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Executive Summary

J00obooood

With the adoption of the Paris Agreement and the European Green Deal, reducing greenhouse gas
(GHG) emissions has become a global priority (fiEuropean Green Deald, 2019; UN, 2015). While emis-
sions are declining across most major sectors in the European Union (EU), the transportation sector
remains the least improved, continuing to be a significant contributor to overall emissions (Dolge et al.,
2023). In the Netherlands too, domestic transport accounts for a substantial share of the total CO,
emissions, with passenger cars alone responsible for nearly half of these emissions (CBS, 2024).

Simultaneously, the Dutch population continues to grow, and this mobility demand is expected to keep
rising, particularly in urban areas. However, rural regions are experiencing population decline (CBS,
2018). This shift presents distinct mobility challenges for both urban and rural areas (van den Berg,
2020). Cities must balance limited space between housing, green areas, and transport infrastructure
(Rongen etal., 2022; van Gerrevink et al., 2021; Weustenenk & Mingardo, 2023), while rural areas must
maintain accessibility even though the demand for public transportis declining. (Trygg & Grundel, 2025).
Regional mobility hubs aim to address these issues by integrating multiple transport modes, such as
public transit, shared mobility, and active travel, at strategic locations (Aono, 2019; Blad et al., 2022).
They enhance connectivity between cities and surrounding rural areas, offering a more sustainable and
efficient alternative to individual car use (Trygg & Grundel, 2025; Weustenenk & Mingardo, 2023).

The delivery of regional mobility hubs can be conceptually divided into four phases, as depicted in
Figure 1. This thesis focuses on the middle phases, transitioning from regional strategy to local execu-
tion, where collaboration between stakeholders becomes essential. This is where the phases involve
navigating different interests, aligning ambitions, and coordinating responsibilities across multiple gov-
ernance layers, which is crucial for delivering scalable and effective mobility solutions, such as regional
mobility hubs (Rijksoverheid, 2019; Rongen et al., 2022; Weustenenk & Mingardo, 2023).
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Figure 1: Phased Delivery Approach Regional Mobility Hubs

While literature extensively discusses the definitions, objectives, and typologies of mobility hubs, less
is known about the dynamics involved in the shift from development to implementation. This transition
phase is especially critical for regional mobility hubs, where success often hinges not on technical
design, but on effective stakeholder collaboration. It is precisely in this handover, from regional vision
to local execution, that political, institutional, and organizational tensions emerge. Existing studies
underline the importance of public-private collaboration, particularly due to the integration of shared
mobility and transport services, but offer limited guidance on how such collaboration should evolve
across project phases. Other research domains, such as energy or infrastructure governance, do
provide insights into managing shifting stakeholder roles and expectations, but these have not yet
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been systematically applied to the governance of regional mobility hubs. As a result, concrete, phase-
specific collaboration strategies tailored to these hubs remain scarce.

This research addresses that gap by identifying identify potential improvement opportunities for en-
hanced collaboration between relevant stakeholders, specifically in the development and implemen-
tation phases of regional mobility hubs. In doing so, this research will address the following main
research question:

How can collaboration be improved in the development and implementation phases of regional
mobility hubs?

To systematically address this question, the following sub-questions are defined:

1. According to the literature, what defines effective stakeholder collaboration in mobility projects?

2. Which stakeholders are involved in the development and implementation of mobility hubs in the
case study, and how do their roles differ between these phases?

3. What are the main barriers and opportunities for stakeholder collaboration during the development
and implementation of regional mobility hubs in the case study?

4. How can collaboration be improved during the development and implementation phases, based
on stakeholder dynamics in the case study?

Q10000000000

This thesis adopts a qualitative, exploratory case study approach, complemented by literature research.
A case study enables in-depth understanding of complex governance and collaboration processes that
are context-dependent and actor-driven. The case study relied on multiple data sources to ensure tri-
angulation, including semi-structured interviews with stakeholders and experts, document and policy
analysis, and field observations. In the case study, stakeholder analysis is performed and manual the-
matic analysis. These methods are used to analyze how stakeholder roles evolve across development
and implementation phases and to identify how the stakeholders experience collaboration in the case
study. The literature review focused on peer-reviewed studies concerning stakeholder collaboration
frameworks.

The research approach consists of the following steps. After defining the research questions, the re-
search developed a collaboration framework based on literature, tested and refined it through a regional
case study, and translated the findings into actionable strategies for improving stakeholder alignment
in the development and implementation of mobility hubs.

0uoond
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As a starting point, a conceptual foundation was established through a review of academic literature
on stakeholder collaboration and governance in multi-actor mobility projects. Based on this review,
a collaboration framework was developed, identifying key principles for effective collaboration during
both development and implementation.

This resulted in the following conceptual framework (see Figure 2), which serves as the analytical
lens for the case study. In this framework, the blue rectangular blocks reflect key concepts, methods
and theoretical tools derived from the literature study. The white oval blocks represent the core process
components and guide the actions practitioners have to undertake in order to build effective stakeholder
collaboration, according to the literature study.
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Figure 2: Conceptual Collaboration Framework
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To apply and test the conceptual collaboration framework in practice, the Metropolitan Region of Eind-
hoven and its Brainporthub project was selected as the case study. The framework provided a struc-
tured lens to assess stakeholder roles, power dynamics, and relational quality throughout the develop-
ment and implementation phases.

The analysis began with a context scan of the Brainport region, focusing on its multi-layered gover-
nance structure and institutional landscape. This set the stage for a stakeholder analysis, starting with
stakeholder identification and moving onto stakeholder classification. For this step, the methods power-
interest grids and a stakeholder influence network were selected. These tools, informed by governance
documents, project reports, and 12 semi-structured interviews, revealed how power and interest shift
between phases. In the development phase, strategic actors such as the Province of North Brabant,
the Municipality of Eindhoven, and MRE hold central influence. As the project transitions to implemen-
tation, local stakeholders, such as civil servants, Rijkswaterstaat (RWS), and hub municipalities, gain
power and become key decision-makers. Local councils, in particular, become pivotal due to their
formal approval roles and spatial responsibilities. Engagement strategies were formed based on the
Pl-grids. However, mismatches started to arise when comparing the engagement strategy per actor
and their actual involvement in the case, based on the stakeholder influence network.

Applying the second part of the framework, focused on relational outcomes, the interview data and
reference cases were analyzed to identify key collaboration barriers and enablers. Three key barriers



were identified:

1. Mismatch between problem ownership and solution implementation: Local municipalities
bear the burden of implementing hubs driven by regional or national interests, often without clear
benefits.

2. Unclear governance and decision-making roles: Complex and fragmented structures lead to
opacity, delaying action and reducing ownership.

3. Lack of a shared vision and urgency: Stakeholders interpret the purpose and value of hubs
differently, leading to misalignment and resistance.

Five key enablers for effective collaboration emerged:

1. Mutual trust and respect improve cooperation across institutional boundaries.

2. Support from national government increases legitimacy and momentum.

3. Framing hubs as multifunctional solutions creates broader buy-in.

4. Flanking policies and tangible user benefits strengthen hub usage and acceptance.
5. Standardization and shared language, improve alignment and scalability.

Together, these findings demonstrate that collaboration in regional hub projects is not merely a proce-
dural challenge but fundamentally relational and strategic. The framework proved useful in clarifying
how collaboration can be strengthened by embedding trust, reciprocity, and clarity of roles into the core
of project governance.

Uooi0oood oo bodoodooo

The conceptual collaboration framework developed in this study offered a structured approach to stake-
holder collaboration in regional mobility hub projects. However, applying the framework to the Brain-
porthubs case revealed several inconsistencies between theoretical assumptions and practical reali-
ties.

Most notably, the original framework assumed that stakeholder classification and engagement could
lead to effective collaboration. However, the case study showed that these steps often failed in prac-
tice when key relational conditions, such as trust, shared vision, and clear role division, were absent.
Engagement efforts lacked traction when stakeholders did not feel ownership, saw limited benefits, or
experienced the process as top-down.

In response, the framework was revised in three essential ways. First, a context analysis step was
added to account for the complex, multi-level governance structure in which regional hubs operate.
Second, relationship quality was reframed as a prerequisite rather than an outcome, acknowledging
that collaboration only becomes effective when mutual trust and understanding are in place. Third, a
dedicated step on role division was introduced to clarify stakeholder responsibilities and influence early
on, before formal engagement strategies are deployed.

These adaptations resulted in the evidence-based collaboration framework shown in Figure 3, which
integrates theoretical principles with empirically grounded insights. It provides a more realistic roadmap
for improving collaboration in regional mobility hub projects.
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Based on the revised framework, giving a high-level strategy for collaboration, and the insights from
Brainport case study and the reference cases, this thesis identifies tangible recommendations to im-
prove stakeholder collaboration in regional mobility hub projects, both for the case study as for future
regional hub projects.

Case-specific recommendations focus on trust-building, role clarification, and fostering co-ownership.
In the development phase, key actions include selecting a motivated pilot location, initiating shared
vision through co-creation, and strengthening relationship quality before formal governance decisions
are made. For the implementation phase, iterative role negotiation and sustained trust-building are
essential to secure local ownership and stakeholder satisfaction. A phase-specific strategy map of
these recommendations is given in Figure 4, where the effects, activities and results are derived from
the framework and analyses developed throughout this thesis.

Generalizable recommendations for future Dutch regional mobility hub projects in the development
and implementation phase include:

A Conducting early context analyses and appointing a neutral facilitator to enhance process clarity;
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A Strategically linking hubs to housing and regional development agendas to attract national support
and funding;

A Co-creating the hub vision with stakeholders to increase alignment and reduce resistance;

A Ensuring local autonomy in hub design while coordinating shared policies regionally;

A Including stakeholder satisfaction as a key performance metric alongside traditional infrastructure
KPlIs.

These recommendations, visualized as a step-by-step pathway in Figure 5, aim to shift collaboration
from fragmented and top-down dynamics toward inclusive, adaptive, and trust-based governance, sup-
porting more effective development and implementation of regional mobility hubs.
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Figure 5: General Recommendations

Doi000i0y Lobottboonon

This thesis contributes to the academic discourse on stakeholder collaboration by refining existing col-
laboration frameworks and applying them to the underexplored context of regional mobility hubs. It
re-conceptualizes collaboration not as a static engagement step, but as a dynamic process dependent
on trust, role clarity, and reciprocal value. The research provides a phase-sensitive, evidence-based
framework that integrates theoretical insights with empirical validation, and translates these into action-
able governance strategies tailored to the specific challenges of regional hub delivery.

QiOonoiioto

Due to its qualitative and case-specific nature, based primarily on semi-structured interviews, intro-
duces a degree of interpretive bias. Although triangulated with policy documents and governance
structures, the manual thematic analysis relied on subjective judgment. Second, due to time constraints,
interviews were continued until saturation of information occurred. However, a wider distribution across
stakeholder groups would have offered critical insight into regional alignment and resistance patterns.
Third, the research was intentionally scoped around the development and implementation phases of
regional mobility hubs. As a result, more upstream planning and agenda-setting, where shared value
propositions such as housing integration or nitrogen legislation alignment are first formulated, remained
outside the core analysis. The finding that shared benefits are key to collaboration was thus acknowl-
edged, but not elaborated into a fully developed implementation strategy within this thesis.

pobbbooooton oo booouo Doooooto

Further research is recommended to examine how reciprocity can be actively designed into mobility
projects. This includes exploring policy linkages, such as to housing development or environmental
goals, that enhance shared value across governance levels.

Additionally, expanding the temporal scope to include the planning and operational phases would pro-
vide insight into when and how collaborative dynamics shift. A longitudinal study could help identify
critical intervention points for stakeholder alignment. Especially the final phase, in which the hub be-
comes operational, deserves more attention. Challenges around long-term commitment, usage, and
non-profitable business models may emerge there, requiring ongoing coordination and trust.

