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Executive Summary

Water scarcity, a pressing global concern impacting both the environment and human well-being, un-
derscores the importance of effective water resource management. The United Nations’ Sustainable
Development Goal 6 emphasizes the need to ensure water availability and sustainable management.
Central to the water-management is the control of dams in river basins, posing complex decision-
making challenges, often considered wicked problems. Many-Objective Optimization, applied in mod-
eling water systems, addresses conflicting objectives but becomes more intricate when considering
Distributive Justice principles. Distributive Justice aims to equitably distribute resources among society
members, crucial in water distribution for reservoir management. While currently Distributive Justice in
modeling is mostly applied A Posteriori, this study focuses on incorporating these principles of Distribu-
tive Justice A Priori and assessing their impacts on trade-offs and decision-making processes within
Many-Objective Optimization. The research seeks to answer the fundamental question:

0How to incorporate Distributive Justice Principles within Many-Objective Optimization Modeling?0

Sub-questions delve into diverse perspectives on Distributive Justice principles, their translation into
mathematical models, observed trade-offs, and a comparison of A Priori and A Posteriori integration.

Diverse perspectives within Distributive Justice exist and are explored in this study, introducing key
ethical frameworks—Utilitarianism, Egalitarianism, and Prioritarianism. Utilitarianism prioritizes max-
imizing overall happiness or well-being but faces critiques for potential injustices in distribution and
challenges in defining the currency for justice. Egalitarianism advocates for equal distribution of goods,
yet debates persist on defining the baseline for equality, and the leveling down principle questions its
impact on societal well-being. Prioritarianism emphasizes the needs of the least advantaged, utilizing
a transformation function, with critiques centering on neglecting other justice aspects and challenges
in parameter choices. Each framework offers a distinct lens on just distribution, catering to varied soci-
etal values, and understanding their implications is vital for informed policy optimization decisions. This
study adopts a consequentialist approach to translate these Distributive Justice theories into rankings
of consequences. The Social Welfare Framework is introduced as a tool for policy assessment. em-
phasizing the importance of understanding these ethical principles for policymakers.

The ethical frameworks set the stage for empirical application. The methodology employed in this study
centers around the Evolutionary Multi-Objective Direct Policy Search framework, specifically focusing
on reservoir management optimization within the Eastern Nile River Basin. EMODPS integrates a non-
linear approximating network as a policy function into a simulation model, refining parameters through
Multi-Objective Evolutionary Algorithm runs. The Epsilon Non-dominated Sorting Genetic Algorithm-
Il is chosen as the MOEA due to its effectiveness in handling many-objective optimization problems.
The study aims to compare A Priori with A Posteriori results, assessing the impact of incorporating
distributive justice principles in optimization outcomes. The experimental setup to achieve this involves
running optimizations for a reference problem formulation and three distributive justice principle formu-
lations based on the previous mentioned Utilitarian, Egalitarian, Prioritarian frameworks. The reference
problem formulation consists of the following six deficit objectives that ought to be minimzed with their
respectitive objective function 1) Egypt Average Yearly Irrigation Demand Deficit, 2) Egypt 90th Per-
centile Worst Demand Deficit, 3) Egypt HAD Level Deficit, 4) Sudan Average Yearly Irrigation Demand
Deficit, 5) Sudan 90th Percentile Worst Demand Deficit, and 6) Egypt Hydropower Demand Deficit.
Distributive Justice is evaluated using added problem formulations of which the direction of preference
is maximization for the first two and minimization for the final of the following objectives 7) Utilitarian,
8) Prioritarian, and 9) Egalitarian.
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The Reference Experiment reveals trade-off patterns among original objectives, showcasing the com-
plexities in balancing conflicting interests. A Posteriori evaluation using the Distributive Justice Princi-
ples identifies nuanced optimal policies. A Priori integration of these fairness formulations results in dis-
tinctive Pareto approximate sets, influencing the trade-offs observed. Utilitarian integration marginally
increases overall system performance, while Egalitarian integration expands the solution space, demon-
strating potential for compromise solutions. Prioritarian integration prompts trade-offs, indicating chal-
lenges in reconciling distributive justice principles. An A Posteriori Prioritarian evaluation shows clearly
which solutions that seem favorable in the reference setting, are highly unfavorable from a Prioritarian
point of view. Integrating the principle A Priori did show unexpected behavior of the solutions scoring
lower on average for the Prioritarian objective when optimized using that same Prioritarian problem for-
mulation. A comprehensive exploration of the 10" percentile solutions highlights divergent preferences.

The study is aware of limitations affecting the robustness of its findings. The incommensurability of
objectives in the simulation model, like Egypt’s irrigation deficit and Ethiopia’s hydropower deficit, chal-
lenges the justification of prioritization due to the lack of a common scale for comparison. Sensitivity
issues arise with Atkinson social welfare functions, especially for Prioritarianism, as they require non-
negative well-being values and exhibit anomalies near zero thresholds. Aggregating welfare within a
single group may exclude disadvantaged subgroups in the Social Welfare Framework. The simulation
model lacks considerations for flooding and oversimplifies irrigation districts in Sudan. Additionally, the
study does not integrate the Equality of Opportunity Theory. Addressing these limitations is crucial for
a more comprehensive understanding of water resource management decision-making. Nevertheless,
the incorporation of Distributive Justice principles, both A Priori and A Posteriori, showcases its distinct
potential to positively influence the relevance and depth of results in Many-objective Optimization stud-
ies.

Showcasing this significantly contributes to the field of Many-objective Optimization, thereby expand-
ing the conventional Many-objective Optimization framework. The exploration of ethical views within
Many-Objective Optimization sheds light on how and when incorporating different principles influence
the Pareto approximate set and trade-off landscapes, contributing to the broader discourse on ethical
considerations in optimization. The societal relevance is emphasized through the study’s focus on the
Eastern Nile River Basin, where trade-offs and conflicts between Distributive Justice principles and
original objectives carry implications for marginalized communities. Future directions could involve
exploring other principles of distributive justice, considering covariance for result interpretation, and
developing a framework for the effective use and communication of the additional information obtained
through the incorporation of distributive justice principles A Priori in decision-making processes.
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&KDSWPHWLFXORXVO\ GHOLQHDWHY WKH PHWKRGRORJLFDO VWUDWHJLH
LFDO SULQFLSOHV LQWR SUHFLVH PDWKHPDWLFDO IRUPXODWLRQV WKHL
VHFRQG UHVHDUFK TXHWK HE&KIDSONVWILY FKDSWHU LV GHGLFDWHG WR WKH F
WKH ODQ\ 2EMHFWLYH 2SWLPL]DWLRQ PRGHO XQGHU GLYHUVH 'LVWULEXW
LQJ WKH WKLUG UHVHDUFK A X-ORWLHRQW EK SWNOWYV I[URP WKH $ 3ULRUL L
SULQFLSOHV LQWR WKH PRGHO DQG FRPSDUH WKHVH RXWFRPHV ZLWK WK
7KHVH FKDSWHUV VSHFLILFDOO\UHVSRQG WR WKH IRXUWK DQG ILIWK UHV
FKDSWBIQG &RQFOXVLRQVFEKWEWWUH DQG UHIOHFW RQ WKH ILQGLQJV LQ
RYHUDUFKLQJ UHVHDUFK TXHVWLRQ WKHUHE\FRQWULEXWLQJWR WKH V|



5HVHDUFK $SSURDFK

D+LJKOLIJKWLQJ WKH SHUVSHFWLYHV RQD VXEVHW RI'LVWULEXWLYH -XVWLFH SULQFLSOHVY WKDW DUH L

E'HFLGLQJRQ WKHPDWKHPDWLFDO IRUPXODWLRQ RI WKH WKUHH FKRVHQ 'LVWULEXWLYH -XVWLFH SULQ

F$3RVWHULRUL HYDOXDWLRQ FRPSDULQJWKHWUDGH RIIVEHWZHHQ WKH GLIIHUHQW SUREOHP IRUPXO

G,QWURGXFLQJDQDGGLWLRQDO $ 3ULRULHYDOXDWLRQ OD\HUWR IDFLOLWDWH D FRPSDULVRQ EHWZHH
HYDOXDWLRQ FUHDWLQJD FURVV FRPSDULVRQ

JLIXUH 6 FKHPDWLF LOOXVWUDWLRQ RI WKHUHVHDUFK DSSURDFKIRUHDFKUHVHDUFK VW]
TXHVWLRQDQG WKHUHVSHFWLYH FKDSWHU ZKHUH WKH FRQWHQW LV GH\



