH�RQGHU]RHNLQJHQ�YDQ�RQGHU�PHHU
KHW� $UPHG� )RUFHV� 5DGLRELRORJ\� 5HVHDUFK� ,QVWLWXWH� LQ
HHQ�DQGHUH�ULFKWLQJ�
5HFHQW� LV� DDQ]LHQOLMN� EHZLMVPDWHULDDO� YHU]DPHOG� RYHU
KHW�¶E\VWDQGHU�HIIHFW·�GDW�DDQWRRQW�GDW�EHVWUDDOGH�FHOOHQ
VFKDGH�GRRUJHYHQ�DDQ�RPULQJHQGH�JH]RQGH�FHOOHQ�� ,Q
GH]H�]LQ�GHQNW�PHQ�GDW� ODDJ� UDGLRDFWLHYH�VWUDOLQJ�YHHO
JURWHUH� VFKDGH� NDQ� YHURRU]DNHQ� GDQ� PHQ� YRRUKHHQ
YHUZDFKWWH��2QGHU]RHNHQ�KHEEHQ�RRN�DDQJHWRRQG�GDW
EHVWUDDOGH� FHOOHQ� FKURPRVRRPDIZLMNLQJHQ� GRRUJHYHQ
DDQ� KXQ� QDJHVODFKW� ]RGDW� QLHW�EHVWUDDOGH� FHOOHQ� YHU�
VFKLOOHQGH� JHQHUDWLHV� RI� FHOVSOLWVLQJHQ� ODWHU� ¶JHQRRP
LQVWDELOLWHLW·�]XOOHQ�YHUWRQHQ�
��6H\PRXU��&�%��	�0RWKHUVLOO��&���5HODWLYH�FRQWULEXWLRQ�RI�E\VWDQGHU�DQG
WDUJHWHG�FHOO�NLOOLQJ�WR�WKH�ORZ�GRVH�UHJLRQ�RI�WKH�UDGLDWLRQ�GRVH�UHVSRQVH
FXUYH��LQ�5DGLDWLRQ�5HVHDUFK��YRO�����������������SS�����������KWWS���
ZZZ�QFEL�QOP�QLK�JRY�HQWUH]�
TXHU\�IFJL"KROGLQJ QSJ#FPG 5HWULHYH	GE 3XE0HG	OLVWBXLGV ��������
	GRSW $EVWUDFW
��/RULPRUH��6�$��	�:ULJKW��(�*���5DGLDWLRQ�LQGXFHG�JHQRPLF�LQVWDELOLW\�DQG
E\VWDQGHU�HIIHFW��UHODWHG�LQIODPPDWRU\�W\SH�UHVSRQVH�WR�UDGLDWLRQ�LQGXFHG
VWUHVV�DQG�LQMXU\"�$�UHYLHZ��LQ�,QWHUQDWLRQDO�-RXUQDO�RI�5DGLDWLRQ�%LRORJ\�
YRO������QU�����������SS��������
³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³³

��%HOJLVFKH�&RDOLWLH�6WRS�8UDQLXPZDSHQV��
FDPSDJQH�YRRU�HHQ�ZHUHOG�]RQGHU�XUDQLXPZDSHQV��RP�WH�EHJLQQHQ�LQ�%HOJLs

:HEVLWHV��ZZZ�PRWKHUHDUWK�RUJ�GX���ZZZ�EDQGHSOHWHGXUDQLXP�RUJ
&RQWDFW�� ZLOOHP#PRWKHUHDUWK�RUJ���7HO��������������

)RQWHLQHSOHLQ���������*HQW���JVP��������������
*LIWHQ� ��������������


