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$LU�4XDOLW\�,PSDFWV�RI�/RZ�(PLVVLRQ�=RQHV

,QWURGXFWLRQ�
7UDQVSRUW� LV� WKH� FRUQHUVWRQH� RI� PRGHUQ� VRFLHW\�� \HW� FRQWULEXWHV� WR� SRRU� DLU� TXDOLW\� LQ� PDQ\�
XUEDQ� FHQWUHV� DURXQG� WKH� ZRUOG�� 7KHUH� DUH� LQFUHDVLQJ� FRQFHUQV� DERXW� WKH� LPSDFW� RI� WUDIILF�
H[KDXVW� HPLVVLRQV� RQ� WKH� KHDOWK� RI� FLWL]HQV� H[SRVHG� WR� KLJK� FRQFHQWUDWLRQV� RI� SROOXWDQWV��
(XURSHDQ� W\SH� DSSURYDO� OHJLVODWLRQ� LV� KHOSLQJ� WR� FOHDQ� XS� YHKLFOHV� DQG� IXHO�� EXW� WKHUH� LV� D�
VLJQLILFDQW�WLPH�ODJ�ZKLOVW�WKH�YHKLFOH�VWRFN�LV�EHLQJ�UHSODFHG��,Q�WKH�LQWHULP��PHFKDQLVPV�FRXOG�
EH�LQWURGXFHG�WR�DFFHOHUDWH�WKH�UHSODFHPHQW�RI�YHKLFOHV�RU�WR�UHGXFH�HPLVVLRQV�IURP�WKH�H[LVWLQJ�
VWRFN��
�
$ /RZ (PLVVLRQ�=RQH� �/(=�� LV� D� GHILQHG� DUHD� LQ�ZKLFK� FRQWUROV� DUH� SXW� LQ� SODFH� WR� UHVWULFW�
DFFHVV� WR� YHKLFOHV� WKDW� GR� QRW� FRPSO\� ZLWK� VHW� HPLVVLRQ� VWDQGDUGV�� VR� DV� WR� UHGXFH� H[KDXVW�
HPLVVLRQV�IURP�URDG�WUDQVSRUW�DQG�WKHUHE\�LPSURYH�ORFDO�DLU�TXDOLW\���
�
,Q� 6ZHGHQ�� D� VLPLODU� FRQFHSW� KDV� EHHQ� LQ� RSHUDWLRQ� VLQFH� ������ ZKHUHE\� HQYLURQPHQWDO�
VWDQGDUGV�DUH�VSHFLILHG�IRU�KHDY\�YHKLFOHV�HQWHULQJ�WKH�FHQWUDO�DUHD�RI�WKH�PDLQ�FLWLHV��6LPLODU�
VFKHPHV� DUH� LQ� SODFH� LQ� -DSDQ�� ,Q� WKH�8.��ZRUN� KDV� EHHQ� FDUULHG� RQ�EHKDOI� RI�7UDQVSRUW� IRU�
/RQGRQ�DQG�WKH�$/*�WR�LQYHVWLJDWH�WKH�LPSDFWV�DQG�SUDFWLFDOLWLHV�RI�LPSOHPHQWLQJ�D�/(=��DQG�
VHYHUDO� RWKHU� /RFDO� $XWKRULWLHV� DUH� FDUU\LQJ� RXW� IHDVLELOLW\� VWXGLHV� WR� FRQVLGHU� WKH�
LPSOHPHQWDWLRQ�RI�D�/(=���
�

