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Abstract
Translational Research (TR) builds on studies on biological processes using cell culture
or animal models to develop new therapies or medical procedures. The goal of TR is to
translate  (move)  basic  science  discoveries  into  practice  quickly  and  effectively.
However, the TR has to be rendered contextual and relevant to the pattern of ailments
in the region. The context is the setting or circumstances in which a person sees the
relevance that gives it meaning. Medical Science is the branch of science concerned
with the study of knowing underpinning principles, diagnosis, treatment, and prevention
of diseases. In the Pakistani Context, our population is over 200 Million, per Capita
Income is 2680 US$ per annum, life expectancy at birth is 66/64 years (women/ men)
and the infant  mortality  rate is  64/1000 live births.  The top 10 causes of  death in
Pakistan include Ischaemic Heart Disease (IHD) (8%), Cancers (8%), Lower Respiratory
Infections (8%), Stroke (6%), Diarrheal Diseases (6%), Neonatal Encephalopathy (5%),
Chronic  Obstructive  Pulmonary  Diseases  (5%),  Tuberculosis  (5%),  Preterm  Birth
Complications (4%) and Diabetes (3%). The prevalent diseases in Pakistan (according
to WHO and CDC) hail from Infections Diseases, Tuberculosis, Bacterial Diseases, Viral
Diseases  (Currently  COVID-19  and  Dengue),  Rickettsiosis  and  other  Arthropods,
Venereal  Diseases,  Diabetes,  and  other  Metabolic  Syndromes,  Blood  Diseases
(Anaemia and Leukaemias), Neural Disorders (Stroke, Epilepsy, Parkinson's Disease),
Cardiovascular Diseases (IHD, Hypertension), Respiratory Disorders, Digestive System
Diseases,  Urinary  Disorders,  Maternal  Deaths,  Infant  Deaths,  Stunted  Growth,
Accidents, Injuries, and Poisoning. The list also includes bad habits (as a disease) like
Smoking, Intoxication, and intake of Paans/ Ghutka/ Naswar (snuff), etc. There is a
need of the hour that TR may be focused on the area of relevant diseases in the
country. The TR needs to be customized and contextualized to the regional pattern of
ailments to bring wellness and healthcare for all within the constrained resources.

Keywords:  Translational  Research,  medical  procedures,  Medical  Science,  diseases,
mortality rate, wellness, healthcare.
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Abstract
Research in the social sciences is characterized by human initiative and engagements.
This is an enterprise that is continuously evolving and changing, but it is not without
deliberate issues that impede it from reaching its full potential and utility. The present
paper features the current methods and authorship issues that enhance the research
outcomes' validity. The argument advanced because while scholars continue to explore
processes for research advancement, where possible should be avoided falsification,
plagiarism, inappropriate methodology, and inappropriate data analysis. At the same
time, significant challenges like integrity and the issues in methodological techniques
such  as  cross-sectional  methods,  conceptualizations  of  variables,  non-probability
samples, aggressive reproduction and replication of studies are major challenges of
social science research. Poor quality journals, inadequate funding and research practice
gaps are also hurdles in discipline advancement. The paper also highlights solutions to
minimize these hurdles like Systematic problem formulation, designing, problem-solving;
provision of best available evidence for practice through systematic review; creation of
relationship  beyond  collaborative  research;  and  creation  of  boundary-spanning
organizations beyond individuals' capacity and scope. Evidence-based practice, which
involves conscientious, unambiguous, and well-thought-out use of current best evidence
from systematic research in reaching decisions regarding the issue at hand. As per
research  enterprise,  social  scientists'  training  should  not  be  limited  to  the  art  and
science of conducting good research, but also to include enhancing self and marketing
skills.

Keywords: Human engagements, falsification, plagiarism, research misconduct, practice
gaps, good research.



Session 1

Health Sciences

PROF. DR. MONA MOHAMMED EL-HUSSEINY
Professor of Physiology Cairo University, Egypt

DR. SHERYAR AFZAL
Senior Lecturer, Faculty of Pharmacy, MAHSA University, Malaysia

DR. NOVI YANTIH
Associate Professor, University of Pancasila, Jakarta, Indonesia

DR. RAJIB DEB
ICAR-Post Doctoral Fellow, ICAR-National Dairy Research Institute, India

DR. HUMERA JAHAN
Associate Professor, Dr. Panjwani Center For Molecular Medicine and 
Drug Research, ICCBS, UOK, Pakistan

Moderators

PROF. DR. MONA MOHAMMED EL-HUSSEINY
Professor of Physiology Cairo University, Egypt

MAJ GEN [RETD] PROF. DR. MUHAMMAD ASLAM
Professor of Physiology, Rawalpindi, Pakistan

Speakers Page No.

01

02

03

04

05



DR. AMAN UPAGANLAWAR
Associate Professor, Dept. of Pharmacology, 
SNJBs SSDJ College of Pharmacy, India

DR. CHAUDHARY MUHAMMAD JUNAID NAZAR
Nephrologist, J&J Dialysis Center, Rawalpindi, Pakistan

PROF. MONA ABED EL-RAHMAN MOHAMED
Faculty of Nursing, Port-Said University, Egypt

DR. MD. ABU BASHAR
Assistant Professor, Institute of Medical Sciences, BHU, India

PROF. DR. FIRDAWS AHMAD AL-MASHHADANI
Professor, Baghdad University, Iraq

DR. AYODEJI OLUWAFEMI IDOWU
Federal University of Health of Health Sciences, Nigeria

DR. SOURAVH BAIS
Assistant Professor, Department of Pharmacology, SAGE University, India

NAZIA AFROZE
Manipal Academy of Higher Education, Dubai, UAE

Speakers Page No.

06

07

08

09

10

11

12

13

14

DR. DINA MOSTAFA MOHAMMED
National Research Centre, Egypt



DR. HANI SAAD AL-MUGTI
King Saud bin Abdul-Aziz University for Health Science, Saudi Arabia

SHILA KUMARI SINGH
Research Scholar, Assam Downtown University, India

DR. MBIANYOR BILL-ERICH NKONGHO AGBORYAH
University of Douala, Bokwai, Cameroon

PROF. DR. ASHRAF MOHAMED ABD-EL-MALEK
Assistant Professor, Department of Food Hygiene, Assiut University, Egypt

DR. ABDULLAH HUSSAIN
Services Hospital Lahore, Pakistan

SHADRACH PHILIP
Federal University Wukari, Nigeria

DR. MARIA MUDDASSIR
Institute of Molecular Biology & Biotechnology, The University of Lahore, Pakistan

REUBEN OGBA ONWE
Research Assistant, University of Nigeria, Enugu, Nigeria

PROF. SOHIER MOHAMMED FATHEY SYAME
Professor, National Research Center, Egypt

Speakers Page No.

15

16

17

18

19

20

21

22

23



3DJH�� 3URFHHGLQJ�RI�WKH�$&670��1RYHPEHU������������

352&((' ,1*
$&670�����

&RPPRQ�%ORRG�'LVHDVHV�RI�*HQHWLF
,QKHULWDQFH��$�5HYLHZ�RQ�7KDODVVHPLD�DQG
6LFNOH�&HOO �$QHPLD�LQ�WKH�0LGGOH�(DVW�5HJLRQ

3UHVHQWHU
3URI��0RQD
0RKDPPHG�(O�
+XVVHLQ\
,EQ�6LQD�1DWLRQDO�&ROOHJH
.6$
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�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

0RQD�0RKDPPHG�(O�+XVVHLQ\��DQG�$KPHG�0RKDPPHG�.DPDO�7DKRXQ�

�,EQ�6LQD�1DWLRQDO�&ROOHJH�IRU�0HGLFDO�6WXGLHV��-HGGDK��6DXGL�$UDELD
�3K\VLFLDQ�LQ�VXUJHU\�DQG�KHPDWRORJ\��8QLYHUVLW\�RI�6RXWK�&DOLIRUQLD��/RV�$QJHOHV��86$

$EVWUDFW
6RPH�UHJLRQV�LQ�WKH�0LGGOH�(DVW�KDYH�D�SUHYDOHQFH�UDWLR�JUHDWHU�WKDQ�����RI�FDUULHU
VWDWXV�IRU�FRPPRQ�EORRG�GLVHDVHV��'XH�WR�WKH�SUHYDOHQFH�RI�FRQVDQJXLQHRXV�PDUULDJHV
LQ�WKH�UHJLRQ��WKLV�DUWLFOH�DLPV�WR�VKHG�OLJKW�RQ�WZR�VLJQLILFDQW�HU\WKURF\WH�GLVRUGHUV�LQ�WKH
0LGGOH�(DVW�RI�DXWRVRPDO�UHFHVVLYH�LQKHULWDQFH��ZKLFK�LV�7KDODVVHPLD�DQG�6LFNOH�&HOO
$QHPLD��7KDODVVHPLD�LV�D�GLYHUVH�YDULHW\�RI�GLVRUGHUV�WKDW�UHVXOW�IURP�VHYHUDO�JHQHWLF
PXWDWLRQV�ZKLFK�DUH�FDXVHG�E\�GLVRUGHUV�LQ�WKH�V\QWKHVLV�RI���RU�PRUH�RI�WKH�QRUPDO
$OSKD�RU�EHWD�JORELQ�FKDLQV�WKDW�DUH�UHTXLUHG�IRU�WKH�V\QWKHVLV�RI�DGXOW�KHPRJORELQ��7KH
SDWWHUQ�RI�LQKHULWDQFH�IROORZHG�ZLWK�WKH�GLIIHUHQW�W\SHV�RI�7KDODVVHPLD�LV�DQ�DXWRVRPDO
UHFHVVLYH�LQKHULWDQFH�SDWWHUQ��PDNLQJ�LW�FRPPRQ�LQ�WKH�0LGGOH�(DVW�UHJLRQ�GXH�WR�WKH
SUHYDOHQFH�RI�FRQVDQJXLQHRXV�PDUULDJHV��6LPLODUO\��6LFNOH�FHOO�DQHPLD�LV�WUDQVPLWWHG
WKURXJK�DXWRVRPDO�UHFHVVLYH�LQKHULWDQFH�DQG�LV�FDXVHG�E\�D�PXWDWLRQ�DIIHFWLQJ�WKH�'1$
VWUXFWXUH�RI�%HWD�JORELQ�FKDLQV��ZKHUH�*OXWDPLF�DFLG�LV�UHSODFHG�E\�9DOLQH�RQ�WKH��WK
SRVLWLRQ �RI �&KURPRVRPH���� �$FFRUGLQJ�WR �WKH �*OREDO �(SLGHPLRORJ\�RI �+HPRJORELQ
'LVRUGHUV�UHYLHZ��WKH�SUHYDOHQFH�RI�DEQRUPDO�KHPRJORELQ�LQ�WRWDO�SRSXODWLRQ�ZDV�!���
LQ�&\SUXV�DQG�%DKUDLQ���������LQ�.6$��0RURFFR��6XGDQ��,UDT��2PDQ��4DWDU��6\ULD��DQG
<HPHQ��������LQ�7XQLVLD��8$(��/LE\D��3DNLVWDQ��,UDQ��.XZDLW��DQG�/HEDQRQ��DQG����
LQ �-RUGDQ� �$IJKDQLVWDQ �DQG �(J\SW� �:H�KLJKO\ �UHFRPPHQG�WKH �FRQGXFW �RI �SHULRGLF
VFUHHQLQJ�VXUYH\V�IRU�GLVHDVH�SUHYDOHQFH�RI�7KDODVVHPLD�DQG�6LFNOH�&HOO�$QHPLD�LQ
0LGGOH�(DVWHUQ�FRXQWULHV��ZKHUH�ERWK�GLVRUGHUV�FRQVWLWXWH�D�VLJQLILFDQW�GLVHDVH�EXUGHQ
LQ�WKH�SHGLDWULF�DQG�DGXOW�SRSXODWLRQV�

.H\ZRUGV� �7KDODVVHPLD� �6LFNOH �&HOO �$QHPLD�DXWRVRPDO �UHFHVVLYH �LQKHULWDQFH� �EORRG
GLVHDVHV��JHQHWLF�LQKHULWDQFH��0LGGOH�(DVW�
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&URVVWDON�5HODWLRQVKLS�%HWZHHQ�$GLSRQHFWLQ
5HFHSWRUV��33$5�d�DQG�c�$GUHQRFHSWRUV�LQ
5HQDO�9DVFXODWXUH�RI�'LDEHWLF�:.<V

3UHVHQWHU
'U��6KHU\DU�$I]DO
0$+6$�8QLYHUVLW\�
0DOD\VLD
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7\SH
2UDO�3UHVHQWDWLRQ
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�
7UDFN
+HDOWK�6FLHQFHV
�
�

6KHU\DU�$I]DO�����0XQDYYDU�$EGXO�6DWWDU����(GZDUG�-DPHV�-RKQV���2ORUXQIHPL

$��(VH\LQ�

�6FKRRO�RI�3KDUPDFHXWLFDO�6FLHQFHV��8QLYHUVLW\�6DLQV�0DOD\VLD��3HQDQJ��0DOD\VLD
�6FLHQWLILF�%DVLV�RI�7KHUDSHXWLFV��0$+6$�8QLYHUVLW\���������6HODQJRU��0DOD\VLD
�'HSDUWPHQW�RI�3K\VLRORJ\��8QLYHUVLW\�&ROOHJH�&RUN��&RUN��,UHODQG
�)DFXOW\�RI�3KDUPDF\��8QLYHUVLW\�RI�8\R��8\R��$NZD�,ERP�6WDWH��1LJHULD

$EVWUDFW
+\SRDGLSRQHFWLQHPLD�DVVRFLDWHG�ZLWK�K\SHUWHQVLRQ�DQG�GLDEHWLF�FRPSOLFDWLRQV�OHDGLQJ
WR �UHQDO �G\VIXQFWLRQV� �,UEHVDUWDQ �DQG �SLRJOLWD]RQH �DV �SDUWLDO �DQG �IXOO �DJRQLVWV �IRU
DFWLYDWLQJ�33$5�d�ZLWK�LQFUHDVHG�SODVPD�DGLSRQHFWLQ�FRQFHQWUDWLRQ��7KH�SUHVHQW�VWXG\
LQYHVWLJDWHG �WKH �V\QHUJLVWLF �DFWLRQ �EHWZHHQ �DGLSRQHFWLQ �ZLWK �33$5�d �DJRQLVWV �LQ
DWWHQXDWLQJ�UHQDO�KHPRG\QDPLFV�WR�DGUHQHUJLF�DJRQLVWV�IROORZLQJ�VLQJO\�DQG�FRPELQHG
WUHDWPHQW �LQ �GLDEHWLF �QRUPRWHQVLYH �UDWV ��:.<�� �$Q �LQWUDSHULWRQHDO �LQMHFWLRQ ��L�S� �RI
VWUHSWR]RWRFLQ�>��PJ�NJ@�ZDV�DGPLQLVWHUHG�WR�SUHSDUH�D�GLDEHWLF�PRGHO�RI�:LVWDU�.\RWR
�:.<��UDWV��3LRJOLWD]RQH�>��PJ�NJ�GD\@��LUEHVDUWDQ�>��PJ�NJ�GD\@�ZHUH�JLYHQ�RUDOO\�IRU
���GD\V�DQG�DGLSRQHFWLQ�LQWUDSHULWRQHDOO\�>���bJ�NJ�GD\@�IRU�ODVW���GD\V��*URXSV�RI�:.<
UHFHLYHG�SLRJOLWD]RQH��LUEHVDUWDQ��DGLSRQHFWLQ�HLWKHU�VLQJO\�RU�LQ�FRPELQDWLRQ�SURWRFRO�
0HWDEROLF�DQG�SODVPD�VDPSOHV�ZHUH�DQDO\]HG�RQ�GD\V�����������DQG�����'XULQJ�WKH
VXUJLFDO�LQWHUYHQWLRQ�RI�WKH�VWXG\��UHQDO�YDVRFRQVWULFWRU�DFWLRQV�WR�DQJLRWHQVLQ�,, �DQG
DGUHQHUJLF�DJRQLVWV�ZHUH�GHWHUPLQHG��'LDEHWLF�:.<V�KDG�ORZHU�SODVPD�DGLSRQHFWLQ�
KLJKHU�FUHDWLQLQH�FOHDUDQFH��XULQDU\��DQG�IUDFWLRQDO�VRGLXP�H[FUHWLRQ�FRPSDUHG�WR�WKH
FRQWURO�JURXS��EXW�ZHUH�QRUPDOL]HG�WR�D�JUHDWHU�H[WHQW�LQ�SLRJOLWD]RQH�DQG�DGLSRQHFWLQ
FRPELQDWLRQ �DV �FRPSDUHG �WR �RWKHU �WUHDWPHQWV� �7KH �UHVSRQVHV �DIWHU �LQWUD�UHQDO
DGPLQLVWUDWLRQ�RI�1$��3(��0(��DQG�$1*�,,�ZHUH�VLJQLILFDQWO\�KLJKHU�LQ�GLDEHWLF�:.<V�
$GLSRQHFWLQ�WUHDWPHQW�VLJQLILFDQWO\�EOXQWHG�UHVSRQVHV�WR�DGUHQHUJLF�DJRQLVWV�LQ�GLDEHWLF
:.<V�WR���������DQG�SLRJOLWD]RQH�FRPELQDWLRQ�IXUWKHU�UHGXFHG�UHVSRQVHV�E\��������
$WWHQXDWLRQ�WR�$1*�,,�UHVSRQVHV�LQ�DGLSRQHFWLQ�DQG�FRPELQDWLRQ�ZLWK�LUEHVDUWDQ�ZDV
�������DQG ��������UHVSHFWLYHO\ �>DOO �3�����@� �$GLSRQHFWLQ �UHFHSWRUV �DQG �33$5�d
LQWHUDFW �ZLWK �5$$6� �VXEVWDQWLDOO\ �DWWHQXDWLQJ �UHQDO �KHPRG\QDPLFV �VLJQLI\LQJ �WKHLU
UHQRSURWHFWLYH�SURSHUW\��7KH�FXUUHQW�VWXG\�SURYHG�WKH�V\QHUJLVWLF�DFWLRQ�EHWZHHQ�IXOO
33$5�d�DJRQLVW �DQG�DGLSRQHFWLQ� �ZKHUHDV� �D�FURVV�WDON �LQWHUDFWLYH�UHODWLRQVKLS�DOVR
H[LVWV �DPRQJ �c� �DGUHQRFHSWRUV� �DGLSRQHFWLQ �UHFHSWRUV� �DQG �33$5�d �LQ �WKH �UHQDO
YDVFXODWXUH�RI�VWUHSWR]RWRFLQ�LQGXFHG�:.<V�

.H\ZRUGV� �'LDEHWHV� �33$5�d �DJRQLVWV� �$GLSRQHFWLQ� �3LRJOLWD]RQH� �,UEHVDUWDQ� �$OSKD
DGUHQRFHSWRUV��$QJLRWHQVLQ�,,��:LVWDU�.\RWR�UDWV
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%LRDYDLODELOLW\�6WXG\�RI�&XUFXPLQ
1DQRSDUWLFOHV�DV�6XVWDLQHG�5HOHDVHG�'HOLYHU\
6\VWHP

3UHVHQWHU
'U��1RYL�<DQWLK
8QLYHUVLWDV�3DQFDVLOD�
,QGRQHVLD
�
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7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
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�

1RYL�<DQWLK��'HQL�5DKPDW��)HOL[�6DFFLR�7HQJ�DQG�<XQDKDUD�)DULGDK
3KDUPDF\�)DFXOW\��8QLYHUVLWDV�3DQFDVLOD��,QGRQHVLD

$EVWUDFW
9DULRXV �LQ �YLWUR �DQG �LQ �YLYR �VWXGLHV �KDYH �VKRZQ �WKDW �FXUFXPLQ �KDV �PDQ\
SKDUPDFRORJLFDO�DFWLYLWLHV��RQH�RI�ZKLFK�LV�DQWLFDQFHU��1RQ�QDQR�VL]H�FXUFXPLQ�KDV�ORZ
VROXELOLW\��SRRU�DEVRUSWLRQ�DQG�ORZ�ELRDYDLODELOLW\��7KLV�VWXG\�DLPV�WR�IRUPXODWH�FXUFXPLQ
LQWR�QDQRSDUWLFOHV�EDVHG�RQ�HWK\O�FHOOXORVH�F\VWHDPLQH�DV�D�GHOLYHU\�V\VWHP�ZLWK�WKH
DLP �RI �LQFUHDVLQJ �WKH �DEVRUSWLRQ �RI �FXUFXPLQ �DQG �REWDLQLQJ �D �FRPSDULVRQ �RI
SKDUPDFRNLQHWLF�SDUDPHWHUV��&PD[��7PD[��$8&��W�����QDQRSDUWLFOHV�RI�FXUFXPLQ�EDVHG�RQ
HWK\O�FHOOXORVH�F\VWHDPLQH�WR�QRQ�QDQR�VL]H�FXUFXPLQ�LQ�SODVPD��DQG�DOVR�FRPSDUH�WKH
VXVWDLQHG�UHOHDVHG�GHOLYHU\�V\VWHP�LQ�UDW��5DWWXV�QRUYHJLFXV���5DWV�ZHUH�DGPLQLVWUDWHG
RUDOO\�DW�D�GRVH�RI�����PJ�NJ%:�ZLWK�D�FXUFXPLQ�FRQFHQWUDWLRQ�RI��������5DW�EORRG
VDPSOHV�ZHUH�WDNHQ�WKURXJK�WKH�RUELWDO�VLQXV�DW�FHUWDLQ�LQWHUYDOV��%ORRG�VDPSOHV�ZHUH
DQDO\]HG�E\�+LJK�3HUIRUPDQFH�/LTXLG�&KURPDWRJUDSK\��7KH�UHVXOWV�VKRZHG�WKDW�WKH
ELRDYDLODELOLW\�SURILOH�RI�FXUFXPLQ�KDG���SHDNV�DW�DURXQG����������DQG�����PLQXWHV��7KH
SKDUPDFRNLQHWLF �SDUDPHWHUV �RI �FXUFXPLQ �ZHUH �PD[LPXP�DEVRUSWLRQ �OHYHO ��&PD[� �RI
��������QJ�P/��DEVRUSWLRQ�SHDN�WLPH��7PD[��RI����PLQXWHV��DEVRUSWLRQ�KDOI�OLIH��W������RI
��� �KRXUV �DQG�$8&�RI ����������QJ�KRXU�P/� �3KDUPDFRNLQHWLF �SURILOHV �RI �FXUFXPLQ
QDQRSDUWLFOHV�ZHUH�&PD[�RI���������QJ�P/��7PD[�RI�����PLQXWHV��W�����RI������KRXUV�DQG
$8&�RI����������QJ�KRXU�P/��7KH�UHVXOWV�RI�WKH�DQDO\VLV�XVLQJ�RQH�ZD\�$129$�ZLWK�D
VLJQLILFDQFH�YDOXH�RI������DW�7PD[�DQG�&PD[�VKRZHG�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH

ILUVW �SHDN�OHYHOV��DW �DURXQG�WKH���WK �PLQXWH� �RI �FXUFXPLQ�LQ �FXUFXPLQ�QDQRSDUWLFOHV
FRPSDUHG�WR�QRQ�QDQR�VL]H�FXUFXPLQ��+RZHYHU��DW�WKH�VHFRQG�DQG�WKLUG�SHDNV��WKHUH
ZDV�D �VLJQLILFDQW �GLIIHUHQFH�LQ �WKH �&PD[ �RI �WKH �QDQRFXUFXPLQ �IRUPXOD �FRPSDUHG�WR
FXUFXPLQ��7KH�UDWLR�RI�$8&��LQI�DQG�$8&��W�IURP�FXUFXPLQ�QDQRSDUWLFOHV�WR�FXUFXPLQ�ZDV
KLJKHU�WKDQ�������7KH�FXUFXPLQ�QDQRSDUWLFOHV�IRUPXODWLRQ�KDG�EHWWHU�ELRDYDLODELOLW\
WKDQ�FXUFXPLQ�WKURXJK�WKH�LPSURYHPHQW�RI�SKDUPDFRNLQHWLF�SDUDPHWHUV�DQG�WKH�VXVWDLQ
UHOHDVH�SURSHUWLHV�RI�FXUFXPLQ�QDQRSDUWLFOHV�

.H\ZRUGV��1DQRSDUWLFOHV��FXUFXPLQ��GUXJ�GHOLYHU\��ELRDYDLODELOLW\�
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/DWHUDO�)ORZ�,PPXQH�$VVD\�IRU�5DSLG
'HWHFWLRQ�RI�6WDSK\ORFRFFXV�6SHFLHV�LQ�&RZ
0LON

3UHVHQWHU
'U��5DMLE�'HE
,&$5�1DWLRQDO�'DLU\
5HVHDUFK�,QVWLWXWH��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

5DMLE�'HE�DQG�6DFKLQDQGDQ�'H
$QLPDO�*HQRPLFV�/DE��$QLPDO�%LRWHFKQRORJ\�&HQWHU��,&$5�1DWLRQDO�'DLU\�5HVHDUFK
,QVWLWXWH��.DUQDO���������+DU\DQD��,QGLD

$EVWUDFW
6WDSK\ORFRFFXV�VSHFLHV�DUH�RQH�RI�WKH�PRVW�FRPPRQ�IRRG�ERUQH�]RRQRWLF�GLVHDVHV�LQ
KXPDQV�DQG�WKXV�VFUHHQLQJ�IRRG�VDPSOHV�IRU�WKH�SUHVHQFH�RI�WKH�SDWKRJHQV�KDV�EHHQ
FODVVLILHG�DV�D�OHJDO�WHVWLQJ�LWHP�DFURVV�WKH�ZRUOG�WR�HQVXUH�IRRG�VDIHW\��'DLU\�DQLPDOV
DUH�PRVW�OLNHO\�WKH�PDMRU�VRXUFH�RI�6WDSK\ORFRFFXV�LQIHFWLRQ�LQ�UDZ�PLON��'DLU\�FRZV�ZLWK
VXEFOLQLFDO �PDVWLWLV� �LQ �SDUWLFXODU� �PD\�VKHG�D�VLJQLILFDQW �QXPEHU�RI �6WDSK\ORFRFFXV
VSHFLHV��$V�D�UHVXOW��TXLFN�DQG�SUHFLVH�LGHQWLILFDWLRQ�RI�6WDSK\ORFRFFXV�VSHFLHV�LQ�GDLU\
PLON�PDVWLWLV�PLON�VDPSOHV�LV�FULWLFDO�IRU�SUHYHQWLQJ�SDWKRJHQ�WUDQVPLVVLRQ�LQ�WKH�KXPDQ
IRRG�FKDLQ��7KH�FRQYHQWLRQDO�FXOWXUH�EDVHG�PHWKRGRORJLHV�DUH�WLPH�FRQVXPLQJ��PRUH
WKDQ �� �GD\V�� �WHGLRXV� �DQG �UHTXLUHPHQW �RI �H[WUD �FDUH �IRU �VSHFLILF �GHWHFWLRQ �RI �WKH
EDFWHULD� �'LIIHUHQW �LPPXQRORJLFDO �PHWKRGRORJLHV �LQFOXGLQJ �(/,6$� �ZHVWHUQ �EORWWLQJ�
LPPXQRSUHFLSLWDWLRQ� �HWF� �DUH �DOVR �XVHG �IRU �GHWHFWLQJ �6WDSK\ORFRFFXV �LQIHFWLRQ�
+RZHYHU� �WKHVH �PHWKRGRORJLHV �VXIIHU �IURP�VHYHUDO �GUDZEDFNV �HVSHFLDOO\ �WKH �ORZHU
VHQVLWLYLW\�DQG�FRPSOH[�DQG�WHGLRXV�RSHUDWLRQV�PDNLQJ�WKHP�KDUG�WR�SRSXODUL]H��7KH
3&5�EDVHG�PHWKRGRORJ\�GHYHORSHG�IRU�GHWHFWLQJ�6WDSK\ORFRFFXV�LQIHFWLRQ�LV�WKH�PRVW
ZLGHVSUHDG�PHWKRG�VR�IDU��+RZHYHU��DOWKRXJK�WKLV�PHWKRG�LV�VSHFLILF�DQG�VHQVLWLYH��LW
UHTXLUHV�VRSKLVWLFDWHG�LQVWUXPHQWV�DQG�LV�WLPH�FRQVXPLQJ��,Q�WKH�SUHVHQW�VWXG\��ZH
GHYHORSHG �D �/DWHUDO �)ORZ�EDVHG �,PPXQH �$VVD\ ��/),$� �IRU �TXLFN �GHWHFWLRQ �RI
6WDSK\ORFRFFXV �VSHFLHV �LQ �FRZ �PLON� �7KH �GHYHORSHG �/),$ �FDQ �HVSHFLDOO\ �GHWHFW
6WDSK\ORFRFFXV�VSHFLHV�LQ�UDZ�RU�PDVWLWLV�PLON�VDPSOHV�ZLWK�D�/LPLW�RI�'HWHFWLRQ�DV�ORZ
DV�����[�����&)8�PO��9DOLGDWLRQ�RI�WKH�DVVD\�UHYHDOHG�WKDW�WKH�UHODWLYH�DFFXUDF\�RI�WKH
WHVW �LV ������ �ZLWK ���� �DQG ���� �RI �UHODWLYH �VSHFLILFLW\ �DQG �UHODWLYH �VHQVLWLYLW\�
UHVSHFWLYHO\��&DOFXODWHG�SRVLWLYH�SUHGLFWLYH�YDOXHV��QHJDWLYH�SUHGLFWLYH�YDOXH��DQG�.DSSD
,QGH[�RI�WKH�DVVD\�ZHUH�����������DQG�����������UHVSHFWLYHO\��7KH�GHYHORSHG�DVVD\�LV
D �VLPSOH� �FRVW�HIIHFWLYH� �UDSLG� �XVHU�IULHQGO\� �VHQVLWLYH� �DQG �SRLQW�RI�FDUH �DVVD\ �IRU
VSHFLILF�GHWHFWLRQ�RI�6WDSK\ORFRFFXV�VSHFLHV�LQ�UDZ�RU�PDVWLWLV�FRZ�PLON�VDPSOHV�

.H\ZRUGV��6WDSK\ORFRFFXV��]RRQRWLF�GLVHDVHV��UDZ�PLON��/DWHUDO�)ORZ�EDVHG�,PPXQH
$VVD\�/),$���/LPLW�RI�'HWHFWLRQ��UHODWLYH�VSHFLILFLW\��UHODWLYH�VHQVLWLYLW\�
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$*(V�,QKLELWRUV�DV�9DVFXODU�3URWHFWLYH�$JHQWV
LQ�'LDEHWHV

3UHVHQWHU
'U��+XPHUD�-DKDQ
8QLYHUVLW\�RI�.DUDFKL�
3DNLVWDQ
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

+XPHUD�-DKDQ��DQG�0��,TEDO�&KRXGKDU\
,QWHUQDWLRQDO �&HQWHU �RI �&KHPLFDO �DQG �%LRORJLFDO �6FLHQFHV� �8QLYHUVLW\ �RI �.DUDFKL�
.DUDFKL��3DNLVWDQ

$EVWUDFW
'LDEHWHV�PHOOLWXV�LV�FKDUDFWHUL]HG�E\�LQFUHDVHG�EORRG�VXJDUV�OHYHOV�DQG�LV�D�PDMRU
KHDOWK�LVVXH��:LWK�DQ�H[SRQHQWLDO�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI�GLDEHWHV�LQ�GHYHORSLQJ
FRXQWULHV��LWV�HVFDODWLQJ�SURSRUWLRQV�RI�PRUWDOLW\�IURP�FDUGLRYDVFXODU�DLOPHQWV��DQG�RWKHU
FKURQLF�FRPSOLFDWLRQV��7KHUH�LV�D�����IROG�ULVN�RI�GHYHORSLQJ�FDUGLRYDVFXODU�GLVHDVHV�LQ
GLDEHWLF �SDWLHQWV �DV �FRPSDUHG �WR �QRQ�GLDEHWLF �LQGLYLGXDOV� �,W �KDV �EHHQ �VWDWHG �WKDW
GHYHORSLQJ�FRXQWULHV�ZLOO �HFRQRPLFDOO\ �EHDU�D�ODUJHU �SURSRUWLRQ�RI �WKLV �EXUGHQ� �DQG
VSHFLILFDOO\��6RXWK�DQG�6RXWK�(DVW�$VLD�KDYH�H[SHFWHG�UHJLRQV�ZLWK�HVFDODWHG�ULVN�RI�WKLV
GLVHDVH��,Q�DVVRFLDWLRQ�ZLWK�WKH�SURMHFWLQJ�QXPEHU�RI�GLDEHWLF�SDWLHQWV�LQ�GHYHORSLQJ
FRXQWULHV� �LQFUHDVLQJ �SURSRUWLRQV �RI �PRUWDOLW\ �IURP �FDUGLRYDVFXODU �DLOPHQWV �DUH
LQHYLWDEOH��'LDEHWHV�LV�DVVRFLDWHG�ZLWK�LQFUHDVHG�SURGXFWLRQ�RI�DGYDQFHG�JO\FDWLRQ�HQG
SURGXFWV��$*(V���7KH�HQKDQFHG�$*(V�SURGXFWLRQ�GXH�WR�HOHYDWHG�EORRG�VXJDU�OHYHOV�LQ
GLDEHWHV �LV �WKH �EDVLV �RI �GDPDJH �WR �SURWHLQV� �OLSLGV� �DQG �QXFOHLF �DFLGV� �,W �LQYRNHV
VWUXFWXUDO�FKDQJHV�WR�PDFURPROHFXOHV��SDUWLFXODUO\�SURWHLQV��7KHVH�VWUXFWXUDOO\�DOWHUHG
SURWHLQV�LQGXFH�GHOHWHULRXV�HIIHFWV�DW�WKH�FHOOXODU�OHYHOV��VXFK�DV�LQFUHDVHG�LQIODPPDWRU\
VLJQDOLQJ��$*(V�LQ�GLDEHWHV�DFFHOHUDWH�DWKHURVFOHURWLF�SODTXH�LQLWLDWLRQ�DQG�SURJUHVVLRQ
YLD �SURPRWLQJ �PDFURSKDJHV �SRODUL]DWLRQ �WRZDUGV �D �SUR�LQIODPPDWRU\ �VWDWH� �7DNHQ
WRJHWKHU� �WKH �HQWLUH �DEQRUPDOLWLHV �XOWLPDWHO\ �UHVXOW �LQ �GLDEHWHV �ODWH �FRPSOLFDWLRQV�
LQFOXGLQJ �EORRG �YHVVHOV �VWLIIQHVV� �2XU �UHVHDUFK �JURXS �KDV �LGHQWLILHG �YHU\ �H[FLWLQJ
PROHFXOHV�DQG�GUXJV�WKDW �PD\�DPHOLRUDWH�YDVFXODU �FRPSOLFDWLRQV�LQ�GLDEHWHV� �7KHLU
GHWDLOHG�PRGH�RI�DFWLRQ�ZLOO�EH�GLVFXVVHG�GXULQJ�WKH�SUHVHQWDWLRQ�

.H\ZRUGV��$QWLJO\FDWLRQ��5$*(��GLDEHWHV�FKURQLF�FRPSOLFDWLRQV��526��PDFURSKDJHV
SRODUL]DWLRQ�



3DJH�� 3URFHHGLQJ�RI�WKH�$&670��1RYHPEHU������������

352&((' ,1*
$&670�����

9LUJLQ�&RFRQXW�2LO �6ROXELOLVHG�&XUFXPLQ
3URWHFWV�'LDEHWLF�1HSKURSDWK\�LQ�5DWV

3UHVHQWHU
'U��$PDQ�8SDJDQODZDU
61-%CV�66'-�&ROOHJH�RI
3KDUPDF\��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

$PDQ�8SDJDQODZDU�DQG�3UDGQ\D�-DGKDY
'HSDUWPHQW�RI�3KDUPDFRORJ\��61-%CV�66'-�&ROOHJH�RI�3KDUPDF\��&KDQGZDG��1DVKLN�
,QGLD

$EVWUDFW
7KH�REMHFWLYH�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�FDUU\�RXW�WKH�b3UHFOLQLFDO�VWXG\�RQ�YLUJLQ
FRFRQXW�RLO�VROXELOL]HG�FXUFXPLQ�LQ�GLDEHWHV�LQGXFHG�QHSKURSDWK\c��0DOH�DOELQR�UDWV�RI
WKH�:LVWDU�VWUDLQ�ZHUH�XVHG�LQ�WKH�VWXG\��'LDEHWLF�QHSKURSDWK\�ZDV�LQGXFHG�LQ�UDWV�E\
WKH�DGPLQLVWUDWLRQ�RI�67=�����PJ�NJ��L�S����1HSKURSDWK\�ZDV�GHYHORSHG�DIWHU���ZHHNV�RI
67=�LQMHFWLRQ��7UHDWPHQW�ZDV�VWDUWHG�DIWHU���ZHHNV�DQG�FRQWLQXHG�IRU�IXUWKHU���ZHHNV�
7UHDWPHQW�JURXS�UHFHLYHG�YLUJLQ�FRFRQXW�RLO�VROXELOLVHG�FXUFXPLQ������PJ��PO�NJ��DQG
YLUJLQ�FRFRQXW�RLO�VROXELOLVHG�FXUFXPLQ������PJ��PO�NJ���1HSKURSDWK\�ZDV�DVVHVVHG�E\
HYDOXDWLQJ�ELRFKHPLFDO�SDUDPHWHUV�IURP�VHUXP�DQG�XULQH��%ORRG�JOXFRVH��WRWDO�SURWHLQ�
DOEXPLQ��XUHD��XULF�DFLG��FUHDWLQLQH��DQG�WRWDO�ELOLUXELQ���DQ�DQWLR[LGDQW�WKH�PDUNHUV�RI
R[LGDWLYH�VWUHVV��62'��*6+��&$7��DQG�/32���DQG�PHPEUDQH�ERXQG�$73DVHV�IURP�WKH
NLGQH\�KRPRJHQDWH��7UHDWPHQW�ZLWK�9LUJLQ�FRFRQXW�RLO�VROXELOLVHG�FXUFXPLQ�VLJQLILFDQWO\
UHGXFHG�WKH�EORRG�DQG�XULQH�JOXFRVH�OHYHO��,W�DOVR�VLJQLILFDQWO\�DOWHUHG�WKH�ERG\�ZHLJKW�
NLGQH\�K\SHUWURSK\��DQG�WKH�SDUDPHWHUV�VXFK�DV�XULQH�YROXPH��DOEXPLQ��FUHDWLQLQH��WRWDO
SURWHLQ��WRWDO�ELOLUXELQ��XULF�DFLG��DQG�XUHD�LQ�XULQH�DQG�VHUXP��7KH�WUHDWPHQW�VLJQLILFDQWO\
LPSURYHG �DQWLR[LGDQWV �DFWLYLW\ �E\ �QRUPDOL]LQJ �WKH �DOWHUHG �OHYHO �RI �HQGRJHQRXV
DQWLR[LGDQWV�VXFK�DV�62'��*6+��&$7��DQG�/32�DORQJ�ZLWK�LPSURYHPHQW�LQ�PHPEUDQH�
ERXQG �SKRVSKDWDVH� �,Q �FRQFOXVLRQ� �6WUHSWR]RWRFLQ�LQGXFHG �UDWV �VKRZHG �GLDEHWLF
QHSKURSDWK\�E\�DOWHULQJ�YDULRXV�ELRFKHPLFDO�SDUDPHWHUV��7KH�HIIHFW�RI�YLUJLQ�FRFRQXW�RLO
VROXELOL]HG�FXUFXPLQ�PLJKW�EH�GXH�WR�WKH�VWURQJ�DQWLR[LGDQW�DFWLYLW\�RI�ERWK�FRPSRXQGV�

.H\ZRUGV��'LDEHWHV��QHSKURSDWK\��DQWLR[LGDQWV��FRFRQXW�RLO��FXUFXPLQ�
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3RO\SKHQROLF�5LFK�)UDFWLRQ�RI�3K\VDOLV
SHUXYLDQD�&DO\FHV�DQG�LWV�1DQRIRUPXODWLRQ
,QGXFH�$SRSWRVLV�E\�&DVSDVH���8SUHJXODWLRQ
DQG�*��0�$UUHVW�LQ�+HSDWRFHOOXODU�&DUFLQRPD

3UHVHQWHU
'U��'LQD�0RVWDID
0RKDPPHG
1DWLRQDO�5HVHDUFK�&HQWUH
(J\SW
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

'LQD�0RVWDID�0RKDPPHG��DQG�'RKD�+�$ERX�%DNHU�

�1XWULWLRQ�DQG�)RRG�6FLHQFHV�'HSDUWPHQW� �1DWLRQDO �5HVHDUFK�&HQWUH� �'RNNL� �&DLUR�
(J\SW
�0HGLFLQDO�DQG�$URPDWLF�3ODQWV�'HSDUWPHQW��1DWLRQDO�5HVHDUFK�&HQWUH��'RNNL��&DLUR�
(J\SW

$EVWUDFW
3K\WRFRPSRXQGV�IRXQG�LQ�IUXLW�ZDVWHV�VHUYH�DV�QDWXUH
V�SUHFLRXV�JLIW�IRU�KXPDQV��,Q�WKLV
FRQWH[W� �WKH�SUHVHQW�ZRUN�DLPHG�WR�PD[LPL]H�WKH�NQRZOHGJH�FRQFHUQLQJ�WKH�XVH�RI
3K\VDOLV �SHUXYLDQD �FDO\FHV ��33&�� �33& �KDV �FRXQWOHVV �KHDOWK �SURPRWLQJ
SK\WRFRPSRXQGV��7KHVH�SK\WRFRPSRXQGV�VKRZ�WKH�SULYLOHJH�RI�EHLQJ�VHOHFWLYH�LQ�WKHLU
DFWLRQ �DJDLQVW �FDQFHU �FHOOV �ZLWKRXW �EHLQJ �KDUPIXO �WR �QRUPDO �FHOOV �EXW �WKH �SUHFLVH
PHFKDQLVP�LV�QRW�XQGHUVWRRG�\HW��8QGHU�WKLV�VFHQDULR��ZH�SHUIRUPHG�D�GHWDLOHG�VWXG\�WR
FRQILUP�WKDW�33&�DQG�LWV�QDQRIRUPXODWLRQ�FDQ�LQGXFH�DSRSWRVLV�ERWK�LQ�+HS*��FHOOV�DQG
DQLPDO�PRGHOV��33&�EXWDQROLF�IUDFWLRQ��33&%)��ZDV�SUHSDUHG�DQG�WHVWHG�IRU�LWV�WRWDO
SKHQRO��WRWDO�IODYRQRLGV�DQG�+3/&�DQDO\VLV�IRU�SKHQROLFV��DV�ZHOO�DV�WKH�LQ�YLWUR�DQG�LQ
YLYR�DQWLFDQFHU�DFWLYLW\�IRU�ERWK�QRUPDO�DQG�QDQRIRUPV�ZHUH�HYDOXDWHG��7KH�DQWLFDQFHU
PHFKDQLVPV�RI�33&%)�DQG�LWV�QDQR�IRUP�ZHUH�IXUWKHU�LQYHVWLJDWHG��5HVXOWV�REWDLQHG
UHYHDOHG�WKDW�33&%)�DQG�LWV�QDQR�IRUP�VKRZHG�KLJK�DQWL�+HS*��DFWLYLW\��5HVXOWV�DOVR
GHPRQVWUDWHG�WKDW�33&%)�DQG�LWV�QDQR�IRUP�ZHUH�DEOH�WR�LQGXFH�3UH�*��DSRSWRVLV�DQG
FHOO �F\FOH �DUUHVW ��*��0�SKDVH�� �0RUHRYHU� �33&%)�DQG �LWV �QDQR �IRUP�FDXVHG �XS�
UHJXODWLRQ�RI�FDVSDVH���P51$�LQ�+HS*��ZKLFK�FRXOG�LQGLFDWH�WKDW�WKH�DSRSWRVLV�ZDV
PHGLDWHG�YLD�WKH�LQWULQVLF�PLWRFKRQGULDO�SDWKZD\�DQG�WKH�LQ�YLYR�VWXG\�FRQILUPHG�WKHVH
UHVXOWV��7KH�WKHUDSHXWLF�HIILFDF\�RI�33&%)�FRXOG�EH�XVHG�LQ�WUHDWLQJ�SDWLHQWV�ZKR�DUH
VXVFHSWLEOH�WR�OLYHU�IXQFWLRQ�GLVRUGHUV� �+RZHYHU� �IXUWKHU�GHWDLOHG�FOLQLFDO �VWXGLHV�DUH
UHTXLUHG�WR�HVWDEOLVK�WKLV�DSSOLFDWLRQ��)UDFWLRQDWLRQ�JXLGHG�HYDOXDWLRQ�FRXOG�KHOS�LQ�WKH
GHYHORSPHQW �RI �DQ �LGHDO �DQWLFDQFHU �VRRQ� �6WXGLHV �DUH �ZDUUDQWHG �WR �DVVHVV �WKH
SRWHQWLDOLW\�RI�33&%)�LQ�+&&�WKHUDS\�LQ�WKH�IXWXUH��2YHUDOO��LW�FRXOG�EH�FRQFOXGHG�IURP
WKLV�VWXG\�WKDW�33&%)�DQG�LWV�QDQR�IRUP�PD\�VHUYH�DV�D�VXFFHVVIXO�DQG�HIIHFWLYH�DJHQWV
LQ�WKH�PDQDJHPHQW�RI�KHSDWRFHOOXODU�FDUFLQRPD��+&��

.H\ZRUGV��3K\VDOLV�SHUXYLDQD��FDO\FHV��KHSDWRFHOOXODU�FDUFLQRPD��FDVSDVHV��DSRSWRVLV�
FHOO�F\FOH�DUUHVW��UDW�
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$�6WRU\�IURP�7KDOLGRPLGH�7UDJHG\�WR�WKH
([LVWHQFH�RI�5HSRUWLQJ�$GYHUVH�(YHQWV�LQ�,QGLD

3UHVHQWHU
'U��6RXUDYK�%DLV
6$*(�8QLYHUVLW\��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

6RXUDYK�%DLV���1LOHVK�-�3DWHO���DQG�1LUPDO�'RQJUH�

�'HSDUWPHQW�RI�3KDUPDFHXWLFDO�6FLHQFH��6$*(�8QLYHUVLW\��,QGRUH��0DGK\D�3UDGHVK�
,QGLD
�'HSDUWPHQW�RI�3KDUPDFRORJ\��*DQSDW�8QLYHUVLW\��0HKVDQD��*XMDUDW��,QGLD

$EVWUDFW
7KH �GLVDVWHU �RI �DGYHUVH �GUXJ �UHDFWLRQV ��''5V�� �LQFOXGLQJ �WKH �����V �*HUPDQ
WKDOLGRPLGH�WUDJHG\��5HJXODWRU\�DJHQFLHV�DUH�LQ�OLQH�ZLWK�WKH�SKDUPDFHXWLFDO�LQGXVWULHV
IRU�$'5V�ZRUOGZLGH��7KH�UHSRUWLQJ�RI�DGYHUVH�GUXJ�UHDFWLRQV�LQ�,QGLD��OLNH�b:KR�ZLOO�EHOO
WKH�&DWc�LQ�FRQWH[W�WR�WKDW�D�JURXS�RI�UHJXODWRU\�ERGLHV�WU\�WR�PDNH�IODJ�SURJUDP�LQ
ZRUNLQJ�IRU�&OLQLFDO�UHVHDUFK�RUJDQL]DWLRQ��&52V��WR�5HSRUW�$'5��6LQFH�WKH�&29,'���
SDQGHPLF�DIIHFWHG�WKH�OLIH�RI�WKH�ZRUOGZLGH�SRSXODWLRQ�VR�LW�DOVR�DIIHFWHG�WKH�RXWVRXUFLQJ
RI�FOLQLFDO�GDWD��7KLV�ZRUN�PDLQO\�IRFXVHV�RQ�WKH�FXUUHQW�VFHQDULR�RI�$'5V�UHSRUWLQJ�LQ
,QGLD�DQG�SURYLGHV�D�IXWXUH�SHUVSHFWLYH�IRU�FOLQLFDO�WULDOV�LQ�,QGLD�

.H\ZRUGV��3KDUPDFRYLJODQFH��DGYHUVH�HYHQWV��HYLGHQFH�EDVHG�GUXJ�LQIRUPDWLRQ�
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3XEOLF�+HDOWK�5HVSRQVH�WR�+,9�(SLGHPLFV
DPRQJ�,QMHFWLQJ�'UXJ�8VHUV�LQ�6RXWK�$VLD��$
6\VWHPDWLF�5HYLHZ

3UHVHQWHU
'U��&KDXGKDU\
0XKDPPDG�-XQDLG
1D]DU
-	-�'LDO\VLV�&HQWHU�
3DNLVWDQ
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

&KDXGKDU\�0XKDPPDG�-XQDLG�1D]DU���6\HG�0XKDPPDG�$KWL]D]�$KPDG��DQG

'HY�.DWDUH\�

�3*�&OLQLFDO �)HOORZ��0'�,QWHUQDO �0HGLFLQH��(QGRFULQRORJ\�'HSDUWPHQW� �8QLYHUVLW\�RI
%XFNLQJKDP��5R\DO�*ZHQW�+RVSLWDO��1+6�7UXVW��:DOHV��8QLWHG�.LQJGRP
�6HQLRU�/HFWXUHU��&RPPXQLW\�0HGLFLQH�'HSDUWPHQW��160&��*XMUDW��3DNLVWDQ
�6XUJLFDO�-XQLRU�'RFWRU��.LQJVWRQ�+RVSLWDO��1+6�7UXVW��/RQGRQ��8QLWHG�.LQJGRP