Last, the role of national actors warrants further investigation. National ministries and agencies influ-
ence regional mobility through funding, standards, and regulatory frameworks. Studying their involve-
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ment can clarify how multi-level collaboration can be better coordinated.
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Introduction
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With the adoption of the Paris Agreement and the European Green Deal, reducing greenhouse gas
(GHG) emissions has become a global priority (fiEuropean Green Dealo, 2019; UN, 2015). While emis-
sions are declining across most major sectors in the European Union (EU), the transportation sector
remains the least improved, continuing to be a significant contributor to overall emissions (Dolge et al.,
2023).

In the Netherlands too, domestic transport accounts for a substantial share of the total CO, emissions,
with passenger cars alone responsible for nearly half of these emissions (CBS, 2024). However, this
type of mobility plays a crucial role in enabling social and economic participation (TNO, 2024). As
the Dutch population continues to grow, this mobility demand is expected to rise, particularly in urban
areas, while some rural regions are experiencing population decline (CBS, 2018). This shift presents
distinct mobility challenges for both urban and rural areas (van den Berg, 2020). Cities must balance
limited space between housing, green areas, and transport infrastructure (Rongen et al., 2022; van
Gerrevink et al., 2021; Weustenenk & Mingardo, 2023). Meanwhile, potential mobility solutions must
balance the livability of cities and maintaining accessibility for both the cities as the rural areas. Car
dependency exacerbates congestion, creates parking shortages, and consumes valuable urban space
(Trygg & Grundel, 2025). On average, private cars are parked 96% of the time, mostly in public space
(Zijlstra et al., 2022). Together with the transport sectoris significant contribution to total emissions in
the Netherlands (CBS, 2018), addressing these challenges is essential for fostering more sustainable,
livable and accessible cities and surrounding areas.

One approach to address these challenges and facilitate this mobility transition is the use of mobility
hubs. Mobility hubs integrate multiple transport options®such as public transit, shared and private mo-
bility services, and active travel modesdat strategic locations, enhancing connectivity and encouraging
multi-modality (Aono, 2019; Blad et al., 2022). Regional mobility hubs are a form of mobility hubs with
same objective, but at regional level. Their objective is to increase accessibility of both urban regions
and rural regions surrounding a city. These hubs provide a convenient and efficient alternative to car
use, improving access to less-connected areas while alleviating urban congestion (Weustenenk & Min-
gardo, 2023). By facilitating seamless multi-modal-travel, regional mobility hubs can reduce emissions,
optimize urban space, and support a more sustainable mobility system, while simultaneously accom-
modating the growing demand for mobility (Rijksoverheid, 2019; Trygg & Grundel, 2025; Van Oort,
2024). The goals of regional mobility hubs present a promising solution for the earlier stated problems
of reducing car dependency and fostering more sustainable and accessible transport networks.

0000 00dboio bubdioogg

The delivery of regional mobility hubs can be conceptually divided into four phases: planning, devel-
opment, implementation, and operation. These are shown in Figure 1.1. While the planning and op-
erations phases are generally well-structured and relatively unproblematic, with planning supported by

1



1.3. Research objective and scope 2

regional visions and technical studies, and operation often handled by market parties such as Q-Park
(AT Osborne, 2025; Brainport Bereikbaar, 2025b; Gemeente Amsterdam, 2025), the central bottleneck
lies in the transition from development to implementation. This is where the regional vision must be
translated into local execution, a step that often triggers political, spatial, and institutional frictions (AT
Osborne, 2025; Gemeente Utrecht, 2025; Ministry of I&W, 2025; Provincie Noord-Brabant, 2025).
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Figure 1.1: Phased Delivery Approach

While much has been written about what mobility hubs are, including their definitions, goals, and typolo-
gies (Section 2.1), less attention has been paid to the dynamics that emerge when these hubs move
from vision to execution. Especially during the development and implementation phases, collaboration
between stakeholders becomes crucial but often proves difficult (Section 2.2). Previous research on
stakeholder engagement in other policy domains provides useful insights, presented in Section 2.3, but
concrete, actionable strategies tailored to the governance complexities of regional mobility hubs are
still lacking.

This gap is more than academic. In practice, many mobility hub projects stall precisely in this mid-
dle segment of the process. Challenges such as unclear ownership and fragmented responsibilities
regularly arise when translating regional ambitions into locally embedded solutions. As stakeholder
alignment is widely recognized as a key success factor in mobility governance (Kua, 2016), targeted
strategies to strengthen collaboration during these phases are needed.

0100 0000000 Uoodooooo boo ooooo

As regional mobility hubs frequently face stagnation in the development and implementation phases,
and stakeholder alignment through collaboration is seen as a critical success factor for overcoming
these barriers, this study aims to develop strategies that strengthen collaboration and enable smoother
advancement through these key phases of regional mobility hub realization. This research focuses
exclusively on regional mobility hubs, as they inherently involve a high level of stakeholder complexity
due to their integration of multiple transport modes, policy layers, and governance structures. Their
objective is namely increasing accessibility of both urban regions and rural regions surrounding a city.

A well-structured development process accelerates the establishment of mobility hubs, while enhanced
collaboration in the implementation phase ensures their continued effectiveness. Since stakeholder
roles may shift between these phases, misunderstandings and coordination challenges can arise. Strength-
ening both phases and ensuring a smooth transition between them will improve the overall functionality

of mobility hubs. Since these two phases are the central bottleneck for the regional hubs, this will be
the scope of the research on regional mobility hubs.

007 00000000 Dobomnooo

Based on the problem definition, objective and scope, the following research question is formulated:



1.5. Research structure 3

How can collaboration be improved in the development and implementation phases of regional
mobility hubs?

To systematically address this question, the following sub-questions are defined:

1. According to the literature, what defines effective stakeholder collaboration in mobility projects?

2. Which stakeholders are involved in the development and implementation of mobility hubs in the
case study, and how do their roles differ between these phases?

3. What are the main barriers and opportunities for stakeholder collaboration during the development
and implementation of regional mobility hubs in the case study?

4. How can collaboration be improved during the development and implementation phases, based
on stakeholder dynamics in the case study?
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The remainder of this thesis is structured as follows. First, the knowledge gap is explored in Chapter 2,
which provides a review of relevant literature. Next, Chapter 3 outlines the methodology used to answer
the research questions.

Chapter 4 addresses the first sub-question and establishes the conceptual foundation, resulting in a
conceptual collaboration framework based on existing literature. The framework is then applied by
the case study, in Chapter 5, which investigates stakeholder collaboration in the context of the Brain-
porthubs project and answers sub-questions 2 and 3.

In Chapter 6, the empirical findings are compared to the theoretical model to identify misalignments and
context-specific challenges. This synthesis leads to a revised, evidence-based collaboration frame-
work, outlining high-level strategies to improve stakeholder collaboration, answering sub-question 4.

Finally, Chapter 7 translates these strategies into concrete, actionable recommendations. These are
both tailored to the Brainport mobility hub case and generalizable to future regional mobility hub projects
in the Netherlands, thereby answering the main research question.



[1terature review

To identify the knowledge gap, this research first conducts a literature review of the existing body of
work produced by researchers, scholars, and practitioners to establish the current state of the art.

A systematic approach was employed to identify relevant literature, as shown in Table 2.1. Google
Scholar served as the primary academic database, complemented by the universityis research repos-
itory. Peer-reviewed articles were selected based on academic background and relevance to the re-
search questions. Additionally, a snowballing technique was applied by examining references in key
articles to identify further relevant sources. After retrieving the relevant literature, detailed notes were
compiled in an Excel spreadsheet, focusing on the abstract and conclusion. The most pertinent studies
were examined in depth to extract insights that inform this research. The exact studies reviewed are
discussed in detail within each corresponding subsection, structured by specific research themes. This
literature review not only synthesizes existing evidence but also highlights the knowledge gap in the
research, which this research will aim to fill.

Concept groups Mobility hubs; Implementation challenges; Governance struc-
tures; Stakeholder collaboration

Keywords Mobility hubs: definition; typology; multimodal transport; shared
mobility; transport integration
Governance structures: institutional frameworks; public-private
partnerships; policy alignment
Stakeholder collaboration: multi-actor coordination; decision-
making processes; power dynamics; engagement strategies
Implementation challenges: barriers; regulatory complexity; fund-
ing mechanisms; planning strategies

Truncation (Mobility hubs) OR
(Mobility hubs) AND (Topology) OR
(Mobility hubs) AND (Implementation) OR
(Mobility hubs) AND (Governance structures) OR
(Mobility hubs) AND (Stakeholder collaboration) OR
(Mobility hubs) AND (Governance structures) AND (Stakeholder
collaboration) OR
(Governance structures) AND (Stakeholder collaborations)

Table 2.1: Conceptual and methodological framework for the literature review
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7TKHOLWHUDWXUHUHYLHZHG LQ WKLV VHFRNX(R®E&XH WRFRDQH. RHUGPLIRUFD\E O K (
RI T/DEOH7KH VHOHFWHG VWXGLHYVY SURYLGH LQVLJKWYV LQWR GLIITHUHQW
WKHLU KLVWRULFDO EDFNJURXQG GHILQLWLRQV REMHFWLYHV DQG W\
KXEV LV GLVFXVVHG WKHQ GLIIHUHQW GHILQLWLRQV IURP WKH OLWHUD
REMHFWLYHV RI PRELOLW\ KXEV DUH RXWOLQHG DQG YDULRXV W\SRORJ
IRUPV RI PRELOLW\ KXEV )LQDOO\ D FRQFOXVLRQ VIQWKHVL]HV WKH NH'
UHVHDUFK JDSV

7DEOH 2YHUYLHZ RIOLWHUDWXUH XVHG LQ WKH PRELOLW\KXE VHFWLRQ

6RXUFH H\ZRUGV
+DFKHG HW DO ORELOLW\KXEEDFNJURXQG PRELOLW\KXE GHILQLV
VLILFDWLRQ

9DOH /IDQG XVH LQWHJUDWLRQ 7UDQVLW 2ULHQWHG 'HY]|
' XHVWHQHQN ORELOLW\KXE EDFNJURXQG PRELOLW\KXE FODVVL
&KRUXV DQG %HUWRDLREH SODFH PRGHO WUDQVSRUW VXSSO\DQG ODQ
%HUWROLQL 1RGH SODFH PRGHO WUDQVSRUW KXEV FODVVLILF
YDQ *HUUHYLQN HW DORELOLW\ KXE GHILQLWLRQ PRELOLW\KXE FODVVL
6WRMDQRYVNL HW DOORELOLW\ KXE GHILQLWLRQ

$RQR ORELOLW\KXE GHILQLWLRQ

&EGOKVSYRH
$OWKRXJK PRELOLW\KXEV DUHRIWHQ UHIHUUHG WRDV D UHODWLYHO\ QH.
PXFKIXUWKHU 7R JDLQ D FOHDUXQGHUVWDQGLQJRIPRELOLW\KXEV WKFE
7KH ILUVW UHFRUGHG VHDUFK UHTXHVW IRU WKH WHUP "PRELOLW\ KXE" [
7UHQGVY" \HW WKH IXQGDPHQWDO SULQFLSOHV XQGHUSLQQLQJPRELOLW
SRUW LQWHJUDWLRQ DQG VWUDWHJLF XUEDQ SODQQLQJ2KDYH EHHQ LQ S

%HIRUH WKH HPHUJHQFH RI WKH PRELOLW\ KXE FRQFHSW PXOWLPRGDO W
LPSOHPHQWHG WR HQKDQFH FRQQHFWLYLW\DQG UHGXFH FRQJHVWLRQ
IDFLOLWLHY DQG WUDQVIHULD ZKHUH WUDYHOHUV FDQ VZLWFK IURP SUL
ULSKHULHV DQG LQWHUPRGDO WUDQVLW VWDWLRQV GHVLJQHG WR IDFI
WUDQVSRUWDWLRQ PRGHYV 9DMFXRHBAH WKHHVH DOUHDG\KDG VRPHWKLQJ LQ
ZLWK WKH FXUUHQW PRELOLW\ KXE FRQFHSW D FHQWUDO ORFDWLRQ ZKF
LPSURYH XUEDQ DFFHVVLELOLW\