(WKLFDO YUDPH Z

7KHLQWURGXFWLRQ HPSKDVL]HG WKH QHHG IRULQFRUSRUDWLQJ'LVWUL
WHFKQLFDOO\LQWHJUDWH '022W D URXW GYM DRQDICFKQ@MR/WDQGLQJ RI W
TXHVWLRQ VXUURXQGLQJ ZKDW FRQVWLWXWHY D MXVW GLVWULEXWLRQ L
TXHVWLRQ E\LQLWLDOO\H[SODLQLQJWKHRYHUDUFKLQJFRQFHSW RI'LV
LQWR DQLQ GHSWK H{SORUDWLRQ RI YDULRXV HWKLFDO IUDPHZRUNV ZLW

'LVWULEXWLYH -XVWLFH

'LVWULEXWLYH-XVWLFHLVDFRQFHSWWKDWRULIJLQDWHVIURP WKHQRUF
VKDSHG E\ SKLORGRZIIONUYV DRNH N 6HQ DPRQJ RWKHUV WLV RQHR
IRXU FDUGLQDO YLUWXHYV LQ FODVVLFDO PRUDO SKLORVRSK\ DORQJVLGH
WLFH LV WKH SULQFLSOH RIIDLUQHVV DQG PRUDO ULJKWQHVV HQVXULQ.
DQGWKHHWKLFDO GLVWULEXWLRQ RIUHVRXUFHVDQGRSSRUWXQLWLHYV |
DVXEVHWRIMXVWLFH WKDW GHDOV ZLWK WKHGLVWULEXWLRQ RIJRRGV
RIDVRFLHW\ 'WLVFRQFHUQHG ZLWK DQVZHULQJWKH T TXHVWLRQ RI ZKR .

7KHRULHV RI'LVWULEXWLYH -XVWLFHFDQEHH[DPLQHG EDVHGRQWKHLUTE
VKDSH DQG FEDWHHQF\7KH VFRSH RIMXVWLFH SHUWDLQV WR LGHQWLI\LQ.
RI EHQHILWY DQG EXUGHQV LQ VRFLHW\ 7KLV UDLVHV TXHVWLRQV DERX\
DJDLQVW RWKHUV :LWKLQ WKLV IUDPHZRUN WKHUH DUH YDULRXV SRVLW
LQFOXGLQJQRQ KXPDQDQLPDOV H[WHQGLQJWRDOO OLYLQJFUHDWXUH
VWUXFWXUHV RU SURFHVVHV (YHQ ZLWKLQ D KXPDQ FHQWULF SDUDGLJF
FOXGLQJVSDWLDO DQG WHPSRUDO OLPLWV RI MXVWLFH GHWHUPLQLQJ Z
SHRSOH IURP DOO FRXQWULHV LQ WKH VDPHHUD RUDOOLQGLYLGXDOV W
$GGLWLRQDOO\ WKHUHLVWKHLVVXHRILGHQWLI\LQJUHVSRQVLEOHHQW
OLQHG E\ DQ\ GLVWULEXWLRQ WKHRU\ 7KH VKDSH RI MXVWLFH FRQFHUQ"
E\D GLVWULEXWLRQ WKHRU\ GHWHUPLQLQJ KRZ PXFK DGYDQWDJH LQGL
VSRQVHV WR WKLV TXHVWLRQ LQFOXGH HIILFLHQF\ HTXDOLW\ SULRULW\
IRU PD[LPL]LQJ KXPDQ RUDQLPDO ZHOO EHLQJ HQVXULQJHTXDOLW\ LF
JURXSV RUJXDUDQWHHLQJWKDW DV PDQ\SHRSOHDV SRVVLEOH KDYH VX
FXUUHQF\ RI MXVWLFH UHIHUV WR WKH DVSHFW RI ZHOO EHLQJ RU WKH X
GLVWULEXWLYH FRQFHUQV VKRXOG IRFXV ,W LPSOLHV WKDW D FRPSUHK
WLFH PXVW EH OLQNHG WR D FOHDU XQGHUVWDQGLQJ RI ZKDW LV VKDUHC
WKH IRFXV RI GLVWULEXWLRQ DFURVV VRFLHW\ LQFOXGH ZHOIDUH RSSR
IXQFWLRQ DQG DFFHVV WR DGYDQWDJH



7KH6RFLDO :HOIDUH )UDPHZRUN

(YHQ WKRXJK 'LVWULEXWLYH -XVWLFH WKHRULHV GLIIHU LQ WKHVH WKUH
DGRSWD FRQVHTXHQWLDOLVW DSSURDFK LQ PHDVXULQJ ZKDW LV MXVW
VXFKDVDGHRQWRORJLFDO YLHZ &RQVHTXHQWLDOLVP ZHLJKVY WKH PRUL
DWWKHDFWLRQYTVFRQVHTXHQFHYV UHODWLYHWR WKHFRQVHTXHQFHYV R/
PDNHULYHU 7TKH IROORZLQJ FKDSWHUV ZLOO IRFXV RQ WUDQVODWLQJ
UDQNLQJV RI FRQVHTXHQFHY 7KH PDLQ IRFXV RI WKLV VWXG\ LV WR LGH
RI GLVWULEXWLRQ RQ WKH MXVWLILFDWLRQ RI UDQNLQJ DFWLRQV 7KLYV
VWXGWKHUH LV FRQVHQVXV RQ WKH VFRSH WKH UHFLSLHQWY WKDW EHQ
DZHOIDULVW DSSURDFK LV DVVXPHG WR EHILWWLQJ IRU WKH FXUUHQF
ZHOIDULVW DSSURDFK WR PHDVXULQJ ZH®®OHNLMQ & D K H KEHHHID UBXHG E\
UHIHUV WR WKH WRWDO ZHOO EHLQJ RU XWLOLW\ RI DOO LQGLYLGXDOV L
FRPSDUDWLYH DVVHVVPHQW RI DOWHUQDWLYH "RXWFRPHV" "DOORFDWL
RQ H[SOLFLW QRUPDWLY H&®RFUD® GHWRUKXHKB®B 'LVWULEXWLYH -XVWLFH
WKH SKLORVRSKLFDO IRXQGDWLRQV GLVFXVVLQJ ZKDW LV "IDLU" RU "MXV
DQGIUDPHZRUNV WR RSHUDWLRQDOL]J]HWKHVH FRQFHSWYV 7KHIROORZLQ
FDQEHDSSOLHG WR GLITHUHQW VKDSHV RI GLVWULEXWLRQ

7KH6RFLDO :HOIDUH )UDPHZRUN

ILWHUDWXUH RQ WKHRUHWLFDO :HOIDUH (FRQRPLFV QLFHO\ XVHV D[LRP
)XQFWLREORFLIDPO :HOIDUHE) X QEWDRP@WKHPDWLFDO UHSUHVHQWDWLRQ XV
QRPLFV IRU SROLF\ DSV)HFNENQWN BRI WKUHH FRPSRQHQWV $ PHDVX
\'r WKDW FRQYHUWYV SROLFRALRKRR ZHi @ ® WVEFHLEMW HFWRUV $ UXOH IRU

UDQNLQJWKHVH YHFWRUV WDLORUHG DFFRUGLQJWR WKH HWKLFDO YLH:
E\ UDQNLQJ SROLFLHV DV SUREDEOH GLVWULEXWLRQWRYWDVWIN OHFHLQ.
WZR EDVLF D[LRPV WKH 6WURQJ 3PAUOMRDRGA B QREMPHLWWURQJ 3DUHWR
D[LRP VWHPV IURP 3DUHWR 2 S3\® UPMMMOR. WX KMKHKRWH EVHVHQWY D VWDWH RI
RI UHVRXUFHV ZKHUH LW LV LPSRVVLEOH WR PDNH DQ\ LQGLYLGXDO EHW
ZRUVH RIlI $Q H[DPSOH IRUD 6WURQJ 3DUHWR UDQNLQJ ZR)RIG AELHNV \

VKRZV WKHHWKLFDO LQGLIIHUHQFH WR ZKRP WKHEHQHELW LV SDVVHG H]

$V PHQWLRQHG LQ VHFWWRQ SULQFLSOHV FDQ DIIHFW WKH VKDSH RI ZKD\
EXWLRRFLDO :HOIDUHS) XQFEMM RRGRORJ\ LV XVHG WR IRUPDOL]H WKH SULQ
IDPLO&:BN 6RPH RIWKH PRVW ZHOO NQRZQ DQG ZLGHO\ GLVFXVVHG SULC
DUH 8WLOLWDULDQLVP 3ULRULWDULDQLVRP:)D\QDQG BIOIRMHG BQLWR T XK M
VFKRODUV DUH GLVFXVVHG QH[W