$EVWUDFW
:RUOG �+HDOWK �2UJDQL]DWLRQ ��:+2� �KDV �GHILQHG �KDUP �UHGXFWLRQ ��+5� �SURJUDPV
VSHFLILFDOO\ �LQ �UHODWLRQ �WR �LQMHFWLRQ �GUXJ �XVHUV ��,'8V� �ZKLFK �VWDWHV �WKDW �WKH
FRPSUHKHQVLYH�LQWHUYHQWLRQ�LQFOXGHG�LQ�+5�SDFNDJH�DLPV�WR�SUHYHQW�WKH�SURSDJDWLRQ�RI
EORRG�ERUQH �LQIHFWLRQV �LQFOXGLQJ �+,9 �WKDW �RFFXUV �WKURXJK �VKDULQJ �RI �FRQWDPLQDWHG
LQMHFWLQJ�HTXLSPHQW�DQG�GUXJ�SUHSDUDWLRQV��,Q�WKH�SUHVHQW�V\VWHPDWLF�UHYLHZ��ZH�DLP�WR
GHVFULEH�+5�SURJUDPV�WDUJHWHG�WRZDUGV�,'8V�LQ�6RXWK�$VLD��6$��DQG�WR�H[SORUH�WKH
WUHQG�RI�+,9�LQIHFWLRQ�DQG�ULVN�EHKDYLRUV�DPRQJ�,'8V�LQ�WKHVH�FRXQWULHV��2QOLQH�VHDUFK
ZDV�GRQH�XVLQJ�HOHFWURQLF�GDWDEDVHV�LQFOXGLQJ�3XE0HG��0HGOLQH���3V\FKLQIR��6&,586
6WXGLHV ��(OVHYLHU �DQG �*RRJOH �6FKRODU�� �6WXGLHV �WKDW �GHVFULEHG �+5 �SURJUDP� �+,9
LQIHFWLRQ�DQG�ULVN�EHKDYLRUV�DPRQJ�,'8V�ZHUH�LQFOXGHG�LQ�WKH�UHYLHZ��7KH�DXWKRUV
VHOHFWHG�WKH�RULJLQDO�DUWLFOHV�LQ�(QJOLVK�ODQJXDJH��H[WUDFWHG�WKH�GDWD�DQG�SHUIRUPHG
QDUUDWLYH�DQDO\VHV�EDVHG�RQ�:+2
V�FRPSUHKHQVLYH�LQWHUYHQWLRQ�FULWHULD�HYDOXDWLQJ�WKH
SUHYHQWLRQ�DQG�WUHDWPHQW�RI�+,9�DPRQJ�,'8V��6HDUFK�UHVXOWHG�LQ����SHHU�UHYLHZHG�DQG
���JUH\�OLWHUDWXUH�PDQXVFULSWV�IURP������WR�������+,9�DPRQJ�,'8V�KDV�EHHQ�UHSRUWHG�LQ
DOO�FRXQWULHV�RI�6$�H[FHSW�LQ�%KXWDQ�DQG�0DOGLYHV��7KH�SUREOHP�LV�FRQFHQWUDWHG��!���
LQ�,QGLD��1HSDO�DQG�3DNLVWDQ��+5�LQWHUYHQWLRQV�DUH�LPSOHPHQWHG�LQ�DOO�FRXQWULHV�ZKHUH
+,9�DPRQJ�,'8V�H[LVWV��EXW�WKH�FRYHUDJH�LV�ORZ��7KH�DFFHVV�RI�,'8V�WR�WKH�+5�SURJUDP
UDQJHG�IURP�����LQ�$IJKDQLVWDQ�WR�����LQ�,QGLD��1RQH�RI�WKH�FRXQWULHV�KDG�DOO�HOHPHQWV
RI �WKH �:+2
V �FRPSUHKHQVLYH �LQWHUYHQWLRQ �SDFNDJH� �&RQVLGHUDEOH �GHFOLQH �LQ �+,9
SUHYDOHQFH�DQG�ULVN�EHKDYLRUV�DPRQJ�,'8V�LV�REVHUYHG�LQ�1HSDO �DQG�,QGLD��QRUWK�
HDVWHUQ�VWDWHV���7KH�LQLWLDWLRQ�RI�+5�SURJUDP�LQ�%DQJODGHVK�KDV�PDLQWDLQHG�ORZ�+,9
SUHYDOHQFH�DPRQJ�,'8V� �EXW �+,9�SUHYDOHQFH�LQ �3DNLVWDQ�DQG�RWKHU �DUHDV�RI �,QGLD
FRQWLQXHV�WR�LQFUHDVH��'HFUHDVH�LQ�ULVN�EHKDYLRUV�DQG�+,9�SUHYDOHQFH�DPRQJ�,'8V
KDYH�EHHQ�IRXQG�LQ�DUHDV�ZLWK�JRRG�FRYHUDJH�RI�+5�SURJUDP��+HQFH��WKH�6$�FRXQWULHV
VKRXOG �FRQWLQXH �+5 �LQWHUYHQWLRQV �ZLWK �DQ �HPSKDVLV �RQ �LQFUHDVLQJ �FRPSUHKHQVLYH
FRYHUDJH� �+RZHYHU� �WKH �LQFRQVLVWHQW �UHVXOWV �IURP �WKH �UHJLRQ �DQG �WKH �ODFN �RI
HIIHFWLYHQHVV�VWXGLHV�PDNHV�LW�GLIILFXOW�WR�UHDFK�D�JHQHUDO�FRQFOXVLRQ�DERXW�WKH�UROH�RI
+5�SURJUDP�LQ�UHGXFLQJ�+,9�LQIHFWLRQ�DQG�ULVN�EHKDYLRUV�DPRQJ�,'8V�LQ�6$��7KHUHIRUH�
WKHUH�LV�D�QHHG�IRU�HIIHFWLYH�VWXGLHV�RI�DYDLODEOH�+5�SURJUDPV�LQ�6$�

.H\ZRUGV��,QWUDYHQRXV�LQMHFWLQJ�GUXJ�XVH��KDUP�UHGXFWLRQ��V\ULQJH�H[FKDQJH��RSLRLG
VXEVWLWXWLRQ��LQMHFWLQJ�ULVN�EHKDYLRUV��+,9�$,'6�
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5HODWLRQVKLS�%HWZHHQ�1XUVLQJ�:RUN
(QYLURQPHQW��8VH�RI�%RG\�0HFKDQLFV�3ULQFLSOH
DQG�1XUVHV�5HSRUWHG�RI�)DWLJXH

3UHVHQWHU
3URI��0RQD�$EHG�(O�
5DKPDQ�0RKDPHG
3RUW�6DLG�8QLYHUVLW\�
(J\SW
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

0RQD�$EHG�(O�5DKPDQ�0RKDPHG��1DJODD�*LGD�DQG�1RKD�,EUDKLP
)DFXOW\�RI�1XUVLQJ��3RUW�6DLG�8QLYHUVLW\��3RUW�6DLG��(J\SW

$EVWUDFW
7KH �DLP �RI �WKH �FXUUHQW �VWXG\ �ZDV �WR �GHWHUPLQH �WKH �UHODWLRQVKLS �EHWZHHQ �ZRUN
HQYLURQPHQW� �XVH �RI �ERG\ �PHFKDQLFV �SULQFLSOH� �DQG �QXUVHV �UHSRUWHG �IDWLJXH� �$
GHVFULSWLYH�FRPSDUDWLYH�VWXG\�ZDV�FRQGXFWHG��7KLV�VWXG\�UHFUXLWHG�QXUVHV�7KH�VDPSOH
ZDV �FRPSRVHG �RI ���� �QXUVHV �ZKR �ZRUN �RQ �WKH �PHGLFDO� �VXUJLFDO� �XQLWV �DFURVV ��
KRVSLWDOV�LQ�WKH�6XH]�FDQDO�UHJLRQ�LQ�(J\SW��7KH�VWXG\�LQVWUXPHQWV�LQFOXGHG�WKH�6DPSOH
FKDUDFWHULVWLF �IRUP��REVHUYDWLRQ�FKHFNOLVW� �7KH�)DWLJXH�6HYHULW\ �6FDOH� �QXUVLQJ�ZRUN
HQYLURQPHQW �VDWLVIDFWLRQ �'DWD �ZDV �FROOHFWHG �WKURXJK �REVHUYDWLRQ �DQG �LQWHUYLHZV�
$FFRUGLQJ�WR�WKH�REVHUYDWLRQV��WKH�PDMRULW\�RI�WKH�QXUVHV�XVHG�ERG\�PHFKDQLFV�FRUUHFWO\
ZKLOH�QXUVLQJ�ZRUN�HQYLURQPHQW�VXFK�DV��SRRUO\�SHUIRUPLQJ�WHFKQRORJ\��SRRU�OD\RXW�RI
WKH�XQLW��ZKLFK�OHDGV�WR�H[FHVVLYH�ZDONLQJ��SRRU�VWDIILQJ��WXUQRYHU�RI�VWDII��SUHFHSWLQJ
UHVSRQVLELOLWLHV��DQG�UHSHWLWLYH�FKDUWLQJ�KDYH�EHHQ�IRXQG�WR�FRQWULEXWH�WR�QXUVH�IDWLJXH
DQG�KDYH�DGYHUVH�HIIHFWV�RI�ZRUNLQJ�ZKLOH�IDWLJXHG�PXVW�EH�DFNQRZOHGJHG�IURP�WKH
OHYHO�RI�WKH�FKLHI�QXUVLQJ�RIILFHU�WR�WKH�VWDII�51��0HGLFDO�HTXLSPHQW�DQG�KRVSLWDO�IDFLOLWLHV
VKRXOG�DOVR�EH�HUJRQRPLFDOO\�VXSSRUWHG�WR�SUHVHUYH�QXUVHV
�HQHUJ\�

.H\ZRUGV��%RG\�PHFKDQLFV��)DWLJXH��QXUVLQJ�ZRUN�HQYLURQPHQW�VDWLVIDFWLRQ�
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:LOOLQJQHVV�WR�5HFHLYH�&29,'����9DFFLQH�DQG
LWV�'HWHUPLQDQWV�DPRQJ�*HQHUDO�3RSXODWLRQ�RI
8WWDU�3UDGHVK��1RUWKHUQ�,QGLD

3UHVHQWHU
'U��0'��$EX�%DVKDU
,QVWLWXWH�RI�0HGLFDO
6FLHQFHV��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

0'��$EX�%DVKDU��DQG�,PUDQ�$KPHG�.KDQ�

�,QVWLWXWH�RI�0HGLFDO�6FLHQFHV��%+8��9DUDQDVL��8�3��,QGLD
�%DED�5DJKDY�'DV�0HGLFDO�&ROOHJH��*RUDNKSXU��8�3��,QGLD

$EVWUDFW
6HYHUDO�YDFFLQHV�KDYH�EHHQ�GHYHORSHG�DQG�WHVWHG�DJDLQVW�&29,'����DURXQG�WKH�JOREH�
9DFFLQH�KHVLWDQF\�DQG�PLVLQIRUPDWLRQ�SRVH�PDMRU�FKDOOHQJHV�WR�WKH�DFKLHYHPHQW�RI
FRYHUDJH�DQG�SRSXODWLRQ�LPPXQLW\��7R�DVVHVV�ZLOOLQJQHVV�IRU�WKH�FRURQDYLUXV�GLVHDVH
������&29,'�����YDFFLQH�DQG�LGHQWLI\�WKH�IDFWRUV�DVVRFLDWHG�ZLWK�LW��$�ZHE�EDVHG�FURVV�
VHFWLRQDO�VWXG\�ZDV�FRQGXFWHG�DPRQJ�WKH�XQYDFFLQDWHG�JHQHUDO�SRSXODWLRQ�RI�8WWDU
3UDGHVK��1RUWKHUQ�,QGLD�DGRSWLQJ�DQ�H[SRQHQWLDO��QRQ�GLVFULPLQDWLYH�VQRZEDOO�VDPSOLQJ
WHFKQLTXH��$�ELOLQJXDO��VHOI�DGPLQLVWHUHG�DQRQ\PRXV�VWUXFWXUHG�TXHVWLRQQDLUH�LQ�JRRJOH
IRUP�ZDV�GHVLJQHG�DQG�VHQW�WR�WKH�VWXG\�SDUWLFLSDQWV�WKURXJK�VRFLDO�PHGLD�SODWIRUPV�
'DWD�FROOHFWHG�ZHUH�H[WUDFWHG�LQ�H[FHO �VKHHWV�DQG�DQDO\]HG�XVLQJ�6366�VRIWZDUH�
YHUVLRQ������ �%LYDULDWH�DQDO\VLV�ZDV�SHUIRUPHG�WR�LGHQWLI\ �WKH�NH\�GHWHUPLQDQWV�IRU
YDFFLQH�DFFHSWDQFH�DPRQJ�WKH�SDUWLFLSDQWV� �2XW�RI �����SDUWLFLSDQWV�FRPSOHWLQJ�WKH
TXHVWLRQQDLUH� ���� �������� �VKRZHG�D �ZLOOLQJQHVV �WR �UHFHLYH �D �&29,'��� �YDFFLQH�
ZKHUHDV�����������DGPLWWHG�KHVLWDQF\�DQG�����������ZHUH�QRW�VXUH��<RXQJHU�DJH�JURXS
�������\HDUV�� �IHPDOH �JHQGHU� �DEVHQFH�RI �DQ\ �FR�PRUELGLW\� �ORZHU �HGXFDWLRQ �OHYHO�
FXUUHQW �HPSOR\PHQW �VWDWXV� �SRVLWLYH�KLVWRU\ �RI �FRQILUPHG�&29,'����LQIHFWLRQ�LQ �WKH
SHUVRQ� �DQG �SRVLWLYH �KLVWRU\ �RI �FRQILUPHG �&29,'��� �LQIHFWLRQ �LQ �DQ\ �IDPLO\
PHPEHU�IULHQG�ZHUH�WKH�IDFWRUV�IRXQG�WR�EH�VLJQLILFDQWO\�DVVRFLDWHG�ZLWK�WKH�ZLOOLQJQHVV
WR�UHFHLYH�D�&29,'����YDFFLQH��'XULQJ�WKH�VHFRQG�ZDYH�RI�WKH�&29,'����SDQGHPLF�LQ
,QGLD� �KLJK �DFFHSWDQFH �IRU �&29,'��� �YDFFLQDWLRQ �ZDV �IRXQG �DPRQJ �WKH �JHQHUDO
SRSXODWLRQ�RI�8WWDU�3UDGHVK��ZKHUHDV�FRQFHUQV�DERXW�YDFFLQH�VDIHW\�PD\�KLQGHU�WKH
DFWXDO�YDFFLQH�XSWDNH�

.H\ZRUGV��&29,'�YDFFLQH��ZLOOLQJQHVV��KHVLWDQF\��PLVLQIRUPDWLRQ��JHQHUDO�SRSXODWLRQ�
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$�5HYLHZ�RI�3URWHFWLYH�(IIHFWV�RI�6RPH
0HGLFLQDO�3ODQWV�RQ�/LYHU�,QMXU\�DQG
%LRSK\VLRORJLFDO�3DUDPHWHUV

3UHVHQWHU
3URI��)LUGDZV�$KPDG
$/�0DVKKDGDQL
$/�.LWDE�8QLYHUVLW\��,UDT
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

)LUGDZV�$��$/�0DVKKDGDQL
'HSDUWPHQW�RI �0HGLFDO �/DERUDWRU\�7HFKQLTXHV��&ROOHJH�RI�0HGLFDO �7HFKQRORJ\��$/�
.LWDE�8QLYHUVLW\��.LUNXN��,UDT

$EVWUDFW
7KH�SXUSRVH�RI�WKH�SUHVHQW�UHYLHZ�ZDV�WR�ILQG�RXW�WKH�HIIHFW�RI�WDUW�FKHUU\��$QQRQD�
)HQXJUHHN��7XUPHULF� �DQG�$SULFRW �NHUQHO �RQ�KXPDQ�KHDOWK� �7KH�SURWHFWLYH�HIIHFW �RI
VKRUW�WHUP�VXSSOHPHQWDWLRQ�RI�D�SRZGHUHG�WDUW�FKHUU\�VXSSOHPHQW��3UXQXVFHUDVXV�WKH
VRXU �FKHUU\� �DQG �HDWLQJ �ORFDO �WDUW �FKHUU\ �IUXLW �LQ �WKH �QRUWK �RI �,UDT �LQ �PDQDJLQJ
K\SHUOLSLGHPLD�DQG�UHOLHYLQJ�WKH�SDLQ�RI�JRXW��)RXU�KXPDQ�JURXSV�ZHUH�UHFUXLWHG��7ZR
IRU�PRGHUDWH�WR�ERUGHU�OHYHO�RI�XULF�DFLG�DQG�WZR�IRU�PRGHUDWH�WR�KLJK�K\SHUOLSLGHPLD
SDWLHQWV��ORFDO�WDUW�FKHUU\�IUXLWV�FRPSDUHG�ZLWK�WKRVH�UHFHLYLQJ�IUHH]H�GULHG�WDUW�FKHUU\
SRZGHU�FDSVXOH�ZLOO�EH�DQ�HVVHQWLDO�SUHYHQWDWLYH�PHDVXUH�DJDLQVW�WKH�GHYHORSPHQW�RI
G\VOLSLGHPLD��DORQJ�ZLWK�D�VLJQLILFDQW�ORZHULQJ�RI�VHUXP�XULF�DFLG��HVSHFLDOO\�IRU�ERUGHU
OHYHO�RI�VHUXP�XULF�DFLG�SDWLHQWV�ZLWKRXW�PHGLFDWLRQ�ZDV�IRXQG�$�VWXGLHV�VKRZHG�WKDW
&&O��LQMHFWLRQ�FDXVHG�VLJQLILFDQW�DOWHUDWLRQV�LQ�KLVWRORJLFDO�DQG�ELRFKHPLFDO�SDUDPHWHUV
LQ�UDW��:LWK�7XUPHULF��$QQRQD�DQG�7XUPHULF��)HQXJUHHN��$SULFRW�NHUQHO�WUHDWHG�JURXSV
VKRZHG �D �VLJQLILFDQW �ORZHULQJ �OHYHO �RI �DVSDUWDWH �DPLQRWUDQVIHUDVH ��$67�� �DODQLQH
DPLQRWUDQVIHUDVH ��$/7�� �GLUHFW �ELOLUXELQ� �DQG �LQFUHDVLQJ �OLYHU �JOXWDWKLRQH� �*6+��
VXSHUR[LGH�GLVPXWDVH���62'��OHYHOV��GHFUHDVLQJ�:KLWH�%ORRG�&HOOV��5HG�%ORRG�&HOOV�
DQG�3ODWHOHWV��,Q�WKH�KLVWRORJLFDO�SDUDIILQ�VHFWLRQ�RI�WKH�UDWV�WUHDWHG�ZLWK�$SULFRW�NHUQHO
WUHDWHG �JURXS �WKH �KLVWRORJLFDO �VWUXFWXUH �RI �WKH �OLYHU �VKRZHG �PRUH �GHFUHDVHG
GHJHQHUDWLRQ�RI�KHSDWRF\WHV�DQG�QRUPDO�HSLWKHOLDO�FHOOV�WKDQ�WKH�RWKHU��$U\OHVWHUDVH
HQ]\PH�ZDV�H[WUDFWHG�IURP�WKH�DTXHRXV�H[WUDFW�RI �$QQRQD�PXULFDWD�IUXLW �DQG�ZDV
FRQGXFWHG�XVLQJ�GLIIHUHQW�ELRFKHPLFDO�WHFKQLTXHV��7KH�SUHVHQW�UHYLHZ�DUWLFOH�IRFXVHG�RQ
WKHVH�PHGLFDO�SODQWV�EHFDXVH�RI�WKHLU�DQWLR[LGDQW�DQG�KHSDWLF�SURWHFWLYH�DFWLYLWLHV�LQ�DQ
DWWHPSW�WR�SURYLGH�D�GLUHFWLRQ�WR�IXUWKHU�UHVHDUFK�

.H\ZRUGV��+\SHUOLSLGHPLD��7DUW�FKHUU\��$QQRQD�PXULFDWD��7XUPHULF��&&O�����,QGXFHG
OLYHU�LQMXU\��DSULFRW�NHUQHO���IHQXJUHHN
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%LRDFWLYLW\�*XLGHG�)UDFWLRQDWLRQ�3URYLGHV
,QVLJKWV�LQWR�WKH�$QWL�8OFHURJHQLF�(IILFDF\�RI
)ODYRQRLGV�,VRODWHG�)URP�$UJHPRQH�PH[LFDQD
/HDI�LQ�,QGRPHWKDFLQ�,QGXFHG�8OFHURJHQHVLV�LQ
5DWV

3UHVHQWHU
'U��$\RGHML�2OXZDIHPL
,'2:8
)HGHUDO�8QLYHUVLW\�RI
+HDOWK�6FLHQFHV��1LJHULD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

$\RGHML�2OXZDIHPL�,'2:8�3K'���$GXNH�2OXUHPL�6$/,8�3K'��DQG�2OXVDQ\D

5RWLPL�$5,6(�3K'�

�'HSDUWPHQW�RI�%LRFKHPLVWU\��)DFXOW\�RI�%DVLF�0HGLFDO�6FLHQFHV��)HGHUDO�8QLYHUVLW\�RI
+HDOWK�6FLHQFHV��2WXNSR��%HQXH�6WDWH��1LJHULD
�'HSDUWPHQW�RI�(QYLURQPHQWDO �+HDOWK�6FLHQFH��)DFXOW\�RI �+HDOWK�6FLHQFHV��1DWLRQDO
2SHQ�8QLYHUVLW\��$EXMD��1LJHULD
�'HSDUWPHQW�RI�%LRFKHPLVWU\��)DFXOW\�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�,ORULQ��.ZDUD�6WDWH�
1LJHULD

$EVWUDFW
3HSWLF�XOFHU�GLVHDVH��38'��D�GLVRUGHU�RI�WKH�VWRPDFK�DQG�GXRGHQXP�LV�RQH�RI�WKH�PRVW
SUHYDOHQW�JDVWURLQWHVWLQDO�GLVHDVHV�ZLWK�DQ�LQFUHDVLQJ�EXUGHQ�LQ�VXE�6DKDUDQ�$IULFD�
'UXJV�FXUUHQWO\�DYDLODEOH�IRU�WKH�WUHDWPHQW�RI�38'�FRQIHU�WR�VLGH�HIIHFWV�OHDGLQJ�WR�WKH
VHDUFK �IRU �D �PRUH �HIIHFWLYH �DQG�VDIH �DOWHUQDWLYH� �7KH�VWXG\ �LQYHVWLJDWHG �WKH �DFLG�
VHFUHWLRQ �LQKLELWRU\ �DQG�DQWLR[LGDQW �DFWLYLWLHV �RI �IODYRQRLGV �LVRODWHG �IURP�$UJHPRQH
PH[LFDQD�OHDI�LQ�LQGRPHWKDFLQ�LQGXFHG�XOFHURJHQLF�UDWV��&UXGH��HWKDQRO��H[WUDFW�RI�$�
PH[LFDQD �ZDV �VXEMHFWHG �WR �VROYHQW�VROYHQW �SDUWLWLRQLQJ �ZLWK �IXUWKHU �SXULILFDWLRQ �E\
FKURPDWRJUDSK\�DQG�IUDFWLRQV�REWDLQHG�ZHUH�VFUHHQHG�IRU�XOFHU�KHDOLQJ��7KH�XOFHU�ZDV
LQGXFHG�LQ�UDWV�E\�D�VLQJOH�RUDO �DGPLQLVWUDWLRQ�GRVH�RI����PJ�NJ�E�Z�LQGRPHWKDFLQ
IROORZHG�E\�WUHDWPHQW�ZLWK�WKH�IUDFWLRQV�XVLQJ����PJ�NJ�RPHSUD]ROH�DV�WKH�UHIHUHQFH
GUXJ� �7KH�HIIHFW �RI �WKH�IUDFWLRQV�RQ�DFLG�VHFUHWRU\��XOFHU �LQGH[� �JDVWULF �DFLGLW\� �S+�
SHSVLQ �DQG�+��.��$73DVH�DFWLYLWLHV�� �PXFRVDO �GHIHQVH��PXFXV�JO\FRSURWHLQV� �WRWDO
SURWHLQ��SDUDPHWHUV��DQG�DQWLR[LGDQW�VWDWXV��VXSHUR[LGH�GLVPXWDVH��FDWDODVH��UHGXFHG
JOXWDWKLRQH� �JOXWDWKLRQH �UHGXFWDVH� �DQG �JOXWDWKLRQH �SHUR[LGDVH� �LQ �VWRPDFK �DQG
GXRGHQXP�RI�UDWV�DQG�WKH�KLVWRSDWKRORJ\�DW�WHVW�GRVH�RI����PJ�NJ�E�Z�ZDV�DVVHVVHG�
+LJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSKLF�SURILOLQJ�RI�WKH�DFWLYH�IUDFWLRQ��)$��LGHQWLILHG
ILYH �IODYRQRLGV ��DSHJLQLQ� �����GLK\GUR[\FKDOFRQH� ����� �FDWHFKLQ� �����GLK\GUR[\�������
WULPHWKR[\IODYRQH��DQG�����GLK\GUR[\�����GLPHWKR[\IODYRQH��LVRODWHG�IRU�WKH�ILUVW �WLPH
IURP�WKLV �SODQW� �7KH�IODYRQRLGDO �FRPSRXQG�V� �VLJQLILFDQWO\ �DWWHQXDWHG��S������ �XOFHU
LQGH[��JDVWULF�DFLGLW\��S+��SHSVLQ��DQG�+��.��$73DVH�DFWLYLWLHV��LQFUHDVHG�VLJQLILFDQWO\
�S�������WKH�JO\FRSURWHLQ�DQG�PXFXV�FRQWHQWV�LQ�WKH�VWRPDFK�DQG�DV�ZHOO�DPHOLRUDWHG
GHSOHWHG�OHYHOV�RI�VXSHUR[LGH�GLVPXWDVH��FDWDODVH��JOXWDWKLRQH�UHGXFWDVH��SHUR[LGDVH
DFWLYLWLHV� �DQG �JOXWDWKLRQH �FRQFHQWUDWLRQ �LQ �WKH �VWRPDFK �DQG �GXRGHQXP �RI �UDWV�
+LVWRSDWKRORJLFDO�REVHUYDWLRQ�DOVR�LOOXVWUDWHG�DQ�DPHOLRUDWHG�GLVWRUWHG�HSLWKHOLDO�FHOO�RI
WKH�JDVWULF�PXFRVD��7KH�VWXG\�FRQFOXGHG�WKDW�IODYRQRLGV�FRXOG�VHUYH�DV�DQ�DOWHUQDWLYH
IRU�WKH�GHYHORSPHQW�RI�DQ�HIIHFWLYH�DQG�VDIHU�DQWLXOFHU�GUXJ�WKHUDS\�
.H\ZRUGV��,QGRPHWKDFLQ��SHSWLF�XOFHU��$UJHPRQH�PH[LFDQD��IODYRQRLGV��DQWLR[LGDQW
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&HOO�3UROLIHUDWLRQ�,QKLELWLRQ�DQG�,QGXFWLRQ�RI
$SRSWRVLV�LQ�+H/D�&HOOV�E\�)LVHWLQ�WKURXJK
0RGXODWLQJ�0XOWLSOH�6LJQDOLQJ�3DWKZD\V

3UHVHQWHU
0V��1D]LD�$IUR]H
0DQLSDO�$FDGHP\�RI
+LJKHU�(GXFDWLRQ
'XEDL��8$(
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

1D]LD�$UUR]H��5LWX�5DLQD�DQG�$ULI�+XVVDLQ
0DQLSDO�$FDGHP\�RI�+LJKHU�(GXFDWLRQ��'XEDL�&DPSXV��8QLWHG�$UDE�(PLUDWHV

$EVWUDFW
)LVHWLQ��D�IODYRQRO���D�PHPEHU�RI�WKH�SRO\SKHQRO�IDPLO\�LV�SURIXVHO\�IRXQG�LQ�YHJHWDEOHV
DQG�IUXLWV�H[KLELWV�D�P\ULDG�RI�SKDUPDFRORJLFDO�SURSHUWLHV�LQFOXGLQJ�DQWLFDQFHU��DQWL�
LQIODPPDWLRQ� �DQG �DQWLR[LGDQW �DFWLYLWLHV� �7KLV �VWXG\ �KDV �DWWHPSWHG �QRW �RQO\ �WR �UH�
HVWDEOLVK�WKH�DQWL�FDQFHU��DQWL�R[LGDQW��DQWL�LQIODPPDWRU\�SURSHUWLHV�RI�ILVHWLQ�RQ�+H/D
FHOOV �EXW �DOVR� �LW �KDV �VRXJKW �WR �GHOLQHDWH �WKH �PROHFXODU �PHFKDQLVPV �LQYROYHG �LQ
DSRSWRVLV��LQIODPPDWLRQ��DQWL�R[LGDWLRQ��FHOO �SUROLIHUDWLRQ��DQG�VXUYLYDO� �&\WRWR[LFLW\�RI
ILVHWLQ�WRZDUGV�+H/D�FHOOV�ZDV�HVWDEOLVKHG�WKURXJK�077�DVVD\�ZKLFK�UHGXFHG�YLDELOLW\�RI
+H/D�FHOOV�LQ�ERWK�WLPH�DQG�GRVH�GHSHQGHQW�PDQQHUV��)LVHWLQ�H[KLELWHG�SRWHQW�DQWL�
FDUFLQRJHQLF �DFWLRQ �RQ �QXFOHDU �PRUSKRORJ\� �'1$ �ODGGHU �DVVD\� �DOWHUDWLRQ �LQ
PLWRFKRQGULDO �PHPEUDQH �SRWHQWLDO� �DQG �$QQH[LQ�3L �GRXEOH �VWDLQLQJ� �,W �GHWHUUHG �FHOO
SUROLIHUDWLRQ�E\�FDXVLQJ�FHOO�F\FOH�DUUHVW�DW�WKH�*��0�SKDVH�E\�GRZQUHJXODWLQJ�YDULRXV
F\FOLQV�DQG�&'.V�VXFK�DV�&&1%���&&1%���&&1(���&'.1�%��DQG�&'.���)LVHWLQ
LQGXFHG�DSRSWRVLV�LQ�+H/D�FHOOV�E\�PRGXODWLQJ�WKH�H[SUHVVLRQ�RI�YDULRXV�JHQHV�DW�ERWK
WUDQVFULSW�DQG�SURWHLQ�OHYHO�VXFK�DV�LW�XSUHJXODWHG�WKH�H[SUHVVLRQ�RI�WKH�SURDSRSWRWLF
JHQH�LQFOXGLQJ�$3$)���%$;��%$'��%,'��%,.��%2.��%$.���+75$���75$''��&$5'��
'(''�)$6��DQG�&DVSDVHV���DQG���DW�WKH�WUDQVFULSW�OHYHO�DQG�%DG��%D[��%LG��%LP��&\W�F�
)DV��S����S����S���&DVSDVHV���DQG���DW�WKH�SURWHLQ�OHYHO��ZKLOH�GRZQUHJXODWHG�WKH
H[SUHVVLRQ�RI�SUR�VXUYLYDO�JHQH�%&/����%,5&���0&/����;,$3�DQG�1$,3�DW�WUDQVFULSW�DQG
%FO����;,$3��/LYLQ��FODS���DW�WKH�SURWHLQ�OHYHO��)LVHWLQ�ZDV�DOVR�GHPRQVWUDWHG�WR�PLWLJDWH
R[LGDWLYH�VWUHVV�DQG�LQIODPPDWRU\�UHVSRQVH�LQ�+H/D�FHOOV��0RUHRYHU��WKH�H[SUHVVLRQ�RI
YDULRXV �PROHFXODU �SOD\HUV �LQYROYHG �LQ �$.7� �-$.�67$7� �1)�N%� �0$3N� �DQG �7*)E
VLJQDOLQJ�SDWKZD\V�KDYH�EHHQ�LQYHVWLJDWHG�WR �XQGHUVWDQG�WKH�SUREDEOH�PHFKDQLVP
HPSOR\HG�E\�ILVHWLQ�WR�PLWLJDWH�WXPRULJHQHVLV�

.H\ZRUGV� �)LVHWLQ� �+H/D �FHOOV� �DQWL�FDQFHU� �FHOO �SUROLIHUDWLRQ� �077 �DVVD\� �PLWLJDWH
R[LGDWLYH�VWUHVV��&\WRWR[LFLW\��WXPRULJHQHVLV
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3XULILFDWLRQ�DQG�&KDUDFWHUL]DWLRQ�RI�1HZO\
%DFWHULRFLQ�IURP�'DLU\�3URGXFWV�LQ�(J\SW��D
3URPLVLQJ�$SSURDFK�LQ�)RRG�%LRSUHVHUYDWLRQ

3UHVHQWHU
3URI��6RKLHU
0RKDPPHG�)DWKH\
6\DPH
1DWLRQDO�5HVHDUFK�&HQWHU
(J\SW
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

6RKLHU�0��6\DPH��1DJZD�6���$WWD��$VKUDI�6��+DNLP��5LKDP�0��+HGLD��(PDQ��$�
.KDLU\��(PDQ�6��,EUDKLP��$VPDD�6DP\�0DQVRXU��'RDD�'�.KDODI��0RQD�0��+�
6ROLPDQ�DQG�*DEHU��(��6�
'HSDUWPHQW�RI�0LFURELRORJ\�DQG�,PPXQRORJ\��1DWLRQDO�5HVHDUFK�&HQWHU��(J\SW

$EVWUDFW
%DFWHULRFLQV�DUH�LQGLFDWHG�WR�SUHYHQW�WKH�JURZWK�RI�XQGHVLUDEOH�EDFWHULD�LQ�D�IRRG�JUDGH
LQ�D�QDWXUDO�ZD\�IRU�JHQHUDO�KHDOWK��VR��WKH�ODVW�WZR�GHFDGHV�KDYH�VHHQ�SURJUHVVLYH
LQYHVWLJDWLRQ�RQ�/$%�DQG�WKHLU�PHWDEROLWHV�WR�GLVFRYHU�QHZ�/$%�VWUDLQV�WKDW�FDQ�EH�XVHG
LQ�IRRG�SUHVHUYDWLRQ�DQG�SURGXFWLRQ�RI�EDFWHULRFLQ��$�WRWDO�RI�����ODFWLF�DFLG�EDFWHULD
�/$%��LVRODWHV�KDYH�EHHQ�UHFRYHUHG�IURP�GDLU\ �PLON �SURGXFWV� �7KH���6�U51$�ZDV
DQDO\]HG�IRU�GLIIHUHQW�LVRODWHV��7KH�FUXGH�EDFWHULRFLQ�ZDV�SUHSDUHG�IURP�/DFWREDFLOOXV
EDFWHULD�WKDW�VKRZHG�ZLGH�VSHFWUXP�DQWLPLFURELDO�DFWLYLW\�DJDLQVW�IRRG�SDWKRJHQV��7KH
SURGXFWLRQ �RI �EDFWHULRFLQ �FDQ �EH �VLJQLILFDQWO\ �LQIOXHQFHG �E\ �WHPSHUDWXUH� �PHGLD
FRPSRQHQWV��DQG�RWKHU�HQYLURQPHQWDO�IDFWRUV��WKH�PRVW�VXLWDEOH�WHPSHUDWXUH�IRU�WKH
SURGXFWLRQ�RI�EDFWHULRFLQH�IURP�ODFWLF�DFLG�EDFWHULD�ZDV�DW������b&�$OVR�LW�ZDV�VKRZQ
WKDW�WKH�PRVW�VXLWDEOH�S+�ZDV�DW����WKH�PRVW�VXLWDEOH�PHGLXP�FRPSRQHQWV�IRU�WKH
JURZWK�RI�EDFWHULD�ZHUH������JOXFRVH��7U\SWRQH��%HHI�H[WUDFW�������<HDVW�H[WUDFW�����
7ZHHQ���������.�+32��DQG�0J62��ZKLOH�WKHUH�LV�QR�JURZWK�LQ�WKH�SUHVHQFH�RI�VRGLXP
FLWUDWH��7UHDWPHQW�RI�SXULILHG�EDFWHULRFLQ�IURP�/DFWREDFLOOXV�IHUPHQWXP�E\��/\VR]\PH�
&DWDODVH� �/LSDVH� �c�DP\ODVHD �HQ]\PHV �ZDV �VKRZHG �LQKLELWRU\ �DFWLYLW\ �DJDLQVW �/�
PRQRF\WRJHQHV�ZKLOH�GLGQ
W�VKRZ�DQ\�DFWLYLW\�DIWHU�WUHDWPHQWV�ZLWK�3DSLQ�3URWHLQDVH�.�
3HSVLQ��7U\SVLQ�DQG�KDG�WKH�PD[LPXP�DFWLYLW\�DIWHU�KHDWLQJ�DW����&b�IRU����PLQXWHV
�����$8�PO� �EXW �LW �GHFOLQHG�DIWHU ����b&�IRU ����PLQXWHV �����$8�PO�� �ZKLOH �VKRZHG
PD[LPXP�DFWLYLW\�DW�DQ�LQLWLDO�S+�RI���DQG���ZLWK�DFWLYLW\�XQLW�RI�����$8�PO�DJDLQVW�/�
PRQRF\WRJHQHV� �ZKLOH �EDFWHULRFLQ �SXULILHG �IURP �/DFWREDFLOOXV �3ODQWHULXP �KDG �WKH
PD[LPXP�DFWLYLW\�DIWHU�KHDWLQJ�DW���&b�IRU�������PLQXWHV������$8�PO��EXW�LW�GHFOLQHG
DIWHU����b&�IRU����PLQXWHV������$8�PO��DQG�VKRZHG�PD[LPXP�DFWLYLW\�DW�DQ�LQLWLDO�S+�RI
� �DQG �� �ZLWK �DFWLYLW\ �XQLW �RI �����$8�PO �DJDLQVW �/� �PRQRF\WRJHQHV� �&HOO�IUHH
VXSHUQDWDQWV�RI �SXULILHG�EDFWHULRFLQ�IURP�/DFWREDFLOOXV�SODQWHULXP�ZHUH�IRXQG�WR�EH
VHQVLWLYH�WR�VHYHUDO�SURWHRO\WLF�HQ]\PHV��7KH�PROHFXODU�VL]H�RI�EDFWHULRFLQ�IURP�WKH
FXOWXUH �VXSHUQDWDQW �RI �/� �SODQWDUXP �ZDV �GHWHUPLQHG �6'6�3$*( �HOHFWURSKRUHVHV�
SURWHLQ�EDQG�ZDV�VKRZQ�DW�PROHFXODU�PDVVHV�RI�DSSUR[LPDWHO\�����N'D�

.H\ZRUGV��%DFWHULRFLQV�/��SODQWDUXP��6'6�3$*(�HOHFWURSKRUHVHG��SXULILFDWLRQ��SURWHLQ
EDQG��SURWHRO\WLF�HQ]\PHV�
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(SLGHPLRORJ\�DQG�+LJK�,QFLGHQFH�RI�0HWDOOR�b�
/DFWDPDVHV�DQG�$PS&�b�/DFWDPDVHV�LQ
1RVRFRPLDO�3VHXGRPRQDV�DHUXJLQRVD

3UHVHQWHU
'U��0DULD�0XGGDVVLU
7KH�8QLYHUVLW\�RI�/DKRUH�
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

0DULD�0XGGDVVLU�DQG�6\HG�=HHVKDQ�+DLGHU�1DTYL
,QVWLWXWH �RI �0ROHFXODU �%LRORJ\ �	 �%LRWHFKQRORJ\ ��,0%%�� �7KH �8QLYHUVLW\ �RI �/DKRUH�
3DNLVWDQ

$EVWUDFW
,VRODWHV�WKDW�SURGXFH�0HWDOOR�b�ODFWDPDVH��0%/��KROG�TXLWH�D�VLJQLILFDQW�LPSDFW�RQ�ERWK
WKHUDSHXWLF�DQG�GLDJQRVWLF�OD\RXWV��$Q�LQFUHDVHG�IUHTXHQF\�RI�JUDP�QHJDWLYH�EDFLOOL�WKDW
SURGXFH �0HWDOOR�b�ODFWDPDVH �KDV �EHHQ �UHSRUWHG �JOREDOO\� �7KLV �VWXG\ �KDV �EHHQ
FRQGXFWHG �IRU �GHWHUPLQDWLRQ �RI �WKH �LQFLGHQFH �RI �GLIIHUHQW �FOLQLFDO �LVRODWHV �RI
3VHXGRPRQDV�DHUXJLQRVD�WKDW�DUH�FDSDEOH�RI�SURGXFLQJ�0HWDOOR�b�ODFWDPDVH��0%/��
([WHQGHG�VSHFWUXP�b�ODFWDPDVHV��DQG�$PS&�b�ODFWDPDVHV�PDNLQJ�WKHP�UHVLVWDQW�WR
LPLSHQHP�DQG�FHIR[LWLQ�SOXV�WKH�LQYHVWLJDWLRQ�RI�b�ODFWDPDVH�SURGXFLQJ�JHQH�YDULDQWV�LQ
WKRVH�VWUDLQV�WKDW�H[KLELW�UHVLVWDQFH�WR�LPLSHQHP��$�WRWDO�RI������FOLQLFDO�VDPSOHV�RI
ZRXQG��XULQH��VSXWXP��WLVVXH��EORRG�DQG�SXV�ZHUH�FROOHFWHG�IURP�GLIIHUHQW�ZDUGV�RI�D
7HUWLDU\�FDUH�KRVSLWDO�LQ�/DKRUH�GXULQJ�WKH�WHQXUH�RI��0DUFK������WR�$SULO�������ZKLOVW
WKH�LVRODWLRQ�UDWH�RI�3VHXGRPRQDV�DHUXJLQRVD�ZDV�FDOFXODWHG�WR�EH������������������
����LVRODWHV�RXW �RI �D �WRWDO �RI �����LVRODWHV�RI �3VHXGRPRQDV�DHUXJLQRVD�ZHUH�IURP
IHPDOHV�ZKHUHDV�����LVRODWHV�ZHUH�IURP�PDOHV��7KH�EDFWHULDO�LVRODWHV�ZHUH�SULPDULO\
VHOHFWHG�WKURXJK�WHVWLQJ�DQWLELRWLF�VXVFHSWLELOLW\� �%DFWHULDO �VWUDLQV�WKDW�ZHUH�UHVLVWDQW
DJDLQVW�LPLSHQHP�ZHUH�IXUWKHU�GHWHFWHG�IRU�WKH�SUHVHQFH�RI�WKH�b�ODFWDPDVH�JURXS�RI
JHQHV��7KLV�ZDV�IROORZHG�E\�VWDWLVWLFDO�DQDO\VLV�RI�ULVN�IDFWRUV�ZKLFK�ZDV�GRQH�EDVHG�RQ
WKH�FOLQLFDO�VDPSOH��JHQGHU�SOXV�GHSDUWPHQW�RI�VDPSOH�FROOHFWLRQ��7KH�UHVLVWDQFH�WR
LPLSHQHP�ZDV�UHFRUGHG�DW�D�SHUFHQWDJH�RI������3KHQRW\SLF�WHVWV�VKRZHG�WKDW�RXW�RI�D
WRWDO�RI�����VWUDLQV�WKDW�ZHUH�SURFHVVHG��WKH�LQFLGHQFH�RI�0%/V�E\�&RPELQDWLRQ�GLVF�WHVW
ZDV�UHFRUGHG�DW�D�YDOXH�RI�������DQG�������E\�0RGLILHG�+RGJH�WHVW��0+7���7KH
IUHTXHQF\�RI�EOD9,0��EOD,03����EOD7(0��EOD6+9�SOXV�EOD2;$�JHQHV�ZHUH�FDOFXODWHG�WR
EH��������������������SOXV ������UHVSHFWLYHO\� �7KH�VLPXOWDQHRXV�H[SUHVVLRQ�RI
EOD0%/V��EOD,03���DQG�EOD9,0��DORQJ�ZLWK�EOD(6%/��EOD7(0��EOD6+9�DQG�EOD2;$�
ZDV�GHWHFWHG�E\�ERWK�VLPSOH[�DQG�PXOWLSOH[�3&5��7KH�FR�H[LVWHQFH�RI�EOD7(0��EOD2;$
DQG�EOD6+9�ZDV�UHFRUGHG�LQ������LVRODWHV�RI�3VHXGRPRQDV�DHUXJLQRVD��:KHUHDV��D
FRQFRPLWDQW�H[SUHVVLRQ�RI�0%/�(6%/�JHQHV�ZDV�GHWHFWHG�LQ������RI�WKH�LVRODWHV�����
RI�WKH�LVRODWHV�UHVLVWDQW�WR�FHIR[LWLQ�ZHUH�SRVLWLYH�IRU�WKH�EOD$PS&�JHQH�����������7KLV�LV
D�SLRQHHU�UHSRUW�IURP�3DNLVWDQ�WKDW�VLPXOWDQHRXVO\�LQGLFDWHV�H[SUHVVLRQ�RI�EOD,03���DQG
EOD9,0 �ZLWK �EOD2;$� �EOD7(0� �EOD2;$ �SOXV �EOD$PS& �LQ �FOLQLFDO �LVRODWHV �RI
3VHXGRPRQDV�DHUXJLQRVD�

.H\ZRUGV��3VHXGRPRQDV�DHUXJLQRVD��0'5��0HWDOOR�b�ODFWDPDVH��H[WHQGHG�VSHFWUXP�
b�ODFWDPDVH��$PS&�b�ODFWDPDVHV�
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3KDJH�'HULYHG�3URWHLQV�DJDLQVW�&RPPRQ
1RVRFRPLDO�%DFWHULDO�,QIHFWLRQV��$�5HYLHZ

3UHVHQWHU
0U��5HXEHQ�2JED
2QZH
8QLYHUVLW\�RI�1LJHULD�
1LJHULD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

5HXEHQ�2��RQZH��$QWKRQ\�&��,NH�DQG�9LFWRU\�&��1QDHPHND
'HSDUWPHQW�RI�0LFURELRORJ\��8QLYHUVLW\�RI�1LJHULD��1VXNND��(QXJX��1LJHULD

$EVWUDFW
*OREDOO\� �WKH �HPHUJHQFH �RI �PXOWL�GUXJ �UHVLVWDQW ��0'5� �EDFWHULDO �LQIHFWLRQV �KDV
JHQHUDWHG�D�ORW�RI�UHVHDUFK�LQWHUHVWV��HVSHFLDOO\�LQ�WKH�DUHD�RI�DOWHUQDWLYH�WKHUDSHXWLF
DJHQWV �DJDLQVW �WKRVH �VXSHUEXJV� �3KDJHV �KDYH �EHHQ �LGHQWLILHG �WR �EH �D �XQLTXH
DQWLEDFWHULDO�DJHQW�EHIRUH��GXULQJ��DQG�DIWHU�WKH�DGYHQW�RI�DQWLELRWLFV��,Q�WKLV�UHYLHZ��ZH
H[SORUHG �DOPRVW �DOO �DYDLODEOH �SXEOLVKHG �OLWHUDWXUH �RQ �3XE0HG� �*RRJOH �6FKRODU�
6FLHQFH'LUHFW��DQG�$IULFDQ�-RXUQDOV�2QOLQH��$-2��XVLQJ�ZRUGV��SKDJH��SKDJH�SURWHLQV�
(6.$3(��SKDJH�SURWHLQV�DJDLQVW�(6.$3(��7KLV�VWXG\�UHYHDOHG�WKDW�JHQRPH�SDFNLQJ
SURWHLQV��KRVW�FHOO�O\VLV�SURWHLQV��DQG�RU�K\SRWKHWLFDO�SURWHLQV�DUH�WKH�WKUHH�FODVVHV�RI
SKDJH�SURWHLQV�ZLWK�XWPRVW�WKHUDSHXWLF�LPSRUWDQFH��3KDJH�LQIHFWLRQ�RI�KRVW�EDFWHULXP�LV
ILUVW �LQLWLDWHG �E\ �LWV �UHFRJQLWLRQ �DQG �DWWDFKPHQW �WR �EDFWHULXP �VXUIDFH �YLD �3KDJH�
DVVRFLDWHG�SRO\VDFFKDULGH�GHJUDGLQJ�HQ]\PHV��3$3'(V��RU�GHSRO\PHUDVHV�DQG�O\VLV
FDVVHWWH�SURWHLQV��/&3V��ERWK�RI�ZKLFK�DUH�SKDJH�UHFHSWRU�ELQGLQJ�SURWHLQV��35%3V��RU
YLULRQ�DVVRFLDWHG �SURWHLQV ��9$3V�� �7KH �GHSRO\PHUDVHV �FRPPRQO\ �IRXQG �LQ �JUDP�
QHJDWLYH �SKDJHV �DWWDFK �DQG �FOHDYH �WKH �FDSVXODU �SRO\VDFFKDULGHV ��&36��
H[RSRO\VDFFKDULGHV��(36���DQG�OLSRSRO\VDFFKDULGHV��/36��RI�EDFWHULD�FHOOV��ZKLOH�O\VLV
FDVVHWWH�SURWHLQV��/&3V���KROLQV��O\VLQ��DQG�VSDQQLQ��RU�SKDJH�O\WLF�HQ]\PHV��3/(V��
GHVWUR\V�WKH�SHSWLGRJO\FDQ�OD\HU�DQG�WKH�FHOO�PHPEUDQH�GXULQJ�DQG�DIWHU�SDJH�LQIHFWLRQ�
+RZHYHU��IRU�SKDJH�SURWHLQV��ERWK�QDWXUDO�DQG�HQJLQHHUHG��WR�EH�FRQVLGHUHG�DV�WKH
PRVW�H[FHOOHQW�DQWLEDFWHULDO�FDQGLGDWHV�DJDLQVW�FRPPRQ�1RVRFRPLDO�EDFWHULD�SDWKRJHQV
DQG�RWKHU�EDFWHULD��LW�PXVW�SRVVHVV�DW�OHDVW�WZR�LQ�DQ\�RI�WKH�IROORZLQJ�LGHDO�IXQFWLRQDO
SURSHUWLHV� �LQGHSHQGHQW�FDWDO\WLF �GRPDLQ��&'�� �3XWDWLYH�DQWLPLFURELDO �SHSWLGHV��3'��
SRVLWLYHO\ �FKDUJHG �DPLQR �DFLGV �RQ �HLWKHU �WKH �&' �RU �3' �WKDW �FRQIHU �GHVWDELOL]LQJ
SURSHUWLHV�WR�WKHVH�GRPDLQV��HVSHFLDOO\�WKH�*�YH�O\VLQV��DQG�3RVVHVV�KRVW�FHOO�UHFHSWRU
ELQGLQJ�GRPDLQ��(VSHFLDOO\�IRU�*�YH�O\VLQV���8S�WR�GDWH��WKH�RQO\�KLJKO\�FRPPHUFLDOL]HG
SKDJH�SURWHLQ�LV�$UWLO\VLQ�ZLWK�EUDQG�QDPH�$UWLO\VLQ�$UW������D�ELRORJLFDOO\�HQJLQHHUHG
O\VLQ �IXVHG �ZLWK �RXWHU �PHPEUDQH �GHVWDELOL]LQJ �PROHFXOH� �,Q �DGGLWLRQ� �RQO\
6WDSK\ORFRFFXV �DXUHXV �DQG �3VHXGRPRQDV �DHUXJLQRVD �SKDJH �SURWHLQV �DUH �KLJKO\
VWXGLHG��3KDJH�SURWHLQV��WKHUHIRUH��KROG�D�ODUJH�SURVSHFW�DV�WKHUDSHXWLF�DJHQWV�EHFDXVH
RI�OHVV�RU�QR�EDFWHULDO�UHVLVWDQFH�

.H\ZRUGV��3KDJHV��EDFWHULDO�LQIHFWLRQV��DQWLPLFURELDO��O\VLV��$UWLO\VLQ
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3K\VLFDO�$FWLYLW\�/HYHO��0RWLYDWRUV�DQG�%DUULHUV
$PRQJ�(OGHUO\�$ERYH����<HDUV�2OG�:KR
$WWHQG�3ULPDU\�+HDOWK�&DUH�&HQWUHV�LQ�4DWLI�
6DXGL�$UDELD������

3UHVHQWHU
'U��+DQL�6DDG�$O�0XJWL
.LQJ�6DXG�ELQ�$EGXO��$]L]
8QLYHUVLW\�IRU�+HDOWK
6FLHQFH�
6DXGL�$UDELD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

0DMHG�1��$O�2VDLPL�� �6KLIDD�0��$O�=DKHU�� �+DQL�6�$O�0XJWL�� �%DQGHU�.�$O�

$PDUL�� �0DOLN �6 �$OPXTDWL�� �6DOK �) �$ODQD]L�� �:LG�:�%DMXQDLG�� �:DOHHG�2

$OJUHJUL���$KPHG�6�$OJKDPGL�

�3ULPDU\�+HDOWK�FDUH�'HSDUWPHQW��.LQJ�$EGXOODK�,QWHUQDWLRQDO�0HGLFDO�5HVHDUFK�&HQWUH�
.LQJ�6DXG�ELQ�$EGXO�$]L]�8QLYHUVLW\�IRU�+HDOWK�6FLHQFH��&HQWUDO�5HJLRQ��5L\DGK��6DXGL
$UDELD
�*HQHUDO�'LUHFWRUDWH�RI�+HDOWK�$IIDLUV�LQ�WKH�(DVWHUQ�5HJLRQ��0LQLVWU\�RI�+HDOWK��4DWLI�
6DXGL�$UDELD
�3ULPDU\�+HDOWK�FDUH�'HSDUWPHQW��.LQJ�$EGXOODK�,QWHUQDWLRQDO�0HGLFDO�5HVHDUFK�&HQWUH�
.LQJ�6DXG�ELQ�$EGXO��$]L]�8QLYHUVLW\�IRU�+HDOWK�6FLHQFH��:HVWHUQ�5HJLRQ��-HGGDK�
6DXGL�$UDELD
�/DERUDWRU\�'HSDUWPHQW� �*HQHWLF �/DE� �.LQJ�)DKDG�$UPHG�)RUFHV�+RVSLWDO� �-HGGDK�
6DXGL�$UDELD
�3DWLHQW�$IIDLUV�'HSDUWPHQW��.LQJ�)DKDG�$UPHG�)RUFHV�+RVSLWDO��-HGGDK��6DXGL�$UDELD
�/DERUDWRU\ �'HSDUWPHQW� �LPPXQRORJ\� �.LQJ�)DKDG�$UPHG�)RUFHV�+RVSLWDO� �-HGGDK�
6DXGL�$UDELD
�/DERUDWRU\�'HSDUWPHQW� �3XUFKDVH�GHSDUWPHQW� �.LQJ�)DKDG�$UPHG�)RUFHV�+RVSLWDO�
-HGGDK��6DXGL�$UDELD

$EVWUDFW
$Q�ROGHU�LQGLYLGXDO�XVXDOO\�VXIIHUV�IURP�FKURQLF�KHDOWK�SUREOHPV�VXFK�DV�FDUGLRYDVFXODU
GLVRUGHUV�LQ�DGGLWLRQ�WR�LPSDLUPHQW�RU�GHFOLQH�LQ�SK\VLFDO�DFWLYLW\�EXW�WKHUH�LV�HYLGHQFH
WKDW�HOGHUO\�LQGLYLGXDOV�ZLWK�UHJXODU�SK\VLFDO�DFWLYLW\�FDQ�PDLQWDLQ�KHDOWK\�IXQFWLRQLQJ
ORQJHU�WKDQ�LQDFWLYH�RQHV��7R�DVVHVV�WKH�SK\VLFDO�DFWLYLW\�OHYHO�LQ�WKH�DJHG�SHRSOH��LQ
DGGLWLRQ�WR�WKHLU�RSLQLRQV�DERXW�WKH�PRWLYDWRUV�DQG�EDUULHUV�DJDLQVW�D�SK\VLFDO�DFWLYLW\�DV
D�OLIHVW\OH�SUDFWLFH��7KLV�LV�D�GHVFULSWLYH�FURVV�VHFWLRQDO�VWXG\�WKDW�ZDV�FRQGXFWHG�LQ
SULPDU\�KHDOWK�FDUH�FHQWHUV�XQGHU�WKH�PLQLVWU\�RI�KHDOWK�DW�4DWLI�FLW\��6DXGL�$UDELD�ZLWK�D
VDPSOH�VL]H�RI�����SDUWLFLSDQWV��7KH�GDWD�ZHUH�FROOHFWHG�XVLQJ�D�YDOLGDWHG�TXHVWLRQQDLUH
QDPHG�SK\VLFDO�DFWLYLW\�VFDOH�IRU�WKH�HOGHUO\��3$6(�WRRO���6WDQGDUG�JHQHUDO�VWDWLVWLFDO
PHWKRGV�DUH�DSSOLHG�XVLQJ�WKH�FRPSXWHU��6366��IRU�GDWD�FRGLQJ�DQG�DQDO\VLV��7KH
PHDQ�VFRUH�RI�3$6(�DPRQJ�WKH�HOGHUO\�LQ�4DWLI�3+&�ZDV����b�������1R�VWDWLVWLFDOO\
VLJQLILFDQW�GLIIHUHQFH�LQ�VFRUHV�EDVHG�RQ�JHQGHU�YDULDWLRQ��+RZHYHU��NQRZOHGJH�DERXW
WKH�EHQHILW�RI�H[HUFLVH�DQG�SRRU�KHDOWK�ZHUH�WKH�PRVW�PRWLYDWRUV�DQG�EDUULHU�IDFWRUV
UHVSHFWLYHO\��3$6(�LV�DQ�LPSRUWDQW�LQVWUXPHQW�IRU�FOLQLFLDQV�WR�GHWHUPLQH�WKH�KHDOWK
VWDWXV�RI�WKH�HOGHUO\�DQG�IRU�SUHYHQWLRQ�SURWHFWLYH�VWUDWHJLHV�DQG�SODQQLQJ��ZKLFK�LV�ORZHU
LQ�RXU�UHVXOWV�LQ�FRPSDULVRQ�ZLWK�RWKHU�VWXGLHV�

.H\ZRUGV��$JHG��([HUFLVH��3K\VLFDO�DFWLYLW\�VFDOH��3ULPDU\�KHDOWK�FDUH��6DXGL�$UDELD�
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,QFUHDVHG�3UHYDOHQFH�RI�&RPPXQLW\�$FTXLUHG
0HWKLFLOOLQ�5HVLVWDQW�6WDSK\ORFRFFXV�DXUHXV
�&$�056$��LQ�+RVSLWDOV�RI�*XZDKDWL�&LW\

3UHVHQWHU
0V��6KLOD�.XPDUL�6LQJK
$VVDP�GRZQWRZQ
8QLYHUVLW\�
,QGLD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

6KLOD�.XPDUL�6LQJK���0LQDNVKL�%KDWWDFKDUMHH���%DODJRSDODQ�8QQL��DQG�5DMSDO

6LQJK�.DVK\DS�

�'HSDUWPHQW�RI�0LFURELRORJ\��$VVDP�GRZQWRZQ�8QLYHUVLW\��$VVDP��,QGLD
�'HSDUWPHQW�RI�%LRWHFKQRORJ\��$VVDP�GRZQWRZQ�8QLYHUVLW\��$VVDP��,QGLD
�$GYLVRU�5HVHDUFK��$VVDP�GRZQWRZQ�8QLYHUVLW\��$VVDP��,QGLD
�'LUHFWRU�5HVHDUFK��&HQWUDO�,QGLD�,QVWLWXWH�RI�0HGLFDO�6FLHQFH��1DJSXU��,QGLD

$EVWUDFW
6WDSK\ORFRFFXV�DXUHXV�LV�D�YHUVDWLOH�KXPDQ�SDWKRJHQ�FDXVLQJ�LQIHFWLRQV�UDQJLQJ�IURP
PLOG�LQYROYHPHQW�RI�VNLQ�DQG�VRIW�WLVVXH�WR�OLIH�WKUHDWHQLQJ�VHSVLV��SQHXPRQLD��DQG�WR[LF
VKRFN�V\QGURPH� �8QWLO �UHFHQWO\� �PHWKLFLOOLQ�UHVLVWDQW �6WDSK\ORFRFFXV�DXUHXV��056$�
ZDV�LGHQWLILHG�PDLQO\�DV�D�QRVRFRPLDO�SDWKRJHQ��EXW�LQIHFWLRQV�DWWULEXWHG�WR�FRPPXQLW\�
DFTXLUHG�056$��&$�056$��KDYH�HPHUJHG�LQ�SDWLHQWV�ZKR�GLG�QRW�KDYH�HVWDEOLVKHG�ULVN
IDFWRUV� �6LPSOH �VNLQ �DQG �VRIW�WLVVXH �LQIHFWLRQV �WR �VHULRXV �QHFURWL]LQJ �SQHXPRQLD�
QHFURWL]LQJ�IDVFLLWLV��DQG�ERQH�DQG�MRLQW�LQIHFWLRQV�FDXVHG�E\�&$��056$�DUH�QRZ�VHULRXV
SUREOHPV��0HWKLFLOOLQ�UHVLVWDQFH�LV�FRQIHUUHG�RQ�WKH�RUJDQLVP�E\�WKH�SUHVHQFH�RI�D
XQLTXH�PRELOH�JHQHWLF�HOHPHQW�FDOOHG�WKH�VWDSK\ORFRFFDO�FDVVHWWH�FKURPRVRPH�PHF
�6&&PHF��FDUU\LQJ�WKH�PHF$�JHQH��(LJKW�PDMRU�W\SHV�RI�6&&�PHF�HOHPHQWV�KDYH�EHHQ
UHSRUWHG��+RVSLWDO�DVVRFLDWHG��+$��056$�LVRODWHV�FRQWDLQ�PDLQO\�W\SH�,��,,��DQG�,,,�6&&
PHF�FDVVHWWHV��ZKLOVW�&$�056$�FRQWDLQV�W\SH�,9�DQG�9�FDVVHWWHV��,Q�WKLV�VWXG\��ZH
KDYH�FROOHFWHG�FOLQLFDO�LVRODWHV�RI�VWDSK\ORFRFFXV�DXUHXV��Q �����IURP�SDWLHQWV�DGPLWWHG
WR�YDULRXV�ZDUGV�RI�WKH�KRVSLWDO��)ROORZLQJ�D�ELRFKHPLFDO�DQG�SKHQRW\SLF�LGHQWLILFDWLRQ�RI
056$��Q ����E\�FRDJXODVH�WHVW�DQG�FHIR[LWLQ�GLVN�VHQVLWLYLW\��WKH�EDFWHULDO�JHQRPLF
'1$�RI�DOO�WKH����056$�VWUDLQV�ZHUH�LVRODWHG��7KH�ZKROH�JHQRPH�ZDV�WKHQ�VXEMHFWHG
WR�PXOWLSOH[�3&5�XVLQJ�D�PL[WXUH�RI�VHYHQ�SULPHUV��$OO�WKH�VWUDLQV�VKRZHG�PHF$�JHQH
EDQG����������RI�WKH�WRWDO�VWUDLQ�ZHUH�&$�056$�W\SH��$PRQJ�WKH�GLIIHUHQW�W\SHV�RI
VDPSOHV�FROOHFWHG�EORRG�VKRZHG�D�PD[LPXP�QXPEHU�RI�LVRODWHG�056$��)XUWKHU�LQ�WKLV
VWXG\� �WKH �3DQWRQ �YDOHQWLQH �OHXNRFLGLQ �WR[LQ �JHQH �ZLOO �EH �GHWHFWHG �E\ �3&5� �$Q
LQFUHDVLQJ�QXPEHU�RI�&$�056$�UHSODFLQJ�KRVSLWDO�VWUDLQV�RI�056$�LV�D�VHULRXV�WKUHDW�WR
H[LVWLQJ�FKHPRWKHUDSHXWLF�PHDVXUHV�XVHG�IRU�056$��0DQ\�VWXGLHV�KDYH�SURYHQ�WKDW
WKH�ILQGLQJV�GLIIHU�IURP�RQH�JHRJUDSKLFDO�DUHD�WR�DQRWKHU�DQG�WKLV�GHPDQGV�WKH�QHHG�IRU
PRUH�VWXGLHV�W\SLQJ�WKH�056$�VWUDLQV�WR�EH�FRQGXFWHG�LQ�GLIIHUHQW�SDUWV�RI�,QGLD�

.H\ZRUGV��6WDSK\ORFRFFXV�DXUHXV��&$�056$��+$�056$��PHF$�JHQH�
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$VVHVVLQJ�WKH�/HYHO�RI�,PSOHPHQWDWLRQ�RI
'LJLWDO�+HDOWK�DPRQJ�+HDOWKFDUH�:RUNHUV�LQ
7LNR�DQG�%XHD�+HDOWK�'LVWULFWV�LQ�����

3UHVHQWHU
'U��0ELDQ\RU�%LOO�(ULFK
1NRQJKR�$JERU\DK
8QLYHUVLW\�RI�'RXDOD�
&DPHURRQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

%LOO�(ULFK �0ELDQ\RU� �'LHXGRQQH �$GLRJR� �/HRQ �-XOHV �2ZRQD �DQG �$UPHOOH
1JRPED
)DFXOW\ �RI �0HGLFLQH �DQG �3KDUPDFHXWLFDO �6FLHQFHV� �8QLYHUVLW\ �RI �'RXDOD� �%XHD�
&DPHURRQ

$EVWUDFW
'LJLWDO �KHDOWK� �GHILQHG�DV�WKH�XVH�RI �LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJ\�IRU
KHDOWK�DQG�KHDOWK�UHODWHG�ILHOGV�KDV�EHHQ�GHPRQVWUDWHG�WR�LPSURYH�WKH�HIILFLHQF\�DQG
VFDOH �RI �KHDOWK �VHUYLFH �GHOLYHU\ �LQ �UHVRXUFH�OLPLWHG �VHWWLQJV� �.QRZLQJ �IDFWRUV �WKDW
LQIOXHQFH�WKH�XSWDNH�RI�GLJLWDO�KHDOWK�FRXOG�DFFHOHUDWH�WKH�SURFHVV�RI�LWV�LPSOHPHQWDWLRQ�
7KLV�VWXG\�DVVHVVHG�WKH�OHYHO�RI�LPSOHPHQWDWLRQ�RI�GLJLWDO�KHDOWK�DPRQJ�KHDOWK�FDUH
ZRUNHUV�LQ�WKH�%XHD�DQG�7LNR�KHDOWK�GLVWULFWV�DQG�LGHQWLILHG�DVVRFLDWHG�IDFWRUV��:H
GHVLJQHG �D �KRVSLWDO�EDVHG� �FURVV�VHFWLRQDO �DQDO\WLF �VWXG\ �LQ �%XHD�DQG �7LNR �KHDOWK
GLVWULFWV�IURP�-DQXDU\�WR�0D\�������+HDOWK�IDFLOLWLHV�ZHUH�VHOHFWHG�E\�VLPSOH�UDQGRP
VDPSOLQJ��+HDOWKFDUH�ZRUNHUV�ZHUH�VHOHFWHG�XVLQJ�VWUDWLILHG�VDPSOLQJ�DQG�DGPLQLVWHUHG
D�TXHVWLRQQDLUH��7KH�SULPDU\�RXWFRPH�ZDV�XVLQJ�GLJLWDO�KHDOWK�GHILQHG�DV�D�KHDOWKFDUH
ZRUNHU�ZKR�PDGH�XVH�RI�DW�OHDVW�WZR�GLJLWDO�WRROV�DQG�RQH�GLJLWDO�KHDOWK�LQWHUYHQWLRQ�RU�DW
OHDVW�WZR�GLJLWDO �KHDOWK�LQWHUYHQWLRQV��$URXQG�����SDUWLFLSDQWV�ZHUH�UHFUXLWHG�ZLWK�D
PHDQ�DJH�RI����b�����\HDUV��0RVW�RI�WKH�SDUWLFLSDQWV����������RZQHG�D�VPDUWSKRQH�DQG
IRXQG�LW�WR�EH�H[WUHPHO\�YHU\�XVHIXO������������������RI�SDUWLFLSDQWV�KDG�QHYHU�XVHG
HOHFWURQLF�SDWLHQW�UHFRUG�VRIWZDUH��7KH�XVH�RI�GLJLWDO�WRROV�DQG�GLJLWDO�KHDOWK�LQWHUYHQWLRQV
ZDV�EHORZ�����DQG�WKH�PDLQ�XVH�RI�WHFKQRORJ\�LQ�WKH�ILHOG�RI�KHDOWK�ZDV�IRU�UHVHDUFK
SXUSRVHV�����������7KH�ELJJHVW�EDUULHU�WR�WKH�XVH�RI�WHFKQRORJ\�ZDV�WKH�XQUHOLDEOH
SRZHU�VXSSO\ ���������� �2QO\��������RI �SDUWLFLSDQWV�XVHG�GLJLWDO �KHDOWK� �2ZQLQJ�D
ODSWRS��D25� �����������&,���������������S ��������KDYLQJ�LQWHUQHW�VHUYLFH�SURYLGHG�LQ
KHDOWK�IDFLOLW\��D25� �����������&,���������������S� ��������DQG�UHFHLYLQJ�SURIHVVLRQDO
WUDLQLQJ�LQ�,&7�&RPSXWHU�6FLHQFHV��D25� �����������&,���������������S ��������ZHUH
DVVRFLDWHG�WR�XVLQJ�GLJLWDO�KHDOWK��7KH�OHYHO�RI�LPSOHPHQWDWLRQ�RI�GLJLWDO�KHDOWK�DPRQJ
KHDOWKFDUH�ZRUNHUV�LQ�%XHD�DQG�7LNR�KHDOWK�GLVWULFWV�LV�XQVDWLVIDFWRU\��2ZQLQJ�D�ODSWRS�
KDYLQJ�LQWHUQHW�VHUYLFH�LQ�D�KHDOWK�IDFLOLW\��DQG�UHFHLYLQJ�SURIHVVLRQDO�WUDLQLQJ�LQ�,&7�FDQ
LPSURYH�LWV�XSWDNH�

.H\ZRUGV��'LJLWDO�KHDOWK��%XHD�DQG�7LNR�KHDOWK�GLVWULFWV��LPSOHPHQWDWLRQ�
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'HWHFWLRQ�RI�9LUXOHQFH�*HQHV�LQ�6DOPRQHOODH
,VRODWHG�IURP�57(�DQG�57&�&KLFNHQ�3URGXFWV
E\�XVLQJ�P3&5

3UHVHQWHU
3URI��$VKUDI�0RKDPHG
$EG�(O�0DOHN
$VVLXW�8QLYHUVLW\��(J\SW
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

$VKUDI�$EG�(O�0DOHN��DQG�+DGHHO�%DUDNDW�

��'HSDUWPHQW�RI�)RRG�+\JLHQH��0HDW�+\JLHQH���)DFXOW\�RI�9HWHULQDU\�0HGLFLQH��$VVLXW
8QLYHUVLW\��$VVLXW��(J\SW
�)RRG�,QVSHFWLRQ�8QLW��$VVLXW�8QLYHUVLW\��$VVLXW��(J\SW

$EVWUDFW
7KH �SUHVHQFH �RI �WKUHH �YLUXOHQFH �JHQHV� �LQY$� �ILP+� �DQG �KLO$ �ZDV �GHWHUPLQHG �LQ
6DOPRQHOOD�VSS��LVRODWHG�IURP�WKH�H[DPLQHG�57(�DQG�57&�FKLFNHQ�SURGXFWV��$�WRWDO�RI
����UDQGRP�VDPSOHV�RI�57(�FKLFNHQ�PHDW�DQG�57&�FKLFNHQ�SURGXFWV�ZHUH�FROOHFWHG
IURP�GLIIHUHQW�UHVWDXUDQWV�DQG�VXSHUPDUNHWV�LQ�$VVLXW�&LW\��6DOPRQHOOD�ZDV�GHWHFWHG�E\
FRQYHQWLRQDO�LVRODWLRQ�PHWKRGV�DQG�WKHQ�P3&5�ZDV�FDUULHG�RXW�WR�GHWHFW�YLUXOHQFH
JHQHV�LQ�LVRODWHG�6DOPRQHOOD��7KH�VHURORJLFDO�VWXG\�VKRZHG�WKDW�D�WRWDO�RI�����������RI
6DOPRQHOOD�LVRODWHV�ZHUH�W\SHG�DV����������6��7\SKLPXULXP�����������6��(QWHULWLGLV���
�������6��,QIDQWLV���������6��.HQWXFN\�����������6�7DPDOH�DQG����������6��9LUFKRZ��7KH
PROHFXODU�H[DPLQDWLRQ�FRQILUPHG�WKDW�WKH�VHURW\SHG�UHVXOWV��7KH�REWDLQHG�UHVXOWV�RI
P3&5�VKRZHG�WKDW�DOO�6DOPRQHOOD�LVRODWHV�ZHUH�SRVLWLYH�IRU�WKH�LQY$�JHQH�ZKLOH�WKH
SUHVHQFH�RI�WKH�KLO$�JHQH�ZDV��������IURP�WKH�LVRODWHV��0RUHRYHU��DOO�WKH�LVRODWHV�RI
6DOPRQHOOD�H[FHSW���VWUDLQV�ZHUH�IRXQG�WR�SRVVHVV�WKH�ILP+�JHQH�ZLWK�D�SHUFHQWDJH�RI
��������7KH�UHVXOWV�LQGLFDWH�WKDW�WKHVH�LVRODWHV�DUH�SDWKRJHQLF�DQG�YLUXOHQW�VWUDLQV�
+\JLHQLF�PHDVXUHV�VKRXOG�EH�XQGHUWDNHQ�WR�UHGXFH�FRQWDPLQDWLRQ�RI�SRXOWU\�SURGXFWV
ZLWK�SDWKRJHQLF�6DOPRQHOOD�

.H\ZRUGV��57(�FKLFKNHQ�PHDW��57&�FKLFNHQ�SURGXFWV��6DOPRQHOODH��9LUXOHQFH�JHQHV
DQG�P3&5�
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$�&OLQLFDO�$XGLW�WR�(YDOXDWH�$QWLELRWLF
3UHVFULELQJ�3UDFWLFH�LQ�3HGLDWULF�3DWLHQWV
$GPLWWHG�IRU�(QWHULF�)HYHU��5DWLRQDOL]LQJ
$QWLELRWLF�6WHZDUGVKLS�3URJUDP�

3UHVHQWHU
'U��$EGXOODK�+XVVDLQ
6HUYLFHV�+RVSLWDO�/DKRUH�
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

$EGXOODK�+XVVDLQ��8VPDQ�$VJKDU �*LOO�� �,UDP�$VJKDU �*LOO�� �$\HVKD�6KDKLG��

0XKDPPDG�1DEHHO�+DVVDQ���,IWLNKDU�$OL���)DWLPD�1DKHHG���DQG�0XKDPPDG

1XPDQ�=DKLG�

�3HGLDWULFV�'HSDUWPHQW��6HUYLFHV�+RVSLWDO�/DKRUH��/DKRUH��3DNLVWDQ
�0HGLFLQH�'HSDUWPHQW��6DKLZDO�0HGLFDO�&ROOHJH��6DKLZDO��3DNLVWDQ
�*\QHFRORJ\ �DQG �2EVWHWULFV �'HSDUWPHQW� �6KDLNK �=D\HG �+RVSLWDO �/DKRUH� �/DKRUH�
3DNLVWDQ
�0HGLFLQH�'HSDUWPHQW��6KDODPDU�+RVSLWDO�/DKRUH��/DKRUH��3DNLVWDQ

$EVWUDFW
7KH�SXUSRVH�RI�WKH�VWXG\�ZDV�WR�HYDOXDWH�WKH�DQWLELRWLF�SUHVFULELQJ�SUDFWLFH�LQ�SHGLDWULF
SDWLHQWV�IRU�HQWHULF�IHYHU�DQG�WR�DVVHVV�WKH�QHHG�RI�GHYHORSLQJ�DQG�LPSOHPHQWLQJ�WKH
$QWLELRWLF �6WHZDUGVKLS �3URJUDP ��$63� �IRU �WKH �KRVSLWDO� �$ �SURVSHFWLYH �DXGLW �ZDV
FRPSOHWHG�LQ�WKH�SHGLDWULF�ZDUG�RI�WKH�WHUWLDU\�FDUH�KRVSLWDO�RI�/DKRUH�RYHU�WKH�SHULRG�RI
RQH�\HDU��%ORRG�FXOWXUH�UHSRUWV�ZHUH�FROOHFWHG�IURP�PLFURELRORJ\�GHSDUWHG��DQG�FOLQLFDO
GDWD�ZHUH�DVVHVVHG�UHJDUGLQJ�WKH�FKRLFH�RI�WKH�DQWLELRWLFV��IUHTXHQF\��GRVDJH��DQG
FOLQLFDO�RXWFRPH��$OO�WKH�VWDWLVWLFV�ZHUH�DQDO\]HG�XVLQJ�6366�VRIWZDUH�DQG�FRPSDUHG
ZLWK�WKH�JXLGHOLQHV��5HVXOWV��2XW�RI�����FDVHV�KRVSLWDOL]HG�ZLWK�VXVSLFLRQ�RI�HQWHULF
IHYHU������FXOWXUHV�ZHUH�SRVLWLYH�IRU�VDOPRQHOOD��0RQRWKHUDS\�RI�FHIWULD[RQH�������ZDV
SUHVFULEHG�PRVWO\�DV�HPSLULFDO�WKHUDS\��$ERXW�����RI�SDWLHQWV�UHFHLYHG�D�FRPELQDWLRQ�RI
DQWLELRWLFV�HPSLULFDOO\��6XVFHSWLELOLW\�UHSRUWV�VKRZHG�RQO\���FDVHV�ZHUH�RI�QRQ�UHVLVWDQW
W\SKRLG� ����PXOWL�GUXJ�UHVLVWDQW� �DQG�����H[WHQVLYHO\ �GUXJ�UHVLVWDQW� �1HDUO\ �����RI
SDWLHQWV�ZHUH�GLVFKDUJHG�HDUOLHU�ZKRVH�HPSLULFDO�WKHUDS\�ZDV�FKDQJHG�HLWKHU�EHIRUH�RU
SURPSWO\�DIWHU�VXVFHSWLELOLW\�UHSRUWLQJ��&RPPRQO\�XVHG�GHILQLWLYH�DQWLELRWLFV�������ZHUH
D�FRPELQDWLRQ�RI�D]LWKURP\FLQ�DQG�PHURSHQHP��,QDSSURSULDWH�XVH�RI�DQWLELRWLFV�ZDV
QRWHG �IUHTXHQWO\ �DV �FRPSDUHG �WR �WKH �JXLGHOLQHV� �+RZHYHU� �UHFRPPHQGDWLRQV
WKHPVHOYHV �QHHG �WR �EH �UHYLHZHG �DV �DQWLELRWLF �UHVLVWDQFH �SDWWHUQV �DUH �FKDQJLQJ
GUDVWLFDOO\�

.H\ZRUGV��&OLQLFDO�$XGLW��DQWLELRWLF�SURWRFROV��W\SKRLG�IHYHU�
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6WDUYDWLRQ��0HWDEROLF�5HVSRQVH��6XUYLYDO��DQG
'HDWK

3UHVHQWHU
0U��6KDGUDFK�3KLOLS
8QLYHUVLW\�:XNDUL�
1LJHULD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
+HDOWK�6FLHQFHV
�
�

3KLOLS�6KDGUDFK�DQG�&KLQHGX�,PR
'HSDUWPHQW�RI�%LRFKHPLVWU\��)DFXOW\�RI�3XUH�DQG�$SSOLHG�6FLHQFHV��)HGHUDO�8QLYHUVLW\
:XNDUL��:XNDUL��7DUDED�6WDWH��1LJHULD�

$EVWUDFW
6WDUYDWLRQ�LV�DQ�H[WUHPH�GHILFLHQF\�LQ�FDORULF�HQHUJ\�LQWDNH��DQ�LPEDODQFH�EHWZHHQ
HQHUJ\�RU�QXWULHQW�VXSSO\�DQG�ERG\�XWLOL]DWLRQ��,W�LV�WKH�PRVW�VHYHUH�IRUP�RI�PDOQXWULWLRQ�
,Q�KXPDQV��SURORQJHG�VWDUYDWLRQ�FDQ�FDXVH�SHUPDQHQW�RUJDQ�GDPDJH�DQG�HYHQWXDOO\
GHDWK��$FFRUGLQJ�WR�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2���KXQJHU�LV�WKH�VLQJOH�GHDGO\
KD]DUG�WR�WKH�ZRUOG
V�SXEOLF�KHDOWK� �7KH�EDVLF�FDXVH�RI �VWDUYDWLRQ�LV�DQ�LPEDODQFH
EHWZHHQ�HQHUJ\�LQWDNH�DQG�HQHUJ\�H[SHQGLWXUH��,Q�RWKHU�ZRUGV��WKH�ERG\�H[SHQGV�PRUH
HQHUJ\�WKDQ�LW�WDNHV�LQ��7KLV�LPEDODQFH�FDQ�DULVH�IURP�RQH�RU�PRUH�PHGLFDO�FRQGLWLRQV�RU
FLUFXPVWDQWLDO�VLWXDWLRQV��'XULQJ�VWDUYDWLRQ��WKH�ERG\�LV�XQGHU�PHWDEROLF�VWUHVV��LQ�DQ
HPHUJHQF\�FRQGLWLRQ��DQG�QHHGV�WR�DGDSW�WR�VXUYLYH��7KH�ERG\�VZLWFKHV�RQ�WR�VRPH
KRUPRQDO�HQ]\PDWLF�PHFKDQLVP�DQG�RWKHU�PHWDEROLF�SDWKZD\V�LQ�RWKHU�WR�VXSSO\�WKH
IXHO�QHHGHG�E\�ERG\�FHOOV�DQG�RUJDQV��*OXFRVH�LV�WKH�SUHIHUUHG�IXHO�WKDW�WKH�ERG\
XWLOL]HV� �'XULQJ �VWDUYDWLRQ� �WKH �ERG\ �GHSHQGV �RQ �WKH �UHVHUYHG �PDFURPROHFXOHV
�JO\FRJHQ��IDWW\�DFLGV��WULDF\OJO\FHURO��NHWRQH�ERG\��WR�VXUYLYH��7KH�GXUDWLRQ�RI�VXUYLYDO
GXULQJ�VWDUYDWLRQ�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�TXDQWLW\�RI�WKH�UHVHUYHG�PROHFXOHV��:KHQ
JOXFRVH �LV �GHSOHWHG� �JO\FRJHQ �LV �PRELOL]HG �DQG �FRQYHUWHG �EDFN �WR �JOXFRVH
�JO\FRJHQRO\VLV� �IURP�WKH �OLYHU �DQG �PXVFOHV �ZLWK �WKH �DLG �RI �JOXFDJRQ� �IROORZHG�E\
JOXFRQHRJHQHVLV��OLSRO\VLV��EHWD�R[LGDWLRQ��NHWRQH�ERGLHV�EUHDNLQJ�GRZQ��DQG�XWLOL]DWLRQ�
$IWHU�DOO�WKH�QRQ�FDUERK\GUDWH�VRXUFHV�DUH�H[KDXVWHG��WKH�FHOOV�DUH�GHSULYHG�RI�HQHUJ\
DQG�EHFRPH�ZHDN��DIWHU�VRPH�WLPH��WKH�FHOOV�EHJLQ�WR�GLH��RUJDQV�EHJLQ�WR�IDLO�DQG
ILQDOO\��WKH�V\VWHP�LV�VKXW�GRZQ�ZKLFK�LV�UHIHUUHG�WR�DV�GHDWK��'HDWK�0D\�DULVH�GXH�WR
H[KDXVWLRQ�RI�WKH�UHVHUYHG�QXWULHQWV��FLUFXODWRU\�IDLOXUH�GXH�WR�EURZQ�DWURSK\�RI�WKH�KHDUW
RU�UHFXUUHQW�LQIHFWLRQ��GHK\GUDWLRQ�K\SRWKHUPLD��HOHFWURO\WH�LPEDODQFH��HWF�

.H\ZRUGV��'HDWK��KRUPRQHV��QXWULHQW��VWDUYDWLRQ��VXUYLYDO�
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3K\VLFR�FKHPLFDO�3URSHUWLHV��$QWLR[LGDQW��DQG
$QWLPLFURELDO�$FWLYLW\�RI�)LYH�9DULHWLHV�RI
+RQH\�IURP�6DXGL�$UDELD

3UHVHQWHU
3URI��(PDG�0RKDPHG
$EGDOODK
4DVVLP�8QLYHUVLW\��6DXGL
$UDELD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

0XNKWDU�,VPDLO���(PDG�0��$EGDOODK��DQG�(PDQ�5��(OVKDUNDZ\���

�'HSDUWPHQW�RI �&KHPLVWU\� �&ROOHJH�RI �6FLHQFHV�DQG�$UWV� �4DVVLP�8QLYHUVLW\� �6DXGL
$UDELD�
�'HSDUWPHQW�RI�6FLHQFH�/DERUDWRULHV��&ROOHJH�RI�6FLHQFH�DQG�$UWV��4DVVLP�8QLYHUVLW\�
6DXGL�$UDELD�
�'HSDUWPHQW�RI�(FRSK\VLRORJ\��'HVHUW�5HVHDUFK�&HQWHU��&DLUR��(J\SW�
�'HSDUWPHQW�RI�&KHPLVWU\��1RUWKHUQ�%RUGHUV�8QLYHUVLW\��6DXGL�$UDELD�

$EVWUDFW
$QWLR[LGDQW �DQG �DQWLPLFURELDO �DFWLYLW\ �RI �ILYH �YDULHWLHV �RI �ZLOG �KRQH\ �FROOHFWHG �IURP
GLIIHUHQW�ORFDWLRQV�LQ�6DXGL�$UDELD�ZHUH�H[DPLQHG��5HVXOWV�VKRZHG�WKDW�WKH�3K\VLFR�
FKHPLFDO�FKDUDFWHULVWLFV�RI�DOO�VDPSOHV�FRPSOLHG�ZLWK�LQWHUQDWLRQDO�VWDQGDUGV��4XDOLWDWLYH
DQG�TXDQWLWDWLYH�DQDO\VLV�RI�VXJDU�JOXFRVH��IUXFWRVH��DQG�VXFURVH��ZDV�GHWHUPLQHG�E\
KLJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��+3/&���7KH�DQDO\VLV�H[KLELWHG�WKDW�IUXFWRVH�LV
WKH �PDMRU �VXJDU �W\SH �LQ �DOO �H[DPLQHG �KRQH\� �ZKLFK �ZDV �IRXQG �LQ �WKH �KLJKHVW
FRQFHQWUDWLRQ�LQ�IORZHUV�KRQH\�����J�����J���ZKHUHDV��WKH�ORZHVW�IUXFWRVH�FRQFHQWUDWLRQ
ZDV�IRXQG�LQ�=L]LSKXV�KRQH\�����J�����J���$OO �PRQRIORUDO�KRQH\�VKRZHG�VLJQLILFDQW
DQWLR[LGDQW�DFWLYLW\��$OIDOID�KRQH\�UHFRUGHG�WKH�KLJKHVW�DQWLR[LGDQW�DFWLYLW\��IROORZHG�E\
=L]LSKXV�KRQH\��UHVSHFWLYHO\��+RZHYHU��7DPDULVN�KRQH\�UHFRUGHG�WKH�ORZHVW�DQWLR[LGDQW
DFWLYLW\�DPRQJ�KRQH\�VDPSOHV��+RQH\V�DQWLEDFWHULDO�DFWLYLW\�DJDLQVW�ILYH�PLFURRUJDQLVPV
GLVSOD\HG�GLIIHULQJ�GHJUHHV�RI�LQKLELWLRQ��7KH�RYHUDOO�ILQGLQJV�LQGLFDWHG�WKDW�QR�DQWLIXQJDO
DFWLYLW\�ZDV�VHHQ�DJDLQVW�&DQGLGD�DOELFDQV��7KH�DQWLEDFWHULDO �H[DPLQDWLRQ�RI�KRQH\
VDPSOHV �UHYHDOHG �QRQVLJQLILFDQW �DFWLYLW\ �DJDLQVW �DOO �WHVWHG �EDFWHULD� �H[FHSW �ZLWK
6WDSK\ORFRFFXV�DXUHXV�$7&&�%$$�������ZKHUH�WKH�$FDFLD�KRQH\�H[KLELWHG�VLJQLILFDQW
DFWLYLW\�DJDLQVW�WKLV�EDFWHULXP��S����������ZLWK�D�PHDQ�RI�LQKLELWLRQ�]RQH�RI����������PP
DQG�D�PLQLPXP�LQKLELWRU\�FRQFHQWUDWLRQ�RI��������7KH�UHVXOWV�RI�WKH�RWKHU�W\SHV�RI
KRQH\�ZHUH�VWDWLVWLFDOO\�QRQ�VLJQLILFDQW�

.H\ZRUGV� �$QWLPLFURELDO� �DQWLEDFWHULDO� �KRQH\� �FKHPLFDO� �SK\VLFR�FKHPLFDO� �6DXGL
$UDELD�
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$QWLJO\FDWLQJ�DQG�$QWLDJJUHJDWLRQ�3RWHQWLDO�RI
1DWXUDO�3URGXFWV

3UHVHQWHU
'U��$KPDG�$OL
8QLYHUVLW\�RI�0XPEDL�
,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

'LQHVK�.XPDU��$GGLWL\D�3DUDPDQ\D��3UDLUQD�%DO\DQ��$KPDG�$OL
'HSDUWPHQW�RI�/LIH�6FLHQFHV��8QLYHUVLW\�RI�0XPEDL��9LG\DQDJDUL��0XPEDL��,1',$

$EVWUDFW
7UDGLWLRQDO�DQG�FRPSOHPHQWDU\�PHGLFLQHV�KDYH�EHHQ�GHSHQGHQW�RQ�WKH�IRUPXODWLRQV
DQG�ELRDFWLYH�FRPSRXQGV�REWDLQHG�IURP�GLIIHUHQW�SDUWV�RI�WKH�SODQWV��+HUH�ZH�KDYH
FRPSDUHG�WKH�UROH�RI�IHUXOLF�DFLG��)$��DQG�WK\PRTXLQRQH��74��LQ�WKH�SUHYHQWLRQ�RI�WKH
IRUPDWLRQ �RI �DGYDQFHG �JO\FDWLRQ �HQG �SURGXFWV ��$*(V�� �D �JURXS �RI �KHWHURJHQHRXV
FRPSRXQGV �LPSOLFDWHG �LQ �PDQ\ �PHWDEROLF �GLVRUGHUV� �7KH �QXPEHU �RI �$*(V �ZDV
PHDVXUHG�LQ�WKH�SUHVHQFH�RI�IHUXOLF�DFLG�DQG�WK\PRTXLQRQH��7KH�PHWKRGV�XVHG�IRU
TXDQWLILFDWLRQ�ZHUH�EDVHG�RQ�VSHFWURVFRSLF��IOXRULPHWU\��DQG�HOHFWURSKRUHVLV��7KHUH�ZDV
D�VLJQLILFDQW�GHFUHDVH�LQ�WKH�FRQWHQW�RI�HDUO\�DV�ZHOO�DV�ODWH�VWDJH�JO\FDWLRQ�SURGXFWV�E\
)$ �DQG �74� �6LPLODUO\� �WKH �JO\FDWLRQ�LQGXFHG �SURFHVVHV �OLNH �DJJUHJDWLRQ �DQG
JO\FR[LGDWLRQ�ZHUH�DOVR�VXSSUHVVHG�E\�WKHVH�QDWXUDO�SURGXFWV��*HO�HOHFWURSKRUHVLV�DOVR
LQGLFDWHG�WKH�DQWL�DJJUHJDWLRQ�SURSHUWLHV�RI�)$��$OO �WKHVH�UHVXOWV�FOHDUO\�LQGLFDWH�WKH
DQWLJO\FDWLRQ�DQG�DQWL�DJJUHJDWLRQ�SRWHQWLDO�RI�IHUXOLF�DFLG�DQG�WK\PRTXLQRQH�

.H\ZRUGV� �$QWLDJJUHJDWLRQ� �ELRDFWLYH �FRPSRXQGV� �GLDEHWHV� �IHUXOLF �DFLG� �*O\FDWLRQ�
SK\WRPHGLFLQH��7K\PRTXLQRQH�
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,VRIRUPV�,GHQWLILFDWLRQ�DQG�&KDUDFWHUL]DWLRQ�RI
6FRUSLRQ�9HQRP�+\DOXURQLGDVH

3UHVHQWHU
'U��)DWHPHK�6DODEL
5D]L�9DFFLQH�DQG�6HUXP
5HVHDUFK�,QVWLWXWH
,UDQ
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

)DWHPHK�VDODEL
5D]L �9DFFLQH �DQG�6HUXP�5HVHDUFK �,QVWLWXWH� �$JULFXOWXUDO �5HVHDUFK� �(GXFDWLRQ �DQG
([WHQVLRQ�2UJDQL]DWLRQ��$5((2���,UDQ

$EVWUDFW
9HQRP�K\DOXURQLGDVH�LV�DQ�HQ]\PH�EHORQJV�WR�WKH�JO\FRVLGH�K\GURODVH�IDPLO\�WKDW�SOD\V
D�FULWLFDO�UROH�LQ�V\VWHPLF�HQYHQRPLQJ�E\�VSUHDGLQJ�WR[LQV�LQ�WLVVXH�DQG�GHVWUXFWLRQ�RI
WKH�H[WUDFHOOXODU�PDWUL[��7KH�UROHV�RI�YHQRP�K\DOXURQLGDVH�GXULQJ�HQYHQRPDWLRQ�KDYH
EHHQ�ZLGHO\�VWXGLHG��EXW�WKH�LGHQWLILFDWLRQ�RI�LWV�YDULDQWV�DQG�LVRIRUPV�LV�VWLOO �XQGHU
LQYHVWLJDWLRQ��,Q�WKLV�VWXG\��ZH�GHYHORSHG�D�ILOWHULQJ�PHWKRG�WR�LGHQWLI\�WKH�H[RQ�LQWURQ
SDWWHUQ��DOWHUQDWLYH�VSOLFLQJ�HYHQWV��DQG�LVRIRUPV�RI�K\DOXURQLGDVH�LQ�$��FUDVVLFDXGD�DQG
+��OHSWXUXV�VFRUSLRQV�XVLQJ�WKH�51$VHT�WHFKQLTXH��)XUWKHUPRUH��LQ�VLOLFR�DQDO\VLV�ZDV
SHUIRUPHG�WR�LGHQWLI\�DQG�FKDUDFWHUL]H�WKH�K\DOXURQLGDVHV��7KH�PRVW�LPSRUWDQW�ILQGLQJV
ZHUH �WKDW �WKH �VFRUSLRQ �K\DOXURQLGDVH �JHQH �FRQWDLQV �� �H[RQV �DQG �� �LQWURQV �DQG
XQGHUJRHV�DOWHUQDWLYH�VSOLFLQJ�HYHQWV��,Q�$��FUDVVLFDXGD�DQG�+��OHSWXUXV�GDWDVHWV��D
VHTXHQFH� �GHQRPLQDWHG�$F+DVH���DQG�WKUHH�GHQRPLQDWHG�+/+DVH�� �+/+DVH��DQG
+/+DVH��ZHUH�LGHQWLILHG�DV�K\DOXURQLGDVH�YDULDQWV��UHVSHFWLYHO\��ZKLFK�ZHUH�IRXQG�WR
KDYH�PXOWLSOH�LVRIRUPV�WKDW�GLIIHUHG�LQ�WKH�FRGLQJ�RU��
�DQG��
�XQWUDQVODWHG�UHJLRQV��7KH
UHVXOWV�VKRZHG�WKDW�H[RQ�VNLSSLQJ�DQG�DOWHUQDWLYH���VSOLFH�VLWHV�DOWHUHG�WKH�H[SUHVVLRQ�RI
LVRIRUPV� �7R �FODULI\ �WKH �HYROXWLRQDU\ �KLVWRU\ �RI �VFRUSLRQV �EDVHG �RQ �K\DOXURQLGDVH
PROHFXODU�SK\ORJHQHWLF�VWXGLHV��ZH�XVHG�WKH�SK\ORJHQHWLF�WUHH�WR�GHGXFH�WKH�RULJLQV�RI
WKLV�SURWHLQ�LQ�GLIIHUHQW�VSHFLHV�RI�VFRUSLRQV��VSLGHUV��DQG�EHHV��+\DOXURQLGDVH�JHQH
SHUIRUPHG�ZHOO�IRU�GLYHUJHQFHV�DQG�DFFXUDWHO\�VHSDUDWHG�FORVHO\�UHODWHG�VSHFLHV��2XU
ZRUN �SURYLGHV �LQVLJKWV �LQWR �WKH �LGHQWLILFDWLRQ �RI �K\DOXURQLGDVH �LVRIRUPV �DQG �WKHLU
WUDQVFULSWLRQDO�HYHQWV�

.H\ZRUGV� �6FRUSLRQ� �+\DOXURQLGDVH� �,OOXPLQD �VHTXHQFLQJ �WHFKQRORJ\� �DOWHUQDWLYH
VSOLFLQJ �HYHQW� �SK\ORJHQHWLF �WUHH�
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$QDWRPLFDO�&KDUDFWHUL]DWLRQ�RI�WKH�/HDYHV�RI
6RPH�0HGLFLQDO�3ODQWV�RI�WKH�)DPLO\
(XSKRUELDFHDH�LQ�1LJHULD

3UHVHQWHU
'U��0HUF\�*RVSHO�$MXUX
5LYHUV�6WDWH�8QLYHUVLW\�
1LJHULD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

2QLVRGXPH\D�(OHPFKXNZX�-DPHV��%OHVVLQJ�2NSDNLUL �*UHHQ��0HUF\�*RVSHO
$MXUX�DQG�9LFWRULD�:LOVRQ
'HSDUWPHQW�RI�3ODQW�6FLHQFH�DQG�%LRWHFKQRORJ\��5LYHUV�6WDWH�8QLYHUVLW\��3RUW�+DUFRXUW�
5LYHUV�6WDWH��1LJHULD

$EVWUDFW
0HGLFLQDO �SODQWV� �ZKLFK �DUH �YDOXHG �DVVHWV �DQG �ORFDO �KHULWDJH �WR �DQ\ �FRXQWU\ �DUH
QHFHVVDU\�WR�EH�FROOHFWHG��SUHVHUYHG��FKDUDFWHUL]HG��VFLHQWLILFDOO\�DQDO\]HG�DQG�XVHG�LQ
WUHDWLQJ�GLIIHUHQW�GLVHDVHV�RI�KXPDQV�DQG�DQLPDOV��$�ORW�RI�LPSRUWDQW�PHGLFLQDO�SODQWV
IURP�GLIIHUHQW�SDUWV�RI�WKH�ZRUOG�KDYH�QRW�EHHQ�LQGH[HG��FKDUDFWHUL]HG�DQG�WHVWHG�IRU
WKHLU �PHGLFLQDO �YDOXHV� �7R �DYRLG �DGXOWHUDWLRQ� �SURSHU �VFLHQWLILF �FKDUDFWHUL]DWLRQ �RI
VSHFLILF�SODQW�SDUWV�RI�HDFK�LV�LPSRUWDQW��0HPEHUV�RI�WKH�IDPLO\�(XSKRUELDFHDH�DUH�VHHQ
DV�RQH�RI�WKH�WRS�WZHQW\�ILYH�HFRQRPLFDOO\�LPSRUWDQW�SODQWV��H[LVWLQJ�LQ�GLIIHUHQW�YDULHW\
RI�IRUPV�ZKLFK�KDV�JUHDW�HWKQRPHGLFLQDO�YDOXH��%DVHG�RQ�WKH�PHGLFLQDO�LPSRUWDQFH�RI
WKH�IDPLO\�(XSKRUELDFHDH��VHYHQ�VSHFLHV�ZHUH�VHOHFWHG�IRU�VWXG\�IURP�IRXU�JHQHUD
ZKLFK�LQFOXGH��JHQXV�$FDO\SKD��$��KLVSLGLD�DQG�$��ZLONHVLDQD��JHQXV�(XSKRUELD��(�
KHWHURSK\OOD�DQG�(��KLUWD��JHQXV�-DWURSKD��-��FXUFDV�DQG�-��JRVVLSLIROLD�DQG�WKH�JHQXV
0DQLKRW��0��HVFXOHQW��7KH�PDLQ�DLP�RI�WKLV�UHVHDUFK�ZDV�WR�WD[RQRPLFDOO\�FKDUDFWHUL]H
DQG�YDOLGDWH�WKH�FODVVLILFDWLRQ�RI�VHOHFWHG�PHPEHUV�RI�WKH�IDPLO\�(XSKRUELDFHDH�E\
ORRNLQJ�DW�WKH�DQDWRPLFDO�IHDWXUHV�RI�WKH�WUDQVYHUVH�VHFWLRQV�RI�WKH�OHDYHV�XVLQJ�OLJKW
PLFURVFRS\� �5HVXOWV �IURP �WKH �OHDI �DQDWRPLFDO �VWXG\ �VKRZHG �WKDW �WKH\ �DOO �KDYH �D
XQLVHULDWH�HSLGHUPLV�ZLWK�VPDOO�LQWHUFHOOXODU�VSDFHV��&RUWLFDO�WLVVXH�RI�DOO�VSHFLHV�VWXGLHG
ZDV�IRXQG�WR �EH�PDGH�XS�RI �FROOHQFK\PD�DQG�SDUHQFK\PD�FHOOV� �9DULDWLRQV �ZHUH
KRZHYHU�REVHUYHG�LQ�PLGULE�VKDSH��DUUDQJHPHQW��QXPEHU��QDWXUH�DQG�VKDSH�RI�YDVFXODU
EXQGOHV�DV�ZHOO �DV�LQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�WULFKRPHV�HWF��7KH�VWDQGDUGL]HG
DQDWRPLFDO�FKDUDFWHUV�DVVLVWHG�LQ�WKH�GHWHFWLRQ�DQG�GLDJQRVLV�RI�WKH�SDUWLFXODU�VSHFLHV
RI�PHGLFLQDO�SODQWV�

.H\ZRUGV��$FDO\SKD��DQDWRPLFDO�VWXG\��(XSKRUELD��(XSKRUELDFHDH��-DWURSKD��PDQLKRW�
PHGLFLQDO�SODQWV�
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5HVSRQVH�RI�:KHDW�WR�1LWURJHQ�ZLWK
$SSOLFDWLRQ�RI�1DSKWKDOHQH�$FHWLF�$FLG�RQ
&KDQJLQJ�&OLPDWH�6FHQDULR

3UHVHQWHU
'U��,TWLGDU�+XVVDLQ
*RPDO�8QLYHUVLW\�
3DNLVWDQ
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

,TWLGDU�+XVVDLQ��(MD]�$KPHG�.KDQ��DQG�0XKDPPDG�%DVLW�$OL
'HSDUWPHQW�RI�$JURQRP\��)DFXOW\�RI�$JULFXOWXUH��*RPDO�8QLYHUVLW\��'HUD�,VPDLO�.KDQ�
3DNLVWDQ

$EVWUDFW
$JULFXOWXUH�V\VWHPV�DUH�H[WUHPHO\�YXOQHUDEOH�WR�FOLPDWH�FKDQJH��JLYHQ�WKHLU�VHQVLWLYLW\�WR
YDULDWLRQV�LQ�WHPSHUDWXUH��SUHFLSLWDWLRQ��DQG�RFFXUUHQFH�RI�QDWXUDO�HYHQWV�DQG�GLVDVWHUV�
0HDQZKLOH��HPLVVLRQV�IURP�DXWRPRELOH�DQG�DJULFXOWXUH�DFWLYLWLHV�FRQWULEXWH�FRQVLGHUDEO\
WR�JOREDO�ZDUPLQJ��3UHFLVH�XVH�RI�QLWURJHQ��1��LV�QRW�RQO\�LPSRUWDQW�IRU�HFRQRPLF�FURS
SURGXFWLRQ�EXW�DOVR�VDYHV�WKH�HQYLURQPHQW�IURP�1�SROOXWLRQ��6WUDWHJLHV�WR�LPSURYH�1�XVH
HIILFLHQF\ �LQ �3DNLVWDQL �DJULFXOWXUH �DOVR �EH �GHYLVHG �WR �UHGXFH �WKH �1�ORVVHV �ZLWKRXW
FRPSURPLVLQJ�IRRG�VHFXULW\��7KH�XVH�RI�D�SODQW�JURZWK�UHJXODWRU��1DSKWKDOHQH�$FHWLF
$FLG��KHOSV�WKH�SODQWV�WR�XVH�1�DQG�RWKHU�QXWULHQWV�HIILFLHQWO\��1$$�KDYLQJ�WKH�DELOLW\�WR
HQKDQFH �WKH �1 �XVH �HIILFLHQF\ �DQG �PLWLJDWH �WKH �KD]DUGV �RI �FKDQJLQJ �FOLPDWH� �$Q
H[SORUDWLRQ�H[SHULPHQW�RQ��5HVSRQVH�RI�ZKHDW�WR�QLWURJHQ�ZLWK�XVH�RI�QDSKWKDOHQH
DFHWLF�DFLG�RQ�FKDQJLQJ�FOLPDWH�VFHQDULR��ZDV�FRQGXFWHG�DW�LQVSHFWLRQ�ILHOG��IDFXOW\�RI
$JULFXOWXUH��*RPDO�8QLYHUVLW\��'HUD�,VPDLO�.KDQ��GXULQJ�WKH�\HDU����������7KHVH�WZR
IDFWRUV� �WHVW �ZDV �HVWDEOLVKHG �LQ �VSOLW�SORW �DUUDQJHPHQW �DQG �FRYHUHG �ZLWK �QLWURJHQ
TXDQWLWLHV ���� ���� ����� ���� �.J �KD��� �DV �NH\ �SORW �DQG �WKUHH �FKDQJHG �DPRXQWV �RI
QDSKWKDOHQH�DFHWLF�DFLG�������������POKD����VXESORWV��'XULQJ�WKH�VWXG\��ILJXUHV�ZHUH
DFTXLUHG�DQG�HYDOXDWHG�RQ�PDQ\�FRQVWUDLQWV�RI�SK\VLRORJ\�DQG�DJURQRP\��7KLV�ZDV
REVHUYHG�WKDW�QLWURJHQ�GRHV��1'��RI�����.J�KD����ZLWK�QDSKWKDOHQH�DFHWLF�DFLG��1$$�
FRQFHQWUDWLRQ�RI����PO�KD���VKRZHG�EHWWHU�UHVXOWV��7KLV�WUHDWPHQW�VKRZHG�WKH�PD[LPXP
QXPEHU�RI�IHUWLOH�WLOOHUV���������P����OHDI�DUHD�GXUDWLRQ����������FURS�JURZWK�UDWH��J
GD\���P�������������VHHGV�VSLNH������������OHQJWK�RI�WKH�VSLNH���������FP��������JUDLQV
ZHLJKW��������J���JUDLQ�\LHOG���������NJ�KD�����ELRORJLFDO�\LHOG��������NJ�KD�����,W�ZDV
GHWHUPLQHG�WKDW�IRU�JHWWLQJ�PD[LPXP�FURS�\LHOGV��QLWURJHQ�GRHV�RI������.J�KD����ZLWK
1$$�FRQFHQWUDWLRQ�RI�����PO�KD����DSSOLHG�DV�D�IROLDU�VSUD\�RQ�ERRWLQJ�SKDVH�RI�ZKHDW��,W
LV�FRQFOXGHG�WKDW�1$$�KHOSV�LQ�KHDW�VWUHVV�DQG�LQ�JUDLQV�IRUPDWLRQ�WR�PD[LPL]H�ZKHDW
SURGXFWLRQ�LQ�FOLPDWH�FKDQJH�

.H\ZRUGV��:KHDW��1LWURJHQ�1$$��FOLPDWH�FKDQJH��JUDLQV�SURGXFWLRQ�
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&XFXPHURSVLV�PDQQLL �6HHG�2LO��&062�
$PHOLRUDWHV�$GLSRNLQHV�'\VIXQFWLRQ�DQG
'\VOLSLGHPLD�LQ�0DOH�:LVWDU�$OELQR�5DWV
([SRVHG�WR�%LVSKHQRO�$

3UHVHQWHU
'U��3DWULFN�0DGXDEXFKL
$MD
(ERQ\L�6WDWH�8QLYHUVLW\�
1LJHULD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

$MD��3��0����&KXNZX��'��$���$JX��3�&����(NSRQR��(��8����$QL��2��*����2JZRQL��+�

$����$ZRNH��-��1����3DWLHQFH�1��2JEX���/��$MD����1ZLWH��)��(����8NDFKL��2��8����2UML�

2��8����1ZHNH��3��&����(JZX��&��2����(NSRQR��(��8����(ZD��*��2����,JZHQ\L��,��2���

$OXP���(��8����8WL��'��(����7XVXELUD�'HXVGHGLW���2IIRU��&��(���DQG�0DGXDJZXQD�

(��.�

�'HSDUWPHQW�RI�%LRFKHPLVWU\��(ERQ\L�6WDWH�8QLYHUVLW\��$EDNDOLNL��1LJHULD�
�'HSDUWPHQW�RI�6FLHQFH�/DERUDWRU\�7HFKQRORJ\��)HGHUDO�3RO\WHFKQLF�2NR��1LJHULD�
�'HSDUWPHQW�RI�6FLHQFH�(GXFDWLRQ��(ERQ\L�6WDWH�8QLYHUVLW\��1LJHULD
�'HSDUWPHQW�RI�0HGLFDO�%LRFKHPLVWU\��$OH[�(NZXHPH�)HGHUDO�8QLYHUVLW\��1LJHULD�
�'HSDUWPHQW�RI�%LRFKHPLVWU\��0EDUDUD�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��8JDQGD
�'HSDUWPHQW�RI�%LRFKHPLVWU\��)HGHUDO�8QLYHUVLW\�RI�+HDOWK�6FLHQFHV��1LJHULD
�'HSDUWPHQW�RI�&OLQLFDO�6FLHQFHV�DQG�1XWULWLRQ��8QLYHUVLW\�RI�&KHVWHU��8QLWHG�.LQJGRP

$EVWUDFW
%LVSKHQRO�$��%3$��DQG�LWV�DQDORJ�DUH�H[WHQVLYHO\�XWLOL]HG�LQ�WKH�SURGXFWLRQ�RI�SODVWLFV
ZKLFK �DUH �UDWKHU �XELTXLWRXV �LQ �RXU �HQYLURQPHQW� �WKHUHIRUH �OHDFKLQJ �DQG �LPSURSHU
UHF\FOLQJ�LQHYLWDEO\�UHVXOWV�LQ�HQRUPRXV�HQGRFULQH�GLVUXSWLQJ�FRPSRXQGV�FRQWDLQLQJ�
ZDVWH�SURGXFWV� �HVSHFLDOO\ �LQ �WKH �DTXDWLF �V\VWHP� �ZKLFK �ZRXOG �XOWLPDWHO\ �EH
ELRGHJUDGHG�DQG�DFWHG�XSRQ�E\�VXQOLJKW�LQWR�PLFUR�SLHFHV�VXFK�DV�PLFUR�SODVWLFV��DQG
DV�VXFK�WKH\�FDQ�HDVLO\�EH�LQJHVWHG�DQG�VXEVHTXHQW�ELRPDJQLILFDWLRQV�LQ�WKH�IRRG�FKDLQ�
*OREDOO\ �QXWUDFHXWLFDOV �DUH �D �QRYHO �QXWULWLRQDO �LQWHUYHQWLRQ �JHDUHG �WRZDUG �WKH
PDQDJHPHQW�RI�GLVHDVH�ZLWK�QXWULHQWV�ZKLFK�&062�LV�RQH�RI�WKHP�
7KLV�UHVHDUFK�LQYHVWLJDWHG�WKH�DPHOLRUDWLYH�HIIHFWV�RI�&062�RQ�DGLSRNLQHV�G\VIXQFWLRQ
DQG�G\VOLSLGHPLD�LQ�PDOH�:LVWDU�UDWV�H[SRVHG�WR�%LVSKHQRO�$��$�WRWDO�RI�IRUW\�HLJKW�����
DOELQR �UDWV �ZHLJKLQJ ���� �� ���� �J �ZHUH �UDQGRPO\ �DVVLJQHG �LQWR �VL[ ���� �GLIIHUHQW
H[SHULPHQWDO�JURXSV�����������������DQG�����*URXS������DQG���ZHUH�WKH�FRQWUROV��*URXS��
ZDV�JLYHQ�RQO\���PO�RI�ROLYH�RLO��JURXS���UHFHLYHG�����PJ�.J�ERG\�ZHLJKW��E�Z��RI�%3$�
JURXS���ZDV�JLYHQ�����PO�.J�E�Z�RI�&062��JURXSV������DQG���UHFHLYHG�����PJ�.J�E�Z
RI�%3$�DQG��������DQG�����PO�.J�E�Z�RI�&062�UHVSHFWLYHO\��&062�DQG�%3$�ZHUH
FRQFXUUHQWO\�DGPLQLVWHUHG�YLD�RUDO�LQWXEDWLRQ�IRU�SHULRGV�RI����GD\V�
/LSLG�SURILOH� �OHSWLQ�DQG�DGLSRQHFWLQ�OHYHOV�ZHUH�GHWHUPLQHG�LQ�SODVPD�DQG�DGLSRVH
WLVVXH�XVLQJ�VWDQGDUG�PHWKRGV��$GPLQLVWUDWLRQ�RI�%3$�LQ�PDOH�UDWV�VLJQLILFDQWO\��S������
HOHYDWHG �WKH �OHYHOV �RI �FKROHVWHURO� �WULJO\FHULGHV� �/'/�&� �OLSWLQ �DQG �FRURQDU\ �DQG
DQWKHURJHQLF�ULVN�LQGLFHV�ERWK�LQ�SODVPD�DQG�DGLSRVH�WLVVXH�ZLWK�UHGXFWLRQV�LQ�+'/�&
DQG �DGLQRSHFWLQ �OHYHOV� �&R�DGPLQLVWUDWLRQ �RI �%3$ �DQG �&062 �LQ �PDOH �UDWV
VLJQLPDILFDQWO\��S�������GHFUHDVHG�WKH�OHYHOV�RI�FKROHVWHURO��WULJO\FHULGHV��/'/�&��OLSWLQ
DQG�FRURQDU\�DQG�DQWKHURJHQLF�ULVN�LQGLFHV�ZLWK�DQ�HOHYDWLRQ�RI�+'/�&�DQG�DGLQRSHFWLQ
OHYHOV�LQ�ERWK�SODVPD�DQG�DGLSRVH�WLVVXH��7KLV�UHVXOW �LQGLFDWHV�WKDW�WKH�PRGXODWLRQ
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HIIHFWV�RI�&062�RQ�DGLSRNLQHV�G\VIXQFWLRQ�DQG�G\VOLSLGHPLD�LQ�%3$�H[SRVHG�UDWV�FRXOG
EH�XVHIXO�LQ�WKH�PDQDJHPHQW�RI�FDUGLRYDVFXODU�UHODWHG�GLVHDVHV�

.H\ZRUGV� �&XFXPHURSVLV �PDQQLL �VHHG �RLO� �$GLSRNLQHV� �'\VOLSLGHPLD� �%LVSKHQRO�$�
HQGRFULQH�WR[LFLW\�
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3ODQW�7LVVXH�&XOWXUH�%DVHG�3ODQW�6SHFLILF�LQ�
YLWUR�$SSURDFKHV�WR�6FUHHQ�%HQHILFLDO�3*35V
IRU�(QKDQFHG�&DXORJHQHVLV�DQG�5KL]RJHQHVLV
LQ�HQGDQJHUHG�0HGLFLQDO�3ODQWV

3UHVHQWHU
'U��9LNDV�6KDUPD
/RYHO\�3URIHVVLRQDO
8QLYHUVLW\��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

9LNDV�6KDUPD���$.�'REUL\DO��DQG�9LNDVK�6�-DGRQ�

�'HSDUWPHQW �RI �0ROHFXODU �%LRORJ\ �	 �*HQHWLF �(QJLQHHULQJ� �/RYHO\ �3URIHVVLRQDO
8QLYHUVLW\��-DODQGKDU�,QGLD
�'HSDUWPHQW �RI �=RRORJ\ �	 �%LRWHFKQRORJ\� �+HPZDWL �1DQGDQ �%DKXJXQD �*DUKZDO
8QLYHUVLW\��3DXUL�&DPSXV�3DXUL�8WWDUDNKDQG��,QGLD
�'HSDUWPHQW �RI �%LRFKHPLVWU\ �	 �%LRWHFKQRORJ\� �6DUGDU �%KDJZDQ �6LQJK �8QLYHUVLW\�
'HKUDGXQ�8WWDUDNKDQG��,QGLD

$EVWUDFW
0LFURSURSDJDWLRQ �KDV �EHHQ �FRQVLGHUHG �D �FRQYHQLHQW �WHFKQLTXH �IRU �WKH �PDVV
PXOWLSOLFDWLRQ�RI�YDULRXV�SODQW�VSHFLHV��7KH�VXFFHVV�RI�PLFURSURSDJDWLRQ�GHSHQGV�XSRQ
YDULRXV�IDFWRUV�OLNH�SODQW�VSS�� �H[SODQW�W\SH��DJH��SODQW�W\SH��DQG�ELRWLF�DQG�DELRWLF
IDFWRUV��0HGLFLQDO�SODQWV�DUH�PRVWO\�DPRQJ�WKH�SODQWV�ZKLFK�DUH�GLIILFXOW�WR�SURSDJDWH�LQ
YLWUR� �'LIIHUHQW �ZRUNHUV�KDYH�UHSRUWHG�WKH�SODQW �W\SH� �SKHQROLF �RU �ELRDFWLYH�FRQWHQW�
LQGLJHQRXV�OHYHO�RI�SK\WRKRUPRQHV�DV�WKH�IDFWRU�UHVSRQVLEOH��,W�LV�DOZD\V�VXJJHVWHG�WR
VFUHHQ�RU�VWDQGDUGL]H�WKH�LQ�YLWUR�SURSDJDWLRQ�RI�PHGLFLQDO�KHUEV��,Q�WKH�SUHVHQW�VWXGLHV�
DWWHPSWV�KDYH�EHHQ�PDGH�WR�HVWDEOLVK�VXFK�D�PLFURSURSDJDWLRQ�SURWRFRO�WKDW�LQYROYHV
WKH�LQYROYHPHQW�RI�UKL]RVSKHULF�PLFURRUJDQLVPV�WR�HQKDQFH�WKH�JURZWK�UDWH�RI�ERWK�WKH
RUJDQRJHQLF�HYHQWV�RI�VKRRWLQJ�DQG�URRWLQJ��7KH�VXFFHVV�RI�VXFK�SURWRFROV�GHSHQGV
XSRQ�LGHQWLI\LQJ�WKH�EHQHILFLDO�3*35V�IRU�WKH�VHOHFWHG�PHGLFLQDO�SODQW��7KHUHIRUH�LQ�WKH
SUHVHQW �VWXG\ �3*35V �ZHUH �LVRODWHG �IURP �UKL]RVSKHULF �VRLOV �RI �WKH �VHOHFWHG �SODQW
�6ZHUWLD�FKLUD\LWD� �ZHUH�LQRFXODWHG�RQ�WKH�VDPH�FXOWXUH�PHGLXP�IRUWLILHG�ZLWK�RWKHU
SK\WRKRUPRQHV��SUHFXUVRUV��DQG�DGGLWLYHV�ZLWK�PLFURSURSDJDWHG�SODQWV��DQG�WKHLU�HIIHFW
RQ�LQ�YLWUR�FDXORJHQHVLV�DQG�UKL]RJHQHVLV�ZDV�REVHUYHG��0XOWLSOLFDWLRQ�UDWHV�ZHUH�KLJKHU
DW �ORZ�SK\RKRUPRQDO �FRQFHQWUDWLRQV�DV�FRPSDUHG�WR�QRQ�LQRFXODWHG�SODQWOHWV� �$OVR�
KLJKHU�VXUYLYDO�UDWHV�LQ�WKH�ILHOG�LQ�FRPSDULVRQ�WR�FRQWURO�ZHUH�UHFRUGHG��7KH�EHQHILFLDO
3*35V�RI�6��FKLUD\LWD�ZHUH�VFUHHQHG�XQGHU�LQ�YLWUR�FRQGLWLRQV�IRU�DQ�LQFUHDVLQJ�QXPEHU�
OHQJWK� �YLJRU �RI �WKH�VKRRW� �DQG�URRWV� �7KLV�FDQ�DOVR�KHOS�LQ�WKH�HVWDEOLVKPHQW�DQG
SUHSDUDWLRQ�RI�VSHFLILF�ELR�LQRFXODQWV�IRU�LQ�YLWUR�UDLVHG�SODQWOHWV�ZKLFK�DUH�RI�XWPRVW
LPSRUWDQFH�DQG�KDYH�FRPPHUFLDO�YDOXH�

.H\ZRUGV��0LFURSURSDJDWLRQ��0HGLFLQDO�SODQWV��3*35V��%LRLQRFXODQWV��3ODQW�PLFUREH
LQWHUDFWLRQ
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3DWKRJHQLFLW\�RI�0HWDUKL]LXP�DQLVRSOLDH��0HW��
DQG�%HDXYHULD�EDVVLDQD��%DOV���)XQJL�$JDLQVW
WKH�3HDFK�)UXLW�)O\��%DFWURFHUD�]RQDWD
�6DXQGHUV���'LSWHUD��7HSKULWLGDH��XQGHU
/DERUDWRU\�&RQGLWLRQV

3UHVHQWHU
3URI��,VPDLO�5DJDE�(O�
*HQG\
3ODQW�3URWHFWLRQ
5HVHDUFK�,QVWLWXWH��$5&�
(J\SW
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

��,VPDLO�5��(O�*HQG\���0RKDPHG�0�)��=DZUDK��DQG�0RQD�,��(O�%DQREL�

�3ODQW�3URWHFWLRQ�5HVHDUFK�,QVWLWXWH��$JULFXOWXUDO�5HVHDUFK�&HQWHU��*L]D��(J\SW
�'HSDUWPHQW�RI�$SSOLHG�(QWRPRORJ\��)DFXOW\�RI�'HVHUW�DQG�(QYLURQPHQWDO�$JULFXOWXUH�
0DWURXK�8QLYHUVLW\��)XND��(J\SW
�3ODQW�3URWHFWLRQ�'HSDUWPHQW��)DFXOW\�RI�$JULFXOWXUH��'DPDQKRXU�8QLYHUVLW\��(J\SW

$EVWUDFW
7KH�SHDFK�IUXLW�IO\��%DFWURFHUD�]RQDWD��6DXQGHUV���'LSWHUD��7HSKULWLGDH��LV�D�NH\�SHVW�RI
IUXLWV�LQ�(J\SW��,W�WKUHDWHQV�WKH�VXVWDLQDEOH�GHYHORSPHQW�RI�WKH�FRXQWU\
V�DJULFXOWXUDO
HFRQRP\� �,QVHFW�SDWKRJHQLF �IXQJL �DUH �RQH �RI �WKH �ELRORJLFDO �FRQWURO �DJHQWV �WKDW
LQFUHDVLQJO\�VXEVWLWXWH�WKH�WUDGLWLRQDO�SHVWLFLGHV�WR�RYHUFRPH�SHVWLFLGH�ULVNV��7KHUHIRUH�
WKH �SUHVHQW �VWXG\ �DLPHG �WR �DVVHVV �WKH �IXQJDO �YLUXOHQFH �RI �%HDXYHULD �EDVVLDQD
�%DOVDPR��DQG�0HWDUKL]LXP�DQLVRSOLDH��0HWFKQLNRII��DJDLQVW�%��]RQDWD�SXSDH��$OVR��WKH
H[WHQGHG�SDWKRJHQLFLW\�HIIHFW�RI�WKHVH�IXQJL�WR�DGXOW�IOLHV�HPHUJHG�IURP�WUHDWHG�SXSDH�LQ
WKH �ODUYDO �VWDJH �ZHUH �VWXGLHG� �5HVXOWV �VKRZHG �WKDW �0� �DQLVRSOLDH �ZDV �PRUH

SDWKRJHQLFLW\�WR�%��]RQDWD�SXSDH�RQ�WKH��QG� ��UG �DQG��WK �GD\V�RI�WUHDWPHQW�WKDQ�%�
EDVVLDQD�IXQJXV��3DWKRJHQLFLW\�HIIHFWV�H[WHQGHG�WR�WKH�VXUYLYLQJ�DGXOWV�GHYHORSHG�IURP
WUHDWHG�ODUYDH��)XQJDO�FRQFHQWUDWLRQ�DQG�SRVW�H[SRVXUH�LQWHUYDO�UHYHUVHO\�LPSDFWHG�WKH
SXSDH�E\��������PRUWDOLW\�LQ�FDVH�RI�0��DQLVRSOLDH�DQG��������LQ�FDVH�RI�%��EDVVLDQD
RI �WKH �WRWDO �IDFWRUV �DIIHFWHG �WKH �PRUWDOLW\ �RI �WKH �SXSDO �VWDJH� �7KH �PHGLDQ �OHWKDO

FRQFHQWUDWLRQ�IRU�WKH�IO\�ZDV�IXQJDO�VSHFLHV�GHSHQGHQW� �LW �UDQJHG�IURP����[����DQG

���[����FRQLGLD�PO �RI �0��DQLVRSOLDH�DQG�IURP����[����DQG����[����FRQLGLD�PO �RI �%�
EDVVLDQD��GHSHQGLQJ�RQ�SRVW�WUHDWPHQW�WLPH��0HGLDQ�OHWKDO�WLPH�YDOXH�ZDV�GHSHQGHQW
RQ�ERWK�IXQJXV�VSHFLHV�DQG�FRQFHQWUDWLRQ��0��DQLVRSOLDH�ZDV�PRUH�YLUXOHQW�WKDQ�%�
EDVVLDQD�ZLWK�UHVSHFWLYH�/7���YDOXHV�UDQJHG�IURP�������WR������GD\V�DQG�IURP�������WR

������GD\V��GHSHQGLQJ�RQ�IXQJDO�FRQFHQWUDWLRQV�WHVWHG�����[�������[����FRQLGLD�PO��
7KH�WHVWHG�HQWRPRSDWKRJHQLF�IXQJL�FRXOG�EH�D�SURPLVLQJ�ELRFRQWURO�DJHQW�DJDLQVW�%�
]RQDWD��DQG�FDQ�EH�XVHG�IRU�IO\�VXSSUHVVLRQ�WKURXJK�VRLO�DSSOLFDWLRQ�LQ�,30�SURJUDPV�

.H\ZRUGV��)UXLW�IOLHV��HQWRPRSDWKRJHQLF�IXQJL��SDWKRJHQLFLW\��PLFURELDO�FRQWURO��,30�
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8QSURFHVVHG�'ULHG�/HDYHV�RI�0XFXQD�XWLOLV
DQG�9HUQRQLD�DP\JGDOLQD��,PSDFWV�RQ�5DLVLQJ
)LVK�6HHGV�LQ�,QGRRU�+DWFKHU\

3UHVHQWHU
'U��$GHEROD�2OX\LQND
$MLER\H
8QLYHUVLW\�RI�,EDGDQ�
1LJHULD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

$GHEROD �2OX\LQND �$MLER\H�� �)XQPLOROD �$MDQL� �DQG �0DWWKHZ �$GHR\H

2PRWXQGH�

�'HSDUWPHQW�RI�$TXDFXOWXUH�DQG�)LVKHULHV�0DQDJHPHQW��8QLYHUVLW\�RI�,EDGDQ��,EDGDQ�
1LJHULD�
�'HSDUWPHQW�RI�:LOGOLIH�DQG�(FRWRXULVP�0DQDJHPHQW��8QLYHUVLW\�RI�,EDGDQ��,EDGDQ��2\R
6WDWH��1LJHULD�
�$QLPDO�*HQHWLF�5HVRXUFHV�8QLW��1DWLRQDO�&HUHDO�5HVHDUFK�,QVWLWXWH��0RRU�3ODQWDWLRQ�
,EDGDQ��2\R�6WDWH��1LJHULD�

$EVWUDFW
6XVWDLQDEOH�DQG�VWDEOH�SURGXFWLRQ�RI�ILVK�ODUYDH�UHTXLUHV�GLHW�WKDW�ZLOO�HQKDQFH�HIILFLHQW
QXWULHQW �XWLOL]DWLRQ �DQG �JURZWK �SHUIRUPDQFH �RI �ILVK� �7KH �VWXG\ �ZDV �GHVLJQHG �WR
LQYHVWLJDWH�WKH�HIIHFWV �RI �XQSURFHVVHG�GULHG�OHDYHV�RI �0XFXQD�XWLOLV ��8'/08��DQG
9HUQRQLD�DP\JGDOLQD�8'/9$��RQ�KHPDWRORJ\��KLVWRORJ\��QXWULHQW�XWLOL]DWLRQ�DQG�JURZWK
SHUIRUPDQFH�RI�&ODULDV�JDULHSLQXV��)LVK�ZHUH�VWRFNHG�DW�ILIWHHQ�ILVK�SHU�WUHDWPHQW�DQG
UHSOLFDWHG�WKULFH��)LVK�PHDO�ZDV�UHSODFHG�ZLWK�8'/08�DQG�8'/9$�DW�GLIIHUHQW�JUDGHG
OHYHOV��������������������DQG��������:DWHU�TXDOLW\�SDUDPHWHUV��JURZWK�SDUDPHWHUV�
KHPDWRORJ\ �DQG �KLVWRORJ\ �RI �YLWDO �RUJDQV �ZHUH �GHWHUPLQHG �DFFRUGLQJ �WR �VWDQGDUG
SURFHGXUHV��'DWD�REWDLQHG�ZHUH�DQDO\VHG�XVLQJ�$129$�DQG�'XQFDQ�PXOWLSOH�UDQJH�WHVW
ZDV�XVHG�WR�VHSDUDWH�WKH�PHDQV��0HDQ�ZHLJKW�JDLQ��0:*��RI����������Jb������ZDV
VLJQLILFDQWO\�KLJKHU�3!�����WKDQ�RWKHU�WUHDWPHQWV�IHG�8'/08�DQG�8'/9$��6SHFLILF
JURZWK�UDWH��6*5��UHFRUGHG�LQ���������Jb������YDULHG�VLJQLILFDQWO\�3!�����FRPSDUHG�WR
RWKHU�OHYHO�RI�LQFOXVLRQV��)HHG�FRQYHUVLRQ�UDWLR��)&5��RI�ILVK�IHG�8'/08�DQG�8'/9$
KDG�WKH�KLJKHVW�YDOXH�LQ����������b������OHYHO�RI�LQFOXVLRQ��3DFNHG�FHOO�YROXPH��3&9�
�����b�������VKRZHG�D�VLJQLILFDQW�YDOXH�3!�����DW�����OHYHO�RI�LQFOXVLRQ��+HPRJORELQ
�+E� �VKRZHG �VLJQLILFDQW �UHODWLRQVKLSV �3!���� �DPRQJ �WKH �WUHDWPHQWV �IHG ���� ����
����b����J�GO��DQG���������b����J�GO��OHYHOV�RI�LQFOXVLRQV��5%&�FRXQWV�KDG�D�VLJQLILFDQW
YDOXH�3!�����DW����������b����J�O��OHYHO�RI�LQFOXVLRQ��:KLWH�EORRG�FHOO��:%&��FRXQW
YDULHG�VLJQLILFDQWO\ �3!�����DW ������OHYHO �RI �LQFOXVLRQ�������b����J�O�� �7KH�KLJKHVW
VLJQLILFDQW�YDOXH�3!�����RI�3ODWHOHW��������b����J�O��ZDV�REWDLQHG�DW������OHYHO�RI
LQFOXVLRQ��6ZHOOLQJ�RI�FOXE�DQG�HSLGHUPDO�FHOOV�LQ�WKH�VNLQ�RI�ILVK�ZHUH�REVHUYHG�DW�����
OHYHO�RI�LQFOXVLRQV��'HJHQHUDWLRQ�RI�WXEXODU�HSLWKHOLDO�FHOOV�RFFXUUHG�LQ�WKH�NLGQH\V�RI�ILVK
IHG�����OHYHO�RI�LQFOXVLRQ��0RGHUDWH�DWURSK\�RI�KHSDWLF�SODWHV�DQG�GLIIXVH�VZHOOLQJ�RI
KHSDWRF\WHV�ZHUH�REVHUYHG�LQ�WKH�OLYHU�RI�ILVK�IHG�����DQG������OHYHOV�RI�LQFOXVLRQV��,Q
WKLV�VWXG\��YDOXHV�REWDLQHG�VKRZV�WKDW�LQFUHDVHG�OHYHOV�RI�8'/08�DQG�8'/9$�DQG
SUHVHQFH�RI�DQWL�QXWULWLRQDO�IDFWRU�LQ�WKH�GLHWV�FDXVHG�SRRU�JURZWK�SHUIRUPDQFH�DQG
G\VIXQFWLRQ�RI�OLYHU�DQG�NLGQH\�RI�&��JDULHSLQXV�

.H\ZRUGV��&ODULDV�JDULHSLQXV��ZDWHU�TXDOLW\�SDUDPHWHUV��KHPDWRORJ\��KLVWRORJ\��JURZWK
SHUIRUPDQFH�
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3K\WRUHPHGLDWLRQ�RI�+HDY\�0HWDOV�ZLWK�6SHFLDO
5HIHUHQFH�WR�/HDG�5HPRYDO�IURP�6RLO �DQG
:DWHU�(QYLURQPHQW

3UHVHQWHU
'U��/HHOD�.DXU
0DKDUDMD�*DQJD�6LQJK
8QLYHUVLW\��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

/HHOD�.DXU
'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFH��0DKDUDMD�*DQJD�6LQJK�8QLYHUVLW\��%LNDQHU��,QGLD

$EVWUDFW
3K\WRUHPHGLDWLRQ�LV�WKH�UHPHGLDWLRQ�RI�FRQWDPLQDWHG�DLU��VRLO��RU�ZDWHU�ZLWK�WKH�KHOS�RI
SODQWV� �,W �LV �D�GHYHORSLQJ�WHFKQRORJ\�ZLWK�PDQ\�DGYDQWDJHV�DQG�FHUWDLQ�OLPLWDWLRQV�
+RZHYHU� �WKLV �WHFKQRORJ\ �LV �UHQRZQHG �GXH �WR �LWV �FOHDQ� �JUHHQ �DQG �FRVW�HIIHFWLYH
IHDWXUHV��7KHUH�DUH�GLIIHUHQW�SURFHVVHV�WKURXJK�ZKLFK�SODQWV�WDNH�XS�FRQWDPLQDQWV�OLNH
DFFXPXODWLRQ� �GHJUDGDWLRQ� �H[WUDFWLRQ� �ILOWUDWLRQ� �VWDELOL]DWLRQ �DQG �YRODWLOL]DWLRQ� �)LHOG
DSSOLFDWLRQ �RI �SK\WRUHPHGLDWLRQ �UHTXLUHV �LQ�GHSWK �NQRZOHGJH �RQ �WKH �W\SH �RI
FRQWDPLQDQWV��VHOHFWLRQ�RI�SODQWV�DQG�W\SH�RI�PHGLXP�DV�WKHVH�DUH�WKH�IDFWRUV�WKDW
GHFLGH �WKH �HIILFLHQF\ �RI �SK\WRUHPHGLDWLRQ� �7KHUH �DUH �SODQWV �WKDW �KDYH �D �KLJK
DFFXPXODWLRQ�FDSDFLW\�IRU�FRQWDPLQDQWV��HVSHFLDOO\�IRU�KHDY\�PHWDOV��7KH\�DUH�NQRZQ�DV
K\SHU�DFFXPXODWRUV� �)RU �H[DPSOH� �WKH �GXFNZHHG �SODQW �LV �FRQVLGHUHG �D �PRGHO �IRU
SK\WRUHPHGLDWLRQ�UHVHDUFK�DV�LW�SOD\V�DQ�LPSRUWDQW�UROH�LQ�KHDY\�PHWDO�UHPRYDO�IURP
FRQWDPLQDWHG�ZDWHU��+RZHYHU��ZH�QHHG�WR�XQGHUVWDQG�WKH�PHFKDQLVP�RI�UHPHGLDWLRQ
DQG�VHOHFWLRQ�RI�GXFNZHHG�VSHFLHV�IRU�D�SDUWLFXODU�FRQWDPLQDQW��'HWDLOHG�VWXGLHV�RQ
K\SHU�DFFXPXODWRU �SODQWV
 �GHWR[LILFDWLRQ �PHFKDQLVP �ZRXOG �EH �D �SURJUHVVLRQ� �7KH
SUHVHQW �SDSHU �SURYLGHV �DQ �RYHUYLHZ �RI �SK\WRUHPHGLDWLRQ �WHFKQRORJ\ �ZLWK �FXUUHQW
DGYDQFHPHQWV��,W�DOVR�GHDOV�ZLWK�WKH�UHPRYDO�RI�OHDG�IURP�FRQWDPLQDWHG�VRLO�DQG�ZDWHU
HQYLURQPHQW��7KH�UHVHDUFK�ZRUN�ZDV�FDUULHG�RXW�XVLQJ�OHVVHU�GXFNZHHG�DQG�,QGLDQ
PXVWDUG�SODQWV��7KHVH�SODQWV�ZHUH�JURZQ�LQ�D�FRQWDPLQDWHG�HQYLURQPHQW�ZLWK�KLJK
FRQFHQWUDWLRQV�RI�OHDG��7KH\�VKRZHG�JRRG�OHDG�DFFXPXODWLRQ�SRWHQWLDO�LQ�ZDWHU�DQG�VRLO
V\VWHPV� �5HFHQW �SK\WRUHPHGLDWLRQ �UHVHDUFK �LV �IRFXVHG �RQ �HQKDQFLQJ �WKH
SK\WRUHPHGLDWLRQ�HIILFLHQF\�RI�SODQWV�E\�GHYHORSLQJ�WUDQVJHQLF�SODQWV��7KLV�FRXOG�EH
GRQH�E\�XVLQJ�JHQHWLF�HQJLQHHULQJ�DSSURDFKHV�FRPSULVLQJ�RYHUH[SUHVVLRQ�RI�JHQHV
LQYROYHG�LQ�PHWDO�XSWDNH��WUDQVSRUW��DQG�VHTXHVWUDWLRQ��)LHOG�DSSOLFDWLRQ�RI�WUDQVJHQLF
SODQWV�LV�YHU\�IHZ�DQG�QHHGV�WR�EH�LQFUHDVHG�IRU�LWV�DFFRPSOLVKPHQW��3K\WRUHPHGLDWLRQ
UHVHDUFK�FRYHUV�YDULRXV�UHVHDUFK�ILHOGV��+HQFH��H[SHUWV�RI�DJULFXOWXUDO�VFLHQFH��ERWDQ\�
FKHPLVWU\��HQYLURQPHQWDO�VFLHQFH��JHQHWLF�HQJLQHHULQJ��PLFURELRORJ\��PROHFXODU�ELRORJ\�
DQG�SODQW�SK\VLRORJ\��HWF��QHHG�WR�GR�FROODERUDWLYH�UHVHDUFK�IRU�WKH�DGYDQFHPHQW�RI
NQRZOHGJH�

.H\ZRUGV��3K\WRUHPHGLDWLRQ��KHDY\�PHWDOV��/HDG��/HVVHU�GXFNZHHG��,QGLDQ�PXVWDUG�
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,Q�9LYR�$VVHVVPHQW�RI�$QWL�VDOPRQHOLF�(IIHFW�RI
$HROODQWKXV�SXEHVFHQV�(VVHQWLDO�2LO �LQ�,VD
%URZQ�3XOOHWV

3UHVHQWHU
'U��3KLOLSSH�6HVVRX
8QLYHUVLW\�RI�$ERPH\�
&DODYL��%HQLQ
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

3KLOLSSH�6HVVRX��-HDQ�(XGHV�$YDQRQ�DQG�0RKDPHG�<DVVHU�$UDIDWK�$NLQODGH
/DZDQL
5HVHDUFK �8QLW �RQ �&RPPXQLFDEOH �'LVHDVHV� �3RO\WHFKQLF �6FKRRO �RI �$ERPH\�&DODYL�
8QLYHUVLW\�RI�$ERPH\�&DODYL��&RWRQRX��%HQLQ

$EVWUDFW
7KH�REMHFWLYH�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�HYDOXDWH��LQ�,6$�%URZQ�SXOOHWV��WKH�LQ�YLYR
DQWLVDOPRQHOLF�HIIHFW�RI�$HROODQWKXV�SXEHVFHQV�HVVHQWLDO�RLO�ZKRVH�LQ�YLWUR�DQWLPLFURELDO
HIILFDF\ �DQG �VDIHW\ �LQ �:LVWDU �UDWV �KDYH �EHHQ�SURYHQ �LQ �SUHYLRXV �VWXGLHV� �)RU �WKLV
SXUSRVH����SXOOHWV�RI����ZHHNV�ROG�ZHUH�XVHG�WR�WHVW�WKH�YLUXOHQFH�RI�WZR�6DOPRQHOOD
VWUDLQV�DQG����SXOOHWV�RI����ZHHNV�ROG�ZHUH�ZHLJKHG�DQG�GLYLGHG�LQWR�ILYH������EDWFKHV
RI�ILYH������SXOOHWV�HDFK�IRU�WKH�DQWLPLFURELDO�HIIHFW��ORW���FRQVWLWXWHV�WKH�QRUPDO�FRQWUROV�
ORW ���RI�LQIHFWHG�SXOOHWV�ZLWKRXW�WUHDWPHQW� �ORW ���RI�LQIHFWHG�SXOOHWV�DQG�WUHDWHG�ZLWK
HVVHQWLDO �RLO �RI �$HROODQWKXV�SXEHVFHQV� �ORW ���RI �LQIHFWHG�SXOOHWV�DQG�WUHDWHG�ZLWK�D
FRPPHUFLDO�DQWLELRWLF��3ULPDGH[��DQG�ORW���RI�SXOOHWV�KDYLQJ�UHFHLYHG�RQO\�HVVHQWLDO�RLO�RI

$HROODQWKXV�SXEHVFHQV��7KH�PLFURELDO�VXVSHQVLRQ�����[����FHOOV�PO��ZDV�LQMHFWHG�LQWR
WKH �SXOOHWV �LQWUD�PXVFXODUO\ �DW �D �GRVH �RI ��P/ �SHU �SXOOHW �DQG �WKH �HVVHQWLDO �RLO �RI
$HROODQWKXV�SXEHVFHQV�DQG�3ULPDGH[��FRPPHUFLDO �DQWLELRWLF�FRPSRVHG�RI�DPSLFLOOLQ
��J� �FROLVWLQH� ���08,� �GH[DPbWKDVRQH���PJ� �TVS����PO� �ZHUH�DOVR�LQMHFWHG�WR �WKH
WHVWHG�DQLPDOV�LQWUDPXVFXODUO\�DW�D�GRVH�RI�����PO�IRU�WKH�WUHDWPHQWV�IRU�WKUHH�GD\V
EHIRUH�WKH�PLFURELDO�LQRFXODWLRQ��7KH�GXUDWLRQ�RI�WKH�H[SHULPHQW�ZDV����GD\V��$W�WKH�HQG
RI�WKLV�VWXG\��WKH�HVVHQWLDO�RLO�RI�$��SXEHVFHQV�KDV�SUHYHQWHG�PRUELGLW\�DQG�PRUWDOLW\�LQ
SXOOHWV�ZLWK�VDOPRQHOORVLV��7KLV�RLO�FDQ�EH�XVHG�DV�D�YDOLG�DOWHUQDWLYH�WR�DQWLELRWLFV�LQ�WKH
FRQWURO�RI�DYLDQ�SDWKRORJLHV�RI�EDFWHULDO�RULJLQ�LQFOXGLQJ�VDOPRQHOORVLV�

.H\ZRUGV��$HROODQWKXV�SXEHVFHQV��FXUDWLYH�HIIHFW��HVVHQWLDO�RLO��6DOPRQHOORVLV�GLVHDVH�
SXOOHWV�
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(YDOXDWH�WKH�6XFFHVV�RI�$67$)�352
$TXDSRQLFV�6\VWHP�LQ�(J\SW�XVLQJ�0RQRVH[
1LOH�WLODSLD��2UHRFKURPLV�QLORWLFXV

3UHVHQWHU
3URI��$ODD�*��0�
2VPDQ
$O�$]KDU�8QLYHUVLW\�
(J\SW
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

$ODD�*��0��2VPDQ���0DKPRXG�0��6��)DUUDJ���$KPHG�(��$��%DGUH\���DQG�=RKLHU

0��$��.KHGU���DQG�:HUQHU�.ORDV�

�'HSDUWPHQW�RI�=RRORJ\��)DFXOW\�RI�6FLHQFH��$O�$]KDU�8QLYHUVLW\��������$VVLXW��(J\SW
�'HSDUWPHQW�RI�(FRSK\VLRORJ\�DQG�$TXDFXOWXUH��/HLEQL]�,QVWLWXWH�RI�)UHVKZDWHU�(FRORJ\
DQG�,QODQG�)LVKHULHV��%HUOLQ��*HUPDQ\

$EVWUDFW
7KH�SURSRVHG �SURMHFW �LV �SODQQHG �WR �KHOS �LQWHQVLI\ �WKH �DOUHDG\ �IUXLWIXO �FROODERUDWLRQ
EHWZHHQ�$O�$]KDU�8QLYHUVLW\�LQ�(J\SW�DQG�WKH�/HLEQL]�,QVWLWXWH�RI�)UHVKZDWHU�(FRORJ\
�,*%��LQ�*HUPDQ\��,W�LV�D�FRRSHUDWLYH�SURMHFW�WR�HQDEOH�WKH�HIILFLHQW�WUDQVIHU�RI�LQQRYDWLYH
HFRWHFKQRORJ\ �$67$)�352 �DTXDSRQLF �IURP �*HUPDQ\ �WR �(J\SW �IRU �VXVWDLQDEOH
DTXDFXOWXUH�DQG�IRRG�SURGXFWLRQ��HYDOXDWLQJ�WKH�VXFFHVV�RI�$67$)�352�$TXDSRQLFV
6\VWHP �LQ �(J\SW �XVLQJ �PRQRVH[ �1LOH �WLODSLD� �2UHRFKURPLV �QLORWLFXV� �$TXDSRQLF �LV
GHILQHG�DV�D�VXVWDLQDEOH�IRRG�SURGXFWLRQ�V\VWHP�WKDW�FRPELQHV�WUDGLWLRQDO�DTXDFXOWXUH
ZLWK�K\GURSRQLF�LQ�D�V\PELRWLF�PDQQHU��7KH�FXUUHQW�SURSRVHG�SURMHFW�FRQVLVWV�RI�WZR
SDUDOOHO�H[SHULPHQWDO�XQLWV��WKH�$67$)�352�XQLW�DQG�WKH�321'�XQLW��5HVXOWV�RI�ZDWHU
TXDOLW\�DQDO\VLV�UHYHDOHG�LPSURYHPHQW�RI�PRVW�SDUDPHWHUV�LQ�DQ�DTXDSRQLF�V\VWHP�ZLWK
D�VLJQLILFDQW�UHGXFWLRQ�LQ�WR[LF�DPPRQLD��7KLV�LPSOLHV�WKDW�WKH�$67$)�352�V\VWHP�LV
JUHDWO\�HIILFLHQW�IRU�UHGXFLQJ�ZDVWH��,Q�DTXDSRQLF��WKH�FRQYHUVLRQ�UDWH�ZDV�TXLFNO\�VR�WKH
QLWULWH�OHYHO�LQ�$67$)�352�ZDV�UHFRGHG�WR�EH�ORZHU�WKDQ�WKH�SHUPLVVLEOH�OLPLW��SUREDEO\
EHFDXVH�RI�WKH�GRXEOH�VLGHG�DFWLRQ�RI�QLWUREDFWHULD�SUHVHQW�LQ�WKH�ELRORJLFDO�ILOWHUV�DQG
WKH�JURZ�EHGV�IRU�WKH�SODQW�LQ�WKH�V\VWHP��%RWK�V\VWHPV�H[KLELWHG�QHDUO\�WKH�VDPH
YDOXHV�RI�JURZWK�SHUIRUPDQFH��)&5��FRQGLWLRQ�IDFWRU��.���VSHFLILF�JURZWK�UDWH��6*5��LQ
ERWK�V\VWHPV��1RQ�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�REVHUYHG�LQ�WKH�YDOXHV�RI�QHDUO\�DOO�WKH
KHPDWRORJLFDO�SDUDPHWHUV�LQ�WKH�EORRG�RI�ILVKHV�UHDUHG�LQ�WKH�DTXDSRQLF�V\VWHP�DQG
WKRVH�UHDUHG�LQ�321'�V\VWHPV��7KH\�ZHUH�ZLWKLQ�WKH�QRUPDO�UDQJHV�IRU�KHDOWK\�1LOH
WLODSLD�DQG�DOO�QRW�IDU�IURP�YDOXHV�JLYHQ�E\�RWKHU�DXWKRUV�IRU�WKH�VDPH�ILVK�LQ�GLIIHUHQW
ORFDOLWLHV��7KLV�ILQGLQJ�VHHPV�WR�FRQILUP�WKDW�WKH�PRQRVH[�1LOH�WLODSLD�ZDV�QRW�QHJDWLYHO\
LQIOXHQFHG �E\ �WKH �UHDULQJ �XQGHU �DTXDSRQLF �FRQGLWLRQV� �0RVW �RI �WKH �PHDVXUHG
ELRFKHPLFDO�YDULDEOHV�H[KLELWHG�LPSURYHPHQW�LQ�WKH�EORRG�RI�ILVK�UHDUHG�LQ�WKH�$67)�
352�V\VWHP�FRPSDUHG�WR�WKH�321'�RQH��VXJJHVWLQJ�WKDW�ILVK�KHDOWK�ZDV�LPSURYHG
ZKHQ �WKH �ILVK �ZHUH �UHDUHG �LQ �DTXDSRQLF �ZLWK �EHWWHU �ZDWHU �TXDOLW\ �SDUDPHWHUV�
,PPXQRJOREXOLQ��,J0��OHYHOV�DQG�O\VR]\PH�DFWLYLW\�ZHUH�WKH�VDPH�LQ�WKH�EORRG�RI�ILVK
UHDUHG�LQ�ERWK�V\VWHPV��FRQILUPLQJ�WKDW�WKH�PRQRVH[�1LOH�WLODSLD�LV�VWLOO�ILW�DQG�KDG�D
JRRG �LPPXQRORJLFDO �VWDWXV �XQGHU �DTXDSRQLF �FRQGLWLRQV� �,Q �FRQFOXVLRQ� �WKH �JURZWK
SHUIRUPDQFH�DQG�KHDOWK �VWDWXV �RI �PRQRVH[ �1LOH �WLODSLD �UHDUHG �LQ �WKH �$67$)�352
DTXDSRQLFV�V\VWHP�ZDV�EHWWHU�WKDQ�RU�QHDUO\�WKH�VDPH�RI�WKRVH�UHDUHG�LQ�321'�
.H\ZRUGV��$TXDSRQLFV��ZDWHU�TXDOLW\��JURZWK�SHUIRUPDQFH��KHPDWRORJ\��ELRFKHPLVWU\�
PRQRVH[�1LOH�WLODSLD��(J\SW�
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1XWULWLRQDO�3URILOH��3URFHVVLQJ�DQG�3RWHQWLDO
+HDOWK�%HQHILWV�RI�*RDW�0LON�DQG�LWV�3URGXFWV

