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,�KHUHE\�GHFODUH� WKDW�DOO� LQIRUPDWLRQ� LQ� WKLV�GRFXPHQW�KDV�EHHQ�REWDLQHG�DQG�
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WKDW��DV�UHTXLUHG�E\�WKHVH�UXOHV�DQG�FRQGXFW��,�KDYH�IXOO\�FLWHG�DQG�UHIHUHQFHG�DOO�
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dDPOÕEHO��*�OoLQ
0DVWHU�RI�6FLHQFH��%XLOGLQJ�6FLHQFH�LQ�$UFKLWHFWXUH

6XSHUYLVRU��$VVLVW��3URI��'U� %HNLU�g]HU�$\

6HSWHPEHU���������� SDJHV

7DOO�EXLOGLQJV�DUH�EXLOW�WR�UHVSRQG�WR�OLPLWHG�DQG�KLJK�FRVW�XUEDQ�ODQG�SUREOHP��DQG�

WKH\�EHFDPH�HVVHQWLDO�IRU�XUEDQL]DWLRQ�ZKLFK�FKDQJHV�WKH�VLJKWV�RI�WKH�FLWLHV��7KHVH�

EXLOGLQJV�DUH�KXJH�LQYHVWPHQWV��DQG�NHHSLQJ�1HW�)ORRU�$UHD��1)$��ZLWKLQ�DFFHSWDEOH�

OLPLWV�ZKLOH�VDWLVI\LQJ�VWLIIQHVV�DQG�VWUHQJWK�UHTXLUHPHQWV�RI�WKH�EXLOGLQJ�LV�LPSRUWDQW��

WKHUHIRUH��GLIIHUHQW�VWUXFWXUDO�V\VWHPV�DUH�LPSURYHG�LQ�RUGHU�WR�RYHUFRPH�KXJH�ODWHUDO�

ORDG� GHPDQGV�� 6LQFH� VLPSOH� GHVLJQ� DSSURDFKHV� DQG� UXOH�RI�WKXPE� GLPHQVLRQLQJ�

PHWKRGV� EDVHG� RQ� FRQYHQWLRQDO� VWUXFWXUHV� DQG� ORDGV� FDQQRW� EH� DGDSWHG� WR� WDOO�

EXLOGLQJV��WDOO�EXLOGLQJV��SDUWLFXODUO\�VXSHUWDOO�EXLOGLQJV�ZKLFK�DUH�PRUH�WKDQ����P�LQ�

KHLJKW�UHTXLUHV�D�ORQJ�DQG�UHSHWLWLYH�SODQQLQJ�SKDVH�EHIRUH�VWUXFWXUDO�DQG�DUFKLWHFWXUDO�

GHVLJQ��7KH�DLP�RI�WKLV�VWXG\�LV�WR�SURYLGH�WKH�DSSUR[LPDWH�GLPHQVLRQV�RI�WKH�VWUXFWXUDO�

FRPSRQHQWV��SDUWLFXODUO\�FRUH�DQG�FROXPQV��RI�WDOO�EXLOGLQJV�IRU�SUHOLPLQDU\�GHVLJQ�

SKDVH�E\�LQYHVWLJDWLQJ�H[LVWLQJ�EXLOGLQJV��)RU�WKLV�SXUSRVH��D�GDWDEDVH�RI�WDOO�EXLOGLQJV�

ZKLFK� LV� REWDLQHG� IURP� H[LVWLQJ� EXLOGLQJV� LV� FUHDWHG� DQG� FRUUHVSRQGLQJ� VWDWLVWLFDO�

DQDO\VLV�UHVXOWV�DUH�SUHVHQWHG��

$W� WKH� ILUVW� VWDJH� RI� WKH� VWXG\�� D� OLWHUDWXUH� VXUYH\� KDV� EHHQ� FRQGXFWHG� LQ� RUGHU� WR�

GHWHUPLQH� WKH�VWUXFWXUDO�GHVLJQ�FRQVLGHUDWLRQV�RI� WDOO�EXLOGLQJV��$FFRUGLQJ� WR� WKHVH�

FRQVLGHUDWLRQV��LGHQWLW\�SDUDPHWHUV��DUFKLWHFWXUDO�SDUDPHWHUV�DQG�VWUXFWXUDO�SDUDPHWHUV�

DUH� VSHFLILHG� DQG� FROOHFWHG� IRU� DV� PXFK� H[LVWLQJ� EXLOGLQJV� DV� SRVVLEOH�� ,PSRUWDQW�
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SDUDPHWHUV�VXFK�DV�DVSHFW�UDWLR��FRUH�DUHD�DQG�FROXPQ�DUHD KDYH�EHHQ�FDOFXODWHG��DQG�

VSHFLDO�IHDWXUHV�VXFK�DV�GDPSHUV�DQG�ZLQG�RSHQLQJV�KDYH�EHHQ�GHWHFWHG��6WUXFWXUDO�

V\VWHP�GHWDLOV�RI�RXWULJJHUHG�IUDPH�EXLOGLQJV�VXFK�DV�RXWULJJHU�KHLJKW�DQG�QXPEHU�RI�

RXWULJJHUV�KDYH�EHHQ�LQYHVWLJDWHG��5HJDUGLQJ�WKH�FROOHFWHG�LQIRUPDWLRQ��VWDWLVWLFV�RQ�

SUHOLPLQDU\�GHVLJQ�YDULDEOHV�RI�WDOO�EXLOGLQJ¶V�VWUXFWXUDO�V\VWHPV�KDYH�EHHQ�SUHVHQWHG��

$FFRUGLQJ�WR�WKH�DQDO\VHV��FRUH�DUHD�DQG�FROXPQ�DUHD�UDQJHV�RI�WDOO�EXLOGLQJV�DUH�JLYHQ�

IRU�RXWULJJHUHG�IUDPH��WXEH�DQG�VKHDU�IUDPH�VWUXFWXUDO�V\VWHPV�DQG�IRU�VSHFLILF�UHJLRQV��

7KH� UHVXOWV� VKRZHG� WKDW�� VKHDU� IUDPH�V\VWHP� LV� WKH� OHDVW� HIILFLHQW� VWUXFWXUDO� V\VWHP�

ZKHUHDV�RXWULJJHUHG�IUDPH�V\VWHP�LV�DV�IDYRUHG�DV�WXEH�V\VWHP�LQ�WHUPV�RI�QHW�IORRU�

DUHD��7KH�UHVXOWV�VKRZHG�WKDW��IRU�SUHOLPLQDU\�GHVLJQ�RI�D�WDOO�EXLOGLQJ�UHJDUGOHVV�RI�

LWV�VWUXFWXUDO�V\VWHP��ORFDWLRQ��VWUXFWXUDO�PDWHULDO�RU�KHLJKW������DQG����FDQ�EH�WDNHQ�

DV�FRQVHUYDWLYH�FHQWUDO�YDOXHV�RI�FRUH�DQG�FROXPQ�DUHD�UDWLR��UHVSHFWLYHO\�

0LQLPXP��PD[LPXP�DQG�DYHUDJH�YDOXHV�RI�UDWLRV�RI�FRUH�DUHD�WR�IORRU�DUHD�DQG�WRWDO�

FROXPQ�DUHD�WR�IORRU�DUHD�DUH�SURYLGHG�ZLWK�UHVSHFW�WR�DOWHUQDWLYH�VWUXFWXUDO�V\VWHP�RI�

WDOO�EXLOGLQJV��7KH�UHVXOWV�RI�WKLV�VWXG\�FDQ�EH�HDVLO\�XVHG�E\�DUFKLWHFWV�DQG�HQJLQHHUV�

LQ�WKH�SUHOLPLQDU\�GHVLJQ�VWDJH�RI�WDOO�EXLOGLQJV�

.H\ZRUGV� 7DOO�%XLOGLQJ��7DOO�%XLOGLQJ�6WUXFWXUDO�6\VWHPV��1HW�)ORRU�$UHD��6WDWLVWLFDO�

$QDO\VLV�RI�7DOO�%XLOGLQJV��6WUXFWXUDO�&RPSRQHQWV
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dDPOÕEHO��*�OoLQ
<�NVHN�/LVDQV��<DSÕ�%LOLPOHUL��0LPDUOÕN

7H]�'DQÕúPDQÕ��'U��g÷U��h\HVL %HNLU�g]HU�$\

(\O�O���������� VD\ID

<�NVHN�\DSÕODU�NDODEDOÕN�NHQW�PHUNH]OHULQGH�D] VD\ÕGD�YH�\�NVHN�PDOL\HWOL�DUVDODUGDQ�

ND\QDNODQDQ�\HUOHúLP�SUREOHPLQH�NDUúÕ�JHOLúWLULOPLú�o|]�POHUGLU��%X�\DSÕODU�E�\�N�

\DWÕUÕP�SURMHOHUL�ROXS��WDVDUÕPODUÕQ�NLUDODQDELOLU�DODQÕ�\HWHUOL�G�]H\GH�WXWDUNHQ� WDúÕ\ÕFÕ�

VLVWHP� JHUHNOLOLNOHULQL� GH� NDUúÕODPDVÕ� EHNOHQPHNWHGLU�� *HOHQHNVHO� \DNODúÕPODU�� oRN�

E�\�N�\DQDO�\�N WDOHSOHULQH� PDUX]�NDODQ�EX�ELQDODUD�X\DUODQDPDGÕ÷ÕQGDQ��\�NVHN�

\DSÕODU�LoLQ�|]HO WDúÕ\ÕFÕ�VLVWHPOHU�YH�SODQODPD�\|QWHPOHUL�JHOLúWLULOPLúWLU��%X�VHEHSOH�

\�NVHN�\DSÕODUÕQ�|Q�WDVDUÕP�ER\XWODQGÕUPDVÕ��|]HOOLNOH�V�SHU�\�NVHN�\DSÕODUGD �����

PHWUHGHQ� \�NVHN� ELQDODU�� KHP� PLPDUODU� KHP� GH� P�KHQGLVOHU� LoLQ� X]XQ� KD]ÕUOÕN�

DúDPDODUÕ�JHUHNWLUPHNWHGLU��%X�oDOÕúPDQÕQ�DPDFÕ�YDU RODQ�ELQDODUÕQ�LVWDWLVNL�DQDOL]OHUL�

LOH \�NVHN ELQDODUÕQ� |Q� WDVDUÕPÕQGD� NXOODQÕODFDN� WDúÕ\ÕFÕ� VLVWHP� HOHPDQ�ER\XWODUÕQÕ�

EHOLUOHPHNWLU��%X�DPDoOD��LON�RODUDN�OLWHUDW�U�WDUDPDVÕ�\DSÕOPÕú�YH�WDúÕ\ÕFÕ�VLVWHP�LOH�

LOLúNLOL�|QHPOL�SDUDPHWUHOHU�EHOLUOHQPLú�YH�EX�SDUDPHWUHOHU�RODELOGL÷LQFH�oRN�VD\ÕGD�

ELQD� LoLQ� WRSODQPÕúWÕU�� 7RSODQDQ� YHULOHUH� J|UH� ELQDODUÕQ� oHNLUGHN� DODQODUÕ� YH� NRORQ�

DODQODUÕ�KHVDSODQPÕú�YH�DQDOL]�HGLOPLúWLU��7RSODQDQ�ELQDODUGD YDUVD�U�]JkU�DoÕNOÕNODUÕ

YH�V|Q�POH\LFLOHU�JLEL�|]HO�X\JXODPDODU EHOLUOHQPLú��\DWD\�SHUGHOL�oHUoHYH�VLVWHPOHULQ�

\DWD\�SHUGHOHULQLQ�\�NVHNOLNOHUL�YH�VD\ÕODUÕ�LQFHOHQPLúWLU� dDOÕúPD�VRQXFXQGD��EHOLUOL�

E|OJHOHU� LoLQ� SHUGHOL� oHUoHYH� VLVWHPOHU�� GLUVHN� SHUGHOL� oHUoHYH� VLVWHPOHU� YH� W�S�

VLVWHPOHUGH� NXOODQÕOPDN� �]HUH� NRORQ� DODQÕ� YH� oHNLUGHN� DODQÕ� RUDQODUÕ� YHULOPLúWLU��
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3HUGHOL�oHUoHYH�VLVWHPOHULQ�WDúÕ\ÕFÕ�VLVWHP�YHULPOLOL÷LQLQ�V�SHU�\�NVHN�ELQDODUGD�G�ú�N�

ROGX÷X�YH�QHW�NLUDODQDELOLU�DODQD�J|UH�GLUVHN�SHUGHOL�oHUoHYH�VLVWHPOHULQ�W�S�VLVWHPOHU�

NDGDU�DYDQWDMOÕ�ROGX÷X�J|U�OP�úW�U��dDOÕúPD�VRQXFXQD�J|UH��\�NVHN�ELQD�WDVDUÕPÕQGD��

WHUFLK� HGLOHQ� WDúÕ\ÕFÕ� VLVWHPGHQ�� WDúÕ\ÕFÕ� VLVWHP�PDO]HPHVL�� \�NVHNOLN� YH� E|OJHGHQ�

ED÷ÕPVÕ]� RODUDN�� ���� oHNLUGHN� DODQÕ� YH� ��� NRORQ� DODQÕ� J�YHQOL� DOW� OLPLW� RODUDN�

NXOODQÕODELOLU��%X�oDOÕúPDGD��IDUNOÕ�WDúÕ\ÕFÕ�VLVWHPOHUH�J|UH�PLQLPXP��PDNVLPXP�YH�

RUWDODPD�oHNLUGHN�DODQÕ�YH�NRORQ�DODQÕ�RUDQODUÕ�KHVDSODQPÕú�ROXS��EX�YHULOHU�\�NVHN�

ELQD� WDVDUÕPÕQÕQ� KD]ÕUOÕN� DúDPDODUÕQGD� PLPDUODU� YH� P�KHQGLVOHU� WDUDIÕQGDQ�

NXOODQÕODELOLU�$QDKWDU�.HOLPHOHU��<�NVHN�<DSÕODU��<�NVHN�<DSÕODUGD�7DúÕ\ÕFÕ�6LVWHP��

.LUDODQDELOLU�1HW�$ODQ��<�NVHN�<DSÕODUÕQ�7DúÕ\ÕFÕ�(OHPDQODUÕ
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,�ZRXOG�OLNH�WR�H[SUHVV�P\�GHHSHVW�JUDWLWXGH�DQG�DSSUHFLDWLRQ�WR�$VVLVW��3URI��'U��%HNLU�

g]HU�$\��P\�VXSHUYLVRU��IRU�KLV�H[SHUW�LPPHQVH�NQRZOHGJH��PRWLYDWLRQ��HQWKXVLDVP��

HQFRXUDJHPHQW�DQG�SDWLHQFH��,W�ZRXOG�EH�LPSRVVLEOH�WR�ZULWH�WKLV�WKHVLV�ZLWKRXW�KLV�

JXLGDQFH� DQG� VXSSRUW��+H� VKRZHG�PH� WR� WKLQN� ORJLFDOO\� DQG� KRZ�PXFK� LPSRUWDQW�

ZRUNLQJ�KDUG�WR�DFKLHYH�RXU�JRDOV�

,�ZRXOG�DOVR�OLNH�WR�WKDQN�P\�MXU\�PHPEHUV��0HKPHW�+DOLV�*�QHO��$\úH�7DYXNoXR÷OX��

6HPUD�$UVODQ�6HOoXN�DQG�7XED�(UR÷OX�$]DN�IRU�VSHQGLQJ�WLPH�IRU� WKLV�VWXG\��,�DP�

JUDWHIXOO\�LQGHEWHG�WR�WKHLU�YDOXDEOH�FRPPHQWV�DQG�VXJJHVWLRQV�RQ�WKLV�WKHVLV�

,�DOVR�RZH�D�WKDQNV�WR�0��6DOLK�*�OHU�IRU�KLV�SDWLHQFH�DQG�HQFRXUDJHPHQW�LQ�WKH�PRVW�

GLIILFXOW�WLPHV�RI�WKLV�VWXG\�

)LQDOO\��,�PXVW�H[SUHVV�P\�YHU\�SURIRXQG�JUDWLWXGH�WR�P\�SDUHQWV��&HODO�dDPOÕEHO�DQG�

+D\UL\H�dDPOÕEHO� IRU�SURYLGLQJ�PH�ZLWK�XQIDLOLQJ�VXSSRUW� WKURXJKRXW�P\�\HDUV�RI�

VWXG\�DQG�WKURXJK�WKH�SURFHVV�RI�UHVHDUFKLQJ�DQG�ZULWLQJ�WKLV�WKHVLV�
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)LJXUH�������6KHDU�IUDPH�V\VWHP�VDPSOH�GLVWULEXWLRQ������������������������������������������������ ��

)LJXUH�������&RUUHODWLRQ�EHWZHHQ�KHLJKW�DQG�FRUH�DQG�FROXPQ�UDWLR�LQ�FRQFUHWH�VKHDU�

IUDPH�V\VWHPV ������������������������������������������������������������������������������������������������������������ ��

)LJXUH�������2XWULJJHUHG�IUDPH�V\VWHP�VDPSOH�GLVWULEXWLRQ ������������������������������������� ��

)LJXUH�������+HLJKW�GLVWULEXWLRQ�DPRQJ�FRPSRVLWH�RXWULJJHUHG�IUDPH�V\VWHPV�EDVHG�

RQ�ORFDWLRQ ����������������������������������������������������������������������������������������������������������������� ��

)LJXUH������ ,QWHUUHODWLRQ�EHWZHHQ�FRUH�DQG�FROXPQ�UDWLR�DQG�ORFDWLRQ�LQ�FRPSRVLWH�

RXWULJJHUHG�IUDPH�V\VWHPV����������������������������������������������������������������������������������������� ��

)LJXUH�������,QWHUUHODWLRQ�EHWZHHQ�FRUH�DQG�FROXPQ�UDWLR�DQG�ORFDWLRQ�LQ�FRPSRVLWH�

RXWULJJHUHG�IUDPH�V\VWHPV�EDVHG�RQ�EXLOGLQJ�KHLJKW ������������������������������������������������ ��

)LJXUH�������2XWULJJHU�GLVWULEXWLRQ�RI�WKH�VDPSOHV���������������������������������������������������� ��

)LJXUH�������7XEH�V\VWHP�VDPSOH�GLVWULEXWLRQ����������������������������������������������������������� ��

)LJXUH�������0DWHULDO�GLVWULEXWLRQ�LQ�WXEH�V\VWHPV�EDVHG�RQ�KHLJKW �������������������������� ��

)LJXUH�������,QWHUUHODWLRQ�EHWZHHQ�FRUH�FROXPQ�UDWLR�DQG�PDWHULDO�LQ�WXEH�V\VWHPV ���
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)LJXUH�������/HDVDEOH�DUHD�GLVWULEXWLRQ�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV����������������������

)LJXUH�������1)$�UDWLR�RI�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�FRQVLGHULQJ�KHLJKW �����������������

)LJXUH�������/HDVDEOH�DUHD�HIILFLHQF\�RI�RIILFH�DQG�UHVLGHQWLDO�VDPSOHV ���������������������

)LJXUH�������&RUH�DQG�FROXPQ�UDWLR�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV ���������������������������

)LJXUH�������&RUH�DQG�FROXPQ�UDWLR�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV ���������������������������

)LJXUH�%����5HODWLRQVKLS�EHWZHHQ�KHLJKW�DQG�FRUH�DQG�FROXPQ�UDWLR�LQ�6*� �������������

)LJXUH�%����5HODWLRQVKLS�EHWZHHQ�$5�DQG�EXLOGLQJ�KHLJKW�EDVHG�RQ�ORFDWLRQV����������

)LJXUH�%����5HODWLRQVKLS�EHWZHHQ�KHLJKW�DQG�FRUH�DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�

ORFDWLRQ������������������������������������������������������������������������������������������������������������������������

)LJXUH�%����5HODWLRQVKLS�EHWZHHQ�KHLJKW�DQG�FRUH�DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�

VWUXFWXUDO�PDWHULDO��������������������������������������������������������������������������������������������������������

)LJXUH�%����5HODWLRQVKLS�EHWZHHQ�KHLJKW�DQG�FRUH�DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�

IXQFWLRQ �����������������������������������������������������������������������������������������������������������������������

)LJXUH�%����5HODWLRQVKLS�EHWZHHQ�FRUH�DQG�FROXPQ�UDWLR�LQ�6*��DFFRUGLQJ�WR�VWUXFWXUDO�

V\VWHPV ������������������������������������������������������������������������������������������������������������������������

)LJXUH�'����+HLJKW�GLVWULEXWLRQ�RI�VDPSOHV�EDVHG�RQ�ORFDWLRQ�LQ�WXEH�V\VWHPV ����������

)LJXUH�(����&RUH�DQG�FROXPQ�UDWLR�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�EDVHG�RQ�VWUXFWXUDO�

PDWHULDO������������������������������������������������������������������������������������������������������������������������
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$5���$VSHFW�5DWLR

$72��$UFKLWHFWXUDOO\�7RSSHG�2XW

&��&RPSRVLWH

&7%8+��&RXQFLO�RI�7DOO�%XLOGLQJV�DQG�8UEDQ�+DELWDW

(��(GXFDWLRQ

+��+RWHO

0(3��0HFKDQLFDO�(OHFWULFDO�3OXPELQJ

05)��0RPHQW�5HVLVWLQJ�)UDPH

1)$��1HW�)ORRU�$UHD

2��2IILFH

5��5HVLGHQWLDO

5&��5HLQIRUFHG�&RQFUHWH

6��6WHHO

6*���6DPSOH�*URXS��

6*���6DPSOH�*URXS��

6*���6DPSOH�*URXS��

672��6WUXFWXUDOO\�7RSSHG�2XW

70'��7XQHG�0DVV�'DPSHUV

76'��7XQHG�6ORVKLQJ�'DPSHUV

8&��8QGHU�&RQVWUXFWLRQ
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���� 0RWLYDWLRQ�6WDWHPHQW

)URP�WKH�HDUO\�DJHV�RI�PDQNLQG��SHRSOH�WHQG�WR�ULVH��WKHUHIRUH��WKH\�EXLOW�KLJK�JUDYHV��

WHPSOHV� DQG� PRQXPHQWV� LQ� RUGHU� WR� VKRZ� WKHLU� UHVSHFWV� WR� WKH� OHDGHUV� RU� JRGV��

1RZDGD\V��WDOO�EXLOGLQJV�DUH�DFFHSWHG�DV�QRW�RQO\�WKH�V\PERO�RI�WKH�SRZHU�DQG�SUHVWLJH�

EXW DOVR�D�QHFHVVLW\��VLQFH�WKH\�UHVSRQG�WR�UHTXLUHPHQWV�RI�WKH�FURZGHG�FLWLHV��

7DOO� EXLOGLQJV� DUH� ODUJH� LQ� VFDOH�� FRPSOH[� LQ� QDWXUH� DQG� PRUH� H[SHQVLYH� LQ�

FRQVWUXFWLRQ��KHQFH��LWV�HFRQRPLF�SODQQLQJ�LV�SDUWLFXODUO\�LPSRUWDQW��+R���������7KHUH�

DUH� ORWV� RI� FDOFXODWLRQV� DQG� SUHSDUDWLRQ� EHKLQG� WKRVH� LQYHVWPHQWV�� KRZHYHU�� DQ\�

PLVFDOFXODWLRQ�PD\�UHVXOW�LQ�FDQFHODWLRQ�RI�WKH�SURMHFW�HYHQ�LI�FRQVWUXFWLRQ�KDV�DOUHDG\�

VWDUWHG�� 6LQFH� WDOO� EXLOGLQJV� DUH� PRUH� VRSKLVWLFDWHG� WKDQ� FRQYHQWLRQDO� EXLOGLQJV��

FRQYHQWLRQDO� SODQQLQJ PHWKRGV� DQG� FRVW� HVWLPDWLRQV� FDQQRW� EH� DGDSWHG� WR� WKHP��

$OWKRXJK� HDFK� VWUXFWXUDO� V\VWHP� GHYHORSHG� IRU� WDOO� EXLOGLQJV� KDYH� GLIIHUHQW�

UHTXLUHPHQWV�DQG�EHKDYLRUV��LW�LV�SRVVLEOH�WR�SURYLGH�EDVLF�HVWLPDWLRQV�DERXW�VL]H�DQG�

QXPEHU� RI� VWUXFWXUDO� FRPSRQHQWV�� )RU WKLV� UHDVRQ�� WKLV� VWXG\� DLPV� WR� VSHFLI\� WKH�

GLPHQVLRQV�RI�WKH�VWUXFWXUDO�FRPSRQHQWV�RI�WDOO�EXLOGLQJV�IRU�SUHOLPLQDU\�GHVLJQ�SKDVH�

E\�LQYHVWLJDWLQJ�H[LVWLQJ�EXLOGLQJV��

+DYLQJ�GDWD�RQ�FRUH�UDWLR��WRWDO�FRUH�DUHD�GLYLGHG�E\�IORRU�SODWH�DUHD��DQG�FROXPQ�UDWLR�

�WRWDO�FROXPQ�DUHD�GLYLGHG�E\�IORRU�SODWH�DUHD��IRU�D�JLYHQ�VWUXFWXUDO�V\VWHP��PDWHULDO��

EXLOGLQJ�IXQFWLRQ��ORFDWLRQ�DQG�EXLOGLQJ�KHLJKW�FDQ�SURYLGH�SUHOLPLQDU\�LQIRUPDWLRQ�

WR�GHVLJQHUV��)URP�SURILWDELOLW\�SRLQW�RI�YLHZ��QHW�IORRU�DUHD��1)$��LV�LPSRUWDQW�IRU�

WKH�UHDOL]DWLRQ�RI�WKH�SURMHFWV��DQG�LW�LV�VHHQ�WKDW�WRWDO�DYHUDJH�FRUH�DQG�FROXPQ�DUHD�LQ�

IORRU�SODQV�FDQ�KHOS�WR�HVWLPDWH�QHW�OHDVDEOH�DUHD�DQG�WKXV�LQLWLDO�SODQQLQJ�WDVNV��
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1)$�FDQ�EH�GHVFULEHG�DV�WKH�DUHD�ZLWKRXW�VHUYLFH�FRUH�DQG�VWUXFWXUDO�FRPSRQHQWV�VXFK�

DV�VKHDU�ZDOOV�DQG�FROXPQV�DQG�FDQ�EH�FRPSDUHG�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�E\�

REWDLQHG� GDWD� IURP� FRUH� DQG� FROXPQ� UDWLR�� )RU� WKHVH� UHDVRQV�� WDOO� EXLOGLQJV� ZLWK�

GLIIHUHQW� VWUXFWXUDO� V\VWHPV� DUH� LQYHVWLJDWHG�� DQG� VWDWLVWLFDO� DQDO\VHV� DERXW� WKHLU�

VWUXFWXUDO� V\VWHP� SURSHUWLHV� DUH� SURYLGHG� LQ� WKH� VFRSH� RI� WKH� VWXG\� $FFRUGLQJ� WR�

VDPSOH�JURXSV��WKH�PRVW�FRPPRQ�VWUXFWXUDO�V\VWHPV�DUH�VSHFLILHG�DQG�DQDO\]HG��

$FFRUGLQJ�WR�DQDO\VHV� WKH�UDWLR�RI�WKH VWUXFWXUDO�FRPSRQHQWV��FRUH�DQG�FROXPQ� LQ�D�

VLQJOH�IORRU�SODWH�DUHD� LV�VSHFLILHG�IRU�GLIIHUHQW VWUXFWXUDO�V\VWHPV�DQG�UHJLRQV� 7KH�

UHVXOWV� RI� WKH� DQDO\VHV DOVR� VKRZ� WKDW�� WKH� HIILFLHQF\� RI� WKH� VWUXFWXUDO� V\VWHPV� LV

GLIIHUHQW DQG�VKHDU�IUDPH�V\VWHP�LV�WKH�OHDVW�HIILFLHQW�VWUXFWXUDO�V\VWHP�FRPSDUHG�WR�

RXWULJJHUHG�DQG�WXEH�V\VWHPV��2Q�WKH�RWKHU�KDQG��RXWULJJHUHG�IUDPH�FDQ�EH�SUHIHUUHG�

IRU�KLJKHU�EXLOGLQJV� WKDQ� WXEH�V\VWHPV�DOWKRXJK�H[WHUQDO� VWUXFWXUDO� V\VWHPV� UHTXLUH�

OHVV�FRUH�DUHD�FRPSDUHG�WR�LQWHUQDO�VWUXFWXUDO�V\VWHPV�

$FFRUGLQJ�WR�1)$�DQDO\VHV��IXQFWLRQ�RI�WKH�EXLOGLQJ�LV�WKH�SULPDU\�IDFWRU�WKDW�DIIHFWV�

WKH� QHW� OHDVDEOH� DUHD� DQG� OHDVDEOH� VSDQ�� )ROORZLQJ� WKH� IXQFWLRQ�� VWUXFWXUDO� V\VWHP�

GHFLVLRQ�DQG�WKH�ORFDWLRQ�RI�WKH�EXLOGLQJ�DUH�RWKHU�IDFWRUV�WKDW�DUH�GHWHUPLQDQW�RQ�1)$��

���� $LP�DQG�2EMHFWLYHV

7DOO�EXLOGLQJV��SDUWLFXODUO\�VXSHUWDOO������P��RU�PHJDWDOO������P��EXLOGLQJV��UHTXLUH�

H[WUDRUGLQDU\�FRQVWUXFWLRQ�WHFKQLTXHV�DQG�DGYDQFHG�VWUXFWXUDO�V\VWHPV�ZKLFK�VKRXOG�

ZLWKVWDQG�KXJH�ODWHUDO�ORDGV��$OWKRXJK�WKHUH�DUH�PDQ\�IHDWXUHV�RI�D�WDOO�EXLOGLQJ��WKLV�

VWXG\� SDUWLFXODUO\� IRFXVHV� RQ� IXQGDPHQWDO� DUFKLWHFWXUDO� DQG� VWUXFWXUDO� GHVLJQ�

FRQVLGHUDWLRQV�VXFK�DV�ORFDWLRQ��EXLOGLQJ�IRUP� EXLOGLQJ KHLJKW��DVSHFW�UDWLR��FRUH�UDWLR��

FROXPQ�UDWLR�DQG�OHDVDEOH�VSDQ�

7KH�DLP�RI�WKLV�UHVHDUFK�LV�WR�SURYLGH�D�VWDWLVWLFDO�DQDO\VLV�RQ�TXDQWLWDWLYH�SDUDPHWHUV�

RI�VWUXFWXUDO�V\VWHP�RI�WDOO�EXLOGLQJV��DQG�FRPSDUH�WKHVH�UHVXOWV�IRU�GLIIHUHQW VWUXFWXUDO�

V\VWHPV��)RU�WKLV�SXUSRVH��FRUH�DQG�FROXPQ�UDWLR�RI�H[LVWLQJ�WDOO�EXLOGLQJV�KDYH�EHHQ�
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LQYHVWLJDWHG�ZLWK� UHVSHFW� WR� WKHLU� ORFDWLRQ�� EXLOGLQJ� IXQFWLRQ�� VWUXFWXUDO� V\VWHP�DQG�

VWUXFWXUDO�PDWHULDO��

:KLOH�DFKLHYLQJ�WKLV�DLP��IROORZLQJ�UHVHDUFK�REMHFWLYHV�KDYH�EHHQ�LGHQWLILHG�

� 3URYLGLQJ�D�GDWDEDVH�DERXW�WDOO�EXLOGLQJV�DQG�WKH�SURSHUWLHV�RI�WKHLU�VWUXFWXUDO�

V\VWHP��

� ,QYHVWLJDWLQJ�WKH�VHOHFWLRQ�RI�WKH VWUXFWXUDO�V\VWHPV�ZLWK�UHVSHFW�WR GLIIHUHQW�

KHLJKW�UDQJHV�

� ,QYHVWLJDWLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�FRUH�DQG�FROXPQ�UDWLR�DQG�RWKHU�GHVLJQ�

YDULDEOHV�VXFK�DV�EXLOGLQJ�KHLJKW��DVSHFW�UDWLR��$5���ORFDWLRQ�HWF��

� 3URYLGLQJ� GDWD� RQ� GLVWULEXWLRQ� RI� GLIIHUHQW� SDUDPHWHUV� VXFK� DV� VWUXFWXUDO�

V\VWHP��DVSHFW�UDWLR��EXLOGLQJ�IXQFWLRQ� EXLOGLQJ KHLJKW�DQG�VWUXFWXUDO�PDWHULDO�

���� 0HWKRGRORJ\

$�FRPSUHKHQVLYH�OLWHUDWXUH�UHYLHZ�RQ�VWUXFWXUDO�V\VWHP�SDUDPHWHUV�RI�WDOO�EXLOGLQJV�LV�

FRQGXFWHG�DV�WKH�ILUVW�VWHS��,W�LV�GHFLGHG�WR�FROOHFW�GDWD�RQ�SURSHUWLHV�RI�WDOO�EXLOGLQJ�

VWUXFWXUDO� V\VWHPV� E\� LQYHVWLJDWLQJ� H[LVWLQJ� EXLOGLQJV�� 5HTXLUHG� SDUDPHWHUV� ZKLFK�

KDYH�DQ�HIIHFW�RQ�WKH�VL]H�RI�WKH�VWUXFWXUDO�FRPSRQHQWV�IRU�WDOO�EXLOGLQJV�KDYH�EHHQ�

VSHFLILHG��DQG�����H[LVWLQJ�EXLOGLQJV�DUH�DQDO\]HG�LQ�RUGHU�WR�JHQHUDWH�D�GDWDEDVH�DV�

PHQWLRQHG�EHIRUH��7KH�QXPEHU�RI�WKH�VDPSOHV FDQQRW�EH�IXUWKHU LQFUHDVHG��GXH�WR WKH�

OLPLWDWLRQV�RQ�UHDFKLQJ�GDWD�

$FFRUGLQJ� WR� VDPSOH�JURXSV� WKH�PRVW� FRPPRQ� VWUXFWXUDO� V\VWHPV� DUH� VSHFLILHG� DV�

VKHDU�ZDOOHG�IUDPH�V\VWHP��RXWULJJHUHG�IUDPH�V\VWHP�DQG�WXEH�V\VWHP��7KHVH�V\VWHPV�

DUH�FRPSDUHG�ZLWK�UHVSHFW�WR�EXLOGLQJ�KHLJKW��ORFDWLRQ�DQG VWUXFWXUDO�PDWHULDO��

6WUXFWXUDO�V\VWHPV�DUH�LQYHVWLJDWHG�LQ�WHUPV�RI�FRUH�DUHD�UDWLR�DQG�FROXPQ�DUHD�UDWLR��

VLQFH�WKHUH�DUH�HIIHFWLYH�SDUDPHWHUV�RQ�WKH�QHW�IORRU�DUHD�RI�WKH�EXLOGLQJ��7KH�VL]H�RI�

WKHVH� FRPSRQHQWV� LV� GHWHUPLQHG� DFFRUGLQJ� WR� OLWHUDWXUH� VXUYH\� DQG� IORRU� SODQV� RI�
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H[LVWLQJ�EXLOGLQJV��)ORRU�SODQV�RI� WKH�EXLOGLQJV�DUH�JDWKHUHG� IURP�GLIIHUHQW�VRXUFHV�

VXFK� DV� ERRNV�� MRXUQDO� DUWLFOHV� DQG� FRQIHUHQFH� SURFHHGLQJV� ,Q� DGGLWLRQ�� 1)$� LV�

FRPSDUHG�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�DV�ZHOO��

6DPSOHV�DUH�GLYLGHG�LQWR�VLPLODU�JURXSV��DQG�WKHVH�VDPSOH�JURXSV�DUH�PRGLILHG ZLWK�

UHVSHFW�WR�UHVXOWV�RI�WKH�ILUVW�DQDO\VHV��$FFRUGLQJ�WR�UHVXOWV��RXWFRPHV�RI�WKLV�VWXG\�DUH�

VSHFLILHG�

���� 'LVSRVLWLRQ

7KLV�VWXG\�FRQWDLQV���FKDSWHUV��

)LUVW� FKDSWHU� LQWURGXFHV� WKH� VWDWHPHQW� RI� WKH�PRWLYDWLRQ� RI� WKLV� UHVHDUFK�� DLP� DQG�

REMHFWLYHV�ZLWK�D�EULHI�UHFRJQLWLRQ�RI�PHWKRGRORJ\�DQG�GLVSRVLWLRQ�

6HFRQG�FKDSWHU�SUHVHQWV� OLWHUDWXUH�UHYLHZ�DERXW�VWUXFWXUDO�V\VWHP�SDUDPHWHUV�RI�WDOO�

EXLOGLQJV�DQG�SUHYLRXV�VWXGLHV�LQ�WKLV�ILHOG�

7KLUG�FKDSWHU�LQFOXGHV�D�GHWDLOHG�GHVFULSWLRQ�RI�PDWHULDO�DQG�PHWKRG�RI�WKH�VWXG\�

)RXUWK�FKDSWHU�FRPSULVHV�WKH�UHVXOWV�RI�WKH�VWDWLVWLFDO�DQDO\VHV�

)LIWK�FKDSWHU�GLVFXVVHV�WKH�UHVXOWV�DQG�FRQFOXGHV�WKH�VWXG\��7KHUH�DUH�VXJJHVWLRQV�IRU�

IXUWKHU�UHVHDUFKHV�LQ�WKLV�FKDSWHU�DV�ZHOO�
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6LQFH�WKH�SUHFXUVRU EXLOGLQJV�KDYH�EHHQ FRQVWUXFWHG�LQ�WKHUH��WDOO�EXLOGLQJV�KDYH�EHHQ

LGHQWLILHG�ZLWK�WKH�8QLWHG�6WDWHV�RI�$PHULFD LQ�WKH�ODWH���WK FHQWXU\��7KHVH�EXLOGLQJV�

KDG�EHHQ FDOOHG� ³$PHULFDQ�%XLOGLQJ�7\SH´� LQ� WKH�YHU\�EHJLQQLQJ� DQG�����RI� WKH�

ZRUOG¶V�����WDOOHVW�EXLOGLQJV�KDG�EHHQ�LQ�1RUWK�$PHULFD�LQ�������$OL�	�0RRQ��������

*XQHO�	�,OJÕQ���������7KURXJK WKH�GHYHORSPHQWV�RI�JOREDO�HFRQRP\��LPSURYHPHQWV�

LQ VWUXFWXUDO�V\VWHPV��PDWHULDO�SRVVLELOLWLHV�DQG�FRQVWUXFWLRQ�WHFKQRORJLHV��WKH�LGHD�RI�

WDOO� EXLOGLQJ� VSUHDG� DURXQG� WKH� ZRUOG�� $V� RI� $SULO� ������ ���� RI� WKH� ���� WDOOHVW�

FRPSOHWHG�EXLOGLQJV�LQ�WKH�ZRUOG�DUH LQ�1RUWK�$PHULFD ZKHUHDV ����RI�WKHP�DUH LQ�

&KLQD DFFRUGLQJ�WR�&RXQFLO�RI�7DOO�%XLOGLQJV�DQG�8UEDQ�+DELWDW��&7%8+��GDWDEDVH�

+RPH�,QVXUDQFH�%XLOGLQJ��&KLFDJR��������LV�FRQVLGHUHG�DV�WKH�ILUVW�VN\VFUDSHU�LQ�WKH�

ZRUOG��)LJXUH��������VLQFH�LW�ZDV�WKH�ILUVW�EXLOGLQJ�EXLOW�ZLWK�D�VWHHO�VWUXFWXUDO�IUDPH�

V\VWHP��*XQHO�	�,OJÕQ���������

)LJXUH����� �/HIW��+RPH�,QVXUDQFH�%XLOGLQJ��������6RXUFH� 7KH 6N\VFUDSHU�&HQWHU� �5LJKW��
6KDQJKDL�:)&���������-LQ�0DR�7RZHU���������6KDQJKDL�7RZHU��������6RXUFH��*HQVOHU
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1XPHURXV� WKLQJV�KDYH�FKDQJHG� VLQFH� ILUVW� VN\VFUDSHU�� VXFK�DV�PDWHULDO� SUHIHUHQFH��

VWUXFWXUDO�V\VWHP�W\SHV��EXLOGLQJ�IRUP��7KXV��WKLV�VWXG\�DLPV�WR�VFUXWLQL]H�WKH�GHVLJQ�

FKDUDFWHULVWLFV� RI� VWUXFWXUDO� V\VWHP�PHPEHUV� E\� H[DPLQLQJ� WDOO� EXLOGLQJV� ZLWK� WKH�

VWDWXV�RI�FRPSOHWHG�DQG�XQGHU�FRQVWUXFWLRQ��

:DWWV������� FODLPV�WKDW�LW�LV�SRVVLEOH�WR�LQFUHDVH�VSDFH�HIILFLHQF\�E\�GHVLJQLQJ�WKH�

WDOO�EXLOGLQJV�ZLWKLQ�SURSHU�FRPELQDWLRQ�RI�KHLJKW��EXLOGLQJ�VKDSH��FRUH�DQG�FROXPQ�

VSDFLQJ��)ORRU�SODWH��EXLOGLQJ�SURSRUWLRQ��ORFDWLRQ��GHJUHH�RI�DUFKLWHFWXUDO�H[SUHVVLRQ��

VLWH�FRQGLWLRQV�� OLIH�VDIHW\�HQKDQFHPHQWV�DQG� IXQFWLRQ�RI WKH EXLOGLQJ�DUH� WKH�RWKHU�

SDUDPHWHUV�WKDW�VKRXOG�EH�FRQVLGHUHG�GXULQJ�FRQVWUXFWLRQ�VWDJHV�

2WKHU� IDFWRUV� VXFK� DV�PDUNHW� FRQGLWLRQV�� JOREDO� HFRQRP\�� ORFDO� ODERU� DQG�PDWHULDO�

VRXUFHV�� ZRUNLQJ� KRXU� OLPLWDWLRQV� IRU� FRQVWUXFWLRQ�� QDWLRQDO� FRGHV�UHJXODWLRQV��

HQYLURQPHQWDO� VWUDWHJ\� FRQVWUXFWLRQ� VLWH�� VDIHW\� DQG� KHDOWK� SUHFDXWLRQV HWF� DUH�

LPSOLFLWO\�WDNHQ LQWR�FRQVLGHUDWLRQ�LQ�WKLV�VWXG\�E\�H[DPLQLQJ�WKH�WDOO�EXLOGLQJV�ZKLFK

DUH�LQ�FRPSOHWHG�RU�XQGHU�FRQVWUXFWLRQ�VWDWXV�

$OWKRXJK�WKHUH DUH�PRUH�IDFWRUV WKDW�PXVW�EH�FRQVLGHUHG�IRU�D WDOO EXLOGLQJ�GXULQJ�LWV�

GHVLJQ�DQG�FRQVWUXFWLRQ�SHULRGV�� WKLV�VWXG\�SULPDULO\� LQYHVWLJDWHV� WKH�IDFWRUV�ZKLFK�

KDYH�GLUHFW�LPSDFWV�RQ�VWUXFWXUDO�V\VWHP��7KHVH�SDUDPHWHUV�DUH�H[SODLQHG�LQ�WKH�QH[W�

VHFWLRQ�LQ�GHWDLO�

���� &KDUDFWHULVWLFV�RI�6WUXFWXUDO�6\VWHP�/D\RXW

'XH�WR�KLJK�QXPEHU�RI VWRUH\V��ODUJH�IORRU�SODQV�DQG�ORQJ�FRQVWUXFWLRQ�SHULRGV��WDOO�

EXLOGLQJV�DUH�KXJH�LQYHVWPHQWV��DQG�VWUXFWXUDO�FRVW�KDV�D�ELJ�FRQFHUQ�LQ�WKH�EXGJHW��

=KRX�HW�DO� �������FODLPV�WKDW�WKH�VWUXFWXUDO�FRVW LV�D�TXDUWHU�RI�WKH�WRWDO�FRVW��ZKHUHDV�

:DQJ�HW�DO� �������SRLQWV�WKDW�VWUXFWXUDO�FRVW�UDWLR�RI�D�WDOO EXLOGLQJ�LV�DERXW���������

7KHUH� DUH� QXPHURXV� FRQVLGHUDWLRQV� IRU� VWUXFWXUDO� V\VWHP�RI� D� WDOO� EXLOGLQJ� VXFK� DV�

VXEVWUXFWXUH�� VXSHUVWUXFWXUH� DQG� SDUDPHWHUV� OLNH� ODWHUDO� DQG� JUDYLW\� ORDGV� EXLOGLQJ�

VKDSH��KHLJKW�RI�WKH�EXLOGLQJ��VWUXFWXUDO�PDWHULDO��EXLOGLQJ�IXQFWLRQ��HWF� ,Q�WKLV�VWXG\��
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WKHVH� FRQVLGHUDWLRQV� DUH� VHSDUDWHG� EDVHG� RQ� WKH� VWUHQJWK� RI� WKHLU� UHODWLRQV� ZLWK�

VWUXFWXUDO� V\VWHP� DV� SULPDU\� DQG� VHFRQGDU\� FRQVLGHUDWLRQV�� 3ULPDU\� GHVLJQ�

FRQVLGHUDWLRQV�GLUHFWO\�DIIHFW�WKH�VWUXFWXUDO�V\VWHP�GHFLVLRQV�DQG�EHKDYLRU��$OWKRXJK�

VHFRQGDU\� FRQVLGHUDWLRQV� JHQHUDOO\� KDYH� OHVV� LPSDFW�� WKH\� DUH� VWLOO� GHWHUPLQDQW� RQ�

VWUXFWXUDO� V\VWHPV�� 0HFKDQLFDO� (OHFWULFDO� 3OXPELQJ� �0(3��� HOHYDWRUV�� IDoDGH� DUH�

DFFHSWHG�DV� LQGLUHFW�FRQVLGHUDWLRQV�IRU� WDOO�EXLOGLQJV�VLQFH� WKH\�DIIHFW� WKH�VWUXFWXUDO�

V\VWHP�FLUFXLWRXVO\�� DQG� WKH\�FDQQRW�EH�GHWHUPLQDQW�RQ� VWUXFWXUDO� GHVLJQ�� 3ULPDU\��

VHFRQGDU\�DQG�LQGLUHFW�FRQVLGHUDWLRQV�DUH�GHWHUPLQHG�EDVHG�RQ�WKH�SUHYLRXV�VWXGLHV�

IURP� :DQJ� HW� DO� �������� +R� �������� %DNHU� �������� .LP� DQG� (OQLPHLUL� ��������

6DNLVLDQ� �������� $OL� DQG�0RRQ� �������� $OL� DQG� $O�.RGPDQ\� �������� =KRX� HW� DO�

��������6FRWW�HW�DO� ��������.DLKDL�DQG <D\RQJ �������DQG�&KRL��������

������ 'HVLJQ�&RQVLGHUDWLRQV

%DNHU��������FODLPV�WKDW�ZLQG�ORDGV��SURSHUWLHV�RI�PDWHULDOV��EHKDYLRU�RI�VWUXFWXUDO�

V\VWHPV�� VOHQGHUQHVV� UDWLR�� KDUPRQ\� EHWZHHQ� ZLQG� DQG� EXLOGLQJ� VKDSH�� GLVWDQFH�

EHWZHHQ�FRUH�DQG�SHULPHWHUV��KLHUDUFK\�DPRQJ�WKH�VWUXFWXUDO�FRPSRQHQWV�VKRXOG�EHLQJ�

FRQFHUQHG GXULQJ� GHVLJQ� DQG� FRQVWUXFWLRQ� SURFHVV� RI� WDOO� EXLOGLQJV� %HVLGHV�ZKLOH�

FRQVLGHULQJ�DOO�WKHVH�SDUDPHWHUV��HFRQRPLFV�RI�WKH�EXLOGLQJ�VKRXOG�DOVR�EH�WDNHQ�LQWR�

DFFRXQW�� 7DOO� EXLOGLQJV� VKRXOG� EH� HDV\� DQG� TXLFN� WR� EH� EXLOW�� VLQFH� WKH\� FRQWDLQ�

WKRXVDQGV� RI� VWUXFWXUDO� FRPSRQHQWV�� DQG� WKHVH� EXLOGLQJV�PXVW� UHVSRQG WR QRW� RQO\

IRUFHV�RI�QDWXUH��EXW�DOVR�WKH UHTXLUHPHQWV�RI�WKH�EXLOGLQJ��

6WUXFWXUDO� GHVLJQ� RI� WDOO� EXLOGLQJV� KDV� EHHQ� VWXGLHG� EHIRUH� E\� FRQVLGHULQJ� PDQ\�

GLIIHUHQW� DVSHFWV�� :DQJ HW� DO� ������ GHILQH� WKH� EXLOGLQJ� VKDSH�� ODWHUDO� UHVLVWDQFH�

V\VWHP�DQG�VWUXFWXUDO�PDWHULDO�DV�VWUXFWXUDO�FRQVLGHUDWLRQV��=KDR�HW�DO�������� FODLP�

WKDW�IORRU�V\VWHPV�KDYH D JUHDW�LPSDFW�RQ�VWUXFWXUDO�V\VWHPV��6FRWW�HW�DO� ������ SRLQW�

WKDW� FRPSOH[� EXLOGLQJ� VKDSH� DIIHFWV� WKH� VWUXFWXUDO� V\VWHPV�� =KRX� HW� DO� ������

LQYHVWLJDWH�WKH�LQIOXHQFH�RI�IORRU�SODQH�OD\RXWV��HOHYDWLRQ�RI�EXLOGLQJV�DQG�RXWULJJHUV�

RQ GLIIHUHQW� VWUXFWXUDO� V\VWHPV�ZLWK� UHVSHFW� WR VWUXFWXUDO� HIILFLHQF\�� ,Q�=KRX HW� DO�
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�������� VWUXFWXUDO� V\VWHP�VHOHFWLRQ��EXLOGLQJ� IXQFWLRQ��EXLOGLQJ�KHLJKW�� DVSHFW� UDWLR��

EXLOGLQJ�VKDSH�DQG�ZLQG�PRGLILFDWLRQV��IORRU�SODQ�FRQILJXUDWLRQV�DQG�IORRU�W\SH�DUH�

VSHFLILHG�DV�GHWHUPLQDQW�IRU�VWUXFWXUDO�HIILFLHQF\�

$FFRUGLQJ�WR�SUHYLRXV�VWXGLHV��WKH FRQVLGHUDWLRQV�ZKLFK�DIIHFW�WKH�VWUXFWXUDO�HIILFLHQF\

DUH�VSHFLILHG� 7KHVH�FRQVLGHUDWLRQV ZKLFK DIIHFW�WKH�VWUXFWXUDO�SHUIRUPDQFH�GLUHFWO\�RU�

LQGLUHFWO\��DUH�FODVVLILHG�DV� VWUXFWXUDO�V\VWHP��VWUXFWXUDO�PDWHULDO��EXLOGLQJ�IXQFWLRQ��

EXLOGLQJ� KHLJKW�� DVSHFW� UDWLR�� EXLOGLQJ� VKDSH� DQG� ZLQG� PRGLILFDWLRQV�� IORRU� W\SH��

ORFDWLRQ�DQG�OHDVDEOH�VSDQ��

�������� 6WUXFWXUDO�6\VWHP

,PSURYHPHQWV LQ�FRPSXWDWLRQDO�WRROV��PHFKDQLFDO�WHFKQRORJLHV�DQG�GHYHORSPHQWV�LQ�

VWUXFWXUDO�PDWHULDOV�DOORZ�WR�KLJKHU�EXLOGLQJV FRPSDUHG�WR�FRQYHQWLRQDO�PDWHULDOV�DQG�

PHWKRGV�� 6WLIIQHVV� JHQHUDOO\� EHFRPHV�PRUH� FULWLFDO� WKDQ� VWUHQJWK� LQ� WDOO� EXLOGLQJV¶�

VWUXFWXUDO�V\VWHPV�GXH� WR�KHLJKW�RI�EXLOGLQJV��.KDQ�������DV�FLWHG� LQ�$OL�	�0RRQ��

������

$�VWLII�VKHDU�VWUXFWXUDO�V\VWHP�ZKLFK�LV�VWURQJ HQRXJK�WR�RYHUFRPH�VKHDU�IRUFHV�DQG�

VWLII�HQRXJK�WR�ZLWKVWDQG�WKH�VKHDU�ODJ�HIIHFW� LV�QHFHVVDU\�IRU�HQWLUH EXLOGLQJ�ZKLFK�

ZRUNV�DV�D�JLDQW�FDQWLOHYHU�UDWKHU�WKDQ D�FRPELQDWLRQ�RI LQGLYLGXDO�HOHPHQWV��$OWKRXJK�

D�VWLII�VKHDU�V\VWHP�FDQ�UHGXFH�VKHDU�GHIRUPDWLRQV��LW�LV�QRW�SUDFWLFDO�WR�GR�WKH�VDPH�

IRU� WKH� IOH[XUDO� GHIRUPDWLRQV�� ,QFUHDVLQJ� WKH� FURVV�VHFWLRQDO� DUHD� RI� VWUXFWXUDO�

PHPEHUV�� HVSHFLDOO\� YHUWLFDO�PHPEHUV�� FDQ� UHGXFH� WKH� EHQGLQJ� GHIOHFWLRQV �%DNHU��

�������

$OWKRXJK� FRPSUHVVLRQ� IRUFHV� UHTXLUH� DWWHQWLRQ� LQ� WDOO EXLOGLQJV�� LW� LV� KDUGHU DQG�

H[SHQVLYH�WR�ZLWKVWDQG�WKH�WHQVLRQ�IRUFHV��*UDYLW\�FDQ�EH�XVHIXO�LQ�RUGHU�WR�UHVLVW�WKH�

WHQVLRQ� IRUFHV� LQ� D FRVW�IULHQGO\� ZD\�� 6LQFH� PD[LPXP� JUDYLW\� DQG� ZLQG� ORDG� DUH�

XQOLNHO\�WR�RFFXU�DW�WKH�VDPH�WLPH��LPSURYLQJ�D�SURSHU�FRPELQDWLRQ�EHWZHHQ�JUDYLW\�

UHVLVWLQJ�DQG�ZLQG�UHVLVWLQJ�V\VWHP�DFFRPSOLVKHV�WKH�PRVW�FRVW�HIIHFWLYH�VROXWLRQ�IRU�
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VWUXFWXUDO�V\VWHPV��8VLQJ�WKH�H[FHVV�FDSDFLW\�RI�RQH�VWUXFWXUDO�V\VWHP�LQ�RUGHU�WR�UHVLVW�

WKH� IRUFHV� RI� WKH� RWKHU� LV� DQ� HIILFLHQW� DQG� FRVW� IULHQGO\ DSSURDFK�� ,I� WKH� HOHPHQWV�

UHVLVWLQJ�WKHVH�WHQVLRQ�IRUFHV�DUH�SUH�FRPSUHVVHG�ZLWK�WKH�PDVV�RI�WKH�EXLOGLQJ��WKH�

VWUXFWXUDO�GHVLJQ�EHFRPHV�HDVLHU�DQG�FRVWV�OHVV��VLQFH�KLJK�ULVH�EXLOGLQJV�DUH�LQ�SUH�

FRPSUHVVLRQ�SRVLWLRQ�E\�LWV�QDWXUH��%DNHU��������

7KH� VWUXFWXUDO� V\VWHP� RI� WDOO� EXLOGLQJV� VKRXOG� ZLWKVWDQG� DOO� ODWHUDO� ORDGV�� HYHQ�

XQSUHGLFWHG� IRUFHV� GXH� WR� VXGGHQ� ZLQG� FKDQJHV� DQG� KLJK� JUDYLW\� ORDGV�� 6LQFH�

WUDGLWLRQDO� ORDG� EHDULQJ� V\VWHPV� DUH� QRW� FDSDEOH� RI� UHVLVWLQJ� WR WKHVH� ORDGV�� PRUH�

VRSKLVWLFDWHG�VWUXFWXUDO�V\VWHPV�KDYH�EHHQ�GHYHORSHG�

)D]OXU� .KDQ� KDV� LQYHQWHG� WXEXODU� VWUXFWXUDO� V\VWHPV� LQ� ��¶V� DQG� FODVVLILHG� WKHP�

DFFRUGLQJ�WR WKHLU�VWUXFWXUDO�HIILFLHQF\ �0XIWL�	�%DNKW���������6LQFH�WKHQ��VR�PDQ\�

FODVVLILFDWLRQV�KDYH�EHHQ�GRQH�E\�QXPHURXV�HQJLQHHUV�DQG�UHVHDUFKHUV��

$OL� DQG 0RRQ� �������KDYH�GLYLGHG�VWUXFWXUDO� V\VWHPV LQWR� WZR�EURDG FDWHJRULHV�DV�

LQWHULRU�VWUXFWXUHV�DQG�H[WHULRU�VWUXFWXUHV�EDVHG�RQ�WKH�GLVWULEXWLRQ�RI�WKH�FRPSRQHQWV�

RI�SULPDU\� ODWHUDO� ORDG�EHDULQJ�V\VWHP� LQ� WKH�EXLOGLQJ��:KHQ� WKH�PDMRU�SDUW�RI� WKH�

ODWHUDO� ORDG�EHDULQJ�V\VWHP�LV�ORFDWHG�LQQHU�SDUW�RI�WKH�EXLOGLQJ��WKDW�V\VWHP�FDQ�EH�

GHVFULEHG� DV� µLQWHULRU� VWUXFWXUH¶�� 6LPLODUO\�� ZKHQ� WKH� PDMRU� SDUW� RI� WKH� VWUXFWXUDO�

V\VWHP� LV� ORFDWHG�DW� WKH� SHULPHWHU�RI� WKH�EXLOGLQJ�� WKDW� V\VWHP�FDQ�EH�GHVFULEHG�DV�

µH[WHULRU� VWUXFWXUH¶�� 7KHUHIRUH�� PRPHQW�UHVLVWLQJ� IUDPHV� �05)�� DQG� VKHDU�

WUXVVHV�VKHDU� ZDOOV� DUH� FRQVLGHUHG� DV� LQWHULRU� VWUXFWXUHV�� ZKLOH� WXEH� V\VWHPV� DUH�

FRQVLGHUHG� DV� H[WHULRU� VWUXFWXUHV� �7DEOH� �������$XWKRUV� VWDWH� WKDW� H[WHULRU� VWUXFWXUDO�

V\VWHPV�DUH�WHFKQLFDOO\�PRUH�HIILFLHQW�WKDQ�LQWHULRU�VWUXFWXUHV�IURP�VWUXFWXUDO�SRLQW�RI�

YLHZ��6LPLODUO\��0RRQ��������FODLPV�WKDW�WKH�VWUXFWXUDO�HIILFLHQF\�FDQ�EH�LQFUHDVHG�E\�

ORFDWLQJ�WKH�SULPDU\�VWUXFWXUDO�PHPEHUV�RYHU�WKH�EXLOGLQJ
V�SHULPHWHU�
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7DEOH������,QWHULRU�DQG�H[WHULRU�VWUXFWXUHV��6RXUFH��$OL�	�0RRQ�������

,17(5,25�6758&785(6

(IILFLHQW�

1XPEHU�RI�

6WRUH\�/LPLW
(;7(5,25�6758&785(6

(IILFLHQW�

1XPEHU�RI�

6WRUH\�/LPLW

5LJLG�)UDPHV ����� 7XEH ������

%UDFHG�+LQJHG�5LJLG�)UDPHV �� 'LDJULG ������

6KHDU�:DOO�+LQJHG�)UDPHV �� 6SDFH�7UXVV�6WUXFWXUHV ���

6KHDU�:DOO�7UXVV�,QWHUDFWLRQ�

6\VWHP
����� 6XSHU�IUDPHV �������

2XWULJJHU�6WUXFWXUHV ��� ([R�VNHOHWRQ ���

$QRWKHU� FODVVLILFDWLRQ� LV� SURSRVHG� E\� *�QHO� DQG ,OJÕQ ������ IRU� WDOO� EXLOGLQJV�

DFFRUGLQJ� WR�VWUXFWXUDO�EHKDYLRU�RI� WKH�V\VWHPV�XQGHU� ODWHUDO� ORDGV��)LJXUH�������� ,Q�

DGGLWLRQ�WR�WKH�V\VWHPV�OLVWHG�LQ�)LJXUH�������DXWKRUV�PHQWLRQHG�ULJLG�IUDPH�V\VWHPV��

IODW� SODWH�VODE� V\VWHPV�� FRUH� V\VWHPV� DQG� VKHDU� ZDOO� V\VWHPV� DQG� GHFODUHG WKHVH�

V\VWHPV�DV�IHDVLEOH�IRU�EXLOGLQJV�OHVV�WKDQ����VWRUH\V��

)LJXUH����� 6WUXFWXUDO�V\VWHP�FODVVLILFDWLRQ��6RXUFH��*�QHO�	�,OJÕQ�������

7DOO�%XLOGLQJV�
6WUXFWXUDO�6\VWHPV

6KHDU�)UDPH�
6\VWHP

6KHDU�7UXVVHG�
)UDPH�6\VWHP

6KHDU�:DOOHG�
)UDPH�6\VWHP

0HJD�&ROXPQ�
�0HJD�)UDPH��6SDFH�

7UXVV��6\VWHP

0HJD�&RUH�
6\VWHP

2XWULJJHUHG�
)UDPH�6\VWHP 7XEH�6\VWHP

)UDPHG�7XEH�
6\VWHP

7UXVVHG�7XEH�
6\VWHP

%XQGOHG�7XEH�
6\VWHP
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7KH�HIILFLHQF\�RI�WKHVH�VWUXFWXUDO�V\VWHPV�LV�H[DPLQHG�DQG�FRPSDUHG�ZLWK�HDFK�RWKHU�

VLQFH�WKH\�KDYH�EHHQ�GHYHORSHG��0RRQ��������������������LQYHVWLJDWHG�HDFK�VWUXFWXUDO�

V\VWHP
V� HIILFLHQF\� VHSDUDWHO\� E\�PDNLQJ� VRPH�PRGLILFDWLRQV� LQ� WKH� VKDSH� VXFK� DV�

WZLVWLQJ��WLOWLQJ��WDSHULQJ�DQJOH�RU�GLIIHUHQW�DQJOH�IRU�EUDFLQJ�GLDJULG�LPSOHPHQWDWLRQ��

$OL�DQG 0RRQ��������FRPSDUHG�WKH�H[WHULRU�DQG�LQWHULRU�VWUXFWXUDO�V\VWHP�JURXSV�ZLWK�

HDFK�RWKHU�ZKLOH�=KRX�HW�DO� �������FRPSDUHG�VRPH H[WHULRU�VWUXFWXUDO�V\VWHPV�VXFK�

DV��PHJD�EUDFLQJ WXEH��IUDPH�WXEH��GLDJRQDO�JULG�WXEH�DQG�HQWLW\�WXEH��7KHVH�VWXGLHV�

DUH�H[SODLQHG�LQ�GHWDLO�LQ�WKH�IROORZLQJ�SDUDJUDSKV��

0RRQ� ������� VWXGLHG� RQ� FRPSDULVRQ� RI� GLIIHUHQW� VWUXFWXUDO� V\VWHPV� E\� FRPSXWHU�

VLPXODWLRQV��$�FRQYHQWLRQDO�ER[�ZLWK����P�[����P�SODQ�GLPHQVLRQ�DQG����P�[����P�

FRUH�GLPHQVLRQ�KDV�EHHQ�GHVLJQHG�DV�D�EXLOGLQJ�ZLWK��������DQG�����VWRUH\V�ZKLFK�

FRUUHVSRQG�WR DQ�DVSHFW�UDWLR�RI ���������DQG�������UHVSHFWLYHO\��$OO�WKHVH�PRGHOV�DUH�

GHVLJQHG�DV�EUDFHG�WXEH��GLDJULG�DQG�RXWULJJHUHG�IUDPH�V\VWHP��DQG�WKH�UHVXOWV�VKRZHG�

WKDW�GLDJULG�VWUXFWXUHV�DUH�JHQHUDOO\�WKH�PRVW�HIILFLHQW V\VWHP�XS�WR�����VWRUH\�DJDLQVW�

ODWHUDO�ORDGV�FRPSDUHG WR WKH�RWKHU�V\VWHPV�LQYHVWLJDWHG�LQ�0RRQ��������

=KRX�HW�DO� ������ VLPXODWHG��'�PRGHOV ZLWK����P�[����P�SODQ DUHD�����P�[����P�

FRUH�GLPHQVLRQV��ZLWK���� P�KHLJKW�DQG����VWRUH\�ZLWK PRPHQW�IUDPH��PHJD�IUDPH��

IUDPH�WXEH��GLDJRQDO�JULG�WXEH�DQG�HQWLW\�WXEH�VWUXFWXUDO�V\VWHP��DQG�FRPSDUHG�WKHP�

WR� HDFK� RWKHU �)LJXUH� ������ $FFRUGLQJ� WR� WKH� UHVXOWV�� WKH� SURSRUWLRQ� RI� WKH� ODWHUDO�

GHIRUPDWLRQ�FDXVHG�E\�EHQGLQJ�PRPHQW�KDV�EHHQ�IRXQG�DV�PD[LPXP�IRU�WXEH�V\VWHPV�

ZKHUHDV� LW� LV� PLQLPXP� IRU� PRPHQW� IUDPH� V\VWHPV� 7KHQ� RXWULJJHUV� ZHUH�

LPSOHPHQWHG LQWR� WKH� PRPHQW� IUDPH� DQG� PHJD� IUDPH� VWUXFWXUDO� V\VWHPV� DV� WKUHH

OHYHOV�� DW HDFK� ��� VWRUH\� ,W� LV� VHHQ� WKDW� RXWULJJHUV� KDYH� LPSURYHG� WKH� VWUXFWXUDO�

HIILFLHQF\�DERXW������
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)LJXUH����� &RPSDULVRQ�RI�GLIIHUHQW�VWUXFWXUDO�V\VWHPV��6RXUFH��=KRX�HW�DO��������

,Q� DQRWKHU� VWXG\�� WKH� VWUXFWXUDO� HIILFLHQF\� RI� GLDJULG� DQG� EUDFHG� WXEH� V\VWHPV� DUH�

FRPSDUHG E\�FKDQJLQJ�WKH�DQJOH�RI�WKH�EUDFHV��FROXPQ�VSDFLQJ�DQG�W\SH�RI�WKH�EUDFHV�

VXFK� DV� ;� %UDFH� DQG� &KHYURQ� %UDFH �0RRQ�� ������ $FFRUGLQJ� WR� WKH� UHVXOWV�

FRPELQDWLRQ�RI�GLIIHUHQW DQJOHV�RI GLDJULGV PD[LPL]H�WKH�VWUXFWXUDO�HIILFLHQF\��0RRQ�

������ VWDWHV� WKDW�� ³$V� WKH� FROXPQ� VSDFLQJ� EHFRPHV� GHQVHU� WRZDUG� WKH� EXLOGLQJ¶V�

FRUQHUV�� WKH�ZHE�FROXPQV¶�FRQWULEXWLRQ�WR� WKH�V\VWHP¶V�EHQGLQJ�VWLIIQHVV� LQFUHDVHV��

DQG�YLFH�YHUVD LQ�EUDFHG�WXEH�VWUXFWXUDO�V\VWHP�´

'LDJULG�VWUXFWXUHV�WUDQVIHU�WKH�ORDGV�IURP�WRS�RI�WKH�EXLOGLQJ�WR�WKH�JURXQG�HIILFLHQWO\�

EHFDXVH� RI� LWV� KLJKO\� UHGXQGDQW� VWUXFWXUH �6FRWW� HW� DO��� ������ 0RUHRYHU�� H[WHULRU�

EUDFLQJ�DQG�GLDJULG�V\VWHPV�UHGXFH�EXLOGLQJ�PDWHULDO FRQVXPSWLRQ�ZKLOH�HQKDQFLQJ

VWUXFWXUDO�SHUIRUPDQFH��$O�.RGPDQ\�	�$OL��������



��

�������� 6WUXFWXUDO�0DWHULDO

&RQFUHWH�LV�VWURQJ�LQ�FRPSUHVVLRQ�DQG�YHU\�ZHDN�LQ�WHQVLRQ�ZKLOH�VWHHO�KDV�D�JUHDW�

WHQVLOH�VWUHQJWK��$FFRUGLQJ�WR�*�QHO�DQG�,OJÕQ��������� LQ�����������RI�WKH�ZRUOG¶V�

WDOOHVW� ��� EXLOGLQJV�ZHUH� VWHHO��ZKLOH����ZDV� UHLQIRUFHG�FRQFUHWH� DQG�FRPSRVLWH��

6LQFH�WKH�FRPELQDWLRQ�RI�VWHHO�DQG�FRQFUHWH�SURYLGH�DGYDQWDJHV�RI�ERWK�PDWHULDOV�DW�

WKH�VDPH�WLPH�DQG�UHVXOW�LQ�KLJKHU�HIILFLHQF\�LQ�WKH�EXLOGLQJV��WKH�QXPEHU�RI�FRPSRVLWH�

EXLOGLQJV�LQFUHDVHG��)LJXUH�������ZLWKLQ�GHFDGHV��

)LJXUH����� 6WUXFWXUDO�PDWHULDO�GLVWULEXWLRQ�DFFRUGLQJ�WR�\HDUV��6RXUFH��&7%8+�GDWDEDVH��UHWULHYHG�
LQ����$SULO������

2Q�WKH�RWKHU�KDQG��LPSURYHPHQWV�LQ�KLJK�VWUHQJWK�FRQFUHWH�DQG�SXPSLQJ�WHFKQRORJ\��

UHLQIRUFHG�FRQFUHWH�KDV�EHFRPH�ZLGHO\�XVHG�LQ�WDOO�EXLOGLQJV��7KH�VWUXFWXUDO�PDWHULDO�

RI�WZR�KLJKHVW�EXLOGLQJ�LQ�WKH�ZRUOG�����P�WDOO�%XUM�.KDOLID��FRPSOHWHG��DQG�����P

WDOO -HGGDK�7RZHU��XQGHU�FRQVWUXFWLRQ��DUH PDGH�RI UHLQIRUFHG�FRQFUHWH��)XUWKHUPRUH��

VWHHO�UHTXLUHV�VXSSOHPHQWDU\�ILUHSURRILQJ�SUHFDXWLRQV�ZKLOH�FRQFUHWH�LV�PRUH�GXUDEOH�

DJDLQVW ILUH�E\�LWV�QDWXUH��$FFRUGLQJ�WR�+R���������ERWK�VWHHO�DQG�UHLQIRUFHG�FRQFUHWH�

FDQ�EH�XVHG�IRU�WDOO�EXLOGLQJV� KRZHYHU� KLJK�VWUHQJWK�FRQFUHWH�LV�PRUH�FRPPRQ�GXH�

WR�LWV�ORZHU�FRVW�FRPSDUHG�WR�VWHHO��

&RQFUHWH�EHFDPH�PRUH�FRPSDUDEOH�WR�VWHHO�LQ�WHUPV�RI�FRQVWUXFWLRQ�WLPH�GXH�WR�QHZ�

WHFKQRORJLHV��7KH�FRQVWUXFWLRQ�RI�D� WDOO�EXLOGLQJ¶V�FRUH�W\SLFDOO\�OLHV�RQ�WKH�FULWLFDO�

SDWK�RI�WKH�SURJUDP�DQG�KDV�DQ�HQRUPRXV�LPSDFW�RQ�WKH�VFKHGXOH��%\�XVLQJ�VOLS�IRUP�

RU�MXPS�IRUP�WHFKQLTXHV��D���WR���GD\�F\FOH�LV�DFKLHYDEOH�IRU�FRUH�ZDOO�FRQVWUXFWLRQ��

DQG�WKLV�FRQVWUXFWLRQ�VSHHG�LV�VLPLODU�WR VWHHO�FRQVWUXFWLRQ��,Q�RWKHU�ZRUGV��FRQFUHWH�



��

FRQVWUXFWLRQ� LV� QRW� VORZHU� WKDQ� WKH� VWHHO� FRQVWUXFWLRQ� DQ\PRUH�� �+R�� ����� %DNHU��

�����

$QRWKHU�GHYHORSPHQW�LQ�PDWHULDO�ILHOG�LV�WKH�HQKDQFHPHQWV�RI�WKH�SK\VLFDO�SURSHUWLHV�

RI� WKH� PDWHULDOV�� +LJK VWUHQJWK� PDWHULDOV FDQ� PDNH� WKH� VWUXFWXUDO� PHPEHUV� PRUH�

VOHQGHU�DQG�OLJKWHU�IRU�D�JLYHQ D[LDO�FDSDFLW\�RI�YHUWLFDO�PHPEHUV� 7KH�FRUH�WKLFNQHVV�

FDQ�EH�UHGXFHG�E\�XVLQJ�KLJK�VWUHQJWK�PDWHULDOV�DV�ZHOO��DQG�OHVV�FRUH�WKLFNQHVV QRW�

RQO\�UHGXFHV WKH�YHUWLFDO�ORDG�RQ�WKH�IRXQGDWLRQ� EXW�DOVR�LQFUHDVHV WKH�OHDVDEOH�DUHD��

8VLQJ� OHVV� DPRXQW� RI� PDWHULDOV� LQ� WKH� VWUXFWXUHV� UHGXFHV� WKH� GHDG� ORDG� RQ� WKH�

IRXQGDWLRQ�DQG� LQGLUHFW�FRVW�GULYHUV� VXFK�DV� ODERU�DQG� WUDQVSRUWDWLRQ��$FFRUGLQJ� WR�

:DQJ�HW�DO����������D�K\EULG�VWUXFWXUH�WDNHV�IXOO�DGYDQWDJH�RI�ERWK�VWHHO�DQG�FRQFUHWH��

DQG� VWHHO� IUDPH� RU� VWHHO� HOHPHQWV� FDQ� EH� XVHG� DV� IRUPZRUN� V\VWHP� IRU� UHLQIRUFHG�

FRQFUHWH� ZKLFK� OHDGV� WR� D� JUHDW� UHGXFWLRQ� RI� WKH� IRUPZRUN� DQG� VFDIIROGLQJ� FRVW��

$GGLWLRQDOO\��UHGXFLQJ�DPRXQW�RI�PDWHULDO�FDQ�UHGXFH�FDUERQ�HPLVVLRQV��ZKLFK�KHOSV�

WR�PDNH�WKH�FRQVWUXFWLRQ�VXVWDLQDEOH�DQG�OHVV�KDUPIXO�WR�WKH�XQLYHUVH�

7KH�ORFDWLRQ�RI�WKH�FRQVWUXFWLRQ�VLWH�LV�DOVR�D�FULWLFDO�SRLQW�WR�GHWHUPLQH�WKH�W\SH�RI�

VWUXFWXUDO�PDWHULDO�� /RFDO�PDWHULDO� VRXUFHV�� ODERU� FRVW� DQG� WUDQVSRUWDWLRQ� H[SHQVHV�

PXVW�EH FRQVLGHUHG�ZKLOH�GHFLGLQJ�WKH�VWUXFWXUDO�PDWHULDO��)RU�H[DPSOH��VWHHO�EXLOGLQJV�

DUH�YHU\�FRPPRQ�LQ�86$��ZKHUHDV�FRQFUHWH�LV�ZLGHO\�XVHG�LQ�0LGGOH�(DVW���

6WUXFWXUDO�PDWHULDO�DOVR�GHSHQGV�RQ WKH DLP�RI�WKH�EXLOGLQJ��%DNHU��������FODLPV�WKDW��

VLQFH� RIILFH� IORRUV� JHQHUDOO\� UHTXLUH� ODUJH� VSDQ� L�H��� FROXPQ�IUHH� DUHD� ZLWK� ELJJHU�

PHFKDQLFDO� HTXLSPHQW�� VWHHO� IORRU� IUDPLQJ� FDQ� EH� VHOHFWHG� LQ� RUGHU� WR� UHGXFH� VODE�

WKLFNQHVV� DQG� LQFUHDVH� WKH� VWUHQJWK��7KH�DXWKRU� DOVR� FRPSDUHV� VWHHO� DQG� UHLQIRUFHG�

FRQFUHWH�ZLWK�UHVSHFW WR�WKHLU�VWUXFWXUDO�HIILFLHQF\�DQG�VSHFLILHG�WKH�SURV�DQG�FRQV�RI�

ERWK� PDWHULDOV�� $OWKRXJK� FRQFUHWH� UHTXLUHV� KLJKHU� VHFWLRQ� RI� YHUWLFDO� HOHPHQWV��

FRQFUHWH�IUDPHV�KDYH�PRUH�PDVV�DQG�LQKHUHQW�GDPSLQJ�SURSHUWLHV�FRPSDUHG�WR�VWHHO��

2Q�WKH�RWKHU�KDQG��VWHHO�VWUXFWXUHV�JHQHUDOO\�SURYLGH�PRUH�RSSRUWXQLW\�IRU�FRPSOH[�

DQG�QRQ�OLQHDU�JHRPHWULHV��6WHHO�LV�DOVR�GLPHQVLRQDOO\�PRUH�VWDEOH�GXH�WR�FUHHS�DQG�

VKULQNDJH�HIIHFWV��ZKHUHDV�FRQFUHWH�HOHPHQWV�NHHS�GHIRUPLQJ�RYHU�WLPH��DQG�WKLV�PD\�



��

OHDG�WR�WKH�UHGLVWULEXWLRQ�RI�IRUFHV��)URP�D�VHLVPLF�SRLQW�RI�YLHZ��VWHHO�KDV�OHVV�PDVV�

DQG�LWV�JUHDWHU�GXFWLOLW\�JHQHUDOO\�KDV�DQ�DGYDQWDJH�DJDLQVW�VHLVPLF�IRUFH��7KH�PRVW�

SURSHU�VROXWLRQ�RIWHQ�OLHV�LQ�WKH�FRPELQDWLRQ�RI�ERWK�PDWHULDOV��ZLWK�VWHHO�IUDPLQJ�DQG�

FRQFUHWH�YHUWLFDO�HOHPHQWV�

/DVWO\�� VWUXFWXUDO� PDWHULDOV� PD\� UHTXLUH� WKHUPDO� GHVLJQ�� HVSHFLDOO\� LQ� FDVH� RI� D�

FRPELQDWLRQ�RI�H[SRVHG�DQG�LQWHULRU�VWHHO�VWUXFWXUHV��)RU�LQVWDQFH��LQ�1HZ�<RUN�7LPHV�

%XLOGLQJ��YDULDWLRQV LQ�WHPSHUDWXUH�ZDV�GHWHUPLQDQW�RQ�WKH�VWUXFWXUDO�GHVLJQ��,W�ZDV�

IRUHVHHQ�LQ WKH HDUO\ GHVLJQ�SKDVH�WKDW�D�WHPSHUDWXUH�FKDQJH�DERXW���q&�FDXVHV���FP�

HORQJDWLRQ LQ�����P�ORQJ�VWHHO�FROXPQ�ZKLFK�VXSSRUWV WKH�WRS�RIILFH��ZKLOH�D�VSDQ�

DERXW� � P� FDQ� DFFHSW� RQO\� �� FP� GLIIHUHQWLDO� PRWLRQ�� 7KHUHIRUH�� ZLQG�UHVLVWLQJ�

RXWULJJHU�WUXVVHV�DUH�VXSSOHPHQWHG�ZLWK�
WKHUPDO�WUXVVHV
�ZKLFK�SURYLGH�D�OLQN�EHWZHHQ�

H[SRVHG�DQG� LQWHULRU� FROXPQV�� �7KHVH� WUXVVHV� FXW�PD[LPXP� HORQJDWLRQ RI� H[SRVHG�

FROXPQV�LQ�KDOI�DQG�UHGXFH�WKH�GLIIHUHQFH EHWZHHQ�FROXPQV�E\�D�IDFWRU�RI�WKUHH�E\�

SXVKLQJ�GRZQ�RQ�H[WHULRU�FROXPQ�DQG�SXOOLQJ�XS�WKH�DGMDFHQW�LQWHULRU�FROXPQ�DW�WKH�

VDPH�WLPH��6FDUDQJHOOR��������

�������� %XLOGLQJ�)XQFWLRQ

%XLOGLQJ� IXQFWLRQ� LV� GHWHUPLQDQW� RQ� WKH� VWUXFWXUDO� V\VWHP�� VLQFH� HDFK� IXQFWLRQ� KDV�

GLIIHUHQW�GHPDQGV��$FFRUGLQJ� WR�&7%8+�FULWHULD�� D VLQJOH�IXQFWLRQ� WDOO�EXLOGLQJ� LV�

GHILQHG�DV�RQH�ZKHUH����SHUFHQW�RU�PRUH�RI�LWV� WRWDO�KHLJKW� LV�GHGLFDWHG�WR�D�VLQJOH�

IXQFWLRQ� 2IILFH��UHVLGHQWLDO�DQG�KRWHO�DUH�FRQVLGHUHG�DV�PDMRU�IXQFWLRQV��DQG�D�PL[HG�

XVH�EXLOGLQJ�FRQWDLQV�WZR�RU�PRUH�IXQFWLRQV�ZKHUH�HDFK�RI�WKH�IXQFWLRQV�RFFXSLHV�D�

VLJQLILFDQW�SURSRUWLRQ��6LQJOH�IXQFWLRQ��HVSHFLDOO\�RIILFH�IXQFWLRQ�ZDV FRPPRQ�EHIRUH�

����¶V �)LJXUH� ������� %XLOGLQJV� ZLWK� UHVLGHQWLDO� DQG� PL[HG�XVH� IXQFWLRQV� KDYH�

LQFUHDVHG�UDSLGO\�DIWHU�LW�LV�QRWLFHG�WKDW�WKH\�DUH�LQ�GHPDQG DV�ZHOO LQ�WKH�FLW\�FHQWHUV��

DQG�PL[HG�XVH�EXLOGLQJV�JLYH�GLIIHUHQW�RSSRUWXQLWLHV� WR�QRW�RQO\� LQYHVWRUV�EXW�DOVR�

RFFXSDQWV��



��

)LJXUH����� )XQFWLRQ�GLVWULEXWLRQ�DFFRUGLQJ�WR�\HDUV��6RXUFH��&7%8+�GDWDEDVH��UHWULHYHG�LQ����
$SULO������

2IILFH�EXLOGLQJV�UHTXLUH�FROXPQ�IUHH�VSDFHV�GXH�WR�LWV�SXUSRVHV ZKHUHDV UHVLGHQWLDO�

EXLOGLQJV�DOORZ�IOH[LEOH�GHVLJQ�VLQFH�WKH\�FRQWDLQ�GLYLGHG�VSDFHV� 0RRQ ������ FODLPV�

WKDW� LW� LV� LPSRUWDQW� WR� GHVLJQ� WKH� OLYLQJ� VSDFHV� FORVH� WR� QDWXUDO� OLJKW� LQ� UHVLGHQWLDO�

IXQFWLRQ�EXLOGLQJV��KRZHYHU� QDWXUDO�OLJKW�LV�OHVV�LPSRUWDQW�IRU�RIILFH�EXLOGLQJV��DQG�

GHHSHU� UHQWDO�VSDFHV�DUH�GHVLUHG�PRUH��6LQFH�HDFK�IXQFWLRQ�QHHGV� LWV�RZQ�HQWUDQFH�

SDUNLQJ� VSDFH� YHUWLFDO� WUDQVSRUWDWLRQ� DQG� 0(3� VROXWLRQV�� GHVLJQLQJ� D� PL[HG�XVH�

EXLOGLQJ� LV� PRUH� FRPSOLFDWHG� WKDQ� D� VLQJOH� IXQFWLRQ�� 0RUH� VHUYLFH� DUHD� OHDGV� WR�

LQFUHDVH�LQ FRUH�DUHD�ZKLFK�LQHYLWDEO\�GHFUHDVHV WKH�OHDVDEOH�DUHD��,Q�RUGHU�WR�SUHYHQW�

WKH� UHGXFWLRQ� LQ� OHDVDEOH� DUHD�� HDFK� IXQFWLRQ� DQG� WKHLU� QHHGV� PXVW� EH� H[DPLQHG�

FDUHIXOO\ GXULQJ�WKH�ZKROH�GHVLJQ�SURFHVV�

)URP� UHQWDELOLW\� SRLQW� RI� YLHZ�� IDFLOLWLHV� VKRXOG� EH� ORFDWHG� OLNH�� EHORZ� JUDGH� IRU�

SDUNLQJ��WKH�JURXQG�OHYHO�IRU�FRPPHUFLDO��ORZHU�OHYHO�RI�WRZHU�IRU�RIILFHV��WKH�QH[W�

OHYHO�IRU�KRWHO�DQG�WRS�RI�WKH�EXLOGLQJ�IRU�UHVLGHQWLDO��)URP�WKH�VWUXFWXUDO�SRLQW�RI�YLHZ��

UHVLGHQWLDO DQG�KRWHO� IXQFWLRQ�VKRXOG�EH� ORFDWHG� DW ORZHU� OHYHOV RI� WKH� WRZHU�� VLQFH�

WKHVH�IXQFWLRQV�UHTXLUH�VKRUWHU�FROXPQ�VSDQ��0RVW�HIILFLHQW�VROXWLRQ�FDQ�EH�GRQH�E\�

FRPELQLQJ�WKHVH�WZR�FRQVLGHUDWLRQV�SURSHUO\��(IIHFWLYH�VHUYLFH�DUHD�IRU�HDFK�IXQFWLRQ�

DQG� RFFXSDQWV� VKRXOG� EH� SURYLGHG� ZKLOH� UDLVLQJ� WKH� SURILW� IRU� LQYHVWRUV� �.LP 	�

(OQLPHLUL��������



��

6LQFH� PL[HG�XVH� EXLOGLQJV� UHTXLUH� PRUH� FKDOOHQJLQJ� GHVLJQ� SURFHVV� QRW� RQO\�

DUFKLWHFWXUDO��EXW�DOVR�VWUXFWXUDO SRLQW�RI�YLHZ��VRPH�VROXWLRQV�DUH�VSHFLILHG�DV�IROORZV�

x $Q� RIILFH� EXLOGLQJ� GHPDQGV� ODUJH� VSDQ�� KRZHYHU�� D� UHVLGHQWLDO� EXLOGLQJ� LV�

VXLWDEOH� IRU� VHSDUDWLQJ� WKH� XQLWV�� 7KHUHIRUH�� WDSHUHG� WDOO� EXLOGLQJV�� ZLWK�

FRPPHUFLDO�RIILFH�IXQFWLRQV�RQ�WKH�ORZHU�OHYHOV�DQG�UHVLGHQWLDO�IXQFWLRQV�RQ�

WKH�XSSHU OHYHOV��LV�D�YHU\�IXQFWLRQDO�VROXWLRQ DUFKLWHFWXUDOO\��)XUWKHUPRUH��WKLV�

SODFHPHQW HQKDQFHV�WKH�VWUXFWXUDO�V\VWHP
V�HIILFLHQF\��VLQFH�WDSHULQJ��LQFUHDVHV�

WKH�VWLIIQHVV�DQG�UHGXFHV�WKH�ODWHUDO�ORDGV�DV�EXLOGLQJ�KHLJKW�LQFUHDVHV��0RRQ��

������

x 6HWEDFNV�DUH�IHDVLEOH�LQ�RUGHU�WR�FKDQJH�WKH�EXLOGLQJ�IXQFWLRQ�ZKHQ�D�UHGXFWLRQ�

LV� QHHGHG� IURP� ODUJHU� WR� QDUURZ� VSDFHV�� 6LQFH� VHWEDFNV� GHFUHDVH WKH� ZLQG�

ORDGV��WKH�VWUXFWXUDO�V\VWHP�EHFRPHV�OHVV�VXVFHSWLEOH�WR KLJKHU�ODWHUDO�ORDGV DV�

WKH�EXLOGLQJ�ULVHV �+R��������

x $�VSHFLDO� IXQFWLRQ�VXFK�DV�REVHUYDWRU\�GHFN�DW� WKH� WRS�RI� WKH�EXLOGLQJ�PD\�

GHFUHDVH�WKH�VSDFH�HIILFLHQF\��,Q�WKDW�FDVH��D�VN\�OREE\�FDQ�PDNH�WKH�EXLOGLQJ�

PRUH�IXQFWLRQDO��.LP�	�(OQLPHLUL��������

'LIIHUHQW�IXQFWLRQV�UHTXLUH�GLIIHUHQW�VHUYLFHV�LQ�WHUPV�RI�HOHYDWRU�TXDOLW\�DQG�TXDQWLW\�

DV�LW�VHHQ�LQ�7DEOH������,W�PXVW�EH�SURYLGHG�IDVWHU�VHUYLFH�UHVSRQVH�DQG�PRUH�FDSDFLW\�

LQ� RIILFH� IXQFWLRQ�� KRZHYHU�� VLQFH� WKH� QXPEHU� RI� HOHYDWRUV� LQ� RIILFH� EXLOGLQJV� LV�

JHQHUDOO\� JUHDWHU WKDQ WKH� EXLOGLQJV� ZLWK UHVLGHQWLDO� RU� KRWHO� IXQFWLRQ�� FRUH� VL]H�

HQODUJHV�DV�ZHOO��



��

7DEOH������(OHYDWRU�UHTXLUHPHQWV�IRU�GLIIHUHQW IXQFWLRQV �6RXUFH��/RRQ�������

/DVWO\��FRPIRUW�FULWHULRQ�GLIIHUV�DFFRUGLQJ�WR�WKH�OLPLWHG�SHDN�DFFHOHUDWLRQ�IRU�GLIIHUHQW�

IXQFWLRQV�� DQG� WKLV� VKRXOG� EH� FRQVLGHUHG� GXULQJ� VWUXFWXUDO� GHVLJQ��5HJXODWLRQV� DQG�

SUHYLRXV� UHVHDUFKHV� VKRZ� WKDW� UHVLGHQWLDO� IXQFWLRQ� LV� PRUH� VHQVLWLYH� DJDLQVW�

DFFHOHUDWLRQ��KRZHYHU��RIILFH�IXQFWLRQ�LV�PRUH�DGDSWDEOH��6DUNLVLDQ������� FODLPV�WKDW�

UHVLGHQWLDO�SHDN�DFFHOHUDWLRQ�OLPLW�VKRXOG�EH�EHWZHHQ���� ����PLOOL�J�ZKLOH�RIILFH�OLPLWV�

VKRXOG� EH� ZLWKLQ� ��� � ��� PLOOL�J�� $OWHUQDWLYHO\�� &KRL� ������ VWDWHV� WKDW� EXLOGLQJ�

DFFHOHUDWLRQ� OLPLW� ����\HDU�ZLQG�� VKRXOG�EH���� � ���PLOOL�J� IRU� UHVLGHQWLDO����� � ���

PLOOL�J�IRU�KRWHO������ ���PLOOL�J�IRU�RIILFH�DQG�����PLOOL�J�IRU�UHWDLO�IXQFWLRQ�LQ�86��

)HUUDUHWR HW�DO� �������H[SUHVV� WKDW�&7%8+�SHDN�DFFHOHUDWLRQ�OLPLW�����\HDU�UHWXUQ�

SHULRG��IRU�UHVLGHQWLDO�EXLOGLQJV�LV�DSSUR[LPDWHO\�EHWZHHQ����� ���PLOOL�J�ZKLOH�����

���PLOOL�J�LQ�RIILFH�EXLOGLQJV���



��

)LJXUH����� 3HDN�DFFHOHUDWLRQ�FULWHULD�����\HDU�SHULRG�RI�UHWXUQ��6RXUFH��)HUUDUHWR HW�DO�� �����

�������� %XLOGLQJ�+HLJKW

)ORRU� KHLJKW� FDQ� EH� FODVVLILHG� DV� IORRU� WR� IORRU� KHLJKW� DQG� IORRU� WR� FHLOLQJ� KHLJKW��

$OWKRXJK IORRU�WR�FHLOLQJ�KHLJKW�LV�WKH�FOHDU�GLVWDQFH�EHWZHHQ�VODE�DQG�FHLOLQJ��WKHUH�LV�

DOVR�D�VSDFH�IRU�PHFKDQLFDO�DQG�HOHFWULFDO�HTXLSPHQW�LQ�IORRU�WR�IORRU�KHLJKW� $�VPDOO�

GLIIHUHQFH�LQ�D�VLQJOH�IORRU�KHLJKW�PD\�KDYH�D�PDMRU�LPSDFW�RQ�WKH�RYHUDOO�KHLJKW�ZKHQ�

WKH�WRWDO�QXPEHU�RI�VWRUH\V�LV�FRQVLGHUHG�

)ORRU�KHLJKW�LV�GLUHFWO\�UHODWHG�WR�WKH�IXQFWLRQ�RI�WKH�EXLOGLQJ��)RU�LQVWDQFH��WKH�����

VWRUH\V -RKQ�+DQFRFN�&HQWHU�LV�QRW�WDOOHU�WKDQ�WKH����VWRUH\�-LQ�0DR�%XLOGLQJ��-RKQ�

+DQFRFN�&HQWHU�KDV����IORRUV�IRU�RIILFH�DQG����IORRUV�IRU�UHVLGHQWLDO�SXUSRVH��$FWXDO�

KHLJKW�RI����RIILFH�IORRUV�LV����P��ZKHUHDV����UHVLGHQWLDO�IORRUV�LV����P�ZKLFK�PHDQV�

WKDW��IORRU�WR�IORRU�KHLJKW�LV������P�IRU�UHVLGHQWLDO�DQG������P�IRU�RIILFHV�DSSUR[LPDWHO\�

�.LP�	�(OQLPHLUL���������,W�LV�IRXQG�WKDW�WKH�PRVW�FRPPRQ�IORRU�WR�IORRU�KHLJKW�LV�

DERXW��P��ZKHUH�DQ�DYHUDJH�IORRU�WR�FHLOLQJ�KHLJKW� LV����P��DFFRUGLQJ�WR�FROOHFWHG�

GDWD�IURP�KLJKHVW����EXLOGLQJV�IURP�$VLD�3DFLILF�FRXQWULHV��+R���������,Q�DGGLWLRQ��

&7%8+ DFFHSWV�IORRU�WR�IORRU�KHLJKW�DV����P�IRU�D�UHVLGHQWLDO�EXLOGLQJ���DQG�����P�IRU�



��

DQ�RIILFH�EXLOGLQJ�LQ�JHQHUDO��)LJXUH��������6DURJORX�HW�DO����������$OL�DQG�$UPVWURQJ�

������ H[SUHVVHG� WKDW� FHLOLQJ� KHLJKWV� VKRXOG� EH� EHWZHHQ� ���P� DQG� ���P IRU�

FRPPHUFLDO�EXLOGLQJV�����P�DQG����P IRU�RIILFH�IXQFWLRQ�DQG����P�DQG����P�IRU�KRWHOV�

DQG�UHVLGHQWLDO�EXLOGLQJV�

)LJXUH����� �/HIW�����VWRUH\�UHVLGHQWLDO�EXLOGLQJ���������P����5LJKW� ���VWRUH\�RIILFH�EXLOGLQJ
����P���6RXUFH��6DURJORX�HW�DO��������

�������� $VSHFW�5DWLR

$VSHFW� UDWLR� LV� XVXDOO\�GHILQHG� DV� WKH� UDWLR�RI� LWV� KHLJKW� WR� LWV� VPDOOHVW�ZKROH�EDVH�

GLPHQVLRQ��%DNHU���������6LQFH�WKHUH�LV�D�OLPLWDWLRQ�IRU�SODQ�GLPHQVLRQV�GXH�WR�XUEDQ�

ODQG�DQG�UHJXODWLRQV��DV�KHLJKW�LQFUHDVHV�EXLOGLQJV�JHW�VOHQGHU��KRZHYHU��GHDOLQJ�ZLWK�

WKH� ODWHUDO� ORDGV�EHFRPHV�PRUH� FRPSOH[�ZKHQ�EXLOGLQJV�JHW� VOHQGHU��$FFRUGLQJ� WR�

%DNHU���������LW�PD\�EH�HDVLHU�WR�GHVLJQ�D ���VWRUH\V WRZHU�ZLWK�D�ODUJH�EDVH�DJDLQVW�

ZLQG�ORDG�LQVWHDG�RI�D�YHU\�VOHQGHU����VWRUH\V WRZHU��$OL�DQG 0RRQ ������ DFFHSW�WKDW�

SUHGLFWDEOH�DVSHFW�UDWLR�UDQJH�LV�EHWZHHQ���DQG����$OL�DQG $O�.RGPDQ\������� FODLP�

WKDW�ZLQG�ORDG�G\QDPLF�LQIOXHQFH�EHFRPHV�LPSRUWDQW�ZKHQ�DVSHFW�UDWLR�LV�PRUH�WKDQ�

���



��

*�QHO� DQG� ,OJÕQ� ������� VWDWH� WKDW� IRU� EXLOGLQJV� EHORZ� ��� VWRUH\V�ZLWK� DVSHFW� UDWLR�

EHORZ����WKH�YDOXHV�SUHGLFWHG LQ�GHVLJQ�FRGHV�FDQ�EH�XVHG�LQ�RUGHU�WR�GHWHUPLQH�WKH�

ZLQG�ORDGV��)RU�EXLOGLQJV�KLJKHU�WKDQ����VWRUH\V RU�PRUH�VOHQGHU�EXLOGLQJV��G\QDPLF�

ZLQG� HIIHFW� DQG� EXLOGLQJ� G\QDPLF� UHVSRQVH� GXH� WR� VXGGHQ�ZLQG� FKDQJHV�PXVW� EH�

FRQVLGHUHG�

2QH�ZD\� WR� UHGXFH� WKH� DVSHFW UDWLR� LV� WR�XWLOL]H� WKH� HQWLUH�ZLGWK�RI� WKH�EXLOGLQJ� LQ�

UHVLVWLQJ�WKH�RYHUWXUQLQJ�PRPHQWV��)URP�����V�WR�����V��WDOO�EXLOGLQJV�ZHUH�JHQHUDOO\�

FRQVWUXFWHG�ZLWK�D�VWUXFWXUDO�V\VWHP�ZKLFK�SULPDULO\�ORFDWHG�RQ�WKH�SHULPHWHU�RI�WKH�

EXLOGLQJ��DQG�WKLV�UHVXOWHG�ZLWK�VPDOO�VSDFLQJ�EHWZHHQ�FROXPQV�DQG�OLPLWHG�RSHQLQJV��

,Q�WKH�ODVW����\HDUV��LQWHULRU�VKHDU�UHVLVWLQJ�V\VWHPV�ZKLFK�DUH�FRQQHFWHG�WR�SHULPHWHUV�

DW�GLIIHUHQW�OHYHOV�DUH�PRUH�SUHIHUUHG�UDWKHU�WKDQ�H[RVNHOHWRQV��%DNHU��������

$V�WKH EXLOGLQJ�EHFRPHV�WDOOHU�DQG�LWV�DVSHFW�UDWLR�LQFUHDVHV��WKH�EXLOGLQJ�WHQGV�WR�DFW�

PRUH�OLNH�D�EHQGLQJ�EHDP��KHQFH��RYHUWXUQLQJ�PRPHQW�LQFUHDVHV��0RRQ���������:LQG�

IRUFHV��HVSHFLDOO\�LQ�WKH�FURVV�ZLQG�GLUHFWLRQ��EHFRPH�PRUH�FULWLFDO�IRU�WDOO�EXLOGLQJV�

GXH�WR�KLJKHU�DVSHFW�UDWLRV��DQG�EDVH�PRPHQW�LQFUHDVHV�DV�DVSHFW�UDWLR�LQFUHDVHV��:DQJ�

HW�DO��������� 6LQFH�VOHQGHU EXLOGLQJV�UHTXLUH�KLJKHU�VWLIIQHVV��VWUXFWXUDO�V\VWHPV�VKRXOG�

SURYLGH�PRUH�HIILFLHQF\ RU�EH�OHVV�VXVFHSWLEOH�WR�ZLQG�IRUFHV��,Q�RUGHU�WR�LPSURYH WKH�

EHKDYLRUV�RI�D�VWUXFWXUDO�V\VWHP� KLJK�VWUHQJWK�PDWHULDOV�FDQ�EH�XVHG� IORRU�ZLGWK�FDQ�

EH�LQFUHDVHG� RU�EXLOGLQJ�VKDSH�FDQ�EH�PRGLILHG�FRQVLGHULQJ�ZLQG�IRUFHV�

�������� %XLOGLQJ�6KDSH�DQG�:LQG�0RGLILFDWLRQV

%XLOGLQJ�VKDSH�LV�WKH�NH\�WR�FUHDWH�UHPDUNDEOH�EXLOGLQJV��DQG�LW�KDV�D�KXJH�LPSDFW�RQ�

VWUXFWXUDO�EHKDYLRU��,UZLQ�DQG %DNHU ��������6FRWW�HW�DO� ��������+R���������$OL�DQG

0RRQ ��������,UZLQ�HW�DO� ��������:DQJ�HW�DO����������=KRX�HW�DO� ��������*�QHO�DQG

,OJÕQ �������� 0RRQ ������ LQYHVWLJDWH� WKH� LQIOXHQFHV� RI� EXLOGLQJ� VKDSH� RQ WKH

VWUXFWXUDO�SHUIRUPDQFH�� DQG� VWDWH WKDW� LW� LV�SRVVLEOH� WR� UHGXFH� WKH� ODWHUDO� ORDGV�ZLWK�

PRGLILFDWLRQV�RQ�EXLOGLQJ�VKDSH�



��

$FFRUGLQJ�WR�0RRQ���������WKH�VKDSH�RI�WKH�EXLOGLQJV�FDQ�EH�FODVVLILHG�DV�SULVPDWLF��

WZLVWHG��WLOWHG��WDSHUHG�DQG�IUHH�IRUP��)LJXUH��������$OWKRXJK�LW�LV�SRVVLEOH�WR�GHVLJQ�D�

EXLOGLQJ�LQ�D�VLQJOH�VKDSH��D�SURSHU�FRPELQDWLRQ�RI�WKHVH�VKDSHV�FDQ�EH�VHOHFWHG IRU�D�

WDOO� EXLOGLQJ�� +RZHYHU�� SULVPDWLF� JHRPHWULHV� DUH� FRVW�IULHQGO\� GXH� WR� VLPSOH�

LQVWDOODWLRQ�GHWDLOV�DQG�UHSHWLWLRQ�RI�IORRU�SODWHV�DQG�IDFDGHV�

)LJXUH������)XQGDPHQWDO YDULDWLRQV�IRU�EXLOGLQJ�VKDSH LQ�DFFRUGDQFH�ZLWK�WKH�VWXG\�RI�0RRQ�������

2Q�WKH�RWKHU�KDQG��WZLVWHG��WLOWHG��WDSHUHG�DQG�IUHH�IRUP�EXLOGLQJV�JLYH�RSSRUWXQLWLHV�

WR�FUHDWH�PRQXPHQWDO�HIIHFW�FRPSDUHG�WR�VLPSOH�JHRPHWULHV��7KH�PRVW�LPSRUWDQW�SRLQW

WR�GHVLJQ�D�QRQ�SULVPDWLF�EXLOGLQJ�LV�WR�PDQDJH WKH�GLIIHUHQW�IORRU�SODWHV��7KH�NH\�WR�

PDNH�WKHVH�EXLOGLQJV�FRVW�IULHQGO\�OLHV�LQ�WKH�DUFKLWHFW¶V�DELOLW\�WR�DUUDQJH�D�UHSHWLWLRQ�

SODQH�SURJUDP��0D[LPXP�UHSHWLWLRQ�VKRXOG�EH�SURYLGHG�IRU� LQVWDOODWLRQ�GHWDLOV DQG�

IORRU�SODWHV�LQ�RUGHU�WR�SUHYHQW�DGGLWLRQDO�FRVW��6FRWW�HW�DO�� ����������

=KRX�HW�DO� �������GHVLJQHG D����P�KHLJKW�����VWRUH\V� EXLOGLQJ�LQ�GLIIHUHQW�VKDSHV LQ�

RUGHU�WR�FRPSDUH�WKH�HIIHFW�RI�GLIIHUHQW�VKDSHV��7KH�DUHD�RI�WKH�IDFDGH�VXEMHFWHG�WR�

ZLQG�ORDG RI�HDFK�VDPSOH�DQG�WKH�ZLQG�ORDG�ZHUH�HTXDO��$FFRUGLQJ�WR�WKH�DQDO\VLV��

WKH�RYHUDOO�GLVSODFHPHQW�LV�PLQLPXP�ZLWK�WKH�WULDQJOH�HOHYDWLRQ��ZKLOH�PD[LPXP�ZLWK�

WKH�LQYHUWHG�WUDSH]RLG �)LJXUH�������



��

)LJXUH������,QIOXHQFH�FRHIILFLHQW�RI�GLIIHUHQW�EXLOGLQJ�VKDSHV��6RXUFH��=KRX�HW�DO�� �����

:LQG�0RGLILFDWLRQV

$OWKRXJK�WDOO�EXLOGLQJV�VXIIHU�IURP�KLJK�ZLQG��VHLVPLFLW\�DQG�JUDYLW\�ORDGV��ZLQG�LV�

WKH�GRPLQDQW�IRUFH�FRPSDUHG�WR�RWKHU�IRUFHV�WKDW�DULVH�GXH�WR�KHLJKW�RI�WKH�EXLOGLQJV��

%XLOGLQJ�VKDSH�KDV�D�PDMRU�LPSDFW�RQ�QRW�RQO\�EXLOGLQJ�DHVWKHWLF��EXW�DOVR�ZLQG�ORDGV��

$FFRUGLQJ�WR�%DNHU�DQG 3DZOLNRZVNL ��������EXLOGLQJ�VKDSH�LV�DEOH�WR�UHGXFH�WKH�ZLQG�

IRUFHV� E\� FUHDWLQJ� DQ� HQYLURQPHQW� WKDW� ³FRQIXVHV� WKH�ZLQG´��:KHQ�EXLOGLQJ� KDV� D�

FRQVWDQWO\�FKDQJLQJ�EXLOGLQJ�VKDSH��ZLQG�YRUWLFHV�FDQQRW�JHW�RUJDQL]HG��VLQFH�ZLQG�

HQFRXQWHUV�D�GLIIHUHQW�WLHU�

7DOO�EXLOGLQJV�UHTXLUH�VWLIIQHVV�EDVHG�GHVLJQ�WR�SUHYHQW�H[FHVVLYH�YLEUDWLRQ�DQG�VZLQJ��

7KH�HIIHFWV�RI�ZLQG�RQ�EXLOGLQJ DUH GLUHFWO\�GHSHQGHQW�WR WKH VKDSH�RI�WKH�EXLOGLQJ��

DQG�LW�JHWV PRUH�FKDOOHQJLQJ�IRU�VOHQGHU�EXLOGLQJV�GXH�WR�WKHLU�PRUH�VHQVLWLYH�QDWXUH�

DJDLQVW ZLQG �,UZLQ�HW�DO��������͘

7KHUH�DUH�VRPH�VWUDWHJLHV�DJDLQVW�ZLQG�IRUFHV�LQ�RUGHU�WR�LQFUHDVH�WKH�VWLIIQHVV�RI�WKH�

EXLOGLQJV��7KH�PRVW�FRPPRQ�VWUDWHJLHV�DUH�VRUWHG�DV�IROORZV�

x 2ULHQW�WKH�EXLOGLQJV UHJDUGLQJ ERWK�ZLQGZDUG�DQG�DFURVV�ZLQG�GLUHFWLRQV� ,Q�

PRVW� FDVHV�� WKH� ODWHUDO� PRWLRQ� LQ� WKH� DFURVV�ZLQG� GLUHFWLRQ� GXH� WR� YRUWH[�

VKHGGLQJ�LV�PXFK�JUHDWHU�WKDQ�WKH�PRWLRQ�LQ�WKH�ZLQGZDUG�GLUHFWLRQ �0RRQ HW

DO�������� �6HY�	�%DúDUÕU���������



��

x 6WHS�EDFNV DQG WDSHULQJ�WKURXJKRXW�WKH�EXLOGLQJ LV�D�ZD\�WR�SURYLGH�FRQIXVHG�

ZLQG�YRUWLFHV��DQG�PD\�UHGXFH�WKH�ZLQG�IRUFHV���$OL�	�0RRQ������� ,UZLQ�HW�

DO�������� 7DUDQDWK���������%DNHU�DQG�3DZOLNRZVNL �������FODLP�WKDW�³6WDUWLQJ�

IURP� D� VOHQGHU� WRS WKH� EXLOGLQJ� VSUHDGV� RXW� DV� WKH� JUDYLW\� DQG�ZLQG� IRUFHV�

DFFXPXODWH��$V�D�UHVXOW��HYHQ�WKRXJK�WKH�JOREDO�IRUFHV�DUH�ODUJH��WKH�IRUFHV�LQ�

WKH�LQGLYLGXDO�PHPEHUV�DUH�QRW�´

x <�VKDSH�SODQ�LV�DQ�HIILFLHQW�ZD\�WR�GHDO ZLWK�ZLQG�IRUFHV��DQG�IXUWKHUPRUH��WKLV�

OD\RXW�LV�IHDVLEOH�IRU�KRWHO�DQG�UHVLGHQWLDO�IXQFWLRQ��VLQFH�LW�PD[LPL]HV�WKH�YLHZ�

�%DNHU�	�3DZOLNRZVNL��������

x &RUQHU� PRGLILFDWLRQ� LV� DQ� HIILFLHQW� VWUDWHJ\� DJDLQVW ZLQG�� VLQFH� VRIWHQHG�

FRUQHUV�FDQ�UHGXFH�WKH�ZLQG�IRUFHV���,UZLQ�HW�DO�������� *�QHO�	�,OJÕQ�������

7KH�FRUQHUV�RQ�7DLSHL�����ZKLFK�DUH VWHSSHG� LQ�RUGHU� WR� UHGXFH� FURVVZLQG�

UHVSRQG�DQG�GUDJ��UHVXOW�LQ�D�����UHGXFWLRQ�LQ�EDVH�PRPHQW��7DUDQDWK�������

FODLPV� WKDW� URXQGHG� IORRU�SODQHV�PLQLPL]H�EXLOGLQJ� UHVSRQVH� WR ZLQG� ORDGV�

FRPSDUHG�WR VKDUS�HGJHG�SODQV��

x 3RURVLW\� DQG� RSHQLQJV� DOORZ� DLU� WR� UXQ WKURXJK� WKH� EXLOGLQJ� WKXV� YHUWLFHV�

GLVUXSW�DQG�JHW�ZHDN��8VLQJ�RSHQLQJV�RQ�IDFDGH RU�LQ�GLIIHUHQW OHYHOV�RI�WKH�

EXLOGLQJ�UHGXFHV�YRUWH[�VKHGGLQJ�HIIHFW��,UZLQ�HW�DO�������� 7DUDQDWK��������

x 'DPSHUV�DUH�DOVR�DQRWKHU�VWUDWHJ\�ZKLFK�LV�ZLGHO\�XVHG�LQ�WDOO�EXLOGLQJV� 7KH\

FDQ� EH� GLYLGHG� LQWR� WZR� FDWHJRULHV� DV� DFWLYH� DQG� SDVVLYH� GDPSHUV�� 3DVVLYH�

GDPSHUV� GR� QRW� UHTXLUH� HQHUJ\� DQG� WKH\� SHUIRUP� LQWHQGHG� ZLWKRXW� DQ\�

DFWLYDWRU��2Q�WKH�RWKHU�KDQG��DFWLYH�GDPSHUV�QHHG�DQ�HQHUJ\�VRXUFH�WR�PRGLI\�

WKH�V\VWHP�SURSHUWLHV�DJDLQVW�HYHU�FKDQJLQJ�ORDGV��$FWLYH�GDPSHUV�DUH�PRUH�

HIILFLHQW� WKDQ� SDVVLYH� GDPSHUV� GXH� WR� LQVWDQW� UHVSRQVH� PRWLRQV�� KRZHYHU��

SDVVLYH� V\VWHPV� DUH� PRUH� FRPPRQ� ZRUOGZLGH� GXH� WR WKHLU� HFRQRP\� DQG�

UHOLDELOLW\� �$OL� 	� 0RRQ�� ������ $� FRVW� EHQHILW� DQDO\VLV� VKRZHG� WKDW� LW� LV�

SRVVLEOH� WR� VDYH� �����������������ZLWK� D�7XQHG� 6ORVKLQJ�'DPSHUV� �76'�

V\VWHP��,UZLQ�HW�DO�� ������



��

7KURXJK�ZLQG�WXQQHO�WHVWLQJ��RQH�FDQ�JHW WKH�ZLQG�IRUFHV�RQ�EXLOGLQJ�IDFDGH�DFFXUDWHO\�

DQG� FDQ� UHGXFH WKH GHVLJQ�ZLQG� ORDGV� E\�PDNLQJ�PRGLILFDWLRQV� LQ� EXLOGLQJ� VKDSH��

:LQG� WXQQHO� WHVWV� DUH� DOVR� QHFHVVDU\� WR� REWDLQ� WKH� GHVLJQ� ZLQG� ORDGV� IRU� XQXVXDO�

EXLOGLQJ� VKDSHV�RU� ORFDWLRQV�ZKHQ� VWDQGDUGV� DQG EXLOGLQJ� FRGHV� DUH�QRW� DSSOLFDEOH

�0HQGLV�HW�DO���������

�������� )ORRU�3ODQ�&RQILJXUDWLRQV

)ORRU� SODQ� FRQILJXUDWLRQV� DUH� LPSRUWDQW� EHFDXVH� RI� WKHLU� LPSDFW� RQ� VWUXFWXUDO�

HIILFLHQF\�DQG�OHDVDEOH�DUHD��6TXDUH�IORRU�SODQ�LV�WKH�PRVW�FRPPRQ�SODQH�VKDSH��VLQFH�

LW� RIIHUV� VDPH� VWLIIQHVV� LQ� ERWK� GLUHFWLRQV� DJDLQVW� ODWHUDO� ORDGV�� �.LP�	�(OQLPHLUL�

����� �6HY�	�g]JHQ������� �+R�������

)LJXUH�������5HODWLYH�EHQGLQJ�VWLIIQHVV�RI�GLIIHUHQW�IORRU�SODQ�VKDSHV �6RXUFH��=KRX�HW�DO��������



��

,Q�RUGHU�WR�FRPSDUH�WKH�LPSDFWV�RI�WKH�SODQ�VKDSHV�RQ�VWUXFWXUDO�V\VWHP� =KRX�HW�DO��

������ GHVLJQHG WULDQJOH��VTXDUH��KH[DJRQ��RFWDJRQ�DQG�FLUFOH�VKDSH�SODQHV�ZLWK�HTXDO�

SODQ�DUHD�DQG�VHFWLRQ�DUHD�RI�YHUWLFDO�PHPEHUV� DQG WKH�YHUWLFDO�PHPEHUV DUH�DUUDQJHG�

XQLIRUPO\�LQ�HDFK�RI�WKH�SRO\JRQ�FRUQHUV��)LJXUH���������5HVXOWV�VKRZ�WKDW�IORRU�SODQ�

LQ� WULDQJXODU�VKDSH�KDV�WKH�PD[LPXP�EHQGLQJ�VWLIIQHVV��6LQFH�WKH�EHQGLQJ�VWLIIQHVV�

GHFUHDVHV�DV QXPEHU�RI�HGJHV�LQFUHDVHV� WKH�SODQH�EHQGLQJ�VWLIIQHVV� LV�PLQLPXP LQ�

FLUFXODU�SODQH�

=KRX�HW�DO�������� DOVR�H[DPLQHG�WKH�LPSDFWV�RI�WKH�FROXPQ�VL]H�DQG�RULHQWDWLRQ�LQ�

IORRU�SODQV��7RWDO�DUHD�RI�IORRUV�DQG�YHUWLFDO�PHPEHUV�DUH�DVVXPHG�DV�HTXDO��$FFRUGLQJ�

WR�WKLV�DVVXPSWLRQ� WKH�UHVXOWV�VKRZHG�WKDW�ZKHQ�YHUWLFDO�PHPEHUV�DUH�SODFHG�LQ�IRXU�

FRUQHUV� RI� D� VTXDUH�� WKH� EHQGLQJ� VWLIIQHVV� JHWV PD[LPXP��+RZHYHU� LI� WKH� YHUWLFDO�

PHPEHUV�DUH�SODFHG�LQ�WKH�PLGGOH�RI�WKH�HGJHV�RI�D�VTXDUH��ODWHUDO�VWLIIQHVV�GHFUHDVHV�

WR���� �)LJXUH���������

)LJXUH�������5HODWLYH�EHQGLQJ�VWLIIQHVV�RI�GLIIHUHQW�YHUWLFDO�PHPEHUV �6RXUFH��=KRX�HW�DO��������



��

�������� )ORRU�7\SH

6LQFH�WKHUH�DUH�PDQ\�VWRUH\V�LQ�D�WDOO�EXLOGLQJ��IORRU�W\SH�KDV�D�JUHDW�LPSDFW�RQ�FRVW��

EXLOGLQJ�KHLJKW�DQG�IORRU�WR�IORRU�KHLJKW��

)ODW�SODWH�VODE�V\VWHPV�PD[LPL]H�WKH�QHW�IORRU�KHLJKW�ZKLFK�LV�D�PDMRU�DUFKLWHFWXUDO�

DGYDQWDJH�RI�WKLV�V\VWHP��)URP�VWUXFWXUDO�SRLQW�RI�YLHZ��WKHVH�V\VWHPV�DUH�LQVXIILFLHQW�

FRPSDUHG� WR� ULJLG� IUDPHV�� VLQFH� WKH\� FDQQRW� SURYLGH� HQRXJK� GHSWK� IRU� EHDPV��

$OWKRXJK�VKHDU�ZDOOV�DGGHG�WR�WKH�IODW�SODWH�VODE�V\VWHP�FDQ�LQFUHDVH�WKH�UHVLVWDQFH�

DJDLQVW� ODWHUDO� ORDGV�� WKHVH� V\VWHPV� LV� VXLWDEOH�XS� WR����VWRUH\V IURP�VWUXFWXUDO�DQG�

HFRQRPLF�SRLQW�RI�YLHZ��*�QHO�	�,OJÕQ��������

=KDR�HW�DO� �������FODLP�WKDW�ZLGHO\�XVHG�IORRU�V\VWHPV�DPRQJ�WKH�WDOO�EXLOGLQJV�DUH�

UHLQIRUFHG�FRQFUHWH� DQG� VWHHO�EHDP� FRPSRVLWH� IORRU� V\VWHPV�� 7KH� VODE� RI� WKH�

FRPSRVLWH�IORRU�V\VWHPV�FDQ�EH�GLYLGHG�LQWR�WKUHH�DV�WKH�RSHQ�WURXJK�SURILOHG�GHFN�

V\VWHP��WKH�IODW�SURILOHG�GHFN�V\VWHP�DQG�WKH�VWHHO�EDU�WUXVV�GHFN�V\VWHP��7KH�RSHQ�

WURXJK� SURILOHG� GHFN� V\VWHP� LV� OLJKWZHLJKW�� FRVWV� OHVV�� DQG� EXLOGV� HDVLO\�� 7KH� IODW�

SURILOHG�GHFN�IORRU�V\VWHP�LV�WKLQQHU�DQG�KDV�EHWWHU�ILUH�UHVLVWDQFH�SHUIRUPDQFH��7KH�

VWHHO�EDU� WUXVV� GHFN� FRPSRVLWH� IORRU� V\VWHP� LV� RIWHQ� XVHG� LQ� DUHDV� ZLWK� FRPSOH[�

VWUHVVHV�VXFK�DV�LQ�PHFKDQLFDO�IORRUV��%XW�LWV�FRQVWUXFWLRQ�LV�PRUH�FRPSOLFDWHG��DQG�LW�

FRVWV�KLJKHU��

7KH�ZHLJKW�RI�WKH�IORRU�V\VWHP�LV�DERXW�������� RI�WKH�WRWDO�ZHLJKW� LQ�UHLQIRUFHG�

FRQFUHWH�WDOO�EXLOGLQJV��DQG�WRWDO�FRVW�RI�IORRU�V\VWHP�LV�DERXW�������� RI WKH RYHUDOO�

FRVW��,W�LV�SRVVLEOH�WR�GHFUHDVH�WKH�IORRU�ZHLJKW�E\�XVLQJ�VWHHO�FRPSRVLWH�IORRU�V\VWHP��

OLJKWZHLJKW� FRQFUHWH� IORRU� RU� OLJKWZHLJKW� SDUWLWLRQ�ZDOOV�� 2Q� WKH� RWKHU� KDQG�� IORRU�

WKLFNQHVV�DIIHFWV�WKH�VWLIIQHVV�DQG�UHVLVWDQFH�DJDLQVW�ODWHUDO�ORDGV�GLUHFWO\��,Q�D�VHLVPLF�

UHJLRQ��WKH�ZHLJKW�RI�WKH�EXLOGLQJ�VKRXOG�EH�GHFUHDVHG�LQ�RUGHU�WR�UHGXFH�WKH�VHLVPLF�

DFWLRQ�RI�WKH�VWUXFWXUH��=KDR HW�DO���������



��

�������� /RFDWLRQ

/RFDWLRQ�KDV�UHPDUNDEOH�LPSDFWV�RQ�FRVW��DQG�LW DIIHFWV QRW�RQO\�WKH�VWUXFWXUDO�PDWHULDO�

SUHIHUHQFHV�GXH�WR�ORFDO�ODERU�DQG�DYDLODELOLW\�RI�WKH�PDWHULDO��EXW�DOVR�WKH�VWUXFWXUDO�

V\VWHP�GXH�WR�SK\VLFDO�VLWH�FRQGLWLRQV�VXFK�DV�ZLQG�ORDG DQG�VRLO�W\SH��

/RFDWLRQ�LV�GHWHUPLQDQW�RQ�VWUXFWXUDO�V\VWHP��VLQFH�UHJXODWLRQV�DQG�EXLOGLQJ�FRGHV�IRU�

VWUXFWXUDO� V\VWHPV� DUH� GLIIHUHQW� DFFRUGLQJ� WR� FRXQWULHV� DV� LW� VHHQ� LQ� 7DEOH� �����

(VSHFLDOO\��&KLQD�FRGH�UHTXLUHV�EHWWHU�VWUXFWXUDO�UHVSRQVH�UDWKHU�WKDQ�RWKHU�FRXQWULHV��

7DEOH������'ULIW�OLPLWDWLRQV�DFFRUGLQJ�WR�FRXQWULHV��6RXUFH��&KRL��������

2YHUDOO�%XLOGLQJ�'ULIW��QR�3�'HOWD

86�'XEDL ���� ���\HDU�ZLQG +�������± +������

.RUHD ���� ����\HDU�ZLQG +������

,QWHU�VWRU\�:LQG�'ULIW��QR�3�'HOWD

86�'XEDL ���� ���\HDU�ZLQG +������

.RUHD ���� ����\HDU�ZLQG +������

&KLQD ����\HDU +�������± + ������'HSHQGV�RQ�+

.DLKDL�DQG <D\RQJ������� VWDWH�WKDW�JURXQG�PRWLRQ�IRU�VHLVPLF�GHVLJQ�DQG�VLWH�FODVV�

DFFHSWDQFHV�DUH�GLIIHUHQW�IRU�&KLQD��$PHULFDQ�DQG�(XURSH�FRGHV��7KH�SUREDELOLW\�OHYHO�

RI� IRUWLILFDWLRQ�HDUWKTXDNH� LV� QRW� VDPH�DV�ZHOO�� 6HLVPLF�GHVLJQ� IRUFHV� VSHFLILHG�E\�

&KLQHVH�UHVSRQVH�VSHFWUXP�LV�ODUJHU�WKDQ�WKH�86�DW�WKH�VDPH�VHLVPLF�KD]DUG�OHYHO��DQG�

PRUH�ULJRURXV�LQWHU�VWRUH\�GULIW�LV�FRPSXOVRU\�LQ�&KLQHVH�FRGH�DV�VWDWHG LQ�/X�HW�DO�

�������0RVW�RI�WKH�WLPH��WKHVH�WZR�DVSHFWV� OHDG WR D UHTXLUHPHQW�IRU�D�GXDO�V\VWHP�

ZKLFK�FRQWDLQV�D�FRUH�DQG DQ H[WHULRU�IUDPLQJ�DV�LW�FDQ�EH�VHHQ�LQ�H[LVWLQJ�EXLOGLQJV�

LQ�&KLQD�

2FFDVLRQDOO\��XQH[SHFWHG�SUREOHPV�FDQ�RFFXU�EHFDXVH�RI�WKH�RWKHU�EXLOGLQJV�DURXQG��

VXFK�DV�OLPLWDWLRQ�RI�IRXQGDWLRQ��RYHU�UHIOHFWLRQ�FDXVHG�E\�IDFDGHV�DQG�PLFURFOLPDWHV��

'XH�WR�IDFW�WKDW�H[LVWLQJ�WDOO�EXLOGLQJV�FDQ�FKDQJH�WKH�EHKDYLRU�RI�ZLQGV��LW�PXVW�EH�

FRQVLGHUHG�EHIRUH�GHVLJQ�VWDJHV�



��

���� /H[LQJWRQ� $YHQXH� KDG� D� GLIIHUHQW� VLWXDWLRQ� ZKLFK� UHVXOWHG� LQ� FKDQJLQJ� WKH�

RULHQWDWLRQ�RI� WKH�VWUXFWXUDO�PHPEHUV��)LJXUH���������7KLV�EXLOGLQJ�ULVHV�RQ���PHJD�

FROXPQV�LQ�WKH�JURXQG�OHYHO��DQG�WKHVH�IRXU�PHJD�OHJV�ZHUH�GHVLJQHG�RQ�WKH�FRUQHU�RI�

WKH�VTXDUH�SODQ�LQ�WKH�EHJLQQLQJ��+RZHYHU��WKHUH�ZDV�D�FKXUFK�LQ�WKH�ODQG��DQG�RQH�RI�

WKH�PHJD�FROXPQV�ZDV�VXSSRVHG�WR�ULVH�DERYH�WKDW�FKXUFK��7KHUHIRUH��RULHQWDWLRQ�RI�

FROXPQV�KDG�EHHQ�FKDQJHG��DQG�FROXPQV KDYH�EXLOW�LQ�WKH�PLGSRLQW RI�HDFK�HGJH�RI�

WKH�VTXDUH��

)LJXUH������ ����/H[LQJWRQ�$YHQXH��6RXUFH��*REHW]�:��ZZZ�IOLFNU�FRP�

��������� /HDVDEOH�6SDQ

/HDVDEOH� VSDQ� LV� WKH� GLVWDQFH� EHWZHHQ� FRUH� DQG� EXLOGLQJ� HQYHORSH�� DQG� VSDFH�

HIILFLHQF\�VLPSO\�GHVFULEHV�DV�WKH�UDWLR�RI�1HW�)ORRU�$UHD��1)$��WR�*URVV�)ORRU�$UHD�

�*)$���6HY�	�g]JHQ���������6LQFH� WKHUH�DUH�VR�PDQ\�SDUDPHWHUV�ZKLFK�DIIHFW� WKH�

VSDFH�HIILFLHQF\��OHDVDEOH�VSDQ�LV�D�FRQFHUQ�IRU�HDFK�SKDVH�RI�WKH�FRQVWUXFWLRQ��

%XLOGLQJ� IXQFWLRQ� GLUHFWO\� DIIHFWV� WKH� OHDVDEOH� VSDQ�� ,W� LV� HDV\� WR� GHVLJQ� D� VLQJOH�

IXQFWLRQ� EXLOGLQJ� UDWKHU� WKDQ� PL[HG�XVH� EXLOGLQJ� GXH� WR� VHUYLFHDELOLW\�� :KHQ� WKH�

EXLOGLQJ�KDV�D�VLQJOH�IXQFWLRQ��VHUYLFH�UHTXLUHPHQW�DQG�WKH�FRUH�DUHD�GHFUHDVH��0XOWL�

IXQFWLRQ�EXLOGLQJV�GHVLUH�VHSDUDWH�HQWUDQFHV��HOHYDWRUV��SDUNLQJ�VSRWV��0(3�VROXWLRQV��

WKXV��FRUH�DUHD�HQODUJHV��



��

1RQ�SULVPDWLF�EXLOGLQJ�VKDSHV�VXFK�DV�WZLVWHG��WLOWHG��WDSHUHG�RU�IUHH�IRUP�GHFUHDVH�

WKH�OHDVDEOH�VSDQ�GXH�WR�LUUHJXODU�IORRU�SODQV��

7KHUH�LV�D�GLIIHUHQW FRQVLGHUDWLRQ�RWKHU�WKDQ�VWUXFWXUDO�FRQFHUQV��7KH�UHJXODWLRQV�RQ�

QDWXUDO�OLJKW�SHQHWUDWLRQ�VKRUWHQ WKH�OHDVH�VSDQV�LQ�WDOO�EXLOGLQJV��HVSHFLDOO\�LQ�(XURSH��

)RU�LQVWDQFH� WKH�DOORZDEOH�GHSWK�LQ�*HUPDQ\�LV�GLIIHUHQW�WKDQ�WKDW�LQ�86$�ZKLFK�LV�

��P��DQG�VPDOOHU�OHDVDEOH�VSDQV�DOORZ�WR�RFFXSDQWV�WR�EHQHILW�IURP�WKH�QDWXUDO�OLJKWLQJ�

PRUH��-DSSVHQ�������DV�FLWHG�LQ�.R�HW�DO�����������³$FFRUGLQJ�WR�$OL�DQG�$UPVWURQJ�

������� WKH�GHSWK�RI� OHDVH� VSDQ�PXVW�EH EHWZHHQ���P�DQG���P�IRU�RIILFH� IXQFWLRQ��

H[FHSW�ZKHUH�YHU\�ODUJH VLQJOH�WHQDQW�JURXSV�DUH�WR�EH�DFFRPPRGDWHG´��6HY�	�g]JHQ��

������

$OWKRXJK� OHDVDEOH� VSDQ� GHSHQGV� RQ GLIIHUHQW� FRQVLGHUDWLRQV�� LW� FDQ� EH EDVLFDOO\

LQFUHDVHG�E\�UHGXFLQJ�WKH�FRUH�DUHD�ZLWKLQ�DFFHSWDEOH�OLPLWV��7KH�VHUYLFH�FRUH�RI�D�WDOO�

EXLOGLQJ�LV�DERXW�����WR�����RI�WKH�IORRU��,Q�RUGHU�WR LQFUHDVH�WKH�UHQWDEOH DUHD��WKH�

ZHE�VKHDU�ZDOOV�LQ�KLJKHU VWRUH\V FDQ�EH�RPLWWHG��RU�SDUWV�RI�WKH�ILQ�VKHDU�ZDOOV�FDQ�EH

UHSODFHG�E\�JUDYLW\�FROXPQV �6KD HW�DO���������

���� 6WXGLHV�RQ�6WUXFWXUDO�'HVLJQ�&RQVLGHUDWLRQV

,Q�WKH�VFRSH�RI�WKLV�VWXG\��GLIIHUHQW�VWUXFWXUDO�V\VWHPV�DUH H[DPLQHG LQ�WHUPV�RI�FRUH�

DQG�FROXPQ�UDWLR�E\�LQYHVWLJDWLQJ H[LVWLQJ�EXLOGLQJV�LQ�RUGHU�WR�ILQG�WKH�ORVV�RI�OHDVDEOH�

VSDQ�ZKLFK�LV�XVHG�IRU�VWUXFWXUDO�FRPSRQHQWV��,Q�WKLV�VHFWLRQ��SUHYLRXV VWXGLHV�EDVHG�

RQ�FDVH�VWXG\�PHWKRGRORJ\�DUH�UHYLHZHG�

6HY�DQG g]JHQ ������ LQYHVWLJDWHG�VSDFH�HIILFLHQF\�LQ�WDOO�EXLOGLQJV�E\�H[DPLQLQJ����

WDOO�EXLOGLQJV�ZLWK�D�KHLJKW�UDQJH�EHWZHHQ����P�� ���P�DURXQG�WKH�ZRUOG�DQG����WDOO�

EXLOGLQJV�ZLWK�D�KHLJKW�UDQJH�EHWZHHQ����P�± ���P�IURP�7XUNH\��$FFRUGLQJ�WR�WKDW�

VWXG\�� DOO� EXLOGLQJV� LQ�7XUNH\�PDGH�RI� FRQFUHWH�� VLQFH� WKH\�DUH�QRW� VR�KLJK��2WKHU�

VDPSOHV�DURXQG�WKH�ZRUOG�DUH�FRPSRVLWH�H[FHSW�&HQWUDO�3OD]D��6HY�DQG g]JHQ ������

FRPSDUHG�WKH�EXLOGLQJV�LQ�WHUPV�RI�*)$��1)$��FROXPQV�OD\RXW�DQG�IORRU�SODQ��7KH�



��

UHVXOWV�VKRZHG�WKDW��EXLOGLQJV�LQ�7XUNH\�DUH�QRW�DV�HIILFLHQW�DV�EXLOGLQJV�RXW�RI�7XUNH\�

LQ�WHUPV�RI�OHDVDEOH�DUHD��DOWKRXJK�WKHLU�DYHUDJH�KHLJKW�LV�DOPRVW�WKH�KDOI�RI�WKH�RWKHU�

VDPSOHV�JURXS���

+R� ������� FRPSDUHG� FRUH� ORFDWLRQ�� IORRU� KHLJKW�� VWUXFWXUDO� V\VWHP�� SODQ� VKDSH� DQG�

EXLOGLQJ�IRUP�RI�WKH�$VLD�3DFLILF¶V����WDOOHVW�EXLOGLQJV DFFRUGLQJ�WR�(PSRULV��$�JOREDO�

EXLOGLQJ� LQIRUPDWLRQ� SURYLGHU�� GDWDEDVH�� 7KH� DXWKRU� VWDWHV� WKDW� WKH�PRVW� FRPPRQ�

VWUXFWXUDO�V\VWHP�LV�RXWULJJHUHG�IUDPH�ZLWK�PHJD�FROXPQV�DQG�WXEH�LQ�WXEH�VWUXFWXUHV��

7DSHUHG�EXLOGLQJ�JHRPHWU\�DQG�FHQWUDO�FRUH�LV�FRPPRQO\�XVHG�DPRQJ�WKH�VDPSOHV��

DQG�WKH�FRPPRQ�OHDVH�VSDQ�LV�GHILQHG�DV�DSSUR[LPDWHO\����P��

.LP�DQG (OQLPHLUL������� DQDO\]HG����PXOWL�IXQFWLRQ�EXLOGLQJV�LQ�WHUPV�RI�IXQFWLRQ�

GLVWULEXWLRQ��HOHYDWRU�GLVWULEXWLRQ�ZLWK�UHVSHFW WR�IXQFWLRQ�DQG�VWUXFWXUDO�V\VWHP��7KH�

DXWKRUV�VWDWH�WKDW�LQ�EXLOGLQJV�ZLWK�VLQJOH�IXQFWLRQ� VSDFH�HIILFLHQF\�FDQ EH�KLJKHU��DQG�

VSHFLDO�IHDWXUHV�DW�WKH�WRS�RI�WKH�EXLOGLQJV�VXFK�DV�VN\�GHFN�PD\�GHFUHDVH�WKH�VSDFH�

HIILFLHQF\�

0DUWLQ ������ H[DPLQHG�WKH�DGYDQFHV�LQ�DQDO\VLV�WHFKQLTXHV��VWUXFWXUDO�V\VWHPV�DQG�

FRQFUHWH�WHFKQRORJ\�E\�FRPSDULQJ���GLIIHUHQW�EXLOGLQJV�WKDW�DUH�PDGH�RI�UHLQIRUFHG�

FRQFUHWH�ZLWK�KHLJKWV�UDQJLQJ�EHWZHHQ���P�� ���P�E\��'�FRPSXWHU�PRGHOOLQJ��0DUWLQ

������ PRQLWRUHG�DQG�GLVFXVVHG�WKH�VZD\�DQG�VKRUWHQLQJ�UHVXOWV�RI�HDFK�VDPSOH�

,OJÕQ� ������� LQYHVWLJDWHG� ��� WDOO� EXLOGLQJV� LQ� WHUPV� RI� VWUXFWXUDO� V\VWHP� GHFLVLRQ��

VWUXFWXUDO� PDWHULDO�� EXLOGLQJ� IXQFWLRQ� DQG� FRUH� FRQILJXUDWLRQ�� $OWKRXJK� WKH� DXWKRU�

SUHVHQWHG�WKH�WUHQG�DPRQJ�WKRVH�VDPSOHV�VWDWLVWLFDOO\��D�FRPSDULVRQ�EHWZHHQ�GLIIHUHQW�

VWUXFWXUDO�V\VWHPV�ZLWK�UHVSHFW�WR�VWUXFWXUDO�FRPSRQHQWV�LV�QRW�JLYHQ�LQ�KLV�VWXG\���

,Q�WKLV�VWXG\������VDPSOHV�DUH�JDWKHUHG�DURXQG�WKH�ZRUOG�DQG����RI�ZKLFK�DUH�DQDO\]HG�

&RUH�DQG�FROXPQ�UDWLR�IRU�HDFK�VDPSOH� LV�FDOFXODWHG�DQG�FRPSDUHG�ZLWK� UHVSHFW� WR�

GLIIHUHQW�VWUXFWXUDO�V\VWHPV�FRQVLGHULQJ�UHJLRQ��VWUXFWXUDO�PDWHULDO�DQG�IXQFWLRQ�RI�WKH�

EXLOGLQJ� 1)$� LV� LQYHVWLJDWHG� DV�ZHOO� LQ� RUGHU� WR� FRPSDUH� WKH� VSDFH� HIILFLHQF\� RI�

GLIIHUHQW�VWUXFWXUDO�V\VWHPV��



��

���� &ULWLFDO�5HYLHZ�RI�WKH�/LWHUDWXUH

7KH�OLWHUDWXUH�UHYLHZ�VKRZHG�WKDW� DQ�HIILFLHQW�VWUXFWXUDO�V\VWHP�UHGXFHV WKH�RYHUDOO�

FRVW�DQG� OHDVDEOH�GHSWK�KDV�DQ�HQRUPRXV�LPSDFW�RQ�GHVLJQ�VWUDWHJ\�RI�WKH�EXLOGLQJV�

6WUXFWXUDO�GHVLJQ�FRQVLGHUDWLRQV�RI�WDOO�EXLOGLQJV�DUH�H[DPLQHG�LQ�RUGHU�WR�VSHFLI\�WKH�

PRVW�LPSRUWDQW�SDUDPHWHUV��$FFRUGLQJ�WR�OLWHUDWXUH�UHYLHZ��ORFDWLRQ��EXLOGLQJ�IXQFWLRQ�

DQG� VWUXFWXUDO� PDWHULDO� DUH� GHILQHG� DV� WKH� SDUDPHWHUV� ZKLFK� DUH� GHWHUPLQDQW� RQ�

VWUXFWXUDO� V\VWHPV�� (DFK� SDUDPHWHU� LV�PHQWLRQHG� EULHIO\� WR� KLJKOLJKW� WKH� LPSRUWDQW�

SRLQWV�DV�IROORZV�

6WUXFWXUDO�PDWHULDO�SUHIHUHQFHV�JHQHUDOO\�EDVHG�RQ�ORFDO�ODERU�DQG�PDWHULDO�VRXUFHV��

&RQFUHWH�LV�PRUH�FRPSDUDEOH�WR�VWHHO�QRZ�EHFDXVH�RI�WKH�QHZ�SXPSLQJ�WHFKQRORJLHV�

DQG�KLJK�VWUHQJWK�FRQFUHWH�LQQRYDWLRQV��6LQFH�FRQFUHWH�HOHPHQWV�WHQG�WR�KDYH�ODUJHU�

PDVV��FRQFUHWH�VWUXFWXUHV�SURYLGH�PRUH�LQKHUHQW�GDPSLQJ��$V�D�UHVXOW��FRPSRVLWH�LV�D�

JUHDW� VROXWLRQ� ZKLFK� LQFOXGHV� ERWK� DGYDQWDJHV� RI� FRQFUHWH� DQG� VWHHO�� 6WHHO� DQG�

FRPSRVLWH�IUDPH�FDQ�LQFUHDVH�WKH�OHDVH�VSDQ�VLQFH�WKHLU�FURVV�VHFWLRQDO�DUHD�LV�VPDOOHU��

+RZHYHU�� WKH�DYHUDJH�RU�DSSUR[LPDWH�FRUH�DQG�FROXPQ�DUHD�IRU�GLIIHUHQW� VWUXFWXUDO�

PDWHULDOV�KDYH�QRW�EHHQ�VSHFLILHG��)RU�LQVWDQFH�6KD HW�DO� ������ FODLP�WKDW�DYHUDJH�

FRUH� UDWLR� LV� EHWZHHQ� �������� KRZHYHU� WKH� LPSDFW� RI� WKH� VWUXFWXUDO�PDWHULDO� RU�

VWUXFWXUDO�V\VWHPV�RQ�WKLV�UDWLR�KDV�QRW�EHHQ�GLVFXVVHG��,Q�WKLV VWXG\��LW�LV�DLPHG�WKDW WR

VSHFLI\�WKH�DYHUDJH�FROXPQ�DQG�FRUH�UDWLR�IRU�GLIIHUHQW�VWUXFWXUDO�PDWHULDOV�

%XLOGLQJ� IXQFWLRQ� LV� DOVR� LPSRUWDQW� IRU� VWUXFWXUDO�GHVLJQ��5HVLGHQWLDO EXLOGLQJV DQG�

KRWHOV DOORZ VPDOO�FROXPQ�VSDFHV�DQG�GLYLGHG�DUHDV��LQ�FRQWUDVW��ODUJHU�VSDQV�DUH�LQ�

GHPDQG� IRU� RIILFH� IXQFWLRQ�� 6LQJOH� IXQFWLRQ� EXLOGLQJV� PD\� SURYLGH� KLJKHU� VSDFH�

HIILFLHQF\�DFFRUGLQJ�WR�WKH�OLWHUDWXUH�UHYLHZ��7KLV�VWXG\�DLPV�WR�SURYLGH�WKH�DYHUDJH�

QHW� IORRU� DUHD� DQG� OHDVDEOH� VSDQ� IRU� ERWK� VLQJOH� DQG� PXOWL�IXQFWLRQ� EXLOGLQJV� E\�

H[DPLQLQJ�H[LVWLQJ�EXLOGLQJV��

/RFDWLRQ�KDV�DQ�LPSDFW�RQ�WKH�VWUXFWXUDO�V\VWHP��(DFK�ORFDWLRQ�KDV�LWV�RZQ�FOLPDWH��

VRLO� DQG�JURXQG�FRQGLWLRQV�� DQG�ZLQG� ORDGV�GHSHQG�RQ� ORFDWLRQ��)XUWKHUPRUH��HDFK�

FRXQWU\� KDV� LWV� RZQ� UHJXODWLRQV� DQG� OLPLWDWLRQV� DERXW� FRQVWUXFWLRQV�� )RU� LQVWDQFH��



��

&KLQD�FRGH�UHTXLUHV�KLJKHU�VWUXFWXUDO�SHUIRUPDQFH�DW�WKH�VDPH�KD]DUG�OHYHO�FRPSDUHG�

WR�86�&RGH��,Q�WKLV�VWXG\��VDPSOHV�DUH�FODVVLILHG�EDVHG�RQ�WKHLU�UHJLRQV�DQG�FRPSDUHG�

WR�HDFK�RWKHU�ZLWK�UHVSHFW�WR�VWUXFWXUDO�FRPSRQHQWV��7KH�LPSDFW�RI�WKH�ORFDWLRQ�RQ�WKH�

IRRWSULQW� RI� WKH� VWUXFWXUDO� FRPSRQHQWV� DUH� LQYHVWLJDWHG�� DQG� WKH� DYHUDJH� FRUH� DQG�

FROXPQ�UDWLR�IRU�GLIIHUHQW�UHJLRQV�DUH�VSHFLILHG��

$Q�HQODUJHG�FRUH� DUHD�ZKLFK LQFUHDVHV VWUXFWXUDO� HIILFLHQF\� GHFUHDVHV� WKH� OHDVDEOH�

VSDQ� 7KHUHIRUH��QHW�OHDVDEOH�DUHD�LV�GLUHFWO\�UHODWHG�ZLWK�WKH�VWUXFWXUDO�FRPSRQHQWV��

,QWHULRU� VWUXFWXUHV�PD\� GHFUHDVH� WKH� VSDFH� HIILFLHQF\�� VLQFH� WKHVH� V\VWHPV� UHTXLUHV�

VWURQJ�FRUHV RU�WUXVVHV��7KH�LPSDFWV�RI�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�RQ�OHDVDEOH�DUHD�

DUH�LQYHVWLJDWHG�LQ�WKH�VFRSH�RI�WKLV�VWXG\��

6WUXFWXUDO�V\VWHPV�DUH�FRPSDUHG�VR�PDQ\�WLPHV�E\�FRQVLGHULQJ�GLIIHUHQW�SDUDPHWHUV�

�$OL�	�0RRQ��������=KRX�HW�DO�� ������0RRQ���������,Q�WKLV�VWXG\��WKH�IRRWSULQWV�RI�

VWUXFWXUDO�FRPSRQHQWV�DUH�LQYHVWLJDWHG�ZLWK�UHVSHFW�WR�VWUXFWXUDO�V\VWHPV��DQG�DYHUDJH�

FRUH�DQG�FROXPQ�DUHD�DUH�VSHFLILHG�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV��





��

&+$37(5��

�� 0$7(5,$/6�$1'�0(7+2'6

7KH�DLP�RI�WKLV�VWXG\�LV�WR�SUHVHQW�WKH�VWDWLVWLFDO�DQDO\VLV�UHVXOWV�RI�WDOO�EXLOGLQJV�LQ�

WHUPV�RI�VWUXFWXUDO�FRPSRQHQWV�LQ�RUGHU�WR�SURYLGH�D�SUHOLPLQDU\�NQRZOHGJH�IRU�HDUO\�

GHVLJQV�DQG�HVWLPDWLRQV��)RU�WKLV�SXUSRVH��DQ�H[WHQVLYH�GDWDEDVH�LV�SUHSDUHG��DQG����

WDOO EXLOGLQJV�DUH�LQYHVWLJDWHG�

,Q WKH PDWHULDOV�VHFWLRQ��GHWHUPLQDWLRQ�RI�VDPSOHV��UHTXLUHG�SDUDPHWHUV�IRU�DQDO\VHV��

DQG� VRIWZDUH� XVHG� DUH� H[SUHVVHG ZKLOH� LQ� PHWKRGRORJ\� VHFWLRQ� JDWKHULQJ� GDWD�

DQDO\VLV�VWDJHV�DQG�HYROXWLRQ�RI�WKH�VDPSOH�JURXS DUH�H[SODLQHG�VWHS�E\�VWHS�

���� 5HVHDUFK�0DWHULDO

$OO�EXLOGLQJV�DUH�VHOHFWHG�IURP�7KH�6N\VFUDSHU�&HQWHU�ZKLFK�LV�JOREDO� WDOO�EXLOGLQJ�

GDWDEDVH�RI�WKH�&7%8+��DQG�WKH�KHLJKW RI�WKH�EXLOGLQJV�LV�EHWZHHQ���� P�DQG�����

P��6LQFH WKHUH�LV�D�KDUGQHVV�LQ�GDWD�FROOHFWLRQ�EHFDXVH�RI�WKH�VHFXULW\�LVVXHV��WKH�PDLQ�

GHWHUPLQDQW�IDFWRU�IRU�WKH�VDPSOH VHOHFWLRQ LV�WKH�DYDLODELOLW\�RI�WKH�GDWD��

,Q� WKLV� UHVHDUFK�� GDWD� RQ� ��� WDOO� EXLOGLQJV� DUH� REWDLQHG�� �� RI� ZKLFK DUH� ³8QGHU�

&RQVWUXFWLRQ´�����RI�ZKLFK�DUH ³$UFKLWHFWXUDOO\�7RSSHG�2XW´� ��RI�ZKLFK DUH�³2Q�

+ROG´ DQG���� RI�ZKLFK�³&RPSOHWHG´ DFFRUGLQJ�WR�-DQXDU\����� &7%8+ GDWDEDVH��

������ 5HTXLUHG�3DUDPHWHUV�IRU�WKH�$QDO\VHV

6LQFH�WKH�DLP�RI�WKLV�UHVHDUFK�LV�WR�LQYHVWLJDWH�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�LQ�WHUPV�RI�

IRRWSULQWV�RI�VWUXFWXUDO�FRPSRQHQWV��VHYHUDO�EXLOGLQJ�GDWD�VXFK�DV�IORRU�VL]H��FROXPQ�

GLPHQVLRQV��FRUH�VL]H�DUH�UHTXLUHG�IRU�HDFK�VDPSOH�LQ�RUGHU�WR�DQDO\]H�



��

6RPH�GDWD�RQ�VDPSOHV�VXFK�DV�IORRU�SODWH�VL]H��IXQFWLRQ��ORFDWLRQ�LV�QHHGHG�LQ�RUGHU�WR�

DQDO\]H�WKH�VDPSOHV��DQG�HDFK�UHTXLUHG�LQIRUPDWLRQ�IRU�WKH�VDPSOHV�LV�GHVFULEHG�DV�DQ�

LQGLYLGXDO�µSDUDPHWHU¶�LQ�WKLV�VWXG\��7KHVH�SDUDPHWHUV�DUH�VSHFLILHG�DQG�GLYLGHG�LQWR�

WKUHH� JURXSV� DV� ³LGHQWLW\� SDUDPHWHUV´�� ³DUFKLWHFWXUDO SDUDPHWHUV´ DQG� ³VWUXFWXUDO

SDUDPHWHUV´�� ,GHQWLW\� SDUDPHWHUV� LQFOXGH� EDVLF� LQIRUPDWLRQ� DERXW� EXLOGLQJV� ZKLOH�

DUFKLWHFWXUDO SDUDPHWHUV� LQFOXGH� WKH� GDWD� RQ� EXLOGLQJ� KHLJKW� DQG� IORRU� SODWH� VL]H��

/DVWO\��VWUXFWXUDO SDUDPHWHUV�LQFOXGH�WKH�GDWD�RQ VWUXFWXUDO�V\VWHP �7DEOH�������

7DEOH������5HTXLUHG�SDUDPHWHUV�IRU�DQDO\VHV

$OO�LGHQWLW\�SDUDPHWHUV�DQG�VRPH�RI�WKH�DUFKLWHFWXUDO SDUDPHWHUV VXFK�DV�QXPEHU�RI�

VWRUH\�DQG�EXLOGLQJ�KHLJKW�DUH�WDNHQ IURP�&7%8+�GDWDEDVH��

)ORRU�SODQ RI� WKH�EXLOGLQJV LV� UHTXLUHG� LQ�RUGHU� WR�FDOFXODWH�VRPH�YDULDEOHV�VXFK�DV

IORRU�SODWH�DUHD� DVSHFW�UDWLR��OHDVDEOH�VSDQ��DQG�FRUH DQG�FROXPQ�UDWLR� 7KHVH SODQV�DUH�

VXSSOLHG�IURP�GLIIHUHQW�VRXUFHV��DQG�WKHVH�VRXUFHV�DUH JLYHQ�LQ�7DEOH������$OWKRXJK�

EXLOGLQJV�ZLWK�D�UHG�WULDQJOH�RQ�WKH�WRS�ULJKW�FRUQHU�LQ�WKH�FHOOV�KDYH�PRUH�WKDQ�RQH�

QDPH��RIILFLDO�QDPHV�DFFHSWHG�E\�7KH�6N\VFUDSHU�&HQWHU�DUH�JLYHQ�LQ�WKH�WDEOH��

,Q�WKLV�VHFWLRQ��SDUDPHWHUV�DUH�GHVFULEHG��DQG�WKH�LPSRUWDQW�SRLQWV�RI�WKHVH�SDUDPHWHUV�

DUH�KLJKOLJKWHG��

,GHQWLW\�3DUDPHWHUV

�<HDU�RI�&RPSOHWLRQ
�'HVLJQHUV
�/RFDWLRQ
�)XQFWLRQ

$UFKLWHFWXUDO�3DUDPHWHUV

�1XPEHU�RI�6WRUH\
�+HLJKW
�)ORRU�SODWH�6L]H
�)ORRU�3ODWH�$UHD
�/HDVDEOH�6SDQ
�$VSHFW�5DWLR

6WUXFWXUDO�3DUDPHWHUV

�6WUXFWXUDO�0DWHULDO
�6WUXFWXUDO�6\VWHPV
�6SHFLDO�)HDWXUHV
�&RUH�6L]H
�&RUH�$UHD
�&ROXPQ�6L]H
�&ROXPQ�$UHD
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7DEOH������/LVW�RI�UHIHUHQFHV�RI�WKH�EXLOGLQJV



��



��



��



��
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�������� 6WUXFWXUDO�6\VWHPV

*XQHO� DQG ,OJÕQ� ������� KDYH� SURYLGHG� D� VWUXFWXUDO� V\VWHP� FODVVLILFDWLRQ� IRU� WDOO�

EXLOGLQJV�H[FHSW�IRU�EXWWUHVVHG�FRUH�V\VWHP��ZKLFK�LV�UHODWLYHO\�QHZ��6LQFH %DNHU�DQG�

3DZOLNRZVNL��������FODVVLI\�%XUM�.KDOLID�DV�EXWWUHVVHG�FRUH��WKLV�V\VWHP�LV�LQFOXGHG�

WR� FODVVLILFDWLRQ� RI� *XQHO� DQG� ,OJÕQ� �������� ,Q� WKLV� VWXG\�� VWUXFWXUDO� V\VWHPV� DUH�

VSHFLILHG� DFFRUGLQJ� WR� WKH� FODVVLILFDWLRQ� JLYHQ� EHORZ� DQG� DFFHSWDQFHV� SURYLGHG�E\�

*�QHO�DQG�,OJÕQ��������

x 6KHDU�IUDPH�6\VWHP

R 6KHDU�7UXVVHG�)UDPH��%UDFHG�)UDPH��6\VWHP

R 6KHDU�:DOOHG�)UDPH�6\VWHP

x 0HJD�&ROXPQ��0HJD�)UDPH��6SDFH�7UXVV��6\VWHP

x 0HJD�&RUH�6\VWHP

x 2XWULJJHUHG�)UDPH�6\VWHP

x 7XEH�6\VWHP

R )UDPHG�WXEH�6\VWHP

R 7UXVVHG�WXEH�6\VWHP

R %XQGOHG�WXEH�6\VWHP

x %XWWUHVVHG�&RUH�V\VWHP�

6WUXFWXUDO� V\VWHPV� DUH� GHWHUPLQHG� EDVHG� RQ� WKH� LQIRUPDWLRQ�ZKLFK� DUH� WDNHQ� IURP�

ERRNV� MRXUQDO� SDSHUV�� FRQIHUHQFH� SURFHHGLQJV�� FRQIHUHQFH� YLGHRV�� DQG� WHFKQLFDO�

UHSRUWV��7KHVH�VRXUFHV�DUH�JLYHQ�LQ�7DEOH����� LQ�GHWDLO�

�������� 6WUXFWXUDO�0DWHULDO

&7%8+�GHILQHV� VWUXFWXUDO�PDWHULDOV� DV� VWHHO�� UHLQIRUFHG�FRQFUHWH��SUHFDVW�FRQFUHWH��

WLPEHU�� PL[HG�VWUXFWXUH� DQG� FRPSRVLWH�� DQG� FRQVLGHUV� QRW� RQO\� YHUWLFDO�ODWHUDO�

VWUXFWXUDO� HOHPHQWV�� EXW� DOVR� IORRU� VSDQQLQJ� V\VWHPV� ZKLOH� GHFLGLQJ� WKH� VWUXFWXUDO�

PDWHULDO��2Q�WKH�FRQWUDU\��*�QHO�DQG� ,OJÕQ��������GR�QRW� WDNH� WKH�PDWHULDO�RI�IORRU�
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VSDQQLQJ�V\VWHPV�LQWR�FRQVLGHUDWLRQ�ZKLOH�GHFLGLQJ WKH�PDWHULDO�RI�WKH�VWUXFWXUH��,Q�

WKLV�VWXG\��VKHDU�ZDOOV��FRUH�ZDOOV��FROXPQV��EHDPV��EUDFHV�DQG�RXWULJJHUV�DUH�DFFHSWHG�

DV�WKH�GHWHUPLQDQWV�RI�VWUXFWXUDO�PDWHULDO��VLPLODU�WR�*�QHO�DQG�,OJÕQ���������

7DOO� EXLOGLQJV� DUH� JHQHUDOO\� PDGH� RI� FRQFUHWH�� VWHHO� RU� FRPSRVLWH�� DQG� FRPSRVLWH�

VWUXFWXUHV�FDQ�EH�JHQHUDWHG�LQ�WZR�GLIIHUHQW�ZD\V�

x $�FRPSRVLWH�FRPSRQHQW�LQ�WKH�VWUXFWXUDO�V\VWHP��H�J��FRPSRVLWH�FROXPQV�

x $�FRPELQDWLRQ�RI�VWHHO�RU�FRQFUHWH�FRPSRQHQWV��H�J��VWHHO�FROXPQV���FRQFUHWH�

FRUH�

,Q�WKLV�VWXG\��LI�DOO�ORDG�EHDULQJ�V\VWHP�LV�FRQVWUXFWHG�ZLWK�WKH�VDPH�PDWHULDO��VWUXFWXUDO�

PDWHULDO� LV� VSHFLILHG� DFFRUGLQJ� WR� WKDW� VLQJOH� PDWHULDO�� +RZHYHU� LI� ORDG� EHDULQJ�

FRPSRQHQWV DUH FRQVWUXFWHG� ZLWK� PRUH� WKDQ� VLQJOH PDWHULDO� VWUXFWXUDO� PDWHULDO� LV�

DFFHSWHG DV�FRPSRVLWH�

�������� %XLOGLQJ�)XQFWLRQ

$FFRUGLQJ�WR�GDWD�RQ�IXQFWLRQ�RI�WKH�EXLOGLQJV ZKLFK�LV�WDNHQ�IURP�&7%8+��VDPSOHV�

KDYH� EHHQ� EXLOW� IRU� PL[HG�XVH�� RIILFH�� UHVLGHQWLDO� DQG� KRWHO� SXUSRVH PRVWO\��

1HYHUWKHOHVV��WKHUH�LV�RQH�EXLOGLQJ�FRQVWUXFWHG�IRU�HGXFDWLRQDO�SXUSRVH�LQ�WKH�VDPSOH�

JURXS�ZKLFK�LV�0RGH�*DNXHQ�&RFRRQ 7RZHU�LQ�7RN\R��-DSDQ�

�������� 1XPEHU�RI�6WRUH\

7KH�GDWD�RQ�QXPEHU�RI�VWRUH\�LV WDNHQ�IURP�&7%8+� DQG�LW�UHIHUV�WR�QXPEHU�RI�VWRUH\�

µDERYH¶ WKH�JURXQG��0HFKDQLFDO�SHQWKRXVHV�RU�SODQW�URRPV�DERYH�WKH�JHQHUDO�URRI�DUHD�

DUH�QRW�FRXQWHG DV�D�VWRUH\�DFFRUGLQJ�WR WKH &7%8+�KHLJKW�FULWHULD�



��

�������� +HLJKW RI�WKH�%XLOGLQJ

7KHUH�DUH� WKUHH�GLIIHUHQW�KHLJKW�FULWHULD�DFFRUGLQJ� WR�&7%8+�ZKLFK�DUH�µ+HLJKW� WR�

7LS¶��µ$UFKLWHFWXUDO�+HLJKW¶�DQG�µ2FFXSLHG�+HLJKW¶��&7%8+�GHVFULEHV�WKHVH�FULWHULD�

DV�IROORZV�

x +HLJKW� WR�7LS��7KH�KLJKHVW�SRLQW�RI� WKH�EXLOGLQJ�� LUUHVSHFWLYH�RI�PDWHULDO�RU�

IXQFWLRQ�RI�WKH�KLJKHVW�HOHPHQW�

x +HLJKW�WR�$UFKLWHFWXUDO�7RS��$UFKLWHFWXUDO�WRS�RI�WKH�EXLOGLQJ�ZKLFK�LQFOXGH�

VSLUHV� EXW� QRW� DQWHQQD�� VLJQDJH�� IODJSROHV� RU� RWKHU� IXQFWLRQDO�WHFKQLFDO�

HTXLSPHQW�

x +HLJKW� WR� +LJKHVW� 2FFXSLHG� )ORRU�� 7KH� ILQLVKHG� IORRU� OHYHO� RI� WKH� KLJKHVW�

RFFXSLDEOH�IORRU�ZLWKLQ�WKH�EXLOGLQJ �&7%8+��Q�G���

6LQFH�DUFKLWHFWXUDO�KHLJKW�LV�HPSOR\HG�WR�GHILQH�WKH�&7%8+�UDQNLQJV�RI�WKH�³:RUOG¶V�

7DOOHVW�%XLOGLQJV�´�KHLJKW�GDWD�LQ�WKLV�VWXG\�UHSUHVHQWV�µDUFKLWHFWXUDO�KHLJKW¶��)LJXUH�

������

)LJXUH����� &7%8+�KHLJKW�FULWHULD��:LOOLV�7RZHU��&KLFDJR��86$�6RXUFH��&7%8+��
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�������� )ORRU�3ODWH��&RUH DQG�&ROXPQ�6L]H�DQG�$UHD�

6L]H�RI�WKH�IORRU�SODWH��FRUH�DQG�FROXPQV DUH�GHWHUPLQHG DFFRUGLQJ�WR UHGUDZQ�IORRU�

SODQV�� 5HGUDZLQJ� SURFHVV� RI� WKHVH� SODQV� LV H[SODLQHG� LQ� 6HFWLRQ� ������� 3URFHVV� RI�

&ROOHFWLQJ�6DPSOH�

&RUH�UDWLR�LV�FDOFXODWHG�E\�GLYLGLQJ�WRWDO�FRUH�DUHD�E\�IORRU�SODWH�DUHD��2WKHU�VWUXFWXUDO�

FRPSRQHQWV� VXFK� DV� EUDFHV� DUH� FRQVLGHUHG� LQ� FROXPQ� DUHD�� DQG� FROXPQ� UDWLR� LV�

FDOFXODWHG�E\�GLYLGLQJ�WRWDO�FROXPQ�DUHD�E\�IORRU�SODWH�DUHD��,Q�WKLV�VWXG\��IORRU�SODWH�

DUHD�PHDQV�WKH�DUHD�RI�D�VLQJOH�VWRUH\�

�������� $VSHFW�5DWLR�

$VSHFW� UDWLR� LV� FDOFXODWHG� E\� GLYLGLQJ� WKH� DUFKLWHFWXUDO� KHLJKW� WR� QDUURZ� VWUXFWXUDO�

GHSWK�RI�WKH�EXLOGLQJ��$5��+�%���6WUXFWXUDO�GHSWK�LV�DFFHSWHG�WKH�ORQJHVW�VSDQ�EHWZHHQ�

WKH�RXWHU�HGJH�RI�FROXPQV��)LJXUH�������

)LJXUH����� 3LQJ�$Q�)LQDQFH�&HQWHU�IORRU�SODQ�DQG�HOHYDWLRQ

,Q�WKLV�VWXG\��DVSHFW�UDWLR�YDOXHV�RI�WKH�EXLOGLQJV�DUH�JHQHUDOO\�PRUH�WKDQ����+RZHYHU��

WKHUH� DUH� H[FHSWLRQDO� FDVHV� ZKHUH� WKH� DVSHFW� UDWLR� LV� OHVV� WKDQ� ��� $OWKRXJK� WKHVH�

EXLOGLQJV�DUH�QRW�VOHQGHU��WKH\�KDYH�LFRQLF�IRUPV�FRPSDUHG�WR�FRQYHQWLRQDO�EXLOGLQJV��
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2�����$5�����������VW�0DU\�$[H��$5��������DQG�$OGDU�+HDGTXDUWHUV��$5��������DUH�

VRPH�RI�WKRVH�EXLOGLQJV�ZKLFK�DUH�EXLOW�ZLWK�WUXVVHG�WXEH�VWUXFWXUDO�V\VWHP��)LJXUH�

������

)LJXUH����� �/HIW��2�����'XEDL����0LGGOH����VW�0DU\�$[H��/RQGRQ����5LJKW��$OGDU�+HDGTXDUWHUV�
�$EX�'KDEL���6RXUFH��&7%8+�

�������� 6SHFLDO�)HDWXUHV

'DPSHUV��ZLQG�VORWV��FRUQHU�PRGLILFDWLRQV��VHW�EDFNV��ZLQG�JDSV�DW�GLIIHUHQW�OHYHOV�RI�

EXLOGLQJV�� WDSHUHG� IRUP� DQG� ZLQG� WXUELQHV� DUH� LGHQWLILHG� DV� µVSHFLDO� IHDWXUHV�¶�

%XLOGLQJV� ZLWK� VSHFLDO� IHDWXUHV� DUH� SUHVHQWHG� EULHIO\� LQ� µ5HVXOWV� DQG 'LVFXVVLRQ¶�

FKDSWHU��

�������� /HDVDEOH�6SDQ DQG�1HW�)ORRU�$UHD��1)$�

/HDVDEOH� VSDQ� LV� WKH� GLVWDQFH� EHWZHHQ� FRUH� DQG� EXLOGLQJ� HQYHORSH�� DQG� LW� FDQ� EH�

FKDQJHDEOH�GXH� WR�VKDSH�RI� WKH�EXLOGLQJV��VR� WKH�ODUJHVW�GLVWDQFH�EHWZHHQ�FRUH�DQG�

EXLOGLQJ�HQYHORSH�LV�DFFHSWHG�DV�OHDVDEOH�VSDQ�LQ�WKLV�VWXG\��

1HW� IORRU� DUHD� LV� VSHFLILHG� DV� WKH� IORRU� SODWH� DUHD� ZLWKRXW� VHUYLFH� FRUH� DQG� RWKHU�

FRPSRQHQWV�RI�ORDG�EHDULQJ�V\VWHP�VXFK�DV�FROXPQV�DQG�EUDFHV��,Q�WKLV�VWXG\��1)$�

UDWLR�LV�FDOFXODWHG�E\�GLYLGLQJ�QHW�IORRU�DUHD�E\�IORRU�SODWH�DUHD�



��

��������� /RFDWLRQ

'DWD�RQ�ORFDWLRQ�LV�WDNHQ�IURP�&7%8+��DQG�ORFDWLRQ�DQDO\VLV�LV�H[HFXWHG�UHJLRQDOO\��

&7%8+�FODVVLILHV�WKH�UHJLRQV�DV�$IULFD��$VLD��&HQWUDO�$PHULFD��(XURSH��0LGGOH�(DVW��

1RUWK�$PHULFD��2FHDQLD�DQG�6RXWK�$PHULFD��,Q�WKH�EHJLQQLQJ�RI�WKLV�VWXG\��&HQWUDO��

1RUWK DQG� 6RXWK� $PHULFD� DUH� FRQVLGHUHG� WRJHWKHU� DV� µ$PHULFD�¶� DQG� (XURSH� DQG�

2FHDQLD�DUH�DFFHSWHG�DV�µ2WKHUV¶�EHFDXVH�RI�WKH�QXPEHU�RI�VDPSOHV��$IWHU�HYDOXDWLRQ�

RQ�VDPSOHV��EXLOGLQJV�DUH�GLYLGHG�DV�µ&KLQD¶�DQG�µ2WKHUV¶�LQ�IXUWKHU�VWDJHV�RI�WKH�VWXG\�

DV�H[SODLQHG�LQ�µ�������(YROXWLRQ�RI�6DPSOH�*URXSV¶�VHFWLRQ� 6LQFH�WKHUH�LV�D�VPDOO�

QXPEHU�RI�KLJK�ULVH�EXLOGLQJV�LQ�$IULFD� QR�VDPSOH KDV�EHHQ�WDNHQ IURP�WKLV�UHJLRQ�

������ 8VHG 6RIWZDUH

$XWR&$'������� 6WXGHQW�9HUVLRQ�LV�XVHG�IRU��'�SODQ�GUDZLQJV�ZKHUHDV�DOO�FKDUWV��

JUDSKV�DQG�FDOFXODWLRQV�DUH�PDGH�LQ�0LFURVRIW�([FHO��2IILFH������

6FDWWHU�DQG�%R[�	�:KLVNHU�FKDUWV�DUH�WZR�RI�WKH�WRROV�LQ�([FHO��DQG�ERWK�WRROV�DQG�

WKHLU�VWDWLVWLFDO�EDVLFV�DUH�H[SODLQHG�LQ�µ�������&KDUWV�8VHG�LQ�$QDO\VHV¶ VHFWLRQ��

���� 5HVHDUFK�0HWKRGRORJ\

$FFRUGLQJ�WR�GHVFULEHG�SDUDPHWHUV�LQ�³�����5HVHDUFK�0DWHULDO´ VHFWLRQ��VDPSOHV�DUH�

FROOHFWHG��$V�D�ILUVW�VWHS��VDPSOHV�DUH�FDWHJRUL]HG��DQG�WKH�FDWHJRULHV�DUH�HQWLWOHG��$IWHU�

GHVFULELQJ�VDPSOH�JURXSV�LQ�WHUPV�RI�LGHQWLW\�DQG�DUFKLWHFWXUDO SDUDPHWHUV��EXLOGLQJ�

VDPSOHV�DUH�DQDO\]HG��$QDO\VLV�SURFHVV�RI�WKLV�VWXG\�JHQHUDOO\�KDV�WKUHH�VWDJHV���

)LUVW�VWDJH� 6DPSOHV�DUH�HYDOXDWHG�WRJHWKHU�EDVHG�RQ�WKHLU�KHLJKWV���%\�HYDOXDWLQJ�WKH�

UHVXOWV�� WKLV� VWXG\� LGHQWLILHG�ZKHWKHU� IXUWKHU� VXE�FODVVLILFDWLRQV�DUH� UHTXLUHG�RU�QRW��

)XUWKHU�FODVVLILFDWLRQV�KDYH�EHHQ�DSSOLHG�ZKHUH�QHFHVVDU\�DFFRUGLQJ�WR�WKH�FRUUHODWLRQ�

DPRQJ�SDUDPHWHUV�
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6HFRQG�6WDJH� 6WUXFWXUDO�V\VWHP��EXLOGLQJ�IXQFWLRQ��VWUXFWXUDO�PDWHULDO�DQG�ORFDWLRQ�

DUH�VRPH�RI�WKH�SDUDPHWHUV�ZKLFK�SULPDULO\�LQIOXHQFH�WKH�VWUXFWXUDO�GHVLJQ��.LP�	�

(OQLPHLUL��������+R��������%DNHU��������.DLKDL�	 <D\RQJ��������&KRL��������$OL�	�

0RRQ�� ������� 7KHUHIRUH�� EXLOGLQJV� DUH� H[DPLQHG� LQ� WHUPV� RI� WKHVH� SDUDPHWHUV� DW�

VHFRQG�VWDJH�RI�WKH�DQDO\VHV��

)LQDO� 6WDJH� $FFRUGLQJ� WR� WKH� FRUUHODWLRQV� DQG� GHSHQGHQF\� DPRQJ� SDUDPHWHUV��

FODVVLILFDWLRQV�RI�WKH�VDPSOHV�DUH�PRGLILHG��DQG�ILQDO�DQDO\VHV�DUH�SHUIRUPHG�DFFRUGLQJ�

WR�WKH�ILQDO�FDWHJRUL]DWLRQV��

5HVHDUFK�PHWKRGRORJ\�LV�H[SODLQHG�VWHS�E\�VWHS�LQ�IROORZLQJ�VHFWLRQV�

������ 3URFHVV�RI�&ROOHFWLQJ�6DPSOH %XLOGLQJV

6DPSOHV� KDYH� EHHQ VHOHFWHG� DPRQJ� WKH� EXLOGLQJV� ZLWK� WKH� VWDWXV� RI� µXQGHU�

FRQVWUXFWLRQ¶��µVWUXFWXUDOO\�WRSSHG�RXW¶��¶DUFKLWHFWXUDOO\�WRSSHG�RXW¶�DQG�µFRPSOHWHG�¶��

2QO\�7ZLQ�7RZHUV�������������LQ�:RUOG�7UDGH�&HQWHU�&RPSOH[��1HZ�<RUN��ZKLFK�

DUH� LQ�GHPROLVKHG�VWDWXV�DUH�FRQVLGHUHG� LQ� WKLV�VWXG\� VLQFH�7ZLQ�7RZHUV�KDG�EHHQ�

DFFHSWHG�DV�D�ODQGPDUN�RI�WKH�FLW\�IRU�DERXW����\HDUV�DV�ZHOO�DV�D�VWUXFWXUDO�PLOHVWRQH�

LQ�WDOO�EXLOGLQJV�KLVWRU\�

6LQFH�IORRU�SODQ�LV�UHTXLUHG�WR�GHWHUPLQH�WKH�VL]H�RI�EXLOGLQJ�FRPSRQHQWV�VXFK�DV�IORRU�

SODWH��FRUH�DQG�FROXPQ DUHDV��DQ H[WHQVLYH GDWDEDVH�LV�FRPSRVHG��2EWDLQHG�IORRU�SODQV�

IURP� GLIIHUHQW� VRXUFHV� DUH� DFFHSWHG� DV� D� UHIHUHQFH� DQG� XVHG� DV� DQ XQGHUOD\�ZKLOH�

UHGUDZLQJ�IORRU�SODQV�LQ�$XWR&$'� 6LQFH�EXLOGLQJV�ZLWKVWDQG�WKH�KLJKHVW�VKHDU�IRUFHV�

DW�WKH�ERWWRP�RI�WKH�EXLOGLQJ��VWUXFWXUDO�V\VWHPV�DUH�PDLQO\�GHVLJQHG�FRQVLGHULQJ�WKH

JURXQG�IORRU� DQG�FRPSRQHQWV�KDYH�ODUJHU�FURVV�VHFWLRQV�LQ�ORZHU�OHYHOV��7KHUHIRUH��

JHQHUDOO\�JURXQG�IORRU�SODQV�RU�WKH�IORRU�ZKLFK�LV�DV�FORVH�DV�SRVVLEOH�WR�WKH�JURXQG�

IORRU�LV VHOHFWHG�DV�UHIHUHQFH�IORRU�SODQ��

0LVVLQJ�GDWD�LQ�IORRU�SODQV DUH GHWHUPLQHG�DFFRUGLQJ�WR�WKH�YHULILHG�IORRU�SODQV�LQ�VFDOH�

E\�SURSRUWLRQLQJ�ZLWK VXSSOLHG�LQIRUPDWLRQ� 'LPHQVLRQV�HLWKHU�PHDVXUHG�RU�HVWLPDWHG�
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DERXW VWUXFWXUDO�FRPSRQHQWV�RI�WKH EXLOGLQJV�DUH�FURVVFKHFNHG�ZLWK�GLIIHUHQW�VRXUFHV�

DQG�WKHQ�ILQDOL]HG�

������ 'HILQLQJ�0HWKRGRORJ\ RI�$QDO\VHV

��� VDPSOHV�IURP�GLIIHUHQW�ORFDWLRQV�DUH�FROOHFWHG�E\ IROORZLQJ�SULQFLSOHV�PHQWLRQHG�

DERYH DQG�QDPHG�DV�µ6DPSOH�*URXS�� �¶��6*����'XH�WR�WKH�VFDUFLW\�RI�DYDLODEOH GDWD�

RQ�GLPHQVLRQV�RI� WKH�EXLOGLQJV���� RXW�RI���� EXLOGLQJV� LQ�6*��KDYH�RQO\� LGHQWLW\�

SDUDPHWHUV��VWUXFWXUDO�V\VWHP�FODVVLILFDWLRQV�DQG�VWUXFWXUDO�PDWHULDO�LQIRUPDWLRQ��6*��

LV�IXUWKHU�VFUXWLQL]HG�LQ�RUGHU�WR�SURYLGH�VWUXFWXUDO�V\VWHP�GLVWULEXWLRQ�����RXW�RI����

VDPSOHV�KDYH�DOO�GDWD ZKLFK�DUH UHTXLUHG�IRU�WKLV�VWXG\� DQG�WKHVH�VDPSOHV�DUH�QDPHG

DV�µ6DPSOH�*URXS�� �¶��6*���

)LJXUH����� 6WUXFWXUDO�V\VWHP�GLVWULEXWLRQ

$FFRUGLQJ� WR� VWUXFWXUDO� V\VWHP GLVWULEXWLRQ��RXWULJJHUHG� IUDPH�V\VWHP�� VKHDU� IUDPH

V\VWHP�� WUXVVHG� WXEH� V\VWHP DQG� IUDPHG� WXEH� V\VWHP� DUH� WKH� FRPPRQ� VWUXFWXUDO�

V\VWHPV�UHVSHFWLYHO\ IRU�WDOO�EXLOGLQJV��)LJXUH������VKRZV�WKDW��LW�LV�QRW�DSSURSULDWH�WR�

GUDZ� D� FRQFOXVLRQ� DERXW� PHJD� FRUH�� PHJD� FROXPQ� DQG� EXWWUHVVHG� FRUH� VWUXFWXUDO�

V\VWHPV�GXH�WR�WKH�OLPLWHG�QXPEHU�RI�VDPSOHV��$OWKRXJK�LW�LV�QRW�FRPPRQ�ZRUOGZLGH��
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EXQGOHG�WXEH�VWUXFWXUHV�DUH�DOVR�FRQVLGHUHG�LQ�WKLV�VWXG\� VLQFH�WKH\�SHUIRUP�VLPLODU�

VWUXFWXUDO� EHKDYLRU� WR WUXVVHG� DQG� IUDPHG� WXEH� VWUXFWXUHV�� 7KHUHIRUH�� VKHDU� IUDPH

V\VWHP�� RXWULJJHUHG� IUDPH� V\VWHP� DQG� WXEH� V\VWHP� DV� VXE�FODVVHV� RI� IUDPH� WXEH��

WUXVVHG�WXEH�DQG�EXQGOHG�WXEH DUH�GHILQHG�DV�WKH�VWUXFWXUDO�V\VWHPV�WR�LQYHVWLJDWH�IRU�

WKLV�VWXG\��6WUXFWXUDO�V\VWHP�RI����EXLOGLQJV�LQ�6*��DUH�EXLOW�ZLWK�DQ\�RI�WKHVH�V\VWHPV�

DQG�QDPHG�DV�6*� �)LJXUH��������7KHUHIRUH��EXLOGLQJV LQ�6*� DUH�DQDO\]HG�PRVWO\�LQ�

WKH�VFRSH�RI�WKLV�VWXG\��+RZHYHU��6*��LV�H[DPLQHG�DQG�GLVSOD\HG�ZLWK�JUDSKV�LQ�RUGHU�

WR�GHVFULEH�WKH�VDPSOH�JURXS��

)LJXUH����� 'HWHUPLQDWLRQ�RI�VDPSOH�JURXSV

$V�D�ILUVW�VWHS��GLVWULEXWLRQ�RI�WKH�VDPSOHV�LQ�6*��DQG�6*��DUH�REWDLQHG�LQ�WHUPV�RI�

GLIIHUHQW�SDUDPHWHUV�VXFK�DV�KHLJKW��EXLOGLQJ�IXQFWLRQ��DVSHFW�UDWLR�DQG�ORFDWLRQ��7KHQ��

6*��LV�DQDO\]HG�LQ�GHWDLO��

,Q� WKH� ILUVW� VWDJH�RI� WKH� DQDO\VHV�� DOO� ��� VDPSOHV� LQ�6*��DUH� HYDOXDWHG� WRJHWKHU�E\�

VFDWWHU�FKDUWV��7KH�UHODWLRQVKLSV�EHWZHHQ�KHLJKW RI�WKH�EXLOGLQJV�DQG RWKHU SDUDPHWHUV�

VXFK�DV�IORRU�DUHD��DVSHFW�UDWLR�DQG�FRUH DQG�FROXPQ�UDWLR DUH�H[DPLQHG��DQG�WKH�OHYHO�

RI�FRUUHODWLRQV�DUH�LQYHVWLJDWHG��

/LWHUDWXUH� UHYLHZ� VKRZV� WKDW� VWUXFWXUDO� V\VWHP�� ORFDWLRQ�� EXLOGLQJ� IXQFWLRQ� DQG�

VWUXFWXUDO�PDWHULDO�DUH�SULPDU\�SDUDPHWHUV�IRU�WKH�VWUXFWXUDO�GHVLJQ�RI�D�WDOO�EXLOGLQJ��

7KHUHIRUH�� VDPSOHV�DUH�DQDO\]HG�FRQVLGHULQJ� WKHVH�YDULDEOHV� LQ� WKH�VHFRQG�VWDJH�RI�

DQDO\VHV��)LJXUH��������(DFK�YDULDEOH�LQ�FODVVLILHG�JURXSV�DUH�LQYHVWLJDWHG�LQ�WHUPV�RI�

KHLJKW��FRUH�UDWLR�DQG�FROXPQ�UDWLR��$W�WKLV�OHYHO�RI�WKH�VWXG\��QRW�RQO\�WKH�FRUUHODWLRQ�

EHWZHHQ� SDUDPHWHUV� EXW� DOVR� WKH� FKDQJH� LQ� FRUUHODWLRQ� ZLWK� UHVSHFW� WR� WKH� VXE�

FODVVLILFDWLRQ�IRU�D�JLYHQ�SDUDPHWHU LV�REVHUYHG��

6*��� ����6DPSOH

����RI�����VDPSOHV�
KDYH�RQO\�,GHQWLW\�
3DUDPHWHUV�DQG�
6WUXFWXUDO�6\VWHP�
&ODVVLILFDWLRQ�

6*��� ���6DPSOH

�$OO�UHTXLUHG�GDWD�LV�
FROOHFWHG�IRU�WKHVH�VDPSOHV��
6WUXFWXUDO�V\VWHP�RI���RXW�
RI����VDPSOHV�DUH�GHILQHG�
DV�%XWWUHVVHG�&RUH��0HJD�
&RUH�DQG�0HJD�&ROXPQ�

6*��� ���6DPSOH

�6WUXFWXUDO�V\VWHP�RI��WKHVH�
VDPSOHV�DUH�GHILQHG�DV�
6KHDU�)UDPH�6\VWHP��

2XWULJJHUHG�)UDPH�6\VWHP�
DQG�7XEH�6\VWHP��
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)LJXUH����� 6DPSOH�VHSDUDWLRQV�LQ�6*��

:KHQ VDPSOHV� DUH LQYHVWLJDWHG� UHJDUGLQJ� D� VLQJOH� SDUDPHWHU� WKH� RWKHU WKUHH

SDUDPHWHUV� KDYH� EHHQ LJQRUHG ZLWK� WKLV� VHSDUDWLRQ�� )RU� LQVWDQFH�� LI� EXLOGLQJV� DUH�

H[DPLQHG�EDVHG�RQ�VWUXFWXUDO�V\VWHP��WKH�LPSDFWV�RI�ORFDWLRQ��EXLOGLQJ�IXQFWLRQ�DQG�

VWUXFWXUDO�PDWHULDO�KDYH�QRW� WDNHQ� LQWR�FRQVLGHUDWLRQ��7KHUHIRUH�� VDPSOH�JURXSV�DUH�

PRGLILHG�

������ (YROXWLRQ�RI�6DPSOH�*URXSV

/RFDWLRQ�LV�RQH�RI�WKH�NH\�IDFWRUV�IRU�VWUXFWXUDO�GHVLJQ�GXH�WR�GLIIHUHQW�VLWH�FRQGLWLRQV�

VXFK�DV�ZLQG�ORDGV�DQG�ORFDO�GHVLJQ�UHTXLUHPHQWV��(VSHFLDOO\�EXLOGLQJV�LQ�&KLQD�PXVW�

UHVSRQG�WR�PRUH�VHYHUH�VWUXFWXUDO�UHTXLUHPHQWV�WKDQ�RWKHU�FRXQWULHV�DV�PHQWLRQHG�LQ�

OLWHUDWXUH�UHYLHZ��$FFRUGLQJ�WR�SUHYLRXV�VWXGLHV�DQG�QDWLRQDO�GHVLJQ�FRGHV��VDPSOHV�

DUH�GLYLGHG�EDVHG�RQ�WKHLU�ORFDWLRQV�DV�µ&KLQD¶�DQG�µ2WKHUV¶�IRU�ILQDO�DQDO\VHV��

%XLOGLQJ� IXQFWLRQ� KDV� DQ� LQIOXHQFH� RQ� VWUXFWXUDO� GHVLJQ�� VLQFH� HDFK� IXQFWLRQ� KDYH�

GLIIHUHQW� UHTXLUHPHQWV�� )RU� LQVWDQFH�� UHVLGHQWLDO� EXLOGLQJV� UHTXLUH� GLYLGHG� VSDFHV��

ZKHUHDV�FROXPQ�IUHH�DUHD�LV�LQ�GHPDQG�IRU�RIILFH�EXLOGLQJV��6LQFH�UHVLGHQWLDO�DQG�KRWHO�

IXQFWLRQ�UHTXLUH�VLPLODU�VSDFHV��WKH\�DUH�HYDOXDWHG�WRJHWKHU�DV�QRQ�RIILFH�EXLOGLQJV��

DQG�QDPHG�DV� µRWKHUV�¶�6LQJOH�IXQFWLRQ�RIILFH�EXLOGLQJV DQG�HDFK�FRPELQDWLRQ�ZLWK�

RIILFH�IXQFWLRQ�DUH�FRQVLGHUHG�WRJHWKHU�DQG�DFFHSWHG�DV�µRIILFH¶ �)LJXUH��������
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)LJXUH����� 6HSDUDWLRQ�RI�EXLOGLQJ�IXQFWLRQ

$FFRUGLQJ�WR�SDWKZD\ VXPPDUL]HG DERYH��EXLOGLQJV�ZHUH VHSDUDWHG�E\�FRQVLGHULQJ�DOO�

SDUDPHWHUV�WRJHWKHU�LQVWHDG�RI�HYDOXDWLQJ�VHSDUDWHO\�DV�LQ�VHFRQG�VWDJH�RI�WKH�DQDO\VHV�

�)LJXUH� ������� 7KH� FODVVLILFDWLRQ� RI� WKH� EXLOGLQJ� VDPSOHV� LQ� WKH� ILQDO VWDJH� FDQ� EH�

GHVFULEH�DV�IROORZLQJ�SURFHVV��

x %XLOGLQJV�DUH�GLYLGHG�DFFRUGLQJ�WR�WKHLU�ORFDWLRQ�DV�&KLQD�DQG�RWKHUV��

x 6XE�FODVVHV�DUH�JHQHUDWHG DV�RIILFH�DQG�RWKHUV

x )XUWKHU� FDWHJRUL]DWLRQ� EDVHG� RQ VWUXFWXUDO� V\VWHPV DV� RXWULJJHUHG�� WXEH� DQG�

VKHDU�IUDPH�V\VWHP DUH�SHUIRUPHG��

x )RXUWK�OHYHO�VXE�FODVVHV DUH�JHQHUDWHG DFFRUGLQJ�WR�WKH�VWUXFWXUDO�PDWHULDO RI�

WDOO�EXLOGLQJV��

)LJXUH����� 6HSDUDWLRQ�RI�VDPSOHV�LQ�6*�

5HVLGHQWLDO

+RWHO

5HVLGHQWLDO�	�+RWHO

27+(56

2IILFH

2IILFH�	�+RWHO

2IILFH�	�
5HVLGHQWLDO

2IILFH�	�+RWHO�
	�5HVLGHQWLDO

2)),&(
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$IWHU�WKHVH�VXE�FODVVLILFDWLRQV��EXLOGLQJ�VDPSOHV�DUH�LQYHVWLJDWHG�LQ�WHUPV�RI�VHYHUDO�

KHLJKW UDQJHV� +RZHYHU��HDFK�QHZ�FULWHULRQ�LQWURGXFHG�IXUWKHU�GHFUHDVHV�WKH�QXPEHU�

RI� VDPSOHV� LQHYLWDEO\� ZKLFK� PD\� SUHYHQW� WR� REWDLQ� FRQVLVWHQW� DQG� XQELDVHG�

LQIRUPDWLRQ��7KXV��VRPH�FODVVHV�DUH�UH�XQLILHG��LI�UHDVRQDEOH��VXFK�DV�WKH�XVH�RI�WXEH�

V\VWHP�WRJHWKHU�LQVWHDG�RI�IUDPHG�WXEH��WUXVVHG�WXEH�DQG�EXQGOHG�WXEH�

������ &KDUWV�8VHG�LQ�$QDO\VHV

7ZR�FKDUWV�ZKLFK�DUH�IUHTXHQWO\�XVHG�LQ�WKLV�VWXG\�DUH�H[SODLQHG�LQ�WKLV�VHFWLRQ�

6FDWWHU�&KDUW

6FDWWHU� FKDUW� LV� D�;<� FKDUW�ZKLFK� VKRZV� WKH� UHODWLRQ� EHWZHHQ� WZR� YDULDEOHV�� ,W� LV�

SRVVLEOH WR�DGG�D�WUHQGOLQH�EHWZHHQ DOO�SRLQWV�LQ�VFDWWHU�FKDUW� DQG�WKLV�WUHQGOLQH�FDQ EH�

VSHFLILHG DV� H[SRQHQWLDO�� OLQHDU�� ORJDULWKPLF�� SRO\QRPLDO� DQG� SRZHU DFFRUGLQJ� WR�

GDWDVHW�� 6FDWWHU� FKDUW� FDOFXODWHV� 5� VTXDUHG� YDOXH� DQG� JLYHV� DQ HTXDWLRQ� IRU� HDFK�

WUHQGOLQH��7KH�JUHDWHU�WKH�5�YDOXH�LV�WKH�VWURQJHU�WKH�FRUUHODWLRQ�EHWZHHQ�WZR�YDULDEOHV��

$FFRUGLQJ� WR� 3HDUVRQ� &RUUHODWLRQ�� WKH� W\SH� RI� FRUUHODWLRQ FDQ� EH� FDWHJRUL]HG� E\�

FRQVLGHULQJ�ZKDW�KDSSHQV WR D�YDULDEOH�ZKHQ�WKH�RWKHU�YDULDEOH�FKDQJHV��

x 3RVLWLYH�FRUUHODWLRQ��%RWK�YDULDEOHV�LQFUHDVH�UHJXODUO\

x 1HJDWLYH�FRUUHODWLRQ��2QH�RI�WKH�YDULDEOHV�GHFUHDVHV�ZKLOH�WKH�RWKHU�LQFUHDVHV�

UHJXODUO\��

x 1R�FRUUHODWLRQ��%RWK�YDULDEOHV�DUH�LQGHSHQGHQW�RI�HDFK�RWKHU

)LJXUH����� 3HDUVRQ�FRUUHODWLRQ���/HIW��6WURQJ�SRVLWLYH UHODWLRQVKLS� �0LGGOH��6WURQJ QHJDWLYH�
UHODWLRQVKLS� �5LJKW��1R�UHODWLRQVKLS �6RXUFH��0RQWJRPHU\�	�5XQJHU�������
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&RUUHODWLRQV�EHORZ�5 �_�����_�DUH JHQHUDOO\�FRQVLGHUHG�ZHDN�DQG�FRUUHODWLRQV�DERYH�

5 �_�����_�DUH�JHQHUDOO\�FRQVLGHUHG�VWURQJ �0RQWJRPHU\�	�5XQJHU��������

%R[�	�:KLVNHU�&KDUW�

%R[�	�:KLVNHU�FKDUW�FDQ�EH�XVHG�LQ�RUGHU�WR�VKRZ�WKH GLVWULEXWLRQ�RI�GDWD ZKHQ�GDWDVHW�

KDV�RXWOLHUV�RU�GLVWULEXWLRQ�LV�VNHZHG��%R[HV�DUH�WKH�UHFWDQJOHV��DQG�WKH�ZKLVNHUV�DUH�

WKH�OLQHV�H[WHQGLQJ�YHUWLFDOO\�IURP�WKH�ER[��$Q\�SRLQW�RXWVLGH�WKRVH�OLQHV�RU�ZKLVNHUV�

LV�FRQVLGHUHG�DQ�RXWOLHU��%RWWRP�SRLQW�RI� WKH� OLQH�VKRZV� WKH�PLQLPXP�YDOXH� LQ� WKH�

GDWDVHW �ZKHQ�WKH�RXWOLHUV�DUH�UHPRYHG� ZKHUHDV�WRS�SRLQW�VKRZV�WKH�PD[LPXP��DQG�

WKH ER[�LV�GUDZQ�IURP��VW TXDUWLOH�WR��UG TXDUWLOH��+RUL]RQWDO�OLQH�LQ�WKH�ER[�VWDWHV�WKH�

µ0HGLDQ¶�YDOXH�RI�WKH�GLVWULEXWLRQ��DQG�;�OHWWHU�PHDQV�µ0HDQ¶�YDOXH��)LJXUH���������

)LJXUH������ 'HILQLWLRQ�RI�WKH�SRLQWV�LQ�D�%R[�	�:KLVNHU�FKDUW �6RXUFH��0RQWJRPHU\�	�5XQJHU��
�����

2XWOLHUV

$Q�RXWOLHU�LV�D�GDWD�SRLQW�ZKLFK�LV�VR�IDU�IURP�WKH�PDLQ�ERG\�RI GDWD��,Q�RUGHU�WR�ILQG�

WKH�RXWOLHUV��VWHSV�JLYHQ�LQ�EHORZ�VKRXOG�EH�IROORZHG�

x )LQG�WKH��VW DQG��UG�TXDUWLOH��4��DQG�4���RI�WKH�GDWDVHW

x )LQG�WKH�,45�YDOXH��
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,45� �4��� 4�

x &DOFXODWH�WKH�0D[LPXP��

4��������[�,45

x &DOFXODWH�WKH�0LQLPXP��

4��� ����[�,45

$OO�GDWD�SRLQW�ODUJHU�WKDQ�>4��������[�,45@�DQG�VPDOOHU�WKDQ�>4��� ����[�,45@�FDQ�EH�

DFFHSWHG�DV�DQ�RXWOLHU��0RQWJRPHU\�	�5XQJHU��������

)LUVW�DQG�7KLUG�4XDUWLOH

)LUVW� TXDUWLOH� LV� WKH� PHGLDQ� RI� WKH� ORZHU� KDOI� RI� WKH� GDWDVHW� DQG� GHQRWHG� E\� 4���

6LPLODUO\��WKLUG�TXDUWLOH�LV�WKH�PHGLDQ�RI�WKH�XSSHU�KDOI�RI�WKH�GDWDVHW�DQG�GHQRWHG�E\�

4���)LJXUH��������

)LJXUH������ 4XDUWLOHV�RI�D�GDWDVHW

0HDQ�DQG�0HGLDQ�9DOXH

0HDQ LV�WKH�DYHUDJH�YDOXH�RI GDWDVHW�ZKLFK�LV FDOFXODWHG�E\�GLYLGLQJ�WKH�VXP�RI�DOO�

GDWD�E\�WKH�QXPEHU�RI�WKH�GDWD��0HGLDQ�LV�WKH�SRLQW�LQ�WKH�PLGGOH�RI�WKH�GDWDVHW�ZKHQ�

GDWDVHW�LV�LQ�DQ�DVFHQGLQJ�RUGHU��:KHQ�WKHUH�DUH�WZR�SRLQWV�LQ�WKH�PLGGOH��PHGLDQ�LV�

WKH�DYHUDJH�RI�WKHVH�WZR�QXPEHUV��0HDQ�JLYHV�WKH�FHQWUDO�WHQGHQF\�RI�D�GDWDVHW��DQG�

LW� LV�PRUH�SURSHU�ZKHQ� WKHUH� LV�D�QRUPDOO\�GLVWULEXWHG�GDWDVHW��6LQFH�PHGLDQ� LV�QRW�
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VHQVLWLYH� WR� RXWOLHUV�� LW� FDQ� EH� DSSURSULDWH� WR� XVH� PHGLDQ� ZKHQ� WKH� GLVWULEXWLRQ� LV�

VNHZHG��

0RQWJRPHU\�DQG 5XQJHU �������VWDWH�WKDW�WKHUH�DUH�VHYHUDO�GLIIHUHQW�FKRLFHV�IRU�WKH�

SRLQW� HVWLPDWRU� RI� D� SDUDPHWHU�� )RU� H[DPSOH�� LQ� RUGHU� WR� HVWLPDWH� WKH� PHDQ� RI� D�

SRSXODWLRQ�� LW�PLJKW� FRQVLGHU� WKH� VDPSOH�PHDQ�� WKH� VDPSOH�PHGLDQ��RU�SHUKDSV� WKH�

DYHUDJH�RI�WKH�VPDOOHVW�DQG�ODUJHVW�REVHUYDWLRQV�LQ�WKH�VDPSOH�DV�SRLQW�HVWLPDWRUV�

,Q�WKLV�VWXG\��ERWK�WKH�PHGLDQ�DQG�PHDQ�YDOXHV�RI�WKH�GDWD�KDYH�EHHQ�JLYHQ�WKURXJK�

%R[�	�:KLVNHU�FKDUWV�



��

&+$37(5��

�� 5(68/76�$1' ',6&866,21

7KLV� VWXG\� DLPV� WR� SUHVHQW D� GDWDEDVH� RQ WDOO� EXLOGLQJV� UHJDUGLQJ� WKHLU� VWUXFWXUDO�

FRPSRQHQWV�WR�SURYLGH�LQIRUPDWLRQ�IRU�SUHOLPLQDU\�HVWLPDWLRQV��)RU�WKLV�SXUSRVH��GDWD�

RQ ��� H[LVWLQJ�EXLOGLQJV�KDYH�EHHQ�FROOHFWHG�DQG�DQDO\]HG��7ZR�FULWLFDO SRLQWV KDYH�

EHHQ�VSHFLILHG EHIRUH�DQDO\VHV��DQG�WKHVH�DUH�JLYHQ�DV�IROORZV�

x &ROOHFWLQJ�HQRXJK�QXPEHU�RI�VDPSOHV

x &ODVVLI\LQJ� VDPSOHV� SURSHUO\� EDVHG� RQ� WKHLU� FRPPRQ� IHDWXUHV� VXFK� DV�

VWUXFWXUDO�V\VWHP��VWUXFWXUDO�PDWHULDO��EXLOGLQJ�IXQFWLRQ�DQG�ORFDWLRQ��

6LQFH�WKHUH�ZDV�D�WUDGH�RII�EHWZHHQ�WKHVH�WZR FRQVLGHUDWLRQV��LW�ZDV�D�FKDOOHQJLQJ�WDVN

WR�FDWHJRUL]H WKH�VDPSOHV�DSSURSULDWHO\��$V�LW�LV�H[SODLQHG LQ�µ0DWHULDOV DQG 0HWKRGV¶

&KDSWHU��6*���6*��DQG�6*��KDYH EHHQ�FUHDWHG�DQG�DQDO\]HG�

,Q�WKLV�FKDSWHU��UHVXOWV�RI�WKH�DQDO\VHV�DUH�H[SUHVVHG�DQG�GLVFXVVHG�

���� &KDUDFWHULVWLFV�RI�6DPSOH�*URXSV

7KLV� VHFWLRQ� H[SUHVVHV� GHVFULSWLYH LQIRUPDWLRQ� DERXW� VDPSOHV� LQ� WHUPV� RI� ORFDWLRQ�

VWUXFWXUDO�V\VWHP��VWUXFWXUDO�PDWHULDO� KHLJKW RI�WKH�EXLOGLQJ�DQG EXLOGLQJ�IXQFWLRQ��DQG�

UHSUHVHQWV�REVHUYHG�WUHQGV LQ 6*���6*��DQG�6*���

������ /RFDWLRQ

1XPEHU� RI� EXLOGLQJV� IURP� $VLD� LV� VLJQLILFDQWO\� KLJKHU� WKDQ� RWKHU� UHJLRQV� GXH� WR�

RYHUSRSXODWLRQ� LQ�$VLDQ�FRXQWULHV��$OPRVW�KDOI� RI� WKH� VDPSOHV� LQ�6*�� DUH� LQ�$VLD

ZKLFK�LV�IROORZHG�E\ $PHULFD�KDYLQJ WKH TXDUWHU�RI�WKH�VDPSOHV��/RFDWLRQ�GLVWULEXWLRQ�

LV�JHQHUDOO\�VLPLODU�LQ�WKUHH�VDPSOH�JURXSV��)LJXUH��������
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6$03/(�*5283�� � 6$03/(�*5283�� � 6$03/(�*5283�� �

/RFDWLRQ
1XPEHU�RI�
%XLOGLQJV

/RFDWLRQ
1XPEHU�RI�
%XLOGLQJV

/RFDWLRQ
1XPEHU�RI�
%XLOGLQJV

$PHULFD �� $PHULFD �� $PHULFD ��
$VLD �� $VLD �� $VLD ��

0LGGOH�(DVW �� 0LGGOH�(DVW �� 0LGGOH�(DVW �

2WKHUV �� 2WKHUV �� 2WKHUV ��

7RWDO ��� 7RWDO �� 7RWDO ��

)LJXUH����� /RFDWLRQ�GLVWULEXWLRQ�RI�VDPSOH�JURXSV

������ %XLOGLQJ�)XQFWLRQ

7KH�QXPEHU�RI�RIILFH�EXLOGLQJV�ZDV�PRUH�WKDQ�UHVLGHQWLDO�DQG�PL[HG�XVH�EXLOGLQJV�

EHIRUH ����¶V��6LQFH�LW�LV�QRWLFHG�WKDW�UHVLGHQWLDO EXLOGLQJV DQG�KRWHOV DUH LQ�GHPDQG

DV�ZHOO��WKH�QXPEHU�RI�UHVLGHQWLDO�DQG�PL[HG�XVH�EXLOGLQJV�LV�UDSLGO\�JURZLQJ VLQFH�

WKHQ��1HYHUWKHOHVV��RIILFH�LV�VWLOO�WKH�PRVWO\�SUHIHUUHG�IXQFWLRQ DPRQJ�WKH�VDPSOHV�XVHG�

LQ� WKLV� VWXG\�� DQG�PL[HG�XVH� EXLOGLQJV IROORZV LW�� 6*�� DQG� 6*�� UHSUHVHQW� VLPLODU�

GLVWULEXWLRQV WR�6*���)LJXUH�������
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6$03/(�*5283�� � 6$03/(�*5283�� � 6$03/(�*5283�� �

)XQFWLRQ
1XPEHU�RI�
%XLOGLQJV

)XQFWLRQ
1XPEHU�RI�
%XLOGLQJV

)XQFWLRQ
1XPEHU�RI�
%XLOGLQJV

5HVLGHQWLDO �� 5HVLGHQWLDO � 5HVLGHQWLDO �

+RWHO � +RWHO � +RWHO �

0L[HG�XVH �� 0L[HG�XVH �� 0L[HG�XVH ��

(GXFDWLRQ � (GXFDWLRQ � (GXFDWLRQ �

2IILFH �� 2IILFH �� 2IILFH ��

7RWDO ��� 7RWDO �� 7RWDO ��

)LJXUH����� )XQFWLRQ�GLVWULEXWLRQ�RI�VDPSOH�JURXSV

������ 6WUXFWXUDO�0DWHULDO

6LQFH� WDOO� EXLOGLQJV� KDG� EHHQ FRQVWUXFWHG� PRVWO\� LQ� $PHULFD�� VWHHO� ZDV� WKH� PRVW�

FRPPRQ� PDWHULDO� XS� WR� ����V� DV� PHQWLRQHG� LQ� OLWHUDWXUH� UHYLHZ�� 7KDQNV� WR�

LPSURYHPHQWV�LQ PDWHULDO VFLHQFH DQG�GHYHORSPHQWV�LQ�FRQVWUXFWLRQ�WHFKQRORJ\��KLJK�

VWUHQJWK�FRQFUHWH�KDV EHFRPH�PRUH�SRSXODU��/LNHZLVH��FRPSRVLWH�LV�ZLGHO\�XVHG�IRU�

WDOO�EXLOGLQJV��VLQFH�LW�FRPELQHV�WKH�DGYDQWDJHV�RI�ERWK�VWHHO�DQG�FRQFUHWH��7KLV�WUHQG�

FDQ�EH�REVHUYHG�DOVR�LQ�WKH�EXLOGLQJ�VDPSOHV��DQG�DFFRUGLQJ�WR�UHVXOWV��FRPSRVLWH�LV�

WKH�PRVW�FRPPRQ�VWUXFWXUDO�PDWHULDO�LQ�VDPSOH�JURXSV��



��

6$03/(�*5283�� � 6$03/(�*5283�� � 6$03/(�*5283�� �

6WUXFWXUDO�
0DWHULDO

1XPEHU�RI�
%XLOGLQJV

6WUXFWXUDO�
0DWHULDO

1XPEHU�RI�
%XLOGLQJV

6WUXFWXUDO�
0DWHULDO

1XPEHU�RI�
%XLOGLQJV

&RQFUHWH �� &RQFUHWH �� &RQFUHWH ��

6WHHO �� 6WHHO �� 6WHHO ��

&RPSRVLWH �� &RPSRVLWH �� &RPSRVLWH ��

7RWDO ��� 7RWDO �� 7RWDO ��

)LJXUH�����0DWHULDO�GLVWULEXWLRQ�RI�VDPSOH�JURXSV

&RUH� DQG� FROXPQ PDWHULDOV RI� WKH� WDOO� EXLOGLQJV� LQ 6*�� DQG� 6*�� DUH� LQYHVWLJDWHG�

�)LJXUH�������&RQFUHWH�LV�WKH�PRVW�SUHIHUUHG�PDWHULDO�IRU�FRUH LQ�ERWK�6*��DQG�6*��

VDPSOH�JURXSV��$OWKRXJK�QXPEHU�RI�EXLOGLQJV�ZLWK�FRQFUHWH�DQG�FRPSRVLWH�FROXPQV�

DUH�VLPLODU� EXLOGLQJV�ZLWK�VWHHO�FROXPQ DUH�VLJQLILFDQWO\�OHVV WKDQ�RWKHU�VDPSOHV�

)LJXUH����� &RUH�DQG�FROXPQ�PDWHULDO�GLVWULEXWLRQ�LQ�6*��DQG�6*�



��

6WHHO�FRPSRQHQWV�DUH�JHQHUDOO\� OLJKWHU� WKDQ�FRQFUHWH�HOHPHQWV��DQG� OHVV�PDVV�RIWHQ�

UHVXOWV� LQ� ORZHU� VHLVPLF� IRUFH� DQG� OHVV� IRXQGDWLRQ� FRVW�� ,Q� DGGLWLRQ�� VWHHO� LV� DOVR�

GLPHQVLRQDOO\�PRUH� VWDEOH�GXH� WR� FUHHS�DQG� VKULQNDJH�HIIHFWV��$FFRUGLQJ� WR�%DNHU�

������� WKH� EHKDYLRU� RI� VWHHO� VWUXFWXUHV� WHQGV� WR� EH�PRUH� SUHGLFWDEOH��$OWKRXJK� WKH�

DGYDQWDJH�RI�VWHHO��VWHHO�LV�QRW�FRPPRQ�DPRQJ�WKH�VDPSOHV��3RVVLEOH�H[SODQDWLRQV�FDQ�

EH�VSHFLILHG�DV�IROORZV���

x 6WHHO�UHTXLUHV�DGGLWLRQDO�ILUH�UHVLVWLQJ�V\VWHPV��7KH�VWUHQJWK�RI�WKH VWHHO�FDQ�EH�

VLJQLILFDQWO\�FRPSURPLVHG ZKHQ�KHDWHG�WR�H[WUHPH�WHPSHUDWXUHV��7KHUHIRUH��

VWHHO�UHTXLUHV�WR�EH�FRYHUHG�E\ DGGLWLRQDO�ILUH�UHVLVWDQW�PDWHULDOV�

x 'LIIHUHQWLDO�VWUDLQ�EHWZHHQ�LQVLGH�DQG�RXWVLGH�FROXPQV�GXH�WR�WKHUPDO�FKDQJHV�

FDQ�DIIHFW�PHPEHU�DQG FRQQHFWLRQ�IRUFHV �6FDUDQJHOOR�HW�DO�� ������ 7KHUHIRUH��

VWUXFWXUDO�HOHPHQWV�PD\�UHTXLUH�DGGLWLRQDO�WKHUPDO�SUHFDXWLRQV��

x $YDLODELOLW\�RI� WKH�PDWHULDO��/RFDO� ODERU�DQG�PDWHULDO�VRXUFH�PD\�DIIHFW� WKH�

GHFLVLRQ�RI�WKH�VWUXFWXUDO�PDWHULDO��

������ %XLOGLQJ�+HLJKW�DQG�$VSHFW�5DWLR

7KHUH�DUH���� H[LVWLQJ�WDOO EXLOGLQJV�EHWZHHQ����P�DQG�����P�LQ�6*���DQG�DYHUDJH�

EXLOGLQJ�KHLJKW�RI�WKH�6*� LV������P� ZKHUHDV PHGLDQ�EXLOGLQJ�KHLJKW� LV������ P��

6*��DQG�6*��KDV�VLPLODU�KHLJKW�GLVWULEXWLRQV DV�LW�VHHQ�LQ�)LJXUH�����



��

)LJXUH����� +HLJKW�GLVWULEXWLRQ�RI�VDPSOH�JURXSV

$VSHFW�UDWLR�GLVWULEXWLRQ�RI�VDPSOH�JURXSV�DUH�LQYHVWLJDWHG�DV�ZHOO��(PSLUH�6WDWH�DQG�

&KU\VOHU� %XLOGLQJV� DUH� H[FOXGHG� ZKLOH� DQDO\]LQJ DVSHFW� UDWLR VWDWLVWLFV� RI� WKH�

EXLOGLQJV��VLQFH�WKHVH�EXLOGLQJV�DUH�ULVLQJ�DERYH�D�VLJQLILFDQWO\�H[SDQGHG�EDVH��

)LJXUH����� $VSHFW�UDWLR�GLVWULEXWLRQ�RI�VDPSOH�JURXSV

$VSHFW�UDWLR GLVWULEXWLRQ�LV�JLYHQ�IRU�6*��DQG�6*���EHFDXVH�$5�GDWD�FRXOG�KDYH�EHHQ�

FROOHFWHG� IRU� WKHVH�VDPSOHV��DQG� WKHVH�JURXSV�KDYH�VLPLODU�$5�YDOXHV�DFFRUGLQJ� WR�

)LJXUH������$5�RI�WKH�VDPSOHV�DUH�PRVWO\�DURXQG������DQG��� �)LJXUH��������%XLOGLQJ�

KHLJKW�JHQHUDOO\�GLVWULEXWHV�EHWZHHQ���� P�DQG�����P��DQG�VDPSOHV�DUH�PRVWO\�DURXQG�

����P������P�����P�DQG����P�UHVSHFWLYHO\�



��

)LJXUH����� +HLJKW�DQG�$5�GLVWULEXWLRQ�DPRQJ�VDPSOHV

&KDQJHV� LQ $5� YDOXH RYHU� WKH� \HDUV� LV� LQYHVWLJDWHG� LQ� RUGHU� WR� REVHUYH� WKH�

LPSURYHPHQWV� LQ� EXLOGLQJ� WHFKQRORJ\� DQG� VWUXFWXUDO� V\VWHPV�� :XKDQ� *UHHQODQG�

�������P��:XKDQ��DQG�:RUOG�2QH�7RZHU������P��0XPEDL��DUH�³RQ�KROG´ DFFRUGLQJ�

WR�&7%8+�GDWDEDVH��UHWULHYHG�LQ�0D\��������WKHUHIRUH��WKH\�DUH�DFFHSWHG�DV�LI�WKH\�

DUH�JRLQJ�WR�EH FRPSOHWHG�DIWHU�������3LUHOOL�%XLOGLQJ��������LV� WKH�ROGHVW�EXLOGLQJ�

DPRQJ�WKH�HYDOXDWHG�VDPSOHV��DQG�$5�YDOXH�ULVHV�FRQVWDQWO\ VLQFH�WKHQ��$FFRUGLQJ�WR�

WKLV�UHVXOW��LW�LV�SRVVLEOH�WR�FODLP�WKDW� LPSURYHPHQWV�LQ�PDWHULDOV��QHZ�FRQVWUXFWLRQ�

WHFKQLTXHV� DQG� QHZ� GHYHORSPHQWV� LQ� VWUXFWXUDO� V\VWHP� GHVLJQ� KHOS� WR� EXLOG� PRUH�

VOHQGHU�EXLOGLQJV�E\�\HDUV��



��

)LJXUH����� $VSHFW�UDWLR�GLVWULEXWLRQ�RYHU�WKH�\HDUV

������ 6WUXFWXUDO�6\VWHP

6*���EXW�PRVWO\�6*��DQDO\]HG�LQ�WHUPV�RI VWUXFWXUDO�V\VWHP��VLQFH WKHUH�LV�QRW�HQRXJK�

QXPEHU�RI�VDPSOHV�IRU�PHJD�FRUH����VDPSOHV���EXWWUHVVHG�FRUH����VDPSOHV���DQG�PHJD�

FROXPQ� ��� VDPSOH� V\VWHPV�� 7KHUHIRUH�� RXWFRPHV IRU� WKHVH� VWUXFWXUDO� V\VWHPV� DUH�

UHTXLUHG�JUHDW�DWWHQWLRQ LQ�RUGHU�WR�DYRLG�ELDVHG UHVXOWV��

7DOOHVW�EXLOGLQJ�LQ�WKH�ZRUOG��%XUM�.KDOLID������� P���DQG�WKH�EXLOGLQJ�ZKLFK�ZLOO�EH�

WKH�WDOOHVW�ZKHQ�LW LV�FRPSOHWHG��-HGGDK�7RZHU��������P���DUH EXLOW�ZLWK�EXWWUHVVHG�

FRUH VWUXFWXUDO� V\VWHP�� 6KHDU� IUDPH�� PHJD� FRUH� DQG� PHJD� FROXPQ� V\VWHPV� DUH�

JHQHUDOO\� SUHIHUUHG�ZKHQ� WKH� EXLOGLQJ� KHLJKW� LV� OHVV� WKDQ ����P��%RWK� RXWULJJHUHG�

IUDPH�DQG�WXEH�V\VWHPV�KDYH�ZLGH�UDQJH�RI�KHLJKW��KRZHYHU��WKH�DYHUDJH�KHLJKW�RI�WKH�

RXWULJJHUHG�IUDPH�EXLOGLQJV�LQ�6*��LV KLJKHU�WKDQ�WKH�WXEH�EXLOGLQJV �)LJXUH�������



��

)LJXUH����� +HLJKW�GLVWULEXWLRQ�RI�VWUXFWXUDO�V\VWHPV

$VSHFW�UDWLR�GLVWULEXWLRQ�ZLWK�UHVSHFW�WR�VWUXFWXUDO�V\VWHP�LV�DQDO\]HG DV�ZHOO��DQG�WKH�

PRVW�VOHQGHU�EXLOGLQJ�LV�EXLOW�DV�RXWULJJHUHG�IUDPH�V\VWHP� 6WUXFWXUDO�V\VWHPV�H[FHSW�

PHJD�FRUH�FDQ�EH�VRUWHG�E\�GHVFHQGLQJ�RUGHU�RI�WKHLU�PHGLDQ�DVSHFW�UDWLR�YDOXHV DV��

EXWWUHVVHG� FRUH�� RXWULJJHUHG� IUDPH�� WUXVVHG� WXEH�� VKHDU�ZDOOHG� IUDPH�� IUDPHG� WXEH��

EXQGOHG�WXEH�DQG�PHJD�FROXPQ��)LJXUH���������

)LJXUH������ $VSHFW�UDWLR�GLVWULEXWLRQ�RI�VWUXFWXUDO�V\VWHPV

7KLV�VRUWLQJ�RQO\�UHIOHFWV�WKH�VOHQGHUQHVV�UDWLR�RI�WKH�VDPSOHV�DQG�WKLV�UHVXOW�VKRXOG�

QRW�EH� DWWULEXWHG� WR� WKH� VWUXFWXUDO� HIILFLHQF\�RI� WKHVH� V\VWHPV��0HJD� FRUH� VWUXFWXUH�

UHVLVWV�DOO�KRUL]RQWDO�ORDGV�E\�LWV�FRUH��DQG�WKLV�FRUH�LV�JHQHUDOO\�LQ�FLUFXODU�VKDSH�LQ�

RUGHU�WR�SURYLGH�HTXDO�UHVLVWDQFH�LQ�DOO�GLUHFWLRQV��6LQFH��WKH�VWUXFWXUDO�GHSWK�RI�PHJD�

FRUH�V\VWHPV LV�WKH�GLDPHWHU�RI�WKH FRUH��$5�RI�WKHVH VWUXFWXUHV�LV�VLJQLILFDQWO\�KLJKHU�

WKDQ�RWKHU�EXLOGLQJV� $5�YDOXHV�VKRXOG�EH�FRQVLGHUHG�ZLWK�KHLJKW�GLVWULEXWLRQ�RI�WKH�

VDPSOHV��)LJXUH�������$OWKRXJK�H[WHULRU�VWUXFWXUHV�JLYH�RSSRUWXQLW\�WR�EXLOG�VOHQGHU�



��

EXLOGLQJV��WKH�DYHUDJH�DVSHFW�UDWLR�RI�WXEH�VDPSOHV�LV�DERXW����6LQFH�WXEH�VWUXFWXUHV�LQ�

VDPSOH�JURXSV�DUH�JHQHUDOO\�EHWZHHQ����P�DQG����P��WKH�PHDQ�$5�YDOXH�LV�VPDOOHU�

WKDQ�H[SHFWHG��+RZHYHU��DV�LW�FDQ�EH�REVHUYHG�IURP�WKH�)LJXUH��������DVSHFW�UDWLR�YDOXH�

RI�WKH�VDPSOHV�ZKLFK�DUH�EXLOW�ZLWK�WUXVVHG�WXEH�V\VWHPV�FDQ�ULVH�XS�WR������

&RUH� DQG� FROXPQ� UDWLRV DUH� LQYHVWLJDWHG FRQVLGHULQJ� VWUXFWXUDO� V\VWHPV� IRU� 6*��

�)LJXUH���������&RUH� UDWLR� LV� JHQHUDOO\�EHWZHHQ����������ZKHUHDV� FROXPQ� UDWLR� LV�

PRVWO\�EHWZHHQ�������� DFFRUGLQJ�WR�PHGLDQ�YDOXH�LQ WKH GDWDVHW�RI�HDFK�VWUXFWXUDO�

V\VWHP��$FFRUGLQJ�WR�OLWHUDWXUH�UHYLHZ��H[WHULRU�VWUXFWXUHV�UHVLVW�WKH�ODWHUDO�ORDGV�ZLWK�

WKHLU�VWUXFWXUDO�FRPSRQHQWV�PDLQO\�ORFDWHG�DW�WKH�SHULPHWHU�RI�WKH�EXLOGLQJ��7KHUHIRUH��

LW�LV�H[SHFWHG�WR�REVHUYH�VPDOOHU�FRUH�DUHD�DQG�ODUJHU�FROXPQ�DUHD�DPRQJ�WXEH�V\VWHPV��

$OWKRXJK� IUDPH� WXEH� V\VWHPV� JHQHUDOO\� KDYH� VPDOOHU� FRUH� DUHD� FRPSDUHG� WR� RWKHU�

VWUXFWXUDO�V\VWHPV��WKHUH�LV�QRW�D�VLJQLILFDQW�GLIIHUHQW�DPRQJ�WKH�VDPSOHV LQ�WHUPV�RI�

FRUH�DUHD��6HUYLFH�UHTXLUHPHQWV�RI� WKH�EXLOGLQJV�VXFK�DV�YHUWLFDO� WUDQVSRUWDWLRQ�DQG�

VKDIWV�PD\�EH�WKH�H[SODQDWLRQ�RI�WKLV�VLWXDWLRQ��



��

)LJXUH������ 5HODWLRQVKLS�EHWZHHQ FRUH DQG�FROXPQ�UDWLR�DQG�VWUXFWXUDO�V\VWHP

5HODWLRQVKLS EHWZHHQ� FRUH� DQG� FROXPQ� UDWLR� LV� H[DPLQHG�ZLWK� UHVSHFW� WR� GLIIHUHQW�

VWUXFWXUDO� V\VWHPV� EDVHG� RQ SUHGHILQHG KHLJKW� UDQJHV�� $FFRUGLQJ� WR� )LJXUH� �������

RYHUDOO� FRUH� UDWLR� JHQHUDOO\� LQFUHDVHV DV� EXLOGLQJ KHLJKW� LQFUHDVHV�� KRZHYHU��

FRUUHODWLRQV�EHWZHHQ KHLJKW�DQG�FRUH�DQG�FROXPQ�UDWLRV�DUH�UHODWLYHO\�ZHDN�DV�VKRZQ�

LQ�JUDSKV��,W�PXVW�EH�FRQVLGHUHG�WKDW��VSHFLDO�IHDWXUHV�VXFK�DV�GDPSHUV�DQG�ZLQG�VOXWV�

PD\�DIIHFW�WKH�UHVXOWV��



��

)LJXUH������ &RUH DQG�FROXPQ�UDWLR�GLVWULEXWLRQ�EDVHG�RQ�GLIIHUHQW�KHLJKW�UDQJH�LQ�GLIIHUHQW�
VWUXFWXUDO�V\VWHPV�LQ�6*�

,PSDFWV�RI�ORFDWLRQ�RQ�GLIIHUHQW�VWUXFWXUDO�V\VWHP�DUH DOVR�LQYHVWLJDWHG��)LJXUH��������

&RUH�UDWLR�LQ�$VLD�LV�JHQHUDOO\�KLJKHU�WKDQ�RWKHU�ORFDWLRQV��KRZHYHU��D�FRQVLVWHQW�WUHQG�

LV�QRW�REVHUYHG IRU�FROXPQ�UDWLR��



��

)LJXUH������&RUH DQG�FROXPQ�UDWLR�EDVHG�RQ�GLIIHUHQW�ORFDWLRQ�LQ�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�LQ�
6*�

������ 6SHFLDO�)HDWXUHV

%XLOGLQJV� DUH� H[DPLQHG� LQ� WHUPV� RI� VSHFLDO� IHDWXUHV� VXFK� DV� GDPSHUV� DQG� ZLQG�

PRGLILFDWLRQV�� 1LQH� RI� WKH� VDPSOHV� ����� /H[LQJWRQ�� (XUHND� 7RZHU�� 7DLSHL� �����

6KDQJKDL�7RZHU��6KDQJKDL�:RUOG�)LQDQFLDO�&HQWHU��3LQJ�$Q��3HWURQDV�7ZLQ�7RZHUV��

����3DUN�$YHQXH�DQG�����:HVW���WK 6WUHHW��KDYH�GDPSHUV�ZKLFK�DUH�PRVWO\�7XQHG�

0DVV�'DPSHUV� �70'���7ZR�RI� WKH�VDPSOHV KDYH ZLQG� WXUELQH��6WUDWD�DQG�%DKUDLQ�

:7&��� DQG�WZR�RI�WKHP�KDYH�KXJH�JDS�DW�WKH�WRS�RI�WKH�EXLOGLQJ��.LQJGRP�&HQWUH�

DQG� 6KDQJKDL� :)&��� 7KUHH� RI� WKHP� KDYH� ZLQG� VORWV� ����� 3DUN� $YHQXH�� :XKDQ�

*UHHQODQG�&HQWHU�DQG�3LQJ�$Q���%XLOGLQJ�VKDSH�RI�PRVW�RI�WKH�EXLOGLQJV�LV�WDSHUHG�RU�



��

FRQFDYH�� DQG� VHWEDFNV� DQG� FRUQHU� PRGLILFDWLRQV DUH� ZLGHO\� SUHIHUUHG LQ RUGHU� WR�

LQFUHDVH�WKH VWUXFWXUDO SHUIRUPDQFH�RI�WKH�EXLOGLQJV�DJDLQVW ZLQG�IRUFHV�

$FFRUGLQJ� WR� OLWHUDWXUH�� VSHFLDO� IHDWXUHV� VXFK�DV� SRURVLW\� LQ� IDoDGH��ZLQG� VORWV� DQG�

GDPSHUV� LPSURYH� WKH� VWUXFWXUDO� SHUIRUPDQFH� RI� WKH� EXLOGLQJV�� )RU� LQVWDQFH�� 6PLWK�

������ UHSRUWV�WKH�GDPSHUV�DW�6KDQJUL�/D�3ODFH�UHGXFH�EXLOGLQJ�DFFHOHUDWLRQV�E\�����

RI�WKH�RULJLQDO�YDOXH�ZLWK�D�GDPSLQJ�UDWLR�RI������RI�FULWLFDO�GDPSLQJ �&KRL�	�-RVHSK��

�������7KHUHIRUH��WKHVH�IHDWXUHV�FDQ FKDQJH�WKH�UHTXLUHPHQWV�RI�WKH�VWUXFWXUDO�V\VWHP�

RI�WKH�EXLOGLQJ��DQG�LW�PD\�OHDG�WR�LQFRQVLVWHQF\ LQ�UHVXOWV��

&RUH�ZDOOV�QRW�RQO\�UHVLVW� WKH� ODWHUDO� ORDGV�EXW�DOVR�FDUU\� VRPH�SRUWLRQ�RI� WKH�VHOI�

ZHLJKW�DQG�VXVSHQGHG�FRPSRQHQWV��,Q�RWKHU�ZRUGV��FRUH�ZLWKVWDQGV�ERWK�WKH�ODWHUDO�

DQG�JUDYLW\�ORDGV�DW�WKH�VDPH�WLPH��+RZHYHU��LQ�VRPH�FDVHV��FRUH�RQO\�FDUULHV�JUDYLW\�

ORDGV�DQG�GR�QRW�VXSSRUW�WKH�ODWHUDO�ORDG�EHDULQJ�V\VWHP��HVSHFLDOO\�LQ�WXEH�VWUXFWXUHV�

,Q�WKLV�VWXG\��LI�WKH�FRUH�RI�WKH�EXLOGLQJ�GRHV�QRW�UHVSRQVH�WR�ODWHUDO�ORDGV��WKDW�FRUH�LV�

DFFHSWHG�DV�QRQ�VWUXFWXUDO� $OWKRXJK� ��RI�WKH�WXEH�V\VWHP VDPSOHV�KDYH�QRQ�VWUXFWXUDO�

FRUH�� WKHVH� EXLOGLQJV� DUH� FRQVLGHUHG LQ� FRUH� DQDO\VHV� �+HDUVW� 7RZHU��:RUOG� 7ZLQ�

7RZHUV������1RUWK�0LFKLJDQ�$YHQXH� :LOOLV�7RZHU��%DQN�RI�&KLQD��&HQWUDO�3OD]D��

&KU\VOHU�%XLOGLQJ��

���� &RUUHODWLRQV�%HWZHHQ�'LIIHUHQW�3DUDPHWHUV

6DPSOHV LQ� 6*�� DUH� LQYHVWLJDWHG� EDVHG� RQ� WKH� UHODWLRQ� EHWZHHQ� KHLJKW� DQG RWKHU

SDUDPHWHUV�VXFK�DV�IORRU�DUHD��DVSHFW�UDWLR�DQG�FRUH DQG�FROXPQ�UDWLR LQ�WKH�ILUVW�VWDJH�

RI�WKH�DQDO\VHV��)ORRU�SODQ�DUHD�LQFUHDVHV�DV�EXLOGLQJ�KHLJKW�LQFUHDVHV��)LJXUH��������

$OWKRXJK�WKH�H[LVWHQFH�RI�RXWOLHUV��WKHUH�LV�D�SRVLWLYH�OLQHDU UHODWLRQ�EHWZHHQ�EXLOGLQJ�

KHLJKW�DQG�$5 DV�ZHOO��$FFRUGLQJ�WR�IORRU�SODWH�DUHD�DQG�DVSHFW�UDWLR�GLVWULEXWLRQ��LW�LV�

SRVVLEOH�WR�VD\��VDPSOHV�DUH�EXLOW�ZLWK�JHQHUDOO\�VDPH�$5�YDOXHV�LQ�RUGHU�QRW�WR�KDYH�

VXSHU�VOHQGHU�EXLOGLQJV��



��

)LJXUH������ &RUUHODWLRQV�RI�EXLOGLQJ�KHLJKW�

7KH� UHG�SRLQW�ZKLFK� LV� DQ�RXWOLHU� LQ�GDWDVHW� LV�����:HVW���WK 6WUHHW�%XLOGLQJ��7KLV�

EXLOGLQJ�KDV�D������P�EDVH�DUHD�ZKHUHDV�LWV�KHLJKW�LV�������P��WKHUHIRUH��$5�YDOXH�LV�

H[WUHPHO\�KLJK�FRPSDUHG�WR�RWKHU�VDPSOHV��7KLV�EXLOGLQJ�LV�D�UHVLGHQWLDO�EXLOGLQJ�DQG�

KDV���OHYHO�RI�RXWULJJHUV�ZKLFK�DUH�WZR�VWRUH\�KHLJKW��

6WXGLHV� RQ� KHLJKW� DQG� RWKHU� SDUDPHWHUV� GR� QRW� UHYHDO D� VWURQJ� UHODWLRQVKLS��

&RUUHVSRQGLQJ�JUDSKV�DUH�JLYHQ�LQ�$SSHQGL[�%��6LQFH�UHODWLRQVKLSV�EHWZHHQ�KHLJKW�

DQG�RWKHU�SDUDPHWHUV�GR�QRW�UHSUHVHQW�D�VWURQJ�WUHQG��LW�LV�GHFLGHG�WR�LQYHVWLJDWH�WKH�

VDPSOHV�E\�IXUWKHU�FDWHJRUL]LQJ�EDVHG�RQ�WKHLU�ORFDWLRQ��VWUXFWXUDO�PDWHULDO��EXLOGLQJ�

IXQFWLRQ�DQG�VWUXFWXUDO�V\VWHP�LQ�WKH�VHFRQG�VWDJH�RI�WKH�DQDO\VHV��7KH�UHVXOWV�DUH�JLYHQ�

LQ�WKH�IROORZLQJ�VHFWLRQV��

������ /RFDWLRQ�%DVHG�&RUUHODWLRQV

6*��LV�LQYHVWLJDWHG�LQ�WHUPV�RI�GLIIHUHQW�UHJLRQV �$VLD��0LGGOH�(DVW��$PHULFD��2WKHUV��

LQ�WKH�VHFRQG�VWDJH�RI�WKH�DQDO\VHV� DQG�DFFRUGLQJ�WR�UHVXOWV��WKH�UHODWLRQVKLS�EHWZHHQ�

KHLJKW�DQG�VWUXFWXUDO�FRPSRQHQWV�DUH�QRW�VWURQJ��)LJXUH���������$FFRUGLQJ�WR�OLWHUDWXUH�

UHYLHZ��HDFK�FRXQWU\�KDV�LWV�RZQ�KD]DUG�OHYHO�DQG�GHVLJQ�FRGHV��WKHUHIRUH� VWUXFWXUDO�

UHTXLUHPHQWV�RI�WKH�EXLOGLQJV�FDQ EH�GLIIHUHQW��:KHQ�DQDO\VHV�DUH�PDGH�LQ�FRQWLQHQWDO�

VFDOH��UHVXOWV�DUH�QRW�FRQVLVWHQW��$VLD�KDV�WKH�ODUJHVW�QXPEHU�RI�EXLOGLQJV��WKHUHIRUH��

RQO\�$VLD�LV�SUHVHQWHG�LQ�WKLV�VHFWLRQ��DQG�RWKHU�UHJLRQV�DUH�JLYHQ�LQ�$SSHQGL[�%��



��

)LJXUH������ &RUUHODWLRQ�EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�ORFDWLRQ

)LJXUH�������VKRZV�WKH�GLVWULEXWLRQ�RI�WKH�VWUXFWXUDO�FRPSRQHQWV�ZLWK�UHVSHFW�WR�WKH�

ORFDWLRQ�RI�WKH�EXLOGLQJV��6DPSOHV�LQ�$VLD�KDYH�ODUJHU�FRUH�DUHD��ZKHUHDV�VDPSOHV�LQ�

$PHULFD� KDYH� ODUJHU� FROXPQ� DUHD�� 6LQFH�&KLQD� GHVLJQ� FRGHV� UHTXLUH� GXDO� V\VWHP��

PHGLDQ�FRUH�DQG�FROXPQ�UDWLR�LV�KLJKHU�LQ�$VLD��$FFRUGLQJ�WR�JUDSK��ZKHQ�FRUH�UDWLR�

LV�KLJKHU��FROXPQ�UDWLR�JHWV�ORZHU�H[FHSW�$VLD��)RU�LQVWDQFH��WKH�PHGLDQ�FRUH�UDWLR�LQ�

0LGGOH�HDVW�LV�������ZKHUHDV�PHGLDQ�FROXPQ�UDWLR�LV��������6LPLODUO\��PHGLDQ�FRUH�

UDWLR�LQ�2WKHUV�LV������ ZKHUHDV�PHGLDQ�FROXPQ�UDWLR�LV�������



��

)LJXUH�������,QWHUFRUUHODWLRQ�EHWZHHQ�FRUH DQG�FROXPQ�UDWLR�DQG�ORFDWLRQ�LQ�6*�

6LQFH� VLWH� FRQGLWLRQV� DUH� QRW� VDPH� IRU� GLIIHUHQW� ORFDWLRQV�� FRXQWULHV� KDYH� GLIIHUHQW

FRGHV IRU�VWUXFWXUDO�GHVLJQ��WKXV� JURXQG�PRWLRQV��VHLVPLF�KD]DUG�FKDUDFWHULVWLFV�DQG�

VLWH�FODVVLILFDWLRQ�DUH�GLIIHUHQW DV�ZHOO��$V�LW�PHQWLRQHG�LQ�³�������(YROXWLRQ�RI 6DPSOH�

*URXSV�´�&KLQD�GHVLJQ�FRGH�UHTXLUHV VRPH�DGGLWLRQDO�FRQVWUDLQWV�FRPSDUHG�WR�RWKHU�

FRXQWULHV��7KHUHIRUH��LW�LV GHFLGHG�WR�HYDOXDWH�WKH�VDPSOHV E\�VHSDUDWLQJ�DV�µ&KLQD¶�DQG�

µ2WKHUV¶�LQ�WKH�ILQDO�VWDJH�RI�DQDO\VHV� 2WKHU�FRXQWULHV�LQ�$VLD�5HJLRQ�H[FHSW�&KLQD��

$PHULFD��0LGGOH�(DVW��(XURSH�DQG�2FHDQLD DUH DFFHSWHG�DV�µ2WKHUV¶��DQG�HYDOXDWHG�

WRJHWKHU��7KH�UHVXOW�RI�WKHVH�DQDO\VHV�LV�DUH�JLYHQ�LQ�³�����5HFHQW�6DPSOH�*URXSV�$IWHU�

(YDOXDWLRQ´



��

������ 6WUXFWXUDO�0DWHULDO�%DVHG�&RUUHODWLRQV

&RUUHODWLRQ�EHWZHHQ�EXLOGLQJ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�6*��LV�H[DPLQHG

FRQVLGHULQJ� VWUXFWXUDO� PDWHULDOV �)LJXUH� ������� $ VWURQJ� UHODWLRQVKLS FDQQRW� EH�

REVHUYHG� EHWZHHQ� WKHVH� SDUDPHWHUV�� 6LQFH� WKH� QXPEHU� RI� FRPSRVLWH� EXLOGLQJV� DUH�

ODUJHU�DPRQJ�VDPSOHV��WKH UHVXOWV�RI�FRPSRVLWH�EXLOGLQJV�DUH�SUHVHQWHG�LQ�WKLV�VHFWLRQ��

DQG�FKDUWV�RI�WKH�RWKHU�VWUXFWXUDO�PDWHULDOV�DUH�JLYHQ�LQ�$SSHQGL[�%�

)LJXUH������ &RUUHODWLRQ�EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�VWUXFWXUDO�
PDWHULDO

'LVWULEXWLRQ�RI�FRUH�DQG�FROXPQ�UDWLR� LQ�6*�� LV JLYHQ�EDVHG�RQ VWUXFWXUDO�PDWHULDO�

�)LJXUH� �������� $FFRUGLQJ� WR� UHVXOWV�� FRQFUHWH� EXLOGLQJV� KDYH� ORZHU� FRUH� UDWLR�

FRPSDUHG�WR�RWKHU�VWUXFWXUDO�PDWHULDOV��/LNHZLVH��FROXPQ�DUHD�RI�VWHHO�VDPSOHV�LV�OHVV�

WKDQ�RWKHUV���



��

)LJXUH������ 5HODWLRQVKLS�EHWZHHQ FRUH DQG�FROXPQ�UDWLR�DQG�VWUXFWXUDO�PDWHULDO�LQ�6*�

7KHUH�FDQ EH�WZR�SRVVLEOH�H[SODQDWLRQV�ZK\�FRQFUHWH�EXLOGLQJV�KDYH�ORZHU�FRUH�DUHD��

x )LUVW��DV�LW LV NQRZQ��VWHHO�LV�D�OLJKWZHLJKW�PDWHULDO�FRPSDUHG�WR�FRQFUHWH�RU�

FRPSRVLWH� PDWHULDOV�� 'XH� WR� LWV� OLJKWQHVV� DQG� GXFWLOLW\�� VWHHO KDV� JUHDW�

DGYDQWDJH�DJDLQVW VHLVPLF�ORDGV FRPSDUHG�WR�FRQFUHWH��2Q�WKH�RWKHU�KDQG��ZLQG�

LV�WKH�PRVW�FULWLFDO�ODWHUDO�ORDG�IRU�WKH� WDOO EXLOGLQJV�EHFDXVH�RI�WKH�EXLOGLQJ�

KHLJKW��7KHUHIRUH��VWHHO�FRUH�UDWLR�PD\ KDYH�EHHQ�LQFUHDVHG�LQ�RUGHU�WR�NHHS�WKH�

WRS�GLVSODFHPHQW�ZLWKLQ�DFFHSWDEOH�OLPLWV�IRU�RFFXSDQWV�

x 6HFRQGO\��KHLJKW�GLVWULEXWLRQ�EDVHG�RQ VWUXFWXUDO�PDWHULDOV�LV�VKRZQ�LQ�)LJXUH�

�������DQG FRQFUHWH�EXLOGLQJV� LQ� WKH�VDPSOH�JURXS�DUH�VKRUWHU� WKDQ�VWHHO�DQG�

FRPSRVLWH�EXLOGLQJV��&RQFUHWH�VDPSOHV�PLJKW�UHTXLUH�OHVV�FRUH�DUHD�EHFDXVH�RI�

WKH�EXLOGLQJ�KHLJKW�



��

)LJXUH������ +HLJKW�GLVWULEXWLRQ�DFFRUGLQJ�WR�VWUXFWXUDO�PDWHULDO�LQ�6*��

������ %XLOGLQJ�)XQFWLRQ�%DVHG�&RUUHODWLRQV

,PSDFWV�RI�WKH�EXLOGLQJ�IXQFWLRQ�RQ�VWUXFWXUDO�FRPSRQHQWV�DUH LQYHVWLJDWHG��DQG�FRUH�

DQG�FROXPQ�UDWLRV�RI EXLOGLQJV�LQ�6*� DUH�DQDO\]HG��7KH�UHVXOWV�GLG QRW UHYHDO�DQ\�

FRUUHODWLRQ� EHWZHHQ� WKHVH� SDUDPHWHUV �)LJXUH� �������� &RUH DQG� FROXPQ� UDWLR�

GLVWULEXWLRQ�RI�RIILFH�EXLOGLQJV DUH JLYHQ�LQ�WKLV�VHFWLRQ�GXH�WR�QXPEHU�RI�VDPSOHV��DQG�

FKDUWV�RI�RWKHU EXLOGLQJ IXQFWLRQV DUH�JLYHQ�LQ�$SSHQGL[�%�

)LJXUH������ &RUUHODWLRQ�EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�RIILFH�EXLOGLQJV�LQ 6*��

7KH�UHG�SRLQW�LQ�)LJXUH�������ZKLFK�LV�DQ�RXWOLHU�LQ�GDWDVHW�LV�����/H[LQJWRQ�%XLOGLQJ��

7KLV�EXLOGLQJ�ULVHV�RQ���PHJD�FROXPQV� LQ� WKH�JURXQG� OHYHO�DV�H[SODLQHG� LQ����������

/RFDWLRQ�VHFWLRQ� DQG�LWV�KHLJKW�LV������P��WKHUHIRUH��LWV�FRUH�UDWLR�LV�H[WUHPHO\�KLJK�

ZKHQ�FRQVLGHUHG LWV�KHLJKW�



��

7KH� JUHHQ SRLQW� UHSUHVHQWV� 7DLSHL� ���� ,Q� WKLV� EXLOGLQJ�� HLJKW� ��VWRUH\� PRGXOHV�

VWDQGLQJ�DWRS�D�WDSHULQJ�EDVH��EXW�LWV�FRUH�LV�JHQHUDOO\�LQ�WKH�VDPH�VL]H�LQ�HDFK�IORRU��

WKHUHIRUH�� LWV� FRUH� UDWLR� LV� ORZ ZKHQ�FRQVLGHUHG LWV� KHLJKW��+RZHYHU�� WKH� VWUXFWXUDO�

V\VWHP�RI�WKLV�EXLOGLQJ�LV�GHVLJQHG�WR�UHVLVW�KXJH�HDUWKTXDNH�DQG�W\SKRRQV�ORDGV��,W�

KDV�D�GXDO�V\VWHP�ZKLFK�LV�D�FRPELQDWLRQ�RI�PXOWLSOH�RXWULJJHUV�DQG�SHULPHWHU�PRPHQW�

IUDPLQJ �3RRQ�HW�DO�� ������

)LJXUH������ 5HODWLRQVKLS�EHWZHHQ FRUH DQG�FROXPQ�UDWLR�DQG�EXLOGLQJ�IXQFWLRQ�LQ�6*�

&RUH�DQG�FROXPQ�UDWLR�EDVHG�RQ EXLOGLQJ�IXQFWLRQV�DUH�JLYHQ LQ�)LJXUH�������$FFRUGLQJ�

WR�UHVXOWV��UHVLGHQWLDO�EXLOGLQJV�DUH�VLJQLILFDQWO\�GLIIHUHQW�LQ�WHUPV�RI�FRUH DQG�FROXPQ�

UDWLR�� 6PDOOHU� FRUH� DQG� ODUJHU� FROXPQ� DUHD� LQ� UHVLGHQWLDO� EXLOGLQJV� LQ� 6*� FDQ� EH�

H[SODLQHG�E\�UHODWLYHO\�OHVV�GHPDQGV�RQ�FLUFXODWLRQ�VSDFH��ZKLFK�GLUHFWO\�UHODWHG�ZLWK�

WKH�FRUH�DUHD��DQG�FROXPQ�IUHH�DUHDV�EXLOGLQJV�FRPSDUHG�WR�RWKHUV���7KHUHIRUH�� WKLV�

IXQFWLRQ�LV GLVWLQJXLVKHG�DV�PHQWLRQHG�LQ�³�������(YROXWLRQ�RI 6DPSOH�*URXSV´ IRU�WKH�



��

ILQDO�VWDJH�RI�WKH�DQDO\VHV� 7KH�UHVXOW�RI�WKHVH�DQDO\VHV�LV�JLYHQ�LQ�³�����5HFHQW�6DPSOH�

*URXSV�$IWHU�(YDOXDWLRQ�´

������ 6WUXFWXUDO�6\VWHP�%DVHG�&RUUHODWLRQV

6*��LV�DQDO\]HG�LQ�WHUPV�RI�WKHLU�VWUXFWXUDO�V\VWHPV��DQG�FRUUHODWLRQ EHWZHHQ FRUH DQG�

FROXPQ�UDWLR�DQG�EXLOGLQJ�KHLJKW�LV�SUHVHQWHG �)LJXUH���������6LQFH�WKH�UHODWLRQVKLSV�

EHWZHHQ�WKHVH�SDUDPHWHUV DUH�ZHDN��RQO\�RXWULJJHUHG�IUDPH�VWUXFWXUHV�DUH�VKRZQ�LQ�

WKLV�VHFWLRQ��DQG�RWKHU�FKDUWV�DUH�JLYHQ�LQ�$SSHQGL[�%��7KH�UHG�SRLQW�UHSUHVHQWV�����

:HVW� ��WK 6WUHHW� %XLOGLQJ�� $V� H[SODLQHG� LQ� ����� &RUUHODWLRQ� %HWZHHQ� 'LIIHUHQW�

3DUDPHWHUV�VHFWLRQ��WKLV�EXLOGLQJ�LV�H[WUHPHO\�VOHQGHU�FRPSDUHG�WR�RWKHU�VDPSOHV��$5��

�������WKHUHIRUH��LWV�FROXPQ�DUHD�LV�ODUJHU�LQ�RUGHU�WR�SURYLGH�VWUXFWXUDO�HIILFLHQF\�DQG�

GHFUHDVH�WKH�WRS�GLVSODFHPHQW��

)LJXUH������ &RUUHODWLRQ�EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�VWUXFWXUDO�
V\VWHP

5HVXOWV� RI� WKH� VHFRQG� VWDJH� RI� WKH� DQDO\VHV� VKRZ� WKDW� VDPSOHV� QHHG� WR� EH� IXUWKHU�

FDWHJRUL]HG��1HYHUWKHOHVV��VHSDUDWLQJ�VDPSOHV�VR�PDQ\�WLPHV�UHGXFHV�WKH�PHPEHUV�RI�

WKH� VDPSOH� JURXSV�� WKHUHIRUH�� VRPH� VWUXFWXUDO� V\VWHPV� DUH� FRPELQHG� EDVHG� RQ� WKH�

VLPLODULW\�LQ�WKHLU�VWUXFWXUDO�EHKDYLRU�DQG�HYDOXDWHG�WRJHWKHU��

1RQ�UHVLGHQWLDO� WXEH� VDPSOHV� EHWZHHQ����P ± ���P�DUH� FRPSDUHG DV� LW� VKRZQ� LQ�

)LJXUH� ������� DQG� FRUH DQG� FROXPQ� UDWLR� RI� WKHVH� VDPSOHV� SUHVHQW� VLPLODU� YDOXHV��

7KHUHIRUH�� LW� LV� GHFLGHG� WR� HYDOXDWH� IUDPHG� DQG� WUXVVHG� WXEH� VWUXFWXUHV� WRJHWKHU��



��

6LPLODUO\�VKHDU�ZDOOHG�IUDPH�DQG�VKHDU�WUXVVHG�IUDPH�V\VWHPV�DUH�FRQVLGHUHG�WRJHWKHU

DV�PHQWLRQHG�LQ�³�������(YROXWLRQ�RI 6DPSOH�*URXSV�´�

)LJXUH������ &RUUHODWLRQ�EHWZHHQ�KHLJKW�DQG FRUH DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�VWUXFWXUDO�
V\VWHP

���� 5HFHQW�6DPSOH�*URXSV�DIWHU�(YDOXDWLRQ

7KH�LPSDFW�RI�VWUXFWXUDO�V\VWHP��EXLOGLQJ�IXQFWLRQ� VWUXFWXUDO�PDWHULDO�DQG�ORFDWLRQ�RQ�

VWUXFWXUDO�GHVLJQ�LV LQYHVWLJDWHG�VHSDUDWHO\�LQ�WKH�VHFRQG�VWDJH�RI�WKH�DQDO\VHV�LQ�WKLV�

VWXG\��5HVXOWV�RI�WKH�ILUVW�DQG�VHFRQG�VWDJH�RI�WKH�DQDO\VHV KDYH�UHYHDOHG�WKH�IDFW WKDW�

GLYLGLQJ�WKH�6*� IXUWKHU�PD\�FODULI\�WKH�WUHQGV��LI�DQ\��EHWZHHQ�WKH�SDUDPHWHUV�XQGHU�

LQYHVWLJDWLRQ��7KHUHIRUH��EXLOGLQJV�DUH�VFUXWLQL]HG DJDLQ�ZLWK�D�GLIIHUHQW�FODVVLILFDWLRQ�

DV� H[SODLQHG� LQ� ³������� (YROXWLRQ� RI� 6DPSOH� *URXSV´� VHFWLRQ�� 'LIIHUHQWO\� IURP�

SUHYLRXV�DQDO\VHV��IROORZLQJ�PRGLILFDWLRQV�DUH�PDGH�

x 7XEH�V\VWHPV�DQG�VKHDU�IUDPH�V\VWHPV�DUH�FRQVLGHUHG�WRJHWKHU�DV�LW�H[SODLQV�

LQ�µ�������6WUXFWXUDO�6\VWHP�%DVHG�&RUUHODWLRQV�¶

x 5HVLGHQWLDO�EXLOGLQJV�DUH�DQDO\]HG�VHSDUDWHO\�DV�H[SODLQHG LQ�µ�������%XLOGLQJ�

)XQFWLRQ�%DVHG�&RUUHODWLRQV�¶

x 6LQFH�&KLQD�GHVLJQ� FRGH� UHTXLUHV� UHODWLYHO\� VWULFW�FRQVWUDLQWV RQ�VWUXFWXUDO�

V\VWHPV�� VDPSOHV� DUH� GLYLGHG� DV� µ&KLQD¶ DQG� µRWKHUV¶ DFFRUGLQJ� WR� WKHLU�

UHJLRQV DV�H[SODLQHG LQ�µ�������/RFDWLRQ %DVHG�&RUUHODWLRQV�¶�



��

5HVXOWV�RI�WKH�DQDO\VHV�RI�WKH�VDPSOHV�DUH GLVSOD\HG�ZLWK�UHVSHFW� WR� WKHLU�VWUXFWXUDO�

V\VWHP�LQ�IROORZLQJ�VHFWLRQV�

������ 6KHDU�)UDPH�6\VWHPV

6KHDU�IUDPH�VWUXFWXUHV�KDYH OHVV�VDPSOHV�WKDQ�RWKHU�VWUXFWXUDO�V\VWHPV��DQG�PRVW�RI�

WKHVH� VWUXFWXUHV� DUH�PDGH�RI� FRQFUHWH�� 6LQFH� VDPSOHV� DUH� VXSSRVHG� WR� UHFODVVLI\� DV�

H[SODLQHG�EHIRUH��RQO\�� FRQFUHWH�VDPSOHV�DUH�LQYHVWLJDWHG�IRU�VKHDU�IUDPH�V\VWHPV�

�)LJXUH���������6XEJURXSV�ZKLFK�KDYH�QRW�HQRXJK�QXPEHU�RI�VDPSOHV�DUH�H[FOXGHG�

IURP�WKH�DQDO\VHV�DQG�PDUNHG�ZLWK�DQ�DVWHULVN�

�6DPSOHV�DUH�QRW�FRQVLGHUHG�GXULQJ�DQDO\VHV��

)LJXUH������ 6KHDU�IUDPH�V\VWHP�VDPSOH�GLVWULEXWLRQ

$FFRUGLQJ�WR�UHVXOWV��FRUH�UDWLR�LV�JHQHUDOO\�EHWZHHQ���������ZKLOH�FROXPQ�UDWLR�LV�

EHWZHHQ������� �����LQ�RYHUDOO��&RUH�DQG�FROXPQ�UDWLR�GLVWULEXWLRQ�DPRQJ�FRQFUHWH�

VKHDU�IUDPH�VDPSOHV�DUH�UHSUHVHQWHG�EDVHG�RQ�WKHLU�KHLJKWV�LQ�)LJXUH�������



��

)LJXUH������ &RUUHODWLRQ�EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�FRQFUHWH�VKHDU�IUDPH�V\VWHPV�

$V�LW�FDQ�EH�VHHQ�LQ�VFDWWHU�FKDUW��WKH�UHODWLRQVKLS EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�

UDWLR LV� QRW� VWURQJ��8QH[SHFWHGO\�� EXLOGLQJV� KLJKHU� WKDQ����P�KDV� ORZHU� FRUH� DUHD�

FRPSDUHG� WR� EXLOGLQJV� VKRUWHU� WKDQ� ���P�� 7KHUHIRUH�� WKH� EXLOGLQJV� DUH� HYDOXDWHG�

LQGLYLGXDOO\�WR�FRPPHQW�RQ�WKHVH�UHVXOWV�

x 3LUHOOL� %XLOGLQJ� ������P���$OWKRXJK� WKLV� EXLOGLQJ� LV� XQGHU� ���P�� LWV� FRUH

UDWLR�LV�FDOFXODWHG�DV������7KLV�EXLOGLQJ�KDV�EHHQ�FRPSOHWHG�LQ�������DQG�

VXFK�D�KLJK�FRUH�UDWLR�IRU�WKLV�KHLJKW�LV�SUREDEO\�FDXVHG�E\�ROG�WHFKQRORJ\�RU�

QRW�JLYLQJ�HQRXJK�DWWHQWLRQ�WR�OHDVDEOH�DUHD�GXH�WR�WLPH�UHTXLUHPHQWV��

x %DKUDLQ�:7&�����P���7KHVH�EXLOGLQJV�DUH�MRLQWHG�WR�HDFK�RWKHU�ZLWK���OHYHO�

RI�ZLQG�WXUELQHV� DQG�WKLV�FDQ EH�WKH�UHDVRQ�IRU�KLJKHU�FRUH�UDWLR����������,Q�

DGGLWLRQ��WKHVH�EXLOGLQJV�KDYH�FHQWUDO�VSOLW�FRUH�DQG�WKH�FRUH�LQ�WKH�PLGGOH�RI�

WKH�IORRU�SODQH�DUH�QRW�FRQWLQXRXV�DORQJ�WKH�EXLOGLQJ�EHFDXVH�RI�WKH�WDSHUHG�

VKDSH�RI�WKH�EXLOGLQJ��



��

x (YROXWLRQ�7RZHU�����P���7KHVH�EXLOGLQJ�KDV�WZLVWHG�VKDSH�DQG�WKH�RYHUDOO�

WZLVW� UHDFKHV ���� GHJUHHV� FORFNZLVH �1LNDQGURY�� ������� 6LQFH� WZLVWHG

EXLOGLQJV�ZLWKVWDQG�WKH�WRUVLRQDO�IRUFHV�SULPDULO\�ZLWK�WKHLU�FRUH��WKLV�LV�WKH�

SRVVLEOH�UHDVRQ�IRU�VXFK�D�KLJK�FRUH�UDWLR����������LQ�RUGHU�WR�IXOILO VWUXFWXUDO�

UHTXLUHPHQWV��

x ����6RXWK�:DFNHU�'ULYH�������P���5HODWLYHO\ ORZHU�FRUH�UDWLR���������RI�

WKLV�EXLOGLQJ�LV�UHODWHG�ZLWK�LWV FROXPQ�UDWLR���������ZKLFK�LV�KLJKHU�WKDQ�

DYHUDJH�

������ 2XWULJJHUHG�)UDPH�6\VWHPV

2XWULJJHUHG�)UDPH�6\VWHPV�DUH�ZLGHO\�XVHG�DURXQG�WKH�ZRUOG��DQG�WKH�QXPEHU�VXFK

VDPSOHV�DUH�KLJKHU�WKDQ�RWKHU�VWUXFWXUDO�V\VWHPV�LQ�WKLV�VWXG\��2Q�WKH RWKHU�KDQG��WKH�

QXPEHU� RI� UHVLGHQWLDO EXLOGLQJV DQG� EXLOGLQJV� PDGH� RI� RQO\� VWHHO� RU� FRQFUHWH� DUH�

UHODWLYHO\� OHVV��7KXV�� WKHVH� DUH� H[FOXGHG� IURP� WKH�DQDO\VHV �)LJXUH�������� H[FOXGHG�

VXEFODVVHV�DUH�PDUNHG�ZLWK�DQ�DVWHUL[�� 2QO\����FRPSRVLWH�EXLOGLQJV�IURP�&KLQD�DQG�

��FRPSRVLWH�EXLOGLQJV�IURP�DOO�RWKHU�FRXQWULHV DUH�DQDO\]HG�LQ�WKLV�VHFWLRQ�

�6DPSOHV�DUH�QRW�FRQVLGHUHG�GXULQJ�DQDO\VHV��

)LJXUH������ 2XWULJJHUHG�IUDPH�V\VWHP�VDPSOH�GLVWULEXWLRQ



��

$FFRUGLQJ�WR�UHVXOWV� PHGLDQ�KHLJKW�IRU�FRPSRVLWH�EXLOGLQJV�LV������P IRU�&KLQD�DQG

���P IRU�2WKHUV �)LJXUH�������� 6FDWWHU�FKDUWV�VKRZ�WKH�KHLJKW�GLVWULEXWLRQ�RI�VDPSOHV��

DQG�WKH�UHODWLRQ�EHWZHHQ�KHLJKW�DQG�FRUH�UDWLR LQ�2WKHUV�LV�VWURQJHU�WKDQ�EXLOGLQJV�LQ�

&KLQD UHODWLYHO\��&RUH�UDWLR� LQ�&KLQD� LV�JHQHUDOO\�EHWZHHQ�����DQG�����ZKHQ� WKH�

EXLOGLQJ�KHLJKW�LV�EHWZHHQ����P�DQG����P��%XLOGLQJV�KLJKHU�WKDQ����P�DQG�VKRUWHU�

WKDQ����P�KDYH�LQFRQVLVWHQW�FRUH�DUHD��

)LJXUH������ +HLJKW�GLVWULEXWLRQ�DPRQJ�FRPSRVLWH�RXWULJJHUHG�IUDPH�V\VWHPV�EDVHG�RQ�ORFDWLRQ

%XLOGLQJV�LQ�&KLQD�KDYH KLJKHU�FRUH�DQG�FROXPQ�UDWLR��DOWKRXJK�WKH�EXLOGLQJV�LQ�2WKHUV�

DUH�WDOOHU WKDQ�EXLOGLQJV�LQ�&KLQD DFFRUGLQJ�WR�)LJXUH��������DQG�WKLV�SURYHV�WKDW�&KLQD�

GHVLJQ�FRGH�UHTXLUHV�PRUH�UHVLVWDQW�EXLOGLQJV��,Q�&KLQD��PHGLDQ�FRUH�UDWLR�LV��������

ZKHUHDV� PHGLDQ� FROXPQ� UDWLR� LV� ������� DQG� WKH� FRUH� DUHD� RI� EXLOGLQJV� LV� PRVWO\�

EHWZHHQ������ ����RI�WKH�IORRU�DUHD��&ROXPQ�UDWLR�UDQJH�LV�ZLGHU�LQ�&KLQD��DQG�PRVWO\�

EHWZHHQ�������� ������&RUH�UDWLR�LQ�2WKHUV�LV�EHWZHHQ������ �����DQG�PHGLDQ�FRUH�

UDWLR�LV��������&ROXPQ�UDWLR�LV�EHWZHHQ����� ������ZKHUHDV�PHGLDQ�FROXPQ�UDWLR�LV�

DOPRVW�������



��

)LJXUH������ ,QWHUUHODWLRQ�EHWZHHQ�FRUH DQG�FROXPQ�UDWLR�DQG�ORFDWLRQ�LQ�FRPSRVLWH�RXWULJJHUHG�
IUDPH�V\VWHPV

&RPSRVLWH�RXWULJJHUHG�IUDPH�V\VWHP�VDPSOHV�DUH�LQYHVWLJDWHG�LQ�WHUPV�RI�WKHLU�KHLJKW�

DV�ZHOO��)LJXUH�������� &RUH�DQG�FROXPQ�UDWLR�RI�WKH�VDPSOHV�LQ�ERWK�ORFDWLRQV JHQHUDOO\�

LQFUHDVH� DV� EXLOGLQJ� KHLJKW� LQFUHDVHV� H[FHSW VDPSOHV� EHWZHHQ� ���P DQG� ���P LQ�

KHLJKW�� %XLOGLQJV� KLJKHU� WKDQ� ���P� PD\� UHTXLUH� DGGLWLRQDO� DGYDQFHG� VROXWLRQV��

WKHUHIRUH�� FRUH� DQG� FROXPQ� UDWLR� FDQ� EH� FKDQJHG� ZLWK� H[WUD� SUHFDXWLRQV� VXFK� DV�

GDPSHUV�RU�ZLQG�PRGLILFDWLRQV��)RU�LQVWDQFH��WKUHH�RI�WKH�EXLOGLQJV�KLJKHU�WKDQ����P�

KDYH�GDPSHUV��3LQJ $Q��3HWURQDV�7ZLQ�7RZHUV�DQG�7DLSHL�������WKUHH�RI�WKHP�KDYH�

VHWEDFNV��3HWURQDV�7ZLQ�7RZHUV��7DLSHL�����DQG�*XDQJ]KRX�&7)��DQG�PRVW�RI�WKH�

VDPSOHV�DUH�LQ�WDSHUHG�VKDSH��



��

)LJXUH������ ,QWHUUHODWLRQ�EHWZHHQ�FRUH DQG�FROXPQ�UDWLR�DQG�ORFDWLRQ�LQ�FRPSRVLWH�RXWULJJHUHG�
IUDPH�V\VWHPV�EDVHG�RQ�EXLOGLQJ�KHLJKW