SWLOLWDULDQLVP
7KH 8WLOLWDULDQ SULQFLSOH KROGV WKDW JRRGV DQG EHQHILWV VKRX
KDSSLQHVV RU ZHOO EHLQJ ,W %\HRWIKIDLR DMBG KOWRBNHGFESOH RI WKH J|
KDSSLQHVV IRUWKH JUHDWHVW QXPEHU 7KLV FRQFHSW KDV EHHQ IXUWK
RULHV VXFK DV WKH PRUMOGBHAKMQVWHAUNY BHVXOWLQJLQ WKH IRUPXODW
IROORZLQJ &MLOLWDULDQ

M
)(Tmbebmzkbggue v
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7KH SWLOLWDULDQ 6:) FDOFXOD WY VPRY UIBOW KR VXPRZHQEGLYHGXDO ZHC
UeV IRUHDFK SHUYRVXH SRSX@DWORQVLIQLILFDQWO\ SRSXODUL]HG XWL
WKURXJK KLV QXDQFHG HODERUDWLRQV DQG GHIHQVHYV JUHDWO\ LQIOX
DQG EURDGHU DFFHSWDQFH RI LW DV WKH GHIDXOW WKHRU\ IRU ZHOIDUF
EHHQ FULWLFL]HG E\GLIIHUHQW VFKRODUV IRUSRWHQWLDOO\MXVWLI\LC
IRUWKH JUHDWHU JRRG RI WKH PDMRULW\ 7KHUH DUH WZR PDLQ FULWLT
KDVEHHQHDUO\ RQ VWDWH G EWHRIQYRRL B WRXWONMRDSWNLQVRQ



7KH6RFLDO :HOIDUH )UDPHZRUN

&ULWLTXH 7TKHFXUUHQF\IRUMXVWLFH VKRXOG EHRSSRUWXQLWLHV FK
TXHQFH GLITHUHQW NLQGV RILQHTXDOLW\PDWWHU GLITHUHQWO\ GHSHQ
7KH (TXDOLW\ RI 2SSRUWXQLW\'"ZRHRIULQGLYERWVR@ ESRHPHU
HODERUDWHY RQ WKLV W IRFXVHV RQ ERWK WKH 3ULQFLSOH RI &RPSHQ
"FLUFXPVWDQFHV  EH\RQG WKH FRQWURO RI WKH LQGLYLGXDOV ZDUUDQ)
LQHTXDOLWLHV LQ ZHOO EHLQJ DQG WKH 3ULQFLSOH RI5HZDUG ZKLFK F
DQG WKH UHVXOWLQJ LQHTXDOLWLHV LQ ZHOO EHLQJ VKRXOG EH SUHVHL
FULWLTXH LWLV QRW WDFNOHG ZLWKLQ WKLV VWXG\

&ULWLTXH 7KLV VHFRQG FULWLTXH IRFXVHV RQ WKH BIJJUHKDRKLRQ UXC
LVDVLPSOHVXPPDWLRQ RI ZHOO EHLQJ 7KLV OHDGV WR SRVVLEOH LQHT
BKLORVRSKIHXY OLKBDYH ORQJ HPSKDVL]HG WKLV LVVXH :LWKLQ WKLV FL
EHOLHI WKDW SHRSOH ZLWK D ORZHU ZHOO EHLQJOHYHO GHVHUYH SULRL

7KLY EHOLHI FUHDWHG VX&:3 FUWKIIRW VIDALIOLUHWRH 3LIRX 'DOWRQ D[LRP 7
D[LRPLVDFRQFHSWLQ ZHOIDUHHFRQRPLFV WKDW GHDOV ZLWK WKH UHG
D VRFL$GMHU $FFRUGLQJWR WKLV SULQFLSOH DWUDQVIHURIUHVRXUF
ZHOO EHLQJ OHYHO WR D ORZHU RQH ZLOO LQFUHDVH RYHUDOO VRFLDO .
PRUHHTXDO $Q H[DPSOH UDQNLQJLV ,Q FRQWUDVW ZLWK 8WLOLWDULTCL
ORZLQIJWZR SULQFLSOHV (JDOLWDULDQLVPDQG 3ULRULWDULDQLVP ERW

(JDOLWDULDQLVP
7KLV SULQFLSOH KROGY WKDW JRRGY DQG EHQHILWY VKRXOG EH GLVWU
VRFLHW\ ZKLFK LV D SULQFLSOH RI HTXDOLW\ ,Q ZROMUH KBRYRPLFV
HI[SORUHG HJDOLWDULDQ SHUVSHFWLYHV OHDGLQJWR WKHGHYHORSPHC
ZLWK WKHIROORZLQJ

M
X0 ZebmZkbZg Elév oY —du c',b{T
e /fE»

7KLV IRUPXOD UHSUHVHQW VX® &cRAmExfs%\DWED Q BXODWHV VRFLDO ZHOIDUH
WKH DEVROXWH GLITHUHQFHV EHW AHH D Q @ WIKYH. B brHQ ZKMDKGERH LDQS D U D P

HWKHU )RUPXODV WKH *LQL ,QGH[ *LQL DQ LQHTXDOLW\PHWULF WKDW F
ZHOO EHLQJ GLVSDULW\LQ D SRSXODWLRQ E\VXPPLQJWKHDEVROXWH G|
LQGLYLGXD@S, DQG QRUPDOL]LQL@IKH UHWKSIWH EHLQJDQ LQHTXDOLW\ F
WKH *LQL ,QGH[ LV FKRVHQ DV D VRFLDO ZHOIDUH IXQFWLRQ EHFDXVH LW
ZHOO EHLQJ SURYLGLQJLQVLJKWVLQWRRYHUDOO VRFLHWDO LQHTXDOL
OHQJHVLQ GHILQLQJD FOHDUEDVHOLQHIRUHTXDOLW\ ZKLOH WKH *LQL,
PHDVXUH RILQHTXDOLW\ WKDW FDQ EHDSSOLHG WR VRFLDO ZHOIDUH DQI

B b

*LQL,QC.@{E R

(JDOLWDULDQLVP KRZHYHU IDFHV LWV RZQ VHW RI FULWLTXHV RI ZKLF
'"HILQLQJ WKH EDVHOLQH IRU HTXDOLW\ LV RQH RI WKH DVSHFWV ZLWK OL
WXQLW\ 7KHRU\ DOVR GLVFXVVHG DV D FULWLTXH Rl 8WLOLWDULDQLVP L
LQ FLUFXPVWDQFHV EH\RQG LQGLYLGXDOVYT FRQWURO LV FUXFLDO WR UH
UHZDUGLQJ HIIRUWYV DQG SUHVHUYLQJ UHVXOWLQJ ZHOO EHLQJ GLVSDUL
WDULDQ DSSURDFK 7KLV LVDOVRDFULWLTXH QRW GHDOW ZLWK ZLWKLQ




7KH6RFLDO :HOIDUH )UDPHZRUN

&ULWLTXH $QRWKHU FULWLFLVPLVWKHOHYHOLQB®ORIOWUTLIFLSOH LQ'
FULWLTXH FKDOOHQJHV HIDOLWDULDQLVP E\KLJKOLJKWLQJWKHSRVVLE
VXOW LQ DQ RYHUDOO GHFUHDVH LQ VRFLHWDO ZHOO EHLQJ 7KH OHYHO
IRUHJDOLWDULDQ DSSURDFKHVY WKDW QRW RQO\DGGUHVV LQHTXDOLWLH
VRFLHW\A\LY QRW FRPSURPLVHG LQ WKH SXUVXLW RIHTXDOLW\

7KLV FULWLTXHKDVIJLYHQULVHWRDGLYLVLRQ ZLWKLQ WKHUHDOP RI HJ
WHOLF HIDOLWDULDQV DQG SOXUDOLVW WHOLF HIJDOLWDULDQV 3XUH Wi
VLFHTXDOLW\ SULRULWL]LQJHTXDO GLVWULEXWLRQ UHIJDUGOHVV RIRW
HIDOLWDULDQV DGYRFDWH IRUWKHLQWHIJUDWLRQ RIDGGLWLRQDO SULC
WKHLPSRUWDQFH RIIDFWRUV VXFK DV IRSYSHID/®O 6 V\RFEXWWD® ZHOO EHLQJ

7KLV GLVFRXUVH LQ (JDOLWDULDQLVP KDV OHG WR WKH IXUWKHU H[SORU
DQFH EHWZHHQ HTXDOLW\ DQG WKH EURDGHU ZHOIDUH RI VRFLHW\ )XU"
SULQFLSOHV WKDW QRW RQO\ DGKHUH WR WKH 3LJRX 'DOWRQ SULQFLSO
LRP PDUNLQJD GHSDUWXUH IURP DQ H[FOXVLYH IRFXV RQ WKH LQWULQYV
D[LRP LQ ZHOIDUH HFRQRPLFV SRVLWV WKDW LQGLYLGXDOVY SUHIHUHQF
LQJVSHFLILF DWWULEXWHVY VKRXOG UHPDLQ FRQVLVWHQWIRXBOQQ@LWK Wt

