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Abstract. This study proposes the implementation of decision making tools in quantifying and 
ranking resilience initiatives. The objective of this study was to build a flexible model capable 
of assessing and ranking any resilience dimension, like initiatives, projects and indices. The 
model used is in the study is called Simple Multi-Attribute Technique (SMART), the simplest 
form of Multi-Attribute Utility Theory. SMART offers a simplified and easy to use approach. 
The benefit of the SMART model lies on how simple the scoring criteria of alternatives and 
weights of these criteria are established. They can be defined by the decision maker by build-
ing a hierarchy and then assign scores to each of them. Otherwise, a set of formulas exist to 
compare or help the decision maker asses these weights based on the same hierarchy (im-
portance) he previously built. Three criteria were used in the SMART model: Time (the 
amount of months required or planned to complete a project), Cost (budget for each interven-
tion) and Phase (if the project is either completed or still in planning, design or construction). 
After evaluating these projects with the SMART model, a comparison was made by assessing 
the same projects through their functionality curve, which is described by the drop in func-
tionality (the cost of projects was used to describe this value) and the time required to com-
plete a specific project. The study highlights the difference between these two seemingly 
similar models and their different results to then add a third component of calculation, the 
Social Impact of these projects. This dimension was added because it was recognized that the 
output of the previous models only took into consideration their performance, and not their 
impact in the quality of the urban space they are surrounded by. The case study for this ap-
proach was New York City and its ongoing recovery projects post Hurricane Sandy. The pro-
jects are part of four main Initiatives: Infrastructure, Buildings, Coastal Defense and 
Neighborhoods.  
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1 INTRODUCTION 
0an\ VWXdLHV KaYH IRXnd WKaW UHVLOLHnFH ZaV ILUVW XVHd Ln WKH ILHOd RI HFRORJLFaO VWXdLHV, 

and LW ZaV LnWURdXFHd E\ +ROOLnJ Ln ���� >1@� 7KH dHILnLWLRn JLYHn E\ +ROOLnJ LV WKH IROORZLnJ� 
�5HVLOLHnFH dHWHUPLnHV WKH SHUVLVWHnFH RI UHOaWLRnVKLSV ZLWKLn a V\VWHP and LV a PHaVXUH RI WKH 
aELOLW\ RI WKHVH V\VWHPV WR aEVRUE FKanJH RI VWaWH YaULaEOH, dULYLnJ YaULaEOHV, and SaUaPHWHUV, 
and VWLOO SHUVLVW�� ,n RWKHU ZRUdV, HFRORJLFaO UHVLOLHnFH LV dHILnHd aV a ³FKaUaFWHULVWLF RI HFRV\V�
WHPV WR PaLnWaLn WKHPVHOYHV Ln WKH IaFH RI dLVWXUEanFH´ aV VaLd E\ $dJHU >2@� 2nH aVSHFW RI 
UHVLOLHnFH LV WKH VSHHd RI UHFRYHU\ IURP a dLVWXUEanFH, ZKLFK LV dLIIHUHnW IURP ZKaW ZH SHU�
FHLYH aV a �UHVSRnVH� WKaW JHnHUaOO\ dHVFULEHV WKH dLUHFW UHaFWLRn WR LPSaFWV >3@� 

)ROORZLnJ ZKaW KaV EHHn VWaWHd E\ )RONH >4@, UHVLOLHnFH RI VRFLaO V\VWHPV LV FORVHO\ FRn�
nHFWHd WR HFRORJLFaO UHVLOLHnFH, VLJnLILFanWO\ Ln FaVHV RI FRPPXnLWLHV ZKHUH WKH OLYHOLKRRdV RI 
WKH LndLYLdXaOV UHO\ JUHaWO\ Rn naWXUaO UHVRXUFHV� 7KH FaSaELOLW\ RI VRFLaO V\VWHPV WR adaSW and 
WR dHYHORS LV H[WUHPHO\ UHOLanW Rn WKH VXSSRUW FaSaELOLW\ RI WKH HnFRPSaVVLnJ nHWZRUN� 5HdXF�
LnJ WKLV FaSaELOLW\ PLJKW FaXVH an LnFUHaVH Ln YXOnHUaELOLW\ ZLWKLn WKH VRFLaO RUJanL]aWLRn� 
6LPLOaUO\, WKH SHUIRUPanFH RI an HFRV\VWHP LV FORVHO\ UHOaWHd WR WKH aFWLRnV RI WKH LnWHUOLnNHd 
VRFLaO V\VWHPV, UHVXOWLnJ Ln KLJK and d\naPLF UHFLSURFLW\ EHWZHHn WKH WZR� $W WKH FHnWHU RI 
WKHVH dLVWXUEanFHV OLHV KXPan aFWLYLW\ ZKLFK Fan KaYH JUHaW UHSHUFXVVLRn Ln ERWK HFRORJLFaO 
and VRFLaO V\VWHP UHVLOLHnFH� 

$n LnFUHaVHd nXPEHU RI 1aWXUaO and Pan�PadH dLVaVWHUV and WKHLU UHVSHFWLYH daPaJH KaV 
UHVXOWHd Ln WKH LnWURdXFWLRn and HPHUJLnJ WRSLF RI 5HVLOLHnFH� $ nHZ dLPHnVLRn WKaW LV EHLnJ 
aWWULEXWHd nRZ WR UHJLRnV LnKaELWHd E\ KXPanV, VSHFLILFaOO\ dHnVH RnHV� &LWLHV ZHOFRPH PRUH 
WKan ��� RI WKH FXUUHnW JOREaO SRSXOaWLRn and E\ ���� WKaW nXPEHU LV H[SHFWHd WR LnFUHaVH WR 
���� $V WKH SRSXOaWLRn LnFUHaVHV, PRUH SHRSOH ZLOO OLYH Ln OaUJH FLWLHV� 0an\ SHRSOH ZLOO OLYH 
Ln WKH JURZLnJ nXPEHU RI FLWLHV ZLWK RYHU �� PLOOLRn LnKaELWanWV, NnRZn aV PHJaFLWLHV� 7KHVH 
OaUJH FRnJORPHUaWLRnV VXIIHU an LPPHnVH nXPEHU RI ORVVHV dXULnJ a FaWaVWURSKLF HYHnW� 

7KH PRVW LPSRUWanW aVVHW RI FLWLHV LV XV, WKH SHRSOH OLYLnJ Ln WKHP� $ KLJK FRnFHnWUaWLRn RI 
SHRSOH PHanV ELJJHU FLWLHV, FRPSOLFaWHd LnIUaVWUXFWXUH and LnILnLWH nXPEHU RI EXLOdLnJV and 
SXEOLF VSaFHV� +RZ LV WKLV aOO UHOaWHd WR WKH ULVN FLWLHV IaFH IURP dLVaVWHUV" 6LPSO\ EHFaXVH ZH 
Fan ORRN aW FLWLHV RU aUHaV WKH VaPH Za\ aV ZH ORRN aW RXU RZn VHOI� $ SHUVRn EHLnJ SUHSaUHd 
IRU an XnH[SHFWHd HYHnW LV WKH VaPH aV a V\VWHP EHLnJ SUHSaUHd IRU RnH� 7KHUH aUH � PaLn 
dULYHUV WKaW PaNH a SHUVRn�FLW\ UHVLOLHnW� 

�� .nRZOHdJH� $ZaUHnHVV �PLVLnIRUPaWLRn Fan FaXVH a JUHaW dHaO RI KaUP Ln FaVHV RI
HPHUJHnF\�

�� 7UaLnLnJ � ([SHULHnFH
�� 5HVRXUFHV � 5HdXndanF\ �KRZ WR XVH WKHVH UHVRXUFHV and KRZ WR PanaJH WKHP aSSUR�

SULaWHO\�
�� 3Oan RI $FWLRn � 0LWLJaWLRn

7KHVH IRXU dULYHUV ZHUH FKRVHn EaVHd Rn WKH JHnHUaOL]aWLRn EHWZHHn ORZ ULVN and LPSaFW 
HYHnW and WKH KLJK ULVN and LPSaFW RnHV� 7KHn ZH Fan KaYH a VKRUW H[aPSOH Rn KRZ WKHVH 
dULYHUV aUH UHOaWHd WR HaFK RWKHU, WKH KXPan EHKaYLRU and WKH ULVNV ZH IaFH HYHU\ da\ aV VLPL�
OaU OLWWOH dLVWXUEanFHV OLNH FXWWLnJ a ILnJHU WR KaYLnJ an aFFLdHnW RU JHWWLnJ an LOOnHVV� ,n FaVH 
ZH FXW a ILnJHU, ZH Fan MXVW FOHan WKH ZRXnd, VWHULOL]H LW and SXW a EandaJH� ,n WKH nH[W VFHnaU�
LR, dHSHndLnJ Rn ZKaW NLnd RI aFFLdHnW and LPSaFW LW KaV, WKHUH ZRXOd EH dLIIHUHnW PHaVXUHV WR 
WaNH� 2nH PLJKW nRW KaYH VXIIHUHd an LnMXU\ RU WKH VLWXaWLRn PLJKW EH FULWLFaO� ,n WKH OaWWHU, WKH 
KHOS RI H[WHULRU aJHnWV LV nHHdHd� 7KLV LV WKH FaVH IRU PRVW naWXUaO dLVaVWHUV UanJLnJ IURP nRnH 
WR VRPH ZaUnLnJ EHIRUH WKH LPSaFW and ZLWK YaU\LnJ daPaJH�  

:KaW dRHV WKLV PHan IRU XUEan UHVLOLHnFH" 7KH H[aPSOHV KHOS XndHUVWand WKH PaLn IaFWRU 
RI WKHVH HYHnWV� WKHLU PaJnLWXdH� %aVHd Rn WKH OHYHO RI LPSaFW, dLIIHUHnW PHaVXUHV Fan EH WaN�
Hn, and WKH ³treatment´ IRU WKH aUHa dLIIHUV Ln WLPH�  
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,W LV LPSRUWanW WR XndHUVWand WKH ULVN, H[SRVXUH, VHnVLWLYLW\ and YXOnHUaELOLW\ RI a FRXnWU\ Ln 
RUdHU WR EH SUHSaUHd� ,n WKH ZRUVW FaVH VFHnaULR RI a FaWaVWURSKLF HYHnW WaNLnJ SOaFH, WKH daP�
aJH ZRXOd EH H[WUaRUdLnaULO\ ELJ IRU aUHaV WKaW KaYH nR PLWLJaWLRn SOanV and aUH nRW aZaUH RI 
WKH ULVN WKH\ IaFH� 7KaW LV ZK\ LW LV RI JUHaW LPSRUWanFH WR LPSOHPHnW SROLFLHV and OaZV UHJaUd�
LnJ dLVaVWHU PLWLJaWLRn� 7KLV ZLOO LnFUHaVH aZaUHnHVV and NnRZOHdJH ZLOO EH VKaUHd EHWZHHn 
H[SHUWV and FRPPXnLWLHV WR EH LnIRUPHd and HdXFaWHd Rn KRZ WR EHKaYH dXULnJ WKHVH HYHnWV� 
7KLV ZLOO aOVR LnFUHaVH WKH ZRUN ZLOOLnJ WR EH SXW Rn HaUO\ ZaUnLnJ V\VWHPV, ZKLFK SOa\ an 
HnRUPRXV SaUW Ln VaYLnJ SUHFLRXV OLYHV EHIRUH WKH HYHnW RFFXUV� 7aNH 1HZ <RUN IRU H[aPSOH 
and WKH 5RFNaZa\ FRPPXnLW\� 7KH 1HZ <RUN 6WaWH LVVXHd a ZaUnLnJ EHIRUH 6XSHUVWRUP 
6and\ IRU aUHaV OLNH WKH 5RFNaZa\ WR HYaFXaWH WKHLU KRPHV VLnFH WKH\ ZHUH WKH PRVW aW ULVN� 
:KaW KaSSHnHd LV WKaW SHRSOH IHOW VaIH Ln WKHLU KRPHV aIWHU WKH\ Kad JRnH WKURXJK +XUULFanH 
,UHnH ZLWKRXW PaMRU daPaJHV� $ ZaUnLnJ Kad EHHn LVVXHd IRU +XUULFanH ,UHnH aV ZHOO and LW 
ZaV VaLd WR KaYH a JUHaW LPSaFW �and LW Kad Ln JHnHUaO, PRVW dHVWUXFWLYH KXUULFanH Ln WKH 86� 
EXW WKLV FRPPXnLW\ dLd nRW VXIIHU ORVVHV� 7KaW LV ZK\ WKH\ FKRVH nRW WR HYaFXaWH and 6and\ 
KLW KaUd� 7KH daPaJH 6and\ FaXVHd WR WKH WUanVSRUWaWLRn V\VWHP ZaV FRnVLdHUaEOH HYHU\ZKHUH 
EXW ZaV H[WUHPHO\ XnIRUJLYLnJ IRU WKH 5RFNaZa\ FRPPXnLW\ and LWV RnO\ FRnnHFWLnJ EULdJH 
WR WKH Oand� 7KH SHRSOH OLYLnJ, Ln ZKaW LV dHILnHd aV a %aUULHU ,VOand, ZHUH VWXFN IRU VHYHUaO 
da\V aIWHU WKH VWRUP� 7KH RnO\ Za\ RI PRYLnJ SHRSOH IURP WKH LVOand and H[FKanJLnJ VXSSOLHV 
ZaV E\ VWaUWLnJ a IHUU\ VHUYLFH� 7KH %ORRPEHUJ adPLnLVWUaWLRn VWaUWHd WKH IHUU\ 1RY� ��� ���� 
OHVV WKan a PRnWK aIWHU WKH VXSHUVWRUP NnRFNHd RXW $ OLnH VHUYLFH WR WKH 5RFNaZa\V� 6XEZa\ 
VHUYLFH ZaV nRW UHVWRUHd XnWLO 0a\ ����� 