(VWVHQWLDO IRUDVVXULQJDFFHVVLELOLW\DQG VXVWDLQDELOLW\LQ XUE
WUDQVSRUWDWLRQ SODD@H ®J VOOMRRVW ZLGHO\ XVHG IUDPHZRUNV IRU
7UDQVLW 2ULHQWHG 'HYHORSPHQW 72' ZKLFK SURPRWHYV KLJK GHQVLW
WUDQVLW QRGHV :XHVAZHMIHPYNVR HQKDQFH PXOWLPRGDO DFFHVVLELOLW
WUDYHO PRGHV VXFK DV ZDONLQJ DQG F\FOLQJ ZKLOH UKBXWH@HRMNU GH ¢

8QOLNH WUDGLWLRQDO XUEDQ SODQQLQJDSSURDFKHY WKDW IRFX\
VLIHV OLYDEOH XUEDQ VSDFHV ZKHUH WUDQVSRUW DQG ODQG XVH IXQFW
WUDQVSRUW VXSSO\DQG ODQG XVH GULYHQ GHPDQG PHDQV WKDW WUDQ\
WUDQVSRUW LQWHUFKDQJHVY QRGHIXQFWLRQ DQG DV DWWUDFWLYH XUE
%HUWROLQL
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JLJXUH 1RGH SODFHPRGHO %HUWROLQL

7KLV PRGHO KHOSV GHWHUPLQH ZKHWKHU DQ DUHD KDV VXFFHVVIXOO\LQ
PHQW RU ZKHWKHU LPEDODQFHV H[LVW2VXFK DV RYHUEXLOW WUDQVSRUMW
DFWLYLW\ XQEDODQFHG QRGHV RU KLJK LQWHQVLW\ODQG XVH ZLWK LQ
SODFHV &KRUXV %HUWROLQL

KLOH 72' FRQFHQWUDWHY XUEDQ GHYHORSPHQW DURXQG WUDQVLW QRG
LWVEDFNERQH VKDUHG PRELOLW\H[WHQGV WKLV FRQFHSW IXUWKHU E\L
VHUYLFHY WKDW LQFUHDVH QHWZRUN UHDFK DQG DGD2S WY EQBEBHWH Q\D Q \* |
PXOWLPRGDO EXW VKDUHG PRELOLW\LQWURGXFHV D QHZ OD\HU RI IOH[L
WKH XUEDQ WUDQVSRUW VA\VWHP

7KH OLQNEHWZHHQ 72'DQG VKDUHG PRELOLWA\OLHV LQ WKHLU VKDUHG RE
VLELOLWA\DQG UHGXFLQJUHOLDQFHRQ SULYDWH YHKLFOHV WR FUHDWH P
VIVWHPV ORELOLW\KXEVDFWDV NH\HQDEOHUV HQVXULQJFRQQHFWLRC
LW\DQG VKDUHG WUDQVSRUW RSWIRQRVHUYOAKHGNHMBRMA NH 72' ZKLFK
DLPVWRUHVKDSHHQWLUH QHLIJKERUKRRGV LQWR ZDONDEOH WUDQVLW
EHLPSOHPHQWHG DV VPDOOHU VFDOH LQWHUYHQNWWLIHRRN\ 6QY/RIMOZIHRY B NE
WDWLRQV RI XUEDQ SDUNLQJ VSDFHV RU WKH WUDQVIRUPDWLRQ RI VXE?
SXEOLF VSDFHYV

7TKXV UDWKHU WKDQ EHLQJD QRYHO FRQFHSW PRELOLW\KXEV UHSUHVH
WUDQVSRUW SULQFLSOHV VKDSHG E\DGYDQFHPHQWYV LQ ODQG XVH SOD
VKDUHG PRELOLW\ $V VWDWHREECHRMQKXEY UHTXLUHDQ LQWHJUDWLRQ R
WXUH DQG VHUYLFHV WKDW EHQHILW VXVWDLQDEOH WUDQVSRUW PRGH\
KLVWRULFDO DQG FRQFHSWXDO IRXQGDWLRQ SURYLGHYV HVVHQWLDO FR
KXEV ZKLFK ZLOO EH H[SORUHG LQ WKHQH[W VHFWLRQ

(IhRMXMSR
7KHGHILQLWLRQ RIPRELOLWA\KXEV YDULHVY DFURVV WKHOLWHUDWXUH Z
+RZHYHU D FRUH FKDUDFWHULVWLF WKDW FRQVLVWHQWO\ HPHUJHV LV \
UHFRJQL]DEOHORFDWLRQ GHVLIQHGWRFRQQHFWPXOWLSOHWUDQVSRU
WUDYHO ,QHVVHQFH LWVHUYHVDVDWUDQVIHU SRLQW WKDW HQDEOHYV

%H\RQG WKLV IXQGDPHQWDO IXQFWLRQ VHYHUDO DGGLWLRQDO FKDUDF\
LQFOXGLQJ WKH SUHVHQFH RI VKDUHG PRELOLW\ RSWLRQV SXEOLF WUD
VHUYLFH DQG WKH DVVRFLDWHG JRYHUQDQFH VWUXFWXUHV +RZHYHU
GHILQLWLRQV $ GHWDLOHG FRPSDULVRQ RI KRZ GLIIHUHQW VWXGLHV Gt
WKH\ LQFRUSRUDWH FDQ EHtIRXRIBUH 3G KRYBGYLHZ WDEOH LOOXVWUDWE
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GHILQLWLRQV

JRUWKH SXUSRVH RI WKLY UHVHDUFK WKHIROORZLQJFRPSUHKHQVLYH C
NH\HOHPHQWYVY LGHQWLILHG LQ WKH OLWHUDWXUH

"$ PRELOLW\ BKEVLYRO W L RRRGHOW KD W  LRXVOMOWEIIWHRREUHW IDFLOLWDWLC
VHDPOWYV N QVIHUVSEHEVWIHHDWKDUWHE L OIOBW KD L CIREBDHO LWLHY 7KH VXF

FHVVIXO GHYHORSPHQW DQG RSHUDWLRDNLIIBRN I BH@UDEGKEXEN B @ QXL H
FROODERUDWLRQEHWZHHQ VWDNHKROGHUY HQVXULQJFRRUGLQDWHG S

7KHVSHFLILF FRPSRVLWLR QWH WUIREPSROUWR B W LIRW& JRYHUQDQFH VWU X
GHSHQGLQJRQ WKH ORFDO FRQWH[W DQG PRELOLW\ QHHGV ~

SENIGXMZIW
:KLOH PRELOLW\ KXEV VKDUH D FRPPRQ IXQFWLRQ DV PXOWLPRGDO WUD!
EH\RQG PHUHO\IDFLOLWDWLQJWUDQVSRUW FRQQHFWLRQV 7KHIROORZI
RIPRELOLWA\KXEVDVLGHQWLILHGLQ WKHOLWHUDWXUH

$NH\REMHFWLYHRIPRELOLWA\KXEVLVUHGXFLQJSULYDWHFDUXVHDQGR
GHFUHDVHFRQJHVWLRQ DQG SURPRWHPRUHVXVWDLQDEOH WIN@QVSRUV
GHQ %HUJ 9DQ 2RUW %\ UHGXFLQJFDURZQHUVKLSDQGFDU XVH PRELOL
WKHQHHGIRURQ VWUHHW SDUNLQJ DOORZLQJIRUD PRUHHIILFLHQW DQ
&ODDVHQ

$OQRWKHU FUXFLDO IXQFWLRQ RI PRELOLW\ KXEV LV VWLPXODWLQJ PXOWIL
WLRQV EHWZHHQ WUDQVSRUW PRGHV VXFK DV SXEOLF WUDQVLW VKDUHC
UHYLQN HW D®\ LPSURYLQJILUVW DQG ODVW PLOHFRQQHFYWAIWW]Y *HPH
WKDW KXEV HQFRXUDJH WUDYHOHUV WR FKRRVH VXVWDLQDEOH WUDQVS
PRUH PRELOLW\KXEVFRQWULEXWH WR WUDQVSRUW QHWZRUN RSWLPL]D
RYHUDOO FRQQHFWLYLW\DQG HQVXUHV HIILFLHQW SXEOLFWUDQVSRUW

%H\RQG WUDQVSRUW HIILFLHQF\ PRELOLW\ KXEV DOVR VXSSRUW XUEDQ
SDUNLQJ SROLFLHV UHGXFLQJWUDIILF SUHVVXUHLQ FLWLHY DQG UHSX
WULDQ ]JRQHV YDQ *HU U HWDL@QG HHQVYDHOU BRPH KXEV DUH DOVR GHVLIJQHG WR
JHUR HPLVVLRQ XUEDQ ORJLVWLFV FRQVROLGDWLQJGHOLYHULHVDQGS
GHQ %HUJ $GGLWLRQDOO\ KXEV SOD\DQLPSRUWDQW UROHLQHQKDQFL
GLYLGXDOV ZLWKRXW SULYDWH YHKLFOHY WKHUHE\IRVWHULQJPRUHLQI

,QVXPPDU\ PRELOLW\KXEV VHUYH PXOWLSOH REMHFWLYHV LQFOXGLQJ

$5HGXFLQJ SULYDWH FDU XVHDQG RZQHUVKLS WR ORZHU HPLVVLRQV D
$+ , PSURYLQJ SXEOLF VSDFHE\UHGXFLQJSDUNLQJGHPDQGDQG LQFUHL
$+6WLPXODWLQJPXOWLPRGDO WUDYHO HQDEOLQJVPRRWK WUDQVIHU\
$(QKDQFLQJDFFHVVLELOLW\ SDUWLFXODUO\IRUWKRVH ZLWKRXW SUL
$2SWLPL]LQJWUDQVSRUW QHWZRUNV E\LPSURYLQJ SXEOLF WUDQVLW
$6XSSRUWLQJ XUEDQ VXVWDLQDELOLW\ LQFOXGLQJJUHHQ VSDFH GHY
6LQFH PRELOLW\ KXEV FRPHLQ D YDULHW\ RIIRUPV WKHLU VSHFLILF REM
VFDOH DQG JRYHUQDQFH VWUXFWXUHV 1RW DOO KXEV SXUVXH HYHU\ J|

IXQFWLRQDOLW\ DUH RIWHQ WDLORUHG WR WKH QHHGV RI D SDUWLFXOTL
GLITHUHQW W\SHV RI PRELOLW\KXEV DQDO\]LQJWKHLU VSHFLILF UROHV

8]TSPSKMIW
7KH FODVVLILFDWLRQ RIPRELOLW\KXEV YDULHV ZLGHO\DFURVY GLIIHUH
LQ WHUPV RI ORFDWLRQ VFDOH IXQFWLRQ DQG WUDQVSRUW LQWHJUDV
EDVHG RQ XUEDQ FRQWH[W WUDQVSRUW UROH DQG VHUYLFH SURYLVLR
GLIIHUHQFHV DQG VWDNHKROGHU FRPSOH[LW\ $QRYHUYLHZRIWKH GLIIH
% DQGDEULHIH[SODQDWLRQLVJLYHQ EHORZ
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$ FRPPRQO\ XVHG FODVVLILFDWLRQ LV EDVHG RQ VFDOH DIQGHQ WL QIME\R U V
WKUHH SULPDU\ W\SHVY QHLJKERUKRRG KXEV VHUYLQJ ORFDO WUDYHO
KXEV LQWHJUDWHG LQWR ODUJHU FLW\ WUDQVSRUW QHWZRUNV DQG St
WR IDFLOLWDWH UHJLRQDO FRQQHFWLYLW\ ([SDQGLQIRWWRGXFH\XDW t
PRUH GHWDLOHG W\SRORJ\ GLVWLQJXLVKLQJEHWZHHQ FRPPXQLW\KXEV
HGJHKXEV DQGFLW\FHQWHUKXEV LOOXVWUDWLQJWKHYDULDWLRQLQ
WUDQVSRUW V\VWHPV I XEXK(WBYRQMWKLY VFDOH IXQFWLRQDSSURDFK E\F
EDVHG RQ WKHLU VL]H DQG WKH QXPEHU RI WUDQVSRUW PRGHV WKH\ DFF
HW DO FODVVLILHV KXEVDFFRUGLQJWR WKHLU JHRJUDSKLFDO ORFDWLF
SDWWHUQ LQ WKHVH FODVVLILFDWLRQ PHWKRGV LV WKDW KXEV SURJUHV
ODUJHU KXEV LQWHJUDWLQJ PRUHWUDQVSRUW PRGHV DQG VHUYLQJ EUR