3UHVHQWHU
'U��*XO]DU�$KPDG
1D\LN
*RYW��'HJUHH�&ROOHJH
6KRSLDQ��-	.��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

*XO]DU�$KPDG�1D\LN��DQG�<DVK�'��-DJGDOH�

�'HSDUWPHQW�RI�)RRG�6FLHQFH�	�7HFKQRORJ\��*RYW��'HJUHH�&ROOHJH�6KRSLDQ��-	.��,QGLD
�0,7�6FKRRO�RI�)RRG�7HFKQRORJ\��0,7�$'7�8QLYHUVLW\��3XQH��0DKDUDVKWUD��,QGLD

$EVWUDFW
*RDW�PLON�LV�FRQVLGHUHG�WR�EH�D�SRWHQWLDO�VRXUFH�RI�YDULRXV�PDFUR�DQG�PLFUR�QXWULHQWV��,W
FRQWDLQV�D�JRRG�SURSRUWLRQ�RI�SURWHLQ��IDW��FDUERK\GUDWHV��DQG�RWKHU�ERRVWHUV�ZKLFK�KHOS
LQ�SURPRWLQJ�QXWULWLRQDO�DQG�GHVLUDEOH�KHDOWK�EHQHILWV��*RDW�PLON�LV�FRQVLGHUHG�WR�EH
VXSHULRU�LQ�WHUPV�RI�QXWULWLRQ��ZLWK�HQKDQFHG�KHDOWK�EHQHILWV��DQG�D�ORZHU�ULVN�RI�DOOHUJ\�
ZKHQ�FRPSDUHG�WR�WKH�PLON�RI�RWKHU�VSHFLHV��6HYHUDO�SUHVHUYDWLRQV�DQG�SURFHVVLQJ
WHFKQLTXHV�VXFK�DV�SDVWHXUL]DWLRQ��KRPRJHQL]DWLRQ��XOWUDILOWUDWLRQ��PLFUR�ILOWUDWLRQ�DQG
XOWUDVRXQG�KDYH�EHHQ�HPSOR\HG�WR�HQKDQFH�WKH�TXDOLW\�DQG�VKHOI�OLIH�RI�JRDW�PLON��7KH
GLYHUVH�UDQJH�RI�JRDW�PLON�EDVHG�SURGXFWV�VXFK�DV�\RJXUW��FKHHVH��IHUPHQWHG�PLON��LFH
FUHDP��DQG�RWKHUV�DUH�DYDLODEOH�LQ�WKH�PDUNHW�DQG�DUH�SUHSDUHG�E\�WKH�LQWHUYHQWLRQ�RI
QRYHO �SURFHVVLQJ �WHFKQRORJLHV� �*RDW �PLON �FRQWDLQV �SRWHQWLDO �ELRDFWLYH �FRPSRQHQWV�
ZKLFK�FRXOG�SOD\�D�SLYRWDO�UROH�LQ�WKH�SUHYHQWLRQ�RI�YDULRXV�DLOPHQWV�DV�ZHOO�DV�DLGLQJ�LQ
WKH�PDLQWHQDQFH�RI�WKH�SURSHU�PHWDEROLVP�DQG�IXQFWLRQLQJ�RI�WKH�KXPDQ�ERG\��7KLV
UHYLHZ �JLYHV �LQVLJKW �LQWR �WKH �NH\ �QXWULWLRQDO �LQJUHGLHQWV �DQG �ELRDFWLYH �FRQVWLWXHQWV
SUHVHQW�LQ�JRDW�PLON�DQG�WKHLU�SRWHQWLDO�UROH�LQ�WKH�GHYHORSPHQW�RI�YDULRXV�IXQFWLRQDO
IRRGV��7KH�SDSHU�DOVR�SURYLGHV�EULHI�LQIRUPDWLRQ�RQ�JRDW�PLON�FRPSDULVRQ�ZLWK�RWKHU
PLON��,Q�DGGLWLRQ��WKH�SUHVHQW�UHYLHZ�DOVR�KLJKOLJKWV�WKH�SRWHQWLDO�KHDOWK�EHQHILWV�RI�JRDW
PLON��7KLV�UHYLHZ�LV�DQ�DWWHPSW�WR�FROODWH�WKH�VFLHQWLILF�SURJUHVV�ZLWK�UHVSHFW�WR�JRDW�PLON
ZKLFK�LV�QRW�VR�PXFK�SRSXODU�DV�FRZ�RU�EXIIDOR�PLON�WKURXJKRXW�WKH�ZRUOG��7KH�UHYLHZ
FRPSLOHV�FRPSUHKHQVLYH�NQRZOHGJH�RQ�WKH�QXWULWLRQDO�SURILOH��SURFHVVLQJ��SUHVHUYDWLRQ
DQG�KHDOWK�EHQHILWV�RI�JRDW�PLON�DQG�LWV�SURGXFWV��*RDW�PLON�FRXOG�EH�FRQVLGHUHG�DV�D
VLJQLILFDQW�RSWLRQ�IRU�PLON�FRQVXPSWLRQ�LQ�DOO�DJH�JURXSV��DV�FRPSDUHG�WR�RWKHU�PLON
DYDLODEOH��,Q�RUGHU�WR�JHW�PRUH�NQRZOHGJH�DERXW�WKH�KHDOWK�EHQHILWV�RI�JRDW�PLON��PRUH
DQG�PRUH�H[WHQVLYH�UHVHDUFK�LV�UHTXLUHG�

.H\ZRUGV��*RDW�PLON��PLON�SURGXFWV��SURFHVVLQJ��KHDOWK�EHQHILWV��JRDW�
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9DULDWLRQ�RI�'LHWDU\�(QHUJ\�/HYHO�RQ�*URZWK
3HUIRUPDQFH�DQG�)HHG�(IILFLHQF\�RI
6HTXHQWLDOO\�)HG�6DVVR�%URLOHU�XQGHU�7URSLFV

3UHVHQWHU
'U��.SRPDVVH�&RFRX
&ODXGH
8QLYHUVLW\�RI�$ERPH\
&DODYL��%HQLQ
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

&RFRX�&ODXGH�.SRPDVVH�����2\HJXQOH�(PPDQXHO�2NH�����)UHGHULFN�0DNSRQGML

+RXQGRQRXJER��DQG�.RNRX�7RQD�

�5HJLRQDO�&HQWHU�RI�([FHOOHQFH�RQ�3RXOWU\�6FLHQFHV��&(56$���8QLYHUVLW\�RI�/RPH��7RJR
�'HSDUWPHQW�RI�$QLPDO�3K\VLRORJ\��)HGHUDO�8QLYHUVLW\�RI�$JULFXOWXUH��$EHRNXWD��1LJHULD
�)DFXOW\�RI�$JURQRPLF�6FLHQFHV��)6$���8QLYHUVLW\�RI�$ERPH\�&DODYL��%HQLQ

$EVWUDFW
6ORZ�JURZLQJ �EURLOHUV �DUH �ZHOO �DGDSWHG �WR �WURSLFDO �FOLPDWH �EXW �KDYH �SRRU �JURZWK
SHUIRUPDQFH�DQG�IHHG�HIILFLHQF\��7KLV�VWXG\�H[DPLQHG�WKH�SRVVLELOLW\�WR�LPSURYH�WKH
JURZWK�SHUIRUPDQFHV�DQG�HIILFLHQF\�RI�6DVVR�EURLOHUV�IHG�VHTXHQWLDOO\�E\�YDULDWLRQ�LQ�WKH
HQHUJ\�OHYHO�RI�GLHWV��7ZR�WUHDWPHQWV�RI�ILYH�UHSOLFDWHV�RI�WZHQW\�VL[�FKLFNHQV�HDFK�ZHUH
XVHG� �%LUGV �RI �WKH �FRQWURO �JURXS �UHFHLYHG �FRPSOHWH �GLHW ��& �JURXS� �DQG �WKRVH �IHG
VHTXHQWLDOO\�ORZ�HQHUJ\�GLHW��(�ORZ�GLHW��LQ�WKH�PRUQLQJ�IROORZHG�E\�KLJK�HQHUJ\�GLHW��(
KLJK�GLHW��LQ�WKH�DIWHUQRRQ��$W����ZN�RI�DJH����FKLFNHQV�SHU�UHSOLFDWH�RI�VLPLODU�ERG\
ZHLJKW�ZHUH�VODXJKWHUHG�IRU�HYDOXDWLRQ�RI�FDUFDVV�\LHOG��UHODWLYH�SK\VLRORJLFDO�RUJDQ
ZHLJKWV��DEGRPLQDO�IDW��UHODWLYH�JXW�ZHLJKW�DQG�OHQJWK��5HVXOWV�VKRZHG�WKDW�IHHG�LQWDNH�
ILQDO�ERG\�ZHLJKW��ZHLJKW�JDLQ��DEGRPLQDO�IDW�DQG�IHHG�FRQYHUVLRQ�UDWLR�ZHUH�KLJKHU
�S�������LQ�FKLFNHQV�RI�WKH�FRQWURO�JURXS��&�JURXS��FRPSDUHG�WR�WKRVH�RI�(�JURXS�
+RZHYHU��H[FHSW�IRU�KLJKHU��S�������SDQFUHDV�DQG�JL]]DUG�ZHLJKWV�RI�ELUGV�RI�(�JURXS�
PRUWDOLW\��FDUFDVV�WUDLWV�DQG�RUJDQ�ZHLJKWV�ZHUH�VLPLODU��S!������LQ�ERWK�WUHDWPHQWV��,W
ZDV�FRQFOXGHG�WKDW�GLIIHUHQW�GLHWDU\�HQHUJ\�OHYHO�GLHWV�LPSURYHG�IHHG�HIILFLHQF\�RI�6DVVR
EURLOHU�

.H\ZRUGV��(QHUJ\��6DVVR�EURLOHU��WURSLFV��IHHG�HIILFLHQF\��VHTXHQWLDO�IHHGLQJ�
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*URZWK�(YDOXDWLRQ�XVLQJ�/LYH�)HHG�DQG
3URELRWLFV�LQ�=HEUD�)LVK��'DQLR�UHULR��+DPLOWRQ�
�����

3UHVHQWHU
'U��/HHQD�*UDFH�%HVOLQ
1HVDPRQ\�0HPRULDO
&KULVWLDQ�&ROOHJH��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

/HHQD�*UDFH�%HVOLQ�DQG�6DUDQ\D�6�6�
'HSDUWPHQW �RI �=RRORJ\� �1HVDPRQ\ �0HPRULDO �&KULVWLDQ �&ROOHJH� �0DUWKDQGDP�
.DQ\DNXPDUL �'LVWULFW� �,QGLD

$EVWUDFW
,Q �WKH �ODVW ��� �\HDUV� �WKHUH �KDV �EHHQ �D �IRXUIROG �JURZWK �LQ �DTXDFXOWXUH �LQGXVWULHV
ZRUOGZLGH��7KHVH�LPSUHVVLYH�GHYHORSPHQWV�LQ�WKH�ILVK�IDUPLQJ�SUDFWLFHV�DOVR�KDYH�VRPH
HIIHFW�LQ�KXPDQ�DQG�DQLPDO�KHDOWK�GXH�WR�WKH�HQRUPRXV�XVDJH�RI�WKH�YHWHULQDU\�GUXJV
LQWR�WKH�HQYLURQPHQW��+RZHYHU��WKH�XVDELOLW\�RI�DQWLPLFURELDO�VXEVWDQFHV�DV�D�SUHYHQWLYH
PHDVXUH �KDV �OHG �WR �WKH �H[WHQVLYH �GRFXPHQWDWLRQ �RI �WKH �HYROXWLRQ �RI �DQWLPLFURELDO
UHVLVWDQFH �DPRQJ�SDWKRJHQLF �EDFWHULD� �7KH�DSSOLFDWLRQ �RI �DQWLELRWLFV �FUHDWHV �ORW �RI
SUHVVXUH�IRU�HPHUJLQJ�GUXJ�UHVLVWDQW�EDFWHULD�ZKLFK�LV�FRPPRQ�LQ�DTXDFXOWXUH�SUDFWLFHV�
LW�PLJKW�EH�WUDQVPLWWHG�WKURXJK�IRRG�FKDLQ�IURP�ILVK�WR�KXPDQ�EHLQJV��)XUWKHU��DQWLELRWLFV
NLOO �RU �LQKLELW �EHQHILFLDO �PLFURELDO �IORUD �LQ �JXW �DQG�IXUWKHU �KLJKO\ �GLVWXUE �WKH �QDWXUDO
HFRV\VWHP�RI�GLJHVWLYH�V\VWHP�WKDW�DIIHFWV�SK\VLRORJ\��ILVK�QXWULWLRQ�DQG�LPPXQLW\��,Q
RUGHU�WR�RYHUFRPH�VXFK�VLWXDWLRQ�WKH�SUHVHQW�UHVHDUFK�ZDV�H[HFXWHG�WR�UHSODFH�WKH�LOO
HIIHFWV�RI�DQWLELRWLFV�LQ�XSFRPLQJ�WLPHV��=HEUD�ILVK��'DQLR�UHULR��ZDV�FROOHFWHG�IURP�WKH
DTXDULXP�DW�0DUWKDQGDP��.DQ\DNXPDUL�'LVWULFW��,QGLD��,W�ZDV�PDLQWDLQHG�LQ�ILVK�WDQN�ZLWK
SURSHU�DHUDWLRQ��$ERXW�����KHDOWK\�ILQJHUOLQJV�RI�=HEUD�ILVK�RI�����FP������b����PJ�
OHQJWK�ZHUH�FROOHFWHG�DQG�ZHUH�VWRFNHG�LQ�WKH�WDQNV�DW�WKH�ODERUDWRU\�DQG�WKH�ILVK�ZDV
DFFOLPDWL]HG�WR�DPELHQW�ODERUDWRU\�FRQGLWLRQ�IRU���GD\V��7KHQ��XQLIRUP�VL]HG�=HEUD�ILVK
ZDV�VHOHFWHG�DQG�WUDQVIHUUHG�LQWR�WKH�H[SHULPHQWDO�WDQN�IRU�IXUWKHU�H[SHULPHQWV��$]ROOD�
JXW �LVRODWH �/DFWREDFLOOXV �VS�� �DQG �FRPPHUFLDO �SURELRWLFV �ZHUH �LQRFXODWHG �LQWR �WKH
H[SHULPHQWDO�WDQNV��7KH�H[SHULPHQWDO�ILVKHV�ZHUH�PDLQWDLQHG�IRU����GD\V�ZLWK�SURSHU
IHHGLQJ�ZLWK�D�VHOHFWHG�GLHW��WKHQ�WKH�JURZWK�SHUIRUPDQFH��WRWDO�SURWHLQ��OLSLG��PRLVWXUH
DQG�DVK�FRQWHQW�ZDV�DQDO\]HG��7KH�DGPLQLVWHUHG�SURELRWLFV�LPSURYHG�WKH�JURZWK�DQG
HQKDQFHG�WKH�WRWDO�SURWHLQ�DQG�OLSLG�FRQWHQW�LQ�WKH�IOHVK�RI�H[SHULPHQWDO�ILVKHV�

.H\ZRUGV��$QWLEDFWHULDO��JXW�LVRODWHV��OLSLG��ODFWREDFLOOXV��SURWHLQ�
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Abstract
The variations of solar activity and distribution of solar energy due to the rotation of the
Earth around its axis and the Sun exert a strong influence on the self-organization of
water molecules. As a result, the rate of hydrolytic processes with the participation of
water clusters displays diurnal, very large annual variations, and is also modulated by
the 11-year cycles of solar activity. This fundamental phenomenon is well accounted for
by  the  influence  of  muons  on  water  clusters.  Muons  are  generated  in  the  upper
atmosphere by the solar cosmic rays. They reach the surface of the Earth and can
penetrate to some depth underground. Buildings also absorb muons. For this reason,
the rate of hydrolysis outside and inside buildings, as well as underground, can differ
significantly from each other. The rate of hydrolytic processes on the Earth depends on
the geographic latitude and should be different at the same time in the Northern and
Southern Hemispheres, because of the different distribution of solar energy between
them. Therefore, measurements of the rate of hydrolysis of triethylphosphite in different
places can provide important information about the influence of space weather on the
Earth,  and  at  the  equator  where  there  should  be  no  seasonal  differences,  such
measurements may become an independent method for assessing solar activity. The
dependence of self-organization of water molecules on the variations of solar activity
exerts a strong influence on all  forms of life and underlies the biological  circadian,
circannual, and 11-year rhythms. This dependence also explains why the water memory
phenomenon is not always reproducible and still cannot be reliably confirmed.

Keywords: Water, clusters, solar activity,  solar cycle, muons, hydrolysis, geographic
latitude.
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3URWHFWLYH�5ROH�RI�$TXHRXV�([WUDFW�RI
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1HSKURWR[LF�(IIHFWV�RI�$VSDUWDPH�LQ�)HPDOH
$OELQR�0LFH

3UHVHQWHU
0U��$E�4D\RRP�1DLN
%DUNDWXOODK�8QLYHUVLW\�
,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

$E�4D\RRP�1DLN�DQG�9LQR\�.�6KULYDVWDYD
/DERUDWRU\ �RI �(QGRFULQRORJ\� �'HSDUWPHQW �RI �%LRVFLHQFHV� �%DUNDWXOODK �8QLYHUVLW\�
%KRSDO��,QGLD

$EVWUDFW
$VSDUWDPH�LV�D�QRQ�QXWULWLYH�DUWLILFLDO�VZHHWHQHU�XVHG�DV�D�VXJDU�VXEVWLWXWH�LQ�QXPHURXV
IRRG�SURGXFWV�ZKLOH�DV��3K\OODQWKXV�QLUXUL��D�VPDOO�KHUEDO�SODQW��LV�XVHG�LQ�WUDGLWLRQDO
PHGLFLQH�LQ�VHYHUDO�FRXQWULHV��$TXHRXV�H[WUDFW�RI�3K\OODQWKXV�QLUXUL��$(31�������PJ�NJ
E�Z���ZDV�RUDOO\�JLYHQ�WR�IHPDOH�DOELQR�PLFH�IRU����DQG����GD\V�WR�VWXG\�LWV�SURWHFWLYH
UROH�DJDLQVW�KHSDWRWR[LF�DQG�QHSKURWR[LF�HIIHFWV�RI�DVSDUWDPH��$63������PJ�NJ�E�Z���LQ
IHPDOH �PLFH �0XV�PXVFXOXV� �$ �YHU\ �VLJQLILFDQW �LQFUHDVH��Sb����� �ZDV �REVHUYHG�LQ
FKROHVWHURO� �JOXFRVH� �DQG �FUHDWLQLQH �OHYHOV �LQ �DVSDUWDPH�WUHDWHG �PLFH� �:KLOH �DV�
VLJQLILFDQW��Sb�������GHFUHDVH�ZDV�REVHUYHG�LQ�WRWDO�SURWHLQ�FRQWHQW�LQ�$63�WUHDWHG�PLFH
FRPSDUHG�WR�FRQWURO�DQG�$(31�DORQH�WUHDWHG�PLFH��%HVLGHV��VRPH�KLVWRPRUSKRORJLFDO
FKDQJHV�ZHUH�REVHUYHG�LQ�WKH�OLYHU�DQG�NLGQH\�RI�DVSDUWDPH�WUHDWHG�PLFH��+RZHYHU�
IHPDOH�PLFH�WUHDWHG�ZLWK�$63�DQG�VXSSOHPHQWHG�ZLWK�$(31�SUHVHQWHG�D�VLJQLILFDQW
�Sb����� �LPSURYHPHQW �LQ �FKROHVWHURO� �JOXFRVH� �FUHDWLQLQH �DQG �WRWDO �SURWHLQ �FRQWHQW
FRPSDUHG�WR�$63�WUHDWHG�PLFH��%HVLGHV��VLJQLILFDQW�UHFRYHU\�ZDV�DOVR�REVHUYHG�LQ
KLVWRPRUSKRORJLFDO�FKDQJHV�LQGXFHG�GXH�WR�DVSDUWDPH�LQWDNH�

.H\ZRUGV��3K\OODQWKXV�QLUXUL��DVSDUWDPH��JOXFRVH��FKROHVWHURO��KLVWRPRUSKRORJ\�
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(IIHFWV�RI�6XEVWLWXWLRQ�RI�3DOP�)UXLW�([WUDFW
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1XWULHQW�8WLOL]DWLRQ�DQG�*XW�+LVWRORJ\�RI
&�*DULHSLQXV

3UHVHQWHU
'U��8FKHFKXNZX
'HQQLV�(1<,',
0LFKDHO�2NSDUD
8QLYHUVLW\�RI�$JULFXOWXUH
8PXGLNH�8PXDKLD�
1LJHULD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

(Q\LGL�8FKHFKXNZX�'�DQG�$VXTXR�3HFXOLDU
'HSDUWPHQW �RI �)LVKHULHV �DQG �$TXDWLF �5HVRXUFHV �0DQDJHPHQW� �0LFKDHO �2NSDUD
8QLYHUVLW\�RI�$JULFXOWXUH�8PXGLNH��8PXLDKLD�$ELD�6WDWH��1LJHULD

$EVWUDFW
)LVK �RLO �LV �D �VLJQLILFDQW �VRXUFH �RI �c� �IDWW\ �DFLGV� �EXW �WKH �H[RUELWDQW �SULFH �DQG
XQDYDLODELOLW\�QHFHVVLWDWHG�VHDUFKLQJ�IRU�DOWHUQDWLYH�LQJUHGLHQWV��3DOP�RLO�DQG�VHVDPH�RLO
DUH�SODXVLEOH�DOWHUQDWLYHV��:H�IRUPXODWHG�ILYH�W\SHV�RI�IHHGV�GHVLJQDWHG�DV�)HHG���WR
)HHG����7KH�LQFOXVLRQ�SHUFHQWDJHV�RI�FUXGH�VHVDPH�H[WUDFW��&6(��DQG�FUXGH�SDOP
H[WUDFW��&3(���&6(��&3(��ZHUH�DV�IROORZV��)HHG�����������)HHG�����������)HHG����������
)HHG����������DQG�)���������$OO�DGGLWLRQDO�LQJUHGLHQWV�ZHUH�WKH�VDPH�IRU�DOO�WUHDWPHQWV�
7KHUH�ZDV�D�FRQWURO �IHHG�)���$IULFDQ�FDWILVK�RI�DYHUDJH�ZHLJKW������b�����J�ZHUH
VWRFNHG�DW�VHYHQ�FDWILVK�SHU�SODVWLF�DTXDULXPV�RI�OHQJWK����FP��ZLGWK�����DQG�KHLJKW
��FP��7KHUH�ZHUH�WKUHH�UHSOLFDWHV�RI�DTXDULXPV�DQG����FDWILVK�SHU�WUHDWPHQW��7KH�ILVK
ZHUH�IHG�WR�VDWLDWLRQ�IRU����GD\V��7KH�JURZWK��QXWULHQW�XWLOL]DWLRQ��KHPDWRORJ\��DQG�JXW
KLVWRORJ\�RI�WKH�FDWILVK�ZHUH�DQDO\]HG��7KH�IDWW\�DFLG�FRPSRVLWLRQ�RI�WKH�&6(��&3(��DQG
WKH�ILVK�ZHUH�DQDO\]HG��5HVXOWV�VKRZHG�WKDW�FDWILVK�IHG�)HHG�)��KDG�WKH�EHVW�VSHFLILF
JURZWK�UDWH��6*5�������b�������GD\����&DWILVK�6*5�ZDV�UHGXFLQJ�DV�WKH�LQFOXVLRQV�UDWH
RI�&6(�UHGXFHG��&DWILVK�WKDW�ZHUH�IHG�IHHG�)��KDG�WKH�ORZHVW�6*5�RI�����b������
GD\����)RRG�FRQYHUVLRQ�UDWLR��)&5��ZDV�EHVW�IRU�WKH�FDWILVK�IHG�IHHG�)�������b������
7KH�SRRUHVW�)&5�ZDV�REWDLQHG�IURP�FDWILVK�IHG�IHHG�)��������b�������:HLJKW�JDLQ�ZDV
EHVW�IRU�FDWILVK�IHG�IHHG�)��������b����J��7KH�ORZHVW�ZHLJKW�JDLQ�ZDV�E\�WKH�ILVK�ZKLFK
UHFHLYHG �IHHG �)�� ������b����J� �2WKHU �QXWULHQW �XWLOL]DWLRQ �SDUDPHWHUV �OLNH �SURWHLQ
HIILFLHQF\��SURWHLQ�FRQYHUVLRQ�UDWLR��DQG�KHSDWRVRPDWLF�LQGH[�ZHUH�EHWWHU�IRU�FDWILVK�IHG
)� �WKDQ �)� ��3������� �7KH �FDWILVK �DVSDUWDWH �DPLQRWUDQVIHUDVH ��$67� �DQG �DODQLQH
DPLQRWUDQVIHUDVH��$/7��UHVXOWV�ZHUH�DYHUDJH��7KH�JXW�KLVWRORJ\�VKRZHG�WKDW�FDWILVK�IHG
)��KDG�ORQJHU�PLFURYLOOL�WKDQ�)���7KH�&6(�FRQWDLQ�OLQROHLF�DFLG��&�����c����������b�
�����DQG�OLQROHQLF��&����c����ZKLOH�&3(�KDG�/LQROHLF�DFLG������c��������b�������DQG
OLQROHQLF�DFLG��&����c����RI�����b���������7KHUHIRUH��&3(�LQFOXVLRQ�DW�d�����DQG
&6(!����ZRXOG�PDLQWDLQ�D�JRRG�JURZWK�UDWH�DQG�KLJK�/&�38)$�LQ�$IULFDQ�FDWILVK
&�JDULHSLQXV�

.H\ZRUGV��$IULFDQ�FDWILVK��2PHJD���IDWW\�DFLGV��VHVDPH�VHHG��SDOP�IUXLWV��XQVDWXUDWHG
IDWW\�DFLGV��VDWXUDWHG�IDWW\�DFLGV�
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$VVRFLDWLRQ�RI�%UDFK\XUDQ�&UDEV�ZLWK�&RUDOV
IURP�$QGDPDQ�DQG�1LFREDU�,VODQGV��,QGLD

3UHVHQWHU
'U��6�.XPDUDOLQJDP
(;�=RRORJLFDO�6XUYH\�RI
,QGLD�$QGDPDQ�DQG
1LFREDU�,VODQGV��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

6�.XPDUDOLQJDP��DQG�&�5DJKXQDWKDQ�

�=RRORJLFDO�6XUYH\�RI�,QGLD��$QGDPDQ�DQG�1LFREDU�,VODQGV��3RUW�%ODLU��,QGLD�0LQLVWU\�RI
(QYLURQPHQW�	�)RUHVWV�*RYW��RI�,QGLD
�=RRORJLFDO�6XUYH\�RI�,QGLD��0LQLVWU\�RI�(QYLURQPHQW�	�)RUHVWV�*RYW��RI�,QGLD�0�%ORFN�
1HZ�$OLSRUH�.RONDWD��,QGLD

$EVWUDFW
7KH�SUHVHQW�ZRUN�LV�D�SUHOLPLQDU\�HIIRUW�WR�H[SORUH�WKH�DVVRFLDWLRQ�EHWZHHQ�OLYH�FRUDOV
DQG�WKH�EUDFK\XUDQ�FUDE�FRPPXQLW\��$OO�3RFLOORSRULG�DQG�$FURSRULG�FRUDOV�ZLWKLQ�WKH�EHOW
ZHUH�LGHQWLILHG�DQG�FRXQWHG� �6DPSOH�FROOHFWLRQV�ZHUH�PDGH�IURP�-DQXDU\������WR
'HFHPEHU������LQ�WHQ�LVODQGV�RI�$QGDPDQ�DQG�1LFREDU�,VODQGV��$�WRWDO�RI�����FRUDO
FRORQLHV �ZHUH �VDPSOHG� �YL]� ���� �$FURSRULGDH� ���� �3RFLOORSRULGDH ��� �VSHFLHV �RI
V\PELRWLF�FUDEV�EHORQJLQJ�WR���JHQHUD� �DQG���IDPLOLHV�IURP�$QGDPDQ�DQG�1LFREDU
,VODQGV� �7KH �KLJKHVW �SHUFHQWDJH �RI �FRUDOOLFRORXV �FUDEV �ZLWK �$FURSRULGDH �DQG
3RFLOORSRULGDH �ZDV �UHFRUGHG �LQ �1RUWK �$QGDPDQ������ �������� �IROORZHG �E\ �6RXWK
$QGDPDQ��/LWWOH�$QGDPDQ��DQG�1LFREDU�JURXS�RI�,VODQGV�

.H\ZRUGV��$QGDPDQ�DQG�1LFREDU�,VODQGV��$FURSRULGDH��1RUWK�$QGDPDQ��3RFLOORSRULGDH�
V\PELRWLF�FUDEV�
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3RWHQWLDOLW\�RI�0HGLFLQDO�3ODQWV�$JDLQVW�6$56�
&29���9LUXV

3UHVHQWHU
'U��6DQGHHS�3DQGH\
$ZDGHVK�3UDWDS�6LQJK
8QLYHUVLW\��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

6DQGHHS�3DQGH\
&HQWHU�IRU�%RWDQ\��$ZDGHVK�3UDWDS�6LQJK�8QLYHUVLW\��5HZD��0�3����,QGLD

$EVWUDFW
0HGLFLQDO�SODQWV�RI�,QGLDQ�RULJLQ�KDYH�EHHQ�VWXGLHG�IRU�WKHLU�ELRDFWLYH�FRPSRXQGV�DQG
SRVVLEOH�WKHUDSHXWLF�DFWLYLWLHV�DJDLQVW�WKH�6$56�&29���YLUXV��7HQ�FKHPLFDO�FRPSRXQGV
KDV �EHHQ �VHDUFKHG �WKURXJK �WKH �3XE&KHP �GDWDEDVH �VWXGLHG �IRU �GUXJ�OLNHQHVV�
SK\VLFRFKHPLFDO�SURSHUWLHV��OLSRSKLOLFLW\��ZDWHU�VROXELOLW\��SKDUPDFRNLQHWLFV��VZLVV�WDUJHW
SUHGLFWLRQV�SUREDELOLW\�DQG�PROHFXODU�SURSHUWLHV��6$56�&RY���PDLQ�3URWHLQ��,'���/8��
KDV�EHHQ�VHOHFWHG�DV �WDUJHW �SURWHLQ� �5HPGHVLYLU ��&,'����������� �ZDV�XVHG�DV �D
UHIHUHQFH �GUXJ �WR �FRPSDUH �WKH �ELQGLQJ �HQHUJ\ �VFRUH� �7KH �3\5[ �YLUWXDO �VFUHHQLQJ
PROHFXODU�GRFNLQJ�WRRO�KDV�EHHQ�HPSOR\HG�IRU�WHVWLQJ�WKH�ELQGLQJ�DIILQLW\�EHWZHHQ�WKH
SURWHLQ�DQG�OLJDQGV��'UXJ�OLNHQHVV�EDVHG�RQ���UXOHV��/LSLQVNL�/���*KRVH�*���9HEHU�9��
(JDQ�(���0XHJJH�0��UHYHDOV�WKDW���FRPSRXQGV��9DVLFLQH��&,'����������$OOLLQ��&,'�
��������&DUGDPRPXP��&,'����������(XJHQRO��&,'��������D�F\SHURQH��&,'����������
3OXPEDJLQ��&,'��������IROORZ�/*9(����FRPSRXQGV�*\PQHVWURJHQLQ��&,'����������
DQG �:LWKDQROLGH �$ ��&,'���������� �VKRZV �DIILQLW\ �ZLWK �/9(0 �UXOH� �� �FRPSRXQG
(XFDO\SWRO ��&,'� ������ �IROORZV�/9(�DQG�RQH�FRPSRXQG�3K\OODQWKLQ ��&,'� ��������
IROORZV �/*(0�UXOH� �7KH �RWKHU �WHVWHG �SDUDPHWHUV �ZHUH �UHSRUWHG �WR �EH �UHPDUNDEOH
FRPSDUHG�WR�VWDQGDUG�GUXJV��7KUHH�FRPSRXQGV�:LWKDQROLGH�$��3OXPEDJLQ��D��F\SHURQH
ZLWK�PROHFXODU�VFRULQJ�YDOXH�����������������.FDO�PRO�UHVSHFWLYHO\��VKRZV�VDWLVIDFWRU\
UHVXOWV�FRPSDUH�WR�5HPGHVLYLU�������.FDO�PRO��LQ�WDUJHWLQJ�6$56�&R9���PDLQ�SURWHLQ�
7KXV�WKHVH�QDWXUDO�FRPSRXQGV�FDQ�EH�WHVWHG�DQG�UHFRPPHQGHG�LQ�GHVLJQLQJ�QHZ�GUXJ
IRUPXODWLRQV�DJDLQVW�FRURQDYLUXV�

.H\ZRUGV��0HGLFLQDO�SODQWV��ELRDFWLYH�FRPSRXQGV��FRURQDYLUXV��DXWR�GRFNLQJ��KXPDQ
GUXJV�
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$QWLR[LGDQW�DQG�$QWLPLFURELDO�3RWHQWLDO�RI
$IULFDQ�&DWILVK��&ODULDV�JDULHSLQXV��0XVFOH
3URWHLQ�+\GURO\VDWHV

3UHVHQWHU
'U��2OXGHOH�2OD\HPL
2GHNDQ\LQ
2EDIHPL�$ZRORZR
8QLYHUVLW\��1LJHULD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

2OXGHOH�2OD\HPL�2GHNDQ\LQ�DQG�0RQVXU�$ELRGXQ�.DUHHP
'HSDUWPHQW �RI �%LRFKHPLVWU\ �DQG �0ROHFXODU �%LRORJ\� �)DFXOW\ �RI �6FLHQFH� �2EDIHPL
$ZRORZR�8QLYHUVLW\��1LJHULD�

$EVWUDFW
7KH �VWXG\ �DLPHG �DW �HYDOXDWLQJ �WKH �DQWLR[LGDQW �DQG �DQWLPLFURELDO �DFWLYLWLHV �RI
HQ]\PDWLFDOO\ �REWDLQHG �SURWHLQ �K\GURO\VDWHV �RI �$IULFDQ �FDWILVK ��&ODULDV �JDULHSLQXV�
PXVFOH�SURWHLQ��7KH�$IULFDQ�FDWILVK�ILOOHW�ZDV�GLYLGHG�LQWR���SRUWLRQV��D�SRUWLRQ�ZDV�RYHQ�
GULHG��WKH�VHFRQG�SRUWLRQ�ZDV�IUHH]H�GULHG�DQG�WKH�ODVW �SRUWLRQ�ZDV�OHIW �IUHVK��7KH
UHVXOWLQJ �RYHQ�GULHG� �IUHH]H�GULHG �SRZGHU �DQG �WKH �IUHVK �ILOOHW �ZDV �KRPRJHQL]HG �LQ
GLVWLOOHG�ZDWHU�DW�D�UDWLR�RI�������ILOOHW��GLVWLOOHG�ZDWHU��IRU���KRXUV��FHQWULIXJHG�DW��������[
J�LQ�D�FROG�FHQWULIXJH�IRU���PLQXWHV�DW��R&�DQG�WKH�KRPRJHQDWHV��ZKLFK�LV�WKH�FUXGH
ILVK�PXVFOH�SURWHLQ�REWDLQHG�ZDV�IUHH]H�GULHG�VHSDUDWHO\��7KH�FUXGH�ILVK�PXVFOH�SURWHLQ
ZDV�LQFXEDWHG�ZLWK�SHSVLQ��WU\SVLQ�DQG�FK\PRWU\SVLQ�VHSDUDWHO\�EDVHG�RQ�WKH�RSWLPXP
K\GURO\VLV�FRQGLWLRQV��7KH�GHJUHH�RI�K\GURO\VLV�RI�SURWHLQ�K\GURO\VDWHV�ZDV�GHWHUPLQHG�
7KH�DQWLR[LGDQW�SRWHQWLDO�RI�WKH�SURWHLQ�K\GURO\VDWHV�ZDV�HYDOXDWHG�DQG�WKH�DJDU�GLVF
GLIIXVLRQ�PHWKRG�ZDV�XVHG�WR�HYDOXDWH�WKH�DQWLPLFURELDO�DFWLYLWLHV��7KH�UHVXOW�VKRZHG
WKDW�WKH�GHJUHH�RI �K\GURO\VLV�LQFUHDVHG�ZLWK�K\GURO\VLV�WLPH��+\GURO\VDWHV�REWDLQHG
XVLQJ�SHSVLQ�GLVSOD\HG�WKH�KLJKHVW�GHJUHH�RI�K\GURO\VLV�IRU�DOO�SURFHVVHG�ILVK�PXVFOH
VDPSOHV� �7KH�'33+�UDGLFDO �VFDYHQJLQJ�DFWLYLW\ �RI �WKH�K\GURO\VDWHV�REWDLQHG�XVLQJ
FK\PRWU\SVLQ�VKRZHG�WKH�KLJKHVW�DFWLYLW\�YDOXH�RI������b������IROORZHG�E\�)'�)3+
�����b ������� �DQG �WKH �ORZHVW �ZDV �2'�)3+ �������b �������� �$W �WKH �PD[LPXP
FRQFHQWUDWLRQ�RI��PJ�PO� �WKH�PHWDO �FKHODWLQJ�DFWLYLW\�IRU�WU\SVLQ�K\GURO\]HG�)5�)3+
VKRZHG�WKH�KLJKHVW�FKHODWLQJ�SRZHU����b���������IROORZHG�E\�)'�)3+������b��������
DQG�WKH�ORZHVW�ZDV�2'�)3+������b��������7KH�UHGXFLQJ�SRZHU�IRU�WU\SVLQ�K\GURO\]HG
)5�)3+�������b������IROORZHG�E\�)'�)3+�������b������DQG�2'�)3+�������b��������WKH
IHUULF�UHGXFLQJ�DQWLR[LGDQW�SRZHU��)5$3��DFWLYLW\�IRU�FK\PRWU\SVLQ�K\GURO\]HG�)5�)3+
��������[ ������b����� �DVFRUELF �DFLG �HTXLYDOHQW �VKRZHG�WKH�KLJKHVW �IHUULF �UHGXFLQJ
DQWLR[LGDQW�SRZHU��7KH�EDFWHULD�XVHG�ZHUH�UHVLVWDQW�WR�DOO�WKH�K\GURO\VDWHV��3HQLFLOOLXP
FDPHPEHUWL �ZDV �VHQVLWLYH �WR �DOO �WKH �K\GURO\VDWH� �)XVDULXP �VSHFLHV �DQG �&DQGLGD
$OELFDQV�ZHUH�UHVLVWDQW�WR�DOO�WKH�K\GURO\VDWH�ZKLOH�$VSHUJLOOXV�IODYXV�ZDV�VHQVLWLYH�WR
FK\PRWU\SVLQ�K\GURO\]HG�)5�)3+�DQG�)'�)3+��UHVLVWDQW�WR�SHSVLQ�K\GURO\]HG�)5�)3+
DQG�2'�)3+��DQG�VOLJKWO\�VHQVLWLYH�WR���PJ�PO�FK\PRWU\SVLQ�K\GURO\]HG�2'�)3+�DQG
SHSVLQ�K\GURO\]HG�)'�)3+��7KH�VWXG\�FRQFOXGHG�WKDW�$IULFDQ�FDWILVK�PXVFOH�SURWHLQ
K\GURO\VDWHV �REWDLQHG�E\ �GLJHVWLRQ �ZLWK �SHSVLQ� �WU\SVLQ� �DQG�FK\PRWU\SVLQ �SRVVHVV
DQWLR[LGDQW�DQG�DQWLIXQJDO�DFWLYLWLHV�DW�YDU\LQJ�FRQFHQWUDWLRQV�

.H\ZRUGV��3HSWLGH��K\GURO\VDWH��DQWLPLFURELDO��FDWILVK��ILOOHW��ELRDFWLYH�DQG�SURWHLQ�
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6WRFKDVWLF�)URQWLHU�$QDO\VLV�RI�3URGXFWLYLW\�DQG
(IILFLHQF\�RI�6PDOOKROGHU�6RUJKXP�3URGXFHUV
IURP�6RXWKZHVWHUQ�(WKLRSLD

3UHVHQWHU
0U��.XVVH�+DLOH
*HPH\LGD
0L]DQ�7HSL�8QLYHUVLW\�
(WKLRSLD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

.XVVH�+DLOH��(QJLGD�*HEUH�DQG�$JHJQHKX�:RUN\H
'HSDUWPHQW�RI�$JULFXOWXUDO�(FRQRPLFV��0L]DQ�7HSL�8QLYHUVLW\��0L]DQ�&DPSXV��0L]DQ
$PDQ��(WKLRSLD

$EVWUDFW
(IILFLHQW�XVH�RI�WKH�H[LVWLQJ�UHVRXUFHV�E\�IDUP�KRXVHKROGV�LPSURYHV�WKHLU�SURGXFWLYLW\
DQG�WKHUHE\�LQFUHDVHV�WKHLU�SURGXFWLRQ�DQG�DFKLHYHV�WKH�JRDO�RI�IRRG�VHFXULW\��7KLV
VWXG\ �H[DPLQHG �WKH �SURGXFWLYLW\ �DQG �HIILFLHQF\ �RI �6PDOOKROGHU �6RUJKXP �3URGXFHU
KRXVHKROGV�DQG�LGHQWLILHV�LWV�GHWHUPLQDQWV�DV�WKH�FDVH�RI�VPDOOKROGHU�IDUP�KRXVHKROGV�
6RXWKZHVWHUQ�(WKLRSLD��%RWK�SXUSRVLYH�DQG�UDQGRP�VDPSOLQJ�WHFKQLTXH�ZDV�HPSOR\HG
WR�GUDZ�DQ�DSSURSULDWH�VDPSOH�RI�����VRUJKXP�SURGXFHU�IDUP�KRXVHKROGV�IRU�WKLV�FURVV�
VHFWLRQDO �VXUYH\ �VWXG\� �'DWD �DQDO\VLV �WRROV �VXFK �DV �GHVFULSWLYH �VWDWLVWLFV �DQG
HFRQRPHWULFV�PRGHO��VWRFKDVWLF�IURQWLHU�PRGHO��ZHUH�XVHG�LQ�FRPELQDWLRQ�LQ�WKLV�VWXG\�
7KH�VWRFKDVWLF�IURQWLHU�PRGHO�VKRZV�LQRUJDQLF�IHUWLOL]HU��ODERU��VHHG�DPRXQW��DQG�R[HQ
SRZHU�ZHUH�IRXQG�WR�EH�DQ�LPSRUWDQW�LQSXW�YDULDEOH�WKDW�SRVLWLYHO\�DIIHFWV�WKH�SURGXFWLRQ
RI �VRUJKXP� �7KH�UHVXOWV �VKRZ�WKH�PHDQ�WHFKQLFDO �HIILFLHQF\ �HVWLPDWH �IRU �VRUJKXP
SURGXFHUV�ZDV������7KLV�LQGLFDWHV�WKDW�WKHUH�H[LVWV�URRP�IRU�LPSURYLQJ�WKH�H[LVWLQJ�OHYHO
RI�VRUJKXP�SURGXFWLRQ�WKURXJK�HQKDQFLQJ�WKH�OHYHO�RI�IDUP�KRXVHKROG�HIILFLHQF\��7KH
VWRFKDVWLF�IURQWLHU�PRGHO�UHVXOWV�ZLWK�LQHIILFLHQF\�HVWLPDWHV�VKRZ�WKDW�HGXFDWLRQ�OHYHO�
RII�QRQ�IDUP�LQFRPH��IUHTXHQF\�RI�H[WHQVLRQ�FRQWDFW��FUHGLW�DPRXQW��OLYHVWRFN�KROGLQJ�
SUR[LPLW\�WR�IDUP��DQG�WRWDO�FXOWLYDWHG�ODQG�ZHUH�VLJQLILFDQWO\�GHWHUPLQHG�WKH�OHYHO�RI
WHFKQLFDO �LQHIILFLHQF\ �RI �VRUJKXP �SURGXFWLRQ� �+HQFH� �WR �LPSURYH �WKH �SURGXFWLRQ
HIILFLHQF\��OHYHO�H[WHQVLRQ�SDFNDJH�HIIRUWV�VKRXOG�JLYH�IRFXV�WR�WKRVH�OHVV�HIILFLHQW�IDUP
KRXVHKROGV� �$V �SROLF\ �LPSOLFDWLRQV� �DJULFXOWXUDO �SROLF\ �SDFNDJHV�VKRXOG �EH�GLUHFWHG
WRZDUGV �WKRVH �LPSRUWDQW �VRFLR�HFRQRPLF �IDFWRUV �WR �LPSURYH �WKH �SURGXFWLYLW\ �RI
VPDOOKROGHU�IDUPHUV�

.H\ZRUGV� �(IILFLHQF\� �0/(� �6WRFKDVWLF �IURQWLHU �DQDO\VLV� �SURGXFWLYLW\� �VPDOOKROGHU�
6RUJKXP
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&URS�6\QWHQ\�$SSURDFK�LQ�WKH�,GHQWLILFDWLRQ�RI
5HVLVWDQFH�*HQH�&OXVWHUV�LQ�WKH�3RDFHDH
)DPLO\

3UHVHQWHU
0V��6KDQLND�1LURVKDQL
*DMDQD\DNH
8QLYHUVLW\�RI�3HUDGHQL\D�
6UL�/DQND
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

*�.�6�1��*DMDQD\DNH��DQG�+�$�&�.��$UL\DUDWKQD�

�3RVWJUDGXDWH�,QVWLWXWH�RI�6FLHQFH��8QLYHUVLW\�RI�3HUDGHQL\D��6UL�/DQND
�'HSDUWPHQW�RI�%RWDQ\��8QLYHUVLW\�RI�3HUDGHQL\D��6UL�/DQND

$EVWUDFW
7KH�V\QWHQLF�UHODWLRQVKLSV�EHWZHHQ�FURS�VSHFLHV�LQ�WKH�3RDFHDH�IDPLO\�VHUYH�DV�D
EULGJH �WR �UHWULHYH �GLVHDVH �UHVLVWDQFH �JHQH �FOXVWHUV �LQ �FORVHO\ �UHODWHG �FURSV� �$
ELEOLRJUDSKLF �VHDUFK �LGHQWLILHG �ULFH �EODVW �GLVHDVH �UHVLVWDQFH �4XDQWLWDWLYH �7UDLW �/RFL
�47/���5HVLVWDQFH�*HQH�$QDORJV��5*$V��FROORFDWLQJ�ZLWK�WKH�47/�ZHUH�UHWULHYHG�XVLQJ
D �%DVLF �/RFDO �$OLJQPHQW �6HDUFK �7RRO ��%/$67� �VHDUFK �LQ �5LFH �*HQRPH �%URZVHU
�KWWS���ULFH�SODQWELRORJ\�PVX�HGX��� �&OXVWHUHG �5*$V �ZHUH �VHOHFWHG �EDVHG �RQ �WKH
JHQRPLF�ORFDWLRQV�RI�WKH�LGHQWLILHG�ULFH�5*$V��7KH�FOXVWHUHG�5*$V�ZHUH�VXEMHFWHG�WR
%/$67�VHDUFK �LQ �*UDPHQH ��KWWS���HQVHPEO�JUDPHQH�RUJ�� �WR �UHWULHYH �V\QWHQLF �5*$
RUWKRORJV �RI �VHYHQ �FORVHO\ �UHODWHG �VSHFLHV� ��7HI� �(UDJURVWLV �WHI� ��%DUOH\� �+RUGHXP
YXOJDUH���+DOO
V�SDQLF�JUDVV��3DQLFXP�KDOLL� ��)R[WDLO �PLOOHW��6HWDULD�LWDOLFD���6RUJKXP�
6RUJKXP �ELFRORU� ��:KHDW� �7ULWLFXP �DVHWLYXP� ��0DL]H� �=HD �PD\V �XVLQJ �GHIDXOW
SDUDPHWHUV��6\QWHQLF�JHQH�FOXVWHUV�LQ�)LQJHU�PLOOHW��(OHXVLQH�FRUDFDQD��ZHUH�VHDUFKHG
LQ�&RPSDUDWLYH�JHQRPLFV�SODWIRUP��KWWSV���JHQRPHYROXWLRQ�RUJ�FRJH��XVLQJ�6<1),1'�
7UDQVFULSWRPH�GDWDEDVHV�RI�WKH�VHOHFWHG�RUWKRORJRXV�VSHFLHV�ZHUH�LGHQWLILHG�DQG�WKH\
ZHUH�TXHULHG�XVLQJ�WKH�UHWULHYHG�JHQRPLF�VHTXHQFHV�RI�WKH�FOXVWHUHG�UHVLVWDQFH�JHQHV�
%LEOLRJUDSK\�VHDUFK�LGHQWLILHG�WZHQW\�ILYH�ULFH�47/��6HYHQW\�ILYH�5*$V�FROORFDWLQJ�ZLWK
WKH�LGHQWLILHG�47/�ZHUH�UHWULHYHG��5LFH�5*$�FOXVWHUV�ZHUH�LGHQWLILHG�LQ�FKURPRVRPHV
��������DQG�����7KH�QXPEHU�RI�5*$V�RQ�D�FOXVWHU�YDULHG�IURP���WR����&KURPRVRPH����
SUHGLFWHG�QLQH�ULFH�5*$�FOXVWHUV��5LFH�FOXVWHUV�RI�5*$V�LQ�FKURPRVRPH����LGHQWLILHG
V\QWHQLF�RUWKRORJRXV�FOXVWHUV�RQ�6RUJKXP�FKURPRVRPH����3DQLF�JUDVV��FKURPRVRPH���
)R[WDLO�PLOOHW�FKURPRVRPH�9,,,��PDL]H�FKURPRVRPH����DQG�)LQJHU�PLOOHW�VFDIIROG�����
5*$�FOXVWHUV �RI �ULFH �FKURPRVRPH ��� �LGHQWLILHG �V\QWHQLF �RUWKRORJV �LQ �3DQLF �JUDVV
FKURPRVRPH���DQG�)R[WDLO�PLOOHW�FKURPRVRPH�,��$OVR��5*$�FOXVWHUV�LQ�ULFH�FKURPRVRPH
��LGHQWLILHG�V\QWHQLF�RUWKRORJV�LQ�%DUOH\�FKURPRVRPH��+�DQG�)LQJHU�PLOOHW�VFDIIROG�����
7UDQVFULSWRPH�HYLGHQFH�ZDV�UHWULHYHG�IRU�DOO �WKH�RUWKRORJV�H[FHSW�RQH�)R[WDLO �PLOOHW
RUWKRORJ�DQG�WKUHH�)LQJHU�PLOOHW�RUWKRORJRXV�5*$V��ZKLFK�FRQILUPV�WKH�H[SUHVVLRQ�RI�WKH
LGHQWLILHG�V\QWHQLF�RUWKRORJV��&URS�V\QWHQ\�LV�DQ�HIIHFWLYH�DSSURDFK�WR�VWXG\�WKH�GLVHDVH
UHVLVWDQFH�5*$V�RI�FORVHO\�UHODWHG�VSHFLHV��7KH�UHVXOWV�FRQILUPHG�WKH�SUHYLRXV�ILQGLQJV
RQ�WKH�WHQGHQF\�RI�5*$V�WR�H[LVW�DV�FOXVWHUV��7KHVH�5*$�FOXVWHUV�DUH�FRQVHUYHG�LQ
FORVHO\�UHODWHG�VSHFLHV�

.H\ZRUGV��47/��5*$��%/$67��ELRLQIRUPDWLFV��GLVHDVH�UHVLVWDQFH�
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(YDOXDWLRQ�RI�DQWLDIODWR[LFRVLV�SRWHQWLDO�RI�WZR
$VFOHSLDGDFHDH�SODQWV�'UHJHD�YROXELOLV�DQG
6DUFRVWHPPD�EUHYLVWLJPD

3UHVHQWHU
'U��<RJDQDQWK
0RKDPHG�6DWKDN�&ROOHJH
RI�$UWV�DQG�6FLHQFH�
,QGLD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

<RJDQDQWK��1����&KDQWKXUX��$����%KDN\DUDM��5����6\HG�$OL��0���DQG�3DODQLYHO��6��

�'HSW�RI�%LRWHFKQRORJ\��0RKDPHG�6DWKDN�&ROOHJH�RI�$UWV�DQG�6FLHQFH��&KHQQDL��,QGLD
�'HSW�RI�%LRWHFKQRORJ\��6LU �,VVDF�1HZWRQ�$UWV�DQG�6FLHQFH�&ROOHJH��1DJDSDWWLQDP�
,QGLD
�'HSW�RI�0LFURELRORJ\��6109�&ROOHJH�RI�$UWV�DQG�6FLHQFH��&RLPEDWRUH��,QGLD
�'HSW�RI�%RWDQ\��*RYHUQPHQW�$UWV�&ROOHJH��.DUXU��,QGLD

$EVWUDFW
7KH�FRQWDPLQDWLRQ�RI�DIODWR[LQ�LQ�DQLPDO�GLHW�PDQLIHVWV�KDUPIXO�HIIHFWV�RQ�DQLPDO�KHDOWK
DQG�SURGXFWLYLW\��7KLV�VWXG\�ZDV�SHUIRUPHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�XVLQJ�'UHJHD
9ROXELOLV ��VWHP�'96 �DQG �OHDI�'9/� �DQG �6DUFRVWHPPD �EUHYLVWLJPD ��VWHP�6%6 �DQG
URRW�6%5��SODQW�H[WUDFWV�LQ�UDW�GLHW�DJDLQVW�DIODWR[LFRVLV��0DWHULDOV�DQG�PHWKRGV��6L[W\�
VL[�ZHUH�DVVLJQHG�LQWR����JURXSV����UDWV�HDFK���*��ZDV�D�QHJDWLYH�FRQWURO��*��UHFHLYHG
IHG���SSP�RI�$IODWR[LQ��$)��LQ�WKH�GLHW��*��UHFHLYHG�$)���6LO\PDULQ��*����*��UHFHLYHG�$)
��'96�DQG�'9/�DW�FRQFHQWUDWLRQV�RI����DQG����PJ�NJ�%ZW��LQGLYLGXDOO\�LQ�WKH�GLHW��*���
*���UHFHLYHG�$)���6%6�DQG�6%5�DW�FRQFHQWUDWLRQV�RI����DQG����PJ�NJ�%ZW��LQGLYLGXDOO\
LQ�WKH�GLHW��7KH�H[SHULPHQW�HQGHG�DIWHU����GD\V��7KH�KHPDWRORJLFDO�SDUDPHWHUV��7RWDO
+E��3&9��WRWDO�5%&��WRWDO�:%&��&ORWWLQJ�WLPH��DQG�(65��DQG�ELRFKHPLFDO�SDUDPHWHUV
�$/7��$67��/'+��*67��/32��*6+��62'��DQG�&$7��ZHUH�PHDVXUHG��5HVXOWV��$)�DORQH
WUHDWHG �UDWV �JDYH �DOO �KHPDWRORJLFDO �DQG �ELRFKHPLFDO �SDUDPHWHUV �ZHUH �VLJQLILFDQWO\
FKDQJHG�ZKHQ�FRPSDUHG�WR�QRUPDO�GLHW�WUHDWHG�RQH��7KH�REWDLQHG�UHVXOW�LQGLFDWHV�WKH
DGPLQLVWUDWLRQ �RI �'96� �'9/� �6%6� �DQG �6%5 �WR �DIODWR[LFDWHG �UDWV �LPSURYHG �WKH
KHPDWRORJLFDO �DQG �ELRFKHPLFDO �SDUDPHWHUV �WRZDUGV �WKHLU �UHVSHFWLYH �QRUPDO �YDOXH�
&RQFOXVLRQ��7KH�UHVXOWV�RI�WKLV�VWXG\�LQGLFDWHG�WKDW�WKH�'��YROXELOLV�DQG�6��EUHYLVWLJPD
KDYH �WKH �SRWHQWLDO �DV �DQ �DFFHVVLEOH �VRXUFH �RI �QDWXUDO �DQWLDIODWR[LJHQLF �IRU �IRRG
VXSSOHPHQWDWLRQ�RU�WKH�SKDUPDFHXWLFDO�LQGXVWU\�

.H\ZRUGV� �'UHJHD �YROXELOLV� �6DUFRVWHPPD �EUHYLVWLJPD� �$VFOHSLDGDFHDH� �DIODWR[LQ�
DQWLDIODWR[LFRVLV�
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,PPXQRPRGXODWRU\�(IIHFW�RI�3RO\SKHQROV
9DULHG�ZLWK�'LHW�0DWUL[

3UHVHQWHU
'U��*RSL�0DUDSSDQ
1DWLRQDO�,QVWLWXWH�RI
$QLPDO�1XWULWLRQ�DQG
3K\VLRORJ\��,QGLD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

*RSL��0���'XWWD��1���0DGKXSUL\D��9���3DWWDQDLN��$�.��DQG�-DGKDY��6�(�
,&$5�&HQWUDO�$YLDQ�5HVHDUFK�,QVWLWXWH��,]DWQDJDU��,QGLD

$EVWUDFW
3UHVHQW�ZRUN�ZDV�FDUULHG�RXW�WR�DVVHVV�WKH�HIIHFW�RI�SRO\SKHQROV�RQ�LPPXQH�UHVSRQVH
LQ�UDWV�IHG�ZLWK�GLIIHUHQW�FHUHDO�VRXUFHV�����ZHDQHG�:LVWHU�UDWV�ZHUH�GLYLGHG�LQWR�VL[
WUHDWPHQWV�ZLWK�HDFK�FRQVLVWLQJ�RI���UHSOLFDWHV�KDYLQJ�WZR��7���FRUQ�VR\EHDQ�GLHW��7���
7�������SSP�RI�SRPHJUDQDWH�SHHO�H[WUDFW��33(���7����7��������SSP�33(��7����ULFH�
VRUJKXP�VR\EHDQ�GLHW��7����7������SSP�33(�DQG�7����7��������SSP�33(�IRU����GD\V�
&HOO�PHGLDWHG�LPPXQH�UHVSRQVH�ZDV�DVVHVVHG�E\�LQ�YLYR�GHOD\HG�W\SH�K\SHUVHQVLWLYLW\
UHDFWLRQ�DJDLQVW�SK\WRKDHPDJJOXWLQLQ�3�DQG�KXPRUDO�LPPXQH��+,��UHVSRQVH�DJDLQVW�WKH
LQWUD�SHULWRQHDOO\ �LQMHFWHG �FKLFNHQ �HJJ �ZKLWH �O\VR]\PH�����bJ� �LQ �SKRVSKDWH �EXIIHU
VDOLQH��7KH�KXPRUDO�LPPXQH�UHVSRQVH�DJDLQVW�O\VR]\PH�VKRZHG�D�VLJQLILFDQW��3������
GLIIHUHQFH�DPRQJ�WKH�WUHDWPHQWV�DW��G�SRVW�LQMHFWLRQ��7KH�UHVSRQVH�ZDV�KLJKHU�LQ�33(
VXSSOHPHQWHG�JURXSV�WKDQ�XQ�VXSSOHPHQWHG��7��H[KLELWHG�DQ�LQWHUPHGLDWH�UHVSRQVH�
7KH�UHVSRQVH�DJDLQVW�O\VR]\PH�LQMHFWLRQ�ZDV�LQFUHDVHG�E\���G�SRVW�LQMHFWLRQ�DQG�DJDLQ
ORZHUHG �E\ ���G �ZLWKRXW �DQ\ �VLJQLILFDQW �GLIIHUHQFH� �7KH �KXPRUDO �UHVSRQVH �ZDV
VLJQLILFDQWO\�KLJKHU�LQ�FRUQ�WKDQ�ULFH�VRUJKXP�IHG�JURXSV�DW��G��1R�HIIHFW�ZDV�HYLGHQW�DW
���DQG���G�GXH�WR�FHUHDO�VRXUFHV��7KH�VXSSOHPHQWDWLRQ�RI�33(�LPSURYHG�WKH�UDW
V
KXPRUDO �UHVSRQVH�DJDLQVW �O\VR]\PH�LQMHFWLRQ� �7KH�&0,�UHVSRQVH�VKRZHG�D�GRPH�
VKDSHG�SDWWHUQ�ZLWK�SHDN�&0,�UHVSRQVH�DW���K�RI�SRVW�LQMHFWLRQ�IROORZHG�E\�WKH�RWKHU
WKUHH�SHULRGV��+RZHYHU��WKH�UHODWLYH�&0,�UHVSRQVH�����VKRZHG�D�VLJQLILFDQW��3������
GLIIHUHQFH�DPRQJ�WKH�WUHDWPHQW�JURXSV�DW����DQG���K�RI�SRVW�LQMHFWLRQ�EXW�QRW�DW����DQG
��K�RI�SRVW�LQMHFWLRQ��7KH�UDWV�IHG�ZLWK�7���7���DQG�7��GLHWV�KDG�KLJKHU�UHODWLYH�&0,
UHVSRQVHV�WKDQ�7���7���DQG�7��DW����DQG���K��UHVSHFWLYHO\��5HODWLYH�&0,�UHVSRQVH�DW���
DQG ����SSP�VLJQLILFDQWO\ �LQFUHDVHG �DV �FRPSDUHG �WR �XQ�VXSSOHPHQWHG �XS �WR ���K�
1RQHWKHOHVV��QR�VLJQLILFDQW��3!������GLIIHUHQFH�ZDV�QRWLFHG�LQ�UHODWLYH�&0,�UHVSRQVH�DW
��K �SRVW�LQMHFWLRQ� �33( �VXSSOHPHQWDWLRQ �H[KLELWV �DQ �LPPXQH�PRGXODWRU\ �HIIHFW
HVSHFLDOO\ �ZLWK �FHOO�PHGLDWHG �UHVSRQVH �LQ �UDWV�

.H\ZRUGV� �&HOO�PHGLDWHG� �UDWV� �GLHW �PDWUL[� �PHWKDQROLF �H[WUDFW� �SRO\SKHQROV�
SK\WRKDHPDJJOXWLQLQ�3�
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(IIHFW�RI�3RPHOR�)UXLW��&LWUXV�PD[LPD��([WUDFW
RQ�3K\VLFR�&KHPLFDO�DQG�7H[WXUDO
&KDUDFWHULVWLFV�RI�6SHQW�*RDW�0HDW

3UHVHQWHU
'U��.LUDQ�0
9HWHULQDU\�&ROOHJH��,QGLD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

.LUDQ�0���3UDVDG��0�*���:LOIUHG�5XEDQ�6DYDULUDM���DQG�3UDEKD�5�

�'HSDUWPHQW�RI�/LYHVWRFN�3URGXFWV�7HFKQRORJ\��9HWHULQDU\�&ROOHJH��%LGDU��.9$)68�
1DQGLQDJDU��.DUQDWDND��,QGLD
�'HSDUWPHQW�RI�/LYHVWRFN�3URGXFWV�7HFKQRORJ\��9HWHULQDU\�&ROOHJH��+HEEDO��.9$)68�
%DQJDORUH�����������.DUQDWDND��,QGLD
�'HSDUWPHQW �RI �'DLU\ �0LFURELRORJ\� �'DLU\ �6FLHQFH �&ROOHJH� �+HEEDO� �.9$)68�
%DQJDORUH� ���� ����� �.DUQDWDND� �,QGLD

$EVWUDFW
0HDW�WHQGHUQHVV�LV�WKH�PRVW�LPSRUWDQW�TXDOLW\�WUDLW�IRU�FRQVXPHU�DFFHSWDELOLW\�RI�IUHVK
PHDW�ZKLFK�VWURQJO\�LQIOXHQFHV�FRQVXPHU�VDWLVIDFWLRQ�DQG�UHJXODU�SXUFKDVH��0RVW�RI�WKH
UHVHDUFK�ZRUN�RQ�WKH�WHQGHUL]DWLRQ�RI�PHDW�KDV�XVHG�GLIIHUHQW�FKHPLFDO�WHQGHUL]HUV�EXW
DV�WKHVH�FKHPLFDO�WHQGHUL]HUV�DUH�UHSRUWHG�WR�KDUP�VHQVRU\�DWWULEXWHV�RI�PHDW�ZLWK
OLPLWHG�DGRSWLRQ�DW�WKH�KRXVHKROG�RU�UHVWDXUDQW�OHYHO��WKH�XWLOL]DWLRQ�RI�QDWXUDO�WHQGHUL]HUV
LQ�PHDW�DQG�SURGXFWV�DSSHDUHG�DV�D�KHDOWK\�RSWLRQ�ZLWK�QR�UHFRUGHG�WR[LF�HIIHFWV�ZLWK
DGGHG�IXQFWLRQDO�SURSHUWLHV��ZKLFK�FRQWDLQ�SURWHRO\WLF�HQ]\PHV�DQG�KHQFH�UHVSRQVLEOH
IRU�WHQGHUL]DWLRQ�RI�WRXJK�PHDW��7KH�SUHVHQW�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�WR�GHWHUPLQH
WKH�HIIHFW�RI�DTXHRXV�H[WUDFW�RI�3RPHOR��&LWUXV�PD[LPD��IUXLW�RQ�3K\VLFR�FKHPLFDO��S+�
ZDWHU�KROGLQJ�FDSDFLW\��FRRNLQJ�\LHOG��SURWHLQ�H[WUDFWDELOLW\���WH[WXUDO��FROODJHQ�FRQWHQW�
FROODJHQ�VROXELOLW\��P\RILEULOODU�IUDJPHQWDWLRQ�LQGH[��VKHDU�IRUFH��DQG�6'6�3$*(��DQG
VHQVRU\�FKDUDFWHULVWLFV�RI�FXOOHG�*RDW�0HDW��/RQJLVVLPXV�WKRUDFLV�HW�OXPERUXP�PXVFOHV
IURP�JRDW�FDUFDVV�ZHUH�H[WUDFWHG�DIWHU�VODXJKWHU�DQG�ZHUH�PDULQDWHG�ZLWK�GLIIHUHQW
FRQFHQWUDWLRQV �RI �SRPHOR �H[WUDFW ������ ����� ����� �DQG ���� ��� �IRU ��� �KRXUV �DW ��R&�
0DULQDWLRQ�RI�JRDW�PHDW�VDPSOHV�ZLWK�YDU\LQJ�OHYHOV�RI�3RPHOR�IUXLW�H[WUDFW�VLJQLILFDQWO\
�3�������UHGXFHG�WKH�S+��ZDWHU�KROGLQJ�FDSDFLW\��D��E��DQG�:%6)�YDOXHV�ZLWK�DQ
LQFUHDVH �LQ �FROODJH �VROXELOLW\� �FRRNLQJ �\LHOG� �DQG �0),� �1R �VLJQLILFDQW �YDULDWLRQ �ZDV
REVHUYHG�LQ�SURWHLQ�H[WUDFWDELOLW\�DQG�0XVFOH�ILEHU�GLDPHWHU�LQ�3)(�WUHDWHG�JRDW�PHDW
VDPSOHV�LQ �FRQWUDVW �WR �FRQWURO� �3RPHOR�IUXLW �H[WUDFW �PDULQDWLRQ�FDXVHG�D�VLJQLILFDQW
LQFUHDVH�LQ�WKH�PHDQ�VHQVRU\�DQDO\VLV�VFRUHV�IRU�WHQGHUQHVV��MXLFLQHVV��IODYRU� �DQG
RYHUDOO�DFFHSWDELOLW\��6'6�3$*(�UHYHDOHG�GHJUDGDWLRQ�RI�VHYHUDO�SURWHLQV�LQ�GLIIHUHQW
FRQFHQWUDWLRQV�RI�3RPHOR�IUXLW�H[WUDFW�PDULQDWHG�PHDW�VDPSOHV�DV�FRPSDUHG�WR�QHJDWLYH
DQG�SRVLWLYH�FRQWURO�VDPSOHV��0DULQDWLRQ�RI�FXOOHG�JRDW�PHDW�ZLWK�����3)(�ZDV�IRXQG�WR
EH�RSWLPDO�LQ�LPSURYLQJ�WKH�3K\VLFR�FKHPLFDO��VHQVRU\�DQG�WH[WXUDO�FKDUDFWHULVWLFV�DV
FRPSDUHG�WR�RWKHU�WUHDWPHQWV�DQG�FRQWURO��7KH�UHVXOWV�RI�WKH�FXUUHQW�VWXG\�GHPRQVWUDWHG
WKDW�3RPHOR�IUXLW�H[WUDFW�FDQ�EH�VXFFHVVIXOO\�XVHG�DV�D�QDWXUDO�WHQGHUL]HU�IRU�LPSURYLQJ
WKH�WHQGHUQHVV�RI�WRXJK�JRDW�PHDW�

.H\ZRUGV��&ROODJHQ�VROXELOLW\��PXVFOH�ILEUH�GLDPHWHU��P\RILEULOODU�IUDJPHQWDWLRQ�LQGH[�
SURWHLQ�H[WUDFWDELOLW\��SURWHRO\VLV��WHQGHUQHVV�
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'LHWDU\�%LRDFWLYH�&RPSRXQGV�DV�3RWHQWLDO
$QWL�'LDEHWLF�$JHQWV���$�0ROHFXODU�'RFNLQJ
6WXG\

3UHVHQWHU
0U��6DFKLQ�6XEUDPDQL
	�0U��$VKOH\�&OHWXV
'C6RX]D
0DQLSDO�$FDGHP\�RI
+LJKHU�(GXFDWLRQ��8$(
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
/LIH�6FLHQFHV
�
�

0DGKXPLWKD�.HGKDUL�6XQGDUDP��6DFKLQ�6XEUDPDQL��$VKOH\�&OHWXV�'C6RX]D�
6KDOLQL�%HKO�DQG�$ULI�+XVVDLQ
6FKRRO�RI�/LIH�6FLHQFHV��0DQLSDO�$FDGHP\�RI�+LJKHU�(GXFDWLRQ��8$(

$EVWUDFW
7\SH���GLDEHWHV��7�'���D�PHWDEROLF�GLVRUGHU�FKDUDFWHUL]HG�E\�DEQRUPDOO\�KLJK�EORRG
VXJDU�OHYHOV�KDV�EHFRPH�D�JURZLQJ�KHDOWK�KD]DUG��7KH�FXUUHQW�WUHDWPHQWV�IRU�7�'�DUH
ULGGOHG �ZLWK �VLGH �HIIHFWV� �7KH�XVH �RI �GLHWDU\ �ELRDFWLYH �FRPSRXQGV �WR �FRPEDW �7�'
SUHVHQWV�D�SRVVLEOH�DOWHUQDWH�DSSURDFK��6HYHUDO�SK\WRFKHPLFDOV�DUH�ZHOO�GRFXPHQWHG
DQWLR[LGDQW�DQG�DQWL�LQIODPPDWRU\�DJHQWV�ZKLFK�VXJJHVWV�D�SRVVLEOH�UROH�DJDLQVW�7�'�
7KLV�VWXG\�ZDV�GHVLJQHG�WR�DVVHVV�WKH�LQWHUDFWLRQV�RI�VRPH�SK\WRFKHPLFDOV�DJDLQVW
SURWHLQV�DVVRFLDWHG�ZLWK�7�'��QDPHO\�WKH�WDUJHW�SURWHLQV�33$5b��DFWLYDWLRQ�FDXVHV
LQVXOLQ �VHQVLWL]DWLRQ �DQG �HQKDQFHV �OLSLG �DQG �JOXFRVH �PHWDEROLVP� �DQG �.&1-��
�SRO\PRUSKLVP �OHDGV �WR �LQFUHDVHG �ULVN �RI �7�'�� �3K\WRFKHPLFDOV ��TXHUFHWLQ�
VXOIRUDSKDQH� �(*&*� �JHQLVWHLQ� �FXUFXPLQ� �HXJHQRO� �DQG �UHVYHUDWURO� �DQG �SURWHLQ
VWUXFWXUHV��33$5b�DQG�.&1-����ZHUH�UHWULHYHG�IURP�=LQF�'DWDEDVH�DQG�5&6%�3'%
UHVSHFWLYHO\��,QIRUPDWLRQ�UHJDUGLQJ�WKH�SURWHLQV�DQG�LPSRUWDQW�UHVLGXHV�ZDV�REWDLQHG
IURP �YDULRXV �GDWDEDVHV �DQG �OLWHUDWXUH� �7KH �SK\WRFKHPLFDOV �ZHUH �GRFNHG �ZLWK �WKH
SURWHLQV�XVLQJ�6ZLVV�'RFN��7KH�GRFNHG�VWUXFWXUHV�ZHUH�YLVXDOL]HG�DQG�DQDO\]HG�RQ
8&6)�&KLPHUD��7KH�UHVLGXHV�LQ�ERWK�SURWHLQV�WKDW�LQWHUDFW�ZLWK�WKH�OLJDQGV�ZHUH�DOVR
LGHQWLILHG �DQG �FRPSDUHG �ZLWK �WKH �UHIHUHQFH �DJHQWV� �'RFNLQJ �UHVXOWV �VXJJHVW �WKDW
TXHUFHWLQ��(*&*��JHQLVWHLQ��HXJHQRO��DQG�UHVYHUDWURO�FRXOG�KDYH�DQ�LQKLELWRU\�HIIHFW�RQ
.&1-���DV�WKH\�ZHUH�IRXQG�WR�ELQG�WR�WKH�VDPH�FDYLW\�DV�WKH�FR�FU\VWDOOL]HG�LQKLELWRU
ZKLFK �FRXOG �OHDG �WR �QRUPDO �LQVXOLQ �VHFUHWLRQ� �,Q �33$5b� �FXUFXPLQ� �VXOIRUDSKDQH�
JHQLVWHLQ��HXJHQRO��UHVYHUDWURO��DQG�TXHUFHWLQ�ZHUH�IRXQG�WR�ELQG�WR�WKH�VDPH�FDYLW\�DV
WKH�FR�FU\VWDOOL]HG�UHIHUHQFH�SDUWLDO�DJRQLVW�LQGLFDWLQJ�D�VLPLODU�PHFKDQLVP�RI�DFWLRQ�
7KHVH �SK\WRFKHPLFDOV �FRXOG �KDYH �SRWHQWLDO �DJRQLVWLF �DFWLYLW\ �RQ �33$5b� �SRVVLEO\
OHDGLQJ�WR�LQFUHDVHG�LQVXOLQ�VHQVLWLYLW\�DQG�SURPRWLQJ�JOXFRVH�PHWDEROLVP��7KHVH�UHVXOWV
LQGLFDWH �WKH �SRWHQWLDO �RI �WKHVH �GLHWDU\ �ELRDFWLYH �FRPSRXQGV �DJDLQVW �7�' �DQG
UHFRPPHQG�IXUWKHU�DVVHVVPHQW�RI�WKHLU�UROH�

.H\ZRUGV��3K\WRFKHPLFDOV��WKHUDSHXWLFV��W\SH���GLDEHWHV��GRFNLQJ��TXHUFHWLQ��(*&*�
JHQLVWHLQ��HXJHQRO��UHVYHUDWURO��FXUFXPLQ
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(YDOXDWLRQ�RI�WKH�)UDFWXUH�'HQVLW\�'LVWULEXWLRQ
IURP�,PDJH�/RJV�RQ�6LPXODWLRQ�6HQVLWLYLW\
$QDO\VLV�LQ�IUDFWXUHG�5HVHUYRLU

3UHVHQWHU
'U��=RKUHK�0RYDKHG
6SULQJHU��.DUXQ�(QHUJ\
DQG�7HOHSHUIRUPDQFH�
0DOD\VLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

=RKUHK�0RYDKHG��0HLVDP�$VKUDI���$OL�$UDP��DQG�$OL�$VJKDU�0RYDKHG�

�7HOHSHUIRUPDQFH��.DUXQ�(QHUJ\��DQG�6SULQJHU�6HQLRU�*HRORJLVW�FRQVXOWDQW
�*6 �(OHNWURPHGL]LQLVFKH �*HUDWH �*�6WHPSOH �*PE+� �6HQLRU �0DFKLQH �/HDUQLQJ
UHVHDUFKHU �DW �FRUSXOV� �*HUPDQ\
�)X]HLXP�'DWD�$QDO\WLFV��%XVLQHVV�,QWHOOLJHQFH�&RQVXOWDQW��&DQDGD
�1,2&�5,3,��$KZD]�UHVHDUFK�PDQDJHU��,UDQ

$EVWUDFW
*HQHUDOO\��ZHOO�WHVWLQJ�LV�D�SUDFWLFDO�WHFKQLTXH�DQG�LW�LV�D�UHFRPPHQGHG�WHFKQLTXH�IRU
IUDFWXUH�HYDOXDWLRQ��EXW�WKH�XVH�RI�ZHOO�WHVW�DQDO\VLV�UHVXOWV�LV�VWLOO�QRW�ZHOO�XQGHUVWRRG�LQ
FKDUDFWHUL]LQJ�IUDFWXUH�SURSHUWLHV��$Q�LQIXVLRQ�RI�JHRORJLFDO�NQRZOHGJH�KHOSV�UHGXFH�WKH
XQFHUWDLQW\�DVVRFLDWHG�ZLWK�ZHOO�WHVW�DQDO\VLV��3URFHVVLQJ�RI�LPDJH�ORJ�GDWD�FDQ�SURYLGH
VWDWLF �SURSHUWLHV �RI �QDWXUDOO\ �IUDFWXUHG �UHVHUYRLUV� �6LPXODWLRQ �RI �QDWXUDOO\ �IUDFWXUHG
UHVHUYRLUV �QHHGV�WR �GHILQH �WKH �DFFXUDWH �GLVWULEXWLRQ �RI �IUDFWXUH �SHUPHDELOLW\� �VKDSH
IDFWRU��DQG�IUDFWXUH�SRURVLW\�YDOXHV�IRU�GLVFUHWH�IUDFWXUH�QHWZRUNV�LQ�WKH�PRGHO��$OWKRXJK
GLIIHUHQW�ORJ�DQG�WHVW�GDWD�FDQ�EH�XVHG�LQ�IUDFWXUH�FKDUDFWHUL]DWLRQ��GXH�WR�FRPSOH[LWLHV
LQ�IUDFWXUH�QHWZRUNV��WKH�IUDFWXUH�PRGHOLQJ�VRIWZDUH�FDQQRW�WDNH�DOO�LQWR�DFFRXQW��7KXV�
WKH�ERUHKROH�LPDJLQJ�WRROV��OLNH�WKH�)0,�)06��2%0,�8%,��DUH�DFTXLUHG�WR�ORFDWH�PDMRU
VWUXFWXUDO�IHDWXUHV��VXFK�DV�IDXOWV�DQG�IUDFWXUHV��DQG�EHGGLQJV�LQ�WKLV�SURMHFW��7KHQ�WKH
IUDFWXUH�SDUDPHWHUV�DUH�WXQHG�GXULQJ�KLVWRU\�PDWFKLQJ�ZKLFK�FDQ�EH�WLPH�FRQVXPLQJ
DQG�DOVR�DIIHFW�RWKHU�KLVWRU\�PDWFK�SDUDPHWHUV��7KHUHIRUH��HYHQ�LI�WKH�UHVHUYRLU�KLVWRU\
PLJKW �EH �PDWFKHG� �EXW �UHVHUYRLU �VLPXODWLRQ �UHVXOWV� �SUHGLFWLRQV �DQG �UHFRYHU\
HQKDQFHPHQW �VWUDWHJLHV �EDVHG �RQ �WKHP �PLJKW �QRW �EH �UHOLDEOH �ZKHQ �WKH �IUDFWXUH
SURSHUWLHV �YDOXHV �DQG �WKHLU �GLVWULEXWLRQ �LQ �WKH �PRGHO �DUH �QRW �DFFXUDWH� �7KH �ODWHVW
GHYHORSPHQWV �LQ �LQWHUSUHWDWLRQ �WHFKQLTXHV �KDYH �EURDGHQHG �WKH �VFRSH �RI �LPDJH
LQWHUSUHWDWLRQ��,W�LV�QRZ�SRVVLEOH�WR�GHYHORS�D�PRUH�DFFXUDWH�VLPXODWLRQ�PRGHO�RI�WKH
IUDFWXUHG�UHVHUYRLU�E\�XVLQJ�IUDFWXUH�GDWD�IURP�WKH�LPDJH�ORJ��7KLV�SURMHFW�ZLOO�WU\�WR
FRPELQH�WKH�VLQJOH�ZHOO�����ZHOOV��GDWD�DQG�WU\�WR�FRPH�XS�ZLWK�D�PRGHO�WR�HYDOXDWH
IUDFWXUHG�UHVHUYRLU�ILHOGV��7KH�REMHFWLYHV�RI�WKLV�IUDFWXUH�VWXG\�FDQ�EH�VWDWHG�DV��)UDFWXUH
FKDUDFWHUL]DWLRQ�IURP����LPDJH�ORJV��&RUUHODWLRQ�EHWZHHQ�GHQVLWLHV�RI�IUDFWXUHV�ZHOO�E\
ZHOO�LQ�VLPXODWLRQ�DQG�GHYHORSLQJ�PRUH�DFFXUDWH�VLPXODWLRQ�PRGHO�E\�XVLQJ�IUDFWXUH�GDWD
IURP�LPDJH�ORJ�

.H\ZRUGV��6WUXFWXUDO �GLS� �IUDFWXUH�SURSHUWLHV� �LPDJH�ORJV��VLPXODWLRQ�PRGHO� �IUDFWXUH
GHQVLW\�
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,QWHUYDO�3HQWDSDUWLWLRQHG�1HXWURVRSKLF�6HW�DQG
LWV�3URSHUWLHV

3UHVHQWHU
'U��6XUDSDWL�3UDPDQLN
1DQGDODO�*KRVK�%�7�
&ROOHJH�
,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

6XUDSDWL�3UDPDQLN
'HSDUWPHQW�RI�0DWKHPDWLFV��1DQGDODO�*KRVK�%�7��&ROOHJH��3DQSXU��1DUD\DQSXU��,QGLD

$EVWUDFW
,Q�������3URIHVVRU�/�$��=DGHK�JURXQGHG�WKH�VHPLQDO�ZRUN�GHDOLQJ�ZLWK�WKH�FRQFHSW�RI
IX]]\ �VHW �WR �GHDO �ZLWK �QRQ�VWRFKDVWLF �XQFHUWDLQW\� �,Q ������ �3URIHVVRU �$WDQDVVRY
LQWURGXFHG�WKH�GHJUHH�RI �QRQ�PHPEHUVKLS��UHMHFWLRQ� �DV�LQGHSHQGHQW �FRPSRQHQW �LQ
IX]]\�VHW�DQG�GHILQHG�LQWXLWLRQLVWLF�IX]]\�VHW��,Q�������3URIHVVRU�)ORUHQWLQ�6PDUDQGDFKH
GHYHORSHG�WKH�1HXWURVRSKLF�6HW��16��E\�H[WHQGLQJ�IX]]\�VHW�DQG�LQWXLWLRQLVWLF�IX]]\�VHW
DQG�XWLOL]LQJ�WKH�GHJUHH�RI�LQGHWHUPLQDF\�DV�LQGHSHQGHQW�FRPSRQHQW��,Q�������:DQJ�
0DGLUDMX� �=KDQJ� �DQG �6XQGHUUDPDQ�SUHVHQWHG �WKH �LQWHUYDO �QHXWURVRSKLF �VHWV �DV �D
VXEFODVV �RI �QHXWURVRSKLF �VHW �E\ �FRQVLGHULQJ �WKDW �WKH �WUXWK �PHPEHUVKLS �GHJUHH�
LQGHWHUPLQDF\�PHPEHUVKLS�GHJUHH�DQG�IDOVLW\�PHPEHUVKLS�GHJUHH�DVVXPH�YDOXHV�IURP
WKH�VXEXQLWDU\�LQWHUYDO�RI�>����@��,Q�������&KDWWHUMHH��0DMXPGDU��DQG�6DPDQWD�H[WHQGHG
WKH�QHXWURVRSKLF�VHW�WR�TXDGULSDUWLWLRQHG�QHXWURVRSKLF�VHW�E\�GLYLGLQJ�LQGHWHUPLQDF\
PHPEHUVKLS�IXQFWLRQV�WR�WZR�LQGHSHQGHQW�PHPEHUVKLS�IXQFWLRQV��QDPHO\��XQNQRZQ�DQG
FRQWUDGLFWLRQ�PHPEHUVKLS�IXQFWLRQV��,Q�������0DOOLFN�DQG�3UDPDQLN�IXUWKHU�H[WHQGHG
TXDGULSDUWLWLRQHG �QHXWURVRSKLF �VHW �WR �SHQWDSDUWLWLRQHG �QHXWURVRSKLF �VHW �E\ �GLYLQJ
LQGHWHUPLQDF\ �LQWR �WKUHH �LQGHSHQGHQW �PHPEHUVKLS �IXQFWLRQV� �QDPHO\� �FRQWUDGLFWLRQ
PHPEHUVKLS �IXQFWLRQ� �LJQRUDQFH �PHPEHUVKLS �IXQFWLRQ �DQG �XQNQRZQ �PHPEHUVKLS
IXQFWLRQ��3HQWDSDUWLWLRQHG�QHXWURVRSKLF�VHW�LV�D�SRZHUIXO�PDWKHPDWLFDO�WRRO��ZKLFK�LV�WKH
H[WHQVLRQ �RI �QHXWURVRSKLF �VHW �DQG �Q�YDOXHG �QHXWURVRSKLF �UHILQHG �ORJLF �IRU �EHWWHU
GHVLJQLQJ�DQG�PRGHOLQJ�UHDO�OLIH�SUREOHPV��7KH�SHQWDSDUWLWLRQHG�QHXWURVRSKLF�VHW�FDQ
UHSUHVHQW�XQFHUWDLQ��LPSUHFLVH��LQFRPSOHWH�DQG�LQFRQVLVWHQW�LQIRUPDWLRQ�ZKLFK�H[LVWV�LQ
UHDO�ZRUOG�SUREOHPV��3HQWDSDUWLWLRQHG�QHXWURVRSKLF�VHW�KDV�EHHQ�DSSOLHG�IRU�GHFLVLRQ�
PDNLQJ �SUREOHPV� �)HZ �VWXGLHV �RQ �SHQWDSDUWLWLRQHG �QHXWURVRSKLF �VHW �KDYH �EHHQ
GHYHORSHG�LQ�WKH�OLWHUDWXUH��3HQWDSDUWLWLRQHG�QHXWURVRSKLF�VHW��KDV�GLIILFXOWLHV�WR�GHILQH�D
FULVS�QHXWURVRSKLF�PHPEHUVKLS�GHJUHH�DV�LQ�WKH�VLQJOH�YDOXHG�QHXWURVRSKLF�VHW��7R
DGGUHVV�WKH�LVVXH��WKLV�SDSHU�SUHVHQWV�D�QHZ�QRWLRQ��FDOOHG�,QWHUYDO�3HQWDSDUWLWLRQHG
1HXWURVRSKLF �VHW ��,316� �ZKRVH �ILYH �LQGHSHQGHQW �FRPSRQHQWV �DUH� �QDPHO\� �WUXWK
PHPEHUVKLS �IXQFWLRQ� �FRQWUDGLFWLRQ �PHPEHUVKLS �IXQFWLRQ� �LJQRUDQFH �PHPEHUVKLS
IXQFWLRQ��XQNQRZQ�PHPEHUVKLS�IXQFWLRQ��DQG�IDOVLW\�PHPEHUVKLS�IXQFWLRQ��6HYHUDO�VHW�
WKHRUHWLF �RSHUDWLRQV �RI �LQWHUYDO �SHQWDSDUWLWLRQHG �QHXWURVRSKLF �VHWV� �QDPHO\� �XQLRQ�
LQWHUVHFWLRQ� �DQG �FRPSOHPHQW �DUH �GHILQHG �DQG �DIWHUZDUGV �RSHUDWLRQDO �UXOHV �DUH
HVWDEOLVKHG��7KH�PDLQ�REMHFWLYHV�RI�WKH�VWXG\�DUH��WR�GHYHORS�WKH�QHZ�QRWLRQ�RI�LQWHUYDO
SHQWDSDUWLWLRQHG�QHXWURVRSKLF�VHWV�DQG�HVWDEOLVK�VRPH�RI�WKHLU�EDVLF�SURSHUWLHV�

.H\ZRUGV� �)X]]\ �VHW� �QHXWURVRSKLF �VHW� �VLQJOH �YDOXHG �QHXWURVRSKLF �VHW� �LQWHUYDO
QHXWURVRSKLF �VHW� �SHQWDSDUWLWLRQHG �QHXWURVRSKLF �VHW� �LQWHUYDO �SHQWDSDUWLWLRQHG
QHXWURVRSKLF �VHW�
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%LRSRO\PHU�%DVHG�1DQRPDWHULDOV�DQG�'HOLYHU\
6\VWHPV�IRU�(QFDSVXODWLRQ�RI�%LRDFWLYH
&RPSRXQGV

3UHVHQWHU
'U��0XGDVLU�$KPDG
6KDJRR
8QLYHUVLW\�RI�.DVKPLU�
,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

0XGDVLU�$KPDG
'HSDUWPHQW�RI�)RRG�6FLHQFH�DQG�7HFKQRORJ\��8QLYHUVLW\�RI�.DVKPLU��,QGLD

$EVWUDFW
%LRSRO\PHUV��SDUWLFXODUO\�SRO\VDFFKDULGHV�DQG�SURWHLQV�KDYH�ZLGHU�DSSOLFDWLRQV�LQ�WKH
IRRG�DQG�SKDUPDFHXWLFDO�VHFWRU��7KH�HPHUJLQJ�DSSOLFDWLRQV�HYROYH�LQ�WKH�SUHSDUDWLRQ�RI
QDQRSDUWLFOHV�ZLWK�EHWWHU�SK\VLFRFKHPLFDO�DQG�ELRORJLFDO�SURSHUWLHV��1DQRSDUWLFOHV�RI
ELRSRO\PHUV �OLNH �SURWHLQV ��ZKH\ �FDVHLQ� �JHODWLQ� �FROODJHQ� �.HUDWLQ� �HWF� �DQG
SRO\VDFFKDULGHV ��VWDUFK� �b �JOXFDQ� �FHOOXORVH� �SHFWLQ� �FKLWRVDQ� �SXOOXODQ� �DQG�RWKHUV�
DOORZV�WKH�IRUPDWLRQ�RI�ILEHUV�DQG�FDSVXOHV�ZLWK�JRRG�ORDGLQJ�HIILFLHQF\�DQG�GHOLYHU\�RI
FRPSRXQGV� �7KH\ �DUH �XWLOL]HG �DV �GHOLYHU\ �V\VWHPV �IRU �WKH �SURWHFWLRQ �RI �ELRDFWLYH
FRPSRXQGV �OLNH �YLWDPLQV� �SRO\SKHQROV� �DQG �SURELRWLFV �IURP �KDUVK �HQYLURQPHQWDO�
WKHUPDO��DQG�JDVWURLQWHVWLQDO�SURFHVVHV��7KH�ELRDFWLYH�FRPSRXQGV�DUH�SRRUO\�DEVRUEHG
E\�WKH�KXPDQ�ERG\�DQG�YHU\�OHVV�DPRXQW�UHDFKHV�WKH�FRORQ�LQ�ELRORJLFDOO\�DFWLYH�IRUP�
EHFDXVH�RI�GHJUDGDWLRQ�GXULQJ�LWV�SDVVDJH�IURP�SODQW�PDWUL[�WR�WKH�KXPDQ�GLJHVWLYH
V\VWHP��7KH�ELRDFWLYH�FRPSRXQGV�DUH�WKHUHIRUH�HQFDSVXODWHG�LQ�D�ELRSRO\PHU�PDWUL[
DQG �WKH �PD[LPXP�DPRXQW �JHWV �UHOHDVHG �LQ �WKH �LQWHVWLQDO �VHFWLRQ� �7KH �QDQR�VL]HG
PDWHULDOV �DUH �QRZDGD\V �V\QWKHVL]HG�DQG�XWLOL]HG �DV �D �FDUULHU �IRU �QDQR�GHOLYHU\ �RI
ELRDFWLYH �FRPSRXQGV� �7KH �QDQR �GHOLYHU\ �YHKLFOHV �LPSURYH �WKH �VROXELOLW\ �DQG �FHOO
SHUPHDELOLW\ �RI �ELRDFWLYH �FRPSRXQGV �DQG �WKHUHE\ �LQFUHDVH �WKHLU �ELRDYDLODELOLW\ �DQG
ELRDFWLYLW\�DIWHU�GLJHVWLRQ�

.H\ZRUGV��%LRSRO\PHUV��ELRDFWLYLW\��GLJHVWLRQ��QDQR�GHOLYHU\�YHFKLFOHV��SRO\VDFFKDULGHV�
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,PSOHPHQWDWLRQ�RI�)OLJKW�&RQWUROV�RQ�D�)OLJKW
'\QDPLF�0RGHO�IRU�DQ�(PEHGGHG�&RQWUROOHU

3UHVHQWHU
'U��$GLO�/R\D
1DWLRQDO�8QLYHUVLW\�RI
6FLHQFHV�DQG�7HFKQRORJ\
��31(&
3DNLVWDQ
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

$GLO�/R\D���0XVVDZHU�$OL���DQG�0�)DKDG�$]L]�

�'HSDUWPHQW�RI�(QJLQHHULQJ�6FLHQFHV��1DWLRQDO�8QLYHUVLW\�RI�6FLHQFHV�DQG�7HFKQRORJ\��
31(&��.DUDFKL��3DNLVWDQ
�0HFKDWURQLFV �(QJLQHHULQJ �'HSDUWPHQW� �3$)�.DUDFKL �,QVWLWXWH �RI �(FRQRPLFV �DQG
7HFKQRORJ\��.DUDFKL��3DNLVWDQ��0HFKDWURQLFV�(QJLQHHULQJ�

$EVWUDFW
7KH�GHYHORSPHQW�RI�WKLV�8$9�ZLOO�VWDUW�ZLWK�ORZ�GHJUHH�DLUFUDIW�VLPXODWLRQ�IUDPHZRUNV�DW
WKH�FRQFHSWXDO�GHVLJQ�VWDJH�WKDW�LV�FDSDEOH�RI�SUHGLFWLQJ�WKH�IOLJKW�G\QDPLFV�DQG�IOLJKW
ORDGV��%XW�EHIRUH�PRYLQJ�WR�KDUGZDUH��ZH�PXVW�DVVHPEOH�DQG�JHW�WRJHWKHU�VRIWZDUH
LQWHJUDWLRQV��6HULDO�FRPPXQLFDWLRQ�LV�QHFHVVDU\�EHWZHHQ�WKH�IOLJKW�FRQWUROOHU�DQG�IOLJKW
G\QDPLF�PRGHO�EHIRUH�GHVLJQLQJ�D�*URXQG�&RQWURO�6WDWLRQ��*&6���7KH�SXUSRVH�RI�XVLQJ
WKLV�VLPXODWRU�LV�WR�HQWDQJOH�RXU�YHKLFOH�ZLWK�D�FRQWUROOHU�LQ�ZKLFK�WKH�DHURG\QDPLF
VWDELOLW\�DQG�FRQWURO�DUH�DOVR�DGGUHVVHG��IRU�ZH�KDYH�SOXJJHG�)'0�LQ�D�&���EDVHG
DSSOLFDWLRQ �ZKLFK �LV �D �IURQW�HQG� �XVHU�IULHQGO\� �DQG �PXOWLIXQFWLRQDO �*UDSKLFDO �8VHU
,QWHUIDFH�IRU�RSHUDWLRQV��7KLV�)'0�HDVLO\�ZRUNV�ZLWK�)OLJKW*HDU�DQG�SHUIRUPV�6,7/
VLPXODWLRQV��KRZHYHU��IRU�+,7/�D�FRQQHFWLYLW\�EULGJH�LV�DOVR�GHVLJQHG�IRU�HVWDEOLVKLQJ�D
FRQQHFWLRQ�EHWZHHQ�FRQWUROOHU�DQG�)'0��)RU�WKLV�SXUSRVH�FRPPXQLFDWLRQ�SURWRFROLQJ
ZDV�XVHG�WR�LQWHUIDFH�GDWD�RI�)'0�ZLWK�WKH�FRQWUROOHU��$IWHU�HVWDEOLVKLQJ�FRPPXQLFDWLRQ
EHWZHHQ�KDUGZDUH�DQG�VRIWZDUH��WKH�DXWRSLORW�PRGHV�ZHUH�GHVLJQHG��&XUUHQWO\��LQ�WKLV
UHVHDUFK��ZH�KDYH�IRFXVHG�RQ�WKH�EDVLF�DXWRSLORW�PRGHV��7KHVH�DXWRSLORW�PRGHV�DUH
GHVLJQHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�DHURG\QDPLF�PRGHO�GHVLJQHG�RQ�)'0�

.H\ZRUGV��)OLJKW�G\QDPLF�PRGHOOLQJ��FRQWUROV��IOLJKW�FRQWUROOHU��JURXQG�FRQWURO�VWDWLRQ�
SURWRFROOLQJ�
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%HVW�&XELF�6PRRWKLQJ�6SOLQH�6HOHFWLRQ
0HWKRGV�IRU�0RGHOLQJ�$XWRFRUUHODWHG�7LPH
6HULHV�2EVHUYDWLRQV

3UHVHQWHU
'U��6DPXHO�2ORUXQIHPL
$GDPV
8QLYHUVLW\�RI�$EXMD�
1LJHULD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

6DPXHO�2ORUXQIHPL�$GDPV���'DYLHV�$ELRGXQ�2EDURPL�DQG�$OXPEXJX�$XWD

,ULQHZV�

�'HSDUWPHQW�RI�6WDWLVWLFV��8QLYHUVLW\�RI�$EXMD��$EXMD��1LJHULD
�'HSDUWPHQW�RI�6WDWLVWLFV��&RQIOXHQFH�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��2VDUD�
.RJL�6WDWH��1LJHULD
�'HSDUWPHQW�RI�0DWKHPDWLFV�DQG�6WDWLVWLFV��)HGHUDO�3RO\WHFKQLF��1DVDUDZD��1DVDUDZD
6WDWH��1LJHULD

$EVWUDFW
,Q�WKLV�VWXG\��WKH�JRRGQHVV�RI�ILW�RI�WKUHH�FXELF�VSOLQH�VPRRWKLQJ�PHWKRGV�XVHG�WR�VHOHFW
RSWLPDO�VPRRWKLQJ�SDUDPHWHUV�IRU�D�WLPH�VHULHV�GDWDVHW�ZLWK�DXWRFRUUHODWHG�UHVLGXDOV
ZHUH�H[DPLQHG��7KH�PHWKRGV�LQFOXGH��WKH�*HQHUDOL]HG�0D[LPXP�/LNHOLKRRG��*0/��
*HQHUDOL]HG �&URVV�9DOLGDWLRQ ��*&9�� �DQG �0DOORZ �&3 �FULWHULRQ ��0&3�� �%DVHG �RQ
VLPXODWLRQ �ZLWK �VHOHFWHG �VPRRWKLQJ �SDUDPHWHUV �RI �bB*0/ �����������
bB*&9 ������������DQG�bB0&3 �����������Q� �����������������������DQG������DQG�S
 ����� ����� ����� �DQG ����� �LW �ZDV �REVHUYHG �WKDW �WKH �*HQHUDOL]HG �&URVV�9DOLGDWLRQ
VPRRWKLQJ�PHWKRG�KDV�KLJKHVW�DGMXVWHG�5�6TXDUH�RI���������������DQG��������DW
DXWRFRUUHODWLRQ�OHYHO�RI����������������IRU�VDPSOH�VL]H� �����DQG������7KH�DSSOLFDWLRQ�RI
WKH�GDWD�VHW �RQ�FDSLWDO �H[SHQGLWXUH�LQ�1LJHULD��LQ �ELOOLRQ�QDLUD� �EHWZHHQ����������
YDOLGDWHG�WKH�SHUIRUPDQFH�RI�WKH�*HQHUDOL]HG�&URVV�9DOLGDWLRQ�VPRRWKLQJ�PHWKRG�DV�LW
V
PRGHO�SURYLGHG�WKH�EHVW�ILW�PRGHO�ZLWKRXW�DQ\�PLVFRQFHSWLRQ�DQG�GHIHFW�XQGHU�FXELF
VSOLQH�IXQFWLRQDO�IRUP�ZKHQ�FRPSDUHG�ZLWK�WKH�FRPSHWLQJ�VPRRWKLQJ�PHWKRGV��,W �LV
UHFRPPHQGHG �WKDW� �IRU �D �WLPH� �VHULHV �REVHUYDWLRQ �ZLWK �DXWRFRUUHODWLRQ �HUURU� �WKH
*HQHUDOL]HG�&URVV�9DOLGDWLRQ�VPRRWKLQJ�PHWKRG�SURYLGHV�WKH�EHVW�ILW�VPRRWKLQJ�PHWKRG
IRU�WKH�FXELF�PRGHO�

.H\ZRUGV��&XELF�VSOLQH��JRRGQHVV�RI�ILW�WHVW��*HQHUDOL]HG�0D[LPXP�/LNHOLKRRG��*0/��
*HQHUDOL]HG�&URVV�9DOLGDWLRQ��*&9���0DOORZ�&3�FULWHULRQ��0&3��
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3K\VLFDO�%DVLV�RI�7KHUPDO�DQG�0HFKDQLFDO
0HPRU\�LQ�6KDSH�0HPRU\�$OOR\V

3UHVHQWHU
3URI��2VPDQ�$GLJX]HO
)LUDW�8QLYHUVLW\�
7XUNH\
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

2VPDQ�$GLJX]HO
)LUDW�8QLYHUVLW\��(OD]LJ��7XUNH\

$EVWUDFW
$�VHULHV�RI�DOOR\�V\VWHPV�WDNH�SODFH�LQ�D�FODVV�RI�DGDSWLYH�VWUXFWXUDO�PDWHULDOV�FDOOHG
DGYDQFHG �VPDUW �PDWHULDOV �E\ �JLYLQJ �VWLPXOXV�UHVSRQVH �WR �FKDQJHV �LQ �WKH �H[WHUQDO
FRQGLWLRQV� �6KDSH�PHPRU\�DOOR\V �WDNH�SODFH�LQ �WKLV �JURXS�E\�H[KLELWLQJ �D �SHFXOLDU
SURSHUW\�FDOOHG�WKH�VKDSH�PHPRU\�HIIHFW��ZLWK�WKHUPDO�DQG�PHFKDQLFDO�PHPRU\��7KHVH
DOOR\V�DUH�GHIRUPHG�SODVWLFDOO\�LQ�ORZ�WHPSHUDWXUH�FRQGLWLRQV�DQG�UHFRYHU�WKH�RULJLQDO
VKDSH�E\�KHDWLQJ��DQG�F\FOH�EHWZHHQ�WKH�GHIRUPHG�DQG�RULJLQDO�VKDSHV�RQ�FRROLQJ�DQG
KHDWLQJ��UHVSHFWLYHO\��7KH�VKDSH�PHPRU\�HIIHFW�LV�JRYHUQHG�E\�VXFFHVVLYH�VWUXFWXUDO
SKDVH �WUDQVIRUPDWLRQV� �WKHUPDO �DQG �SUHVVXUH�LQGXFHG �PDUWHQVLWLF �WUDQVIRUPDWLRQV�
7KHVH�WUDQVIRUPDWLRQV�RFFXU�RQ�FRROLQJ�DQG�VWUHVVLQJ��7KH�RULJLQ�DQG�SK\VLFDO�EDVLV�RI
WKLV�SKHQRPHQRQ�OLH�LQ�WKH�IDFW�WKDW�WKH�PDWHULDO�FKDQJHV�LWV�LQWHUQDO�FU\VWDOOLQH�VWUXFWXUH
ZLWK�FKDQJLQJ�WHPSHUDWXUH�DQG�SUHVVXUH��7KHUPDO�LQGXFHG�PDUWHQVLWLF�WUDQVIRUPDWLRQ
RFFXUV�RQ�FRROLQJ�DQG�RUGHUHG�SDUHQW�SKDVH�VWUXFWXUHV�WXUQ�LQWR�D�WZLQQHG�PDUWHQVLWLF
VWUXFWXUH��ZLWK�ODWWLFH�LQYDULDQW�VKHDUV��DQG�WZLQQHG�VWUXFWXUH�WXUQV�LQWR�D�GHWZLQQHG
VWUXFWXUH��WKURXJK�VWUHVV�LQGXFHG�PDUWHQVLWLF�E\�GHIRUPLQJ�PDWHULDO�SODVWLFDOO\�LQ�WKH�ORZ�
WHPSHUDWXUH �FRQGLWLRQ� �7KH �VWUDLQ �HQHUJ\ �LV �VWRUHG �ZLWK �SODVWLF �GHIRUPDWLRQ� �DQG
UHOHDVHG �RQ �KHDWLQJ� �XVLQJ �UHYHUVH �PDUWHQVLWH �DXVWHQLWH �WUDQVIRUPDWLRQ� �7KHUPDO
LQGXFHG �PDUWHQVLWLF �WUDQVIRUPDWLRQV �RFFXU �ZLWK �FRRSHUDWLYH �PRYHPHQW �RI �DWRPV �LQ
����!���W\SH�GLUHFWLRQV�HPSOR\LQJ�ODWWLFH�LQYDULDQW�VKHDUV�RQ�^���`���W\SH�SODQHV�RI
DXVWHQLWH�PDWUL[�ZKLFK�LV�WKH�EDVDO�SODQH�RI�PDUWHQVLWH��0HFKDQLFDO�PHPRU\�LV�FDOOHG
XVXDOO\�VXSHU�HODVWLFLW\�RU�SVHXGR�HODVWLFLW\��7KH�PDWHULDO�LV�VWUHVVHG�PHFKDQLFDOO\�LQ�WKH
VWUDLQ�OLPLWV�DW�D�FRQVWDQW�WHPSHUDWXUH�LQ�WKH�SDUHQW�SKDVH�UHJLRQ�DQG�RUGHUHG�SDUHQW
SKDVH�VWUXFWXUHV�WXUQ�LQWR�WKH�GHWZLQQHG�VWUXFWXUH�WKURXJK�VWUHVV�LQGXFHG�PDUWHQVLWLF
WUDQVIRUPDWLRQ�E\�GHIRUPDWLRQ��DQG�PDWHULDO�UHWXUQV�WR�WKH�RULJLQDO�VKDSH�XSRQ�UHOHDVLQJ
WKH�H[WHUQDO�IRUFH��&RSSHU�EDVHG�DOOR\V�H[KLELW�WKLV�SURSHUW\�LQ�WKH�PHWDVWDEOH�EHWD�
SKDVH�UHJLRQ��/DWWLFH�LQYDULDQW�VKHDU�LV�QRW�XQLIRUP�LQ�WKHVH�DOOR\V�DQG�FDXVHV�WKH
IRUPDWLRQ�RI�OD\HUHG�VWUXFWXUHV��OLNH��5���5��RU���5�VWUXFWXUHV��3HULRGLFLW\�DQG�XQLW�FHOO�LV
FRPSOHWHG�WKURXJK����OD\HUV�LQ�WKH�FDVH�RI���5�PDUWHQVLWH��,Q�WKH�SUHVHQW�FRQWULEXWLRQ�
[�UD\�GLIIUDFWLRQ�DQG�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\��7(0��VWXGLHV�ZHUH�FDUULHG�RXW
RQ�WZR�FRSSHU�EDVHG�&X=Q$O�DQG�&X$O0Q�DOOR\V��;�UD\�GLIIUDFWLRQ�SURILOHV�DQG�HOHFWURQ
GLIIUDFWLRQ�SDWWHUQV�H[KLELW�VXSHUODWWLFH�UHIOHFWLRQV�LQKHULWHG�IURP�WKH�SDUHQW�SKDVH�GXH�WR
WKH�GLVSODFLYH�FKDUDFWHU�RI�PDUWHQVLWLF�WUDQVIRUPDWLRQ��6SHFLPHQV�RI�WKHVH�DOOR\V�ZHUH
DJHG�DW�URRP�WHPSHUDWXUH�IRU�D�ORQJ�WHUP��DQG�[�UD\�GLIIUDFWRJUDPV�DUH�WDNHQ�GXULQJ
DJLQJ�VKRZ�WKDW�GLIIUDFWLRQ�DQJOHV�DQG�SHDN�LQWHQVLWLHV�FKDQJHG��7KLV�UHVXOW�UHIHUV�WR�WKH
UHGLVWULEXWLRQ�RI�DWRPV�LQ�D�GLIIXVLYH�PDQQHU�

.H\ZRUGV� �6KDSH �PHPRU\ �HIIHFW� �PDUWHQVLWLF �WUDQVIRUPDWLRQ� �WKHUPDO �PHPRU\�
PHFKDQLFDO �PHPRU\� �VXSHUHODVWLFLW\� �WZLQQLQJ� �GHWZLQQLQJ�
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(QKDQFHG�4R6�IRU�0RELOH�$G�KRF�1HWZRUNV
8VLQJ�6HFXUH�$FNQRZOHGJHPHQWV�7HFKQLTXHV

3UHVHQWHU
3URI��.�7KDPL]KPDUDQ
*RYHUQPHQW�&ROOHJH�RI
(QJLQHHULQJ
%RGLQD\DNNDQXU��,QGLD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

.�7KDPL]KPDUDQ
'HSW��RI�(&(��*RYHUQPHQW�&ROOHJH�RI�(QJLQHHULQJ�%RGLQD\DNNDQXU��7KHQL��7DPLOQDGX�
,QGLD

$EVWUDFW
,Q�UHFHQW�HPHUJLQJ�UHVHDUFK�\HDUV�WKH�JURZLQJ�WHFKQRORJ\�WKDW�DOORZV�XVHUV�WR�DFFHVV
LQIRUPDWLRQ�DQG�VHUYLFHV�DQ\ZKHUH�UHJDUGOHVV�RI �WKHLU �JHRJUDSKLF�ORFDWLRQ�LV�FDOOHG
0$1(7��0RELOH�$G�KRF�1HWZRUN��0$1(7��LV�WKH�VLJQLILFDQW�WHFKQRORJ\�DPRQJ�YDULRXV
XQ�ZLUHG�FRPPXQLFDWLRQ�WHFKQRORJLHV�ZKHUH�DOO�WKH�PRELOH�QRGHV�DUH�PRELOH�DQG�ZKLFK
FDQ�EH�FRQQHFWHG�WR�UDQGRP�G\QDPLFDOO\�XVLQJ�WKH�ZLUHOHVV�OLQN�LQ�D�UDQGRP�PDQQHU��,W
FDQ�SURYLGH�4XDOLW\ �RI �6HUYLFH��4R6��UHTXLUHPHQWV �LQ �UHDO �XSGDWH�WUDQVPLVVLRQ�IRU
ZLUHOHVV�DSSOLFDWLRQV��%XW�LW�VWUHDP�LQFOXGHV�FULWLFDO�PLVVLRQ�DSSOLFDWLRQV�OLNH�PLOLWDU\�XVH
RU�HPHUJHQF\�UHFRYHU\��7KLV�UHVHDUFK�SDSHU�SURSRVHG�HIILFLHQW�6HFXUH�4XDOLW\�2ULHQWHG
'LVWULEXWHG��6�42'��6HFXUH�(QKDQFHG�$GDSWLYH���$FNQRZOHGJHPHQWV��6�($�$&.��
,PSOHPHQW�D�QHZ�LQWUXVLRQ�GHWHFWLRQ�V\VWHP�IRU�RQ�GHPDQG�ZLUHOHVV�QHWZRUNV��642'
FDQ�LPSURYH�WKH�EHVW�SHUIRUPDQFH�RI�RXWSXW�TXDOLW\��4R6��WR�UHGXFH�WUDQVPLVVLRQ�GHOD\�
WUDQVPLVVLRQ�WLPH�DQG�DOVR�LQFUHDVH�QHWZRUN�FRPPXQLFDWLRQ�WKURXJKSXW�IRU�(QKDQFHG
$GDSWLYH �� �$&.
V ��6�($�$&.� �XVLQJ �($$&. ��'6$� �ZLWK �0$-(� �V\PPHWULF
FU\SWRJUDSK\�VSHFLDOO\�GHVLJQHG�IRU�0$1(7�WKURXJK�1HWZRUN�6LPXODWRU�������16���WR
LPSOHPHQW�LW�

.H\ZRUGV��4R6��42'��($$&.��($�$&.��6�($�$&.��&U\SWRJUDSK\��0$-(��
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3URSRVDO�WR�7UHDW�D�*URXQGZDWHU�6RXUFH
WKURXJK�3K\VLFRFKHPLFDO�3URFHVVHV�IRU�XVH�LQ
3ULPDU\�,QGXVWULDO�$FWLYLWLHV

3UHVHQWHU
(QJ��(OLR�3LQHGD
8QLYHUVLW\�RI�=XOLD�
9HQH]XHOD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

6XKHU �&DUROLQD �<DEURXGL� �)HUQDQGR �8UGDQHWD �DQG �'H\PDU �*DUFLD �\ �(OLR
3LQHGD
:DWHU�5HVHDUFK�&HQWHU��8QLYHUVLW\�RI�=XOLD��9HQH]XHOD

$EVWUDFW
'ULQNLQJ�ZDWHU�UHSUHVHQWV�DQ�HVVHQWLDO�SDUW�RI�SULPDU\�LQGXVWULDO�DFWLYLWLHV��D�VHFWRU�WKDW
JURXSV�WRJHWKHU�WKH�SURGXFWLRQ�RI�IRRG��EHYHUDJHV�DQG�GUXJV��ZKHUH�WKH�VKRUWDJH�DQG
GHWHULRUDWLRQ �RI �WKH �TXDOLW\ �RI �WKH �GULQNLQJ �ZDWHU �VHUYLFH �KDV �GLUHFWO\ �DIIHFWHG �WKH
SURGXFWLYLW\�RI�WKH�LQGXVWULHV�LQ�WKLV�VHFWRU��VHWWOHG�LQ�WKH�=XOLD�UHJLRQ��OHDGLQJ�WR�WKH
VHDUFK�IRU�DOWHUQDWLYHV�WKDW�DYRLG�IRUFHG�VWRSV�RI�WKH�SURFHVV�GXH�WR�WKH�DEVHQFH�RI�WKH
YLWDO �OLTXLG� �$PRQJ �WKH �PDLQ �RSWLRQV� �WKH �SUHVHQFH �RI �D �VLJQLILFDQW �QXPEHU �RI
JURXQGZDWHU�VRXUFHV�LQ�WKH�6DQ�)UDQFLVFR�DQG�0DUDFDLER�0XQLFLSDOLWLHV�RI�WKH�=XOLD
6WDWH�VWDQGV�RXW��UHSUHVHQWLQJ�D�IRUP�RI�FRQWLQXRXV�ZDWHU�VXSSO\�IRU�WKH�GHYHORSPHQW�RI
WKHVH�DFWLYLWLHV��KRZHYHU��WKHVH�VRXUFHV�E\�JHRORJ\�DQG�&KDUDFWHULVWLFV�RI�WKH�DUHD
FDQQRW�EH�XVHG�GLUHFWO\��VLQFH�LWV�SK\VLFRFKHPLFDO�DQG�PLFURELRORJLFDO�TXDOLW\�LV�RXWVLGH
WKH �SRWDELOLW\ �VWDQGDUGV �HVWDEOLVKHG �LQ �VDQLWDU\ �UHJXODWLRQV� �UHTXLULQJ �WUHDWPHQW�
KLJKOLJKWLQJ �WKH �SK\VLFRFKHPLFDO �SURFHVVHV� �%HLQJ �SURSRVHG �LQ �WKLV �UHVHDUFK �WKH
WUHDWPHQW�RI�DQ�XQGHUJURXQG�ZDWHU�VRXUFH�ORFDWHG�LQ�WKH�6DQ�)UDQFLVFR�0XQLFLSDOLW\�RI
WKH�=XOLD�6WDWH��IRU�LWV�SRWHQWLDO�XVH�LQ�SULPDU\�LQGXVWULDO�DFWLYLWLHV�VHWWOHG�LQ�WKH�DUHD�
WKURXJK �D �WUHDWPHQW �WUDLQ �EDVHG �RQ �SK\VLFRFKHPLFDO �SURFHVVHV �RI �FRDJXODWLRQ�
IORFFXODWLRQ�VHGLPHQWDWLRQ� �ILOWUDWLRQ �DQG �LRQLF �H[FKDQJH� �IRU �WKLV� �D �VDPSOLQJ �DQG
FKDUDFWHUL]DWLRQ �RI �WKH �VRXUFH �ZDV �FDUULHG �RXW �DQG �WKH �YDULDEOHV �RSHUDWLRQV �ZHUH
VXEVHTXHQWO\ �HYDOXDWHG �RQ �D �ODERUDWRU\ �VFDOH� �)RU �WKH �FRDJXODWLRQ �SURFHVV� �D
FRPPHUFLDO�FRDJXODQW�IORFFXODWLRQ�VROXWLRQ��8OWULRQ�������ZDV�XVHG�DW�D�FRQFHQWUDWLRQ�RI
��Y�Y �ZLWK �D �VWLUULQJ �VSHHG �RI ��� �USP�IRU �� �PLQXWH �DQG ��� �USP�IRU ��� �PLQXWHV
UHVSHFWLYHO\� �WKH �UHPRYDO �RI �WKH �IORF �ZDV �,W �LV �FDUULHG �RXW �E\ �VHGLPHQWDWLRQ �DQG
VXEVHTXHQW�ILOWUDWLRQ�RI�WKH�VXSHUQDWDQW�OLTXLG�LQ�D�IDVW�VDQG�ILOWHU�VXSSRUWHG�LQ�JUDYHO�DW�D
UDWH�RI��������P�G�ZKHUH�D�FRPSOHWH�UHPRYDO�RI �WKH�FRORU�DQG�WXUELGLW\�SUHVHQW�LV
DFKLHYHG�DQG�DV�DQ�DGGLWLRQDO�WUHDWPHQW�D�UHVLQ�RI�FDWLRQ�H[FKDQJH�RI�LRQLF�IRUP�1D�
DQG�DQ�DQLRQLF�UHVLQ�RI�LRQLF�IRUP�2+��IRU�WKH�VRIWHQLQJ�DQG�HOLPLQDWLRQ�RI�FKORULGHV�
REWDLQLQJ�D�UHPRYDO�SHUFHQWDJH�RI�����RI�WKH�LRQV�LQ�WKH�ZDWHU�

.H\ZRUGV� �*URXQGZDWHU� �SK\VLFRFKHPLFDO �SURFHVVHV� �LQGXVWULDO �DFWLYLWLHV� �UHVLQV�
SXULILFDWLRQ� �=XOLD �6WDWH�
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3UHWUHDWPHQW�RI�*URXQGZDWHU�6RXUFH�XVHG�LQ
3ULPDU\�,QGXVWULDO�$FWLYLWLHV�WKURXJK�$HUDWLRQ�
'LVLQIHFWLRQ�3URFHVVHV

3UHVHQWHU
(QJ��)HUQDQGR
8UGDQHWD
8QLYHUVLW\�RI�=XOLD�
9HQH]XHOD
�
�
7\SH
2UDO�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

6XKHU �&DUROLQD �<DEURXGL� �)HUQDQGR �8UGDQHWD �DQG �'H\PDU �*DUFLD �\ �(OLR
3LQHGD
:DWHU�5HVHDUFK�&HQWHU��8QLYHUVLW\�RI�=XOLD��9HQH]XHOD

$EVWUDFW
7KH�VKRUWDJH�DQG�GHWHULRUDWLRQ�RI�WKH�TXDOLW\�RI�WKH�GULQNLQJ�ZDWHU�VHUYLFH�LQ�WKH�6WDWH�RI
=XOLD�KDV�GLUHFWO\�DIIHFWHG�WKH�SURGXFWLYLW\�RI�SULPDU\�LQGXVWULDO�DFWLYLWLHV��D�VHFWRU�WKDW
JURXSV �WKH �SURGXFWLRQ �RI �IRRG� �EHYHUDJHV �DQG �GUXJV�� �OHDGLQJ �WR �WKH �VHDUFK �IRU
DOWHUQDWLYHV�WKDW�DYRLG�IRUFHG�VWRSV�RI�WKH�SURFHVV�GXH�WR�WKH�DEVHQFH�RI�WKH�YLWDO�OLTXLG�
$PRQJ�WKH�PDLQ�RSWLRQV��WKH�SUHVHQFH�RI�D�VLJQLILFDQW�QXPEHU�RI�JURXQGZDWHU�VRXUFHV
LQ �WKH �6DQ �)UDQFLVFR �DQG �0DUDFDLER �0XQLFLSDOLWLHV �RI �WKH �=XOLD �6WDWH �VWDQGV �RXW�
KRZHYHU��GXH�WR�WKH�JHRORJ\�DQG�FKDUDFWHULVWLFV�RI�WKH�DUHD��WKHVH�VRXUFHV�FDQQRW�EH
XVHG�GLUHFWO\��VLQFH�LWV�SK\VLFRFKHPLFDO�TXDOLW\��KLJK�FRQFHQWUDWLRQ�RI�LURQ��UHDO�FRORU�DQG
WXUELGLW\��DQG�PLFURELRORJLFDO��SUHVHQFH�RI�KHWHURWURSKLF�RUJDQLVPV���DUH�RXWVLGH�WKH
SRWDELOLW\ �VWDQGDUGV �HVWDEOLVKHG �LQ �VDQLWDU\ �UHJXODWLRQV� �UHTXLULQJ �SUHWUHDWPHQW�
KLJKOLJKWLQJ�DHUDWLRQ�DQG�GLVLQIHFWLRQ�SURFHVVHV��%HLQJ�VWXGLHG�LQ�WKLV�UHVHDUFK��WKH
SUHWUHDWPHQW�RI�DQ�XQGHUJURXQG�ZDWHU�VRXUFH�ORFDWHG�LQ�WKH�6DQ�)UDQFLVFR�0XQLFLSDOLW\
RI�WKH�=XOLD�6WDWH��IRU�LWV�SRWHQWLDO�XVH�LQ�SULPDU\�LQGXVWULDO�DFWLYLWLHV�VHWWOHG�LQ�WKH�DUHD�
WKURXJK �GLIIXVH �DHUDWLRQ �DQG �GLVLQIHFWLRQ �SURFHVVHV� �FKHPLVWU\ �ZLWK �VRGLXP
K\SRFKORULWH����Y�Y��VHOHFWLQJ�IURP�ODERUDWRU\�VFDOH�WHVWV�DHUDWLRQ�UDWH�RI�����[����
P��DLU�V��SURSRVLQJ�EDVHG�RQ�WKH�UHVXOWV�REWDLQHG��GHVLJQ�RI�UHDFWRUV�E\�IXOO�VFDOH�ORDG�
ZLWK�KHLJKW�RI������P��GLDPHWHU������P��FRPSUHVVRU�SRZHU�������Z�DQG�EXEEOH�GLDPHWHU
RI �������PP��LQ �RUGHU �WR �JXDUDQWHH�HIILFLHQW �R[\JHQ�WUDQVIHU �WKURXJKRXW �WKH�ZDWHU
FROXPQ� �ZKLOH �FKHPLFDO �GLVLQIHFWLRQ �ZLWK �VRGLXP�K\SRFKORULWH����Y�Y �DFKLHYHG �WKH
GHVWUXFWLRQ�RI�KHWHURWURSKLF�RUJDQLVPV�DIWHU���VHFRQGV�RI�WKHLU �DGGLWLRQ��UHDFKLQJ�D
EUHDNLQJ�SRLQW�XQGHU�D�FRQFHQWUDWLRQ�RI�������PJ�&O��/��GHILQLQJ�WKH�NLQHWLFV�RI�WKH
SURFHVV�IURP�WKH�&KLFN�HTXDWLRQ��/RJ�>�/Q�1BW�1BR��@ ������������b/RJ�W�

.H\ZRUGV� �'ULQNLQJ�ZDWHU� �LQGXVWULDO �ZDVWH� �YLWDO �OLTXLG� �SUHWUHDWHPHQW� �JURXQGZDWHU�
=XOLD�VWDWH��FKHPLFDO�GLVLQIHFWLRQ�
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%LQDU\�&RQVWUXFWLRQ�RI�4XDQWXP�&RGHV�ZLWK
/DUJH�0LQLPXP�'LVWDQFH�IURP�+\SHUEROLF
7HVVHOODWLRQV

3UHVHQWHU
'U��$YD]�1DJKLSRXU
8QLYHUVLW\�&ROOHJH�RI�1DEL
$NUDP��,UDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

$YD]�1DJKLSRXU
8QLYHUVLW\�&ROOHJH�RI�1DEL�$NUDP��7DEUL]��,UDQ

$EVWUDFW
,Q�WKLV�SDSHU��ZH�FRQVWUXFW�D�ODUJH�QXPEHU�RI�TXDQWXP�FRGHV�RQ�FRPSDFW�VXUIDFHV�ZLWK
JHQXV�J! ���GHULYHG�IURP�K\SHUEROLF�WHVVHOODWLRQV�ZLWK�ODUJH�PLQLPXP�GLVWDQFH�DQG
HQFRGLQJ�UDWH�DV\PSWRWLFDOO\�JRLQJ�WR���DV�Q�WHQGV�WR�LQILQLW\��7KHVH�TXDQWXP�FRGHV�DUH
DVVRFLDWHG �ZLWK �HPEHGGLQJV �RI �FRPSOHWH �ELSDUWLWH �JUDSKV� �:H �DOVR �VKRZ �D �WDEOH
FRPSDULQJ�WKH�UDWH�RI�WKHVH�TXDQWXP�FRGHV�ZKHQ�WKH�PLQLPXP�GLVWDQFH�RI�FRGH�LV�DW
OHDVW�IRXU�

.H\ZRUGV��4XDQWXP�FRGHV��FRPSDFW�VXUIDFHV��K\SHUEROLF�WHVVHOODWLRQV��ELSDUWLH�JUDSKV�
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'HVLJQ��'HYHORSPHQW�DQG�6LPXODWLRQ�RI�D
1XFOHDU�&RXQWLQJ�6\VWHP�XVLQJ�$70(/
0LFURFRQWUROOHU

3UHVHQWHU
(QJ��0G��1D]UXO�,VODP
%DQJODGHVK�$WRPLF
(QHUJ\�&RPPLVVLRQ
%DQJODGHVK
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

0��1��,VODP��0��6��$ODP�DQG�0��$��6��+DTXH
,QVWLWXWH�RI �(OHFWURQLFV� �$WRPLF�(QHUJ\�5HVHDUFK�(VWDEOLVKPHQW� �%DQJODGHVK�$WRPLF
(QHUJ\�&RPPLVVLRQ��'KDND��%DQJODGHVK

$EVWUDFW
7KH�GHVLJQ��GHYHORSPHQW��DQG�VLPXODWLRQ�RI�D�1XFOHDU�&RXQWLQJ�6\VWHP�XVLQJ�$70(/
0LFURFRQWUROOHU�KDYH�EHHQ�SUHVHQWHG�LQ�WKLV�SDSHU��7KH�1XFOHDU�&RXQWLQJ�6\VWHP��1&6�
FRQVLVWV�RI�1XFOHDU�'HWHFWRU�*0��=3������6FLQWLOODWLRQ�1D,��7O��IROORZHG�E\�1XFOHDU
'HWHFWRU �6LJQDO �&KDQQHO ��1'6&� �3UHDPSOLILHU�$PSOLILHU�6KDSHU�'LVFULPLQDWRU� �7KH
FKDUJH�VHQVLWLYH�SUHDPSOLILHU�GHFD\�WLPH�FRQVWDQW��c��LV����bV��7KH�JDLQ�RI�WKH�DPSOLILHU
XVHG�LQ�WKLV�FKDQQHO�LV�����6KDSLQJ�DPSOLILHU�ZKLFK�LV�WKH�FRPELQDWLRQ�RI�KLJK�SDVV�DQG
ORZ�SDVV�ILOWHU�ZLWK�DQ�HTXDO�WLPH�FRQVWDQW��c� c�� c��RI���bV�WR�LQFUHDVH�WKH�VLJQDO�WR�
QRLVH�UDWLR��7KH�VLQJOH�HQGHG�RU�LQWHJUDO�GLVFULPLQDWRU�IXQFWLRQ�LV�WR�HOLPLQDWH�WKH�V\VWHP
QRLVH�DQG�SXOVH�KHLJKW�GLVFULPLQDWLRQ��$WPHO�$95�$7PHJD�/���ELW�0LFURFRQWUROOHU�LV
+LJK�SHUIRUPDQFH��/RZ��SRZHU�ZLWK��.E\WHV�,Q�6\VWHP�3URJUDPPDEOH�)ODVK�DV�WKH
3URFHVVRU��/&'�GLVSOD\�����FK����OLQH���KLJK�YROWDJH�SRZHU�VXSSO\��+936��IRU�GHWHFWRU
ELDV�YROWDJH�DQG�ORZ�YROWDJH�SRZHU�VXSSO\�/936���$Q�DVVHPEO\�ODQJXDJH�FRXQWLQJ
SURJUDP�EDVHG�RQ�%$6&20�$95�,'(�KDV�EHHQ�GHYHORSHG�WR�FRQWURO�WKH�RSHUDWLRQ�RI
WKH �GHVLJQHG �1&6� �7KH �V\VWHP �KDV �EHHQ �GHVLJQHG �DQG �YHULILHG �LQ �3URWHXV ����
VLPXODWLRQ�SODWIRUP�

.H\ZRUGV��1XFOHDU�'HWHFWRU��+LJK�9ROWDJH�3RZHU�6XSSO\��1XFOHDU�3XOVH�3URFHVVLQJ�
$7PHJD�/��/&'�GLVSOD\�DQG�%$6&20�$95�,'(�
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3UHGLFWLRQ�RI�6WXGHQWV�$WWULWLRQ�IURP�3XUVXLQJ
&RPSXWHU�6FLHQFH�'HJUHH�XVLQJ�0DFKLQH
/HDUQLQJ�7HFKQLTXHV

3UHVHQWHU
0U��*RGZLQ�6DQL
)HGHUDO�8QLYHUVLW\�
1LJHULD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
3K\VLFDO�6FLHQFHV�	
(QJLQHHULQJ
�
�

6DQL��*����2ODGLSR��)��2����2JEXMX��(����$EGX��+����$JER��)��-����2MRFKHJEH��2��5���

.DVDOL��)��$�

�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��)HGHUDO�8QLYHUVLW\�/RNRMD��.RJL�6WDWH��1LJHULD
�6FKRRO�RI�&RPSXWLQJ��8QLYHUVLW\�RI�(DVWHUQ�)LQODQG��-RHQVXX��)LQODQG
�'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�DQG�0DWKHPDWLFV��0RXQWDLQ�7RS�8QLYHUVLW\��2JXQ
6WDWH�1LJHULD

$EVWUDFW
,Q �HGXFDWLRQDO �V\VWHPV� �VWXGHQWV
 �FRXUVH �HQUROOPHQW �DUH �IXQGDPHQWDO �SHUIRUPDQFH
PHWULFV �WR �DFDGHPLF �DQG �ILQDQFLDO �VXVWDLQDELOLW\� �,Q �PDQ\ �KLJKHU �LQVWLWXWLRQV �WRGD\�
VWXGHQWV
�DWWULWLRQ�UDWHV�DUH�FDXVHG�E\�D�YDULHW\�RI�FLUFXPVWDQFHV��LQFOXGLQJ�GHPRJUDSKLF
DQG�SHUVRQDO�IDFWRUV�VXFK�DV�DJH��JHQGHU��DFDGHPLF�EDFNJURXQG��ILQDQFLDO�DELOLWLHV��DQG
DFDGHPLF�GHJUHH�RI�FKRLFH��,Q�WKLV�VWXG\��ZH�XVHG�PDFKLQH�OHDUQLQJ�DSSURDFKHV�WR
GHYHORS�SUHGLFWLRQ�PRGHOV�WKDW�SUHGLFWHG�VWXGHQWV
�DWWULWLRQ�UDWH�LQ�SXUVXLQJ�FRPSXWHU
VFLHQFH�GHJUHHV��DV�ZHOO �DV�VWXGHQWV�ZKR�KDYH�D�KLJK�ULVN�RI�GURSSLQJ�RXW�EHIRUH
JUDGXDWLRQ��7KLV�FDQ�KHOS�KLJKHU�HGXFDWLRQ�LQVWLWXWHV�WR�GHYHORS�SURSHU�LQWHUYHQWLRQ
SODQV�WR�UHGXFH�DWWULWLRQ�UDWHV�DQG�LQFUHDVH�WKH�SUREDELOLW\�RI�VWXGHQW�DFDGHPLF�VXFFHVV�
6WXGHQW
V�GDWD�IURP������WR�GDWH�ZHUH�FROOHFWHG�IURP�WKH�)HGHUDO�8QLYHUVLW\�/RNRMD
�)8/���1LJHULD��7KH�GDWD�ZDV�SUHSURFHVVHG��DQG�IHDWXUHV�ZHUH�H[WUDFWHG�WR�JHQHUDWH�D
GDWDVHW �WKDW �ZDV�XVHG�WR �GHYHORS�WKH �VWXGHQWV
 �DWWULWLRQ �PRGHO �DQG�WR �LGHQWLI\ �WKH
VWXGHQWV
�ULVN�RI�GURSSLQJ�RXW��5DQGRP�)RUHVW��5)��DQG�5DQGRP�7UHH��57��PDFKLQH
OHDUQLQJ�DOJRULWKPV�ZHUH�XVHG�WR�SUHGLFW�VWXGHQWV
�DWWULWLRQ��7KH�UHVXOWV�VKRZHG�WKDW�5)
KDV ������� �DFFXUDF\ �ZKLOH �WKH �DFFXUDF\ �RI �57 �VWRRG �DW �������� �7KLV �LV �DQ
LPSURYHPHQW�RYHU�SUHYLRXV�UHVXOWV�ZKHUH�WKH�DFFXUDFLHV�RI���������DQG��������ZHUH
UHFRUGHG�IRU�5)�DQG�57�WUHH�UHVSHFWLYHO\��7KLV�LPSURYHPHQW�ZDV�DV�D�UHVXOW�RI�IHDWXUH
VHOHFWLRQ �WHFKQLTXHV� �,W �LV �UHFRPPHQGHG �WKDW �DSSO\LQJ �VHOHFWLRQ �WHFKQLTXHV �WR �WKH
FODVVLILFDWLRQ �PRGHO �ZLOO �LPSURYHG�WKH �SHUIRUPDQFH�RI �WKH �PRGHO� �)XWXUH �VWXG\ �ZLOO
LQYHVWLJDWH�RWKHU�IDFWRUV�WKDW�FRXOG�LQIOXHQFH�WKH�DFFXUDF\�RI�WKH�PRGHOV

.H\ZRUGV��0DFKLQH�OHDUQLQJ��3UHGLFWLYH�PRGHO��UDQGRP�IRUHVW��UDQGRP�WUHH�DOJRULWKP�
VWXGHQW�DWWULWLRQ��IHDWXUH�VHOHFWLRQ�PHWKRG�
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7KH�(IIHFWLYHQHVV�RI�)DVW�6RFFHU�7UDLQLQJ�LQ
$GROHVFHQWV�E\�0LQG�6LPXODWLRQ�7HFKQLTXHV

3UHVHQWHU
'U��+DPLG�.DPDU]DULQ
.DUDM�3D\DPH�1RRU
8QLYHUVLW\��,UDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

+DPLG�.DPDU]DULQ����0RQLU�%H\JL��DQG�0RMWDED�%LJGHOL�6KDPORR�

�'HSDUWHPHQW�RI�3V\FKRORJ\��.DUDM�3D\DPH�1RRU�8QLYHUVLW\��,UDQ
�'HSDUWHPHQW�RI�3V\FKRORJ\��.DUDM�3D\DPH�1RRU�8QLYHUVLW\��,UDQ
�=HKQYDUDYDQ�&OLQLF��3ULYDWH�FOLQLF��7HKUDQ�,UDQ

$EVWUDFW
7RGD\��VRFFHU�LV�WKH�PRVW�SRSXODU�VSRUW�LQ�WKH�ZRUOG�DQG�LWV�VNLOOV�KDYH�D�IXQGDPHQWDO
DQG�GHWHUPLQLQJ�UROH�LQ�LW��2QH�RI�WKH�QHZ�DSSURDFKHV�WR�LQFUHDVH�VRFFHU�VNLOOV�LV�D
WHFKQLTXH�EDVHG�RQ�PLQG�VLPXODWLRQ��7KLV�VWXG\�DLPHG�WR�LQYHVWLJDWH�WKH�HIIHFWLYHQHVV
RI�WKH�PLQG�VLPXODWLRQ�WHFKQLTXH�RQ�VRFFHU�VNLOOV�WUDLQLQJ�LQ�DGROHVFHQWV��7KH�PHWKRG�RI
WKH�SUHVHQW�VWXG\�ZDV�TXDVL�H[SHULPHQWDO�ZLWK�D�SUHWHVW�SRVWWHVW�GHVLJQ�ZLWK�RQH�JURXS�
%DVHG�RQ�SXUSRVHIXO�VDPSOLQJ�����DGROHVFHQWV�IURP�WKH�VRFFHU�VFKRRO�ZHUH�VHOHFWHG�DV
WKH�VDPSOHV��)LUVW��LQ�WKH�SUH�WHVW�VWDJH��WKHLU�VRFFHU�VNLOOV�ZHUH�H[DPLQHG�EDVHG�RQ�WKH
VSHFLILHG�FULWHULD��LQFOXGLQJ�EDOO�URWDWLRQ��EDOO�WKURZLQJ��EDOO�KHLJKW��JRDO��DQG�WRWDO�WUDLQLQJ
VFRUH��7KHQ��WKH�VRFFHU�VNLOOV�ZHUH�WDXJKW�WR�WKHP�EDVHG�RQ�PLQG�VLPXODWLRQ�WHFKQLTXH
�5RQDOGRV�SURIHVVLRQDO�VWDWLRQ�NLFN�WUDLQLQJ���,Q�WKH�QH[W�VWHS��DOO�VNLOOV�ZHUH�UHH[DPLQHG
LQ�WKH�SRVW�WHVW�VWDJH��7KH�UHVHDUFK�K\SRWKHVHV�UHJDUGLQJ�WKH�HIIHFWLYHQHVV�RI�PLQG
VLPXODWLRQ�RQ�HDFK�JLYHQ�VNLOO�ZHUH�HYDOXDWHG�XVLQJ�:LOFR[RQ�WHVW�DQDO\VLV�E\�6366���
VRIWZDUH��7KH�UHVXOWV�RI�GDWD�DQDO\VLV�VKRZHG�WKDW�WKHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH
EHWZHHQ�SUH�WHVW��SRVW�WHVW�VFRUHV�RI�WKH�VRFFHU�VNLOOV��S ���������7KH�VFRUHV�LQ�WKH
UHVHDUFK�JURXS�VKRZHG�D�VLJQLILFDQW �LQFUHDVH�DIWHU �WHDFKLQJ�5RQDOGRV�SURIHVVLRQDO
VWDWLRQ�NLFNLQJ�WKURXJK�WKH�PLQG�VLPXODWLRQ�WHFKQLTXH� �,Q�DGGLWLRQ� �EDOO �URWDWLRQ� �EDOO
KHLJKW��JRDO��DQG�WRWDO�WUDLQLQJ�VFRUH�VKRZHG�D�VLJQLILFDQW�LQFUHDVH�DW�3 �������DV�ZHOO
DV�WKURZLQJ�VNLOO�LQFUHDVH�DW�3 �������$FFRUGLQJ�WR�WKHVH�UHVXOWV��LW�ZDV�IRXQG�WKDW�WKH
PLQG�VLPXODWLRQ�PHWKRG�ZDV�HIIHFWLYH�LQ�VRFFHU�VNLOOV�WUDLQLQJ�

.H\ZRUGV��0LQG�VLPXODWLRQ��6RFFHU�WUDLQLQJ��DGROHVFHQWV��6RFFHU�DFDGHP\�
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3ULPDU\�$SSUDLVDOV�0RGHUDWLQJ�%HWZHHQ
7UDXPD�([SRVXUH�DQG�0HQWDO�+HDOWK
6\PSWRPV�$PRQJ�-RXUQDOLVWV

3UHVHQWHU
0V��6DUD�)DWLPD
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

6DUD�)DWLPD�0DOLN��-DPLO�$��0DOLN�DQG�5XELQD�+DQLI
1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��1,3���4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ

$EVWUDFW
7KH�REMHFWLYH�RI�WKH�FXUUHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�UROH�RI�SULPDU\�DSSUDLVDO�DV�D
PRGHUDWRU�LQ�WKH�DVVRFLDWLRQ�EHWZHHQ�MRXUQDOLVWV
�WUDXPD�H[SRVXUH�DQG�PHQWDO�KHDOWK
V\PSWRPV��7KH�FRJQLWLYH�DSSUDLVDO�LQFOXGHV�KRZ�DQ�LQGLYLGXDO�LQWHUSUHWV�DQ�DGYHUVH
HYHQW�WKDW�PD\�SDUWLDOO\�DFFRXQW�IRU�SV\FKRSDWKRORJ\��&RQVLVWHQW�H[SRVXUH�RI�MRXUQDOLVWV
WR�VWUHVVIXO�OLIH�HYHQWV�LQFUHDVHV�WKH�OLNHOLKRRG�RI�WKH�RFFXUUHQFH�RI�LOOQHVV��GHSUHVVLRQ�
DQG�RWKHU�SK\VLFDO�DQG�SV\FKRORJLFDO�SUREOHPV��7KH�VDPSOH�RI�WKH�VWXG\�FRQVLVWHG�RI
ERWK�JHQGHU��0DOH� ������DQG�)HPDOHV� �������DJHV�UDQJLQJ�IURP����WR����\HDUV
�0HDQb6'� �����b�������$ORQJ�ZLWK�D�GHWDLOHG�GHPRJUDSKLF�VKHHW��GDWD�ZDV�FROOHFWHG
RQ�-RXUQDOLVW�7UDXPDWLF�([SRVXUH�6FDOH�DQG�3ULPDU\�$SSUDLVDO�6HFRQGDU\�$SSUDLVDO
6FDOH��7KH�UHVXOWV�VKRZHG�WKDW�WKHUH�ZHUH�VLJQLILFDQW�JHQGHU�GLIIHUHQFHV�LQ�GHSUHVVLRQ�
ZLWK�IHPDOHV�VFRULQJ�KLJKHU�WKDQ�PDOHV��W� ��������S���������5HVXOWV�DOVR�LQGLFDWHG�WKDW
WKHUH�ZDV�VLJQLILFDQW�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�WUDXPD�H[SRVXUH�DQG�PHQWDO�KHDOWK
V\PSWRPV��U� �����S�������IRU�GHSUHVVLRQ��U� ������S�������IRU�VWUHVV�	�DQ[LHW\���)LQGLQJV
RI�WKH�PRGHUDWLRQ�DQDO\VLV�VKRZHG�WKDW�WKH�DVVRFLDWLRQ�EHWZHHQ�WUDXPD�H[SRVXUH�DQG
PHQWDO�KHDOWK�V\PSWRPV�ZDV�PRGHUDWHG�E\�KDUP�ORVV��WKUHDW��DQG�FKDOOHQJH�DSSUDLVDO
�%�LQWHUDFWLRQ �����S�������IRU�VWUHVV��DQ[LHW\��	�GHSUHVVLRQ����%�LQWHUDFWLRQ �����IRU
VWUHVV������S�������IRU�DQ[LHW\�	�GHSUHVVLRQ����%�LQWHUDFWLRQ ������S�������IRU�GHSUHVVLRQ�
UHVSHFWLYHO\� �+RZHYHU� �WKH �PRGHUDWLRQ �RI �FKDOOHQJH �DSSUDLVDO �IRU �WKH �DVVRFLDWLRQ
EHWZHHQ�WUDXPD�H[SRVXUH��VWUHVV��DQG�DQ[LHW\�ZDV�QRQ�VLJQLILFDQW��-RXUQDOLVW�QDWXUH�RI
WKH�MRE�LQFOXGHV�IUHTXHQW�H[SRVXUH�WR�XQSOHDVDQW�LQFLGHQWV�DQG�FRQVLVWHQW�H[SRVXUH�WR
VXFK�HYHQWV�DFFXPXODWHV�XQGHUO\LQJ�SDWKRORJLHV��+HQFH��LW�LV�VXJJHVWHG�WKDW�WUDLQLQJ�IRU
WKH�SRVLWLYH�UHDSSUDLVDO�RI�VWUHVVIXO�VLWXDWLRQV�PD\�OHDG�WR�OHVV�WKUHDWHQLQJ�PHQWDO�KHDOWK
RXWFRPHV�IRU�MRXUQDOLVWV�

.H\ZRUGV��-RXUQDOLVWV��WUDXPD��PHQWDO�KHDOWK��SV\FKRSDWKRORJ\��VWUHVV��DQ[LHW\�
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,PSDFW�RI�6WXGHQW�3DQGHPLF�6WUHVVRU�RQ
6WXGHQW�$JJUHVVLRQ��0HGLDWLQJ�5ROH�RI
&RJQLWLYH�(PRWLRQDO�5HJXODWLRQ�6WUDWHJLHV

3UHVHQWHU
0U��:DTDU�$OL
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

:DTDU�$OL�DQG�5XELQD�+DQLI
1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��1,3���4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ

$EVWUDFW
7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�H[SORUH�WKH�PHGLDWLQJ�UROH�RI�DGDSWLYH�DQG�PDODGDSWLYH
FRJQLWLYH�HPRWLRQDO�UHJXODWLRQ�VWUDWHJLHV�DERXW�VWXGHQW�VWUHVVRUV�DQG�DJJUHVVLRQ�DPRQJ
XQLYHUVLW\ �VWXGHQWV �GXULQJ �WKH�&29,'����3DQGHPLF� �7KH�VDPSOH �RI �WKH �VWXG\�ZDV
FRPSULVHG�RI�����XQLYHUVLW\�VWXGHQWV��PDOH �����IHPDOHV �������7KH�UHVXOW�VKRZHG�WKDW
VWXGHQW �VWUHVVRUV �SRVLWLYHO\ �SUHGLFWHG �DJJUHVVLRQ� �7KH �DGDSWLYH �FRJQLWLYH�HPRWLRQDO
UHJXODWLRQ�VWUDWHJLHV�ZHUH�IRXQG�WR�EH�D�VLJQLILFDQW�PHGLDWRU�EHWZHHQ�VWXGHQW�VWUHVVRU
DQG�DJJUHVVLRQ�DQG�QHJDWLYH�SUHGLFW�DJJUHVVLRQ��7KRVH�ZKR�XVHG�DGDSWLYH�FRJQLWLYH�
HPRWLRQDO �UHJXODWLRQ �VWUDWHJLHV �ZLOO �OHVV �DJJUHVVLYH� �5HVXOWV �DOVR �VKRZHG �WKDW
PDODGDSWLYH�FRJQLWLYH�HPRWLRQDO�UHJXODWLRQ�VWUDWHJLHV�DUH�D�VLJQLILFDQW�PHGLDWRU�EHWZHHQ
VWXGHQW�VWUHVVRUV�DQG�DJJUHVVLRQ�DQG�SRVLWLYHO\�SUHGLFW�DJJUHVVLRQ��7KRVH�ZKR�XVHG
PDODGDSWLYH�FRJQLWLYH�HPRWLRQDO�UHJXODWLRQ�VWUDWHJLHV�ZLOO�PRUH�DJJUHVVLYH��%DVHG�RQ
WKH�ILQGLQJ� �LW �FDQ�EH�FRQFOXGHG�WKDW �DGDSWLYH�DQG�PDODGDSWLYH�FRJQLWLYH�HPRWLRQDO
UHJXODWLRQ �VWUDWHJLHV �DERXW �VWXGHQW �VWUHVVRU �DQG �DJJUHVVLRQ �GXULQJ �WKH �&29,'���
3DQGHPLF�

.H\ZRUGV��&RJQLWLYH�HPRWLRQDO�UHJXODWLRQV��VWUHVVRU��DJJUHVVLRQ��&29,'����
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&OXVWHULQJ�(GXFDWLRQ�3ROLF\�DQG�5HFUXLWPHQW�LQ
%DQJODGHVK�3XEOLF�6HUYLFH�&DGUH�2IILFHU��$Q
,QYHVWLJDWLRQ�RQ�(GXFDWLRQ�3ROLF\�5HIRUP

3UHVHQWHU
0V��5RPDQD�.DGHU
8QLYHUVLWL�3XWUD�0DOD\VLD�
0DOD\VLD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

5RPDQD�.DGHU
'HSDUWPHQW �RI �)RXQGDWLRQV�RI �(GXFDWLRQ� �)DFXOW\ �RI �(GXFDWLRQDO �6WXGLHV� �8QLYHUVLWL
3XWUD�0DOD\VLD��6HUGDQJ��0DOD\VLD