1HZ <RUN VHUYHV aV an H[aPSOH nRW RnO\ IRU LWV VWaUN SaUWLFXOaULW\ EXW aOVR IRU LWV LPPHdL�
aWH UHVSRnVH Ln WHUPV RI aFWLRnV and SROLFLHV� ,W LV RnH RI WKH FLWLHV WKaW SaUWnHUHd ZLWK $583 
and WKH 5RFNHIHOOHU IRXndaWLRn IRU LPSOHPHnWLnJ UHVLOLHnW PHaVXUHV Ln WKHLU XUEan IaEULF� 7KH 
86 aUH aOVR SaUW RI WKH naWLRnV ZKLFK KaYH aJUHHd XSRn and LPSOHPHnWHd WKH +\RJR )UaPH�
ZRUN IRU $FWLRn, a EOXHSULnW IRU nHaUO\ ��� naWLRnV ZRUOdZLdH Ln dLVaVWHU PLWLJaWLRn and HaUO\ 
ZaUnLnJ V\VWHPV�  

7KH UHVHaUFK IRFXVHV Rn WKH UHVLOLHnFH and UHEXLOdLnJ LnLWLaWLYHV RI WKH FLW\ RI 1HZ <RUN� 
7KH VWXd\ ZaV FRndXFWHd SaUWO\ aW WKH 3ROLWHFnLFR dL 7RULnR, ,WaO\ XndHU WKH VXSHUYLVLRn RI 
3URIHVVRU *Lan 3aROR &LPHOOaUR and Ln FROOaERUaWLRn ZLWK 7KH &LW\ &ROOHJH RI 1HZ <RUN, 
86$ ZLWK WKH VXSHUYLVLRn RI 3URIHVVRU $nLO .XPaU $JUaZaO�  

7KH VWXd\ LV EaVHd Rn WKH ZRUN dRnH E\ WKH 1HZ <RUN &LW\ JRYHUnPHnW� ([WHnVLYH UH�
VHaUFK ZaV SXW LnWR dHFLVLRn PaNLnJ PRdHOV and UHVLOLHnFH HYaOXaWLnJ PRdHOV� 0RUHRYHU, SUH�
YLRXV OLWHUaWXUH VRXUFHV UHOaWHd WR +XUULFanH 6and\ and WKH HPHUJLnJ WRSLF RI UHVLOLHnFH ZHUH 
FRnVLdHUHd�  

2nH REMHFWLYH RI WKH VWXd\ LV WR EULnJ aWWHnWLRn UHJaUdLnJ WKH LPSaFWV RI FOLPaWH FKanJH and 
Rn WKH UHFRYHU\ RI FRPPXnLWLHV OLYLnJ Ln WKH aIIHFWHd aUHa and dHVFULEH SRVVLEOH and PRVW 
³SURILWaEOH´ UHEXLOdLnJ VWUaWHJLHV IURP WKLV SHUVSHFWLYH� 

2 LITERATURE REVIEW 
$ ORW RI VWXdLHV KaYH EHHn PadH Rn WKLV WRSLF E\ H[SHUWV Ln dLIIHUHnW ILHOdV� $n LnWHUHVWLnJ 

aSSURaFK LV WKH RnH WaNHn E\ WKH 5RFNHIHOOHU )RXndaWLRn and $583 ZKLFK dHILnH ³8UEan 5H�
VLOLHnFH aV WKH FaSaFLW\ RI LndLYLdXaOV, FRPPXnLWLHV, LnVWLWXWLRnV, EXVLnHVVHV, and V\VWHPV 
ZLWKLn a FLW\ WR VXUYLYH, adaSW, and JURZ nR PaWWHU ZKaW NLndV RI FKURnLF VWUHVVHV and aFXWH 
VKRFNV WKH\ H[SHULHnFH´ >�@. 7KHLU ZRUN H[WHndV WR a JUHaW nXPEHU RI FLWLHV aURXnd WKH ZRUOd 
ZKR IaFH naWXUaO RU Pan�PadH HYHnWV�  

7KH 81 KaYH aOVR dRnH an LPPHnVHO\ JRRd MRE Ln WKH LnWHUHVWLnJ WRSLF RI SUHSaUHdnHVV and 
Ka]aUd PLWLJaWLRn� 7KHLU dHILnLWLRn IRU UHVLOLHnFH JRHV aV IROORZHd� ³7KH aELOLW\ RI a V\VWHP, 
FRPPXnLW\ RU VRFLHW\ H[SRVHd WR Ka]aUdV WR UHVLVW, aEVRUE, aFFRPPRdaWH WR and UHFRYHU IURP 
WKH HIIHFWV RI a Ka]aUd Ln a WLPHO\ and HIILFLHnW PannHU, LnFOXdLnJ WKURXJK WKH SUHVHUYaWLRn 
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and UHVWRUaWLRn RI LWV HVVHnWLaO EaVLF VWUXFWXUHV and IXnFWLRnV´ >�@� )RXnd Ln WKH 81,6'5 
7HUPLnRORJ\ Ln (nJOLVK dRFXPHnW� 7KH ZRUN dRnH E\ WKH 81, VSHFLILFaOO\ WKH +\RJR 
)UaPHZRUN IRU $FWLRn SOa\V a NH\ SaUW Ln an anaO\VLV dRnH Ln WKLV VWXd\� ,W ZaV dHFLdHd WR XVH 
WKH daWa IURP WKH +)$ WR EXLOd a PRdHO ZLWK ZKLFK WR TXanWLI\ WKH SURJUHVV Ln UHVLOLHnFH RI 
FRXnWULHV aURXnd WKH ZRUOd� 7KLV SaUW ZLOO EH H[SandHd XSRn Rn a VHSaUaWH FKaSWHU EHORZ� 

,n VXPPaU\, 5HVLOLHnFH Fan EH dHILnHd aV �WKH aELOLW\ RI a V\VWHP WR FRSH ZLWK FKanJH´ >�@� 
:aONHU KLJKOLJKWV WKH LPSRUWanFH RI LnFOXdLnJ a JUHaW nXPEHU RI dLIIHUHnW VWaNHKROdHUV, HVSH�
FLaOO\ WKH FRPPRn and RUdLnaU\ SHRSOH, YHU\ HaUO\ Ln WKH SKaVHV RI aVVHVVPHnW Ln RUdHU WR JHW 
a UHaOLVWLF YLHZ RI WKH ORFaO FRndLWLRnV >�@�  

1RZada\V aVVHVVLnJ UHVLOLHnFH, aW dLIIHUHnW OHYHOV, Fan EH dRnH XVLnJ a nXPEHU RI dLIIHUHnW 
WRROV� 0an\ PHWKRdV IRFXV Rn WKH FaSaFLW\ WR adaSW, RU ERXnFH EaFN ZKLFK Ln LWVHOI LV a dLIIL�
FXOW WaVN� ,n RUdHU WR OHaUn and adaSW, a ORRN EaFN aW WKH KLVWRU\ RI KaUdVKLSV a FRPPXnLW\ KaV 
EHHn WKURXJK LV UHTXLUHd� %\ dRLnJ VR, ZH Fan aFTXLUH a EHWWHU LdHa Rn ZKaW WKH UHVSRnVH and 
OHYHO RI adaSWaELOLW\ RI WKaW VSHFLILF FRPPXnLW\ LV� ,W LV KRZHYHU aSSaUHnW WKaW FHUWaLn SURE�
OHPV and dLIILFXOWLHV aUH SUHdRPLnanW Ln dLIIHUHnW SaUWV RI WKH ZRUOd VLPSO\ EHFaXVH FRPPXnL�
WLHV �aUHaV� aUH nRW aIIHFWHd E\ VLPLOaU HYHnWV RU SUREOHPV� 7KLV aVSHFW Fan EH anaO\VHd and 
H[SUHVVHd Ln dLIIHUHnW PHWKRdV� 2nH RI WKHVH LV E\ ORRNLnJ aW PLJUaWLRn�  

0RELOLW\ Fan EH FRnVLdHUHd aV a VLJnLILFanW VLJn RI WKH UHVLOLHnFH RI a FRPPXnLW\� ,I WKLV 
VKLIW LV dRnH aW a ELJJHU VFaOH, WKHn PRELOLW\ Fan PaUN YXOnHUaELOLW\ ZKLFK Fan WKHn WUanVOaWH WR 
nHJaWLYH HIIHFWV Rn ERWK aUHaV� ,n VRPH UaUH FaVHV, WKLV SKHnRPHnRn Fan EH SRVLWLYH RU LP�
SURYH UHVLOLHnFH RnO\ LI LW LV JHnHUaWHd E\ SRVLWLYH SXOO IaFWRUV RI WKH UHFHLYLnJ aUHa�  

$V LW Fan EH REVHUYHd, WKH FRPSOH[LW\ RI UHVLOLHnW V\VWHPV and PRELOLW\ KLJKOLJKWV WKH nHHd 
IRU LnFUHaVHd EaVLF UHVLOLHnFH RI an\ SOaFH�  

$ V\VWHP VKRXOd EH UHVLOLHnW aW an\ WLPHV, EHIRUH WKH PLJUaWLRn Ln RUdHU WR ZLWKVWand 
FKanJH� $n LPSRUWanW IaFWRU aW SOa\ KHUH LV dLYHUVLW\, Ln WHUPV RI HFRnRPLF RSWLRnV and VRFLaO 
RSSRUWXnLWLHV VLnFH LW HnFRXUaJHV OHaUnLnJ and adaSWaWLRn�  

'LYHUVLW\, Ln Pan\ aVSHFWV, aIIHFWV WKH FRPPXnLW\, LWV SURSHUWLHV aV ZHOO aV LWV OHYHO RI UH�
VLOLHnFH� )RONH SUHVHnWV anRWKHU NH\ aVSHFW ZKLFK LV ORFaO NnRZOHdJH and FRPPXnLW\ SaUWLFL�
SaWLRn Ln VWXd\LnJ a FHUWaLn FaVH >4@� 7KLV Fan EH aFFRPSOLVKHd VLPSO\ E\ WaNLnJ adYanWaJH RI 
WKH SUHYLRXV H[SHULHnFHV RI WKH ORFaO FRPPXnLWLHV UHJaUdLnJ naWXUaO UHVRXUFH PanaJHPHnW� 
7KLV ZLOO WKHn SOa\ a NH\ UROH Ln WKLV ZRUN aV WKH IUaPHZRUN SURSRVHd aW WKH FLW\ OHYHO VWURnJO\ 
HndRUVHV WKH SaUWLFLSaWLRn RI YaULRXV VWaNHKROdHUV� $OWKRXJK WKH aERYH aUH UHOaWHd WR HFRnRPLF 
and VRFLaO UHVLOLHnFH, TXLWH a IHZ FRnFHSWV Fan EH aSSOLHd WR an\ W\SH RI resilience, like 
awareness, SreSaredness, resourcefulness, robustness, adaStability and WKH aELOLW\ WR OHaUn�  

3XEOLF LnVWLWXWLRnV Rn WKH RWKHU Kand KaYH WKH aELOLW\ WR HPSRZHU an HnYLURnPHnW and SUaF�
WLFHV WKaW LPSURYH UHVLOLHnFH� 7KH\ KaYH a PaMRU FRnWULEXWLRn Ln dHYHORSLnJ an HTXLWaEOH dLV�
WULEXWLRn RI UHVRXUFHV aPRnJ SRSXOaWLRnV, HFRnRPLF JURZWK �FRXSOHd ZLWK VWaELOLW\�, aOO WKHVH 
IaFWRUV Fan SRVVLEO\ KaYH a ELJ LPSaFW Rn aXJPHnWLnJ ORFaO UHVLOLHnFH� 0anaJLnJ WKH VRFLaO�
HFRORJLFaO V\VWHPV LV LI WUXWK EH WROd a YHU\ LPSRUWanW SaUW Ln LnFUHaVLnJ WKHLU UHVLOLHnFH aV ORnJ 
aV WKH YaULRXV VWaNHKROdHUV ZLWKLn WKH V\VWHP aUH LnFOXdHd aV ZHOO� ,W LV VR HVWaEOLVKHd WKaW WKH 
UROH RI LnVWLWXWLRnV Ln LnFUHaVLnJ VRFLaO UHVLOLHnFH LV YLWaO, aV WKH\ LnFRUSRUaWH aOO VRFLaO V\VWHPV 
and FRnWURO WKH dLVWULEXWLRn RI aVVHW  