&RQVHTXHQWO\ WKH UDQNLQJ RI RSWLRQV EDVHG RQ UHOHYDQW D'
LUUHVSHFWLYH RI WKH SUHVHQFH RUDEVHQFH RILUUHOHYDQW IDEWRUV
GLYLGXDOVY SUHIHUHQFHV UHPDLQ VWDEOHDFURVV GLIIHUHQW VFHQDU
DV * LIDQG RQO\ LI *

SULRULWDULDQLVP
7KLV SULQFLSOH KROGY WKDW JRRGV DQG EHQHILWYV VKRXOG EH GLVWULE
RIIl RUOHDVW DBIYDIQWDJHGLY VLPLODU WR (JDOLWDULDQLVP EXW JLYHV
WKH OHDVW DGYDQWDJHG 7KH UHDVRQ IRU WKLY FDQ EH H[SODLQHG E\ F
FRQFDYH WUDQVIRUPDWLRQ IXQFWLRQ LQ ILJXUH

JLIXUH &RPSDULQJ WKH HIITHFW RIDQ HTXDP ZRH@ @ KHWQDIQWFRHPHG WH O CR B HOLQR XD X H
ZHOO EHLQVU.YDQBH KLIJKHU ZHOO/E H\Q@GILYSOPNLQJ WKH FRQFDYH WUD QMG RUPIDMRQ IXQF
1RUKHLP



&RQFOXVLRQ

7KHIXQFWLRQ WDNHV WKHIRUPRIDFRQFDYHWUDQVIRUPDWLRQ EHFDXVF
WR LQFUHDVHYV LQ ZHOO EHLQJ IRU LQGLYLGXDOV DV WKHLU ZHOO EHLQ
ZHLJKW WR LPSURYHPHQWY LQ ZHOO EHLQJ IRU LQGLYLGXDOV ZLWK ORZ
VHHQ LQ ILIJX&RIQVLGHU WZR LQGLYLGXDOV RQH ZRUWDREB DIQRK/ R HWH OO
EHWWHU RII ZLWK D 25 @® HEWHHL Q L OHRYHHLIJXUH VKRZV WKH HITHFW R1 WZR G
FLHV ILUVW DGGLQJ D JLYHQ AP RROMKRI ZRIWDCHEHLSBHUVRQ DQG VHFRQ(
VDPH DPRAXQWR WKH EHWWHU RII SHUVRQ 'XH WR WKH \E\R WIKFRKD\QIHW H D
UHVXOW LQ DQ LQFUHDVH LQ WKH 3ULRULWDULDQ VFRUH WRZHNMHW WR ZLC
FKDQJH\LHOGV D PRUH VXEVWDQWLDO LQFUHDVH LQ WKH 3ULRULWDULDQ
FDYLW\ UHIOHFWVY WKH 3ULRULWDULDQ LGHD WKDW SULRULWL]LQJ WKH Z
WKDQ VLPLODU LPSURYHPHQWYVY IRUWKRVH ZKR DUH DOUHDG\ ZHOO RII

,QWKHFRQWH[WRIPDQ\ REMHFWLYHRSWLPL]DWLRQ WKLVWUDQVIRUPD)
YDOXHV EHIRUHDJJUHIJDWLQJWKHPLQWRDVRFLDO ZHOIDUH IXQFWLRQ
DVVHVV WKH RYHUDOO ZHOIDUH RI D VRFLHW\ FRQVLGHULQJERWK WKH Z
WKH ZRUVH RIl 7KLV LPS@®:DHXHBPIMRERAMWBHLUBQORZLQJIRUPULQ ZKLFK Zt
LV WUDQVIRUPHG E\ W U D QfVWRWDPAD WA 8 RM XNY E VBHORSQV W U L FWfQ\WFRQFD Y H

M
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SWNLBVRWIROORZ WKLV 3ULRULWDULDQ IRUP ,W LV DOVR WKHPRVW GL)\
GHVFULSYWMWRD@EYRQ ,Q WKH FXUUHQW VWXG\WKH IROORZLQJWUDQVIRUP
IRUP VXFK D $SWNLQVRQ SULRULWDULDAQ
P d Apve "% L
xOkbhkbmZzkbgZg >Ae
jl Ue Vv ¢ dakn geobd

7KLV WUDQVIRUPDWLRQ LV GRQ A KMWKQG BWSHWHLIRHWHWKH GHIJUHH RI SULR
WKRVH ZKR DUH ZRUVH RII LQ VRFBERWD Q¥ O\DKIDW Z M POEKIS ®RDFLQJ PRUH HP
LPSURYLQJ WKH ZHOIDUH RI WKRVH ZKR DUH OHVV IRUD/ XOQ@DWHIU YIDZHXUHIH I
R6PHDQV D IODWWHU PRUH FRQFDYH FXUYH 67KHU® YWKQ W § HWIXDAVEBRQH |
WUDQVIRUPDWLRQ IXQFWLRQ EHFRPHVY WKH ORJDULWKP RIWKHLQGLYLG:

$ MXVWLILFDWLRQ IRUDGRSWLQJ WKH6VSBEHIVHG LRWWPFO DV3ALL RFEJD W IDRIQ [
LQGHSHOGH®WSURILOH LQ6:H SFHDL@NM@DULQV D FRQVLVWHQW VBIYXFWXUH R
UHJDUGOHVV RI WKH VSHFLILF PHWULF HP SOROME IIRYCP HOWKHIKQY ZHOO E
LPSOLHVY WKDW LUUHVSHFWLYH RI ZKHWKHU ZHOO EHLQJ LV DVVHVVHG LC
FRPHVY RU RWKHU GLPHQVLRQV WKI8:Y DLR/HDIRSYAHHGL (RIVUBFOA-S RULQJ DQG
GLIIHUHQW VFHQDULRY RU SROLFLHV 7KLV DSSURDFK DOLJQV ZLWK WKF
HPSKDVL]LQJ WKH FRQVLGHUDWLRQ RI WKH GLVWULEXWLRQ RI ZHOO EHL
RIWKH GLVWLQFW IDFWRUV VXFK DV LQFRPH KHDOWK HWF FRQWULEX\

&RQFOXVLRQ
W EHFRPHVHYLGHQW WKDW WKHUH LV QR VLQJXODU GHILQLWLYH DQVZH!
RI WKLY FKDSWHU 9§:KDW LV D MXVW GLVWULEXWLRQ"Y ,QVWHDG D PXOV
LOQWR SULQFLSOHV JXLGHG E\ WKHLU UHVSHFWLYH D[LRPV ,PSOHPHQWL
YDU\LQJ HIIHFWV EDVHG RQ WKH FRQWH[W DQG GLIIHUHQW SULQFLSOHYV
FLHW\ 7KH UROHRIDQ DQDO\WW ZRUNLQJ ZLWK D OXOWL 2EMHFWLYH 2SW
WKHVH YDOXH MXGJPHQWY EXW UDWKHU WR SURYLGH GHFLVLRQ PDNHU\
GDWLRQV XQGHUSLQQLQJYDULRXV DJJUHJDWLRQ DSSURDFKHV DORQJ Z
‘LWK WKLY WKHRUHWLFDO IRXQGDWLRQ HVWDEOLVKHG WKH QH[W FKDSV
FKDUDFWHULVWLFVLQ RUGHU WR HPSLULFDOO\WHVW WKHP ZLWKLQ D VS



OHWKRGROR

6HFWLRGHOYHV LQWR WKH (YROXWLRQDU\ 0OXOWL 2EMHFWLYH 'LUHFW 31
PLIDWLRQ IUDPHZRUN HPSOR\HG LQ WKLV VWXG\ :KLOH WKLV WKHVLV SU
FDVHVWXG\VHUYHV DV D PHWKRGRORJLFDO WRRO SSORDALQGH Y IV X HINROJVDIH
RYHUYLHZ RI WKH FKRVHQ FDVH WKH (DVWHUQ 1LOH5LYHU %DVLQ DQG L
RORJLFDO IRXQGDWLRQV OD\WKHJURXQGZRUNIRUUHVXOW JHQHUDWLRC
GHVFULEHG LQ 6HFWLRQ