JURPD WUDQVSRUW VA\VWHP SHUYV SHFWH YRHU KBV @ KEWVCEDVHG RQ WKHLU LQ
GLITHUHQW WUDQVSRUW PRGHV 7KLV LQFOXGHV UHVLGHQWLDO VKDUHG
PRELOLW\ ZLWKRXW GLUHFW SXEOLF WUDQVSRUW LQWHJUDWLRQ FLW\L
OLQNHG WR SXEOLF WUDQVSRUW EXW H[FOXGH SULYDWH FDU IDFLOLWLH'
XUEDQ DUHDV DQG UHJLRQDO VKDUHG PRELOLW\ KXEV SRVLWLRQHG RX
FDU EDVHG WUDQVSRUW FKDLQV

+DFKHG HW DBUHVHQWY PXOWLSOH FODVVLILFDWLRQ DSSURDFKHV EDVH
ORFDWLRQ IXQFWLRQ UROH LQ WKH WUDQVSRUW QHWZRUN XUEDQ FRC
W\SRORJLHV DORQJZLWK WKHLU UHVSHFWLYH GLVWWQFWLRQV DUH IXU\

2WKHU VWXGLHY HPSKDVL]H ORFDWLRQ VSHFLILFG&GKIDRUDH QW UDWWVEHWZ
FLW\KXEV UHJLRQDO KXEV EXVLQHVV SDUNKXEV DQGWHPSRUDU\KXEYV
Q GUHVHDUFK WKLV KLIKOLIJIKWY WKDW WKHIXQFWLRQLQJRIDPRELOLW

7KHVH FODVVLILFDWLRQV KLJKOLJKW WKH GLITHUHQW ZD\V PRELOLW\ KX
VHDUFK IRFXV DQG WKH VSHFLILF FKDOOHQJHY DGGUHVVHG :KLOH H[LV
SK\WWLFDO LQIUDVWUXFWXUH WUDQVSRUWIXQFWLRQV DQGVSDWLDO FOI
RIVWDNHKROGHU FROODERUDWLRQLQ ERWKWKHGHYHORSPHQWDQG LP
GLITHUHQW W\ASHV RI PRELOLW\ KXEV UHTXLUH VWDNHKROGHU FRRUGLQD
ELOLW\KXEVDUH WKHIRFXV DVWKH\LQKHUHQWO\LQYROYHD KLJK OHYFH
WKHP SDUWLFXODUO\ UHOHYDQW IRU H[IDPLQLQJ JRYHUQDQFH FKDOOHQ
ERWK WKHGHYHORSPHQWDQG LPSOHPHQWDWLRQ SKDVHYV

+SZIVRERGISIQSFMPMX]LYFW

*RYHUQDQFH VWUXFWXUHY SOD\D IXQGDPHQWDO UROH LQ WKH VXFFHVVI
PRELOLW\ KXEV +RZHYHU UHVHDUFK VSHFLILFDOO\ WDLORUHG WR WKH
WXUHV UHTXLUHG IRUPRELOLW\KXE GHYHORSPHQWDQG LPSOHPHQWDWL
VLWLRQ RI WKHVH IJRYHUQDQFH VWUXFWXUHY ZKHQ JRLQJ IURP WKH GH)
DUHQRWUHVHDUFKHG 7KLV VHFWLRQUHYLHZV VWXGLHV WKDW KDYH H[D
DFWRUFRRUGLQDWLRQLQPRELOLW\KXEGHOLYHU\SURFHVVY ORRNLQJDV
SKDVH $Q RYHUYLHZ RI WKH VWXGLHVIRXQGLV VKRZQLQ 7DEOH

7TDEOH 2YHUYLHZ RIOLWHUDWXUH XVHG LQ WKHJRYHUQDQFH VHFWLRQ

6RXUFH .H\ZRUGYV

*HPHHQWH (LOQOGKRYH®ORYHUQDQFH VWUXFWXUHY SXEOLF SULYDWH SDU
DW V\VWHP DQG ORFDWLRQ OHYHO

$RQR ,PSOHPHQWDWLRQ FKDOOHQJHV VWDNHKROGHU
QDQFH EDUULHUYV

+DQVHO OXOWL OHYHO JRYHUQDQFH VWDNHKROGHU FRRU
IUDJPHQWDWLRQ XUEDQ VSDFHPDQDJHPHQW

"LWWHHW DO *RYHUQPHQW UROHV SROLF\DOLJQPHQW QDWLRC

ZRUNYV
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*RYHUQDQFH DQG VWDNHKROGHU G\QDPLFYVY SOD\D FUXFLDO UROH LQ WK
PRELOLW\ KXEV 3UHYLRXV UHVHDUFK E\ *HPHHRFHAVHGCGKRIRQHUQDQF
KXEV DW ERWK WKH VIVWHP OHYHO D UHJLRQDO KXE QHWZRUN DQG WKH
UHVHDUFK KLIKOLJKWYVY WKDW FOHDU JRYHUQDQFH LV HVVHQWLDO IRU VX
KXEV KRZHYHUD GLVWLQFWLRQ EHWZHHQ WKHJRYHUQDQFH EHWZHHQ W
LQWKLVUHVHDUFK WLGHQWLILHVWKUHHW\SHVRIJRYHUQDQFH VWUXF
DQG SURYLQFHVY SULYDWHHQWLWLHYV SURYLGLQJVHUYLFHV OLNHVKDU
SXEOLF SULYDWH SDUWQHUVKLSYV 336 ZKHUHRZQHUVKLS UHPDLQV SXE
ILQGLQJ IURP *HPHHQWH (LLQGWRIWEKHQ KXEV SULPDULO\ IRFXV RQ SDU
LV RIWHQ SXEOLF ZKHUHDV KXEV RULHQWHG WRZDUGYV SXEOLF WUDQVSH
SHUVSHFWLYH :KLOH WKLV VWXG\ GRHV JLYH UHFRPPHQGDWLRQV UHJD
EDVHG RQ VI\VWHP OHYHOV WKLV VWXG\ GRHVY QRW SURYLGH DQ LQ GHSYV
VSHFLILFDOO\UHODWHG WRVWUDWHIJLHVLQWKHWZRGLIITHUHQW SKDVH\
LWLQFOXGH WKHUROHV RI WKHRWKHU SDUWLHV LQYROYHG

$RQR LV RQH RI WKH IHZ VWXGLHY WKDW H[SOLFLWO\DGGUHVVHV GHOL
KXEV 7KLV UHVHDUFK LGHQWLILHV IRXU FDWHJRULHY WKDW DUH LQYROY
YLFHV DQG HOHPHQWY VSDWLDO GHYHORSRHIXNGLDK® VAQIGL\Y J D ¥ FPQRE L O
LQYROYH SXEOLF DQG SULYDWH VHUYLFHV SDUWQHUVKLSV DUH FUXFLDC
WKH IRXU FDWHJRULHV VSHFLILF VWDNHKROGHU JURXSV QHHGHG IRU W
WKHUPRUH WKH UHVHDUFK GRHV QRW GLVFXVV VSHFLILF VWUDWHJILHV W
RIWKHVHFROODERUDWLRQV ORUHRYHU WKHVWXG\SULPDULO\IRFXVHV
ZKLOHJRYHUQDQFHEDUULHUV DUHOHVV WKRURXJKO\H[DPLQHG $ QRWD
IXUWKHU UHVHDUFK RQ LPSOHPHQWDWLRQ VWUDWHJILHY SDUWLFXODUO
G\QDPLFV

+DQVHO HPSKDVL]HV WKDW PRELOLW\KXEV UHTXLUH PXOWL DFWRU DQC
VHDUFK KLIKOLJKWYVY WKH FKDOOHQJHV RI IUDJPHQWHG PXOWL OHYHO JF
8VLQJ D IUDPHZRUN WKDW GLVWLQJXLVKHY EHWZHHQ RUJDQL]DWLRQDO
DQG LGHDWLRQDO GLVFXUVLYH QHIJRWLDWLRQV SROLF\QDUUDWLYHV (
VSRQVLELOLWLHVDQG LQVWLWXWLRQDO IUDJPHQWDWLRQ KLQGHU FRRU

&DVHVWXGLHVLQILHQQDDQG O0XQLFPSRQWLHHAMIQWBBHG IRUD FOHDUO\ L
DFWRU ZLWK UHVRXUFHV DQG SROLWLFDO VXSSRUW WR GULYH LPSOHPHQ
LWHUDWLYHDSSURDFKHVDQGLQIRUPDO FRPPXQLFDWLRQ KHOSV QDYLJI
XUEDQ VSDFH DQG IXQGLQJ DUH NH\\HW FRQWHVWHG UHVRXUFHV ZLWK
SRZHUIXO EXW FRQIOLFW SURQH SROLF\ WRRO

:KLOH +DQVHOQGHQWLILHVIJRYHUQDQFH FRPSOH[LWLHYVY WKHVWXG\GRHYV
IRURSWLPLILQJVWDNHKROGHU FROODERUDWLRQ 1RUGRHVWKHUHVHDU
SOH[LW\ZKHQ JRLQJIURP RQH SKDVHWRDQRWKHU 7KLV UHVHDUFK EXLO
JRYHUQDQFH PHFKDQLVPV WKDW HQKDQFH FRRUGLQDWLRQ DQG GHFLVLR

7KH UHSRUW E\ WKH 1HWKHUODQGV ,QVWLWXWH IRU 7 DFQQRZ DM G RH\L F\ ¢
WKDW SUDFWLFDO H[SHULHQFH ZLWK PRELOLW\ KXEV UHPDLQV OLPLWHG
PHQW ZLWK RWKHU SROLF\ LQVW UX®HQMM EHWWHIHRXVOUROHY WKDW W}
FDQ DVVXPH VXFKDV UHJXODWRU ILQDQFLHU RUODXQFKLQJFXVWRPHU
JRYHUQPHQW FDQ VXSSRUW FRPSOH[ SODQQLQJDQG FRRUGLQDWLRQ HI|
PLFUR PHVR DQGPDFUROHYHOVLVHVVHQWLDO 7KHVHUHFRPPHQGDWL
UROHV LQ PRELOLW\ KXE LPSOHPHQWDWLRQ +RZHYHU ZKLOH WKH UHSR
WLRQV LW GRHV QRW SURYLGHDQLQ GHSWKDQDO\VLVRIJRYHUQDQFH Fk
QHWZRUNYV

$OWKRXIK H[LVWLQJ VWXGLHYV GLVFXVV JRYHUQDQFH PRGHOV LQ PRELO|
OHYHO UROH GLVWULEXWLRQV UDWKHU WKDQ SUDFWLFDO JRYHUQDOQFH
WLRQ VWUDWHILHVLQ WKHGHYHORSPHQWDQG LPSOHPHQWDWLRQ SKDV|
OHQJHV GHFLVLRQ PDNLQJVWUXFWXUHY DQG VWDNHKROGHU FRRUGLQLEL
UHPDLQV VFDUFH 7KLV VWXG\DLPVWRDGGUHVV WKLV JDS E\H[DPLQLQJ
FROODERUDWLRQLQ ERWK SKDVHV HQVXULQJWKHHIILFLHQW RSHUDWLF