$n LnWHUHVWLnJ aVSHFW EURXJKW XS LV WKaW VKRUW�WHUP PanaJHPHnW HIIRUWV, FRXOd OHad WR a ORVV 
Ln WKH ORnJ�WHUP SOan and dHYHORSPHnW RI a V\VWHPV UHVLOLHnFH >4@� $ddLWLRnaOO\, WKH\ aOVR 
HPSKaVL]H WKaW nRW PHaVXULnJ WKH LPSaFWV Rn WKH HFRORJLFaO V\VWHP, FRXOd KaYH a nHJaWLYH 
RXWFRPH and ZHaNHn WKH UHVLOLHnFH RI WKH ZKROH V\VWHP, LI LW LV FRPELnHd ZLWK HIIRUWV WKaW dR 
nRW WaNH WKH LnWHUdHSHndHnFH RI ERWK WKH VRFLaO and HFRORJLFaO V\VWHPV adHTXaWHO\ LnWR FRnVLd�
HUaWLRn� 7KLV LV SUHdRPLnanWO\ WUXH Ln FaVHV ZKHUH WKH V\VWHP LV FRnVLdHUaEO\ IUaJLOH� $nRWKHU 
NH\ FKaUaFWHULVWLF WR NHHS Ln PLnd ZKHn FRnVLdHULnJ WKH PanaJHPHnW RI WKHVH V\VWHPV, UH�
JaUdLnJ UHVLOLHnFH REYLRXVO\, LV IRFXVLnJ PRUH Rn ORnJ�WHUP aFWLRnV and dHYHORSPHnW� 
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6LnFH aFKLHYLnJ UHVLOLHnFH LV VR FRPSOH[, IXWXUH SOanV VKRXOd aLP WR LnFUHaVH UHVLOLHnFH RI 
WKH HnWLUH V\VWHP and nRW RnO\ RI LndLYLdXaO FRPSRnHnWV� 2nH RI WKH ELJJHVW FKaOOHnJHV and 
LPSRUWanW IaFWRU LV XnFHUWaLnW\� 7KH HIIHFW WKaW KXPanV ZLOO KaYH, FOLPaWH FKanJH and RWKHU 
XnSUHdLFWaEOH IaFWRUV, SRVH a ELJ SUREOHP Ln SUHdLFWLnJ ZKaW ZLOO KaSSHn >�@� ,W VKRXOd EH nRW�
Hd WKaW WKH VRFLaO UHVLOLHnFH RI a V\VWHP LV nRW HTXaO WR LWV LndLYLdXaO FRPSRnHnWV� ,nFUHaVLnJ 
UHVLOLHnFH dRHV nRW PHan WKaW YXOnHUaELOLW\ dHFUHaVHV, aW OHaVW nRW IRU aOO VWaNHKROdHUV� 

3 APPL<ING DECISION MAKING METHOD CONCENPTS IN RESILIENCE 
7KLV FKaSWHU dHVFULEHV WKH PHWKRdRORJLFaO aSSURaFK RI WKLV ZRUN� ,W dHWaLOV WKH VSHFLILF 

WHFKnLTXH XVHd and FRnFOXdHV ZLWK a FRPSaULVRn RI WKH UHVXOWV�  
7KH FLW\ RI 1HZ <RUN WRRN LPPHdLaWH aFWLRn IROORZLnJ +XUULFanH 6and\V OandIaOO� $ JUHaW 

nXPEHU RI LnLWLaWLYHV and VWUaWHJLHV ZHUH dHYLVHd Ln RUdHU WR PLWLJaWH and UHEXLOd IURP WKH 
VWRUPV UXEEOH� 7KH aLP RI WKLV VWXd\ LV WR SURSRVH a VLPSOH PHWKRdRORJ\ WKaW ZRXOd KHOS Xn�
dHUVWand WKH adYanFHPHnW RI WKLV SURFHVV� 7KLV VWXd\ ZLOO EH KHOSIXO IRU VWaNHKROdHUV, dHFLVLRn 
PaNHUV, and FRPPXnLWLHV aOLNH�  

7KH dHFLVLRn PaNHU¶V aLP LV WR LPSURYH WKH VHUYLFHV aVVRFLaWHd ZLWK WKH SUHIHUHnFHV and 
KaELWV RI WKH XVHUV� 7KHUHIRUH, WKH nHHd IRU a WRRO WKaW Fan dHVFULEH ZKLFK aFWLRn ZRXOd EHnHILW 
PRUH a FHUWaLn UHJLRn LV UHTXLUHd� ,n WKLV VWXd\, WKH WRRO WKaW KaV EHHn FKRVHn WR aFFRPSOLVK 
WKLV IHaW LV WKH 60$57 PRdHO� 7KH UHaVRn IRU XVLnJ WKLV PRdHO OLHV Ln a IHZ UHaVRnV� )LUVWO\, LW 
ZaV an REMHFWLYH RI WKH VWXd\ WR ILnd a Za\ RI SURFHVVLnJ, dHVFULELnJ and HYaOXaWLnJ SURMHFWV 
Ln a ZHLJKWHd and UHaVRnaEOH PannHU� 'XULnJ WKH OLWHUaWXUH UHYLHZ and VWaWH RI WKH aUW Rn UHVLO�
LHnFH, TXLWH a ORW RI aVVHVVPHnW PHWKRdRORJLHV ZHUH IRXnd E\ dLIIHUHnW aXWKRUV� 7KHUH LV aFWX�
aOO\ a YHU\ ORnJ OLVW RI WHFKnLTXHV� &RnVLdHULnJ WKH dLIILFXOW and OHnJWK\ SURFHVV RI aVVHVVLnJ 
UHVLOLHnFH, aV ZHOO aV WKH IaFW WKaW PRVW RI WKHVH WHFKnLTXHV aUH nRW IOH[LEOH WR YaULRXV VLWXa�
WLRnV, LW ZaV dHFLdHd WR ILnd, adaSW RU EXLOd an HaV\ WR XVH and XndHUVWand PHWKRdRORJ\� ,WV 
aLP LV WR EH aEOH WR HYaOXaWH and dHVFULEH a nXPEHU RI SaUaPHWHUV, SURMHFWV RU an\ IRUP RI UH�
VLOLHnFH LndLFaWRUV� $ UHVHaUFK Rn dHFLVLRn PaNLnJ PHWKRdV ZLWK WKH aERYH LnWHnWLRnV Ln PLnd 
OHd WR FRnVLdHU WKH PXOWL FULWHULa PHWKRdV� $IWHUZaUdV, WKH 60$57 WHFKnLTXH ZaV FKRVHn aV 
WKH PRVW aSSURSULaWH and LnWHUHVWLnJ PHWKRd WR WU\ and SXW LnWR XVH Ln WKH FRnWH[W RI UHVLOLHnFH�  

7KH 60$57 WHFKnLTXH SUHVHnWHd LWVHOI aV SUHFLVHO\ an HaV\ WR XVH, adaSWaEOH and IOH[LEOH 
PHWKRd, FaSaEOH RI HYaOXaWLnJ dLIIHUHnW FULWHULa, Ln WKLV FaVH YaULRXV SURMHFWV, Ln ZKLFK ZHLJKWV 
FRXOd aOVR EH aWWULEXWHd WR WKH PHaVXULnJ FULWHULa� 6RPH EaFNJURXnd Rn WKHVH WRROV and Rn KRZ 
WKH 60$57 PRdHO ZaV XVHd IRU WKH SXUSRVH RI WKLV VWXd\ LV JLYHn EHORZ� 

7KH WRROV and WHFKnLTXHV aUH XVHd IRU VHOHFWLnJ RU SURSRVLnJ WKH ³EHVW´ RU PRUH FRnYHnLHnW 
FKRLFH� 'HFLVLRn PaNLnJ WRROV aUH XVHd and ILnd aSSOLFaWLRnV Ln Pan\ dLIIHUHnW ILHOdV� $ WRSLF 
ZKLFK FRXOd EHnHILW IURP WKH aIRUHPHnWLRnHd WRROV LV 5HVLOLHnFH�  

%aNHU HW aO�, SURYLdH VRPH FRnWH[W Rn VRPH aVSHFWV RI dHFLVLRn PaNLnJ WKaW LnFOXdH JRaOV, 
FULWHULa, UHTXLUHPHnW and SUREOHP dHILnLWLRn >�@� ,n RUdHU WR UHdXFH WKH SRVVLEOH dLVaJUHHPHnW 
RI WKH aERYH HOHPHnWV LW LV VXJJHVWHd WKaW WKH ILUVW VWHSV RI dHFLVLRn PaNLnJ VKRXOd EH dHFLdLnJ 
ZKR WKH dHFLVLRn PaNHUV and VWaNHKROdHUV aUH� $ VWHS E\ VWHS RYHUYLHZ UHJaUdLnJ a JHnHUaO 
dHFLVLRn PaNLnJ SURFHVV LV� �� 'HILnH WKH LVVXH, �� 'HWHUPLnH UHTXLUHPHnWV, �� (VWaEOLVK RE�
MHFWLYHV, �� ,dHnWLI\ WKH SRVVLELOLWLHV, �� 'HILnH WKH HYaOXaWLnJ FULWHULa, �� &KRRVH a dHFLVLRn 
PaNLnJ WRRO, �� $VVHVV WKH aOWHUnaWLYHV EaVHd Rn WKH HVWaEOLVKHd FULWHULa, �� &KHFN WKaW WKH 
FKRVHn aOWHUnaWLYH LV aFWXaOO\ a VROXWLRn WR WKH LVVXH HVWaEOLVKHd aW ILUVW�  

,W LV YLWaO WR IRUP dLVWLnFWLRn EHWZHHn WKH FaVHV ZKHWKHU RU nRW ZH
YH RnH RU PXOWLSOH FULWH�
ULa �)�O|S ����� >1�@� ,n VRPH FaVHV, WKHUH PLJKW EH RnH FULWHULRn, HLWKHU NLORPHWHUV SHU KRXU, 
FRVW, FRORU, WLPH RU ZKaWHYHU WKH FULWHULa RI WKaW FaVH LV VHW WR EH� 7KHn WKH FKRLFH LV HaVLO\ 
dRnH E\ FKRRVLnJ WKH KLJKHVW YaOXH IRU WKaW FULWHULRn�  
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:KHn LW VR KaSSHnV WKaW ZH KaYH a dHWHUPLnHd nXPEHU RI FULWHULa and WKH nXPEHU RI aOWHU�
naWLYHV LV WKHRUHWLFaOO\ LnILnLWH WKHn WKH dHFLVLRn LV PadH ZLWK ZKaW LV FaOOHd PXOWLSOH FULWHULa 
RSWLPL]aWLRn� 

,n VXPPaU\� ³'HFLVLRn PaNLnJ LV WKH VWXd\ RI LdHnWLI\LnJ and FKRRVLnJ aOWHUnaWLYHV EaVHd 
Rn WKH YaOXHV and SUHIHUHnFHV RI WKH dHFLVLRn PaNHU� 0aNLnJ a dHFLVLRn LPSOLHV WKaW WKHUH aUH 
aOWHUnaWLYH FKRLFHV WR EH FRnVLdHUHd, and Ln VXFK a FaVH ZH ZanW nRW RnO\ WR LdHnWLI\ aV Pan\ 
RI WKHVH aOWHUnaWLYHV aV SRVVLEOH EXW WR FKRRVH WKH RnH WKaW EHVW ILWV ZLWK RXU JRaOV, REMHFWLYHV, 
dHVLUHV, YaOXHV, and VR Rn�´ >11@�  

$ SUREOHP RI PXOWL�aWWULEXWH dHFLVLRn PaNLnJ KaV WZR PaLn HOHPHnWV, WKH FULWHULa and aO�
WHUnaWLYHV WKaW KaYH EHHn FKRVHn WR EH VFRUHd� $V ZH ZLOO VHH EHORZ and aOVR Ln WKH 60$57 
PRdHO IXUWKHU, a FRPPRn IHaWXUH RI WKHVH PHWKRdV LV WKH VR FaOOHd decision table� 2n WKH URZV 
RI WKH WaEOH WKHUH Fan EH IRXnd WKH FULWHULa and Rn WKH FROXPnV WKH VFRUH RI IRU HaFK aOWHUnaWLYH 
LV OLVWHd� 6FRUHV UHSUHVHnW WKH SHUIRUPanFH RI WKaW aOWHUnaWLYH Ln a JLYHn FULWHULRn�  