(YROXWLRQDU\N\OXOWL 2ZEMHFWLYH 'LUHFW 3ROL

5HVHYRLU PDQDJHPHQW RSWLPL]DWLRQ PRGHOV DUH GXH WR WKHLU KL
VWUXFWHKHGRDDWKLRQDU\ 0XOWL 2EMHFW LOOR "31.6) HRWWBKRKD L¥Q 6 BPHBKVD O D
SURDFK ,Q HVVHQFH LWLQYROYHV LQWHJUDWLQJD QRQOLQHDU DSSUR]
DVLPXODWLRQPRGHO 7KLVIXQFWLRQFDOFXODWHVY UHOHDVHGHFLVLRQ
VWDWH DW WKDW VSHFLILF LQVWDQFH 7KURXJKRXW WKH RSWLPL]DWLRQ
WLRQ DUH UHILQHG LQ H DORKOIWLQ RIEIND MALVR QYRII (Y R O B MI$R Q B QL XS@UIRQIL W K P
HWDO ,QDQLGHDOVFHQDULR WKHVROXWLRQ VHW FRQYHUJHV WR WKF
WLYHV 3DUHWR RSWLPDOLW\WKHRU\ SRVLWV WKDW D VROXWLRQ LV 3DL
FRXOG LPSURYH RQH REMHFWLYH ZBWKRYWR ZRUVHOBSQURDOQRAMWKBI Y LV XD O
VXPPDU\ RI WKH (02'36 PHWKRGRORJ\LPSOHPHQWHG RQ WKH ;/50 IUDPHZF

JLIXUH 6 FKHPDWL]DWLRQ RI WKH (02'36 IUDPHZRUN RQ WRS RI WKH ;/50 IUDPHZRUN



(YROXWLRQDU\OXOWL 2EMHFWLYH 'LUHFW 3ROLF\6HDUFK

(SVLORQ 1RQ GRPLQDWHG 6RUWLQJ *HQHWLF $OJRULWKF
JLIXUHLOOXVWUDWHV WKDWYQQR®DQRPBHQWILOQUIWKRAEMHFWIO?PH3& UHFW 3R (
IUDPHZRON(SDVHUYHYV DV D FUXFLDO EXLOGLQJ(E OREF W KLKHYSWOCHIRY H G
1RQ GRPLQDWHG 6RUWLQJ *HQBVELPRNGIWKHLWKRAEFWLRQ ZLOOHODERUDWH
OXWLRQDU\DOJRULWKPLY ZHOO VXLWHG DQG SURYLGHLQVLJKWVY LQWR

5DWLRQDOH IRUG6HEFHFEWLQJ
7KH QDWXUH RI WKLV VWXG\ LQYROYHV VLPXOWDQHRXV RSWLPL]DWLRQ F
DFWHULVWLF Rl PDQ\ REMHFWLYH RSWLPL]DWLRQ SUREOHPV 7UDGLWLF
IRU WKLV UHVHDUFK GXH WR WKHLU LQDELOLW\ WR KDQGOH PXOWLSOH F
PXOWL REMHFWLYH RSWLPL]DWLRQ SUREOHP WR D VLQJOH REMHFWLYH
SDUWLFXODU 3DUHWR RS W LSPKDDOQ \GROIDXGV LRI BMEDHWLEP® +HQFH D
PDQ\ REMHFWLYH RSWLPL]DWLRQ DOLBRBZ /K HUMHFWHQW VDLW [7KBEQ HIIHF
ZLGHO\ UHFRJQL]HG DOJRULWKP IRU PDQ\ REMHF W L ¥ BIWRSWOLLPQ JED/OLIR Q s
HWDO ,WLVDQH[WHQRQRRRPILQPHOM HG 6RUWLQJ *HEXEW LFESBOWRILA WKP |,
HQKDQFHEMQG -DLQ ZLWK WKH FRQFHSW R1 0 GRPLQDQFH IRU DGG|
ZLWK D ODUJH QXPEHU RI REMHFWLYHV SURYLGLQJD ZD\ WR HIIHFWLYH
REMHFWLYH VSDFH

%ULHI " HVFULGWERQ,RI

7KH 16*$,D JHQHWLF DOJRULWKP LQFRUSRUDWLQJ VHOHF W.RRO® IFW RV VR
DQG 5HHG -DQVHQ HW DOLQLWLDWHY ZLWK D SRSXODWLRQ Rl SRWHQWLD
WLYH VHOHFWLRQ D PDWLQJ SRRO LV IRUPHG ZLWK HDFK VROXWLRQ UH!
XVLQJDILWQHVV IXQFWLRQ *HQHWLF RSHUDWRUV FUHDWH QHZ VROXWL
SURFHVV UHSHDWLQJ XQWLO PHHWLQJ D VSHFLILHG FULWHULRQ 1RWDE
D VROXWLRQ VXSHULRU LI LW LV HTXDO RU VXSHULRU LQ DOO REMHFWLY
OHDVW RQH REMHFWLYH HQKDQFH\WHERPEXWILWLBOSO@GGIEBERNQEH V
DFRPSUHKHBQWESEHHVFULSWLRQ LOOXVWUHBWHBVILQ JLIIXRWYRYHU PXWDW
QRQ GRPLQDWHG VRUWLQJIRUVHOHFWLQJRSWLPDO VROXWLRQV

TR LPSOHPHQWYWKKIHODIJRULWKP WKH 30DW\SXV OLEUDU\ DQ RSHQ VRXUFt
REMHFWLYH RSWLPL]DWLRQ ZLOOLEHWMKRHE OBWHE. PAEHFWRLBQHW XS FRQWDL
PHQWDWLRQ SODQ ZLWK WKH FRQILIXUDWLRQV RI WKHUHTXLUHG DOJRUL
HYDOXDWLRQV SRSXODWLRQ VL]H FURVVRYHU DQG PRUH WLV LPSRU
FLSOHV RI GLVWULEXWLYH MXVWLFH $ 3ULRULLQWR WKH VWXG\ QHFHVVL
PDWKHPDWLFDO WHUPV WKDW FDQEHLQWHIJUDWHG LOWR WKH DOJRULWK
WLYH IXQFWLRQV RUWKHDGGLWLRQ RI FRQVWUDLQWYV WR WKH DOJRULW
WKH RSWLPL]JHG VROXWLRQV JHQHUDWHG E\ WKH DOJRULWKP DUH QRW R(
SULQFLSOHV RI GLVWULEXWLYH MXVWLFH WKHUHEZUBQ GHYHQ@IL®Y & /K RC
ZKDW PDWKHPDWLFDO IRUPXODWLRQV DUH GHHPHG ILW



&DVH VWXG\ 7KH (DVWHUQ 1LOHS5LYHU %DVLQ

&DVH VWXG\ 7KH (DVWHUQ 1LOHS5LYHU %DVLQ

7KH 1LOH 5LYHU ZLWK D WRWDO OHQJWK RI DSSUR[LPDWHO\ NLORPH
WKH ZRDD® 7KLV HVVHQWLDO ZDWHUZD\ LV D OLIHOLQH WKURXJK QR
FRXQWULHYV 7KHHOHYHQ QDWLRQV GHSHQG RQ WKH UHFRXUVH IRU K\GUF
FXOWXUDO FRIWXPSWEZRBUH KDYH EHHQ GHEDWHYV IRU\HDUV RYHU WKH L
IURP WKH 1LOH 3ROLWLFDO WHQVLRQV DUH SDUWLFXODUO\SDOSDEOH L¢
SOD\HUV (J\SW KDV H[SORLWHG2WK & Z D WHJ DWKG (RMRVMVR SLDQ 5HQDLVVDQF|
*(5' (WKLRSLDYV +\GUR SRZHU SURMHFW ZKLFK VWDUWHG LQ KDV L
ZDWHU KHJHPRQ\ WKRXJK (WKLRSLD FODLPV LWV DURUP WR RQORFN K\G U
7KH(5' KDV EURXJKW SROLWLFDO DQG WHFKQLFDO FRPSOH[LWLHV WR WKI
KDV UDLVHG FRQFHUQV DPRQJ GRZQVWUHDP FRXQWULHV DERXW WKHLU Z

7TKHULYHU LV NQRZQ IRU LWV ZDWHU LQIORZ YDULDELOLW\ PDUNHG E\ IU
HVFDODWLQJ SRSXODWLRQV DQG HFRQRPLF SURGXFWLRQ LQ WKH UHJLR
$EX =HLG DQG %LVZDWY HW DO &RQVHTXHQWO\ WKH GHVLJQ RI RSHUDW
UHVHUYRLUV LQ WKH EDVLQ EHFRPHV D FRPSOH[ LVVXH WKDW QHFHVVLW
WUXFWXUH JHRSROLWLFV VRFLRHFRQRPLFIDFWRUV DQG K\GUR FOLPD
%DVII®% GHSLFWHG JHRJUDSKLRAD/ODQGY RXIWWHW D KLIKO\VWXGLHG FDVF
WKH5%HQFRPSDVVHYVY YDULRXV DVSHFWYUDWRKEK D VRRRRISHIUD M. DROQ QJ VWUD
IRUWKH@HZKHHOHUHWDOQG PRUH +RZHYHU LQ WKHFRQWH[W RI WKLV
RQ 'LVWULEXWLYH-XVWLFH LWLV FUXFLDO WR FRPSUHKHQG WKH FXUUH(