(QYLURQPHQWDO�]RQHV�LQ�6ZHGHQ��
(QYLURQPHQWDO�=RQHV�KDYH�EHHQ�LQ�RSHUDWLRQ�LQ�WKH�6ZHGLVK�FLWLHV�RI�6WRFNKROP��*RWKHQEXUJ�
DQG�0DOPR� VLQFH� -XO\� ����� DQG� /XQG� VLQFH� -DQXDU\� ������ 7KH� ]RQHV� KDYH� EHHQ� FUHDWHG� LQ�
FHQWUDO�DUHDV�RI�WKH�FLW\�WKDW�DUH�SDUWLFXODUO\�VHQVLWLYH�WR�H[KDXVW�HPLVVLRQV�DQG�QRLVH�IURP�URDG�
WUDIILF��7KH�DSSURDFK�LV�HDV\�WR�XQGHUVWDQG�EHFDXVH�LW�LV�EDVHG�RQ�YHKLFOH�DJH��DOO�YHKLFOHV�RYHU�
����WRQQHV�WKDW�DUH�ROGHU�WKDQ���\HDUV�ROG�DUH�EDQQHG��LQFOXGLQJ�EXVHV���([FHSWLRQV�DUH�PDGH�IRU�
YHKLFOHV� EHWZHHQ� HLJKW� DQG� WZHOYH� \HDUV� ROG� LI� WKH\� DUH� UHWURILWWHG�ZLWK� QHZ� HQJLQHV� DQG�RU�
SDUWLFXODWH�WUDSV���
�
(QIRUFHPHQW�LV�GRQH�E\�WKH�SROLFH��YLD�VSRW�FKHFNV�DV�ZHOO�DV�DQ�LQIRUPDO�DUUDQJHPHQW�EHWZHHQ�
FDUULHUV��,GHQWLILFDWLRQ�LV�WKURXJK�WKH�YHKLFOH�QXPEHU�SODWH��ZLWK�ROGHU�YHKLFOHV�EHLQJ�UHTXLUHG�
WR�FDUU\�SHUPLWV�WR�SURYH�WKH\�KDYH�EHHQ�UHWURILWWHG�ZLWK�HPLVVLRQ�DEDWHPHQW�WHFKQRORJ\��7KH�
HQYLURQPHQWDO�GHPDQGV�KDYH�DOVR�KDVWHQHG�WKH�GHYHORSPHQW�RI�PRUH�HQYLURQPHQWDOO\�IULHQGO\�
YHKLFOHV��
�
3DUWLFXODWH� PDWWHU� LV� WKH� SULPDU\� SROOXWDQW� WDUJHWHG� XVLQJ� WKHVH� ]RQHV�� ,Q� 6WRFNKROP� LW� LV�
HVWLPDWHG� WKDW� HPLVVLRQV� RI� SDUWLFXODWH� PDWWHU� KDYH� UHGXFHG� E\� ���� DQG�� WR� D� OHVVHU� H[WHQW�
HPLVVLRQV�RI�K\GURFDUERQV�DQG�R[LGHV�RI�QLWURJHQ�KDYH�DOVR�IDOOHQ��(YLGHQFH�DOVR�SRLQWV� WR�D�
GURS�LQ�QRLVH�OHYHOV���&DOFXODWLRQV�PDGH�D�\HDU�DIWHU�WKH�]RQHV�ZHUH�LQWURGXFHG�LQWR�6WRFNKROP��
*RWKHQEXUJ� DQG�0DOPR� SUHGLFWHG� WKH� UHGXFWLRQV� LQ� D� UDQJH� RI� NH\� SROOXWDQWV�� DV� VKRZQ� LQ�
7DEOH����7KHVH�UHGXFWLRQV�DUH�D�UHVXOW�RI�ROGHU�YHKLFOHV�EHLQJ�UHSODFHG�HDUOLHU�WKDQ�WKH\�ZRXOG�
RWKHUZLVH�KDYH�EHHQ�DQG�PRUH�UHWURILWWLQJ�RI�YHKLFOHV��
�
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7DEOH����3HUFHQWDJH�UHGXFWLRQ�LQ�HPLVVLRQV�IURP�KHDY\�YHKLFOHV����\HDU�DIWHU�LQWURGXFWLRQ��

3ROOXWDQW� 3HUFHQWDJH�UHGXFWLRQ�
3DUWLFXODWH�PDWWHU� ���������

+&�HPLVVLRQV� �������

12[�HPLVVLRQV� �������
�
7KH� ]RQH� KDV� UHGXFHG� JHQHUDO� DFFHVVLELOLW\� WR� WKH� FLW\� FHQWUHV� IRU�PDQ\� WUDQVSRUW� FRPSDQLHV�
ZDQWLQJ�WR�XVH�WKHLU�SUHYLRXV�IOHHW�YHKLFOHV��7KLV�KDV�UHVXOWHG�LQ�DQ�LQFUHDVH�LQ�FRVWV��HVWLPDWHG�
DW��������GXH�WR�YHKLFOHV�QHHGLQJ�WR�EH�UHSODFHG�RU�UHWURILWWHG���
�
*RWKHQEXUJ�DUH�FXUUHQWO\� ORRNLQJ� WR� IXUWKHU�GHYHORS� WKH�(QYLURQPHQWDO�=RQH�� WR� LQFUHDVH� WKH�
JHRJUDSKLFDO�H[WHQW�RI� WKH�]RQH��DQG� WR� FKDQJH� WKH�HQWU\� FULWHULD� WR�PRUH�VWULQJHQW� VWDQGDUGV��
8QGHU�WKH�QHZ�VWDQGDUGV��DOO�YHKLFOHV�ZLOO�EH�DOORZHG�LQ�WKH�]RQH�LI�WKH\�DUH�OHVV�WKDQ���\HDUV�
ROG��([WHQVLRQV�DUH�PDGH�WR�WKLV�DJH�OLPLW��EDVHG�RQ�HXUR�FODVV��)RU�H[DPSOH��(XUR�,9�YHKLFOHV�
ZLOO�EH�DOORZHG�IRU���\HDUV�DQG�(XUR�9�IRU����\HDUV���7KH�PRUH�VWULQJHQW�HQWU\�FULWHULD�ZLOO�DOVR�
EH�DGRSWHG�IRU�WKH�(QYLURQPHQWDO�=RQHV�LQ�6WRFNKROP��0DOPR�DQG�/XQG��
�

7KH�$XWRPRELOH�12[�DQG�30�5HGXFWLRQ�/DZ�LQ�-DSDQ�
0DQ\� XUEDQ� DUHDV� LQ� -DSDQ� H[SHULHQFH� KLJK� FRQFHQWUDWLRQV� RI�12�� DQG� 30���� DQG� HIIRUWV� WR�
UHGXFH�HPLVVLRQV�KDYH�EHHQ�XQGHUPLQHG�E\�DQ�LQFUHDVH�LQ�URDG�WUDQVSRUW�XVH���
�
,Q� UHVSRQVH� WR� WKLV�� ����� -DSDQ� HQDFWHG� WKH� 12[� 5HGXFWLRQ� /DZ�� ZKLFK� VHW� SHUPLVVLEOH�
HPLVVLRQ�OLPLWV�DSSOLFDEOH�WR�VSHFLILHG�DUHDV�LQ�7RN\R��&KLED��6DLWDPD��.DQDJDZD��2VDND��DQG�
+\RJR�� 7KLV� ODZ� ZDV� UHYLVHG� DQG� H[WHQGHG� LQ� ����� WR� IRUP� WKH� $XWRPRELOH� 12[� DQG� 30�
5HGXFWLRQ�/DZ��ZLWK�WKH�IROORZLQJ�FRQGLWLRQV��
� $Q�DJH�OLPLW�IRU�VSHFLILHG�YHKLFOHV��DV�VKRZQ�LQ�7DEOH����
� &KDOOHQJLQJ�HPLVVLRQV�VWDQGDUGV�IRU�GLHVHO�YHKLFOHV�DIWHU�WKHVH�DJH�OLPLWV��DQG�
� %XVLQHVVHV�ZLWK�PRUH�WKDQ����YHKLFOHV�PXVW�SURYLGH�DQ�LPSURYHPHQW�SODQ��WR�LQFOXGH��IRU�

H[DPSOH�� MRLQW� VKLSPHQWV�� VZLWFKLQJ� WR� ORZHU� SROOXWLQJ� YHKLFOHV�� DSSURSULDWH� GULYLQJ�
SUDFWLFHV��YHKLFOH�PDLQWHQDQFH��HWF���

�
7DEOH����*UDFH�SHULRG�IRU�DSSOLFDWLRQ�RI�WKH�VSHFLDO�HPLVVLRQ�VWDQGDUGV�WR�YHKLFOHV�LQ�XV�
9HKLFOH�FDWHJRU\�� � *UDFH�SHULRG��\HDUV�IURP�LQLWLDO�

UHJLVWUDWLRQ�GDWH�
����
2UGLQDU\�VL]HG�WUXFNV� ��

�
6PDOO�VL]HG�WUXFNV� XQNQRZQ�
/DUJH�VL]HG�EXVHV� ���
0LFUREXVHV� ���
'LHVHO�SDVVHQJHU�FDUV� ��

�
6SHFLDO�SXUSRVH�PRWRU�
YHKLFOHV�
��

���

Notes: *1. The initial registration date is the date on the vehicle registration file under article 4 of the Road 
Vehicles Act. 
*2. For special-purpose motor vehicles with special design, equipment, or usage as designated by the Minister of 
the Environment, the grace period shall be 15 or 20 years.�
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�
$�VWXG\�FDUULHG�RXW�LQ������VXJJHVWHG�WKDW�WKHVH�UHVWULFWLRQV��WRJHWKHU�ZLWK�RWKHU�PHDVXUHV�VXFK�
DV�WUDIILF�GHPDQG�PDQDJHPHQW��ZLOO�PHDQ�WKDW�WKH�HQYLURQPHQWDO�VWDQGDUGV�IRU�12[�DQG�30�LQ�
-DSDQ�ZLOO�EH�PHW�E\�WKH�\HDU��������
�

(PLVVLRQ�LPSDFWV�RI�8.�/(=�VFHQDULRV�
,Q� D� ����� VWXG\� RI� VWUDWHJLHV� IRU� PHHWLQJ� 1DWLRQDO� $LU� 4XDOLW\� 6WDQGDUGV� LQ� /RQGRQ� LW� ZDV�
FRQFOXGHG� WKDW�HPLVVLRQ�FRQWURO� VWUDWHJLHV�FRXOG�EH�PRUH�HIIHFWLYH� WKDQ�GHPDQG�PDQDJHPHQW�
VWUDWHJLHV�� VXFK� DV� ZRUNSODFH� SDUNLQJ� FRQWUROV�� 7DEOH��� LGHQWLILHV� WKH� SUHGLFWHG� SHUFHQWDJH�
UHGXFWLRQ� LQ� HPLVVLRQV� FRPSDUHG� WR� D� ����� µEXVLQHVV� DV� XVXDO¶� VFHQDULR� IRU� /RQGRQ� �:6�
$WNLQV�� ������� 7KH� WDEOH� VKRZV� WKDW� HPLVVLRQ� FRQWURO� VWUDWHJLHV� DUH� MXGJHG� WR� KDYH� D� JUHDWHU�
LPSDFW�WKDQ�GHPDQG�PDQDJHPHQW�PHDVXUHV���
�

7DEOH����&RPSDULVRQ�RI�'HPDQG�0DQDJHPHQW�DQG�(PLVVLRQ�&RQWURO�VWUDWHJLHV�FRPSDUHG�WR�
D������µ%XVLQHVV�DV�8VXDO¶�VFHQDULR�IRU�/RQGRQ�

&HQWUDO�/RQGRQ� &LW\�ZLGH��
12[� 30��� 12[� 30���

'HPDQG�
PDQDJHPHQW�

���WR����� ���WR����� ���WR����� ���WR�����

(PLVVLRQ�FRQWUROV�
$OWHUQDWLYH�IXHOV�
�
/RZ�(PLVVLRQ�
=RQHV�

����WR�����
�

����WR�����

����WR�����
�

����WR�����

���WR�����
�

���WR�����

���WR�����
�

���WR�����

�
�
/DWHU�ZRUN�FDUULHG�RXW�E\�&(5&�XVHG�WKH�(PLVVLRQV�,QYHQWRU\�7RRONLW��(0,7��WR�FDOFXODWH�WKH�
HPLVVLRQV�EHQHILWV�RI� LPSOHPHQWLQJ�D�/(=� LQ� FHQWUDO�/RQGRQ��7KH�FDOFXODWLRQ�RI� URDG� WUDIILF�
HPLVVLRQV� LQ�(0,7� LV�EDVHG�RQ� WKH� µ5RXWH�W\SH¶� FRQFHSW��ZKLFK�GHVFULEHV� WKH�GLVWULEXWLRQ�RI�
HQJLQH� WHFKQRORJ\� �H�J�� (852� ,��(852� ,,� HWF�� DFURVV� WKH� YHKLFOH� IOHHW� FRPSRQHQWV� WKDW� WKH�
XVHU�KDV�DYDLODEOH�IRU�WKH�URDGV�LQ�WKHLU�DUHD��H�J��/LJKW���+HDY\���7KH�HPLVVLRQ�IDFWRUV�XVHG�IRU�
WKH� HQJLQH� WHFKQRORJLHV� DUH� REWDLQHG� IURP� WKH� 8.� (PLVVLRQ� )DFWRUV� 'DWDEDVH� DQG� GHIDXOW�
URXWH�W\SHV�DUH�EDVHG�RQ�WKH�ODWHVW�1DWLRQDO�$WPRVSKHULF�(PLVVLRQV�,QYHQWRU\�ILJXUHV���
�
9HKLFOH� UHVWULFWLRQV� ZHUH� DSSOLHG� WR� WKH� &HQWUDO� DUHD� RI� /RQGRQ�� FRUUHVSRQGLQJ� WR� WKH�
&RQJHVWLRQ�&KDUJLQJ�]RQH��DQG�WKH�HPLVVLRQV�IURP�WKDW�DUHD�IRU������ZHUH�FDOFXODWHG�ZLWKRXW�
DQG�ZLWK�WKH�UHVWULFWLRQV�LQ�SODFH��7KH�IROORZLQJ�YHKLFOH�UHVWULFWLRQV�ZHUH�DSSOLHG��

� 0RWRUF\FOHV��&DUV��7D[LV��1R�UHVWULFWLRQ�
� /*9V���(852�,9�PLQLPXP�
� %XVHV���(852�,,�ZLWK�UHWUR�ILW�SDUWLFXODWH�WUDSV��RU�(852�,,,�
� +*9V��(852�,,,�PLQLPXP�

�
7KH� FDOFXODWLRQV� LQGLFDWHG� WKDW� WKHVH� YHKLFOH� UHVWULFWLRQV� ZRXOG� JLYH� D� ���� GHFUHDVH� LQ�
HPLVVLRQV�RI�12[�DQG�D�����GHFUHDVH�LQ�HPLVVLRQV�RI�30�����
�
$QRWKHU�VWXG\��RQ�EHKDOI�RI�:HVWPLQVWHU�&LW\�&RXQW\��75/��������LQYHVWLJDWHG�WKH�HPLVVLRQV�
UHGXFWLRQV� WKDW�ZRXOG� UHVXOW� IURP� D� /RQGRQ�ZLGH� /(=� IRU� ������ UHVWULFWLQJ� DFFHVV� WR� JRRGV�
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YHKLFOHV�DQG�EXVHV�RYHU�����WRQQHV��DV�ZHOO�DV�WD[LV��)RU�WKH�SUHIHUUHG�VFHQDULR��+*9��EXV�DQG�
WD[L�WR�PHHW�(XUR�,,,��RU�(XUR�,,�SOXV�WUDS��HPLVVLRQV�FDOFXODWLRQV�LQGLFDWHG�WKDW�WKHVH�YHKLFOH�
UHVWULFWLRQV�ZRXOG�JLYH�DQ�RYHUDOO�����GHFUHDVH� LQ�HPLVVLRQV�RI�12[� DQG�D�����GHFUHDVH� LQ�
HPLVVLRQV�RI�30�����
�
6XEVHTXHQW�UHYLVLRQV�RI�WKH�'HIUD�YHKLFOH�HPLVVLRQ�IDFWRUV�LQ�������UHSRUWHG�XQGHU�WKH�1DWLRQDO�
$WPRVSKHULF� (PLVVLRQV� ,QYHQWRU\�� KDYH� UHVXOWHG� LQ� PDUNHG� FKDQJHV� WR� HPLVVLRQV� HVWLPDWHV���
1HZ�IDFWRUV�ZHUH�DGRSWHG�IRU�(XUR�,�DQG�,,�YHKLFOHV��DQG�VRPH�FKDQJHV�PDGH�WR�WKH�(XUR�,,,�
DQG� ,9�HPLVVLRQ� UHGXFWLRQ� IDFWRUV��7KH� IRFXV�RI� D�/(=� LV� WR� WDUJHW� HPLVVLRQV� IURP� WKH�PRVW�
SROOXWLQJ�YHKLFOHV��DQG�WR�DFFHOHUDWH�WKH�VKLIW�WRZDUGV�FOHDQHU�YHKLFOHV��WKHUHIRUH�WKH�UHYLVLRQ�RI�
WKH�HPLVVLRQ�IDFWRUV�KDV�KDG�D�VLJQLILFDQW�HIIHFW�RQ�WKH�HPLVVLRQV�HVWLPDWHV�IRU�/(=�VFHQDULRV���
�
$� IHDVLELOLW\� VWXG\� FDUULHG� RXW� RQ� EHKDOI� RI� 7UDQVSRUW� IRU� /RQGRQ� �7I/�� WR� LQYHVWLJDWH� WKH�
LPSOHPHQWDWLRQ�RI�D�/(=�LQ�/RQGRQ�IRXQG�WKDW�WKH�HDUO\�FDOFXODWLRQV�RI�WKH�HPLVVLRQV�EHQHILWV�
RI�LPSOHPHQWLQJ�DQ�/(=�LQ�/RQGRQ��GHVFULEHG�DERYH��ZHUH�OLNHO\�WR�EH�RYHUHVWLPDWHV�DQG�WKH�
HPLVVLRQ�UHGXFWLRQV�OLNHO\�WR�EH�ORZHU�WKDQ�SUHYLRXVO\�FDOFXODWHG��$($7����������
�
$V�SDUW�RI�WKH�/RQGRQ�IHDVLELOLW\�VWXG\�D�GHWDLOHG�DQDO\VLV�RI�HPLVVLRQV�DQG�DLU�TXDOLW\�LPSDFWV�
ZDV�FDUULHG�RXW�IRU�WKUHH�VFHQDULRV���
���(XUR�����53&�/(=�IRU�KHDY\�YHKLFOHV�LQ�������
���(XUR�����53&�/(=�IRU�KHDY\�YHKLFOHV�LQ�������
���(XUR�����53&�/(=�IRU�KHDY\�YHKLFOHV�LQ������SOXV�D����\HDU�DJH�OLPLW�IRU�YDQV�DQG�WD[LV��
�
$OO�VFKHPHV�DUH�LPSOHPHQWHG�ZLWKLQ�*UHDWHU�/RQGRQ�DQG�LQFOXGH�DQ�DVVHVVPHQW�RI�WKH�SRWHQWLDO�
EHQHILWV�IURP�WKH�UHFRPPHQGHG�VFKHPH��LQFOXGLQJ�WUDIILF�XS�WR�DQG�DURXQG�WKH�0����
�
7KH� SHUFHQWDJH� UHGXFWLRQ� LQ� HPLVVLRQV� IURP� WKH� EDVH� FDVH� IRU� HDFK� VFHQDULR� LV� VKRZQ� LQ�
7DEOH������
�
7DEOH�����6XPPDU\�SHUFHQWDJH�UHGXFWLRQ�LQ�HPLVVLRQV�IURP�WKH�EDVH�FDVH�IRU�HDFK�VFHQDULR�

5HGXFWLRQ�LQ�(PLVVLRQV���UHODWLYH�WR�EDVHOLQH��3ROOXWDQW�
6FHQDULR��� 6FHQDULR��� 6FHQDULR���

12[��12��� ����� ����� �����
30��� ����� ���� ����

�
7KH�EDVH�FDVH�HPLVVLRQV�FDOFXODWLRQV�KDYH�EHHQ�SHUIRUPHG�DVVXPLQJ�WKDW��GXH�WR�WKH�LPSDFWV�RI�
WKH�0D\RU¶V�$LU�4XDOLW\�6WUDWHJ\��DOO�7I/�EXVHV�DUH�ILWWHG�ZLWK�SDUWLFXODWH�WUDSV�DQG�DUH�DW�OHDVW�
(XUR����,I�WKH�EDVH�FDVH�ZHUH�FDOFXODWHG�UHIOHFWLQJ�WKH�QDWLRQDO�IOHHW�PL[��30���HPLVVLRQV��DQG�
WR�D�OHVVHU�H[WHQW�12[�HPLVVLRQV��ZRXOG�EH�FRQVLGHUDEO\�KLJKHU��7KHUHIRUH�D�/(=�LPSOHPHQWHG�
RXWVLGH�RI�/RQGRQ�LV�OLNHO\�WR�JLYH�JUHDWHU�HPLVVLRQV�UHGXFWLRQV�WKDW�WKRVH�SUHVHQWHG�DERYH��

�

3RWHQWLDO�DLU�TXDOLW\�LPSDFWV�RI�/(=�VFHQDULRV�
,W�VKRXOG�EH�QRWHG�WKDW�WKHUH�LV�RIWHQ�QR�GLUHFW�OLQHDU�UHODWLRQVKLS�EHWZHHQ�FKDQJHV�LQ�HPLVVLRQV�
DQG�FKDQJHV� LQ�SROOXWDQW� FRQFHQWUDWLRQV� LQ� WKH� DLU��7KLV� LV�GXH� WR� WKH� FRQWULEXWLRQ� IURP�RWKHU�
VRXUFHV�� WKH� HIIHFW� RI� PHWHRURORJ\� DQG� WKH� FRPSOH[� FKHPLVWU\� EHKLQG�� IRU� H[DPSOH�� WKH�
IRUPDWLRQ� RI� R[LGHV� RI� QLWURJHQ�� � ,W� LV� WKHUHIRUH� LPSRUWDQW� WR� H[DPLQH� WKH� HYLGHQFH� IRU� D�
UHGXFWLRQ�LQ�WUDQVSRUW�HPLVVLRQV�OHDGLQJ�WR�DQ�LPSURYHPHQW�LQ�DLU�TXDOLW\��
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�
'HWDLOHG� DLU� TXDOLW\� PRGHOOLQJ� ZDV� FDUULHG� RXW� IRU� WKH� /RQGRQ� /(=� IHDVLELOLW\� VWXG\�� WR�
LQYHVWLJDWH� WKH�DLU�TXDOLW\� LPSDFWV�RI�HDFK�RI� WKH� WKUHH�SUHIHUUHG�VFHQDULRV��$($7���������7R�
DFFRXQW�IRU�WKH�XQFHUWDLQW\�LQ�HVWLPDWLQJ�WKH�DLU�TXDOLW\�LPSDFWV��PRGHOOLQJ�ZDV�FDUULHG�RXW�E\�
ERWK� (5*� DQG� &(5&�� 7KH� SUHGLFWHG� FRQFHQWUDWLRQV�� DQG� SUHGLFWHG� SHUFHQWDJH� FKDQJH� LQ�
FRQFHQWUDWLRQV�DV�D�UHVXOW�RI�WKH�/(=�VFHQDULRV��DUH�JLYHQ�LQ�7DEOHV���DQG�����
�
7DEOH�����6XPPDU\�RI�(5*�DQG�&(5&�PRGHOOLQJ�UHVXOWV�IRU�DQQXDO�PHDQ�12��

$QQXDO�PHDQ�12���mJP���� ��GLIIHUHQFH�IURP�EDVH�FDVH�6FHQDULR�
(5*� &(5&� (5*� &(5&�

%DVH�FDVH������ ������ ������ �� ��
6FHQDULR��� ������ ������ ������ ������
%DVH�FDVH������ ������ ������ �� ��
6FHQDULR��� ������ ������ ������ ������
6FHQDULR��� ������ ������ ������ ������
�
7DEOH�����6XPPDU\�RI�(5*�DQG�&(5&�PRGHOOLQJ�UHVXOWV�IRU�DQQXDO�PHDQ�30���

$QQXDO�PHDQ�30����mJP���� ��GLIIHUHQFH�IURP�EDVH�FDVH�6FHQDULR�
(5*� &(5&� (5*� &(5&�

%DVH�FDVH������ ������ ������ �� ��
6FHQDULR��� ������ ������ ������ ������
%DVH�FDVH������ ������ ������ �� ��
6FHQDULR��� ������ ������ ������ ������
6FHQDULR��� ������ ������ ������ ������
�
7DEOHV� �� DQG� �� VKRZ� WKDW� WKH� DEVROXWH� UHGXFWLRQ� LQ� WKH� FRQFHQWUDWLRQV� RI�12��DQG�30��� DUH�
SUHGLFWHG� WR� EH� VPDOO� IRU� DOO� VFHQDULRV�� )RU� DOO� VFHQDULRV� WKH� SUHGLFWHG� UHGXFWLRQ� LQ� 30��� LV�
VLJQLILFDQWO\� JUHDWHU� WKDQ� WKH� SUHGLFWHG� UHGXFWLRQ� LQ�12��� 7KH�&(5&� UHVXOWV� SUHGLFW� WKDW� WKH�
/(=�VFHQDULRV�ZLOO�EH�OHVV�HIIHFWLYH�WKDQ�LV�SUHGLFWHG�E\�WKH�(5*�UHVXOWV���
�
7KH�VWXG\�DOVR�ORRNHG�DW�WKH�LPSDFW�RI�WKH�/(=�LQ�UHGXFLQJ�WKH�DUHD�RYHU�ZKLFK�WKH�REMHFWLYH�
YDOXHV�DUH�H[FHHGHG��DV�VKRZQ�LQ�7DEOH����
�
7DEOH�����6XPPDU\�SHUFHQWDJH�UHGXFWLRQ�LQ�HPLVVLRQV�IURP�WKH�EDVH�FDVH�IRU�HDFK�VFHQDULR�

5HGXFWLRQ�LQ�$UHD�([FHHGLQJ�7DUJHWV��UHODWLYH�WR�EDVHOLQH��3ROOXWDQW�
6FHQDULR��� 6FHQDULR��� 6FHQDULR���

12[��12��� ����� ���� ������
30��� ��
� �����

� �����

�


�/RQGRQ�VKRXOG�PHHW�WKH�UHOHYDQW�DLU�TXDOLW\�IRU�30���LQ�WKLV�\HDU�ZLWKRXW�DQ\�DGGLWLRQDO�DFWLRQ��IRU�DQ�DYHUDJH�\HDU¶V�
ZHDWKHU��


�([FHHGHQFH�RI�WKH�DQQXDO�PHDQ�30���REMHFWLYH��
�
7DEOH���VKRZV�WKDW�DOWKRXJK�WKH�UHGXFWLRQ�LQ�DEVROXWH�FRQFHQWUDWLRQV�LV�VPDOO��WKH�UHGXFWLRQ�LQ�
WKH�DUHD�RI�H[FHHGHQFH�LV�PXFK�PRUH�VLJQLILFDQW����
�
7KH�IHDVLELOLW\�VWXG\�FRQFOXGHV�WKDW�µ$�/RQGRQ�ORZ�HPLVVLRQ�]RQH�ZRXOG�KDYH�PRGHVW�EHQHILWV�
LQ�LPSURYLQJ�RYHUDOO�HPLVVLRQ�OHYHOV�DQG�DEVROXWH�DLU�TXDOLW\�FRQFHQWUDWLRQV�LQ�/RQGRQ��EXW�LW�
ZRXOG�PDNH�D�ODUJHU�FRQWULEXWLRQ�WR�UHGXFLQJ�H[FHHGHQFHV�RI�WKH�DLU�TXDOLW\�WDUJHWV�¶�
�
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$V�QRWHG�LQ�WKH�GLVFXVVLRQ�RI�HPLVVLRQV��LI�WKH�EDVH�FDVH�ZHUH�FDOFXODWHG�UHIOHFWLQJ�WKH�QDWLRQDO�
IOHHW�PL[��30���HPLVVLRQV��DQG�WR�D�OHVVHU�H[WHQW�12[�HPLVVLRQV��ZRXOG�EH�FRQVLGHUDEO\�KLJKHU�
DQG� WKHUHIRUH� D� /(=� LPSOHPHQWHG� RXWVLGH� RI� /RQGRQ� LV� OLNHO\� WR� JLYH� JUHDWHU� HPLVVLRQV�
UHGXFWLRQV� WKDW� WKRVH�SUHVHQWHG�DERYH��7KLV� LV� OLNHO\� WR�PHDQ� WKDW� WKH� UHGXFWLRQ� LQ�DLU�TXDOLW\�
LPSDFW�ZLOO� DOVR�EH�JUHDWHU� IRU� DQ�/(=� LPSOHPHQWHG�RXWVLGH�RI�/RQGRQ�� DOWKRXJK� WR� D� OHVVHU�
H[WHQW��
��
$QRWKHU� VWXG\� RI� WKH� LPSDFW� RI� /(=� �DQG� WUDIILF� UHGXFWLRQ�� VWUDWHJLHV� ZDV� FDUULHG� RXW� ZLWK�
SDUWLFXODU�UHJDUG�WR�WKH�HIIHFW�RQ�12��FRQFHQWUDWLRQV�DW�URDGVLGH�ORFDWLRQV��&DUVODZ�HW�DO����������
7KH� UHVHDUFK� FRPSDUHG� VFHQDULRV� ZKLFK� LQYROYHG� WUDIILF� UHGXFWLRQV� RI� ���� DQG� ���� ZLWK�
YHKLFOH� HPLVVLRQ� UHGXFWLRQ� VWUDWHJLHV�� � 7KH� ILUVW� RI� WKHVH� LQYROYHG� UHPRYLQJ� DOO� SUH�(XUR� ,�
YHKLFOHV� �LQFOXGLQJ�FDUV� DQG� OLJKW�JRRGV��DQG� WKH�VHFRQG� UHPRYHG�DOO�SUH�(XUR� ,,,� WUXFNV�DQG�
EXVHV� LQ� DGGLWLRQ� WR� SUH�(XUR� ,� FDUV�� � ,Q� ERWK� VFHQDULRV� WKH� WRWDO� YHKLFOH� QXPEHUV� VWD\HG� WKH�
VDPH��DQG�GLUHFW�UHSODFHPHQW�E\�FOHDQHU�PRGHOV�ZDV�DVVXPHG��
�
,W� ZDV� IRXQG� WKDW� WKH� PRVW� HIIHFWLYH� VFHQDULR� ZDV� WKH� RQH� ZLWK� KLJKHU� YHKLFOH� HPLVVLRQ�
VWDQGDUGV� �SRVW�(XUR� ,� FDUV�DQG�(XUR� ,,,� IRU� WUXFNV�DQG�EXVHV���ZKLFK�ZDV�VLJQLILFDQWO\�PRUH�
HIIHFWLYH� WKDQ� DQ\� RWKHU� VFHQDULR� WHVWHG�� � +RZHYHU�� QRQH� RI� WKH� VFHQDULRV� DV� PRGHOOHG� RQ�
YHKLFOHV�LQ�FHQWUDO�/RQGRQ�ZHUH�VXIILFLHQW�WR�PHHW�WKH�1$46��
�
,QVWHDG��LW�LV�VXJJHVWHG�WKDW�D�PXFK�ZLGHU�/(=�ZRXOG�EH�UHTXLUHG��WR�FRPEDW�WKH�DFFXPXODWLYH�
HIIHFW�RI�EDFNJURXQG�HPLVVLRQV���:KHQ�WKLV�LV�H[DPLQHG�LW�DSSHDUV�WKDW�WKH�UHPRYDO�RI�SUH�(XUR�
,,,�YHKLFOH�LV�URXJKO\�HTXLYDOHQW�WR�D�����UHGXFWLRQ�LQ�RYHUDOO�WUDIILF�����7KH�VWXG\�PDNHV�WKH�
SRLQW�WKDW�WKH�VDPH�LPSURYHPHQW�EURXJKW�DERXW�E\�WKH�/(=�VFHQDULR�ZRXOG�RFFXU�LQ�WLPH��DV�
FOHDQHU� YHKLFOHV� DUH� ERXJKW� WR� UHSODFH� ROGHU� RQHV�� � ,W� LV� FDOFXODWHG� WKDW� VLPLODU� DLU� TXDOLW\�
LPSURYHPHQWV�PLJKW�WDNH�SODFH�ZLWKLQ���\HDUV�RI�WKH������1$46���+RZHYHU��WKH�1$46�ZRXOG�
VWLOO�QRW�EH�PHW�LQ�/RQGRQ��
�
)URP� WKH� VWXG\� LW� FDQ� EH� FRQFOXGHG� WKDW� /(=� VFHQDULRV� FRXOG� EULQJ� IRUZDUG� WKH� LPSDFW� RI�
FOHDQHU� YHKLFOHV� RQ� DLU� TXDOLW\� E\� D� QXPEHU� RI� \HDUV�� DQG� FRPSDUH� ZHOO� WR� PDMRU� WUDIILF�
UHGXFWLRQ� VWUDWHJLHV�� $� SURJUHVVLYH� /(=� SROLF\� FRXOG� FRQWLQXH� WKH� DFFHOHUDWHG� WDNH�XS� RI�
FOHDQHU�YHKLFOHV�DKHDG�RI�RWKHUZLVH�SUHGLFWHG�UDWHV�RI�UHQHZDO��WR�WKH�EHQHILW�RI�DLU�TXDOLW\��
�
�
&RQFOXVLRQV�
�
7KH� UHVXOWV� RI� HPLVVLRQ� LQYHQWRU\� PRGHOV� LQGLFDWH� WKDW� FKDQJLQJ� SDUWV� RI� WKH� YHKLFOH� IOHHW�
WRZDUGV� PRUH� UHFHQWO\� PDQXIDFWXUHG� YHKLFOHV� FDQ� SURGXFH� D� PDUNHG� UHGXFWLRQ� LQ� WRWDO�
HPLVVLRQV�IURP�URDG�WUDQVSRUW���7KLV�FRPSDUHV�YHU\�ZHOO�ZLWK�WUDIILF�UHGXFWLRQ�PHDVXUHV��ZKLFK�
ZRXOG�KDYH�WR�EH�YHU\�VHYHUH�WR�SURGXFH�VLPLODU�HIIHFWV����
�
5HFHQW� ZRUN� FDUULHG� LQ� /RQGRQ� RQ� WKH� IHDVLELOLW\� RI� D� /(=� KDV� FRQFOXGHG� WKDW� WKH� VFDOH� RI�
HPLVVLRQ� UHGXFWLRQV� SUREDEOH� WKURXJK� D� /(=� LV� VXIILFLHQW� WR� KDYH� DQ� LPSDFW� RQ� DLU� TXDOLW\��
WKRXJK� QRW� DV� JUHDW� DV� WKDW� LQGLFDWHG� E\� HDUOLHU� VWXGLHV�� �:RUN� LV� FRQWLQXLQJ� WR� SURJUHVV� WKH�
/RQGRQ� /(=�� DQG� VHYHUDO� RWKHU� 8.� FLW\� $XWKRULWLHV� DUH� FDUU\LQJ� RXW� IHDVLELOLW\� VWXGLHV� WR�
FRQVLGHU�WKH�LPSOHPHQWDWLRQ�RI�D�/(=�IRU�WKHLU�DUHD��
�
)LQDOO\�� RSHUDWLQJ� ]RQHV� LQ� 6ZHGHQ� DUH� FDOFXODWHG� WR� KDYH� UHGXFHG� HPLVVLRQV� DQG� WR� EH� D�
SUDFWLFDEOH�SROLF\� IRU� UHGXFLQJ� WKH� LPSDFW�RI�YHKLFOHV� LQ�XUEDQ�DUHDV��6LPLODU� VFKHPHV�DUH� LQ�
SODFH�RQ�D�ODUJHU�VFDOH�LQ�-DSDQ��DOWKRXJK�WKH�LPSDFW�RI�WKHVH�LV�QRW�\HW�NQRZQ��
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� $1$6��/XQG��6ZHGHQ���(QYLURQPHQWDO�=RQHV�5HSRUW��
ZZZ�LOV�QUZ�GH�QHW]�OHGD�SGI�GY��DQ���SGI��

� &DUVODZ��'�&���%HHYHUV��6�'���������7KH�HIILFDF\�RI�ORZ�HPLVVLRQ�]RQHV�LQ�FHQWUDO�
/RQGRQ�DV�D�PHDQV�RI�UHGXFLQJ�QLWURJHQ�GLR[LGH�FRQFHQWUDWLRQV��(QYLURQPHQWDO�
5HVHDUFK�*URXS��.LQJ¶V�&ROOHJH�/RQGRQ��7UDQVSRUW�5HVHDUFK�3DUW�'�������������±�����

� &(5&��(0,7��ZZZ�FHUF�FR�XN�
� &LYLWDV�)DFWVKHHW��(QYLURQPHQWDO�=RQH�IRU�+HDY\�'XW\�9HKLFOHV��*RWHERUJ�������

'HPRQVWUDWRU�����
� &ORNH��-���HW�DO���������$�ORZ�HPLVVLRQ�]RQH�IRU�/RQGRQ���75/��
� (QYLURQPHQWDO�0DQDJHPHQW�%XUHDX��0LQLVWU\�RI�WKH�(QYLURQPHQW��-DSDQ���.D]XPL�

<26+,.$:$��0RWRU�9HKLFOH�(PLVVLRQ�&RQWURO�LQ�8UEDQ�$UHDV�
� 16&$��������/(=�7RRONLW�DQG�&DOFXODWLRQ�7RRO��ZZZ�QVFD�RUJ�XN�OH]�KWP�
� 5RWK��$���&LW\�RI�*RWKHQEXUJ����������&OHDU�=RQHV�&RQIHUHQFH�3DSHUV��
� $($�7HFKQRORJ\�SOF��������/RQGRQ�/RZ�(PLVVLRQ�=RQH�)HDVLELOLW\�6WXG\�3KDVH�,,��

)LQDO�5HSRUW�WR�WKH�/RQGRQ�/RZ�(PLVVLRQ�=RQH�6WHHULQJ�*URXS��
� :6�$WNLQV���������$Q�HYDOXDWLRQ�RI�WUDQVSRUW�PHDVXUHV�WR�PHHW�1$46�REMHFWLYHV��6WDJH�

��5HSRUW�
�

http://www.cerc.co.uk/
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