$EVWUDFW
0DQ\�GHYHORSLQJ�FRXQWULHV�IROORZ�D�ULJLG�FOXVWHULQJ��6FLHQFH��+XPDQLWLHV�DQG�%XVLQHVV
VWXGLHV� �HGXFDWLRQ�V\VWHP�SURYLGHG�E\�WKH�VHFRQGDU\�OHYHO �RI �HGXFDWLRQ�DV�LW �ZDV
GHYHORSHG�GXULQJ�WKH�%ULWLVK�FRORQLDO�HUD��)URP�VHFRQGDU\�WR�KLJKHU�VHFRQGDU\�OHYHO�DUWV
DQG�EXVLQHVV�FOXVWHUV�PXVW �VWD\�LQ�D�VLPLODU �JURXS� �KRZHYHU� �PRVW �VKRFNLQJO\� �WKH
VFLHQFH�VWUHDP�LV�DOORZHG�WR�PRYH�DQ\�JURXS�IRU�WKHLU�IXUWKHU�VWXG\��$IWHU�ILQLVKLQJ�WKHLU
VWXGLHV��VFLHQFH�VWXGHQWV�DUH�HQMR\LQJ�WKH�VDPH�LVVXH�LQ�WKHLU�WHUWLDU\�OHYHO�RI�HGXFDWLRQ
DQG�DOVR�D�VLPLODU�LVVXH�LQ�WKH�RFFXSDWLRQDO�PDUNHW��%DQJODGHVK�3XEOLF�6HUYLFH�LV�RQH�RI
WKH�SUHVWLJLRXV�MRE�PDUNHWV�IRU�JUDGXDWHV��7KH�%DQJODGHVK�&LYLO �6HUYLFH��%&6��LV�D
QDWLRQZLGH�FRPSHWLWLYH�H[DPLQDWLRQ�LQ�%DQJODGHVK�FRQGXFWHG�E\�WKH�%DQJODGHVK�3XEOLF
6HUYLFH�&RPPLVVLRQ��%36&��IRU�UHFUXLWPHQW�WR�WKH�YDULRXV�%DQJODGHVK�&LYLO�6HUYLFH
FDGUHV��0RVWO\�WKH�VFLHQFH�JUDGXDWHV�DUH�UHFUXLWHG�WKURXJK�WKH�%36&�H[DPLQDWLRQ�DQG
WKH\�GLGQ
W�JHW�WKH�RSSRUWXQLW\�WR�XVH�WKHLU�JDLQHG�NQRZOHGJH�LQ�WKHLU�MRE��,I�WKH�ILHOG�RI
VWXG\�GRHVQ
W�PDWFK�ZLWK�WKHLU�MRE�UHVSRQVLELOLW\�WKDW�LV�NQRZQ�DV�D�KRUL]RQWDO�PLVPDWFK�
$�PLVPDWFK�LQGLFDWHV�WKDW�WKH�HGXFDWLRQ�V\VWHP�LV�G\VIXQFWLRQDO�DV�LW�IDLOV�WR�LQMHFW�WKH
UHTXLUHG�NQRZOHGJH�DQG�VNLOOV�LQWR�LWV�JUDGXDWHV��,I�D�JUDGXDWH�FDQ
W�DSSO\�WKHLU�JDLQHG
NQRZOHGJH�LQ�WKH�MRE�PDUNHW��LWV�VLPSO\�D�ZDVWDJH�RI�WLPH��PRQH\��DQG�HQHUJ\��7KH\�DUH
WKH�LFRQ�RI�RXU�FRXQWU\��,I�WKH\�KDYH�D�PLVPDWFK�ZLWKLQ�WKHPVHOYHV��WKLV�PD\�FUHDWH�D
QHJDWLYH�LPSDFW�RQ�WKH�ZKROH�FRXQWU\��7KH�DLPV�DQG�REMHFWLYHV�RI�WKLV�VWXG\�DUH�WR
DQDO\]H �WKH �LPSDFW �RI �FOXVWHUV �RQ �HGXFDWLRQ �DQG �UHFUXLWPHQW �RI �%36& �DQG �DOVR
LQYHVWLJDWH�WKH�HGXFDWLRQ�SROLF\��7KLV�VWXG\�DOVR�DFKLHYHV�D�UHYLVLRQ�RI�WKH�FXUUHQW�SROLF\
WR�PDWFK�HGXFDWLRQ�ZLWK�WKH�MRE�PDUNHW�RI�%36&��3ULPDULO\��D�TXDOLWDWLYH�PHWKRG�ZLOO�EH
XVHG� �7KLV �VWXG\�ZLOO �XVH�VHYHUDO �WRROV �WR �HQVXUH�WULDQJXODWLRQ� �7KHVH�ILQGLQJV�ZLOO
VXJJHVW �WKDW �WKH �FOXVWHULQJ �HGXFDWLRQ �V\VWHP�IDYRXUV �VFLHQFH�JUDGXDWH �DQG�FUHDWH
HGXFDWLRQDO�GLVSDULW\�ZLWKLQ�WKH�VHFRQGDU\�WR�WHUWLDU\�OHYHO�RI�HGXFDWLRQ��$V�D�UHVXOW�
%DQJODGHVKV�HGXFDWLRQ�V\VWHP�IDLOV�WR�VXSSRUW�VRFLDO�DQG�HFRQRPLF�GHYHORSPHQWV��7KLV
VWXG\�VXJJHVWV�WKH�UHYLVLRQ�RI�FXUUHQW�SROLF\�WR�DGGUHVV�WKH�FRQVWUDLQWV�

.H\ZRUGV��&OXVWHULQJ�HGXFDWLRQ�V\VWHP��MRE�VHFWRU��%DQJODGHVK�3XEOLF�6HUYLFH�&DGUH
�%36&���VRFLDO�DQG�HFRQRPLF�GHYHORSPHQW��KRUL]RQWDO�DQG�YHUWLFDO�PLVPDWFK�
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3URPRWLQJ�6DIHW\�%HKDYLRUV�$PRQJ�+HDOWK
&DUH�3URIHVVLRQDOV��$SSOLFDWLRQ�RI�+HDOWK
%HOLHI�0RGHO

3UHVHQWHU
0V��+DOHHPD�6DDGLD
.KDQ
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

+DOHHPD�6DDGLD�.KDQ�DQG�5XELQD�+DQLI
1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��1,3���4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ

$EVWUDFW
7KH�SURYLVLRQ�RI�KHDOWK�FDUH�VHUYLFHV�LV�D�KLJKO\�KD]DUGRXV�MRE��1XPHURXV�EORRG�ERUQH
DQG�DLU�ERUQH�LQIHFWLRQV�FDQ�EH�SUHYHQWHG�E\�VDIHW\�FRPSOLDQFH�ZLWK�WKH�XVH�RI�SHUVRQDO
SURWHFWLYH �HTXLSPHQW �DQG �VDIHW\ �SHUIRUPDQFH� �8QVDIH �ZRUN �SUDFWLFHV �DQG �QRQ�
FRPSOLDQFH �ZLWK �WKH �XVH �RI �SHUVRQDO �SURWHFWLYH �HTXLSPHQW �DUH �WKH �SUHFXUVRUV �IRU
RFFXSDWLRQDO �KD]DUGV� �7KH �KHDOWK �EHOLHI �PRGHO ��+%0� �ZDV �XVHG �DV �D �WKHRUHWLFDO
IUDPHZRUN�IRU�XQGHUVWDQGLQJ�WKH�VDIHW\�SHUIRUPDQFH�RI�KHDOWKFDUH�SURIHVVLRQDOV��7KLV
VWXG\�DLPHG�WR�LQYHVWLJDWH�WKH�SUHGLFWLYH�UROH�RI�KHDOWK�EHOLHIV�RQ�WKH�VDIHW\�EHKDYLRUV�RI
KHDOWK�FDUH�SURIHVVLRQDOV��1 �����LQFOXGLQJ�QXUVHV��GRFWRUV��DQG�SDUDPHGLF�VWDII�IURP
WHUWLDU\�FDUH�WHDFKLQJ�KRVSLWDOV�IURP�GLIIHUHQW�FLWLHV�RI�3DNLVWDQ��6DIHW\�SHUIRUPDQFH�ZDV
PHDVXUHG �E\ �WKH �*HQHUDO �6DIHW\ �3HUIRUPDQFH �6FDOH
V �VXEVFDOH �8VH �RI �3HUVRQDO
3URWHFWLYH�(TXLSPHQW�GHYHORSHG�E\�%XUNH��6DUS\��7HVOXN��DQG�6PLWK�&URZH��������DQG
6DIHW\�3DUWLFLSDWLRQ�E\�+RIPDQQ��0RUJHVRQ��DQG�*HUUDV���������+HDOWK�EHOLHIV�ZHUH
PHDVXUHG�E\�DGDSWLQJ�6DIHW\�&XOWXUHB5HODWHG�&RJQLWLYH�)DFWRU�4XHVWLRQQDLUH��+DJKLJKL
HW �DO�� ������� �6WUXFWXUDO �(TXDWLRQ�0RGHOOLQJ�ZDV�FDUULHG�RXW �LQ�$026����WR�REWDLQ
SDUDPHWHU �HVWLPDWHV �IRU �SURSRVHG �GLUHFW �HIIHFWV� �%HIRUH �DQDO\VHV� �WKH �GDWD �ZHUH
HYDOXDWHG �IRU �QRUPDOLW\ �DVVXPSWLRQV� �+%0�FRQVWUXFWV �VLJQLILFDQWO\ �SUHGLFWHG �VDIHW\
SHUIRUPDQFH�DPRQJ�KHDOWK�FDUH�SURIHVVLRQDOV��7KLV�VWXG\�FDQ�EH�XWLOL]HG�LQ�GHYHORSLQJ
VWUDWHJLHV�DQG�LQWHUYHQWLRQ�SODQV�IRU�SURPRWLQJ�VDIHW\�SHUIRUPDQFH�LQ�WKH�KHDOWK�FDUH
VHFWRU�

.H\ZRUGV��+HDOWK�EHOLHIV��VDIHW\�SHUIRUPDQFH��KHDOWK�FDUH�SURIHVVLRQDOV��KHDOWK�EHOLHI
PRGHO�
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8QGHUVWDQGLQJ�RI�3ODFH�6SLULWXDOLW\�LQ�3DNLVWDQ�
$Q�,QWHUSUHWDWLYH�3KHQRPHQRORJLFDO�$QDO\VLV

3UHVHQWHU
0V��8PP�(PDQ�6\HG
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

8PP�(PDQ�6\HG�DQG�1DHHP�$VODP
1DWLRQDO �,QVWLWXWH �RI �3V\FKRORJ\ ��1,3� ��4XDLG�L�$]DP �8QLYHUVLW\ ��1HZ �&DPSXV��
6KDKGUD�5RDG��,VODPDEDG��3DNLVWDQ

$EVWUDFW
3ODFH�6SLULWXDOLW\��36��FDQ�EH�GHILQHG�DV�DQ�DFW�RI�UHOLJLRXV�UHSUHVHQWDWLRQ�DQG�EHKDYLRU
WKDW�FRQVWLWXWHV�HPRWLRQDO�ERQGLQJ�WR�D�SODFH�DQG�VSLULWXDOLW\�EDVHG�DWWDFKPHQW��L�H��
DWWDFKPHQW�WR�*2'���7KH�LQGLYLGXDO�H[SHULHQFH�GHYHORSV�IURP�WKH�LQWHUDFWLRQV�EHWZHHQ
WKH�FRQWHQW�RI�WKHLU�VRFLDO�EHKDYLRU��ODGHQ�ZLWK�QHHGV�RI�H[SORUDWLRQ�DQG�DWWDFKPHQW
DIILOLDWLRQ�WR�*RG�RU �SODFH� �DQG�WKH�VXUURXQGLQJ�HQYLURQPHQW �ZKLFK�PRWLYDWHV�VXFK
EHKDYLRU��7KH�SUHVHQW�VWXG\�XVHG�D�KHUPHQHXWLF�SKHQRPHQRORJLFDO�DSSURDFK�WR�H[SORUH
WKH�FRQFHSW�RI�3ODFH�6SLULWXDOLW\�LQ�WKH�0XVOLP�SRSXODWLRQ�RI�3DNLVWDQ�DQG�WR�GLVFRYHU
WKHLU�FRQFHSWV��DWWLWXGHV��DQG�SHUFHSWLRQV�DERXW�DWWDFKPHQW�WR�*2'�DQG�DWWDFKPHQW�WR
SODFH��7KH�VWXG\�ZDV�H[SORUDWRU\�LQ�QDWXUH�ZLWK�TXDOLWDWLYH�UHVHDUFK�PHWKRGRORJ\��7KH
UHVHDUFK�DSSURDFK�XVHG�ZDV�,QWHUSUHWDWLYH�3KHQRPHQRORJLFDO�$QDO\VLV��,3$���DV�WKH
VWXG\�ZDV�SODQQHG�WR�H[SORUH�WKH�OLYHG�H[SHULHQFHV�RI�SHRSOH�UHJDUGLQJ�WKHLU�DWWDFKPHQW
ILJXUHV�DQG�EHOLHI�V\VWHP��DQG�KRZ�WKH\�LQWHUSUHW�WKRVH�H[SHULHQFHV��)RU�GDWD�FROOHFWLRQ�
D�VHPL�VWUXFWXUHG�LQWHUYLHZ�JXLGH�ZDV�GHYHORSHG�WKURXJK�H[WHQVLYH�OLWHUDWXUH�UHYLHZ�DQG
UHYLHZ�IURP�VXEMHFW�H[SHUWV��7ULDQJXODWLRQ�VWUDWHJ\�ZDV�XWLOL]HG�WR�EXLOG�LQWHUSUHWDWLYH
DFFXUDF\�DQG�WR�UHDFK�RXW�WR�WKH�UHOHYDQW�VDPSOH�IRU�GLYHUVH�H[SHULHQFHV��7ZR�RQOLQH
LQWHUYLHZV�ZHUH�FRQGXFWHG�DQG�WKUHH�SDUWLFLSDQWV�WRRN�SDUW�LQ�VHPL�VWUXFWXUHG�IDFH�WR�
IDFH�LQWHUYLHZV��7KH�GDWD�ZHUH�WUDQVFULEHG�DQG�DQDO\]HG�XVLQJ�,3$��3HHU�UHYLHZ�ZDV
GRQH�IRU�YHULILFDWLRQ�RI�GDWD��LQ�RUGHU�WR�PDLQWDLQ�REMHFWLYLW\�DQG�HOLPLQDWH�UHVHDUFKHU
ELDV��$QDO\VLV�RI�WKH�GDWD�XVLQJ�WKHPDWLF�FRQWHQW�DQDO\VLV�E\�%UDXQ�DQG�&ODUNH�������
ZDV�IROORZHG��:KLFK�UHVXOWHG�LQ�ILYH�PDMRU�WKHPHV��LGHQWLILHG�DV�6SLULWXDOLW\��$WWDFKPHQW
WR�*2'�LQ�5HOLJLRXV�&RQWH[W��$WWDFKPHQW�WR�3ODFH�LQ�5HOLJLRXV�&RQWH[W��$WWDFKPHQW�WR
*2'�LQ�&RQWH[W�RI�7UDXPD��$WWDFKPHQW�WR�3ODFH�LQ�&RQWH[W�RI�7UDXPD��7KHVH�WKHPHV
ZHUH�IROORZHG�E\�WZHQW\�VXSHURUGLQDWH�WKHPHV��0RUHRYHU��DOO�WKH�EHKDYLRUDO��HPRWLRQDO
DQG �FRJQLWLYH �DVSHFWV �ZHUH �LGHQWLILHG� �,Q �WKH �IXWXUH �UHVHDUFKHUV �VKRXOG �FRQVLGHU
UHSOLFDWLQJ�WKHVH�ILQGLQJV�RQ�ODUJHU�VDPSOH�JURXSV�DQG�DOWHUQDWLYH�UHVHDUFK�GHVLJQV�

.H\ZRUGV� �3ODFH �VSLULWXDOLW\� �DWWDFKPHQW �WR �$//$+� �DWWDFKPHQW �WR �SODFH� �,VODPLF
VSLULWXDOLW\��,3$��TXDOLWDWLYH�
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+\EULG�/HDUQLQJ�GXULQJ�&29,'�����$VVHVVLQJ
6WXGHQW
V�3UREOHPV

3UHVHQWHU
0V��1DPRRG�H�6DKDU
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

1DPRRG�H�6DKDU���1DELKD�+DVDQ���DQG�0XKDPPDG�6DURVK�0XQLE�

�1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ
�0DUJDOOD�&ROOHJH��$IILOLDWHG�ZLWK�4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ
�*RYHUQPHQW�'HJUHH�&ROOHJH�IRU�:RPHQ��:DK�&DQWW��3DNLVWDQ

$EVWUDFW
(GXFDWLRQ�DURXQG�WKH�JOREH�KDV�EHHQ�LPSDFWHG�GXULQJ�&RURQDYLUXV�����&29,'����
SDQGHPLF��&ODVVURRP�OHDUQLQJ�KDV�VKLIWHG�WR�K\EULG�OHDUQLQJ�DV�WKH�RQO\�EHVW�ZD\�RI
UHVXPLQJ �VWXGLHV �ZKLOH �PDLQWDLQLQJ �WKH �VWDQGDUG �RSHUDWLQJ �SURFHGXUHV ��623V��
+RZHYHU� �LW �KDV �DFFRPSDQLHG �LQFUHDVHG �DQ[LHW\ �DQG �VWUHVV �DPRQJ �WKH �VWXGHQWV
LPSDFWLQJ �WKHLU �SV\FKRORJLFDO �ZHOOEHLQJ� �/LWHUDWXUH �DOVR �VXJJHVWHG �WKDW �FODVVURRP
OHDUQLQJ�FRQWULEXWHV�WR�GHYHORSLQJ�D�VRFLDO�LGHQWLW\�WKDW�FRXOGQ
W�EH�WKH�VDPH�LQ�K\EULG
OHDUQLQJ��7KLV�VLWXDWLRQ�WKXV�DGYHUVHO\�DIIHFWV�VWXGHQWV
�SV\FKRVRFLDO�ZHOOEHLQJ��,W�FRXOG
EH�DGGUHVVHG�E\�DVVHVVLQJ�WKH�SUREOHPV�IDFHG�E\�VWXGHQWV�GXULQJ�WKH�K\EULG�OHDUQLQJ
V\VWHP��7KH�SUHVHQW�VWXG\�WKXV�DWWHPSWHG�WR�DFKLHYH�WKLV�REMHFWLYH��6HPL�VWUXFWXUHG
LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK����VWXGHQWV��0� �������6'� ��������7KH�VDPSOH�ZDV
FROOHFWHG �DFURVV �WKH �FRXQWU\ �IURP �,VODPDEDG �&DSLWDO �7HUULWRU\� �3XQMDE� �6LQGK�
%DOXFKLVWDQ��.K\EHU�3DNKWXQNKZD��DQG�*LOJLW�%DOWLVWDQ��7KHPDWLF�DQDO\VLV�ZDV�XVHG�WR
JHQHUDWH�WKHPHV�RI�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�VWXGHQWV��7KH�VWXG\�FRQFOXGHV�WKDW
WKH�ELJJHVW�SUREOHPV�REVHUYHG�DFFRUGLQJ�WR�VWXGHQWV�ZHUH�WKH�GHILFLHQF\�LQ�SURSHU
XQGHUVWDQGLQJ��DQG�IHHOLQJ�RI�PLVFRPPXQLFDWLRQ�ZLWK�WHDFKHUV�LQ�DGGLWLRQ�WR�WKH�SRRU
LQWHUQHW�FRQQHFWLYLW\� �7KH�SUHVHQW�VWXG\�FRXOG�KHOS�LQ�LPSURYLQJ�WKH�K\EULG�OHDUQLQJ
V\VWHP�E\ �DGGUHVVLQJ �WKH �SUREOHPV�IDFHG �E\ �VWXGHQWV �DQG �IRVWHULQJ �SV\FKRVRFLDO
ZHOOEHLQJ�DPRQJ�WKHP�

.H\ZRUGV� �&29,'���� �HGXFDWLRQ� �K\EULG �OHDUQLQJ� �VWDQGDUG �RSHUDWLQJ �SURFHGXUHV�
SV\FKRORJLFDO�ZHOOEHLQJ��VWUHVV��VRFLDO�LGHQWLW\�
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$WWLWXGH�WRZDUGV�*LUO �&KLOG�0DUULDJHV�DQG�7KH
5ROH�RI�6H[LVW�%HOLHIV��$�&RQFHUQ�RI�+XPDQ
5LJKWV

3UHVHQWHU
0V��$QHHOD�$]L]
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

$QHHOD�$]L]��DQG�$QLOD�.DPDO�

�1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ
�5DZDOSLQGL�:RPHQ�8QLYHUVLW\���WK�5RDG�6DWHOOLWH�7RZQ��5DZDOSLQGL��3DNLVWDQ

$EVWUDFW
*LUO�FKLOG�PDUULDJH�LV�D�VRFLDO�LVVXH�DQG�LV�PRVWO\�VXEMHFWHG�WR�XQGHUGHYHORSHG�FRXQWULHV
DQG�VRPH�UHJLRQV�RI�6RXWK�$VLD��7KH�JLUO�FKLOG�PDUULDJHV�SURPRWH�WKH�VDFULILFH�RI�JLUOV

HGXFDWLRQ�GXULQJ�FKLOGKRRG��)XQGLQJ�RUJDQL]DWLRQV�OLNH�WKH�8QLWHG�1DWLRQV�&RQYHQWLRQ
RQ�WKH�5LJKWV�RI�WKH�&KLOG��������GHYRWHG�WKHLU�HIIRUWV�WR�SURWHFW�WKH�IXWXUH�RI�D�JLUO�FKLOG�
7KLV�VWXG\�ZDV�GHVLJQHG�IRU�ILQGLQJ�WKH�FRQWULEXWLRQ�RI�VH[LVW�EHOLHIV�LQ�VXSSRUWLQJ�WKH
DFFHSWDQFH �RI �JLUO �FKLOG �PDUULDJHV� �7KH �VH[LVW �EHOLHIV �ZHUH �VXSSRVHG�WR �DFW �DV �D
WULJJHULQJ�IDFWRU�IRU�WKH�GHYDOXDWLRQ�RI�JLUOV
�HGXFDWLRQ�DW�WKLV�DJH��7KH�'LVFULPLQDWRU\
$WWLWXGH�WRZDUGV�:RPHQ�VFDOH��$VKUDI��������DQG�$WWLWXGH�WRZDUGV�JLUO�FKLOG�PDUULDJHV
VFDOH��.D\QDN�	�+DVWD� �������ZHUH�FRPSOHWHG�E\�����PDOH�DQG�IHPDOH�XQLYHUVLW\
VWXGHQWV�RI�3DNLVWDQ��7KH�UHVXOWV�KDYH�VKRZQ�WKH�SRVLWLYH�UROH�RI�VH[LVP�LQ�HQGRUVLQJ
WKH�DWWLWXGH�WRZDUGV�JLUO�FKLOG�PDUULDJHV��7KLV�SRVLWLYH�UROH�ZDV�IXUWKHU�FRQVLGHUHG�WKH
KXUGOH �LQ �WKH �ZD\ �WR �HGXFDWLRQDO �HPSRZHUPHQW �RI �JLUOV �PDUULHG �DV �D �FKLOG�
8QGHUGHYHORSHG �FRXQWULHV �OLNH �3DNLVWDQ �QHHG �WR �ZRUN �IRU �WKH �HGXFDWLRQ �RI �FKLOG
HVSHFLDOO\�WKRVH�YXOQHUDEOH�WR�JLUO�FKLOG�PDUULDJHV�

.H\ZRUGV� �6H[LVW �EHOLHIV� �DWWLWXGH �WRZDUGV �JLUO �FKLOG �PDUULDJHV� �HPSRZHUPHQW�
GHYDOXDWLRQ��HGXFDWLRQDO�HPSRZHUPHQW�
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$OLJQPHQW�RI�+LJKHU�(GXFDWLRQ�DQG�/DERXU
0DUNHW�LQ�%DQJODGHVK��$�&DVH�RI�%DQNLQJ
6HFWRU

3UHVHQWHU
0U��0G��0DKIX]XU
5DKPDQ
8QLYHUVLWL�3XWUD�0DOD\VLD�
0DOD\VLD
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

0G��0DKIX]XU�5DKPDQ
'HSDUWPHQW �RI �)RXQGDWLRQV�RI �(GXFDWLRQ� �)DFXOW\ �RI �(GXFDWLRQDO �6WXGLHV� �8QLYHUVLWL
3XWUD�0DOD\VLD��6HUGDQJ��0DOD\VLD

$EVWUDFW
(GXFDWLRQ �FDQ�EH�GLYLGHG�PDLQO\ �LQWR �WKUHH�OHYHOV �QDPHO\ �SULPDU\� �VHFRQGDU\ �DQG
WHUWLDU\��(DFK�OHYHO�RI�HGXFDWLRQ�KDV�D�VSHFLILF�SXUSRVH��2QH�RI�WKH�FRUH�SXUSRVHV�RI
KLJKHU�HGXFDWLRQ�LV �WR�PDNH�MRE�UHDG\�JUDGXDWHV� �+LJKHU�HGXFDWLRQ�VXSSOLHV�VNLOOHG
PDQSRZHU �WR �VWLPXODWH �HFRQRPLF �GHYHORSPHQW� �7KDW
V �ZK\ �WKHUH �LV �D �VDOLHQW �OLQN
EHWZHHQ�KLJKHU �HGXFDWLRQ�DQG�WKH�ODERXU �PDUNHW� �+LJKHU �HGXFDWLRQ�VKRXOG�SURYLGH
JUDGXDWHV�WR�DOLJQ�ZLWK�WKH�G\QDPLFV�RI�WKH�ODERXU�PDUNHW��7KH�ILQDQFLDO�VHFWRU�LV�RQH�RI
WKH�VLJQLILFDQW�ODERXU�PDUNHWV�IRU�EXVLQHVV�JUDGXDWHV�DQG�WKH�EDQNLQJ�VHFWRU�LV�WKH�FRUH
FRPSRQHQW �RI �WKH �ILQDQFLDO �V\VWHP �RI �DQ\ �FRXQWU\� �2YHU �WKH �ODVW �WKUHH �GHFDGHV�
%DQJODGHVK�KDV�EHHQ�HQFRXUDJHG�WR�GHYHORS�LWV�EDQNLQJ�LQGXVWU\�WR�VWLPXODWH�HFRQRPLF
JURZWK��7KH�EDQNLQJ�VHFWRU�SOD\V�DQ�LPSRUWDQW�UROH�WR�RUJDQL]H�DQG�FUHDWH�D�TXDOLW\
PRQH\�PDUNHW�LQ�WKH�HFRQRP\��7KH�JUDGXDWH�RI�EXVLQHVV�HGXFDWLRQ�VKRXOG�KDYH�OHG�WKH
EDQNLQJ�VHFWRU�MREV��%XW�LQ�UHDOLW\��WKLV�VHFWRU�LV�GRPLQDWHG�E\�RWKHUV�GLVFLSOLQH�PDLQO\
VFLHQFH�JUDGXDWHV��,W�LQGLFDWHV�WKH�ILHOG�RI�VWXG\�PLVPDWFK��7KDW�LV�FDOOHG�D�KRUL]RQWDO
PLVPDWFK��$V�D�UHVXOW��D�ORW�RI�FRPPHUFH�JUDGXDWHV�DUH�QRW�JHWWLQJ�WKH�RSSRUWXQLW\�WR
SHUIRUP�LQ�WKHLU�UHVSHFWLYH�MRE�VHFWRUV��$�JUHDWHU�KRUL]RQWDO�PLVPDWFK�LQGLFDWHV�WKDW�WKH
HGXFDWLRQ�V\VWHP�LV�G\VIXQFWLRQDO�DV�LW�IDLOV�WR�LQMHFW�WKH�UHTXLUHG�VNLOOV�LQWR�LWV�JUDGXDWHV�
,I�D�JUDGXDWH�FDQ
W�DSSO\�WKHLU�JDLQHG�NQRZOHGJH�LQ�WKH�MRE�PDUNHW��WKHQ�WKH�WLPH�DQG
PRQH\�VSHQW�RQ�WKHLU�JUDGXDWLRQ�LV�VLPSO\�D�ZDVWDJH��7KH�PDLQ�REMHFWLYH�RI�WKLV�VWXG\�LV
WR�FRQWULEXWH�WR�WKH�SROLF\�PDNLQJ�SURFHVV�E\�DQDO\]LQJ�WKH�JDS�EHWZHHQ�EXVLQHVV
HGXFDWLRQ�DQG�ODERXU�PDUNHW�UHTXLUHPHQWV��,Q�WKLV�VWXG\��PXOWLSOH�WHFKQLTXHV�ZLOO �EH
XVHG�WR�FROOHFW�WKH�GDWD�DQG�WKLV�UHVHDUFK�EHDUV�WKH�QRUPV�RI�WKH�TXDOLWDWLYH�PHWKRG�
)LQGLQJV �ZLOO �VXJJHVW �WKDW �VFLHQFH�JUDGXDWHV �JRW �IDYRXU �E\ �GHSULYLQJ �WKH �EXVLQHVV
FRXQWHUSDUW��7KLV�IDYRXUHG�V\VWHP�ZLOO�OHDG�WR�D�JUHDWHU�KRUL]RQWDO�PLVPDWFK�ZLWK�WKH�MRE
PDUNHW��7KDW�ZLOO�KDPSHU�WKH�HFRQRPLF�GHYHORSPHQW�RI�WKH�FRXQWU\�

.H\ZRUGV� �+LJKHU �HGXFDWLRQ� �EXVLQHVV �HGXFDWLRQ� �ODERXU �PDUNHW� �EDQNLQJ �VHFWRU�
KRUL]RQWDO�PLVPDWFK�
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7KH�0HGLDWLQJ�5ROH�RI�&RSLQJ�6WUDWHJLHV
EHWZHHQ�6HQVH�RI�&RKHUHQFH�DQG
3V\FKRVRFLDO�)XQFWLRQLQJ�RI�0HGLD
3URIHVVLRQDOV

3UHVHQWHU
0V��9HURQD�:D]LU
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

9HURQD��5XELQD�+DQLI��DQG�-DPLO�$��0DOLN
1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��1,3���4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ

$EVWUDFW
0HGLD �SURIHVVLRQDOV� �E\ �RFFXSDWLRQ� �DUH �H[SRVHG �WR �HYHQWV �WKDW �DUH �VWUHVVIXO �DQG
SRWHQWLDOO\�WUDXPD�LQGXFLQJ�DQG�WKHUHIRUH�WKHLU�SV\FKRVRFLDO�IXQFWLRQLQJ�LV�PRUH�OLNHO\�WR
EH�QHJDWLYHO\�DIIHFWHG��+RZHYHU��UHVHDUFK�VXJJHVWV�QRW�DOO�WUDXPD�H[SRVHG�LQGLYLGXDOV
GHYHORS�SV\FKRSDWKRORJLHV��3URWHFWLYH�IDFWRUV�OLNH�VHQVH�RI�FRKHUHQFH�DQG�WKH�XVH�RI
DGDSWLYH�FRSLQJ�VWUDWHJLHV�FDQ�VKLHOG�LQGLYLGXDOV�IURP�WKH�QHJDWLYH�FRQVHTXHQFHV�RI
WUDXPD�H[SRVXUH��7KXV��WKH�FXUUHQW�UHVHDUFK�IRFXVHV�RQ�WKH�UROH�RI�SURWHFWLYH�IDFWRUV
L�H��6HQVH�RI�&RKHUHQFH�DQG�&RSLQJ�6WUDWHJLHV��L�H���7DVN��(PRWLRQDO��DQG�$YRLGDQFH�
DV�SUHGLFWRUV�RI�3V\FKRVRFLDO�)XQFWLRQLQJ�RI�PHGLD�SURIHVVLRQDOV��7KLV�FURVV�VHFWLRQDO
VWXG\�FRQVLVWHG�RI�����PHGLD�SURIHVVLRQDOV��0DOH ������)HPDOH ����ZRUNLQJ�LQ�GLIIHUHQW
PHGLD�RUJDQL]DWLRQV�LQ�3DNLVWDQ��L�H���.DUDFKL��/DKRUH��,VODPDEDG��DQG�3HVKDZDU��ZLWK
DJH�UDQJH�������\HDUV��0� ��������6'� ��������6WXG\�LQVWUXPHQWV�LQFOXGH�WKH�6HQVH�RI
&RKHUHQFH�6FDOH��$QWRQRYVN\���������&RSLQJ�,QYHQWRU\�IRU�6WUHVVIXO�VLWXDWLRQV��(QGOHU
DQG�3DUNHU���������DQG�)ORXULVKLQJ�6FDOH��'LHQHU�HW�DO����������7KH�YDOXHV�RI�WKH�WRWDO�
GLUHFW��DQG�LQGLUHFW�HIIHFWV�GHPRQVWUDWH�WKH�H[LVWHQFH�RI�PHGLDWLRQ��VXFK�WKDW�7DVN�DQG
(PRWLRQ�RULHQWHG �&RSLQJ �6WUDWHJLHV �DFW �DV �PHGLDWRUV �IRU �WKH �UHODWLRQVKLS �EHWZHHQ
6HQVH�RI�&RKHUHQFH�DQG�3V\FKRVRFLDO�)XQFWLRQLQJ�EXW�QR�VXFK�HIIHFW�LV�REVHUYHG�IRU
$YRLGDQFH�RULHQWHG �&RSLQJ �6WUDWHJLHV� �/LPLWDWLRQV �RI �WKH �VWXG\ �LQFOXGH �WKH �FURVV�
VHFWLRQDO�QDWXUH�RI�WKH�VWXG\��0RUHRYHU��WKH�VWXG\�ODFNHG�IHPDOH�UHVSRQGHQWV��WKXV�WKHLU
FRSLQJ�VW\OHV�LQ�D�PDOH�GRPLQDQW�SURIHVVLRQ�FRXOG�QRW�EH�WDSSHG��,PSOLFDWLRQV�LQFOXGH
GHVLJQLQJ�LQWHUYHQWLRQ�SURJUDPV�IRU �PHGLD�SURIHVVLRQDOV�WR�HQKDQFH�WKHLU �6HQVH�RI
&RKHUHQFH�DQG�WKH�IOH[LEOH�XVH�RI�PXOWLSOH�DGDSWLYH�FRSLQJ�VWUDWHJLHV�

.H\ZRUGV� �0HGLD �SURIHVVLRQDOV� �MRXUQDOLVWV� �WUDXPD� �VHQVH �RI �FRKHUHQFH� �FRSLQJ
VWUDWHJLHV�SV\FKRVRFLDO�IXQFWLRQLQJ�
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7KH�0HGLDWLQJ�5ROH�RI�7LQQLWXV�'LVWUHVV
EHWZHHQ�7LQQLWXV�0DJQLWXGH��&RJQLWLRQV�DQG
)XQFWLRQDO�GLIILFXOWLHV�LQ�WKH�'HYHORSPHQW�RI
6RPDWL]DWLRQ�6\PSWRPV

3UHVHQWHU
0U��$PPDU�$KPHG
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

$PPDU�$KPHG�DQG�1DHHP�$VODP
1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��1,3���4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ

$EVWUDFW
7LQQLWXV�SDWLHQWV�DUH�DPRQJ�WKH�PRVW�YXOQHUDEOH�JURXS�WR�GHYHORS�SV\FKRSDWKRORJLFDO
V\PSWRPV�RYHU�WLPH�LI�OHIW�XQUHVROYHG��7KH�DLP�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�WKH�UROH�RI
WLQQLWXV�GLVWUHVV�EHWZHHQ�WLQQLWXV�PDJQLWXGH��FRJQLWLRQV��DQG�IXQFWLRQDO�GLIILFXOWLHV�LQ�WKH
GHYHORSPHQW�RI�VRPDWL]DWLRQ�V\PSWRPV�DPRQJ�PDOH�DQG�IHPDOH�SDWLHQWV�H[SHULHQFLQJ
HDU�UHODWHG�SUREOHPV�GXH�WR�ODFN�RI�SURSHU�DFFHVV�WR�KHDOWK�FDUH��7KLV�VWXG\�ZDV�EDVHG
RQ�D�SXUSRVLYH�VDPSOLQJ�WHFKQLTXH�DQG�WKH�VDPSOH�FRQVLVWHG�RI�����SDWLHQWV�����0DOH�
�� �)HPDOH� �KDYLQJ �WLQQLWXV �FRPSODLQWV� �ZLWK �DJH �UDQJH�������0 ������ �6' ������
\HDUV� �UHFUXLWHG �IURP �YDULRXV �FOLQLFV �DQG �KRVSLWDOV �RI �,VODPDEDG� �3DNLVWDQ �IURP
'HFHPEHU������WR�-XO\�������7KH�ILQGLQJV�RI�WKH�SUHVHQW�VWXG\�VKRZHG�WKDW�WLQQLWXV
GLVWUHVV�LV�VLJQLILFDQWO\�SRVLWLYHO\�DVVRFLDWHG�ZLWK�WLQQLWXV�UHODWHG�PDJQLWXGH��QHJDWLYH
FRJQLWLRQV� �IXQFWLRQDO �GLIILFXOWLHV� �DQG �VRPDWL]DWLRQ �V\PSWRPV� �*HQGHU�UHODWHG
GLIIHUHQFHV�EHWZHHQ�PDOH�DQG�IHPDOH�WLQQLWXV�SDWLHQWV�UHYHDOHG�WKDW�IHPDOHV�DUH�PRUH
SURQH�WR�GHSLFW�KLJKHU�OHYHOV�RI�WLQQLWXV�GLVWUHVV��WLQQLWXV�PDJQLWXGH��QHJDWLYH�FRJQLWLRQV�
DQG�VRPDWL]DWLRQ�V\PSWRPV�WKDQ�PDOH�SDWLHQWV��0HGLDWLRQ�DQDO\VLV�GHPRQVWUDWHG�WKDW
WLQQLWXV�GLVWUHVV�VHUYHV�DV�D�PHGLDWRU�EHWZHHQ�WLQQLWXV�PDJQLWXGH��FRJQLWLRQV��IXQFWLRQDO
GLIILFXOWLHV� �DQG �VRPDWL]DWLRQ �V\PSWRPV� �&URVV�VHFWLRQDO �QDWXUH �DQG �VHOI�UHSRUWLQJ
PHDVXUHV�VHUYH�DV�D�OLPLWDWLRQ�RI�WKH�VWXG\��7KH�ILQGLQJV�RI�WKLV�VWXG\�FRQWULEXWH�WR�WKH
OLWHUDWXUH �E\ �KLJKOLJKWLQJ �WKH �UROH �RI �WLQQLWXV �GLVWUHVV �LQ �WKH �RULJLQDWLRQ �RI
SV\FKRSDWKRORJLFDO�V\PSWRPV�OLNH�VRPDWL]DWLRQ�DQG�WKH�QHHG�IRU�DQ�XSJUDGHG�KHDOWK
FDUH�V\VWHP�LQ�3DNLVWDQ�

.H\ZRUGV� �7LQQLWXV �GLVWUHVV� �WLQQLWXV �PDJQLWXGH� �SV\FKRSDWKRORJLFDO �V\PSWRPV�
FRJQLWLRQV� �VRPDWL]DWLRQ� �KHDOWK �FDUH�
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&DULQJ�IRU�&DUHUV��3UHGLFWRUV�RI�4XDOLW\�RI�/LIH
DPRQJ�)DPLO\�&DUHJLYHUV�RI�6SLQDO�&RUG�,QMXU\
6XUYLYRUV

3UHVHQWHU
0V��1HHODP�%LEL
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

1HHODP�%LEL�DQG�1DHHP�$VODP
1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��1,3���4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ

$EVWUDFW
&DULQJ�IRU�VRPHRQH�ZLWK�D�VSLQDO�FRUG�LQMXU\��6&,��KDV�DOZD\V�EHHQ�D�IDPLO\�HQGHDYRU�
7KLV�LV�WUXH�IRU�GHYHORSHG�DV�ZHOO�DV�GHYHORSLQJ�FRXQWULHV�OLNH�3DNLVWDQ��7KH�PDMRULW\�RI
SHRSOH�ZLWK�VSLQDO�FRUG�LQMXULHV�UHTXLUHV�WKH�DVVLVWDQFH�RI�RWKHUV�WR�FDUU\�RXW�GDLO\�OLIH
DFWLYLWLHV��WKLV�IXQFWLRQDO�GHSHQGHQFH�RI�SDWLHQW�DIIHFW�WKH�4XDOLW\�RI�/LIH�RI�FDUHUV��7KH
SUHVHQW�VWXG\�ZDV�GHVLJQHG�WR�LGHQWLI\�WKH�SV\FKR�VRFLDO �IDFWRUV�WKDW�FRQWULEXWHG�WR
SUHGLFWLQJ �WKH �4XDOLW\ �RI �/LIH �RI �FDUHJLYHUV� �)RU �WKLV �SXUSRVH� �&DUHJLYHU �%XUGHQ
,QYHQWRU\�6&,�ZDV�XVHG�WR�PHDVXUH�SK\VLFDO��VRFLDO��HPRWLRQDO��WLPH�GHSHQGHQW��DQG
GHYHORSPHQWDO�EXUGHQ��7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ
V�4XDOLW\�RI�/LIH�4XHVWLRQQDLUH
�:+242/�%5()��ZDV�XVHG�WR�DVVHVV�WKH�TXDOLW\�RI�OLIH�RI�FDUHJLYHUV�LQ�WKH�SK\VLFDO�
SV\FKRORJLFDO� �VRFLDO �DQG �HQYLURQPHQWDO �GRPDLQ �DQG �VRFLR�GHPRJUDSKLF �VKHHW �ZDV
DGPLQLVWHUHG��$�FURVV�VHFWLRQDO�UHVHDUFK�GHVLJQ�ZDV�XVHG�DQG�GDWD�ZDV�FROOHFWHG�E\
XVLQJ�SXUSRVLYH�VDPSOLQJ�WHFKQLTXH�IURP�YDULRXV�KRVSLWDOV�RI�3DNLVWDQ��2QO\�LQIRUPDO
FDUHJLYHUV�RU�IDPLO\�FDUHJLYHUV�L�H��SDUHQWV��FKLOGUHQ��VSRXVHV��VLEOLQJV��DQG�RWKHU�FORVHG
RQHV�ZHUH�VHOHFWHG�LQ�WKH�SUHVHQW�VWXG\��7KHVH�FDUHJLYHUV�DUH�SURYLGLQJ�SDOOLDWLYH�FDUH
WR�WKHLU�SDWLHQWV�DIWHU�LQMXU\��7KH�VDPSOH�VL]H�FRPSULVHG����FDUHJLYHUV�RI�SDWLHQWV�KDYLQJ
VSLQDO �FRUG �LQMXULHV� �0XOWLSOH �OLQHDU �UHJUHVVLRQ �DQDO\VLV �ZDV �DSSOLHG �WR �LGHQWLI\
SV\FKRVRFLDO�IDFWRUV�WKDW�FRQWULEXWHG�WR�SUHGLFWLQJ�4XDOLW\�RI�/LIH��7KHVH�IDFWRUV�LQFOXGH
WKH�UHODWLRQVKLS�RI�WKH�FDUHJLYHU�ZLWK�WKH�SDWLHQW��FDUHJLYLQJ�KRXUV��QDWXUH�RI�LQMXU\�L�H�
SDUDSOHJLD�DQG�TXDGULSOHJLD��IXQFWLRQDO�GHSHQGHQFH��DQG�FDUHJLYHU�VXEMHFWLYH�EXUGHQ
ZKLFK �VLJQLILFDQWO\ �DIIHFWV �WKH �SK\VLFDO� �SV\FKRORJLFDO �DQG �VRFLDO �IXQFWLRQLQJ �RI
FDUHJLYHUV��7KH�ILQGLQJV�RI�WKH�SUHVHQW�VWXG\�FDQ�SOD\�DQ�LPSHUDWLYH�UROH�LQ�SODQQLQJ
SV\FKLF�VXSSRUW�VHUYLFHV�IRU�FDUHJLYHUV�DV�LQ�RXU�FRPPXQLW\�WKHUH�DUH�QR�UHVSLWH�FDUH
SURJUDPV�IRU�FDUHJLYHUV�WR�UHGXFH�WKH�LPSDFW�RI�FDUHJLYLQJ�DQG�WR�ERRVW�WKHLU�TXDOLW\�RI
OLIH�

.H\ZRUGV��&DUHJLYHU�EXUGHQ��SDOOLDWLYH�FDUH��VSLQDO�FRUG�LQMXULHV��TXDOLW\�RI�OLIH�
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3UHVHQWHU
0V��6DDGL\D�$EEDVL
1,3��4XDLG�L�$]DP
8QLYHUVLW\�,VODPDEDG
3DNLVWDQ
�
�
7\SH
3RVWHU�3UHVHQWDWLRQ
�
�
7UDFN
6RFLDO�6FLHQFHV
�
�

6DDGL\D�$EEDVL�DQG�5XELQD�+DQLI
1DWLRQDO�,QVWLWXWH�RI�3V\FKRORJ\��4XDLG�L�$]DP�8QLYHUVLW\��,VODPDEDG��3DNLVWDQ

$EVWUDFW
7KH�3RVLWLYH�<RXWK�'HYHORSPHQW��3<'��WKHRU\�LV�D�WKHRUHWLFDO �IUDPHZRUN�IRU�\RXWK
GHYHORSPHQW�DQG�DGYDQFHPHQW��7KH�3<'�DSSURDFK��LQ�FRQWUDVW�WR�FRQYHQWLRQDO�WKHRULHV
WKDW �IRFXV �RQ �DGROHVFHQW �GHYHORSPHQWDO �SUREOHPV� �HPSKDVL]HV �DGROHVFHQW
GHYHORSPHQWDO�SODVWLFLW\�DQG�FDSDELOLWLHV��7KH�3<'�WKHRU\�FDQ�EH�FRQFHSWXDOL]HG�XVLQJ
WKH �'HYHORSPHQWDO �$VVHWV �)UDPHZRUN� �ZKLFK �LV �D �PDLQVWUHDP �IUDPHZRUN�
'HYHORSPHQWDO�DVVHWV�LQYROYH�WKH�UHODWLRQVKLSV��RSSRUWXQLWLHV��DQG�FKDUDFWHU�VWUHQJWKV
WKDW �DUH �OLQNHG �WR �WKH �ZHOOEHLQJ �RI �FKLOGUHQ �DQG �\RXWK� �:H �EHOLHYH �WKDW �WKH
'HYHORSPHQWDO�$VVHWV�)UDPHZRUN��ZKLFK�JLYHV�D�IRXQGDWLRQ�IRU�PD[LPL]LQJ�DGROHVFHQW
GHYHORSPHQW�KDV�EHHQ�XQGHU�UHVHDUFKHG�LQ�3DNLVWDQ��7KXV��WKH�SXUSRVH�RI�WKLV�VWXG\�
ZKLFK �LV �TXDOLWDWLYH� �ZDV �WR �H[SORUH �WKH �H[SHULHQFHV �RI �3DNLVWDQL �DGROHVFHQWV �ZLWK
UHIHUHQFH �WR �WKHVH �GHYHORSPHQWDO �DVVHWV� �7KH �ILQGLQJV �ZLOO �KDYH �LPSOLFDWLRQV �LQ
VXSSRUWLQJ �SRVLWLYH �\RXWK �GHYHORSPHQW �WKURXJK �D �FRPSUHKHQVLYH �DSSURDFK �DFURVV
YDULRXV�VHFWRUV�RI�VRFLHW\��)RFXV�JURXS�GLVFXVVLRQV��)*'V��ZLWK�DGROHVFHQWV��SDUHQWV�
DQG�WHDFKHUV �ZHUH �SDUW �RI �WKLV �TXDOLWDWLYH �VWXG\� �$ �WRWDO �RI ��� �IRFXV �JURXSV�ZHUH
FRQGXFWHG��'HGXFWLYH�FRGLQJ�RI�WKH�WUDQVFULSWV�ZDV�GRQH�IRU�WKH����H[WHUQDO�DQG�LQWHUQDO
DVVHWV�WKDW�FRQVWLWXWH�WKH�'HYHORSPHQWDO�$VVHWV�)UDPHZRUN��6XSSRUW��HPSRZHUPHQW�
ERXQGDULHV�DQG�H[SHFWDWLRQV��FRQVWUXFWLYH�XVH�RI�WLPH��H[WHUQDO�DVVHWV���FRPPLWPHQW�WR
OHDUQLQJ��SRVLWLYH�YDOXHV��VRFLDO �FRPSHWHQFLHV��DQG�SRVLWLYH�LGHQWLW\��LQWHUQDO�DVVHWV�
ZHUH�DPRQJ�WKH�HLJKW�DVVHW�FDWHJRULHV�FRYHUHG�LQ�WKH�GLVFXVVLRQV��6XSSRUW��ERXQGDULHV
DQG�H[SHFWDWLRQV��FRPPLWPHQW�WR�OHDUQLQJ��VRFLDO�FRPSHWHQFLHV��DQG�SRVLWLYH�LGHQWLW\
DUH �VRPH �RI �WKH �DVVHW �FDWHJRULHV �WKDW �ZHUH �GLVFXVVHG �IUHTXHQWO\ �LQ �WKLV �VDPSOH�
,QGXFWLYH�WKHPDWLF�DQDO\VLV�ZDV�DOVR�HPSOR\HG�WR�XQFRYHU�QHZ�HPHUJLQJ�WKHPHV�LQ�WKH
GDWD��6SLULWXDOLW\�DQG�FUHDWLYLW\��DFFRUGLQJ�WR�WKH�VWXG\��DUH�DGGLWLRQDO�DQG�IXQFWLRQDO
GHYHORSPHQWDO �TXDOLWLHV �LQ �WKH �3DNLVWDQL �FRQWH[W� �$IWHU �UHDFKLQJ�DQ�DJUHHPHQW� �WKH
GHILQLWLRQV�DQG�FDWHJRULHV�RI�WKHVH�QHZO\�HPHUJHG�DVVHWV�ZLOO�EH�ILQDOL]HG��7KH�ILQGLQJV
RI�WKLV�VWXG\�PD\�EH�XVHG�WR�JXLGH�IXWXUH�H[WHQVLRQV�RI�WKH�'HYHORSPHQWDO�$VVHWV
)UDPHZRUN��ZKLFK�ZLOO�DVVLVW�SUDFWLWLRQHUV�DQG�SROLF\PDNHUV�LQ�SURYLGLQJ�DVVLVWDQFH�DQG
RSSRUWXQLW\�IRU�\RXQJ�SHRSOH�WR�GHYHORS�FUXFLDO�VNLOOV�WKDW�DUH�FULWLFDO�WR�WKHLU�RYHUDOO
ZHOOEHLQJ�

.H\ZRUGV��'HYHORSPHQWDO�DVVHWV��SRVLWLYH�\RXWK�GHYHORSPHQW��DGROHVFHQWV��ZHOO�EHLQJ�
TXDOLWDWLYH�VWXG\�
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