7TXEOILSPHIVIRKEKIQIRXERHGSPPEFSVEXMSR

/I XEOILSPHIVIRKEKIQIRXERHGSPPEFSVEXMSR

6WDNHKROGHU LQYROYHPHQW SOD\V D FUXFLDO UROH LQ WKH GHYHORS
LW\ DQG WUDQVSRUW SROLFLHYV (IIHFWLYH VWDNHKROGHU HQJDJHPHQ\
FRQVLGHUHG OHDGLQJ WR PRUH UREXVW DQG ZLGHO\ DFFHSWHG SROLF!
EHHQ SURSRVHG LQ WKH OLWHUDWXUH WR VWUXFWXUH VWDNHKROGHU L(
SURFHVVHV /LWHUDWXUH XVHG LQ WKLV VHFWLRQ LY VXPPDUL]JHGLQ 7DE

7TDEOH 2YHUYLHZ RIOLWHUDWXUH XVHG LQ WKH VWDNHKROGHU HQJDJHPHQW DQG

6RXUFH .H\ZRUGYV

. XD 6WDNHKROGHU LGHQWLILFDWLRQ VWDNHKROGHU
PDNLQJ SURFHVVHYV

BUJ\EAOVND HW DO 6WDNHKROGHU DQDO\WVLYV SRZHU LQWHUHVW JULC
QLQJ VWDNHKROGHU UROHDVVLIQPHQW

&ODDVVHQV DQG ODDVRYHUQPHQW UROHVY VWDNHKROGHU SDUWLFLSD
QDQFH

%URXZHU HW DO OXowL VWDNHKROGHU SDUWQHUVKLSY SDUWLFL
FROODERUDWLRQ VWUXFWXUHYV

. XD LQWURGXFH WKH , QWHJUDWHG )UDPHZRUN IRUG6WDNHKROGHU ,GH
PHQW DQG5ROHODQDJHPHQW ,)6,8(5 7KLVIUDPHZRUN HPSKDVL]HV WK
YROYHPHQW IROORZV D VWUXFWXUHG FKURQRORJLFDO SURFHVV FRQVL'
WLILFDWLRQ XQGHUVWDQGLQJ RILGHQWLILHG VWDNHKROGHUV FXVWR
VWDNHKROGHU LQVLIJKWY DQG ILQDOO\ UROH PDQDJHPHQW WR RSWLPI
SURFHVYV KLOHWKLVIUDPHZRUN ZDV GHVLIQHGIRUHQHUJ\SROLF\PDNL
KROGHULQYROYHPHQW FDQEHDGDSWHG WR WUDQVSRUW SROLF\DQG PR

$ VLPLODU V\VWHPDWLF DSSURDFK LV IRXQG LQ WKH @K VFHD H FIXPE\QHM\ E \
VWDNHKROGHUHQJDJHPHQWLQ XUEDQ ORJLVWLFV SODQQLQJ 7KHVWXG\
GLIIHUHQW VWDNHKROGHU JURXSV LQWR WKH GHYHORSPHQW RI VXVWDLC
NH\ VWDNHKROGHUVY DQG WKHLU FKDOOHQJHVY WKH UHVHDUFK FRQGXFW'
LQWHUHVW 3, JULG WR DVVHVV OHYHOV RI LQIOXHQFH DQG LQWHUHVW

ZHUH PDGH IRU ORFDO JRYHUQPHQWY RQ KRZ WR HIIHFWLYHO\ FROODER
VXVWDLQDEOH XUEDQ PRELOLW\ $OWKRXJK WKLV UHVHDUFK ZDV FRQG!:
JHQHUDO VXVWDLQDEOH XUEDQ SROLF\ LWV PHWKRGRORJ\ IRU VWDNHKI
RIITHUV D VWUXFWXUHG DSSURDFK WKDW FDQ EH XVHIXO IRUPRELOLW\ KX|

&ODDVVHQV DQG 0PORSRVHD JRYHUQDQFHIUDPHZRUN WKDW FDWHJRUL]I
IRXU T TXDGUDQWY GHWHUPLQLQJ ZKHUH UHVSRQVLELOLW\IRU VWDNHKR
NQRZOHGJHV WKDW PXOWLSOH UROHV FDQ FRH[LVW ZLWKLQ D VLQJOH SL
DSSURDFK 6LQFH WKH GLIITHUHQW SKDVHV RI PRELOLW\ KXE LPSOHPHQ\
DQG VKLIWLQJ SROLF\ODQGVFDSHV DULJLGJRYHUQDQFHPRGHO LV LQV)
HUQPHQW UROHV DQG VWDNHKROGHU LQYROYHPHQW LV QHFHVVDU\ WR L
IUDPHZRUN SURYLGHV D VWUXFWXUHG WRRO IRUGHILQLQJJRYHUQPHQW
KRZ SXEOLFDQG SULYDWH DXWKRULWLHV VKRXOG HQJDJH ZLWK RWKHU V

$GGLWLRQDOO\ %URXZI$S0ORWHDWKH GHYHORSPHQW RI PXOWL VWDNHKRO!
WKURXJK D UHVHDUFK EDVHG DSSURDFK DLPHG DW IRUPLQJ WDQJLEOH P
GXFHV D VWUXFWXUHG IUDPHZRUN IRU FROODERUDWLRQ EHWZHHQ JRYH
NQRZOHGJH LQVWLWXWLRQV FRQVLVWLQJRIIRXU LWHUDWLYH SURFHV\
ODERUDWLYH DFWLRQ DQG UHIOHFIWQG N IPRIQQ WRIWGEIQFJI SUXQYFLSOHV IRU
FLOLWDWLRQ

7KHJXLGHDOVRLQFOXGHY SUDFWLFDO WRROV WR VXSSRUW FROODERU
WKH GLITHUHQW SKDVHV )RU WKLV SDUWLFXODU FDVH EHLQJLQ WKHHDU



7TXEOILSPHIVIRKEKIQIRXERHGSPPEFSVEXMSR

WRRQQHMWIHRK)V SHFLDOO\ UHOHYDQW .H\ILQGLQJV LQ WKLV VHFWLRQ Lt
VSDFH IRURSHQ GLDORJXH DQG SHUVRQDO VKDULQJ HDUO\LQ WKH SURFF

“$W WKLV VWDJH \RXU DLP LVWRJHWDV PDQ\ SHRSOH DV SRVVLEOH W
SDQWV ZLOO OLVWHQ PRUH LI WKH\KDYHEHHQ DEOHWR WDON DQG VKI
NQRZ VRPHRIWKHRWKHUV 2QH RI WKH NH\RXWFRPHV VKRXOG EH WKI
WKHLVVXHLYVY "~ S

KLOH WKH JXLGH SURYLGHY FRQFUHWH WRROV IRUVWDNHKROGHU HQJD.
GRHVQRWDGGUHVV WKHVSHFLILFJRYHUQDQFHFKDOOHQJHV RUD FROOTL
ELOLW\KXEGHYHORSPHQW QRUGRHV LW GLVWLQIJXLVKEHWZHHQ SKDVH

JLIXUH 063 3URFHVVORGHO %URXZHU HW DO

$OWKRXIJK VWDNHKROGHU HQJDJHPHQW DQG PXOWL VWDNHKROGHU JRY
VXVWDLQDELOLW\DQG WUDQVSRUW UHVHDUFK H[LVWLQJ IUDPHZRUNYV K
KXEV 7KHPHWKRGV IRUVWDNHKROGHU LGHQWLILFDWLRQ UROH PDQDJ



6IWIEVGL KET

PDLQ ODUJHO\ XQH[SORUHG LQ WKH VSHFLILF FRQWH[W RI PRELOLW\ KXE
WKHU GRHV WKH OLWHUDWXUH IREFXV RQ WKH FKDOOHQJHV LQ WKH SRW|
GLIIHUHQW SKDVHV RI SURMHFWYV 7KLV UHVHDUFK DLPV WR DGGUHVV WK
FROODERUDWLRQ IUDPHZRUNYV FDQ EH WDLORUHG WR LPSURYH WKH JRYH
YHORSPHQW DQG LPSOHPHQWDWLRQ SKDVH

6IWIEVGL KET

:KLOH PRELOLW\ KXEV KDYH EHHQ ZLGHO\ VWXGLHG LQ WHUPV RI GHILQLV
EHKDYLRU WKHUH UHPDLQV D FULWLFDO JDS LQ UHVHDUFK UHJDUGLQJ W
RUDWLRQ FKDOOHQJHV2QRW RQO\ GXULQJ GHYHORSPHQW EXW DOVR LQ
([LVWLQJ OLWHUDWXUH SULPDULO\IRFXVHV RQ WKH SK\VLFDO LQIUDVWU'.
JUDWLRQ EXWRYHUORRNV WKH HYROYLQJVWDNHKROGHU G\QDPLFV WKD!

6HYHUDO VWXGLHVDFNQRZOHGJH WKDW PRELOLW\KXEV UHTXLUH FROOD!
KROGHUV \HWOLWWOHUHVHDUFKKDVEHHQ FRQGXFWHG RQKRZJRYHURQI
QLVPVVKRXOGDGDSWDFURVV WKHWUDQVLWLRQIURPGHYHORSPHQW DQ
VLELOLWLHVY RI VWDNHKROGHUV FDQ VKLIWEHWZHHQ WKHVH SKDVHV RIV
DQG LQHIILFLHQFLHY :KLOHJRYHUQDQFH UHVHDUFKIUHTXHQWO\KLJKO|
FRQFUHWH VWUDWHIJLHVY WR PDQDJH VWDNHKROGHU LQWHUGHSHQGHOQFL
OHVV WUDQVLWLRQ IURP LPSOHPHQWDWLRQ WR ORQJ WHUP RSHUDWLRQ
I[IUDPHZRUNV H[LVW IRUEURDGHUWUDQVSRUWDQG XUEDQ GHYHORSPHQW
WDLORUHG WR DGGUHVV WKHHYROYLQJFRPSOH[LWLHV RIVWDNHKROGHU
KXE GHYHORSPHQW

,Q 7TDEOHDQ RYHUYLHZ RI WKH OLWHUDWXUH XVHG LQ WKLV UHYLHZ LV SL
EDVHG RQLWY SULPDU\IRFXV DUHD 7KH7DEOH UHYHDOV WKHJDS LQ VWX

7KXV WKLY UHVHDUFKDLPV WR EULGJH WKLV JDSE\LQYHVWLJDWLQJJRY
FROODERUDWLRQ VWUDWHJILHVY WKDW LQIOXHQFH WKH VXFFHVVIXO GHYH
PRELOLW\ KXEV %\ H[DPLQLQJ KRZJRYHUQDQFH VWUXFWXUHYV FDQ EH G
ZLOO FRQWULEXWHWRD PRUHFRPSUHKHQVLYH XQGHUVWDQGLQJRIWKH
WKDW GHWHUPLQH WKH IHDVLELOLW\DQG VFDODELOLW\RIPRELOLW\KXE
DFWLRQDEOHLQVLIKWYVY WKDWFDQ VXSSRUWPRUHHIITHFWLYHVWDNHKRO
LQPRELOLW\KXE SURMHFWYV

7DEOH 2YHUYLHZ RIH[LVWLQJ UHVHDUFK RQ PRELOLW\ KXEV

6RXUFH ORELOLW\ KXE GHRBLWMWVREKXE GHY BRRISPHQWK XE LPSOHRNGWQ QR VW 6 MWDMHKHRWO GHU FROODERUDWLRQ

+DFKHG HW DO X

9DOH

XHVWHQHQN X

&KRUXV DQG %HUWRPDLQL

%HUWROLQL

YDQ *HUUHYLQN HW DO

6WRMDQRYVNL HW DO

$RQR

*HPHHQWH (LQGKRYHQ

x
x
x

+DQVHO

X|X| X[ X[ X|X

:LWWHHWDO

.XD

SUJ\E\OVND HW DO

&ODDVVHQV DQG 0DDV X

%URXZHU HW DO

X | X[ X|X|X

7KLV UHVHDUFK X X X X




6IWIEVGL QIXLSHSF

7KLY FKDSWHU RXWOLQHV WKH UHVHDUFK PHWKRGRORJ\DQG UHVHDUFK
VHDUFK TXHVWLRQ DQG WKH VXE TXHVWLRQV

7TDEOHVXPPDUL]HV WKH PHWKRGYV FRUUHVSRQGLQJ WR HDFK VXE TXHVW
NQRZOHGJH WR DQVZHU WKH PDLQ UHVHDUFK TXHVWLRQ ,Q WKHIROORZI
WLRQ RIHDFK PHWKRG ZLOO EH GLVFXVVHG LQ PRUH GHWDLO