)LUVWO\, ZHLJKWV aUH aVVLJnHd WR HaFK FULWHULRn EaVHd Rn WKHLU LPSRUWanFH� 7KHUH aUH dLIIHU�
HnW PHWKRdV WR dHYHORS WKHVH ZHLJKWV, VRPH HaVLHU WKan RWKHUV� 0RUH LPSRUWanWO\ ZHLJKW dLV�
WULEXWLRn LV a NH\ aVSHFW RI WKHVH PHWKRdV aV LW KaV a ELJ LnIOXHnFH Rn WKH UHVXOWV� 7KHVH 
ZHLJKWV Fan EH FaOFXOaWHd ZLWK IRUPXOaV RU WKH\ Fan EH aJUHHd XSRn EHWZHHn WKH dHFLVLRn 
PaNHUV, WKH dHFLVLRn PaNHUV and VWaNHKROdHUV RU aV SaUW RI WKH SHUVRnaO VHnVLELOLW\�  

7KHn WKH ILnaO VFRUHV IRU HaFK aOWHUnaWLYH LV FaOFXOaWHd aV a SURdXFW RI WKH SHUIRUPanFH RI 
HaFK aOWHUnaWLYH Rn WKH FULWHULRnV and WKHLU aVVRFLaWHd ZHLJKWV� 8VXaOO\, KLJKHU UanNLnJ YaOXH 
PHanV a EHWWHU SHUIRUPanFH RI WKH aOWHUnaWLYH, VR WKH aOWHUnaWLYH ZLWK WKH KLJKHVW UanNLnJ YaOXH 
LV WKH EHVW RI WKH aOWHUnaWLYHV ZKLFK LV aOVR WKH RnH WKaW VKRXOd EH SLFNHd aW WKH Hnd XnOHVV IXU�
WKHU FRnVLdHUaWLRnV aUH PadH� 

7KHVH PHWKRdV KaYH WKH aELOLW\ WR SaUWO\ RU HnWLUHO\ UanN aOWHUnaWLYHV� ,n RnH FaVH, WKH EHVW 
and SUHIHUUHd aOWHUnaWLYH Fan EH FKRVHn� ,n RWKHU FaVHV, LW Fan EH RSWHd WR FKRRVH IURP a OLVW RI 
WKH EHVW SHUIRUPLnJ aOWHUnaWLYHV�  

3.1 SMART model 
7KLV VHFWLRn LnWURdXFHV WKH 6LPSOH PXOWL�aWWULEXWH UaWLnJ WHFKnLTXH �60$57�, dHYHORSHd 

E\ (dZaUdV >1@� 7KH REMHFWLYH LV WR KHOS dHFLVLRn PaNHUV XndHUVWand WKH adYanFHPHnW and 
EHnHILWV RI FHUWaLn LnLWLaWLYHV, VWUaWHJLHV RU aFWLYLWLHV Ln WKH ILHOd RI 8UEan 5HVLOLHnFH� 7KH 
PRdHO aOORZV YaULRXV VWaNHKROdHUV WR WaNH LnWR FRnVLdHUaWLRn ZKLFK SROLF\ RU aFWLRn LV PRVW 
aSSURSULaWH Ln HaFK FaVH, aV ZHOO aV SURYLdLnJ LnIRUPaWLRn Rn WKH EXdJHW, WLPHIUaPH and VWaWH 
RI RSHUaWLRnV� $VVLJnLnJ ZHLJKWV WR HaFK FULWHULa LV aOVR aFKLHYHd WKURXJK an HaV\ SURFHVV WKaW 
UHIOHFWV WKH UHOaWLYH LPSRUWanFH RI HaFK FULWHULa� $ KLHUaUFK\ RI LPSRUWanFH LV HVWaEOLVKHd E\ 
WKH dHFLVLRn PaNHU� *HnHUaOO\, �� SRLnWV aUH aVVLJnHd WR WKH OHaVW LPSRUWanW FULWHULRn� $IWHU�
ZaUdV, WKH nH[W FULWHULRn LV aVVLJnHd PRUH SRLnWV and WKLV RSHUaWLRn LV UHSHaWHd IRU HaFK FULWH�
ULRn� 7KH ILnaO ZHLJKWV aUH REWaLnHd E\ dLYLdLnJ WKH WRWaO E\ WKH VXP RI WKH SRLnWV and 
nRUPaOL]H LW WR RnH�  

7KH 60$57 PRdHO LV SaUW RI WKH 0XOWL�$WWULEXWH 8WLOLW\ 7KHRU\ �0$87�� ,W dHVFULEHV WKH 
VLPSOHVW IRUP RI WKH 0$87 WHFKnLTXH� 7KH PRdHO LV XVHd ZKHn HYaOXaWLnJ WKH SHUIRUPanFH 
RI YaULRXV aWWULEXWHV E\ aVVLJnLnJ PXOWLSOH FULWHULa� 7KH YaOXHV aVVRFLaWHd WR WKH FULWHULa Fan EH 
ERWK TXaOLWaWLYH and TXanWLWaWLYH� 2nFH WKH REMHFWLYHV and FULWHULa KaYH EHHn LdHnWLILHd WKHn LW 
LV UHTXLUHd WR JLYH ZHLJKWV WR HaFK FULWHULa� 7KH XWLOLW\ 8M �ILnaO VFRUH� RI WKH aOWHUnaWLYHV LV 
FRPSXWHd aV WKH WRWaO VXP RI WKH FULWHULa �dLPHnVLRn� VFRUH PXOWLSOLHd ZLWK WKH ZHLJKW RI WKH 
VaPH FULWHULa� 7KH YaOXHV IRU HaFK dLPHnVLRn Fan XVXaOO\ EH H[SUHVVHd Ln a OLnHaU IXnFWLRn E\ 
VHWWLnJ PLnLPXP and Pa[LPXP UXOHV� (dZaUdV VXSSRVHdO\ SURSRVHd a WHn VWHS WHFKnLTXH� $n 
RYHUYLHZ RI WKHVH VWHSV KaV EHHn aOUHad\ JLYHn E\ 7KHVH VWHSV aUH YHU\ VLPLOaU WR WKH VWHSV RI 
a JHnHUaO dHFLVLRn PaNLnJ WRRO ZLWK WKH SUHVHnFH RI ZHLJKWV aV WKH PaLn dLIIHUHnFH and WKH 
Za\ WKH VFRUHV aUH aVVLJnHd� $dRSWHd E\ 2OVRn >12@ WKHVH WHn VWHSV aUH� �� ,dHnWLI\ WKH dHFL�
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VLRn�PaNHU�V�, �� ,dHnWLI\ WKH LVVXH RI LVVXHV, �� ,dHnWLI\ WKH aOWHUnaWLYHV, �� ,dHnWLI\ WKH FULWH�
ULa, �� $VVLJn YaOXHV IRU HaFK FULWHULRn, �� 'HWHUPLnH WKH ZHLJKW RI HaFK RI WKH FULWHULa, �� 
&aOFXOaWH a ZHLJKWHd aYHUaJH RI WKH YaOXHV aVVLJnHd WR HaFK aOWHUnaWLYH, �� 0aNH a SURYLVLRnaO 
dHFLVLRn, �� 3HUIRUP VHnVLWLYLW\ anaO\VLV ��� 'HFLdH� 'HSHndLnJ Rn WKH dHVLUHd UHVXOW, WKH aO�
WHUnaWLYH ZLWK WKH KLJKHVW ILnaO �XWLOLW\� 8M VFRUH VKRXOd EH VHOHFWHd�  

60$57 LV WKH VLPSOHVW IRUP RI WKH 0$87 PHWKRdV� 7KHUH aUH a IHZ Za\V RI JLYLnJ UaW�
LnJV WR aOWHUnaWLYHV Ln 60$57, FRnVLdHULnJ WKH RUdLnaU\ VFaOH RI a JLYHn FULWHULa� ,n 60$57 
UaWLnJ FULWHULa VFaOHV aUH FRnYHUWHd WR a JHnHUaO LnnHU VFaOH� 7KLV LV dRnH IRU WKH VROH SXUSRVH 
RI dLIIHUHnWLaWLnJ EHWZHHn WKH aOWHUnaWLYH UaWLnJ and WKH FULWHULa ZHLJKWLnJ� 7KLV LV SULPaULO\ 
dRnH E\ XVLnJ a 9aOXH )XnFWLRn� $V a VLPSOH and TXLFN UaWLnJ PHWKRd, 60$57 XVHV WKH HaVL�
HVW and PRVW FRPPRn RI a YaOXH IXnFWLRn� 7KH addLWLYH PRdHO ZKLFK LV aSSOLHd XVLnJ a OLnHaU� 
8VXaOO\ UaWLnJV aUH VHW JRLnJ IURP � WR ��� and WKHn nRUPaOL]LnJ ZKHUH aSSURSULaWH RU dHVLUHd 
>13@� 

3.2 ASSlying the SMART model to the resilience SroMects in New <ork City 
,n WKH FaVH RI 1HZ <RUN and WKH adYanFHPHnW RI WKH VWUaWHJLHV IRU UHVLOLHnFH, WKH JRaO LV WR 

SXW LnWR SHUVSHFWLYH and VKRZ WKH UHOaWLRn EHWZHHn dLIIHUHnW LnLWLaWLYHV, aV ZHOO aV UanNLnJ 
WKHP� 8VLnJ WKH 60$57 PRdHO JLYHV XV WKH RSSRUWXnLW\ WR JHW a EHWWHU XndHUVWandLnJ RI KRZ 
WKH FLW\ KaV dRnH VR IaU� 2XU REMHFWLYH aUH WKH LnLWLaWLYHV� 7KH PHaVXULnJ FULWHULa LdHnWLILHd Ln 
WKH VWXd\ aUH� WKH FRVW RI HaFK SURMHFW, WKH WLPHIUaPH UHTXLUHd WR FRPSOHWH WKHVH SURMHFWV and 
ILnaOO\, WKH FXUUHnW VWaWH RSHUaWLRnV �SKaVH��  

7KH EHnHILW RI WKH 60$57 WHFKnLTXH LV WKaW LW SRVVHVVHV JUHaW IOH[LELOLW\� )RU H[aPSOH, WKH 
ZHLJKWV RI HaFK FULWHULRn aUH HaVLO\ dHWHUPLnHd E\ WKH dHFLVLRn PaNHU and Fan aOVR EH HaVLO\ 
FKanJHd Ln IXUWKHU VWaJHV EaVHd Rn WKH VHnVLELOLW\ RI RWKHU XVHUV, Pa\ WKaW EH a JRYHUnPHnW, a 
Pa\RU RU anRWKHU SHUVRn LnWHUHVWHd Ln WKH SaUWLFXOaU dHYHORSPHnW RI KLV aUHa� $IWHU aVVLJnLnJ 
ZHLJKWV, WKH nH[W VWHS LV XVLnJ WKH daWa aYaLOaEOH WR HYaOXaWH WKH LnLWLaWLYHV and WKHLU SHUIRU�
PanFH Ln WKH SUHVHnW PRPHnW�  

,n RUdHU WR JLYH YaOXHV WR WKH LnLWLaWLYHV LW LV UHTXLUHd WR dHYHORS an aWWULEXWH VFRULnJ UXOH 
XVHd WR VHW V\VWHP XWLOLW\ YaOXHV� 7R HVWaEOLVK WKH YaOXHV, VRPH UXOHV RU SUHIHUHnFHV nHHd WR EH 
FUHaWHd� )RU H[aPSOH, LW ZaV dHFLdHd WR JLYH VFRUHV IURP � WR �� 5HJaUdLnJ &RVW, WKH KLJKHU 
WKH LnYHVWPHnW, WKH KLJKHU WKH VFRUH aFKLHYHd� )RU WKH FULWHULRn 7LPH, WKH OHVV WLPH LW WRRN IRU 
a SURMHFW WR EH FRPSOHWHd, WKH KLJKHU WKH VFRUH aFKLHYHd, ZKHUHaV an H[WHndHd dXUaWLRn RI WKH 
RSHUaWLRnV ZRXOd aVVLJn WKaW LnLWLaWLYH a ORZHU VFRUH� 3KaVH, WKH OaVW dLPHnVLRn �FULWHULRn�, ZaV 
VHW Ln a Za\ WR dHVFULEH and JURXnd IXUWKHUPRUH WKH ILnaO UHVXOWV�  