JLIXUH (DVWHUQ 1LOH 5LYHU %DVLQ ZLWK WKH SHUFHQWLOH FRQWULEXWLRQ RI WKH WKU |
$WEDUD DQG WKH WKUHH ULSDULDQ FRXQWULBDUMWKLRSLD 6XGDQ DQG (J\SW IURP



&DVH VWXG\ 7KH (DVWHUQ 1LOHS5LYHU %DVLQ

7KHJHRJUDSKLFDO VXPPDU\RI WKH (DVWHUQ 1LOHKHW OV DG 1V W R S/ICFAVBIGQ
IORZ LV SULPDULO\ VRXUFHG IURP WKUHH PDLQ WULEXWDULHV WKH KL
ULYADNDOERWDQG :LOOZRRAVKLWH 1LOH RULJLQDWLQJIURP 8JDQGDYV /DNH
DSSUR[LPDWHO\ WR WKH PDLQ IORZ RIIHUK®HOW D HVO D@\OWHKRVY VHD
RWKHU KDQG WKH %OXH 1LOH DQG $WEDUD ULYHUV ERWK RULJLQDWLQ
DSSUR[LPDWHO\ DQG UHVSHFWLYHO\ ZLWK KLIJKO\VHDVRQDO IORZ\
WKH (WKLRSLDQKHBKOEDMHEWD O

&RQWH[WXDOL]LQJ (15% :-DWHU 5 HVRXUFH 8WLOL]J]DWLRQ
7KHLQWURGXFWRU\VHFWLRQ XQGHUVFRUHG WKHWUDQV ERXQGDU\QDW
5LYHU %@QI\6l2Q 'HVSLWH WKH VKDUHG ZDWHU UHVRXUFH DPRQJ WKH WKUH
QDPHO\ (WKLRSLD 6XGDQ DQG (J\SW HDFK QDWLRQ XWRPRU]HW W&H ZDW

"KLOH FRXQWULHV XVH ZDWHU LQ D ZLGH YDULHW\ RI ZD\V WKH PDL
ZKDW JXLGHV SROE@HEDND DRQG HIOBMHWIKKM GLIIHUHQW PDLQ ZD\V RI H[SORL
VKRZQ LQ ILJXWHLRSLD UHOLHV RQ WKH 1LOH $RWV BIQR P\Y G LFALAVADIW Q H U D'
ZKLOH 6XGDQYV HFRQRP\ LV SUHGRPLQDQWO\ DJULFXOWXUDO ZLWK YDL
IURP WKH ULYHU | R PIXG DY BURSH¥DWWDEDPQEW D QRWDEO\DULG QDWLR(
VHUYHV DVDYLWDO VRXUFHIRUERWK GRPHVWLF FRQMKXPRSWQRGPIG DJUL

7KH GLIITHUHQW DFWRU SHUVSHFWLYHV® UHIGLW 68X VK H GHQ@FHRUHZOH
XVDJH KLIJKOLIJKWY WKHLU XQLTXH REMHFWLYHV \HW VLPXOWDQHRXVO\"
VLIJQLILFDQW LQWHU GHSHQGHQF\DPRQJWKHVH GDSWLRQV IRU UHDOL]LQ

JLIXUH 7KH GLIITHUHQW PDLQ XVHV RI WKH ZDWHU UHVRXUFH SHU FRXQWU\

&OLPDWH FKDQJH IXUWKHU HIDFHUEDWHYV WKHVH LOQWULFDWH K\GUR SRC
SRWHQWLDO f& WR f&S&ULVHLQ PHDQDQQXDO WHPSHUDWXUHDQG XQF
IURP WR SURMHFWHERVIRQHW DO)LIXUKUDZY KRZFOLPDWH FKDQJHY
SDFW LVQIW XQLIRUP GLIITHUHQW UHJLRQV ZLWKLQ WKHVH FRXQWULHYV Z
7KLV IXUWKHU GHVWDELOL]J]HVY WKH QXPHURXV DJUHHPHQOQWY®T™®G SDFWV
&UDELWqQWEGDOOD6DOPDQ TKHWUDQV ERXQGDU\DVSHFW LQWHU GHS
FKDQJHHIIHFWV DOO VKRZWKHLPSRUWDQFHRIGLVWULEEW PDHNMXVWLFH
LQJWKLVDILWWLQJFDVHIRU WKLV UHVHDUEFK



&DVH VWXG\ 7KH (DVWHUQ 1LOHS5LYHU %DVLQ

JLIXUH )XWXUH FKDQJHV LQ WHPSHUDWXUH $ DQG SUHFLSLWDWLRQ % IRUWKH\HDU )
5&3 HPLVVLRQ VFHQDULR ZLWK FKDQJHV FDOFXODWHGHDVOQW W BWR EDVHOLQH +

7KH (15% ORGHO

JRUPDQDJLQJ WKH (DVWHUQ 1LOH 5LYHU %DVLQ DQG LWV FRPSOH[ LQWH
ORJLFDO G\QDPLFVY D UREXVW DQDO\WLFDO WRRO EHFRPHV LPSHUDWLY
WLRQ ORGHO VOLJKWED WG MXFMMLGEG QHREPWR XQUDYHO WKH PXOWLIDFHWH
WKH EDVLQ 7KH PRGHO LV EXLOW LQ 3\WKRQ XVLQJ REMHFW RULHQWHG
SDUDGLJP WKDW RUJDQL]JHVFRGHDURXQG "'REMHFWV  HQWLWLHVY WKDW S
FRPELQLQJ WKH SURSHUWLHY R6WHRIAFHODQGHAVREQBKKEVWB FWLRQ SURYLG
DQLQ GHSWK H[SORUDWLRQ RI WKH PRGHOfV DUFKLWHFWXUH DQG IXQFYV
UHVXOWV IRUIXWXUHDQDO\VHV

ORGHO 6FRSH

7TKH6SDFH HPDURBWYRWRQ WKH %OXH 1LOH ZKLFKVLJQLILFDQWO\FRQW!
DQG KRXVHV WKH *(5' DFHQWUDO IRFXV RI WKLV VWXG\ 7KH :KLWH 1LOH
HIWHUQDO VWUHDPIORZYVY WKHLU G\QDPLFV H[FOXGHG IURP VLPXODWLRQ
7TKHVLPXODWLRQ LQLWLDWHY ZLWK WKH %OXH 1LOHTV LQIORZ WR WKH *(5
(J\SWTJV ZDWHU GHPDQG DV D VLQJXODU GHPDQG JRQH VHUYHG E\ WKH +$'

7TKH7HPSRUDO 'HPBEBPRWLRRADUV IURP WR 7KLV WLPH IUDPHLV SL®
SDVVLQJ WKH *(5'fVILOOLQJ SHULRG DQG HQDEOLQJ WKRURXJK REVHUYL
RSHUDWLRQDO SKDVH

7TKH5HFLSLHQW "HBHUEQMM WEH EHQHILFLDULHV RI EHQHILWY RU EXUGHC
VWDWHDQG DQDO\]HG SROLFLHV 7KHIRFXV OD\VZLWK WKH WKUHH FRXQ'
WKHU GHPDUFDWLRQ FRQVLGHUV WKH GLVWULEXWLRQ RIEHQHILWYVY EDVH
ILHG REMHFWLYHOXYROJHDWHY WKHPRGHOYVLQFRUSRUDWHG REMHFWLY
HUV ZLWKLQ WKH VDPH ULYHU EDVLQ VA\VWHP 7KLV FKDUDFWHUL]DWLRQT L
DQEDO\WLYV *LYHQ WKH UHODWLYHO\ VKRUW VLPXODWLRQ KRUL]JRQ WKH
JHQHUDWLRQV DVUHFLSLHQWYV RI EHQHILWY RUEXUGHQV WKHUHE\H[FO



&DVH VWXG\ 7KH (DVWHUQ 1LOHS5LYHU %DVLQ

&RXQWULHV 2EMHFEWLYHV  $JJUHJDWLRQ OHYtQLw-YHFWLRQRI

2SWLPL]DWLRQ

L,UULJDWLRQ 'HPDQG 'HKHBLWOU D WHRD JH OLQLPLIH

(J\SW  UULJDWLRQ 'HPDQG 'HIL"PBWUWIHQMRLOH ZRUVW PRQWK OLG
+$' /HYHO '"HILFLW UDWDBHTXHQF\RYHU \HDUVOLQLPL]H

6xGDo 'UULIDWLRQ 'HPDQG 'HHRLWOUDWHED JH OLQLPLIH
,UULJDWLRQ 'HPDQG 'HIL"PEWWHTHQWMRLOH ZRUVW PRQWK OLG

(WKLRSLD +\GUR SRZHU 'HPDQG 'HILFLW UDWLR <HDUOIOQ DF¥FIHUDJH

7DEOH 7KH PRGHO REMHFWLYHYV SHU FRXQWU\

ORGHO 6HWXS

JLIXUH 9LVXDOL]DWLRQ RI UHVHUYRLU OHYHOV DQG \II5P4F R Q &/HI[RODV SLRQGLFW VF IRRQUVE WY MDY I @R
EDVLVIXQFWLRQV 7KHVHIXQFWLRQVGHWHUPLQHWKHFRUUHVSRQGLQJUHOHDVHGHFLVLR