$FFRUGLQJ� WR� %R[�	�:KLVNHU� FKDUW RQ� WKH� OHIW�� PHGLDQ� FRUH� DQG� FROXPQ� UDWLR� LV�

VSHFLILHG��DQG�VFDWWHU�FKDUW �RQ� WKH�ULJKW� LV�SUHSDUHG�ZLWK�PHGLDQ�YDOXHV�IRU�JLYHQ�

KHLJKW� UDQJHV LQ�)LJXUH� ����� 6FDWWHU� FKDUW�KHOSV� WR�GLVSOD\� WKH�GLIIHUHQFH�EHWZHHQ�

VWUXFWXUDO�UHTXLUHPHQWV�RI�&KLQD�DQG�2WKHUV�

&KDUDFWHULVWLFV�RI�2XWULJJHUV

'DWD�RQ�QXPEHU�RI�RXWULJJHUV�DQG�RXWULJJHU�KHLJKW� LV� FROOHFWHG� LQ� WKH�VFRSH�RI� WKH�

VWXG\��$V�PHQWLRQHG�EHIRUH��RXWULJJHUHG�IUDPH�V\VWHP�LV�WKH�PRVW�FRPPRQ�VWUXFWXUDO�

V\VWHP�DPRQJ�WKH�VDPSOHV��KRZHYHU��RXWULJJHU�GDWD�FDQ�EH�JDWKHUHG�IRU����RXW�RI����



��

VDPSOHV��6LQFH�(XUHND�7RZHU�KDV�D�VSHFLDO�RXWULJJHU�DSSOLFDWLRQ�ZKLFK�LV����VWRUH\�

KLJK��WKLV�EXLOGLQJ�LV�H[FOXGHG�ZKLOH�HYDOXDWLQJ�WKH�RXWULJJHUV��/LVW�RI�WKH����EXLOGLQJV�

ZLWK�RXWULJJHUV�DUH�JLYHQ�LQ�$SSHQGL[�&��

)LJXUH������ 2XWULJJHU�GLVWULEXWLRQ�RI�WKH�VDPSOHV

0HGLDQ�DQG�DYHUDJH�RXWULJJHU�KHLJKW�LQFUHDVH�DV�EXLOGLQJ�KHLJKW�LQFUHDVHV�H[FHSW�WKH�

RQH�VDPSOH�XQGHU����P �:RUOG�7RZHU�����P��ZKLFK�FDQ�EH�DVVXPHG�DV�DQ�H[FHSWLRQ��

$YHUDJH�QXPEHU�RI�RXWULJJHUV�LQFUHDVHV�DV�EXLOGLQJ�KHLJKW�LQFUHDVHV��H[FHSW�EXLOGLQJV�

PRUH�WKDQ����P�LQ�KHLJKW��DQG�WKH�PHGLDQ�QXPEHU�RI�RXWULJJHU�OHYHO� LV�IRXQG�DV��

�)LJXUH� �������� $� SRVVLEOH� UHDVRQ� IRU� WKLV� FLUFXPVWDQFH� FDQ� EH� H[SODLQHG�ZLWK� WKH�

HIILFLHQF\� RI� WKH� RXWULJJHUV�� VLQFH� WKH� HIILFLHQF\� RI� HDFK� QHZ� RXWULJJHU� LV� OHVV�

FRPSDUHG� WKH� IRUPHU�RQH��$FFRUGLQJ� WR�JDWKHUHG�GDWD��EHOW� WUXVV� LV� SXW� LQ�RUGHU� WR�

VXSSRUW�WKH�RXWULJJHUV�LQ�KDOI�RI�WKH�FDVHV��

������ 7XEH�6\VWHPV

7XEH�V\VWHPV�DUH�FRQVLGHUHG�WRJHWKHU�DV�PHQWLRQHG�EHIRUH��5HVLGHQWLDO�EXLOGLQJV�DQG�

VRPH VDPSOHV�DUH�QRW�FRQVLGHUHG�GXULQJ�DQDO\VHV GXH�WR�QXPEHU�RI�VDPSOHV��)LJXUH�

������� 2QO\� �� FRPSRVLWH� EXLOGLQJV� IURP� &KLQD�� �� FRQFUHWH� EXLOGLQJV� DQG� �� VWHHO�

EXLOGLQJV� IURP�2WKHUV�DUH� DQDO\]HG��6LQFH�DOO� VDPSOH�JURXSV�DUH�PDGH�RI�GLIIHUHQW�



��

VWUXFWXUDO�PDWHULDOV��LW�LV�QRW�SRVVLEOH�WR�FRPSDUH�WKH�VWUXFWXUDO�PDWHULDOV�ZLWK�UHVSHFW�

WR�ORFDWLRQV�IRU�WXEH�V\VWHPV�

�6DPSOHV�DUH�QRW�FRQVLGHUHG�GXULQJ�DQDO\VHV��

)LJXUH������ 7XEH�V\VWHP�VDPSOH�GLVWULEXWLRQ

6FDWWHU�FKDUWV IRU�FRUH�DQG�FROXPQ�UDWLR�RI�WXEH�V\VWHPV�DUH�FUHDWHG��%HVLGHV��PHGLDQ�

YDOXHV�RI�WKHVH�TXDQWLWLHV�DUH�SUHVHQWHG�E\�%R[�	�:KLVNHU�FKDUWV��)LJXUH��������7KH�

UHVXOWV�VKRZHG�WKDW� VWHHO�VDPSOHV�VKRUWHU�WKDQ����P�KDYH ELJJHU FRUH�UDWLR WKDQ�VWHHO�

VDPSOHV�EHWZHHQ��������P� 2Q�WKH�FRQWUDU\��FROXPQ�UDWLR�RI�VWHHO�EXLOGLQJV�EHWZHHQ�

�������P� LV� IRXU� WLPHV� ELJJHU WKDQ� VWHHO� EXLOGLQJV VKRUWHU� WKDQ� ���P�� ,Q� WXEH�

EXLOGLQJV�WKH�VWUXFWXUDO�V\VWHP�LV�RQ�SHULPHWHU��+RZHYHU��E\�PDNLQJ�XVH�RI�VHUYLFH�

FRUH� ZKLFK�LV�DOUHDG\�WKHUH�DV�D�VWUXFWXUDO�FRUH��RQH�FDQ�UHGXFH�WKH�VL]H�RI�WKH�FROXPQV�

DW�SHULPHWHU��&RUH�DQG�FROXPQ�UDWLR�IRU�FRPSRVLWH�WXEH�EXLOGLQJV�JHQHUDOO\�LQFUHDVH�

DV� EXLOGLQJ� KHLJKW� LQFUHDVHV� H[FHSW� RQH� VDPSOH� �.LQJWRZQ� ,QWHUQDWLRQDO� &HQWHU��

VKRUWHU�WKDQ����P��%R[�	�:KLVNHU�FKDUW�IRU�KHLJKW�GLVWULEXWLRQ�RI�GLIIHUHQW�PDWHULDOV

LQ�WXEH�V\VWHPV LV�JLYHQ�LQ�$SSHQGL[ '�



��

)LJXUH������0DWHULDO�GLVWULEXWLRQ�LQ�WXEH�V\VWHPV�EDVHG�RQ�KHLJKW

)LJXUH����� GHSLFWV WKH�FRUH DQG�FROXPQ�UDWLR�YDOXHV�DQG�KHLJKW�GLVWULEXWLRQ�RI� WKH�

VDPSOHV�EDVHG�RQ�WKH�VWUXFWXUDO�PDWHULDO��$FFRUGLQJ�WR�WKH�UHVXOWV��KHLJKW�UDQJH�RI�WXEH�

VDPSOHV�LV�EHWZHHQ����P�DQG����P�IRU�FRQFUHWH�EXLOGLQJV��EHWZHHQ����P�DQG����P�

IRU�VWHHO�EXLOGLQJV�DQG�EHWZHHQ����P DQG����P�IRU�FRPSRVLWH�EXLOGLQJV�

&RUH�UDWLR�IRU�FRPSRVLWH�EXLOGLQJV�LV�EHWZHHQ������ �����DQG�PHGLDQ�KHLJKW�IRU�WKHVH�

VDPSOHV� LV� �����P�� &ROXPQ� UDWLR� LV� PRVWO\� EHWZHHQ� ����� � ����� IRU� FRPSRVLWH�

EXLOGLQJV��DQG�PHGLDQ�FROXPQ�UDWLR�LV�VSHFLILHG�DV�������

)RU�VWHHO�VDPSOHV��PHGLDQ�KHLJKW�LV������P��FRUH�DUHD�LV�PRVWO\�EHWZHHQ������ ����

RI� IORRU� DUHD�� DQG�PHGLDQ� FRUH� UDWLR� LV� �������&ROXPQ� UDWLR� LV� JHQHUDOO\� EHWZHHQ�

������� �������DQG�PHGLDQ�FROXPQ�UDWLR�LV�������



��

)LJXUH������ ,QWHUUHODWLRQ�EHWZHHQ�FRUH FROXPQ�UDWLR�DQG�PDWHULDO�LQ�WXEH�V\VWHPV

$V�PHQWLRQHG�EHIRUH� FRQFUHWH�LV�SUHIHUUHG�IRU�VKRUWHU�EXLOGLQJV��DQG�PHGLXP�KHLJKW�

RI� FRQFUHWH� EXLOGLQJV� LV� IRXQG� DV� �����P�� $OWKRXJK� FRUH� UDWLR� LV� OHVV� WKDQ� RWKHU�

VDPSOHV�� FROXPQ� UDWLR� LV� WKH� KLJKHVW� IRU� FRQFUHWH� EXLOGLQJV� DPRQJ WXEH� VDPSOHV��

&RPSRVLWH� DQG� VWHHO� PDWHULDOV� SURYLGH� EHWWHU� VWUXFWXUDO� SHUIRUPDQFH� FRPSDUHG� WR�

FRQFUHWH��WKHUHIRUH��FROXPQ�UDWLR�RI�FRQFUHWH�VDPSOHV�LV�KLJKHU�WKDQ�RWKHU�PDWHULDOV��

6LQFH� FRQFUHWH� EXLOGLQJV� DUH� VKRUWHU� WKDQ� ���P�� VHUYLFH� FRUH� UHTXLUHPHQW� RI� WKHVH�

VDPSOHV�LV�OHVV��



��

���� /HDVDEOH�6SDQ�DQG 1)$

6*�� FRQWDLQV� ��� VDPSOHV�� DQG� VRPH� VDPSOHV� DUH� H[FOXGHG� IURP� WKH� DQDO\VHV� DV�

PHQWLRQHG�LQ����������������DQG��������VHFWLRQV��7KHUHIRUH�����RXW�RI����VDPSOHV�DUH�

DQDO\]HG�LQ�WHUPV�RI�OHDVDEOH�VSDQ�DQG�1)$�UDWLR��QHW�IORRU�DUHD�GLYLGHG�E\�IORRU�DUHD��

��RI�ZKLFK�LV�VKHDU�IUDPH�����RI�ZKLFK�LV�RXWULJJHUHG�IUDPH�DQG����RI�ZKLFK�LV�WXEH�

V\VWHPV�� $FFRUGLQJ� WR� UHVXOWV�� VWUXFWXUDO� V\VWHP� KDV� QRW� D� VLJQLILFDQW� LPSDFW� RQ�

OHDVDEOH�DUHD��0HGLDQ�YDOXH�IRU� OHDVDEOH�VSDQ�FKDQJHV�EHWZHHQ���P�DQG���P�ZLWK�

UHVSHFW�WR�GLIIHUHQW�VWUXFWXUDO�V\VWHPV��0HGLDQ�1)$�UDWLR�LV�YDULHG�EHWZHHQ�����DQG�

����DPRQJ�WKH�VDPSOHV�

)LJXUH������ /HDVDEOH�DUHD�GLVWULEXWLRQ�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV

7KH�LPSDFWV�RI�EXLOGLQJ�KHLJKW�RQ�1)$�LV�DQDO\]HG�DV�ZHOO��$FFRUGLQJ�WR�UHVXOWV��VSDFH�

HIILFLHQF\�JHQHUDOO\�GHFUHDVHV�DV�EXLOGLQJ�KHLJKW� LQFUHDVHV��+RZHYHU��1)$�UDWLR� LV�



��

JHQHUDOO\�VLPLODU�DPRQJ�WXEH�V\VWHPV��0RUHRYHU��WXEH�V\VWHPV�FDQ�EH�GHVFULEHG�DV�

WKH�PRVW�HIILFLHQW�V\VWHP�LQ�WHUPV�RI�OHDVDEOH�DUHD��)LJXUH�����������

)LJXUH������ 1)$�UDWLR�RI�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�FRQVLGHULQJ�KHLJKW

7KH�LPSDFW�RI�WKH�EXLOGLQJ�IXQFWLRQ�RQ�OHDVDEOH�VSDQ�LV�LQYHVWLJDWHG�LQ�WKH�VFRSH�RI�

WKLV� VWXG\� �)LJXUH� �������� $OO� VDPSOHV� LQ� 6*�� KDV� EHHQ� XVHG� IRU� WKH� IXQFWLRQ�

FRPSDULVRQ�H[FHSW�RQH�HGXFDWLRQ�EXLOGLQJ��0RGH�*DNXHQ�&RFRRQ�7RZHU�����RXW�RI�

���VDPSOHV� LQ�6*��LV�FRQVWUXFWHG�IRU�UHVLGHQWLDO� DQG�UHVLGHQWLDO� DQG KRWHO�SXUSRVH��

6LQFH�IORRU�SODQ�OD\RXW�RI�KRWHOV DQG�UHVLGHQWLDOV DUH�VLPLODU��DOO���VDPSOHV�DUH�QDPHG

DV�UHVLGHQWLDO�DV�PHQWLRQHG�EHIRUH��$FFRUGLQJ�WR�DQDO\VHV��UHVLGHQWLDO�EXLOGLQJV�KDYH�

VKRUWHU�VSDQV��DOWKRXJK�WKH\�DUH�PRUH�HIILFLHQW�LQ�WHUPV�RI�OHDVDEOH�DUHD��

)LJXUH������ /HDVDEOH�DUHD�HIILFLHQF\�RI�RIILFH�DQG�UHVLGHQWLDO�VDPSOHV



��

���� &RPSDULVRQ�RI�2XWULJJHUHG�)UDPH��7XEH�DQG�6KHDU�)UDPH�6\VWHPV

&RUH�DQG�FROXPQ�UDWLRV�RI�GLIIHUHQW� VWUXFWXUDO� V\VWHPV�DUH� LQYHVWLJDWHG�FRQVLGHULQJ�

GLIIHUHQW� SDUDPHWHUV� VXFK� DV� KHLJKW�� ORFDWLRQ�� IXQFWLRQ� DQG� PDWHULDO� LQ� SUHYLRXV�

VHFWLRQV��6LQFH�VKHDU�ZDOOHG�IUDPH�LV�JHQHUDOO\�SUHIHUUHG�ZKHQ�EXLOGLQJ�KHLJKW�LV�OHVV�

WKDQ����P DQG�PRVW�RI�WKH�RXWULJJHUHG�IUDPH�DQG�WXEH�V\VWHPV�DUH�KLJKHU�WKDQ����P��

D�WDEOH�LV�QRW�SUHSDUHG�IRU�VKHDU�IUDPH�V\VWHPV��6RPH�RI�WKH�FRPSDULVRQ�FKDUWV�DQG�

WDEOHV�DUH�JLYHQ�LQ�$SSHQGL[�(�

$�WDEOH�LV�FUHDWHG�IRU�RXWULJJHUHG�IUDPH�DQG�WXEH�V\VWHPV�DFFRUGLQJ�WR�PLQLPXP�DQG�

PD[LPXP YDOXHV� LQ� WKH�GDWDVHW� �ZKHQ� WKH�RXWOLHUV�DUH� UHPRYHG�� 6LQFH�DOO�VDPSOHV�

KDYH�GLIIHUHQW�VLWH�FRQGLWLRQV�DQG�GHVLJQ�FRQVLGHUDWLRQV��UHVXOWV�GR�QRW�IROORZ�D�UHJXODU�

SDWK�� 6WLOO�� WKHVH� YDOXHV� FDQ� EH� XVHIXO� IRU� SUHOLPLQDU\� GHVLJQ� DQG� SODQQLQJ�

FRQVLGHUDWLRQV�RI�RXWULJJHUHG�IUDPH�DQG�WXEH�V\VWHPV �7DEOH������DQG�7DEOH��������,I�

WKHUH�LV�QR�VDPSOH�IRU�JLYHQ�KHLJKW�UDQJH�DQG�PDWHULDO��WKDW�FHOO�LV�OHIW�EODQN���

7DEOH������&RUH DQG�FROXPQ�UDWLR�UDQJH�IRU�RXWULJJHUHG�IUDPH�V\VWHPV

�7KLV�GDWD�LV�REWDLQHG�IURP�RQO\�RQH�VDPSOH��WKHUHIRUH� LW�PD\�QRW�UHIOHFW�WKH�JHQHUDO�FKDUDFWHULVWLFV�

7DEOH������&RUH DQG�FROXPQ�UDWLR UDQJH�IRU�WXEH�V\VWHPV

�7KLV�GDWD�LV�REWDLQHG�IURP�RQO\�RQH�VDPSOH��WKHUHIRUH� LW�PD\�QRW�UHIOHFW�WKH�JHQHUDO�FKDUDFWHULVWLFV�

&RUH� UDWLR� RI� EXLOGLQJV� LQ� &KLQD� LV� KLJKHU� WKDQ� RWKHU� ORFDWLRQV� LQ� ERWK� VWUXFWXUDO�

V\VWHPV��$OWKRXJK� WKH�HIIHFW�RI� WKH�EXLOGLQJ�KHLJKW�RQ�VWUXFWXUDO� V\VWHP�FDQQRW�EH�
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REVHUYHG� VLJQLILFDQWO\�� PD[LPXP� YDOXHV� JHQHUDOO\� LQFUHDVH�� WKHUHIRUH�� WKLV� FDQ� EH�

UHODWHG� WR KHLJKW�� &RUH DQG� FROXPQ� UDWLR� FKDUWV� IRU� RXWULJJHUHG� IUDPH� V\VWHPV� LQ�

6HFWLRQ� ������ H[SUHVVHV� DSSDUHQWO\� WKH� LPSDFWV� RI� KHLJKW�� 6LQFH� RXWULJJHUHG� IUDPH�

V\VWHP�KDV�D�ORW�RI�VDPSOHV��UHVXOWV�DUH PRUH�UHOLDEOH�IRU�WKLV�VWUXFWXUDO�V\VWHP�

)LJXUH������ &RUH�DQG�FROXPQ UDWLR�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV

/DVWO\��VWUXFWXUDO�V\VWHPV�RI����VDPSOHV�ZKLFK�DUH�LQYHVWLJDWHG�LQ�1)$�DQDO\VHV�DUH�

FRPSDUHG�LQ�WHUPV�RI�FRUH DQG�FROXPQ�UDWLR��DQG�IROORZLQJ�RXWFRPHV�DUH�IRXQG�

x 2XWULJJHUHG�IUDPH�V\VWHPV�KDYH�ODUJHU FRUH�DUHD WKDQ�RWKHU�VWUXFWXUHV�

x 7XEH�V\VWHPV�KDYH�OHVV�FRUH�DUHD�WKDQ�RXWULJJHUHG�IUDPH�V\VWHPV��KRZHYHU��

WKH�DYHUDJH�FROXPQ�UDWLR�LV�KLJKHU�WKDQ�RXWULJJHUHG�IUDPH�V\VWHP�

x $OWKRXJK�WKHLU�DYHUDJH�KHLJKW�LV�VLJQLILFDQWO\�OHVV�WKDQ�RWKHU�WZR�VWUXFWXUDO�

V\VWHPV�� VKHDU� IUDPH� V\VWHPV� KDYH� VLPLODU� FRUH� DQG� FROXPQ� UDWLR� WR�

RXWULJJHUHG�IUDPH�V\VWHPV�



��

)LJXUH������ &RUH�DQG�FROXPQ�UDWLR�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV

)LJXUH������VKRZV�WKH�GLVWULEXWLRQ�RI�WKH�FRUH�DQG�FROXPQ�UDWLRV�IRU�GLIIHUHQW�VDPSOH�

JURXSV��7KH�OLPLWV�RI�HDFK�JUHHQ�OLQH�VKRZ�WKH�PLQLPXP�DQG�PD[LPXP�YDOXHV��ZKHQ�

WKH�RXWOLHUV�DUH�QRW�FRQVLGHUHG��RI�WKH�VDPSOH�VHW�IRU�D�JLYHQ�VWUXFWXUDO�V\VWHP��PDWHULDO�

DQG� UHJLRQ�� 7KH� JUHHQ� FLUFOH� VKRZV� WKH� PHGLDQ� YDOXH� RI� WKH� VDPSOH� VHW� IRU� HDFK�

VXEJURXS�� 7KH� UHVXOWV� VKRZHG� WKDW�� FROXPQ� DUHD� UDWLR� DQG� FRUH� DUHD� UDWLR� LQ� WDOO

EXLOGLQJV�FDQ�FKDQJH�EHWZHHQ����� �����DQG������ �����UHVSHFWLYHO\��IRU�D�JLYHQ�

VWUXFWXUDO�V\VWHP��VWUXFWXUDO�PDWHULDO�DQG�UHJLRQ�WULR��&RQVLGHULQJ�WKH�KLJKHVW�PHGLDQ�

YDOXHV�DPRQJ�DOO�VXEJURXSV��UHG�GDVKHG�OLQHV�������RI�D�FRUH�DUHD�UDWLR�DQG����RI�D�

FROXPQ�DUHD�UDWLR�FDQ�EH�XVHG�DV�FRQVHUYDWLYH�FHQWUDO�YDOXHV�IRU�WKH�SUHOLPLQDU\�GHVLJQ�

RI�WDOO�EXLOGLQJV�IRU�DQ\�NLQG�RI�VWUXFWXUDO�V\VWHP�RU�PDWHULDO�



��

&+$37(5��

�� &21&/86,21

���� 6XPPDU\�DQG�&RQFOXVLRQ

6LQFH�WDOO�EXLOGLQJV�PXVW�ZLWKVWDQG�H[FHVVLYH�ODWHUDO�ORDGV�FRPSDUHG�WR�FRQYHQWLRQDO�

EXLOGLQJV�� DGYDQFHG� VWUXFWXUDO� V\VWHPV� DUH� QHHGHG� DQG� WKXV� KDYH� EHHQ� GHYHORSHG�

ZLWKLQ�GHFDGHV��&RQVHTXHQWO\��ERWK�WKH�VWUXFWXUDO�V\VWHPV�DV�ZHOO�DV�WKH�FRPSRQHQWV�

RI� WKHVH VWUXFWXUDO� V\VWHPV� DUH� GLIIHUHQW� WKDQ� FRQYHQWLRQDO� EXLOGLQJV�� 7KLV� VWXG\�

LQYHVWLJDWHV�QXPEHU�DQG�VL]H�RI�VWUXFWXUDO�FRPSRQHQWV�RI�GLIIHUHQW�VWUXFWXUDO�V\VWHPV��

)RU� WKLV� UHDVRQ�� D� FRPSUHKHQVLYH� OLWHUDWXUH� VXUYH\� LV� GRQH� DERXW� VWUXFWXUDO� GHVLJQ�

FRQVLGHUDWLRQV�RI�WDOO�EXLOGLQJV��,GHQWLW\��DUFKLWHFWXUDO DQG�VWUXFWXUDO SDUDPHWHUV�DUH�

JURXSHG�WR�FRPSDUH�GLIIHUHQW�VWUXFWXUDO�V\VWHPV��,GHQWLW\�SDUDPHWHUV�DUH�FROOHFWHG�IRU�

��� H[LVWLQJ�EXLOGLQJV��ZKHUHDV�RQO\����RI�WKH�EXLOGLQJV ZLWK DOO�UHTXLUHG�LQIRUPDWLRQ�

IRU�WKLV�VWXG\�FDQ�EH�JDWKHUHG�EHFDXVH�RI�WKH�OLPLWHG�GDWD�RQ�SXEOLVKHG�WUXVWZRUWK\�

VRXUFHV� 7KH�PRVW�FRPPRQ�VWUXFWXUDO�V\VWHPV�RI�EXLOGLQJ�VDPSOHV�DUH�VSHFLILHG�OLNH�

VKHDU� IUDPH�� RXWULJJHUHG� IUDPH�� IUDPHG� WXEH� DQG� WUXVVHG� WXEH� V\VWHPV�� $OWKRXJK�

EXQGOHG�WXEH�V\VWHP LV�UHODWLYHO\�UDUH�� WKLV�V\VWHP�LV�FRQVLGHUHG�DV�ZHOO�EHFDXVH�RI�

VRPH VLPLODULWLHV LQ�VWUXFWXUDO�EHKDYLRU�ZLWK RWKHU�WXEH�V\VWHPV�

6DPSOHV�DUH�FODVVLILHG�LQ�WHUPV�RI�EXLOGLQJ�IXQFWLRQ��ORFDWLRQ��VWUXFWXUDO�PDWHULDO�DQG�

KHLJKW��DQG�WKHQ�VWUXFWXUDO�FRPSRQHQWV�RI�WKH�EXLOGLQJV�DUH�DQDO\]HG��$QDO\VHV�KDYH�

EHHQ FRPSOHWHG�LQ�WKUHH VWDJHV�EHFDXVH�RI�WKH�DOWHUQDWLYH�FODVVLILFDWLRQ�VWUDWHJLHV RI�

WKH�VDPSOHV��,Q�WKH�ILUVW� WZR�OHYHO�RI�JURXSLQJ��VDPSOHV�DUH�LQYHVWLJDWHG�VHSDUDWHO\��

EXW��VLJQLILFDQW�UHODWLRQVKLSV�EHWZHHQ�VDPSOHV�FDQQRW�EH�REVHUYHG��&RQVHTXHQWO\��LQ�

WKH� ILQDO� VWDJH� RI� WKH� DQDO\VHV�� VDPSOHV� DUH� UHFODVVLILHG� FRQVLGHULQJ� WKHLU� FRPPRQ�

IHDWXUHV�DQG�QXPEHU�RI�VDPSOHV�LQ�HDFK�VXE�JURXS��7KHQ��FRUH�DQG�FROXPQ�UDWLR�RI�

GLIIHUHQW�VWUXFWXUDO�V\VWHPV�DUH�UHLQYHVWLJDWHG��0RUHRYHU��OHDVDEOH�VSDQ�DQG�1)$�DUH�



��

FDOFXODWHG�DFFRUGLQJ�WR�WKH�FRUH DQG�FROXPQ�UDWLRV�REWDLQHG�LQ�WKLV�VWXG\��&RPSDULVRQV�

RQ�OHDVDEOH�DUHD�DQG�1)$ ZLWK�UHVSHFW�WR�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�ZHUH�SHUIRUPHG��

$GGLWLRQDOO\��RXWULJJHU�KHLJKW�DQG�QXPEHU�RI�RXWULJJHUV��FRUH�FRQILJXUDWLRQV��VSHFLDO�

IHDWXUHV�VXFK�DV�GDPSHUV�DQG�ZLQG�PRGLILFDWLRQV�DUH�H[DPLQHG�EULHIO\�IRU�WKH�VDNH�RI�

FRPSOHWHQHVV�RI�WKLV�VWXG\�

$IWHU�WKH�ILUVW�DQDO\VHV��WKHUH�KDYH�EHHQ�IRXQG�FRQVWUXFWLYH�UHVXOWV��7KHVH�UHVXOWV�DUH�

XWLOL]HG�LQ�UHFODVVLILFDWLRQ�DQG�JURXSLQJ�SURFHVV�DQG�SURPRWH�WKH�LPSURYHPHQW RI�WKH�

VWXG\� LQ� WKH� IXUWKHU� VWDJHV�� &RQVWUXFWLYH� UHVXOWV� RI� WKH� VWXG\� FDQ� EH� VSHFLILHG� DV�

IROORZV��

x 1XPEHU�RI�EXLOGLQJV� LQ�&KLQD� LV� KLJKHU� WKDQ�RWKHU� FRXQWULHV�� DQG�DYHUDJH�

EXLOGLQJ� KHLJKW� RI� WKHVH� EXLOGLQJV� LV�PRUH� WKDQ� RWKHU� VDPSOHV� DURXQG� WKH�

ZRUOG��

x 2IILFH�LV�WKH�PRVW�SUHIHUUHG�IXQFWLRQ�ZRUOGZLGH��DQG�PL[HG�XVH��UHVLGHQWLDO��

KRWHO�DQG�RWKHU�IXQFWLRQV�IROORZ�LW�UHVSHFWLYHO\��

x &RPSRVLWH�LV�WKH�PRVW�FRPPRQ�VWUXFWXUDO�PDWHULDO�DPRQJ�WKH�VDPSOHV��DQG�

WKHVH EXLOGLQJV�DUH�XVXDOO\�WDOOHU�WKDQ�UHLQIRUFHG�FRQFUHWH�DQG�VWHHO�EXLOGLQJV��

2Q�WKH�RWKHU�KDQG��KLJK�VWUHQJWK�FRQFUHWH LV�EHFRPLQJ�PRUH�SRSXODU�WKDQNV�

WR�WKH�QHZ�WHFKQRORJLHV�DQG�GHYHORSPHQWV��$V�D�PDWWHU�RI�IDFW��ZRUOG¶V�WDOOHVW�

EXLOGLQJV�DUH PDGH�RI�FRQFUHWH��6WHHO� LV�QRW�FRPPRQ�H[FHSW�$PHULFD��DQG�

RQO\���� RI�WKH�VDPSOHV�DURXQG�WKH�ZRUOG LV PDGH�RI�VWHHO�

x 0RVW�RI�WKH�VKHDU�IUDPH�EXLOGLQJV�DUH�PDGH�RI�FRQFUHWH�ZKLOH�FRPSRVLWH�LV�

PRUH�FRPPRQ�DPRQJ�RXWULJJHUHG�IUDPH�V\VWHP�EXLOGLQJV��

x $FFRUGLQJ� WR� DVSHFW� UDWLR� DQDO\VHV��$5 LQFUHDVHV� RYHU� WKH� \HDUV�� DQG� WKLV�

VKRZV WKDW�EXLOGLQJV KDYH EHFRPH�PRUH�VOHQGHU�

x 2XWULJJHUHG�IUDPH�LV�JHQHUDOO\�XVHG�ZKHQ�WKH�EXLOGLQJ�LV�KLJKHU�WKDQ����P��

7KH�KHLJKW�UDQJH�RI�WKH�EXLOGLQJV�LV�JHQHUDOO\�EHWZHHQ����P�DQG����P IRU�

WXEH�V\VWHPV�DQG����P�DQG����P IRU�VKHDU�IUDPH�V\VWHPV��



��

x ����RI�WKH�WXEH�V\VWHP�VDPSOHV�ORFDWH�LQ�&KLQD��DQG�DOPRVW�DOO�WKHVH�VDPSOHV�

DUH�PDGH�RI�FRPSRVLWH��0RVW�RI� WKH�RWKHU� WXEH�V\VWHP�EXLOGLQJV� ORFDWH� LQ�

$PHULFD��DQG�VWHHO�LV�FRPPRQ�IRU�WKRVH��

x $OWKRXJK� H[WHULRU� VWUXFWXUHV� DUH� PRUH� HIILFLHQW� WKDQ� LQWHULRU� VWUXFWXUHV��

RXWULJJHUHG� IUDPH� V\VWHP� LV� WKH� PRVW� FRPPRQ� VWUXFWXUDO� V\VWHP� LQ�

ZRUOGZLGH��7KLV�FLUFXPVWDQFH�FDQ�EH�H[SODLQHG E\�

R 2XWULJJHUHG�IUDPH�VWUXFWXUHV�LQWHUUXSW�WKH�YLHZ OHVV FRPSDUHG�WR�WXEH�

V\VWHPV�

R $OWKRXJK�� WKHUH� LV QRW D�FRQVHQVXV� LQ� OLWHUDWXUH�RQ� WKLV�VXEMHFW� $OL�

DQG� 0RRQ� ������� FODLPHG WKDW� RXWULJJHUHG� VWUXFWXUDO� V\VWHPV� DUH�

HIILFLHQW�XS�WR�����VWRUH\��ZKHUHDV�WXEH�V\VWHPV�DUH�HIILFLHQW�EHWZHHQ�

���DQG�����VWRUH\�

$FFRUGLQJ�WR�DQDO\VHV��PDLQ�RXWFRPHV�DUH�VSHFLILHG�LQ�WKH�VFRSH�RI�WKH�VWXG\�DQG�OLVWHG�

DV�IROORZV�

x $OWKRXJK� WKH�PDWHULDO� RI�EXLOGLQJ¶V� FRUH� LV�PRVWO\� FRQFUHWH�� FRQFUHWH� DQG�

FRPSRVLWH�DUH�HTXDOO\�SUHIHUUHG�IRU�FROXPQV��

x &RUH�DQG�FROXPQ�UDWLR�DQDO\VHV�EDVHG�RQ�ORFDWLRQ�VKRZHG�WKDW�EXLOGLQJV�LQ�

&KLQD�KDYH�ODUJHU�FRUH�DUHD�FRPSDUHG�WR�RWKHU�ORFDWLRQV�

x $FFRUGLQJ� WR� LQYHVWLJDWLRQ� RQ� RXWULJJHUV�� RXWULJJHU� KHLJKW� JHQHUDOO\�

LQFUHDVHV�DV�EXLOGLQJ�KHLJKW�LQFUHDVHV��DQG���OHYHOV�RI�RXWULJJHU�LV�WKH�PRVW�

SUHIHUUHG�VHW�IRU�RXWULJJHUV��

x 1)$�UDWLR� LQ� WXEH� V\VWHPV� LV� KLJKHU� WKDQ�1)$� UDWLR� LQ�RXWULJJHUHG� IUDPH�

V\VWHPV��5HJDUGLQJ�OHDVDEOH�VSDQ�� WKH�DYHUDJH�YDOXHV�DUH� IDLUO\�VLPLODU�IRU�

WXEH�V\VWHPV�DQG�RXWULJJHUHG�IUDPH�V\VWHPV��

x 1)$�UDWLR�UHGXFHV�DV�EXLOGLQJ�KHLJKW�LQFUHDVHV��

x $FFRUGLQJ�WR�DQDO\VHV��UHVLGHQWLDO EXLOGLQJV�KDYH�ORZHU�OHDVDEOH�VSDQ�ZKLOH�

WKHLU�1)$�UDWLR�LV�KLJKHU�WKDQ�RWKHU�IXQFWLRQV�
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x 7KH� UHVXOWV� VKRZHG� WKDW� VWHHO� VDPSOHV� KDYH� VLPLODU� FRUH� UDWLR� ZLWK� RWKHU�

EXLOGLQJ� VDPSOHV�� 7KH� UHDVRQ� RI� WKLV� FLUFXPVWDQFH� FDQ� EH� WR� NHHS� WRS�

GLVSODFHPHQW� RI� WKH� EXLOGLQJV� ZLWKLQ� DFFHSWDEOH� OLPLWV� IRU� RFFXSDQWV¶�

FRPIRUW��VLQFH�ZLQG�SOD\V D�GRPLQDQW�UROH�LQ�GHVLJQ�RI�KLJK�ULVH�EXLOGLQJV¶�

VWUXFWXUDO�V\VWHP�GXH�WR�WKHLU�KHLJKWV� %HVLGHV��VHUYLFH�UHTXLUHPHQWV�RI�WKH�

EXLOGLQJV�PD\�IRUFH�WR�WKH�FRUH�WR�EH�ELJJHU�LQ�VWHHO�EXLOGLQJV��

x &RUH�DQG�FROXPQ�UDWLR�RI WKH EXLOGLQJV�DUH�VSHFLILHG�DFFRUGLQJ WR�PD[LPXP�

DQG�PLQLPXP�SRLQW�RI�WKH�ER[�	�ZKLVNHU�FKDUWV�DV�IROORZV��

R &RUH�UDWLR�RI�DQ�RXWULJJHUHG�IUDPH�EXLOGLQJ�LQ�&KLQD�ZKLFK�PDGH�RI�

FRPSRVLWH� FDQ� EH� EHWZHHQ� ���� DQG� ����� PRVWO\� DURXQG� �����

&ROXPQ� UDWLR� RI� WKHVH� EXLOGLQJV� FDQ� EH� EHWZHHQ� ����� DQG� �����

PRVWO\�DURXQG�������

R &RUH� UDWLR� RI� DQ� RXWULJJHUHG� IUDPH� EXLOGLQJ� LQ� RWKHU� UHJLRQV�

�$PHULFD��(XURSH��0LGGOH�(DVW��2FHDQLD�DQG�RWKHU�$VLDQ�&RXQWULHV�

H[FHSW�&KLQD��ZKLFK�PDGH�RI�FRPSRVLWH�FDQ�FKDQJH�EHWZHHQ�����

DQG�����ZLWK�UHVSHFW�WR�VWUXFWXUDO�DQG�DUFKLWHFWXUDO�FRQVLGHUDWLRQV�RI�

WKH�EXLOGLQJV��+RZHYHU��EXLOGLQJV�KDYH�D�FRUH�PRVWO\�DURXQG�����RI�

WKH�WRWDO�DUHD�LQ�WKHVH�UHJLRQV��&ROXPQ�UDWLR�RI�WKHVH�EXLOGLQJV�FDQ�EH�

EHWZHHQ����DQG�������PRVWO\�DURXQG����

R &RUH�UDWLR�RI�D�WXEH�EXLOGLQJ�&KLQD�ZKLFK�PDGH�RI�FRPSRVLWH�FDQ�EH�

EHWZHHQ�����DQG������PRVWO\�DURXQG������&ROXPQ�UDWLR�RI�WKHVH�

EXLOGLQJV�FDQ�EH�EHWZHHQ������DQG�������PRVWO\�DURXQG�������

R &RUH�UDWLR�RI�D�WXEH�EXLOGLQJ�LQ�RWKHU�UHJLRQV�ZKLFK�PDGH�RI�FRQFUHWH�

FDQ�EH�EHWZHHQ�����DQG������PRVWO\�DURXQG������&ROXPQ�UDWLR�RI�

WKHVH�EXLOGLQJV�FDQ�EH�EHWZHHQ������DQG�������PRVWO\�DURXQG�����

R &RUH�UDWLR�RI�D�WXEH�EXLOGLQJ�LQ�RWKHU�UHJLRQV�ZKLFK�PDGH�RI�VWHHO�FDQ�

EH�EHWZHHQ�����DQG������PRVWO\�DURXQG������&ROXPQ�UDWLR�RI�WKHVH�

EXLOGLQJV�FDQ�EH�EHWZHHQ����DQG�������PRVWO\�DURXQG�������
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R &RUH�UDWLR�RI�D�VKHDU�IUDPH�EXLOGLQJ�LQ�RWKHU�UHJLRQV�ZKLFK�PDGH�RI�

FRQFUHWH�FDQ�EH�EHWZHHQ�����DQG������PRVWO\�DURXQG������&ROXPQ�

UDWLR� RI� WKHVH� EXLOGLQJV� FDQ� EH� EHWZHHQ� ����� DQG� ������ PRVWO\�

DURXQG�����

x 1)$�UDWLR�LV�JHQHUDOO\�EHWZHHQ�����DQG���� IRU�DQ�RIILFH�EXLOGLQJ�DQG�����

DQG�����IRU�D�UHVLGHQWLDO�EXLOGLQJ DFFRUGLQJ�WR�ILUVW�DQG�WKLUG�TXDUWLOH�YDOXHV�

LQ WKH� GDWDVHW�� /HDVDEOH� VSDQ� LV� EHWZHHQ� ����P� DQG� ����P� IRU� DQ� RIILFH�

EXLOGLQJ�DQG�����DQG���P�IRU�D� UHVLGHQWLDO�EXLOGLQJ� /HDVDEOH�VSDQ�FDQ�EH�

LQFUHDVHG�XS�WR���P LQ�RIILFH�EXLOGLQJV��

x 1)$�UDWLR�RI�RIILFH�EXLOGLQJV�LV�EHWZHHQ�����DQG�����IRU�RXWULJJHUHG�IUDPH�

V\VWHPV������DQG�����IRU�VKHDU�IUDPH�V\VWHPV�DQG�����DQG�����IRU�WXEH�

V\VWHPV DFFRUGLQJ�WR�ILUVW�DQG�WKLUG�TXDUWLOH�YDOXHV�LQ�WKH�GDWDVHW��

7KH� UHVXOWV� VKRZHG� WKDW�� IRU� SUHOLPLQDU\�GHVLJQ� RI� D� WDOO� EXLOGLQJ� UHJDUGOHVV� RI� LWV�

VWUXFWXUDO�V\VWHP��ORFDWLRQ��VWUXFWXUDO�PDWHULDO�RU�KHLJKW������DQG����FDQ�EH�WDNHQ�DV�

FRQVHUYDWLYH�FHQWUDO�YDOXHV�RI�FRUH�DQG�FROXPQ�DUHD�UDWLR��UHVSHFWLYHO\�

���� 5HVHDUFK�/LPLWDWLRQV

7KLV�VWXG\�LQYHVWLJDWHV�GLIIHUHQW�VWUXFWXUDO�V\VWHP�E\�H[DPLQLQJ���� H[LVWLQJ�EXLOGLQJ�

DOO�DURXQG�WKH�ZRUOG��1XPEHU�RI�WKH�VDPSOHV�FDQQRW�EH�IXUWKHU LQFUHDVHG��GXH�WR�WKH�

OLPLWDWLRQV�RQ�UHDFKLQJ�GDWD��,I�WKH�DUFKLWHFWV�RU�VWUXFWXUDO�HQJLQHHUV�RI�WKHVH�EXLOGLQJV�

ZHUH� DOORZHG� WR� VKDUH� PRUH� GHWDLOV� RQ� WKHVH� EXLOGLQJV�� WKH� VDPSOH� VL]H� ZRXOG� EH�

LQFUHDVHG�

7KLV�GDWDEDVH�LV�FRPSRVHG�IRU�RQO\�DFDGHPLF�SXUSRVH��$OO�GLPHQVLRQV�DUH�GHWHUPLQHG�

DFFRUGLQJ�WR�UHIHUHQFH�IORRU�SODQV��)ORRU�SODQV�DUH�UHGUDZQ��DQG�VL]H�RI�FRPSRQHQWV�LV�

VSHFLILHG��$OWKRXJK�DOO�SDUDPHWHUV�DUH�FROOHFWHG�ULJRURXVO\��VRPH�GDWD�PD\ VOLJKWO\�

GLIIHU� IURP�RULJLQDO��1HYHUWKHOHVV�� WKLV� VWXG\�PDLQO\� IRFXVHV� RQ� DYHUDJH� YDOXHV� RI�

REVHUYHG�SDUDPHWHUV��7KXV� WKH�HIIHFW�RI�VXFK�VPDOO�GLIIHUHQFHV�RQ�WKH�DYHUDJH�YDOXHV�

FDQ�EH�DFFHSWHG�DV�QHJOLJLEOH�
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���� 5HFRPPHQGDWLRQV�IRU�)XUWKHU�6WXGLHV

,Q�WKLV�VWXG\��DQ�H[WHQVLYH�GDWDEDVH�LV�FRPSRVHG��DQG�VDPSOHV�DUH�DQDO\]HG�LQ�RUGHU�WR�

H[DPLQH� WKH�VWUXFWXUDO�FRPSRQHQWV�RI�GLIIHUHQW�VWUXFWXUDO�V\VWHPV��$OO�SURFHVVHV�RI�

WKLV� VWXG\� VXFK� DV� FROOHFWLQJ� GDWD�� JURXSLQJ�� UHFODVVLILFDWLRQ� DQG� DQDO\VHV� DUH�

FRPSOHWHG�ULJRURXVO\��

�'�PRGHOV�FDQ�EH�GHVLJQHG�DFFRUGLQJ�WR�RXWFRPHV�RI�WKLV�VWXG\�E\�D�VWUXFWXUDO DQDO\VLV�

VRIWZDUH�LQ�RUGHU�WR�SURYLGH�SUHOLPLQDU\�HVWLPDWLRQ�IRU�GHVLJQHUV�DQG�LQYHVWRUV��7KHQ��

WKHVH�PRGHOV�FDQ�EH�XVHG�WR�YHULI\�REVHUYHG�FROXPQ�DQG�FRUH�UDWLRV�E\�XVLQJ�GHVLJQ�

ORDGV��6RPH�KHLJKW�UDQJH�FDQ�EH�VSHFLILHG�IRU��'�PRGHOV��VXFK�DV�EXLOGLQJV�EHWZHHQ�

���P�DQG����P�����P�DQG����P�����P�DQG����P������DQG����P�DQG�KLJKHU�WKDQ�

���P���DQG�D��'�PRGHO�FDQ�EH�GHVLJQHG�IRU�HDFK�RI�WKHVH�KHLJKW�UDQJHV��7KHVH��'�

PRGHOV�FDQ�EH�FUHDWHG�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�VXFK�DV�RXWULJJHUHG�IUDPH��WXEH�

DQG�VKHDU�IUDPH�V\VWHPV��,Q�DGGLWLRQ��WKLV�VWXG\�FDQ�EH�LPSURYHG�E\�UHGHVLJQLQJ�WKHVH�

PRGHOV�ZLWK�GLIIHUHQW�VWUXFWXUDO�PDWHULDOV�VXFK�DV�FRQFUHWH��FRPSRVLWH�DQG�VWHHO��

)URP�HFRQRPLF�SRLQW�RI�YLHZ��FRVW�RI�WKH�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�FDQ�EH�FRPSDUHG�

LQ� WHUPV�RI� LQLWLDO� FRVW� DQG�SURILW��)RU� WKLV�SXUSRVH�� LQLWLDO� FRVW� FDQ�EH�REWDLQHG�E\�

FDOFXODWLQJ� WKH� FRQVXPSWLRQ� RI� VWUXFWXUDO� PDWHULDOV�� DQG� SURILW� FDQ� EH� GHWHUPLQHG�

DFFRUGLQJ�WR�UHWXUQ�RI�OHDVDEOH�DUHD�
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5()(5(1&(6

$O�.RGPDQ\�� .��� 	� $OL�� 0�� 0�� �������� $Q� 2YHUYLHZ� RI� 6WUXFWXUDO� 	� $HVWKHWLF�
'HYHORSPHQWV� LQ� 7DOO� %XLOGLQJV� 8VLQJ� ([WHULRU� %UDFLQJ� 	� 'LDJULG� 6\WHPV��
,QWHUQDWLRQDO�-RXUQDO�RI�+LJK�5LVH�%XLOGLQJV�����������±����

$O�6KDULI��/����������7KH�'HVLJQ�RI�(OHYDWRU�6\VWHPV�LQ�+LJK�5LVH�%XLOGLQJV��3DUW����
/LIW�5HSRUW�����������±���

$OGDU� +HDGTXDUWHUV�� �Q�G��D��� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWSV���ZZZ�DUFKGDLO\�FRP��������DO�GDU�KHDGTXDUWHUV�P]�
DUFKLWHFWV�����������ED�G��D������H�DO�GDU�KHDGTXDUWHUV�P]�DUFKLWHFWV�
VHFWLRQ

$OGDU� +HDGTXDUWHUV�� �Q�G��E��� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWSV����GZDUHKRXVH�VNHWFKXS�FRP�PRGHO��EG��F���F�������������IG������
E�+4"KO HQ

$OGDU� +HDGTXDUWHUV�� �Q�G��F��� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWSV���ZZZ�DUXS�FRP�SURMHFWV�DOGDU�KHDGTXDUWHUV

$OL��0��0���	�$O�.RGPDQ\��.����������7DOO�%XLOGLQJV�DQG�8UEDQ�+DELWDW�RI�WKH���VW�
&HQWXU\�� $� *OREDO� 3HUVSHFWLYH�� %XLOGLQJV�� ������ ���±�����
KWWSV���GRL�RUJ���������EXLOGLQJV�������

$OL��0��0���	�$UPVWURQJ��3��-����������$UFKLWHFWXUH�RI�7DOO�%XLOGLQJV���0��0��$OL�	�
3��-��$UPVWURQJ��(GV����1HZ�<RUN��&RXQFLO�RQ�7DOO�%XLOGLQJV�DQG�8UEDQ�+DELWDW�
&RPPLWWHH��0F*UDZ�+LOO�,QF�

$OL��0��0���	�0RRQ��.��6����������6WUXFWXUDO�'HYHORSPHQWV�LQ�7DOO�%XLOGLQJV��&XUUHQW�
7UHQGV� DQG )XWXUH� 3URVSHFWV�� $UFKLWHFWXUDO� 6FLHQFH� 5HYLHZ�� ������� ���±�����
KWWSV���GRL�RUJ���������DVUH����������

$RQ� &HQWHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���SUHVHUYDWLRQFKLFDJR�RUJ�QHZVOHWWHUBSRVWV�LI�\RX�YDOXH�SUHVHUYDWLRQ�LQ�
FKLFDJR�SOHDVH�VXSSRUW�SUHVHUYDWLRQ�FKLFDJR���DRQ�HOHYDWRU�W\SLFDO�IORRU�SODQ�

$VNDUL1HMDG��3�� ��������)URP�³2´� WR� ³/´�'HVLJQ�&KDOOHQJHV��*D]SURP�7RZHU�� ,Q�
&7%8+������6KDQJKDL�&RQIHUHQFH�3URFHHGLQJV �SS�����±�����

$\UHV��3���	�0DF$UWKXU��-����������&HQWUDO�3ODD��+RQJ�.RQJ��7KH $UXS�-RXUQDO������

%DNHU��%���	�3DZOLNRZVNL�� -�� �������� 7KH� GHVLJQ� DQG� FRQVWUXFWLRQ� RI� WKH�:RUOG¶V�
WDOOHVW�EXLOGLQJ��7KH�%XUM�.KDOLID��'XEDL��6WUXFWXUDO�(QJLQHHULQJ�,QWHUQDWLRQDO��
KWWSV���GRL�RUJ������������������;��������������

%DNHU��:����������6WUXFWXUDO�3RVVLELOLWLHV��,Q�'��3DUNHU�	�$��:RRG��(GV����7KH�7DOO�



���

%XLOGLQJV�5HIHUHQFH�%RRN �SS�����±������2[IRUG��5RXWKOHGJH�

%DNHU��:��� %URZQ�� &�� '��� <RXQJ�� %�� 6��� 	� =DFKULVRQ�� (�� �������� ,QILQLW\� 7RZHU��
'XEDL��,Q�8$(�6WUXFWXUHV�&RQJUHVV �SS������±������

%DNHU�� :��� -DPHV�� 3��� 7RPOLQVRQ�� 5��� 	� :HLVV�� $�� �������� &DVH� 6WXG\ௗ�� 7UXPS�
,QWHUQDWLRQDO�+RWHO�	�7RZHU��&7%8+�-RXUQDO���,,,�����±���

%DQN� RI� &KLQD�� �Q�G���� 5HWULHYHG� -DQXDU\� ��� ������ IURP� KWWSV���ZZZ�SFI�
S�FRP�SURMHFWV�EDQN�RI�FKLQD�WRZHU�

%DUEHQ�� %�� 5��� %RQIDWL� (�� /��� 	� 3HUH]�� $�� 5�� ��������1HZ� <RUN� 7LPHV� %XLOGLQJ��
,3'�%,0�7KHVLV�7HFKQLFDO�5HSRUW�

%D\ÕU�� .�� �������� $OOLDQ]� 7RZHU�� 5HWULHYHG� 6HSWHPEHU� ���� ������ IURP�
KWWS���XVHUV�PHWX�HGX�WU�DUFKVWU�%6����GRFXPHQWV�3URMHFWV�5RQHVDQV� 7RZHU� �
.DU\D�%D\LU�SGI

%HUPDQ�� -�� /��� 	� )DVFKDQ�� :�� -�� �������� :RUOG� 2QH� 7RZHU�� ,Q� &7%8+� �����
&RQIHUHQFH� 6HRXO�� 5HWULHYHG� IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y ;=Y)<SS;O��	IHDWXUH \RXWX�EH

%LQGHU��*���(G����������������RI�WKH�:RUOG¶V�7DOOHVW�%XLOGLQJV��0HOERXUQH��$XVWUDOLD��
7KH�,PDJHV�3XEOLVKLQJ�*URXS�3W\�

%R\��-����������&DVH�6WXG\��7RUUH�5HIRUPD��0H[LFR�&LW\��&7%8+�-RXUQDO���,�����±
���

&D\DQ� 7RZHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ��� ������ IURP�
KWWSV���DUFKLWL]HU�FRP�SURMHFWV�FD\DQ�WRZHU�

&HWLQHU��,���	�g]NDQ��(����������$Q�DSSURDFK�IRU�WKH�HYDOXDWLRQ�RI�HQHUJ\�DQG�FRVW�
HIILFLHQF\� RI� JODVV� IDoDGHV�� (QHUJ\� DQG� %XLOGLQJV�� ������� ���±�����
KWWSV���GRL�RUJ���������M�HQEXLOG������������

&KDQ��)�� ��������&7)�*XDQJ]KRX� � (IILFLHQF\� LQ�0L[HG�8VH�6XSHUWDOO�� ,Q�&7%8+�
����� &KLQD� &RQIHUHQFH�� 5HWULHYHG� IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y LJJ�7BY�)�Z

&KDQGXQQL��5���	�%HUDKPDQ��)����������WKH�VWUXFWXUDO�GHVLJQ�RI�$OPDV�WRZHU��'XEDL��
X$H�� ,Q� 3URFHHGLQJV� RI� ,&( �SS�� ��±�����
KWWSV���GRL�RUJ���������FLHQ��������������

&KDQYDLYLW��.����������&RQVWUXFWLQJ�WKH�0DKD1DNKRQ�7RZHU��,Q�&7%8+������1HZ�
<RUN� &RQJUHVV�� 5HWULHYHG� IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y =D06*292QVZ	IHDWXUH \RXWX�EH

&KHXQJ�� <�� .��� 	� &KDX�� .�� :�� �������� 7DOO� %XLOGLQJV�� )URP� (QJLQHHULQJ� WR�
6XVWDLQDELOLW\��6LQJDSRUH��:RUOG�6FLHQWLILF�3XEOLVKLQJ�



���

&KLQD� :RUOG� 7UDGH� &HQWHU� 3KDVH� �%�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWS���ZZZ�FZWF�FRP�HQ�JP[]O�KWPO

&KRL�� +�� 6�� �������� 6XSHU� 7DOO� %XLOGLQJ� 'HVLJQ� $SSURDFK�� 7KRUQWRQ� 7RPDVHWWL��
5HWULHYHG� IURP� KWWS���ZZZ�WKRUQWRQWRPDVHWWL�FRP�ZS�
FRQWHQW�XSORDGV���������6XSHUB7DOOB'HVLJQ�SGI

&KRL�� +�� 6��� -RVHSK�� /��� 	� 0DWKLDV�� 1�� �������� 2XWULJJHU� 'HVLJQ� IRU� +LJK�5LVH�
%XLOGLQJV�� $Q� RXWSXW� RI� WKH� &7%8+�2XWULJJHU�:RUNLQJ�*URXS �����WK� HG����
&KLFDJR��&7%8+��5RXWKOHGJH�

&KU\VOHU� %XLOGLQJ�� �Q�G��D��� 5HWULHYHG� )HEUXDU\� ��� ������ IURP�
KWWSV���ZZZ�DUFKGDLO\�FRP�������DG�FODVVLFV�FKU\VOHU�EXLOGLQJ�ZLOOLDP�YDQ�
DOHQ�����I��D��ED�G���E����H��DG�FODVVLFV�FKU\VOHU�EXLOGLQJ�ZLOOLDP�YDQ�
DOHQ�SODQ���

&KU\VOHU� %XLOGLQJ�� �Q�G��E��� 5HWULHYHG� )HEUXDU\� ��� ������ IURP�
KWWSV���Q\SRVW�FRP������������FKU\VOHU�EXLOGLQJ�DQ�DUW�GHFR�LFRQ�

(PSRULV���Q�G����5HWULHYHG�IURP�KWWSV���ZZZ�HPSRULV�FRP�

)HQGHU��.����������0HUGHND�31%����&DVH�6WXG\��$GGLQJ�9DOXH�WR�WKH�*URZLQJ�&LW\��
,Q�&LWLHV�WR�0HJDFLWLHV��6KDSLQJ�'HQVH�9HUWLFDO�8UEDQLVP�

)HUUDUHWR��-��$���0D]]LOL��&��(��1���	�)UDQoD��5����������3DSHU�7\SHௗ��7KH�,PSDFW�RI�
&RPIRUW�$VVHVVPHQW�&ULWHULD� RQ�%XLOGLQJ�'HVLJQ�� ,Q�&7%8+������ 6KDQJKDL�
&RQIHUHQFH�3URFHHGLQJV �SS�����±�����

)X��*��3����������:XKDQ�*UHHQODQG�&HQWHU�0DLQ�7RZHU��,Q�&7%8+������6KDQJKDL�
&RQJUHVV��5HWULHYHG�IURP�KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y $+:*'�S�W�V

)X��*��3���%HWDQFXU��-���3RRQ��'���	�'DQQHWWHO��0����������:XKDQ�*UHHQODQG�&HQWHU�
0DLQ�7RZHU��6HDPOHVVO\�LQWHJUDWLQJ�VWUXFWXUH�DQG�DUFKLWHFWXUH��,Q�3URFHHGLQJV�
RI�WKH�&7%8+��WK�:RUOG�&RQJUHVV �SS�����±�����

*XDQJ]KRX� ,QWHUQDWLRQDO� )LQDQFH�&HQWHU�� �Q�G����5HWULHYHG� -DQXDU\����� ������ IURP�
KWWS���IRUXP�VN\VFUDSHUSDJH�FRP�VKRZWKUHDG�SKS"W ������	SDJH �

*�QHO�� 0�� +��� 	� ,OJÕQ�� +�� (�� �������� 7DOO� %XLOGLQJV�� 6WUXFWXUDO� 6\VWHPV� DQG�
$HURG\QDPLF�)RUP��2[RQ��5RXWKOHGJH�

+DQNLQJ� &HQWHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�DUFKGDLO\�FRP��������PRUSKRVLV�EUHDNV�JURXQG�RQ�VKHQ]KHQ�
RIILFH�WRZHU

+HDUVW� 7RZHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���IDFXOW\�DUFK�WDPX�HGX�PHGLD�FPVBSDJHBPHGLD������+HDUVW� 7RZHU�
3UHVHQWDWLRQB/LX/LX6\ELFR7X<H�SGI

+LNRQH��6���.DQDGD��0���.LGRNRUR��5���0LQDPL��0���	�6KLEDWD��,����������7KH�$UXS�



���

-RXUQDO��7KH�$UXS�-RXUQDO�������±���

+R��'��:���)DL��&��<���/R��+���	�<X��'��0�� ��������$�1HZ�6N\OLQH�9LVLRQ��&7)�
7RZHUV� LQ� *XDQJ]KRX� DQG� 7LDQMLQ�� ,Q� &7%8+� ����� 6KDQJKDL� &RQIHUHQFH�
3URFHHGLQJV �SS�����±�����

+R��3����������(FRQRPLFV�3ODQQLQJ�RI�6XSHU�7DOO�%XLOGLQJV�LQ�$VLD�3DFLILF�&LWLHV��,Q�
��WK�),*�*HQHUDO�$VVHPEO\��+RQJ�.RQJ�

,OJÕQ�� +�� (�� �������� 3RWHQWLDOV� DQG� /LPLWDWLRQV� RI� 6XSHUWDOO� %XLOGLQJ� 6WUXFWXUDO�
6\VWHPV��*XLGLQJ�IRU�$UFKLWHFWV��0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\�

,UZLQ��3���	�%DNHU��:����������7KH�%XUM�'XEDL�7RZHU��:LQG�(QJLQHHULQJ��6WUXFWXUH��
-XQH���±����

,UZLQ��3���.LOSDWULFN��-���5RELQVRQ��-���	�)ULTXH��$����������:LQG�DQG�7DOO�%XLOGLQJV��
1HJDWLYHV� DQG�3RVLWLYHV��6WUXFWXUDO�'HVLJQ�RI�7DOO� DQG�6SHFLDO�%XLOGLQJV������
���±����

,\HQJDU��+����������+LJK�5LVH�6\VWHP�&RQFHSWV��,Q�,$%6(�FRQJUHVV�UHSRUW �SS�����±
�����

-LQ� 0DR� 7RZHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWS���ZZZ�RIILFHVDVLD�FRP�EXVLQHVV�FHQWHU�UHJXV�EXVLQHVV�FHQWUH�MLQ�PDR�
WRZHU����

-RVHSK��/���*XOHF��&��.���	�6FKZDLJHU��-����������:LOVKLUH�*UDQG��2XWULJJHU�'HVLJQV�
DQG� 'HWDLOV� IRU� D� +LJKO\� 6HLVPLF� 6LWH�� ,QWHUQDWLRQDO� -RXUQDO� RI� +LJK�5LVH�
%XLOGLQJV���������±���

.DLKDL�� /��� 	� <D\RQJ�� :�� �������� 5HVHDUFKHV� DERXW� WKH� FRQYHUVLRQ� UHODWLRQVKLSV�
DPRQJ�WKH�SDUDPHWHUV�RI�JURXQG�PRWLRQV�LQ�WKH�VHLVPLF�GHVLJQ�FRGHV�RI�&KLQD��
$PHULFD� DQG� (XURSH�� ,Q� ��WK�:RUOG� &RQIHUHQFH� RQ� (DUWKTXDNH� (QJLQHHULQJ�
���:&((� �9RO�� ���� SS�� ���±������ 5HWULHYHG� IURP�
KWWS���ZZZ�LLWN�DF�LQ�QLFHH�ZFHH�DUWLFOH�:&((����B�����SGI

.DW]��3���	�5REHUWVRQ��/����������&DVH�6WXG\��6KDQJKDL�:RUOG�)LQDQFLDO�&HQWHU�3DXO��
&7%8+�-RXUQDO���,,�����±���

.HVNLQ�� =�� �������� 3ODQQLQJ� &RQVLGHUDWLRQV� RI� 7DOO� %XLOGLQJV�� 6HUYLFH� &RUH�
&RQILJXUDWLRQ�DQG�7\SRORJLHV��0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\�

.LP��+��,���	�(OQLPHLUL��0����������6SDFH�(IILFLHQF\�LQ�0XOWL�8VH�7DOO�%XLOGLQJ��,Q�
&7%8+������6HRXO�&RQIHUHQFH �SS�����±�����

.LP��-��+���-XQJ��<���	�.LP��-����������&KDOOHQJHV�DQG�2SSRUWXQLWLHV�IRU�WKH�6WUXFWXUDO�
'HVLJQ� RI� WKH� ����6WRU\� -DPVLO� /RWWH�:RUOG� 7RZHU�� ,Q�*OREDO� ,QWHUFKDQJHV��
5HVXUJHQFH�RI�WKH�6N\VFUDSHU�&LW\ �SS�����±�����

.LQJ� 7RZHU� 0DKDQDNKRQ�� �Q�G���� 5HWULHYHG� 0D\� ��� ������ IURP�



���

KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y =D06*292QVZ	IHDWXUH \RXWX�EH

.LQJGRP� &HQWUH�� �Q�G��D��� 5HWULHYHG� 0DUFK� ���� ������ IURP�
KWWSV���VN\VFUDSHUSDJH�FRP�FLWLHV�"EXLOGLQJ,' ��

.LQJGRP� &HQWUH�� �Q�G��E��� 5HWULHYHG� 0DUFK� ���� ������ IURP�
KWWSV���ZZZ�DUFKLWHFWPDJD]LQH�FRP�SURMHFW�JDOOHU\�NLQJGRP�FHQWUH

.LQJGRP� &HQWUH�� �Q�G��F��� 5HWULHYHG� 0DUFK� ���� ������ IURP� KWWS���DUFKLWL]HU�
SURG�LPJL[�QHW�PHGLD�PHGLDGDWD�XSORDGV��������������2PUDQLD�.LQJGRP�
&HQWUHB)ORRU�3ODQV�MSJ"T ��	DXWR IRUPDW�FRPSUHVV	FV VWULS	Z ����

..����� �Q�G���� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWSV���ZZZ�DUFKGDLO\�FRP��������NN����WIS�
IDUUHOOV�����E��D��ED�G�G�G�������NN����WIS�IDUUHOOV�SODQ���

.R�� '��+��� (OQLPHLUL�� 0��� 	� &ODUN�� 5�� -�� �������� $VVHVVPHQW� DQG� 3UHGLFWLRQ� RI�
'D\OLJKW�3HUIRUPDQFH�LQ�+LJK�5LVH�2IILFH�%XLOGLQJV��6WUXFWXUDO�'HVLJQ�RI�7DOO�
DQG�6SHFLDO�%XLOGLQJV������������±�����KWWSV���GRL�RUJ���������WDO����

.ZDQ��.����������&RVW�3ODQQLQJ�DQG�&RQWURO��,Q�3LQJ�$Q�)LQDQFH�&HQWHU��,Q�'HWDLO
�SS����±�����&7%8+�

.ZRN��0���	�/HH��$����������(QJLQHHULQJ�RI�*XDQJ]KRX�,QWHUQDWLRQDO�)LQDQFH�&HQWUH��
,QWHUQDWLRQDO�-RXUQDO�RI�+LJK�5LVH�%XLOGLQJV����������±���

/DNKWD� &HQWHU�� �Q�G���� 5HWULHYHG� )HEUXDU\� ���� ������ IURP� KWWSV���ZZZ�PHWDOOEDX�
PDJD]LQ�GH�DUWLNHO�PEB'HUB7XUPBLPB/DNKWDB&HQWHUB��������KWPO

/DQJKDP� 3ODFH� 2IILFH� 7RZHU�� �Q�G��D��� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWSV���ZZZ�RQHGD\�FRP�KN�HQB86�OLVWLQJV�SULPH�RIILFH�IRU�OHDVH�ODQJKDP�
SODFH�

/DQJKDP� 3ODFH� 2IILFH� 7RZHU�� �Q�G��E��� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWSV���ZZZ�DUXS�FRP�SURMHFWV�ODQJKDP�SODFH�KN

/DQJKDP� 3ODFH� 2IILFH� 7RZHU�� �Q�G��F��� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWS���ZZZ�ODQJKDPSODFH�FRP�KN�ILOH�DERXW�����������������������������
���SGI

/HH��%���%DNHU��:���-RKQVRQ��5���	�5KHH��,����������1H[W�*HQHUDWLRQ�6XSHUWDOO�7RZHU�
)RUP�'HWHUPLQDQWVௗ��$�6WXG\�RI� WKH�7LDQMLQ�&7)�)LQDQFH�&HQWUH�� ,Q�&LWLHV� WR�
0HJDFLWLHV��6KDSLQJ�'HQVH�9HUWLFDO�8UEDQLVP �SS������±������

/LX�� 3��� /HH��.���+R��*��:��� /HH��$���<LQ��&��� /LX��*���	�+XDQJ��;�� �������� 7KH�
6WUXFWXUDO�'HVLJQ�RI�7LDQMLQ�*ROGLQ�)LQDQFH�����7RZHU��,QWHUQDWLRQDO�-RXUQDO�RI�
+LJK�5LVH�%XLOGLQJV�����������±����

/RRQ��2��&����������$�5HSRUW�RQ�$�2QH� 'D\�6HPLQDU�RQ�³9HUWLFDO�7UDQVSRUWDWLRQ���
7KH� ,QVWLWXWLRQ� RI� (QJLQHHUV�0DOD\VLD� -RXUQDO��$SULO�� ��±���� 5HWULHYHG� IURP�



���

KWWSV���ZZZ�P\LHP�RUJ�P\�FRQWHQW�LHPBEXOOHWLQB����B���������DVS[

/X��;���/L��0���*XDQ��+���/X��;���	�<H��/����������$�FRPSDUDWLYH�FDVH�VWXG\�RQ�VHLVPLF�
GHVLJQ� RI� WDOO� 5&� IUDPH�FRUH�WXEH� VWUXFWXUHV� LQ� &KLQD� DQG� 86$�� 6WUXFWXUDO�
'HVLJQ�RI�7DOO�DQG�6SHFLDO�%XLOGLQJV��KWWSV���GRL�RUJ���������WDO�����

0DORWW��'���	�3RRQ��'����������3LQJ�$Q�)LQDQFH�&HQWHU��3LRQHHULQJ�&KLQD¶V�7DOOHVW��
,Q� &7%8+� ����� 6KDQJKDL� &RQJUHVV�� 5HWULHYHG� IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y HH�7(W7$$H(

0DORWW�� '��� 3RRQ�� '��� *RWWOHEH�� 7��� 	� <X�� =�� �������� 3LQJ� $Q� )LQDQFH� &HQWHU��
3LRQHHULQJ�&KLQD¶V�7DOOHVW� ± (IILFLHQFLHV� RI� )RUP� DQG�6WUXFWXUHV�� ,Q�&7%8+�
������WK�:RUOG�&RQJUHVV��6KDQJKDL �SS�����±�����

0DUFXV��6����������7KH�1HZ�6XSHUV��6XSHU�6OHQGHU�7RZHUV�RI�1HZ�<RUN��,Q�&7%8+�
����� 1HZ� <RUN� &RQJUHVV�� 5HWULHYHG� IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y G2F;GJ&&3QF	IHDWXUH \RXWX�EH

0DUWLQ�� 2�� �������� $GYDQFHV� LQ� WKH� 6WUXFWXUDO� 'HVLJQ� RI� +LJK�5LVH� 5HVLGHQWLDO�
%XLOGLQJV�LQ�$XVWUDOLD��,Q�&7%8+�������WK�:RUOG�&RQJUHVV��1HZ�<RUN�

0HQGLV��3���1JR��7���+DULWRV��1���+LUD��$���6DPDOL��%���	�&KHXQJ��-�� ��������:LQG�
/RDGLQJ� RQ� 7DOO� %XLOGLQJV�� (-6(� ,QWHUQDWLRQDO�� �6SHFLDO�� /RDQGLQJ� RQ�
6WUXFWXUHV�����±���

0RQWJRPHU\��'��&���	�5XQJHU��*��&����������$SSOLHG�6WDWLVWLFV�DQG�3UREDELOLW\�IRU�
(QJLQHHUV ��WK�HG����+RERNHQ��1-��:LOH\�

0RRQ�� .�� 6�� �������� 6WLIIQHVV�EDVHG� GHVLJQ� PHWKRGRORJ\� IRU� VWHHO� EUDFHG� WXEH�
VWUXFWXUHV��$�VXVWDLQDEOH�DSSURDFK��(QJLQHHULQJ�6WUXFWXUHV��������������±������
KWWSV���GRL�RUJ���������M�HQJVWUXFW������������

0RRQ��.��6����������6XVWDLQDEOH�6WUXFWXUDO�'HVLJQ�RI�&RQWHPSRUDU\�7DOO�%XLOGLQJV�RI�
9DULRXV�)RUPV��&7%8+�������WK�:RUOG�&RQJUHVV��6KDQJKDL�

0RRQ��.��6�� ��������&RPSDUDWLYH�(YDOXDWLRQ�RI�6WUXFWXUDO�6\VWHPV� IRU�7LOWHG�7DOO�
%XLOGLQJV�� ,QWHUQDWLRQDO� -RXUQDO� RI� +LJK�5LVH� %XLOGLQJV�� ������ ���±�����
KWWSV���GRL�RUJ����������������;������������

0RRQ��.�� 6�� �������� 6WUXFWXUDO�'HVLJQ� DQG�&RQVWUXFWLRQ� RI�&RPSOH[�6KDSHG� 7DOO�
%XLOGLQJV�� ,QWHUQDWLRQDO�-RXUQDO�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\����������±����
KWWSV���GRL�RUJ���������,-(7������9�����

0RRQ��.��6���&RQQRU��-��-���	�)HUQDQGH]��-��(����������'LDJULG�VWUXFWXUDO�V\VWHPV�IRU�
WDOO� EXLOGLQJV�� &KDUDFWHULVWLFV� DQG� PHWKRGRORJ\� IRU� SUHOLPLQDU\� GHVLJQ��
6WUXFWXUDO� 'HVLJQ� RI� 7DOO� DQG� 6SHFLDO� %XLOGLQJV�� ������� ���±�����
KWWSV���GRL�RUJ���������WDO����

0XIWL��$��$���	�%DNKW��%����������)D]OXU�.KDQ������±�������5HIOHFWLRQV�RQ�+LV�/LIH�
DQG� :RUNV�� &DQDGLDQ� -RXUQDO� RI� &LYLO� (QJLQHHULQJ�� ���� ���±�����



���

KWWSV���GRL�RUJ���������/������

1LNDQGURY��3����������(YROYLQJ�5XVVLDQ�7DOO�%XLOGLQJ�7\SRORJLHV��(YROXWLRQ�7RZHU��
0RVFRZ�� ��WK� $QQXDO� %HVW� 7DOO� %XLOGLQJ� 6\PSRVLXP�� 5HWULHYHG� IURP�
KWWS���JOREDO�FWEXK�RUJ�UHVRXUFHV�SUHVHQWDWLRQV�HYROYLQJ�UXVVLDQ�WDOO�EXLOGLQJ�
W\SRORJLHV�HYROXWLRQ�WRZHU�PRVFRZ�SGI

1LNDQGURY��3�� ��������8SZDUG�6SLUDO��7KH�6WRU\�RI� WKH�(YROXWLRQ�7RZHU��&7%8+�
-RXUQDO�� ����� ��±���� 5HWULHYHG� IURP�
KWWS���JOREDO�FWEXK�RUJ�UHVRXUFHV�SDSHUV�GRZQORDG������XSZDUG�VSLUDO�WKH�
VWRU\�RI�WKH�HYROXWLRQ�WRZHU�SGI

2QH� :RUOG� 7UDGH� &HQWHU�� �Q�G��D��� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�DUFKGDLO\�FRP��������RQH�ZRUOG�WUDGH�FHQWHU�VRP

2QH� :RUOG� 7UDGH� &HQWHU�� �Q�G��E��� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�RQHZWF�FRP�OHDVLQJ

3DUNHU��-����������%XLOGLQJ�7KH�6KDUG��,QJHQLD����������±���

3HDUO� 5LYHU� 7RZHU�� �Q�G���� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWSV���WU�UHGVHDUFK�RUJ�LPDJHV��������

3HQJ�� /�� �������� :RXOG� 6RIWZDUH� 5HSODFH� (QJLQHHUV�� $� 6WXG\� RI� &KLQD� =XQ�� ,Q�
&7%8+� ����� 6KDQJKDL� &RQIHUHQFH�� 5HWULHYHG� IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y G*[.�,;��ZV	IHDWXUH \RXWX�EH

3HQJ��/���/XR��1���:KLWORFN��5���	�/HL��/�� ��������&DVH�6WXG\��&KLQD�=XQ�7RZHU��
%HLMLQJ��&7%8+�-RXUQDO���,,,��

3HWURQDV� 7ZLQ� 7RZHUV�� �Q�G���� 5HWULHYHG� -DQXDU\� ��� ������ IURP�
KWWSV���ZZZ�DUFKXWH�FRP�SHWURQDV�WRZHUV�ZRUOGV�WDOOHVW�WZLQ�WRZHUV�FHVDU�
SHOOL�

3LUHOOL� %XLOGLQJ�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�EPLDD�FRP�VN\VFUDSHU�DJH�DQ�H[KLELWLRQ�DERXW�WKH�KLVWRU\�RI�WKH�
SLUHOORQH�PLODQV�LFRQLF�WRZHU�

3RRQ��'���6KLHK��6��6���-RVHSK��/���	�&KDQJ��&��&����������6WUXFWXUDO�'HVLJQ�RI�7DLSHL�
�����WKH�:RUOG¶V�7DOOHVW�%XLOGLQJ��,Q�&7%8+������6HRXO�&RQIHUHQFH �SS�����±
�����

3RRQ��'���=KX��<���)X��3���	�/LDQJ��-����������'HVLJQLQJ�D�1RQ�FRSODQDU�([RVNHOHWRQ�
6XSHUWDOO�7RZHU�WKDW�7UDQVIRUPV�WKH�6N\OLQH�RI�&KHQJGX��,Q�$VLD�	�$XVWUDODVLD��
$�6HOHFWLRQ�RI�:ULWWHQ�:RUNV�RQ�WKH�:RUOG¶V�7DOO�%XLOGLQJ�)RUHIURQW �SS����±
����

5DKLPLDQ��$���	�(LORQ��<����������7KH�5LVH�RI�2QH�:RUOG�7UDGH�&HQWHU��,Q�*OREDO�
,QWHUFKDQJHV��5HVXUJHQFH�RI�WKH�6N\VFUDSHU�&LW\ �SS� ��±����



���

5HLVHU��-���8PHPRWR��1���	�2FDPSR��-����������&DVH�6WXG\��2����)ROGHG�([RVNHOHWRQ��
&7%8+�-RXUQDO���,,,�����±���

6DUNLVLDQ��0����������'HVLJQLQJ�7DOO�%XLOGLQJV��6WUXFWXUH�DV�$UFKLWHFWXUH��1HZ\RUN��
5RXWOHGJH�

6DUNLVLDQ��0���0DWKLDV��1���/RQJ��(���	�%RVZHOO��.����������-LQDR�7RZHU�± 7KH�'HVLJQ�
,QWHJUDWLRQ�RI�6WUXFWXUDO�(IILFLHQF\��,Q�0XQLFK�7DOO�%XLOGLQJ�&RQIHUHQFH������

6DURJORX�� 7���0HLU�� ,�� $��� 7KHRGRVLRX�� 7��� 	� *LYRQL�� %�� �������� 7RZDUGV� (QHUJ\�
(IILFLHQW�6N\VFUDSHUV��(QHUJ\�DQG�%XLOGLQJV��������±���

6FDUDQJHOOR��7��=���.UDOO��.��(���	�&DOORZ��-��$����������$�6WDWHPHQW�LQ�6WHHO��7KH�
1HZ�<RUN�7LPHV�%XLOGLQJ��,Q�&7%8+�������WK�:RUOG�&RQJUHVV��'XEDL �SS���±
���

6FRWW��'���)DUQVZRUWK��'���-DFNVRQ��0���	�&ODUN��0����������7KH�HIIHFWV�RI�FRPSOH[�
JHRPHWU\�RQ�WDOO�WRZHUV��6WUXFWXUDO�'HVLJQ�RI�7DOO�DQG�6SHFLDO�%XLOGLQJV���������
���±�����KWWSV���GRL�RUJ���������WDO����

6HHZDUG�� $�� �������� ���� 3DUN� $YHQXH�� 5HWULHYHG� -DQXDU\� ��� ������ IURP�
KWWSV���DUFKSDSHU�FRP�������������SDUN�DYHQXH�

6HY�� $���	� %DúDUÕU�� %�� �������� $� 5HFHQW� 7UHQG� LQ� 7DOO� %XLOGLQJ�'HVLJQ�� 7ZLVWHG�
)RUPV��(�-RXUQDO�RI�1HZ�:RUOG�6FLHQFHV�$FDGHP\������������±�����

6HY��$���	�g]JHQ��$����������6SDFH�(IILFLHQF\�,Q�+LJK�5LVH�2IILFH�%XLOGLQJV��0(78�
-RXUQDO� RI� WKH� )DFXOW\� RI� $UFKLWHFWXUH�� ������� ��±����
KWWSV���GRL�RUJ���������0(78�-)$���������

6KDKGDGSXUL��&���0HKUNDU�$VO��6���	�&KDQGXQQL��5���Q�G����'0&&�$O�0DV�7RZHU��
6WUXFWXUDO�'HVLJQ�

6KRS$UFKLWHFWV�� �������� ����:�� ��WK�6W��$UFKLWHFWV¶� DQG�(QJLQHHU¶V�3UHVHQWDWLRQV��
5HWULHYHG� 0D\� ��� ������ IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y O,\�+37&]�J	W ����V

6RWR��5���	�$O�6KLKDEL��%����������,FRQLF�2IILFH�7RZHU�3URSHOV�6DXGL�$UDELD�LQWR�WKH�
1HZ� *OREDO� &HQWXU\�� &KDOOHQJHV� DQG� ,QQRYDWLRQV�� ,Q� 7KH� 0LGGOH� (DVW�� $�
6HOHFWLRQ�RI�:ULWWHQ�:RUNV�RQ�,FRQLF�7RZHUV�DQG�*OREDO�3ODFH�0DNLQJ �SS�����±
�����

6WUDWD�� �Q�G���� 5HWULHYHG� -DQXDU\� ��� ������ IURP�
KWWSV���FRPPRQV�ZLNLPHGLD�RUJ�ZLNL�)LOH�)ORRUBSODQBIRUBVWUDWDBVH��SQJ

7DLSHL� ����� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�VOLGHVKDUH�QHW�DEKHHNNKDMXULD�D�EXLOGLQJ�ZLWK�D�GLIIHUHQFH�WDLSHL�
���

7DQJ�� 7�� �������� ,&&� ± 5LVLQJ� +LJK� IRU� WKH� )XWXUH� RI� +RQJ� .RQJ�� ,Q� &LWLHV� WR�



���

0HJDFLWLHV��6KDSLQJ�'HQVH�9HUWLFDO�8UEDQLVP �SS�����±�����

7DQJH�� 3�� 1��� 	�0LQDPL�� 0�� �������� &DVH� 6WXG\�� 0RGH� *DNXHQ� &RFRRQ� 7RZHU��
&7%8+�-RXUQDO���,��

7DUDQDWK�� %�� �������� 6WUXFWXUDO� $QDO\VLV� DQG� 'HVLJQ� RI� 7DOO� %XLOGLQJV�� 6WHHO� DQG�
&RPSRVLWH�&RQVWUXFWLRQ��/RQGRQ��1<��&5&�3UHVV�

7DúoÕ�� %�� �������� 1HYD� 7RZHU� ��� 5HWULHYHG� 6HSWHPEHU� ���� ������ IURP�
KWWS���XVHUV�PHWX�HGX�WU�DUFKVWU�%6����GRFXPHQWV�3URMHFWV�1HYD� 7RZHU� �� �
%XJUD�7DVFL�SGI

7KH� &HQWHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWS���ZZZ�SULPHRIILFH�FRP�KN�KRQJ�NRQJ�RIILFH������WKH�FHQWHU

7KH�6N\VFUDSHU�&HQWHU���Q�G����5HWULHYHG�IURP�KWWS���ZZZ�VN\VFUDSHUFHQWHU�FRP�

7RPDVHWWL�� 5��� 3RRQ�� '��� 	� +VDLR�� /�� �������� 7KH� 7DOOHVW� &RQFUHWH� %XLOGLQJ� LQ�
6KDQJKDL��&KLQD�± 3OD]D�����,Q�&7%8+�������WK�:RUOG�&RQJUHVV��0HOERXUQH
�SS�����±�����

7RPOLQVRQ��5���%DNHU��:���/HXQJ��/���&KLHQ��6���	�=KX��<����������&DVH�6WXG\��3HDUO�
5LYHU� 7RZHU�� *XDQJ]KRX� �+LJK� 3HUIRUPDQFH� 'HVLJQ� 6KDSHV� 6XVWDLQDEOH�
6XSHUWDOO�%XLOGLQJ���&7%8+�-RXUQDO���,,�����±���

7RUUH� &RVWDQHUD�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZHE�DUFKLYH�RUJ�ZHE����������������KWWS��ZZZ�FRVWDQHUDFHQWHU�FO�RIL
FLQDV�SGI�SGIGS�SGI

7RUUH� 5HIRUPD�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�DUFKGDLO\�FRP��������WRUUH�UHIRUPD�OEU�SOXV�D

7ZR� ,QWHUQDWLRQDO� )LQDQFH� &HQWHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�WUHDVXUHODQG�FRP�KN�HQ�SURSHUW\�GHWDLO�WZR�LQWHUQDWLRQDO�ILQDQFH�
FHQWUH�WZR�LIF��������

9LVZDQDWK��+��5���7ROORF]NR��-���	�&ODUNH��-��1���(GV������������0XOWL�3XUSRVH�+LJK�
ULVH�7RZHUV�DQG�7DOO�%XLOGLQJV��7D\ORU�	�)UDQFLV�

:DQJ��'���=KRX��-���	�%DR��/����������(FRQRPLFDO�$QDO\VLV�RI�WKH�6WUXFWXUDO�6\VWHPV�
IRU� 6XSHUWDOO�%XLOGLQJV�� ,Q�&7%8+������ �WK�:RUGO�&RQJUHVV�� 6KDQJKDL �SS��
���±�����

:DWWV��6����������7DOO�%XLOGLQJV�(FRQRPLFV��,Q�'��3DUNHU�	�$��:RRG��(GV����7KH�7DOO�
%XLOGLQJV�5HIHUHQFH�%RRN �SS����±�����2[IRUG��5RXWOHGJH�

:DWWV�� 6�� ��������&RVW�� ,Q�1��&ODUN�	�%��3ULFH� �(GV����7DOO�%XLOGLQJV��$�6WUDWHJLF�
'HVLJQ�*XLGH ��QG�HG���9RO������SS�����±������1RUZLFK��5LED�

:LOOLV� 7RZHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ��� ������ IURP�



���

KWWSV���HQ�ZLNLDUTXLWHFWXUD�FRP�EXLOGLQJ�VHDUV�WRZHU�ZLOOLV�WRZHU�

:LOVKLUH� *UDQG� &HQWHU�� �Q�G���� 5HWULHYHG� 0D\� ��� ������ IURP�
KWWS���ZZZ�ZLOVKLUHJUDQGFHQWHU�FRP�LPDJHV�:*B'HVLJQB)DFWB6KHHWB�B�B���
SGI

:RQJ��5��:��0���Q�G����5HGHYHORSPHQW�2I�+LOWRQ�+RWHO�� &RQVWUXFWLRQ�2I�7KH����
6WRUH\�&KHXQJ�.RQJ�&HQWHU�$W�&HQWUDO��+RQJ�.RQJ��5HWULHYHG�-DQXDU\�����������
IURP�KWWS���SHUVRQDO�FLW\X�HGX�KN�aEVZPZRQJ�SS�FNFSDSHU�FNFULJKW�KWPO

:RUOG� 2QH� 7RZHU�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP� KWWSV���ZZZ�SFI�
S�FRP�SURMHFWV�ZRUOG�RQH�

;LD�� -��� 3RRQ��'���	�0DVV��'�� �������� &DVH� 6WXG\�� 6KDQJKDL� 7RZHU� -XQ��&7%8+�
-RXUQDO���,,�����±���

;X��=���5HQ��&���	�;LDR��&����������7KH�$6HLVPLF�'HVLJQ�DQG�1RQOLQHDU�'\QDPLF�
$QDO\VLV� RI� D� ���P� +LJK� %UDFHG� 6WHHO� )UDPH�� ,Q� *OREDO� ,QWHUFKDQJHV��
5HVXUJHQFH�RI�WKH�6N\VFUDSHU &LW\ �SS�����±�����

<RXQJ��$���$QQHUHDX��1���%XWOHU��$���	�6PLWK��%����������&DVH�6WXG\��7KH�/HDGHQKDOO�
%XLOGLQJ�� /RQGRQ�� &7%8+� -RXUQDO��
KWWSV���GRL�RUJ���������&%2�����������������

=DNQLF��,���6PLWK��0���	�5LFH��'���(GV����������������RI�WKH�:RUOG¶V�7DOOHVW�%XLOGLQJV��
$XVWUDOLD��øPDJHV�3XEOLVKLQJ�*URXS�3W\�/WG�

=KDR��;���'LQJ��.���;X��)���	�+H��5����������+LJK�3HUIRUPDQFH�)ORRU�6\VWHP�'HVLJQ��
,Q�6X]KRX�=KRJQDQ�&HQWHU��,Q�'HWDLO �SS����±�����&7%8+�

=KRX�� -��� %DR�� /��� 	�4LDQ�� 3�� �������� 6WXG\� RQ� 6WUXFWXUDO� (IILFLHQF\� RI� 6XSHUWDOO�
%XLOGLQJV��&7%8+�-RXUQDO�����������±����

���� :HVW� ��WK� 6WUHHW�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y O,\�+37&]�J	W ����V

��VW� 0$U\� $[H�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�IRVWHUDQGSDUWQHUV�FRP�SURMHFWV����VW�PDU\�D[H�

���� /H[LQJWRQ�� �Q�G���� 5HWULHYHG� )HEUXDU\� ��� ������ IURP�
KWWSV���IDFXOW\�DUFK�WDPX�HGX�PHGLD�FPVBSDJHBPHGLD������&LWLFRUS�
&HQWHUB3UHVHQWDWLRQ�SGI

���� �UG� $YHQXH�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���ZZZ�ORRSQHW�FRP�/LVWLQJ�����7KLUG�$YH�1HZ�<RUN�1<���������

���� 1RUWK� 0LFKLJDQ� $YHQXH�� �Q�G���� 5HWULHYHG� -DQXDU\� ���� ������ IURP�
KWWSV���DSS�YWV�FRP�VSDFHV�MRKQ�KDQFRFN�FHQWHU�����Q�PLFKLJDQ�DYHQXH���WK�IORRU�
XQLW������GFE������H



���

$33(1',&(6

$� /LVW�RI�%XLOGLQJV�

6DPSOH�*URXS�� ���� 6DPSOHV�
6DPSOH�*URXS�� ����6DPSOHV�
6DPSOH�*URXS�� ����6DPSOHV�



���

7DEOH�$����/LVW�RI�WKH�EXLOGLQJV



���



���



���



���
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%� &RUUHODWLRQV�%HWZHHQ�'LIIHUHQW�3DUDPHWHUV

)LJXUH�%��� 5HODWLRQVKLS�EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�6*�

)LJXUH�%��� 5HODWLRQVKLS�EHWZHHQ�$5�DQG�EXLOGLQJ�KHLJKW�EDVHG�RQ�ORFDWLRQV



���

)LJXUH�%��� 5HODWLRQVKLS�EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�ORFDWLRQ



���

)LJXUH�%��� 5HODWLRQVKLS�EHWZHHQ�KHLJKW�DQG�FRUH�DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�VWUXFWXUDO�
PDWHULDO



���

)LJXUH�%��� 5HODWLRQVKLS�EHWZHHQ�KHLJKW�DQG�FRUH DQG�FROXPQ�UDWLR�LQ�6*��EDVHG�RQ�IXQFWLRQ



���

)LJXUH�%��� 5HODWLRQVKLS�EHWZHHQ�FRUH�DQG�FROXPQ�UDWLR�LQ�6*��DFFRUGLQJ�WR�VWUXFWXUDO�V\VWHPV



���

&� &KDUDFWHUL]DWLRQ�RI�2XWULJJHUV

7DEOH�&����/LVW�RI�WKH�EXLOGLQJV�ZKLFK�DUH�FRQVLGHUHG�ZKLOH�HYDOXDWLQJ�RXWULJJHUV



���

'� +HLJKW�'LVWULEXWLRQ�IRU�7XEH�6\VWHPV

)LJXUH�'��� +HLJKW�GLVWULEXWLRQ�RI�VDPSOHV�EDVHG�RQ�ORFDWLRQ�LQ�WXEH�V\VWHPV



���

(� &RPSDULVRQ�RI�6WUXFWXUDO�6\VWHPV

)LJXUH�(��� &RUH�DQG�FROXPQ�UDWLR�IRU�GLIIHUHQW�VWUXFWXUDO�V\VWHPV�EDVHG�RQ�VWUXFWXUDO�PDWHULDO



���

7DEOH�(����&RPSDULVRQ�RI�RXWULJJHUHG�IUDPH�DQG�WXEH�V\VWHPV�LQ�WHUPV�RI�FRUH�DQG�FROXPQ�UDWLR

&25(�5$7,2

2875,**(5('�)5$0(�6<67(0 78%(�6<67(0
%XLOGLQJ�
+HLJKW �P�

&RPSRVLWH
�&KLQD�

&RPSRVLWH�
�2WKHUV�

%XLOGLQJ�
+HLJKW �P�

&RPSRVLWH
�&KLQD�

&RQFUHWH�
�2WKHUV�

6WHHO�
�2WKHUV�

������� ����� ����� ���� ������ ������ �����
������� ����� ����� ������� � � �����
������� ����� ����� ������� ����� � �
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