6SHFLILFaOO\, Ln WKLV FaVH VWXd\ WKH daWa ZaV REWaLnHd E\ WKH 2nH1<& 5HSRUW SURYLdHd E\ 
WKH VWaWH RI 1HZ <RUN� 7KH dLPHnVLRnV and VFRULnJ UXOHV PHnWLRnHd aERYH ZHUH WaLORUHd WR 
WKH daWa IRXnd Ln WKLV UHSRUW� +RZHYHU, WKH EXON RI WKH daWa ZaV H[WUaFWHd RnOLnH E\ WKH LnWHU�
aFWLYH and XS WR daWH PaS aW KWWSV���PaSV�n\F�JRY�UHVLOLHnF\�� )LUVWO\, an RYHUYLHZ RI WKH daWa 
ZaV UHTXLUHd� $naO\]LnJ WKH PLnLPXP, Pa[LPXP, aYHUaJH and RWKHU YaULRXV SaWWHUnV IRXnd Ln 
WKH daWa� 7KLV VWHS ZaV FUXFLaO IRU VHWWLnJ WKH UXOHV RI WKH VFRULnJ WHFKnLTXH� 

7KH UHVLOLHnF\ SURMHFWV VWaUWHd aURXnd 1HZ <RUN &LW\ aUH HVWaEOLVKHd aV WKH aOWHUnaWLYHV� 
7KH nH[W VWHS Ln EXLOdLnJ WKH 60$57 PRdHO LV LdHnWLI\LnJ WKH dLPHnVLRnV E\ ZKLFK WR HYaOX�
aWH WKHVH aOWHUnaWLYHV� $V aOUHad\ PHnWLRnHd WKH dLPHnVLRnV �FULWHULRnV� aUH� %XdJHW �&RVW�, 
7LPH and 6WaWH RI 2SHUaWLRnV �3KaVH�� $IWHUZaUdV, WKH ZHLJKW RI HaFK RI WKH dLPHnVLRnV 
VKRXOd EH HVWaEOLVKHd� 7KHUH aUH a FRXSOH YaULaWLRnV Rn KRZ WR SURSHUO\ ZHLJKW RXU FULWHULRnV�  

+RZHYHU, Ln WKLV VWXd\, LW ZaV FKRVHn WR UanN WKH dLPHnVLRnV ILUVW, and VXEVHTXHnWO\ aVVLJn 
³LPSRUWanFH´ WR WKHP� 7KH KLHUaUFK\ IRU HYaOXaWLnJ WKH SURMHFW LV aV IROORZV�  

7LPH ! &RVW ! 3KaVH 
7KLV UanNLnJ SXWV WKH FULWHULRn RI 7LPH aV WKH PRVW VLJnLILFanW� 2nFH WKLV SULRULW\ UanNLnJ LV 

VHW, WKH OHaVW LPSRUWanW FULWHULRn LV aVVLJnHd a UaWLnJ RI ��� 7KH RWKHU UaWLnJV aUH dHFLdHd VWaUW�

4552



*OHn 'HUYLVKaM, *Lan 3aROR &LPHOOaUR and $nLO $JUaZaO 

LnJ IURP WKLV EaVH YaOXH� &RVW and 7LPH ZHUH aVVLJnHd a UaWLnJ RI UHVSHFWLYHO\ �� and ��� 7KH 
ZHLJKW aVVRFLaWHd WR HaFK RI WKHP LV HaFK UaWLnJ dLYLdHd E\ WKH WRWaO� 7KLV aOORZV WKH nRUPaOL�
]aWLRn RI ZHLJKWV VR WKHLU VXP aPRXnWV WR �� $IWHU SHUIRUPLnJ WKH dLYLVLRnV, WKH ZHLJKWV �:L� 
IRU 7LPH   ����, &RVW   ���� and 3KaVH   ���� aUH REWaLnHd�   

7KH nH[W VWHS Ln FRPSOHWLnJ WKH PRdHO LV JLYLnJ VFRUHV IRU HaFK SURMHFW� 7KH VFRULnJ YaOXHV 
ZHUH dHFLdHd E\ anaO\]LnJ WKH daWa aYaLOaEOH Ln RUdHU WR UHIOHFW a IaLU ILnaO VFRUH� 5XOHV IRU aOO 
FULWHULRnV ZHUH VHW� (aFK dLIIHUHnW IURP WKH RWKHU� $ VLPSOH FaOFXOaWLRn WKaW nRUPaOL]HV WKH 
WLPH HaFK SURMHFW ZaV FRPSOHWHd �RU H[SHFWHd WR EH FRPSOHWHd� ZaV FKRVHn IRU WKH 7LPH FULWH�
ULRn, Rn WKH RWKHU Kand IRU VFRULnJ SURMHFWV UHOaWHd WR WKHLU &RVW and 3KaVH FULWHULRn, LW ZaV dH�
FLdHd WR EXLOd VFRULnJ WaEOHV UHVSHFWLYHO\ �7aEOH � and 7aEOH ���  

,W ZaV REVHUYHd WKaW WKH ORnJHVW SURMHFW SOannHd WR daWH KaV a dXUaWLRn RI nHaUO\ nLnH \HaUV� 
%aVHd Rn WKLV REVHUYaWLRn, LW ZaV dHFLdHd WKaW a YaOXH RI � ZRXOd EH JLYHn IRU SHULRdV HTXaO RU 
ORnJHU WKan WHn \HaUV� 7KH aYaLOaEOH daWa LV SURYLdHd Ln IRXU TXaUWHUV, \HaUO\ WKUHH�PRnWK SHUL�
RdV dHnRWHd aV 4�, 4�, 4� and 4�� )RU WKH SXUSRVH RI WKLV VWXd\, WKH FRPSOHWLRn daWH FRUUH�
VSRndV WR WKH OaVW PRnWK RI WKH TXaUWHU� 5HEXLOdLnJ and UHFRYHULnJ LV FRnVLdHUHd WR KaYH 
VWaUWHd ULJKW aIWHU +XUULFanH 6and\ PadH OandIaOO 2FWREHU ��WK, ����� )RU H[aPSOH, WKH SURMHFW 
“World Trade Center Command Repairs” ZaV FRPSOHWHd WKH ILUVW TXaUWHU RI ���� �4� ����� 
VR WKH SURMHFW Kad a OLIHVSan RI URXJKO\ � PRnWKV XnWLO LWV FRPSOHWLRn� 3URMHFWV ILnLVKHd Ln WKH 
VaPH TXaUWHU aV WKH dLVaVWHU, VSHFLILFaOO\ WKH OaVW TXaUWHU RI ���� aUH aVVLJnHd a YaOXH RI �� 7KH 
VFRUHV aUH REWaLnHd ZLWK WKH IROORZLnJ HTXaWLRn�  

   � j
jt

t
S

t
= − ��� 

:KHUH Sjt LV WKH VFRUH RI WKH WLPH FULWHULRn RI HaFK SURMHFW, tj LV WKH WLPH WKH SURMHFW LV FRP�
SOHWHd RU LV H[SHFWHd WR EH FRPSOHWHd and t LV WKH ORnJHVW SHULRd FRnVLdHUHd IRU FaOFXOaWLRn �Ln 
WKLV FaVH WHn \HaUV�� 

6FRUH ,nYHVWPHnW Ln PLOOLRnV RI 86'
��� � � � 
��� � � � 
��� � � �� 
��� �� � �� 
��� �� � �� 
��� �� � �� 
��� �� � �� 
��� �� � �� 
��� �� � �� 
� ��� 

7aEOH�� 6FRULnJ WaEOH XVHd IRU HYaOXaWLnJ WKH &RVW FULWHULRn 

7KH nH[W FULWHULa LV EXdJHW� 7KH VFRULnJ PHWKRd UHOaWHd WR FRVW LV aSSUR[LPaWHO\ WKH VaPH 
aV WKH aERYH EXW ZLWK a IHZ YaULaWLRnV� )RU H[aPSOH, an LnYHVWPHnW LV JLYHn a VFRUH RI � LI WKH 
FRVW LV HTXaO RU KLJKHU WKan ��� PLOOLRn� 7KH UXOHV IRU WKH YaOXHV ZHUH dHFLdHd EaVHd Rn a 
FRXSOH REVHUYaWLRnV� 7KH aYHUaJH LnYHVWPHnW SHU SURMHFW UHVXOWHd WR EH nHaU ��� PLOOLRn, WKaW 
LV ZK\ WKH EUHaNLnJ SRLnW EHWZHHn a VFRUH RI ��� and ��� LV aW ��� PLOOLRn� $IWHUZaUdV, WKH 
dLIIHUHnFH EHWZHHn WKH VFRUH and WKH aPRXnW LnYHVWHd LnFUHaVHV VOLJKWO\ XnWLO LW UHaFKHV ��� 
PLOOLRn� ,W ZaV aOVR dHFLdHd WR JLYH a VFRUH RI � IRU SURMHFWV ZLWK LnYHVWPHnWV XSZaUdV RI ��� 
PLOOLRn, ZKLFK aUH OLPLWHd Ln nXPEHU� 

)LnaOO\, a VLPSOH VFRULnJ WHFKnLTXH ZaV aWWULEXWHd WR WKH OaVW dLPHnVLRn RI 3KaVH �6WaWH RI 
2SHUaWLRnV�� 7KH SURMHFWV aUH dLYLdHd LnWR IRXU FaWHJRULHV� FXUUHnWO\ Completed, VWLOO Ln Con-
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struction, Ln WKH Design SKaVH and OaVWO\, VWLOO Ln WKH HaUO\ Planning SKaVH� 7KH VFRUHV �6LS� IRU 
HaFK aUH VKRZn Ln WKH WaEOH EHORZ�  

3KaVH 6FRUH 
&RPSOHWHd � 
&RnVWUXFWLRn ���� 
'HVLJn ��� 
3OannLnJ ���� 

7aEOH � 6FRULnJ WaEOH IRU WKH 6WaWH RI 2SHUaWLRnV �3KaVH� 

7KH UXOHV IRU VFRULnJ HaFK aOWHUnaWLYH aUH nRZ HVWaEOLVKHd� 7KH nH[W VWHS LV ILOOLnJ RXW WKH 
WaEOH RI aOO WKH SURMHFWV Ln 0anKaWWan� 

$IWHU an RYHUYLHZ RI WKH daWa, WKH VFRUHV IRU HaFK SURMHFWV ZHUH FRPSLOHd ZLWK WKH PHWKRd 
dHVFULEHd aERYH� $ FRPSUHKHnVLYH WaEOH ZLWK WKH ZHLJKWHd VFRUHV RI HaFK FULWHULRn and WKH 
UHVXOWV RI WKH WRS WHn VFRULnJ SURMHFWV Fan EH IRXnd EHORZ Ln 7aEOH �� 7KH HTXaWLRn ZLWK ZKLFK 
WKH ILnaO VFRUHV aUH aWWaLnHd LV WKH IROORZLnJ� 

i i ijU W S= ∑       ���
:KHUH Ui LV WKH ILnaO VFRUH RI WKH SURMHFWV, Wj LV WKH ZHLJKW RI WKH j FULWHULRn and Sij LV WKH 

VFRUH REWaLnHd E\ SURMHFW i Ln FULWHULRn j�  
7KH OaVW VWHS ZRXOd EH WR anaO\]H WKH UHVXOW and dUaZ FRnFOXVLRnV IURP WKH ZHLJKWHd VFRUHV� 

7KH dHPandLnJ SaUW RI WKLV VWaJH LV WKH FULWLFaO WKLnNLnJ and EUaLnVWRUPLnJ SURFHVV VR WKaW dH�
FLVLRn PaNHUV WaNH aFWLRnV aFFRUdLnJO\� :LWK WKHVH UHVXOWV WKHUH LV URRP WR UanN WKH SURMHFWV 
E\ WKHLU HIIHFWLYHnHVV� 7KH VaPH PHWKRd Fan EH XVHd Ln YaULRXV FaVH VWXdLHV, dHSHndLnJ Rn WKH 
dHVLUHd UHVXOW� 

3URMHFW 1� &aWHJRU\ 7LPH %XdJHW 3KaVH 6FRUH 
3URMHFW � %XLOdLnJV ���� ���� ���� ���� 
3URMHFW � %XLOdLnJV ���� ���� ���� ���� 
3URMHFW � %XLOdLnJV ���� ���� ���� ���� 
3URMHFW � ,nIUaVWUXFWXUH ���� ���� ���� ���� 
3URMHFW � ,nIUaVWUXFWXUH ���� ���� ���� ���� 

3URMHFW �� ,nIUaVWUXFWXUH ���� ���� ���� ���� 
3URMHFW � %XLOdLnJV ���� ���� ���� ���� 
3URMHFW � %XLOdLnJV ���� ���� ���� ���� 

3URMHFW �� %XLOdLnJV ���� ���� ���� ���� 
3URMHFW � ,nIUaVWUXFWXUH ���� ���� ���� ���� 
3URMHFW � &RaVWaO 'HIHnVH ���� ���� ���� ���� 
3URMHFW � %XLOdLnJV ���� ���� ���� ���� 
3URMHFW � ,nIUaVWUXFWXUH ���� ���� ���� ���� 
3URMHFW � &RaVWaO 'HIHnVH ���� ���� ���� ���� 