REMHFWLYHV IRU (WKLRSLD 6XGDQ DQG (J\S(W5%KGE D'SW KB OlH D WILR@ R VVDKIRR B RMKMIUR O SROL
E\=DWDUDLQ 6DOD]DU HW DO

7TKHPRGHO VFRSH LQ FRPEL QUDMWRHRARUVINMXHDIGHVR IRUPLQJ RI FRQWURO SR
WLIJHG LQ ILYXHH_.QWULFDWH ZRUNLQJV RI WKH PRGHO DUHHQFDSVXODWH
GHSLFWHG LQ )LINUGHG LQWR WZR SLYRWDO FRPSRQHQWV26LPXODWLRQ
HPSOR\V D VIVWHPDWLF DSSURDFK WR FRPSUHKHQG PRGHO FRPSRQHQWYV
LQ VXE ILIBFBSWXUHYVY WKH GLYHUVH IDFWRUV LQIOXHQFLQJ WKH (DVWH
6XEVHTXHQWO\ WKHHYDOXDWLRQ SKDVHHDSVHVHMRWWGEGH @ IVROEO IR WXXIGHR X
DJDLQVW SUHGHILQHG FULWHULD 7KLV PRGHO VHUYHV DV D EDVLV DOGOC
H[SORUH WKH LPSDFW RIHYDOXDWLQJ WKHPRGHO RXWFRPHV ZLWK WKH "'



&DVH VWXG\ 7KH (DVWHUQ 1LOHS5LYHU %DVLQ

D6LPXODWLRQ

E(YDOXDWLRQ

JLIXUH 7KH PRGHO IORZFKDUW ZLWK VXE IORZFKDUWY SURYLGLQJD ]J]RRPLQRQ WKH VLPX



([SHULPHQWDO 6HWXS

([SHULPHQWDO 6HWXS
7KH SUHYLRXV VHFWLRQ GHVFULEHG KRZWKHPRGHO VLPXODWHV DQG VXI
REMHFWLYHV ,QWKLVUHVHDUFK'LVWULEXWLYH-XVWLFHLIHQIRUFHG E\
GHVFULEHG L QDFVKIDSDVHADWLRQ PHWULFY 7KHVH PHWULFV DUH SDVVHG D
WKHHYDOXDWLRQ SURFHVV BEHVEOBRHEKRBZMWEKHK@HZ FRPSOHWH RYHUYLH?Z
REMHFWLYHV XVHG IRURSWLPL]DWLRQ :LWKWKHVHREMHFWLYHYV GLIIHU
HDFK H[SHULPHQW 7KLV SURFHVV LY GHVFULEHG LQ WKHIROORZLQJVHF'

&RXQWULHYV 2EMHFWLYHV  $JJUHJDWLRQ OHYtQLw-YHFWLRQRI

2SWLPL]DWLRQ

,UULJDWLRQ 'HPDQG 'H&HBLWOUDWH BD JH OLQLPL]H

(J\SW  UULJDWLRQ 'HPDQG 'HIL"PBWWHTHOWRLOH ZRUVW PRQWK OLG
+$'/HYHO 'HILFLW UDW)BHTXHQF\RYHU \HDUVOLQLPL]H

6XGDQ,UULJDWLRQ'HPDQG'HkHﬂ.U/DMDWHLIRDJH OLQLPLI]H
,UULJDWLRQ 'HPDQG 'HIL"PBWUHHQIWRLOH ZRUVW PRQWK OLG

(WKLRSLD +\GUR SRZHU'HPDQG 'HILFLW UDWLR <HDOIOQDFfIHHD JH

$00 S8WLOLWDULDQ 6RFLDO$BOIBPRMHQWU\ REMHFWLYMHLPL]H

$00 (JDOLWDULDQ 6RFLDO 0O FBXQWU\ REMHFWLYMLPL]H

$00 BULRULWDULDQ 6RFLDGOMOARXNEWU\ REMHFWLYMLPL]H

7TDEOH 7KH PRGHO REMHFWLYHVY FROWDLQLQJWKHDGGHG 'LVWULEXWLYH -XVWLFH REMHFW

7KH DLP RI WKLY UHVHDUFK LV QRW RQO\ WR HYDOXDWH 'LVWULEXWLYH -
DSSURDFKIRU WKLV ZLWK DQ $ 3RVWIHYUWKWL DSEWRFREKXPI@ ERRZY DQ RYHL
QHHGHG IRXU H[SHULPHQWY WR PDNH VXFK D FRPSDULVRQ 7KHRSWLPL]D
IRUPXODWLRQ DQG WKUHH GLVWULEXWLYH MXVWLFH SULQFLSOH SUREC
SURFHVVHG WR FDOFXODWH WKH $ 3BRVWHULRUL GLVWULEXWLYH MXVWLF
QRW XVHG IRURSWLPL]DWLRQ ZLWKLQ WKDW H[SHULPHQW

([SHULPHQWSHIHUHQFH S8WLOLWDULDQJDOLWDULDQ BULRULWDULDRQ

SUREOHP )RUPRORWQRR)RUPRORBEQRR )RUPBORBWQRR)RUPXODWLRQ

$ 3ULRUL $ 3RVWHULRUL$ 3BRVWHULRULS$ 3BRVWHULRUL
5HIHUH

$ 3ULRUL $ 3ULRUL $ 3RVWHULRUL$ 3RVWHULRUL
S8WLOLW

$ 3ULRUL $ 3RVWHUL $3ULRUL $ 3ULRUL
(JDOLW

$ 3ULRUL $ 3RVWHULRUL$ 3RVWHUL $3ULRUL
3ULRUL'

7DEOH 7KH ([SHULPHQWDO 'HVLJQ KLIKOLJKWLQJLQ EOXH WKH XVHG SUREOHP IRUPXODWLR
XVHG SUREOHP IRUPXODWLRQVIRUHYDOXDWLQJ SRVW SURFHVVLQJ $3RVWHULRUL



([SHULPHQWDO 6HWXS

*HQHUDO &RQILIXUDWLRQV

7KH 1XPEHU RI )XQFWLRQUMD-OMXDWR RQMH IUHT X HQE3B W R & HOKLW KiH H

FXWHG 7KHRSWLPL]DWLRQ SURFHVV XQGHUJRHV XSGDWHV IROORZLQJH
WUDFNLQJ WKH QXPEHU RI IXQFWLRQ HYDOXDWLRQV VHUYHV DV DQ LQGL!
VLIQLI\LQJ WKH VWDELOLW\ RI WKH VRIX3/% DRWQLVO L. {0 WK MSROROUW H LW R PW K H
WR DSSUR[LPDWH WKH 3DUHWR IURQW VWDELOLW\GHQRWHV DVWDWH ZK
UHODWLYHO\ FRQVLVWHQW DFURVV VXFFHVVLYH PRGHO UXQV ,QFUHDVL(
KDQFHV WKH OLNHOLKRRG RI VROXWLRQV FRQYHUJLQJ WRZDUGV WKH WU

,QWKH SULRBDVWMLXG\RI IXQFWLRQHYDOXDWLRQV ZHUHHPSOR\HG UHVX:
YHUJHQFHLQ VROXWLRQV +RZHYHU JLYHQ WKHPRGHO DGMXVWPHQWV P
PHWULFV WR DVVHVV LI WKLV QXPEHU UHPDLQV DGHTXDWH $Q H[SODQDW
$SSHQ®B L]

6HHG®WOD\ D FUXFLDO UROHLQ GHWHUPLQLQJWKHLQLWLDO SRLQWV RI WK
WR WKH IDFW WK BWVONRKMLWKP HPSOR\HGOWRERRGXPOWWAHODWLRQ LQFR
UDWHV VWRFKDVWLFLW\ WR VDPSOH SRWHQWLDO VROXWLRQV 7KLV UHQ
VHHG $OWKRXJK WKHVH VHHGY DUH WHUPHG "UDQGRP ~ WKH\ DUH JHQH
TXHQFHV ZKLFKDUHGHWHUPLQLVWLFDQG QRQ UDQGRPLQ QDWXUH &R
FRQWLQJHQW XSRQ WKHVH SVHXGR UDQGRP VHTXHQFHV