ODLQ SHVHDUFK 4XHVWLRQ
+RZFDQ FROODERUDWLRQ EHLPSURYHGLQ WKHGHYHORSPHQW DC
UHJLRQDO PRELOLW\KXEV"
6XE TXHVWLRQ SHVHDUFK PHWKRG

$FFRUGLQJ WR WKH OLWHUDWXUHWHKIDW & HH.QH YLHHIZHFWLYH
VWDNHKROGHU FROODERUDWLRQ LQ PRELOLW\ SURMHFWV"

:KLFK VWDNHKROGHUYV DUH LQ%¥RUMHEBWRGWKIN KBHLY MY UXFWXUHG
RSPHQW DQG LPSOHPHQWDWLRQ RLAR¥L OG WK XKXHEYW QDD \V LV V
FDVH VWXG\ DQG KRZ GR WKHLU WHROBWGDIOBO\EHW ZIHHHGEDFN VHV\
WKHVH SKDVHV"

:KDW DUH WKH PDLQ EDUULHUV RQGHR S\SWRXYGAX QLMAIHVWUXFWXUHG
VWDNHKROGHU FROODERUDWLRQYEMZVYQW KRHADEHK DPQRORWIOW ILHO
DQG LPSOHPHQWDWLRQ RIUHJLROWIL®RORELOLW\ KXEV LQ WKH
FDVH VWXG\"

+RZFDQ FROODERUDWLRQ EH LP&D R M RVGVGOGU L € PSMKINVGIHQW HU Y L H Z \
YHORSPHQW DQG LPSOHPHQWDWERPGNKBEVMVRED VAHRP BRQUDWLYH DQ
VWDNHKROGHU G\QDPLFV LQ WKH FDVH VWXG\"

7TDEOH 5HVHDUFK TXHVWLRQV DQG FRUUHVSRQGLQJ PHWKRGV

"EWI WXYH]

'L]EGEWIWXYH]#
JRUWKLY VWXG\ DFDVHVWXG\DSSURDFKKDV EHHQ VHOHFWHG DV WKH PD
DQG JLYHQ LWV VXLWDELOLW\IRUH[SORULQJ QXDQFHG H[SHULHQFHYV
ZLWKLQ VSHFLILFJRYHUQDQFH FRIYWBPMG BVERKDOWHWHUDWXUH UHYLFE
RI WKLV UHVHDUFK D UHOHYDQW FDVH VWXG\FDQ SURYLGH QHFHVVDU\ F
FKDOOHQJHVDQG XQFRYHU FRQWH[W VSHFLILFLPSURYHPHQW RSSRUW X/

&DVH VWXG\ UHVHDUFK LV SDUWLFXODUO\ VXLWDEOH IRULQYHVWLJDWLC
HUQDQFH VWUXFWXUHYOKNG TXDQWLWDWLYH DSSURDFKHV ZKLFK RIWHC



(EXEGSPPIGXMSR ERHEREP]WMW

JLIXUH 3KDVHV RI &DVH 6WXG\5HVHDUFK <LQ

DQDO\WVHV D FDVH VWXG\ DOORZV IRUDQ LQ GHSWK H[SORUDWLRQ RI Ukt
PHQWDWLRQ SURFHVVHYVY 7KLV DSSURDFK SULRULWL]HVY GHSWK RYHU EU
FRQWH[W GHSHQGHQW IDFWRUV DQG HQJDJLQJ ZLWK WKH FDVH WR GHY
VRFLDODQG SROLWLFDO GLPHQVLRQV LYROYHG :KLWH &RRSHU

JRUWKLV UHVHDUFK DVLQJOHFDVHVWXG\ZDV VHOHFWHG VSHFLILFDOO
IRUWKHLU SHUFHLYHG LQDELOLW\ WR JHQHUDWH VFLHQWLILF NQRZOHG.
JONYEMHUXLQ +RZHYHU DVLQJOHFDVHVWXG\FDQ VWLOO VLJQLILFDC
EH\RQG WKH FDVH E\SURYLGLQJWUDQVIHUDEOHLQVLJKWY 6WUDWHJILF
DILODELOLW\DQG SURYLGH NQRZOHGJH DERXWHKLIRD GEHRIRGNWHPYV )O\YE

"EWIWXYH] QIXLSHSPSK]
7KH FDVH VWXG\ IROORZV <LQTV VWUXFWRKOOBRZDLYIWRD SKDMH)Y ERWK OL
LWHUDWLYHO\ 90DXQUH. QJ GHVLIJQ SUHSDUDWLRQ FROOHFWLQJGDWD LC
WR HQKDQFH YDOLGLW\

$ FULWLFDO FRPSRQHQW RI FDVH VWXG\ UHVHDUFK LV WKH XYW RLWVXOWI|
UHVHDUFK WKLV LQFOXGHYV

F, QWHUYIBHHAL VWUXFWXUHG LOQWHUYLHZV ZLWK NH\ VWDNHKROGHUYV
VHUYLFH SURYLGHUV DQG XUEDQ SODQQHUYV

$)LHOG REVHUYDWH.RWWREVHUYDWLRQV RI VWDNHKROGHU LQWHUDFWL!
SLORW SURMHFW LPSOHPHQWDWLRQV

$'RFXPHQW DQDB@RO®LF\ GRFXPHQWY SURMHFW UHSRUWV DQG VWUDWH
KXEVLQ %UDLQSRUW (LQGKRYHQ

%\ XVLQJ PXOWLSOH VRXUFHVY RIHYLGHQFH WKH VWXG\ HQVXUHV WULDC
YDOLGLW\A\RIILQGLQJV :KLWH &RRSHU

(EXEGSPPIGXMSR ERHEREP]WMW

7KH GbDWD IRU WKLY UHVHDUFKHG ZLOO EH JDWKHUHG WKURXJK WKH FDV
PDQ SDUWLFLSDWLRQ SHUPLVVLRQ IURP WKH 78 '"HOIW HWKLFDO FRPPLW
UHVHDUFK

-RXIVZMI[W
,QWHUYLHZV DUH FRQGXFWHG ZLWK UHSUHVHQWDWLYHV IURP NH\ VWDN |
GHYHORSPHQW DQG LPSOHPHQWDWLRQ

+3XEOLF VHFWRU PXQLFLSDOLWLHV PXOWL OHYHO JRYHUQDQFH JUF



"EPMHEXMSR ERHG6IPMEFMPMX]

f3ULYDWH VHFWRU UHJLRQDO ILUPV LQYROYHG FRQVXOWDQW JURXS\
f3ROLF\DGYLVRUVDQG XUEDQ SODQQHUV

$ VHPL VWUXFWXUHG DSSURDFK LV XVHG WR DOORZ IOH[LELOLW\ ZKLOH
VWUXFWXUHV FROODERUDWLRQ FKDOOHQJHVY DQG LPSOHPHQWDWLRQ V
EHFRQGXFWHG XQWLO VXIILFLHQW LQIRUPDWLRQ LVJIJDWKHUHG WR DGHT

$GGLWLRQDOO\ H[SHUW LQWHUYLHZVY DUH FRQGXFWHG ZLWK D VHOHFWH
NQRZOHGJH RQ VSHFLILF WRSLFV 7KHVH LQWHUYLHZV IROORZ D PRUH V'
VHPL VWUXFWXUHGLQWHUYLHZVY DVWKH\IRFXVRQVSHFLDOL]JHGH[SHUW
RILQVLIKWY OHXVHU 1DJHO

*MIPHSFWIVZEXMSRW
J)LHOG REVHUYDWLRQV LQYROYH DWWHQGLQJ PHHWLQJVY DQG VLWH YLVL)
SOHPHQWDWLRQ LQ %UDLQSRUW (LQGKRYHQ 7KHVH REVHUYDWLRQV SUT
LOQWHUDFWLRQV DQG JRYHUQDQFH FKDOOHQJHYV ,Q WKHVH REVHUYDWLF
VWXG\DQDO\VLV

(SGYQIRX EREP]WMW
5HOHYDQW SROLF\DQG SODQQLQJGRFXPHQWYV DUHDQDO\]HG WR XQGHU\
DQG LQVWLWXWLRQDO EDUULHUV WR PRELOLW\ KXE LPSOHPHQWDWLRQ
WDFWV HVWDEOLVKHG GXULQJ WKH LQWHUYLHZYVY DOORZLQJDFFHVV WR L

SLIQEXMG EREP]WMW
,QGXFWLYH WKHPDWLF DQDO\VLYVY ZDV XVHG WR DQDO\]H WKH LQWHUYLHZ
RXW D SUHGHILQHG WKHRUHWLFDO IUDPHZRUN 7KH SURFHVV LQYROYHG
LQJ UHFXUULQJ SDWWHUQV JURXSLQJ WKHP LQWR VXE HOHPHQWY 7KH)
VXE TXHVWLRQ 7KLV DSSURDFK HQVXUHG D VWUXFWXUHG \HW IOH[LEO
‘DP\DQRY

"EPMHEXMSR ERHGIPMEFMPMX]

7TRHQKDQFHYDOLGLW\DQGUHOLDELOLW\ SURGXFWVDUHYDOLGDWHG ZL
WKHVXEMHFW 9DOLGDWLQJIHHGEDFNORRSVDUHLQFRUSRUDWHGDIWHL
RISURSRVHG VWUDWHILHVY DQG YDOLGDWLRQ RI FXUUHQW VWDWH DQDO\

7TXEOILSPHIV %REPI|WMW

$ VWDNHKROGHUDQDO\VLYVY ZLOO EH SHUIRUPHGLQ RUGHUWRLGHQWLI\W
HVWLQ WKHGHYHORSPHQWDQG LPSOHPHQWDWLRQ RI WKHPRELOLW\ KXE
DQDO\WLVLVWRPRQLWRUDO QHHGY LQWHUHVWV DQG SRVVLEOHFRQWU
DQG LPSOHPHQWDWLRQ %HFDXVH RI WKLV GXDO SKDVHG DSSURDFK D G
FRQGXFWHG WR FOHDUO\GHSLFW WKH SRWHQWLDO FKDQJHLQ SRVLWLR

:DOOEULGIJKMURSRVHVY WR FDWHJRUL]J]H VWDNHKROGHUV EA\ LQWHUHVW DQ
KROGHUV LQWR D SRZHU LQWHUHVW JULG LQ RUGHU WR YLVXDOL]H WKH
DQDO\VLYV PD\ VXSSRUW RI FRPPXQLFDWLRQ DQG FROODERUDWLRQ VWUL
SUREDELOLW\RISURMHFW VXFFHVV $GGLWLRQDOO\ WKHVWDNHKROGHL
RISRWHQWLDO RSSRUWXQLWLHVDQG WKUHDWYV WKDW HPHUJH IURP VWDN
WR EHWWHU RUJDQL]DWLRQDO DOLJQPHQW

OMXIVEXYVIWXYH]ERHHIWO VIWIEVGL

7KH UHVHDUFK PHWKRGRORJ\ FRPELQHVY D OLWHUDWXUH VWXG\DQG GHYV
VLYH XQGHUVWDQGLQJRIPRELOLW\KXEVDQG VWDNHKROGHU FROODERU
DQVZHU VXE TXHVWLRQ 7KLY DSSURDFK LV SDUWLFXODUO\ VXLWDEOH
ZKLFKLVUDSLGO\HYROYLQJ 7KHGLIIHUHQFHEHWZHHQ WKHVHPHWKRGYV
WLRQ ZLOOEHEULHIO\H[SODLQHG KLJKOLJKWLQJKRZ WKH\FRPSOHPHQ\