7aEOH � )LnaO VFRUHV and UanNLnJ 

,W LV aSSaUHnW IURP WKH WaEOH aERYH WKaW WKH KLJKHVW UanNLnJ SURMHFWV aUH WKH RnHV WKaW KaYH 
aOUHad\ EHHn FRPSOHWHd� 7KH FRPSOHWHd SKaVH LWVHOI dRHVn¶W SOa\ a ELJ UROH Ln WKH Hnd UHVXOW aV 
LW LV RnO\ ZHLJKHd aW aERXW ��� RI LPSRUWanFH Ln UHOaWLRn WR WKH RWKHU WKUHH dLPHnVLRnV� 0RVW 
LPSRUWanWO\, WKH SaWWHUn aW ZKLFK WKH WRS SURMHFWV aUH dLVWULEXWHd LV UHOaWHd WR REYLRXVO\ Time� 
7KH aPRXnW RI WLPH LW WaNHV IRU a SURMHFW WR EH FRPSOHWHd ZaV WKH PRVW LPSRUWanW IaFWRU Ln WKH 
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FaOFXOaWLRnV and EHaUV a JUHaW LPSRUWanFH Ln WKH ILnaO UanNLnJ� 7KLV Fan EH HaVLO\ dHPRnVWUaWHd 
E\ WKH YaVW dLIIHUHnFH SURMHFWV KaYH Ln UHOaWLRn WR WKHLU EXdJHW� 7KH aPRXnW RI PRnH\ LnYHVWHd 
dLIIHUV JUHaWO\ EHWZHHn WKH KLJKHVW UanNLnJ SURMHFWV� 6SHFLILFaOO\, WKH UHFRYHU\ RI ��� :LOOLaP 
6WUHHW �3URMHFW �� Ln WKH %XLOdLnJV FaWHJRU\ LV UanNHd nXPEHU RnH� 7KH UHaVRn EHKLnd WKLV LV 
WKH YHU\ TXLFN SHULRd RI FRPSOHWLRn aV ZHOO aV a JLJanWLF EXdJHW� 7KH SURMHFW ZaV FRPSOHWHd 
Ln WKH OaVW TXaUWHU RI ����� 7KH VaPH TXaUWHU +XUULFanH 6and\ KLW WKH FLW\ RI 1HZ <RUN� $OVR, 
WKH FRPSUHKHnVLYH EXdJHW RI WKH SURMHFW ZaV RI nHaUO\ ��� PLOOLRn� 6LWXaWHd Ln WKH )LnanFLaO 
'LVWULFW RI 0anKaWWan WKH EXLOdLnJ LV RI JUHaW LPSRUWanFH IRU WKH 1HZ <RUN &LW\ (FRnRPLF 
'HYHORSPHnW &RUSRUaWLRn� &XUUHnWO\ UHVWRUHd, WKH EXLOdLnJ LV EHLnJ UHnWHd aW WKH SUHVHnW PR�
PHnW� ,W LV LnWHUHVWLnJ WR nRWH WKaW a JUHaW nXPEHU RI ILnanFLaO EXLOdLnJV RI WKLV dLVWULFW ZHUH 
SOannHd WR EH XSJUadHd and WUanVIRUPHd LnWR UHVLdHnWLaO EXLOdLnJV RU KRWHOV� 7KH UHaVRn IRU 
WKLV FKanJH ZaV SULPaULO\ WKH IORRdLnJ ULVN and SUREOHP WKHVH W\SHV RI FRnVWUXFWLRnV KaYH� $ 
YHU\ VLPLOaU SKHnRPHnRn KaV KaSSHnHd RnFH EHIRUH Ln 'RZnWRZn 0anKaWWan aIWHU WKH ���� 
aWWaFN� 5HJaUdOHVV, WKH ZRUN dHWaLOHd Ln WKH UHSRUW IRU WKLV SURMHFW ZaV dHVFULEHd aV “re-
energizing all electrical systems after weekend emergency shutdown” 

3URMHFW � LV dLUHFWO\ IROORZHd E\ 3URMHFWV � and �� %RWK RI WKHVH SURMHFWV KaYH VLPLOaU SURS�
HUWLHV WR WKHLU FRPSHWLWRU VLnFH WKH\ ZHUH aOVR FRPSOHWHd Ln WKH OaVW TXaUWHU RI ����� 7KH ELJ�
JHVW dLIIHUHnFH EHWZHHn WKHVH WKUHH SURMHFWV LV WKHLU EXdJHW� :KLOH SURMHFWV � and � Kad 
LnYHVWPHnWV RI �� PLOOLRn and �� PLOOLRn dROOaUV UHVSHFWLYHO\, SURMHFW � Kad WKH HnRUPRXV 
aPRXnW RI ��� PLOOLRn� 7KHUH LV a FOHaU SaWWHUn WKaW LV REVHUYHd Ln HYHU\ VXEVHTXHnW SURMHFW� 
7KH UHVXOWV VKRZ WKaW WKH ILnaO VFRUH and UanNLnJ LV SULPaULO\ EaVHd Rn WKH UHVSRnVH WLPH� 
7KHVH UHVXOWV aJUHH ZLWK RXU SUHPLVH, ZKLFK YaOXHd WKH nHFHVVaU\ WLPH RI RSHUaWLRnV aV WKH WRS 
SULRULW\� 7KHn, WKH UanNLnJV YaU\ VOLJKWO\ KHUH and WKHUH EaVHd Rn WKH EXdJHW�  

3.3 ComSarison with the Functionality Inde[ 
7KLV VHFWLRn dHVFULEHV and FRPSaUHV WKH UHVXOWV IURP aERYH �6PaUW ,ndH[� WKURXJK WKH XVH 

RI WKH IXnFWLRnaOLW\ FXUYH RI UHVLOLHnFH� ,W ZaV dHFLdHd WR EXLOd WKH ³IXnFWLRnaOLW\´ FXUYHV RI 
UHVLOLHnFH IRU VHOHFWHd SURMHFWV �VSHFLILFaOO\ RnO\ SURMHFWV WKaW aUH SaUW RI WKH ,nIUaVWUXFWXUH LnL�
WLaWLYH� FRnVLdHULnJ RnO\ WZR SaUaPHWHUV, UHVSHFWLYHO\ 7LPH and &RVW� 7KH daWa KaV EHHn Ln�
WHUSUHWHd aV &RVW EHLnJ WKH dURS RU ³daPaJH´ VXVWaLnHd E\ WKH V\VWHP aW WKH VWaUW RI WKH HYHnW 
�< a[LV�� 2n WKH ; a[LV WKHUH LV 7LPH, RU WKH SHULRd UHTXLUHd WR ILnLVK a SURMHFW IURP WKH WLPH 
6and\ KLW 1HZ <RUN� %aVHd Rn WKH UHVXOWV IURP WKH 60$57 PRdHO LW ZaV HVWaEOLVKHd a 7LPH 
RI FRnWURO � 7F ZKLFK H[SUHVVHV WKH ZRUVW FaVH VFHnaULR, WKH SURMHFW WKaW LV SOannHd WR WaNH 
PRVW WLPH WR ILnLVK� ,n WKLV ZRUN LW ZaV FKRVHn WR XVH RnO\ SURMHFWV RI WKH ,nIUaVWUXFWXUH LnLWLa�
WLYH EHFaXVH WKLV VHFWRU LV UHJaUdHd aV WKH PRVW LPSRUWanW IRU WKH &LW\ RI 1HZ <RUN� 

3URMHFW �� LV WKH RnH H[SHFWHd WR ILnLVK OaVW aIWHU nHaUO\ � \HaUV RI ZRUN ������� $OWHUna�
WLYHO\, 3URMHFW � LV UHFRUdHd aV WKH IaVWHVW WR FRPSOHWLRn� 6aPH aV 3URMHFW ��, WKH\ ERWK ILn�
LVKHd Ln WKH IRXUWK TXaUWHU RI ����, ULJKW aIWHU WKH VWRUP Kad KLW� ,nVWHad, 3URMHFW � ZaV WKH 
EHVW SHUIRUPLnJ SURMHFW aV FaOFXOaWHd E\ WKH 60$57 PRdHO� 5HVXOWV YaU\ EXW aUH VLPLOaU WR 
WKH 60$57 WHFKnLTXH ZKLFK SURYHV WKH HIILFLHnF\ RI WKH PHWKRdRORJ\� 7KH PaLn dLIIHUHnFH 
EHWZHHn WKH WZR PHWKRdV LV WKaW ZKHn XVLnJ WKH dHFLVLRn PaNLnJ WRRO and LWV ZHLJKWLnJ IaF�
WRUV, WKHn WKH SURMHFWV ZLWK WKH KLJKHVW VFRUH Ln WKH PRVW LPSRUWanW FULWHULa ZRXOd IORaW WR WKH 
WRS RI WKH OLVW� $OVR, ZH Fan nRWLFH WKaW HYHn WKRXJK WZR RI WKH FULWHULRnV aUH WKH VaPH Ln ERWK 
FaOFXOaWLRnV, WKH dLIIHUHnFH Ln UanNV FRPHV IURP 60$57V ZHLJKWV, ZKLFK SOa\ a ELJ UROH Ln 
WKH ILnaO VFRUH� 
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)LJXUH �� )XnFWLRnaOLW\ FXUYHV IRU VRPH SURMHFWV�  &XUYHV IRU ³IaFLOLWLHV´ �OHIW�, FLW\ZLdH LnIUaVWUXFWXUH SURMHFWV 
�ULJKW�� 

&XUYHV ZHUH FaOFXOaWHd IRU aOO WKH UHPaLnLnJ LnIUaVWUXFWXUH SURMHFWV and a nHZ UanN ZaV RE�
WaLnHd E\ PHaVXULnJ UHVLOLHnFH aV WKH aUHa XndHU WKH FXUYH� 7KHVH UHVXOWV aUH LOOXVWUaWHd Ln WKH 
nH[W VHFWLRn aORnJVLdH WKH 60$57 UHVXOWV and WKH FRPELnaWLRn ZLWK WKH 6RFLaO ,PSaFW� 

3.4 Urban Tuality of sSaces  
7KH YaOXH RI VSaFHV LV aOZa\V dHILnHd E\ WKH ORFaWLRn, KLVWRU\, SHRSOHV FXOWXUaO EaFNJURXnd 

RI WKH SOaFH, IXnFWLRn, VL]H and SXUSRVH� 7KHUHIRUH, WKH TXaOLW\ aVVHVVPHnW RI 8UEan RSHn aUH�
aV FannRW and VKRXOd nRW EH JHnHUaOL]Hd� $ VLPSOH H[aPSOH RI WKH FRnFHSW LV IRXnd EHWZHHn 
WKH dLIIHUHnFH RI nRLV\ and TXLHW SOaFHV� %RWK RI WKHP aUH HnMR\aEOH LI WKH\ aUH VLWXaWHd Ln WKH 
ULJKW FRnWH[W� 3HRSOH H[SHFW WUanTXLOLW\ and SHaFH IURP a UHPRWH SaUN, VR WKH SaUN nHHdV WR EH 
a TXLHW, SULYaWH SOaFH� ,W dHSHndV ZKaW PRRd LW ZaV PadH IRU and ZKaW WKH FRPPXnLW\ LV ORRN�
LnJ IRU� 7KH NH\ SaUW RI XndHUVWandLnJ ZKaW WKH JRaO PXVW EH LV WR LnWHUaFW ZLWK WKH FRPPXnLW\� 
7KHVH dLIIHUHnFHV Fan EH REVHUYHd Ln PRVW FLWLHV ZKHn \RX WUaYHO nHaU a XnLYHUVLW\ RU VFKRRO, 
ZKHUH WKH VHUYLFHV and HnYLURnPHnW aURXnd WKRVH aUHaV LV PXFK dLIIHUHnW IURP RWKHU SOaFHV� 
$OVR, a VPaOO and ZHOO FXUaWHd SULYaWH SaUN LnVLdH a nHLJKERUKRRd dRHVn¶W KaYH WKH VaPH LP�
SUHVVLRn aV a ELJ SXEOLF SaUN� /andVFaSH $UFKLWHFWV FHUWaLnO\ SOa\ a NH\ UROH Ln SOannLnJ and 
anaO\]LnJ XUEan VSaFHV� 