TRPLWLIDWH WKLY GHSHQGHQF\RQ WKH SVHXGR UDQGRP EHKDYLRU D UI
7TKLVDQDO\WLV KHOSV FRQWURO WKH XQIRUHVHHQ HITHFWV RI YDULDELOL
WLSOH UXQV 7KH PRGHO LV FRQILJXUHG IRU ILY &V HEHKBYYSHULIQN R UNLIRH
YHULILFDWLRQ SURFHVV DVVHVVLQJ WKH PRGHOYV EHKDYLRU XQGHU YD
VXIILFLHQF\RI WKLY VHOHFWHG QXPEHU



$QDO\VL\

7TKHPRGHO IORZFKDUW GHERPEBHGWLEV) WZRIBIULPDU\PRGHOLQJEORFNV W
DQG WKHHYDOXDWLRQ VWHS 7KLV FKDSWHU LQLWLDOO\SUHVHQWYV WKH
WDWLRQV LQ WKH VLPXODWLRQ VWHS 6XEVHTXHQWO\ D FOHDU GLVWLC
HPSOR\HGWRHYDOXDWHWKHPRGHO RXWFRPHV XVLQJD UHIHUHQFH SURI
HYDOXDWLQJ 'LVWULEXWLYH -XVWLFHLQD GLVWLQFW SUREOHP IRUPXOD

(TXDWLRQV XVHG IRUG6LPXODWLRQ

s¢ $ al ,a% $Va, PRG a 044
b i

(TXDWLR®HWDLOV WKH FRPSXWDWLRQ &1 VK HRKHIOHD ¥ H U HKIKHPERI Q

WIHD GLDO %DV LVEPK)IPWHR B U\ LQG § PGHNHOWHG ZLWK D FRQVWDQW DG M X\
HWHY 7KLV FDOFXODWLRQ RFFXUV DW WIKRH RIQ \HHUW URH VAHD & Y RPLAUR W L R Q
SURYLGHV LQVLJKW LQWR WKH VSHFLILF LQSXWV XWLOL]HG E\ WKH SROLT
DWDJLYHQ PRPHQW

7KHILUVW LQSXW GRIQRWMHGHFWRU FRQWDLQLQJ WKH VWRUDJH YDOXHYV |
RQG LQ%MY, FRUUHVSRQGV WRWKHFXPXODWLYHFDWFKPHQW LQIORZV |
JDLQ LQ WKH SUHFHGLQJPRQWK $GGLWLRQDOO\ WKH SROLF\IXQFWLRC

PRG DVDQLQSXW DGGUHVVLQJVHDVRQDO YDULDWLRQV EHIRUH GHW|

qu» Q,d . eEidﬂmiﬁ a §TC|’
JRU ZKLFK
A Am R R R R
e % (gd éﬂ%\nﬁ/ﬁm&fﬂT@ﬂﬁmgﬁTMTM_
QHW LQIORYDSRUDWDR® XDO UHOHDVH
$QG _ —
PEfL L&d! pdEdy
PELmST Y EHG  Ls? plES

s¢ RWKHUZLVH



(TXDWLRQV XVHG IRU (YDOXDWLRQ

(TXDWLRSRURYLGHVY D EURDG RYHUYLHZ RI WKH YDULDWLRQ LQ VWRUDJH |
IURP PROWX 3UHFLVHFDOFXODWLRQV RIHYDSRUDWLRQDQG UHOHDVH
EDVHG RQ WKHPRVWFXUUHQW VWRUDJH YDOXHV ZLWKLQDJLYHQ PRQWK
WLPH WRDVFHUWDLQ WKHRYHUDOO DGGLWLRQ WR RUGHGXFWLRQ IURP L

7KH LQWHJUDW eRWDXOFWQRRVR DFFRXQW WKH P R\, UM R Q WZ\L W/ R U IDIH YWDy
VXFKDV QHWfLHORIRUDWHR @ QG WHH UHOH DS} H GRIF HVIXFPQVZR QH H
HOHPHQWV FRQWULEXWHWRWKHLQ PRQWK FKDQJH L QUKH®NWR IQU YRR U
o UHSUHVHQWYV WKH ZDWHU IORZ SHU VHFRQG UHFHLYHG IURP WKH PRG
NLQ WKHPRGHO WRSRORJ\ 7KH IXQFWLRQ FRQYHUWLQJ UHVHUYRLU VWF
Mg LVWKHQPXOWLSOLHG E\ WKH HY D 3R UBNWL IR QPULIW @ RWWHK EZ BWE W IO R \
HYDSRUDWLRQ SHU VHFRQG 7KH ILQDO FRE'SEQ ¥ Q WRLW ZKKH I AWXDW LRHE
LV WKH IXO0O IRUP 7KH UHOHDVH LV ERXQGHG FRQVLGHULQJWKH FRQV\
DFWHULVWLFV 7KHDFWXDO UHOHDVH LV FRQILQHG ZLWKLQ WKH PLQLPXI

DQ® GHWHUPLQHGE\WKB WKRWHMHUYRLU DW WKHJLYHQ WLPHLQVWDQ
RYHUYLHZ LQWR WKH LQSXW RXWSXW UHODWLRQWBUWKH WKHVH PRGHO |

(TXDWLRQV XVHG IRU (YDOXDWLRQ

'LWK WKHPRGHO UHVXOWYV IURP WKH VLPXODWLRQ FUMMKDNRHIGK XM LIRIIDWK H F
$OJRUKWKFDQ WU\ WR DSSURDFK WKH 3 DUHWR DSSUR[LPDWH VHW XVLQJ V
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RXWFRPHV Rl WKH 5HIHUHQFH ([SHULPHQW VHUYLQJDV DQ LQWURGXFWL
GLWLRQDOO\ WKLV VHFWLRQ SURYLGHV JXLGDQFHRQ LQWHUSUHWLQJ S|
GDWD YLVXDOL]DWLRQ PHWKRG HPSOR\VHG LQ WKLV VWXG\ ZKHUH HDFK G
QHFWLQJYDOXHV RQ S D U DRRIHADDR [W D FORIRBFUHKHQVLYH RYHUYLHZ RI WK
UHVSHFWLYH FRQWHQW 6XEVHTXHQWO\ D FRPSDUDWLYH DQDO\VLV LV S
SHIHUHQFH ([SHULPHQW ZLWK WKH UHVXOWYV REVHUYHG GXULQJ$ 3RVWHLU
IRUPXODWLRQV 7KLV LVIROORZHGE\D VHFWLRQ WKDW VKRZFDVHV WKH
DGGHG SUREOHP IRUPXODWLRQV )LQDOO\ WKH $ 3RVWHULRULDQG $ 3UL
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(WKLRSLD +3 '"HILFIGW R SRZHU 'HPDQG 'HILFLW UDWLR OLQLPL]H (WHOBRGLDYHUDJH
8WLOLWDULDQ B8WLOLWDULDQ 6RFLDO :HOIDWHLPLI]IH $00 FRXQWU\ REBM®OFWLYHV
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7DEOH '"HWDLOV IRUHYHU\D[LV XVHG IRUVROXWLRQ VSDFH YLVXDOL]DWLRQ LQ WKH FKDSW#

7TKHS5HVXOWY RI 5SHIHUHQFH ([SHULPHQW

$V LOOXVWUDWH® K& BHIEHOHQFH ([SHULPHQW LQYROYHV RSWLPL]LQJ W
LGHQWLILHG IRU WKH (DVWHUQ 1LOH 5LYHU %DVLQ FDVH FRQVWLWXWLQ
RSWLPL]DWLRQ SURFHVV SURGXFHG D 3DUHWR DSSUR[LPDWH VHW FRPSL
RIITHUV D GHWDLOHG FRQYHUJHQFH DQDO\VLV IRUWKH YDULRXV VHHG UXC
VROXWLRQV *LYHQ WKH KLJK GLPHQVLRQDOLW\RIWKH GDWD SDUDOOH(
FKDSWHU WR GHOYH LQWR WKH UHVXOWY DQG HPSKDVL]H LQVLJKWYV 7KF
VKLSV DQG SDWWHUQV LQ PXOWLYDULDWH GDWD E\ GHSLFWLQJ HDFK VRC
VAVWHP RI REMHFWLYH YDOXHV PDNLQJWKHP SDUWLFXODUO\ XVHIXO IRU
WLYHV FRQVLGHUHG LQ HDFK GUIREPHEPJ RQBEXOPWRIR®W H/ SHFLILFDO O\
VKRZFDVHV WKH SDUDOOHO FRRUGLQDWHY SORW IRU WKH RHIHUWQFH ([
DQ LQLWLDO H[SORUDWLRQ SURYLGLQ J D5IRXRGHMV L, RQIDDVRQGHIMNHNY DIQ/G.
DQFHIRULQWHUSUHWLQJVXFK SORWV EHIRUHLQWURGXFLQJDGGHG FRP¢
SUREOHP IRUPXODWLRQV
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