'SQTEVEXMZI %YREP]WMW

LQVLIKWV DQG SUDFWLFDO FRQWHI[W

JLWHUDWXUH VWXG\ IRFXVHVY RQ DFDGHPLF SHHUUHYLHZHG MRXUQDO D
DWKHRUHWLFDO IRXQGDWLRQ DQG VIQWKHVL]LQJ FXUUHQW NQRZOHGJH
SDWLRQ LQ WUDQVSRUW SODQQLQJ, WIDUONLRYY] IRH\DHRUWLWLFDO H[DPLQD\
UHVHDUFK LGHQWLI\LQJJDSVDQG WKHRUHWLFDO FRQWULEXWLRQV 3UF

'"HYVN UHVHDUFK FRPSOHPHQWV WKHOLWHUDWXUHUHYLHZE\HQFRPSDVVL
LQJUHSRUWYV VWDWLVWLFV DQG RQDKOQWHRDWIRED VH S DUVWHIRAXODUO\ XV
HULQJ XS WR GDWH LQIRUPDWLRQ RQ PRELOLW\ KXE SURMHFWY VWDNHI
IUDPHZRUNV IURP ERWK H[SHUW FRQVXOWDWLRQ IURP WKH FDVH VWXG\ D

7KH FRPELQDWLRQ RI WKHVH PHWKRGVY HQDEOHV D WKRURXJK H[SORUDW
SUDFWLFDO DSSOLFDWLRQV ,WSURYLGHV DVROLGIRXQGDWLRQ IRU DQ\
LQLGHQWLI\LQJ NHY VWDNHKROGHUV XQGHUVWDQGLQJ WKHLU UROHYV I
PRELOLW\KXE LPSOHPHQWDWLRQ &RHQHJUDFKWV HW DO

'SQTEVEXMZI %UREP]JWMW

7TKH FRQFHSWXDO IRXQGDWLRQDQG WKHFDVHVWXG\DUHDQDO\]HG XVLQ
QDQFHIUDPHZRUN GHULYHG IURP WKHRU\ZDV FRPSDUHG ZLWK WKH DGDS
WRLGHQWLI\VLPLODULWLHVDQG GLIITHUHQFHYV 7KHVLPLODULWLHYV UHLC
LQVXSSRUWLQIJDGDSWLYHFRRSHUDWLRQ IRUWKHGHYHORSPHQWDQGL
GLITHUHQFHV KLIKOLJKWHG DUHDVY SRWHQWLDODGMXVWPHQWV DQG PLV\
IUDPHZRUN 7KHVHILQGLQJY GLUHFWO\FRQWULEXWH WRDQVZHULQJ VXE

%TTVSEGL

$V RXWOLQHG LOIDBEQOKXE TXHVWLRQLVDGGUHVVHG XVLQJVSHFLILF TXD
UHSUHVHQWDWLRQRIWKHRYHUDOO UHVHDUFKORJLFDQG LAMMMEKDVH ZL"
ZLOO EHH[SODLQHG EHORZ

7KHUHVHDUFK EHILQV ENDJYW MKXE QIOEKMWK R/GEHNY WR GHILQH ZKDW FRQ\
IHFWLYH VWDNHKROGHU FROODERUDWLRQLQPRELOLW\SURMHFWYV 7R GF
RQ WKHRULHV RI FROODERUDWLYH JRYHUQDQFH VWDNHKROGHU WKHRU\
UHYLHZ UHVXOWYVY LQ WKHFRQVWUXFWLRQ RIDFRQFHSWXDO FROODERUD
FHVVIDFWRUVDQG VWUXFWXUHVY WKHP LQWR DQDFWLRQDEOHPRGHO

7KLV FRQFHSWXDO IUDPHZRUN WKHQ VHUYHV DV DQ DQDO\WLFDO OHQV IF
UHPDLQLQJVXE TXWUNMRR®VXEKHKOVRQRBY LGHQWLI\LQJWKHNH\VWDNHI
LQ ERWK WKH GHYHORSPHQW DQG LPSOHPHQWDWLRQ SKDVHV RI UHJLRQD
GRFXPHQW DQDO\VLV WKHUROHV LQWHUHVWV DQG LQWHUUHODWLRQV
IURP WKH GHYHORSHG IUDPHZRUN ZLWK DWWHQWLRQ WR KRZ WKHVH VKL

TKHWKLUG VXE TIRFKWHR@QRQ WKH FKDOOHQJHYVY VWDNHKROGHUY HQFRXQW
IRUWY 8VLQJ PDQXDO WKHPDWLF DQDO\WLV RI LQWHUYLHZ GDWD UHFX!
DQG FRRUGLQDWLRQLVVXHV DUHLGHQWLILHG

,Q WKH FDVH VWXG\DQDO\VLV WKH FRQFHSWXDO IUDPHZRUN VHUYHV DV
KROGHU FROODERUDWLRQ WKURXJKRXW ERWK WKH GHYHORSPHQW DQG L
LVDSSOLHG LQVWDQFHV ZKHUH WKH HPSLULFDO ILQGLQJY GR QRW DOLJ(
7KHVH PLVDOLJQPHQWYV KLJKOLJKW FRQWH[W VSHFLILF FKDOOHQJHV RU |

$IWHU WKH FDVH VWXG\ KDV EHHQ FRPSOHWHG WKHVH GLVFUHSDQFLHYV
VWDQG ZKHUH WKHIUDPHZRUNUHTXLUHVDGMXVWPHQW 7KLV SURFHVYV O
EDVHG FROODERUDWLRQ PRGHO JURXQGHG LQ H[LVWLQJOLWHUDWXUH D

7TKHUHVXOWLQJUHILQHGIUDPHZRUN S URYUWS KV RE IRHMWDRY ER Q MURHWK
VWUDWHJILHVIRULPSURYLQJ VWDNHKROGHU FROODERUDWLRQLQ UHJLR(

/IDVWO\ SUDFWLFDO VWUDWHJILHY DUH GHYHORSHG WR LPSURYH FROODE
LPSOHPHQWDWLRQ SKDVHVY DSSOLFDEOH QRWRQO\WR WKHFDVHVWXG\F



%TTVSEGL

JLIXUH 5HVHDUFK $SSURDFK

PRUH EURDGO\ 7KHVH VWUDWHJLHY DUH GHULYHG IURP FDVH VWXG\ LQV
FRPSRQHQWYV RI WKH UHILQHG IUDPHZRUN

"KLOH WKH UHILQHG IUDPHZRUN SURYLGHV VWUXFWXUHG JXLGDQFH RQ ¥
SODFH LW GRHV QRW LQ LWVHOI UHVROYH WKH FRQFUHWH FKDOOHQJHV
DOO ILQGLQJV ERWK IURP WKH FDVH VWXG\ DQG WKH OLWHUDWXUH DUH
JLF UHFRPPHQGDWLRQV 7KHVH UHFRPPHQGDWLRQV JR EH\RQG WKH IUDF
EDUULHUV WHQVLRQV DQG FRRUGLQDWLRQ LVVXHV H[SHULHQFHG E\ VW
LPSOHPHQWDWLRQ SKDVHV DRDG Q LUPHW R IWDRKZRXIMN M W& H V L V

7TRIHWKHU WKHHYLGHQFH EDVHG IUDPHZRUN DQG WKH WDUJHWHG UHFR
IRXQGDWLRQDQGDFWLRQDEOHWRROVIRULPSURYLQJVWDNHKROGHU FR



'SRGITXYEP *SYRHE

TRXQGHUVWDQGKRZFROODERUDWLRQEHWZHHQ VWDNHKROGHUV FDQ EH
LWLV LPSRUWDQW WR ILUVW GHILQH ZKDW HITHFWLYH VWDNHKROGHU FRC
WKHRUHWLFDO IRXQGDWLRQ IRU WKIHUWWNWWOR FKBEVI/QROHULQJ WKH

$FFRUGLQJWR WKHOLWHUDWXUH ZKDW GHILQHV HIITHFWLYH VWDNHKR

7KLV FKDSWHU GUDZV RQ DFDGHPLF OLWHUDWXUH WR H[SORUH NH\ FRQF
WUDQVSRUW SODQQLQJ WKHLU LQWHUHVWY DQG SRZHU UHODWLRQV DQ
WXUH FROODERUDWLRQ SURFHVVHV 7RJHWKHU WKHVH LQVLJKWV IRUP
HPSLULFDO ILQGLQJV LQ ODWHU FKDSWHUV ZLOO EH DQDO\VHG DQG LQWF

+SEP SJ YRHIVWXERHMRK 1JJIGXMZI WXEOILSPH

QSFMPMX] TVSNIGXW

%HIRUH H[SORULQJ KRZ WR IRVWHU HIIHFWLYH VWDNHKROGHU FROODER
ZK\WKLV WRSLF GHVHUYHV IRFXVHG DWWHQWLRQ LQ WKH FRQWH[W RI PR
LQWHUFRQQHFWHG DQG VKDUHG SRZHU ZRUOG QR VLQJOHDFWRUKROGV
VWDNHKROGHU FROODERUDWLRQ PRUH FU3X\ELFFIDFORWK D Q LH P Wl RQ ¥\ \LRQS |
GHSHQG RQ WKH VXSSRUW DQG VDWLVIDFWLRQ RI NH\ VWDNHKROGHUV IR
% U\VRQ

+RZHYHU SXEOLF DXWKRULWLHV RIWHQ GRZQSOD\ WKH LPSRUWDQFH RI"
WKH EHOLHI WKDW WUDQVSRUW GHFLVLRQV DUH SULPDULO\WHFKQLFDO
ORFDO SROLWLFLDQV DVVXPH WKH\DOUHDG\UHSUHVHQW DOO UHOHYDQ\
UHIHUUHG WRLQ WKH OLWHUDWXUHDV WKH 'HFLGH $QQRXQFH 'HIHQG '$
JLUVW WKHDFWLRQVWREHWDNHQDUH 'HFLGHG E\WKHDGPLQLVWUDWLF
QRXQFHG WR WKH SXEOLF DQGILQDOO\ WKHDGPLQLVWUDWLRQ VHHNV W
UDWKHU WKDQ LQYROYLQJ VWDNHKROGHUV IURP WKH RXWVHW 7KLV DSS
WKURXJKRXW WKH SURMHFW RIWHQ UHVXOWYV LQ WKH VR FDOOHG 1,0%<

&DVFHWWDDQG 3DEQIBPODIKW WKHFRPSOH[LWA\RIVWDNHKROGHUHQJDJH
PDNLQJ SURFHVVHYVY DV LWLQYROYHV FRQIOLFWLQJLOQWHUHVWY DFURVYV
EHYXOQHUDEOH WR IUDJPHQWHG GHFLVLRQ PDNLQJDQG VWDNHKROGHU
DUH W\SLFDOO\LQLWLDWHG IXQGHG DQG RUJRYHUQHG E\ SXEOLF RUJD
WKH\DUH HVSHFLDOO\ SURQH WR WKH FKDOOHQJHY GHVFULEHG DERYH 7
VWDQGLQJ ZK\HIITHFWLYH VWDNHKROGHU FROODERUDWLRQ LY ERWK GLII

JROORZLQJWKH GLVFXVVLRQRQLWV LPSRUWDQFH WKHIRFXV QRZ VKLIW
KROGHU FROODERUDWLRQDQG XQGHUVWDQGLQJ ZKDW LW VKRXOG LGHDC(

(DUO\ DQG PHDQLQJIXO VWDNHKROGHU LQYROYHPHQW KHOSV HQVXUH W
DUHDGGUHVVHG WKURXJKRXW WKH SUREHXMVEKKFWWQDKIRKGBEDGY WR PR



7TXEOILSPHIVW MR QSFMPMX] TVSNIGXW

IXO SURMHFW RXWFRPHV ZKLOH &DVIF@G®/ KL DD QG BIRNVEGEIFBEDVL]H WKDW
JUHDWHU VWDNHKROGHU LQSXWDOVR LQFUHDVHVY WUDQVSDUHQF\DQG O