2SHn VSaFHV OLNH FRPPHUFLaO FHnWHUV KaYH a dLIIHUHnW dLVWULEXWLRn and VHUYLFHV FRPSaUHd WR 
a VSaFH ZLWKLn WKH FLW\ RU an RIILFH FRPSOH[� $UFKLWHFWV and SOannHUV SOa\ a ELJ UROH Ln JLYLnJ 
HnYLURnPHnWV WKH\ EXLOd WKH aSSURSULaWH FKaUaFWHU� ,I SXEOLF VSaFHV aUH VR LPSRUWanW WR RXU H[�
LVWHnFH, WKHn LW PHanV WKaW KXPanV and�RU ZKROH FRPPXnLWLHV UHFHLYH an HYHn ELJJHU KLW ZKHn 
dLVaVWHUV RFFXU� 7KH\ FRXOd EH VWULSSHd RI WKHLU KRPHV and aW WKH VaPH WLPH RI WKHLU IaYRULWH 
SOaFH WR HLWKHU ZRUN, SOa\ RU MXVW VSHnd VRPH KRXUV RI WKH da\� 7KLV FRnVLdHUaWLRn ZaV Ln IaFW 
PadH aIWHU WKH UHVXOWV aFKLHYHd E\ WKH dHFLVLRn PaNLnJ WRROV� ,W VHHPHd aSSaUHnW WKaW nRnH RI 
WKH PHWKRdV WRRN LnWR FRnVLdHUaWLRn ZKaW VRFLaO LPSaFW HaFK RI WKH SURMHFWV ZRXOd KaYH Rn WKH 
FRPPXnLW\� ,W FRPHV IURP an HaV\ FRnFHSW WKaW a UHVLdHnW ZLOO ³PHnWaOO\ KHaO´ IaVWHU and EH 
PRUH UHVLOLHnW LI SXEOLF VSaFHV RI LPSRUWanFH ZKHUH UHVWRUHd and LPSURYHd XSRn aIWHU an HYHnW 
OLNH +XUULFanH 6and\� 

7KHUH LV a FRnVLdHUaEOH aPRXnW RI VXVWaLnaELOLW\ LndLFaWRUV nRZada\V� 1RnHWKHOHVV, IRU WKH 
SXUSRVH RI WKLV VWXd\, aWWHnWLRn ZaV WXUnHd WRZaUdV TXaOLWaWLYH aVSHFWV RI WKH XUEan IaEULF� 
7KaW LPSOLHV WKaW WKH PaLn IRFXV ZaV ILndLnJ aWWULEXWHV WKaW aWWUaFWHd SHRSOH WR SOaFHV� :LWK 
WKRVH aWWULEXWHV, a nHZ 6RFLaO ,PSaFW ,ndH[ ZLOO EH LnWURdXFHd� 7KH SXUSRVH RI WKLV nHZ ,ndH[ 
LV WR FUHaWH a nHZ UanN RI WKH ,nIUaVWUXFWXUH SURMHFWV� 7KLV UanNLnJ ZRXOd nRZ EH LnIOXHnFHd 
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E\ aWWULEXWHV WKaW H[SUHVV a FRPPXnLW\¶V LnWHUHVW� &RnWUaU\ WR WKH SUHYLRXV PHWKRdV ZKHUH Rn�
O\ WKH SHUIRUPanFH RI WKH SURMHFWV WKHPVHOYHV ZaV WaNHn LnWR FRnVLdHUaWLRn� 

$n LnWHUHVWLnJ VWXd\ UHOaWHd WR an XUEan TXaOLW\ OLNH ZaONaELOLW\ ZaV XVHd IRU VXSSRUWLnJ 
WKLV nHZ LndH[� 7KH VWXd\ WULHV WR LPSOHPHnW a VFRULnJ VKHHW RI YaULRXV TXaOLWLHV FRnnHFWHd WR 
ZaONaELOLW\�  

1HZ <RUN &LW\ LV RnH RI WKH PRVW SRSXORXV FLWLHV Ln WKH ZRUOd ZLWK a SRSXOaWLRn RI PRUH 
WKan � PLOOLRn SHRSOH Ln LWV ILYH ERURXJKV �aV RI ����, UHFRUdHd E\ FLW\�daWa�FRP�� 1RW RnO\, 
EXW an H[WUHPHO\ OaUJH aPRXnW RI WRXULVWV YLVLWV WKH FLW\ HYHU\ da\� 7KLV PaNHV LW dLIILFXOW WR 
aFWXaOO\ PHaVXUH ZKLFK SOaFHV VKRXOd EH SULRULWL]Hd HLWKHU Ln ILnLVKLnJ ILUVW RU ZKLFK SURMHFWV 
ZRXOd KaYH WKH PRVW LPSaFW�  

7KH VWXd\ Rn ZaONaELOLW\ ZaV SaUWLFXOaUO\ LnWHUHVWLnJ EHFaXVH LW PaNHV SRVVLEOH HYaOXaWLnJ 
SOaFHV E\ WKHLU LnWULnVLF SURSHUW\ and nRW E\ WKH aFWXaO IORZ RI SHRSOH� $n aUHa ZLWK KLJK 
ZaONaELOLW\ aWWUaFWV a KLJKHU nXPEHU RI SHRSOH� ,PSURYHPHnWV Rn WKHVH SOaFHV ZRXOd aIIHFW a 
JUHaW nXPEHU RI SHRSOH Ln a PRUH PHanLnJIXO Za\�  

7KH ILYH aWWULEXWHV WKaW ZLOO EH XVHd WR aVVHVV ZaONaELOLW\ and EH FRPELnHd LnWR IRUPLnJ WKH 
6RFLaO ,ndH[ �6,� aUH adRSWHd IURP (ZLnJ >14@�  

• ,PaJHaELOLW\� ,PaJHaELOLW\ LV WKH TXaOLW\ RI a SOaFH WKaW PaNHV LW dLVWLnFW, UHFRJnL]aEOH, 
and PHPRUaEOH� $ SOaFH KaV KLJK LPaJHaELOLW\ ZKHn VSHFLILF SK\VLFaO HOHPHnWV and WKHLU 
aUUanJHPHnW FaSWXUH aWWHnWLRn, HYRNH IHHOLnJV, and FUHaWH a OaVWLnJ LPSUHVVLRn� 

• (nFORVXUH� (nFORVXUH UHIHUV WR WKH dHJUHH WR ZKLFK VWUHHWV and RWKHU SXEOLF VSaFHV aUH 
YLVXaOO\ dHILnHd E\ EXLOdLnJV, ZaOOV, WUHHV, and RWKHU HOHPHnWV� 6SaFHV ZKHUH WKH KHLJKW 
RI YHUWLFaO HOHPHnWV LV SURSRUWLRnaOO\ UHOaWHd WR WKH ZLdWK RI WKH VSaFH EHWZHHn WKHP KaYH 
a URRP�OLNH TXaOLW\� 

• +XPan VFaOH� +XPan VFaOH UHIHUV WR WKH VL]H, WH[WXUH, and aUWLFXOaWLRn RI SK\VLFaO HOH�
PHnWV WKaW PaWFK WKH VL]H and SURSRUWLRnV RI KXPanV and, HTXaOO\ LPSRUWanW, FRUUHVSRnd 
WR WKH VSHHd aW ZKLFK KXPanV ZaON� %XLOdLnJ dHWaLOV, SaYHPHnW WH[WXUH, VWUHHW WUHHV, and 
VWUHHW IXUnLWXUH aUH aOO SK\VLFaO HOHPHnWV FRnWULEXWLnJ WR KXPan VFaOH� 

• 7UanVSaUHnF\� 7UanVSaUHnF\ UHIHUV WR WKH dHJUHH WR ZKLFK SHRSOH Fan VHH RU SHUFHLYH 
ZKaW OLHV EH\Rnd WKH HdJH RI a VWUHHW RU RWKHU SXEOLF VSaFH and, PRUH VSHFLILFaOO\, WKH dH�
JUHH WR ZKLFK SHRSOH Fan VHH RU SHUFHLYH KXPan aFWLYLW\ EH\Rnd WKH HdJH RI a VWUHHW RU 
RWKHU SXEOLF VSaFH� 3K\VLFaO HOHPHnWV WKaW LnIOXHnFH WUanVSaUHnF\ LnFOXdH ZaOOV, ZLndRZV, 
dRRUV, IHnFHV, OandVFaSLnJ, and RSHnLnJV LnWR PLdEORFN VSaFHV� 

• &RPSOH[LW\� &RPSOH[LW\ UHIHUV WR WKH YLVXaO ULFKnHVV RI a SOaFH� 7KH FRPSOH[LW\ RI a 
SOaFH dHSHndV Rn WKH YaULHW\ RI WKH SK\VLFaO HnYLURnPHnW, VSHFLILFaOO\ WKH nXPEHUV and 
NLndV RI EXLOdLnJV, aUFKLWHFWXUaO dLYHUVLW\ and RUnaPHnWaWLRn, OandVFaSH HOHPHnWV, VWUHHW 
IXUnLWXUH, VLJnaJH, and KXPan aFWLYLW\� 

%aVHd Rn WKH aERYH aVVXPSWLRnV a PHaVXUHPHnW RI aOO ILYH SURSHUWLHV ZaV FRndXFWHd� 7KH 
VFRULnJ FULWHULa LV dLYLdHd E\ OHYHOV� ,W ZaV dHFLdHd WR KaYH WKH IROORZLnJ OHYHOV� 0a[LPXP, 
�KLJKHVW aWWaLnaEOH VFRUH Ln WKaW SaUWLFXOaU TXaOLW\� aVVLJnHd a YaOXH RI �, +LJK, aVVLJnHd a YaO�
XH RI ����, 0HdLXP, aVVLJnHd a YaOXH RI ���, /RZ, aVVLJnHd a YaOXH RI WR �����  

,PaJHaELOLW\ LV HVWLPaWHd E\ WaNLnJ LnWR FRnVLdHUaWLRn a IHZ aVSHFWV RI WKH aUHa� ,n JHnHUaO, 
SOaFHV ZLWK nR FKaUaFWHU KaYH nR LPaJHaELOLW\� 2n WKH RWKHU Kand, SOaFHV ZLWK KLJK LPaJHaELO�
LW\ aUH UHFRJnL]aEOH and PHPRUaEOH� 7KLV Fan EH aFKLHYHd ZLWK WKH SUHVHnFH RI aUFKLWHFWXUH 
WKaW VXJJHVWV LPSRUWanFH, SUHVHnFH RI KLVWRULFaO EXLOdLnJV and OandPaUNV� 7KLV TXaOLW\ RI XU�
Ean VSaFHV LV nRW OLPLWHd WR WKHVH ULJLd IRUPV, Ln IaFW, SOaFHV ZLWK dLVWLnFW YLHZV WKaW PaNH LW 
PHPRUaEOH aUH aOVR FRnVLdHUHd� /aVWO\, WKH PaLn FRPSRnHnW RI LPaJHaELOLW\ LV WKH anVZHU WR 
WKH TXHVWLRn� �LV WKH SOaFH XnLTXH"�  
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(nFORVXUH Fan EH VHHn aV KRZ ZHOO dHILnHd a VSaFH LV and LW LV aOWHUHd E\ dLIIHUHnW EXLOdLnJ 
KHLJKWV and OHYHOV� &RnWLnXRXV HdJHV SURYLdH HnFORVXUH� $ EXV\ VWUHHW ZLWK ROd WUHHV ZLWK 
OaUJH FanRSLHV Fan PaNH RWKHUZLVH ORZ HnFORVHd SOaFHV PRUH HnFORVHd� 7KHVH HOHPHnWV FRn�
WULEXWH WR WKH URRP�OLNH IHHOLnJ RI WKH VSaFH� 

+XPan 6FaOH LV WKH SUHVHnFH RI SHRSOH and aFWLYLW\, SUHVHnFH RI VWUHHW IXUnLWXUH, SURWHFWLRn 
IURP WUaIILF, IRFXV Rn VWUHHW OHYHO� &aIHV Rn ERWK VLdHV RI VLdHZaON LnFUHaVH KXPan VFaOH aV 
ZHOO aV WKH SUHVHnFH RI VWRUHV and aFWLYLWLHV WKaW LnYLWH \RX Ln�  

7UanVSaUHnF\ LV WKH VHnVH RI ZKaW¶V JRLnJ Rn LnVLdH WKH EXLOdLnJV WKaW VXUURXnd \RX� 7KLV LV 
LnIOXHnFHd LI EXLOdLnJV aUH VR IaU EaFN IURP VWUHHW HdJH WKaW \RX FannRW KaYH a FOHaU YLHZ� 
/LNH +XPan 6FaOH, FRnWLnXRXV H[SRVXUH WR XVHV WKaW aUH FOHaU and aFFHVVLEOH aOVR SOa\V a UROH� 

&RPSOH[LW\ LV KaUd WR PHaVXUH EXW WKHUH aUH a IHZ LndLFaWRUV RI a FRPSOH[ VSaFH� )RU H[�
aPSOH, a EORFN ZLWK RnH EXLOdLnJ LV OHVV FRPSOH[ WKan a EORFN PadH RI VHYHUaO EXLOdLnJV� +aY�
LnJ Pan\ SHRSOH Rn WKH VWUHHW�SOa]a add WR FRPSOH[LW\� 2YHUO\ FRnWUROOHd dHVLJn PaNHV a 
SOaFH OHVV FRPSOH[� \RX ORVH FRPSOH[LW\ ZLWK SUHdLFWaELOLW\� /LNH SUHYLRXV TXaOLWLHV, FRPSOH[�
LW\ LV KLJKHU Ln SOaFHV ZKHUH KXPan aFWLYLW\ ZLWK YaULRXV XVHV LV KLJKHU� 

, ± ,PaJHaELOLW\, ( ± (nFORVXUH, +6 � +XPan 6FaOH, 7 ± 7UanVSaUHnF\, & ± &RPSOH[LW\ 

, ( +6 7 & 7RWaO 1RUPaOL]Hd 
3URMHFW � ���� ���� ���� ���� ���� ���� ���� 
3URMHFW � ���� ���� ���� ���� ���� ���� ���� 
3URMHFW � ���� ���� ���� ���� ���� ���� ���� 
3URMHFW � ���� ���� ���� ���� ���� ���� ���� 
3URMHFW � ���� ���� ���� ���� ���� ���� ���� 
3URMHFW � ���� ���� ���� ���� ���� ���� ���� 
3URMHFW � ���� ���� ���� ���� ���� ���� ���� 
3URMHFW � ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 
3URMHFW �� ���� ���� ���� ���� ���� ���� ���� 

7aEOH � 6XPPaU\ RI YaOXHV aWWULEXWHd WR HaFK XUEan TXaOLW\ SHU SURMHFW 

%RWK WKH FRPELnaWLRnV RI WKH 60$57 and )XnFWLRnaOLW\ ,ndH[ ZLWK WKH nHZ LndH[ SURYHd 
WR JLYH \HW aJaLn a nHZ LnVLJKW Rn WKH UHVXOWV� 2EYLRXVO\, WKH KLJKHVW UanNLnJ SURMHFW Ln WKH 
OaWHVW WaEOH LV an aUHa ZLWK an HnRUPRXV aPRXnW RI SHRSOH ZaONLnJ E\ HYHU\ da\� 7KH dLIIHU�
HnFH Ln UanNV and WKH ILnaO UHVXOWV SURYHV WKaW LW LV YHU\ KaUd WR H[SUHVV UHVLOLHnFH aV a ZKROH 
ZLWK RnO\ RnH WHFKnLTXH� 7KaW LV ZK\ dXULnJ WKLV VWXd\, a FRPSaULVRn ZLWK WKH )XnFWLRnaOLW\ 
FXUYHV ZaV nHHdHd and aW WKH Hnd a FRPELnaWLRn ZLWK WKH VRFLaO LPSaFW �LPSRUWanFH� RI SUR�
MHFWV�  
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7aEOH � &RPELnaWLRn RI WKH 60$57 ,ndH[ and )XnFWLRnaOLW\ ,ndH[ ZLWK WKH 6RFLaO ,ndH[ �5anN E\ 60$57 [ 
6,� 

4 CONCLUSIONS 
7KH REMHFWLYH RI WKLV UHVHaUFK ZaV WR EXLOd and H[SUHVV SURJUHVV PadH E\ dLIIHUHnW HnWLWLHV 

UHJaUdLnJ UHVLOLHnFH� )LUVWO\, WKH LPSRUWanFH and PHanLnJ RI UHVLOLHnFH nRZada\V Ln WKH XUEan 
FRnWH[W ZaV HVWaEOLVKHd� $IWHUZaUdV, WKH VWXd\ H[SORUHd a nHZ PHWKRdRORJ\ Rn KRZ WR TXan�
WLI\ UHVLOLHnFH aW dLIIHUHnW OHYHOV� 

$V SHU WKH REMHFWLYH RI WKLV UHVHaUFK, aWWHnWLRn ZaV WXUnHd WR WKH OHYHO RI a VLnJOH FLW\� 7KH 
FKRVHn FaVH VWXd\ ZaV 1HZ <RUN &LW\, a WKULYLnJ HFRnRPLF and FXOWXUaO FRnJORPHUaWH� 7KH 
UHVXOWV RI WKH PHWKRdRORJ\, aFFRPSanLHd E\ a FRPSaULVRn ZLWK anRWKHU PRdHO, SURYHd WR EH 
YHU\ dHVFULSWLYH RI WKH SULRULWLHV RI VWaNHKROdHUV�  

7KH OaVW SaUW RI WKH ZRUN ZaV IRFXVHd Rn WKH dHYHORSPHnW RI a IUaPHZRUN FaSaEOH RI 
PHaVXULnJ and UanNLnJ WKH aFWLRnV WKaW ZHUH WaNHn E\ WKH &LW\ RI 1HZ <RUN aIWHU +XUULFanH 
6and\� 7KH VHOHFWLRn and aWWaLnaELOLW\ RI JRRd daWa FUHaWHd a SUREOHP Ln WKH ILUVW SKaVH RI WKH 
IUaPHZRUN� $IWHU a UHYLHZ RI YaULRXV PHWKRdRORJLHV, LW ZaV dHFLdHd WR XVH WKH 60$57 PRd�
HO, a dHFLVLRn PaNLnJ WHFKnLTXH, aV WKH TXanWLI\LnJ PHWKRdRORJ\�  

$ IHZ FRnVLdHUaWLRnV VKRXOd EH PadH aERXW WKH FKRLFH and YaOXH RI WKLV PRdHO� ,W ZaV 
PaLnO\ FKRVHn IRU LWV adaSWaELOLW\, a NH\ FRPSRnHnW RI UHVLOLHnFH aV ZHOO, VLnFH LW LV EHOLHYHd 
WKaW LW Fan EH WKH IRXndaWLRn IRU an HaV\ WR XVH WRRO E\ HYHU\RnH� ,n HYaOXaWLnJ UHVLOLHnFH and 
WKH LPSaFW WKaW VSaFHV KaYH, LW LV RI JUHaW LPSRUWanFH WR WU\ and LnYROYH a FRnVLdHUaEOH aPRXnW 
RI dLYHUVH VWaNHKROdHUV� ,n dRLnJ VR, a OaUJHU aPRXnW RI LnIRUPaWLRn LV aYaLOaEOH ZKLFK WKHn 
FRnWULEXWHV WRZaUdV EXLOdLnJ a PRUH SUHFLVH PRdHO aURXnd HaFK dLIIHUHnW FaVH�  

7KH SRVVLELOLW\ WR add RU UHPRYH FULWHULa IUHHO\, aVVLJn VFRULnJ FULWHULa EaVHd Rn WKH REMHF�
WLYHV RI WKH VWXd\, aUHa RU VHnVLELOLW\ RI WKH dHFLVLRn PaNHU and WKH FaSaELOLW\ WR dHYHORS 
ZHLJKWV HLWKHU E\ IRUPXOa RU E\ SUHIHUHnFH RI WKH dHFLVLRn PaNHU, LW aOORZV WKH 60$57 PRd�
HO WR EH IOH[LEOH WR a JUHaW nXPEHU RI aSSOLFaWLRnV� &RnWUaU\ WR ZKaW LW PLJKW EH H[SHFWHd, an�
RWKHU SRVLWLYH aVSHFW RI WKH PRdHO LV WKH IaFW WKaW LW LV VRPHWLPHV PRUH SUHFLVH and dHVFULSWLYH 
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WKan 0$87 PHWKRdV ZKLFK aUH FRPSOLFaWHd WR XVH and FannRW EH aSSOLHd E\ HYHU\RnH� 7KLV 
Ln WXUn, LV a ELJ SOXV IRU an HaV\ WR XVH WHFKnLTXH VXFK aV WKH 60$57 PRdHO�  

7KH MXVWLILFaWLRn RI WKH 60$57 PRdHO OLHV Rn KRZ VLPSOH WKH VFRULnJ FULWHULa and ZHLJKWV 
RI WKHVH FULWHULa aUH HVWaEOLVKHd� 7KH\ Fan EH dHILnHd E\ WKH dHFLVLRn PaNHU E\ EXLOdLnJ a KL�
HUaUFK\ and WKHn aVVLJn VFRUHV WR HaFK RI WKHP� 2WKHUZLVH, a VHW RI IRUPXOaV H[LVW WR FRPSaUH 
RU KHOS WKH dHFLVLRn PaNHU aVVHVV WKHVH ZHLJKWV EaVHd Rn WKH VaPH KLHUaUFK\ �LPSRUWanFH� KH 
SUHYLRXVO\ EXLOW� 7KUHH FULWHULa ZHUH XVHd Ln WKH 60$57 PRdHO� 7LPH �WKH aPRXnW RI PRnWKV 
UHTXLUHd RU SOannHd WR FRPSOHWH a SURMHFW�, &RVW �EXdJHW IRU HaFK LnWHUYHnWLRn� and 3KaVH �LI 
WKH SURMHFW LV HLWKHU FRPSOHWHd RU VWLOO Ln SOannLnJ, dHVLJn RU FRnVWUXFWLRn�� 

7KH OaVW aVSHFW WKaW WKH VWXd\ aSSURaFKHV LV WKH LPSRUWanFH aW WKH XUEan, VRFLaO dLPHnVLRn 
RI WKH SURMHFWV� ,W ZaV nRWHd WKaW Ln a EXV\ FLW\ OLNH 1HZ <RUN, dLIIHUHnW aVSHFWV FRPH WR SOa\ 
ZKHn TXanWLI\LnJ WKH LPSRUWanFH RI SXEOLF VSaFHV� 7KLV nHZ dLPHnVLRn, 6RFLaO ,PSaFW, ZaV 
LPSOHPHnWHd WR EH FRPELnHd ZLWK WKH UHVXOWV IURP 60$57 and )XnFWLRnaOLW\ ,ndH[�  

7KLV OaVW VWHS SURYHd aV dLIILFXOW WR aFKLHYH aV LW LV LnWHUHVWLnJ� 0HaVXULnJ WKH TXaOLW\ RI XU�
Ean VSaFHV ZaV aV dHPandLnJ aV PHaVXULnJ UHVLOLHnFH� 1RnHWKHOHVV, WKH SURFHVV and FRnVLdHU�
aWLRnV PadH Ln RUdHU WR aVVHVV WKLV dLPHnVLRn SURYHd WR EH PRUH LnWHUHVWLnJ and�RU LPSRUWanW 
WKan WKH ILnaO UanNLnJV aV LW aOVR EURXJKW WR OLJKW a FRXSOH LnFRnVLVWHnFLHV UHJaUdLnJ WKH SURFH�
dXUH RI ZRUN Ln 1HZ <RUN VXFK aV WKH dHOa\Hd FRPSOHWLRn RI WKH XSdaWH and UHSaLU RI WKH 
+RVSLWaO�  

7KH VWXd\ aW WKH Hnd RIIHUV an XndHUVWandLnJ RI KRZ ORnJ�WHUP UHVLOLHnF\ Fan EH PHaVXUHd 
and RSWLPL]Hd WKURXJK SOannLnJ and HaV\ WR XVH PRdHOV RI dHFLVLRn PaNLnJ WKURXJK WKH SaU�
WLFLSaWLRn RI YaULRXV VWaNHKROdHUV� ,n PRVW dHYHORSHd FRXnWULHV WKHUH LV a FHUWaLn OHYHO RI 
HPHUJHnF\ UHVSRnVH WKaW WaNHV SOaFH VWULFWO\ aIWHU a dLVUXSWLYH HYHnW� ,n PRVW FaVHV WKRXJK, 
UHEXLOdLnJ and adaSWLnJ LV a ORnJ SURFHVV HVSHFLaOO\ aIWHU a SRZHUIXOO\ LPSaFWLnJ HYHnW� 7KaW 
LV ZK\ WKLV NLnd RI aSSURaFK SXWV LnWR SHUVSHFWLYH nRW RnO\ IXWXUH SURMHFWV EXW aOVR SUHYHnWLYH 
PHaVXUHV IRU H[LVWLnJ VWUXFWXUHV�  

7KH UHVHaUFK KLJKOLJKWV WKH dLIIHUHnFH EHWZHHn WKHVH WZR VHHPLnJO\ VLPLOaU PRdHOV and 
WKHLU dLIIHUHnW UHVXOWV WR WKHn add a WKLUd FRPSRnHnW RI FaOFXOaWLRn, WKH 6RFLaO ,PSaFW RI WKHVH 
SURMHFWV� 7KLV dLPHnVLRn ZaV addHd EHFaXVH LW ZaV UHFRJnL]Hd WKaW WKH RXWSXW RI WKH SUHYLRXV 
PRdHOV RnO\ WRRN LnWR FRnVLdHUaWLRn WKHLU SHUIRUPanFH, and nRW WKHLU LPSaFW Ln WKH TXaOLW\ RI 
WKH XUEan VSaFH WKH\ aUH VXUURXndHd E\�  

7KH FaVH VWXd\ IRU WKLV aSSURaFK ZaV 1HZ <RUN &LW\ and LWV RnJRLnJ UHFRYHU\ SURMHFWV 
SRVW +XUULFanH 6and\� 7KH SURMHFWV WKaW ZHUH XVHd Ln WKLV ZRUN aUH SaUW RI IRXU PaLn ,nLWLa�
WLYHV� ,nIUaVWUXFWXUH, %XLOdLnJV, &RaVWaO 'HIHnVH and 1HLJKERUKRRdV�  
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