¥ PSURYHG GHFLVLRQ PDNLQJ SURFHVVHV DQG KLJKHU TXDOLW\LPSO
fORUHLQIRUPHG SROLF\GLUHFWLRQV WKDW UHIOHFW WKH QHHGV RI O
t*UHDWHU DFFHSWDQFH RILPSOHPHQWHG SROLFLHY UHGXFLQJUHVLYV
f+HOSVWR VHW REMHFWLYHYVY ZKLFK DUH UHOHYDQW DQG ZKLFK QHHG V

%H\RQG WKHVHDGYDQWDJHW BNXHWRXRQH VWHS IXUWKHU E\VWDWLQJ WK
WLFDO HQKDQFHPHQWY LQ WUDQVSRUW QHWZRUNV LV GLUHFWO\ GHSHQC
ILQGLQJV IURP &DOOKRIKW IDIXW WKH FULWLFDO UROH RIVWDNHKROGHU F
LPSOHPHQWDWLRQ RI QHZ WUDQVSRUW FRQFHSWV 7KHLU UHVHDUFK XQ
SDUWLFLSDWRU\ SODQQLQJ VWUHVVLQJ WKDW HIITHFWLYH VWDNHKROGH
LQYROYHPHQW VWUDWHJLHY WR PD[LPL]JH LPSDFW /DVWO\ UHIHUULQJ E|
QDPHO\ D PRUH VXVWDLQDEOH WUDQV SR UW D WLVRIDWH VWWH-DPV W R 1 IE Bl Q HHVWIHA
DQG HQYLURQPHQWDO VXVWDLQDELOLW\ FROODERUDWLRQ EHWZHHQ FR

7KXV HIIHFWLYHO\HQJDJLQJ VWDNHKROGHUV LQ WUDQVSRUW SURMHFW
SROLF\DFFHSWDQFH EXW DOVR SOD\V D FUXFLDO UROH LQ DFKLHYLQJ EU
WXUHG FROODERUDWLRQDQ HVVHQWLDO FRPSRQHQW RIVXFFHVVIXO WU|

7TXEOILSPHIVW MR QSFMPMX] TVSNIGXW

%XLOGLQJRQ WKHJRDOVRIVWDNHKROGHU FROODERUDWLRQ LWLV ILUV
KROGHUV LQ WUDQVSRUW SURMHFWY EHIRUH H[SORULQJ WKH IUDPHZRUN
KROGHUV LQ WUDQVSRUW SURMHFWV DUHEURDGO\GHILQHG DV DQ\LQGL?®
DOQOLQWHUHVWLQ RUDUHDIIHFWHG E\GHFLVLRQV PDEHVZD &KL@QVIZE WRKMH
VWDNHKROGHU WKHRU\ LQWURGXFHZKE ¥ KUHMHPONVHWHB OWKDW RUIJDQL]DW
FRQVLGHU WKHLQWHUHVWY RIDOO VWDNHKROGHUV DIITHFWHG E\WKHLU L
KROGHUV 7R EHWWHU XQGHUVWDQG WKHUROHRIVWDNHKROGHUV LQ WU
GLVFXVV WKHLU FDWHJRUL]DWLRQ DQG FODVVLILFDWLRQ SURYLGLQJLQ
LGHQWLILHG SULRULWL]HG DQG HIITHFWLYHO\HQJDJHG LQ GHFLVLRQ PD

7TXEOILSPHIV GEXIKSVMA"EXMSR

O0DQ\GLIIHUHQW PHWKRGV IRUVWDNHKROGHU FDWHJRUL]DWLRQ H[LVW D
DVSHFLILF FRQWH[W DUH $ FRPPRQO\XVHG DSSURDFK LQ WUDQVSRUW S
EDVHG RQWKHLUUROHVDQGUHVSRQVLELOLWIGHMOILIWKHQ IRXWUFSNIKPWU 8 L
&DVFHWWDDQG 3DHOWEQDBYV WKLV FODVVLILFDWLRQE\LQFOXGLQJDGGLW!
XVHUV ODERU XQLRQV PHGLD DQG ILQDQFLDO LQVWLWXWLRQV 7KHVH
LGHQWLI\LQJ VWDNHKROGHUV RIIHULQJD EURDG RYHUYLHZ RIWKH GLIIH
7KH WZR IRUPV RI FDWHJRUL]DWLRQ DUHJLYHQ EHORZ

3LUD HW DO &DVFHWWD DQG 3DJOLDUD
$+*RYHUQPHQW DQG DXWKRULWLHVQVWLWXWLRQV DQG DXWKRULWLHV
$%XVLQHVV DQG RSHUDWRUV $8VHUV
$+&RPPXQLWLHV DQG ORF QHLJKERDQ(\RE’RIGMN RSHUDWRUYV
$2WKHUV $t%XVLQHVV DQG XQLRQV

F/RFDO FRPPXQLWLHYV
FOHGLD
F)LODQFLDO LQVWLWXWLRQV

7TKHVHFDWHJRUL]DWLRQVKHOSLQLGHQWLINNLQIJWKHNH\VWDNHKROGHU\
DVWUXFWXUHG DSSURDFKIRUDQDO\]ILQJ WKHLU UROHVDQGLQIOXHQFH
WKH\FDQ EH IXUWKHU FODVVLILHG DFFRUGLQJ WR WKH PDLQ UROH WKH\ £

7TXEOILSPHIVGPEWWMhGEXMSR
$V GLVFXVVHG LQ WKH SUHYLRXV VHFWLRQ VWDNHKROGHU LQYROYHPH!
PRELOLW\ SURMHFWY 6WDNHKROGHU FDWHJRUL]DWLRQ HQDEOHV WKH L
+RZHYHU DV %U\VIRQWIXH SURMHFWYV RIWHQ IDLO QRW GXH WR WHFKQLFD(



7TXEOILSPHIVW MR QSFMPMX] TVSNIGXW

GHFLVLRQ PDNHUV RYHUORRN WKH NQRZOHGJHDQG LQWHUHVWYV RI NH\ V
LQ SXEOLF VHFWRU LQLWLDWLYHYV ZKHUH PXOWLSOH OD\HUV RI JRYHUQF
VWDNH ,Q VXFK FRPSOH[ HQYLURQPHQWY LGHQWLI\LQJDQG LQYROYLQ.
QDYLJDWH FRQIOLFWLQJLQWHUHVWYV EXLOG OHJLWLPDF\ DQG LQFUHDV

$FNHUPDQQ DQG (GHHHLQIRUFH WKLYV SRLQW E\ HPSKDVL]LQJ WKDW HIIHF)
PHQW GHSHQGY QRW RQ HQJDJLQJ DOO VWDNHKROGHUVY HTXDOO\ EXW R
LOQYROYHPHQW LV PRVW FULWLFDO WRDFKLHYLQJ WKH SURMHFWY{V REMH
RURQH VL]H ILWVY DOO DSSURDFKHV DUJXLQJ WKDW VXFFHVVIXO HQJDJ
SROLWLFDO VRFLDO DQG WHFKQRORJLFDO G\QDPLFV RI WKH SURMHFW F

,Q VKRUW WKHVHVFKRODUY VWUHVV WKDW XQGHUVWDQGLQJ ZKLFK VWD
WKHP DSSURSULDWHO\ LVDIXQGDPHQWDO VWHS LQ GHVLJQLQJ HIIHFWL
ERWK VWUDWHILF DOLIQPHQW DQG ORQJ WHUP SURMHFW VXFFHVYV

$ EDVLF GLVWLQFWLRQ LV PDGH EZKKLFORDVRNGY VWDNHKROGHUYV LQWHE
PDU\ VWDNHKROGHUV ZKR KDYHD GLUHFW UROHLQ WKHWUDQVSRUW V\V
VHFRQGDU\ VWDNHKROGHUV ZKR GR QRW SDUWLFLSDWH GLUHFWO\ EXW I
WKHRXWFRPH DQG LQGLUHFW LPSDFW )LJXUH

JLIXUH &ODVVLILFDWLRQ PHWKRG 6KLYDQDRJRMBBRZHU LQWHUHVW JULG *DUGQHU HW DO

$ PRUHGHWDLOHG FODVVLILFDWLRQ PHWKRG LV SURYLGHG E\WKH SRZHU
HW DO DQG ZLGHO\DSSOLHG LQ SXEOLF PDQDJHP HXWYV PHWKR & ND EW D
VWDNHKROGHUVDORQJWZRD[HV WKHLUSRZHUWRLQIOXHQFH SURMHFW
RXWFRPHV 7KH 3, PDWUL[UHVXOWV LQ IRXUFDWHJRULHV RI VWDNHKROG

%H\RQG FDWHJRUL]DWLRQ DORQH HDFK RI WKHVH JURXSVY UHTXLUHV D \
7TKRPSVRQ DQG 3LFKOH8URSRVH FRQFUHWH VWUDWHJLHV IRUHDFK VWD
SUDFWLFDO JXLGDQFHRQ KRZWRHQJDJH WKHP HITHFWLYHO\ 7DEOH

KLOH WKH WHUPLQRORJ\ GLITHUV ERWK VRXUFHV XQGHUOLQH WKH VDP
VKRXOG EH SURSRUWLRQDO WR WKHLU VDOLHQFH $0OLJQLQJWKH OHYHO
PDWUL[LQFUHDVHV HIILFLHQF\DQG HQVXUHV WKDW UHVRXUFHV DUH GLU

:KLOH WKH 3, PDWUL[ VHUYHV DV D YDOXDEOH IRXQGDWLRQ IRU VWDNHKI
LQJ WKH G\QDPLF DQG RIWHQ LQIRUPDO UHODWLRQVKLSY WKDW H[LVW E
VWDNHKROGHUYVY DFWLRQV FDQ WULJJHU D FKDLQ RI UHVSRQVHY DPRQJ
WKDW H[WHQG EH\RQG VLPSOH FDWHJRUL]DWLRQV RI SRZHUDQG LQWHUF
FUXFLDO IRULGHQWLI\LQJ ZKHUH VXSSRUW PXVW EH EXLOW WR IRUP DQG

7R DGGUHVV WKLV OLPLWDWLRQ VWDNHKRRDYH GANHORSOG WG FRHQF H
VWDNHKROGHU LQIOXHQFH QHWZRUNV D PHWKRG URRWHG LQ VRFLDO QH
WKH 3, PDWUL[ E\ PDSSLQJ QRW RQO\ WKH VWDNHKROGHUV LQYROYHG EX
7KHVH GLDJUDPV YLVXDOL]H LQIOXHQFH XVLQJ GLUHFWLRQDO DUURZV I
LQGLFDWHY WKH GLUHFWLRQ RILQIOXHQFH ZKLOH GRXEOH KHDGHG DUU
HW DO HPSKDVL]H LGHQWLI\LQJ ERWK VWDNHKROGHUYV DQG WKHLU LQW
GHUVWDQGLQJVWDNHKROGHU HQYLURQPHQWV



7TXEOILSPHIVW MR QSFMPMX] TVSNIGXW

7DEOH (QJDJHPHQW VWUDWHJILHY SHU VWDNHKROGHU FDQWGE BRBKBDBIWHG RQ 7TKRPSVRQ

JRU\

.H\VWDNHKROGG6WNYDJH FORVHO\ LQBROEXUBHLRXFRQ HQJDJH WKURXJF
+LJKSRZHU KLGHIFQWIHRIQ PDNLQJ RXW WKH SURFHVV
HVW

2SHUDWLRQDO .HHBDNGRIRUPHG DQGOBQQPMWMHAE IHHGEDFN ORRSV H
KROGHUV VXEMWRWRXJK UHJXODU XSGPWKW UHYLHZV

/IRZ SRZHU KLJK

LOQWHUHVW

, QVWLWXWLRQDOBHSYWDWHVILHG FRQ@RQYWODWSHIMLRGLFDOO\ WR DFI

6WDNHKROGHL‘I7KR[B‘WVIRQ SLFKOHU

KROGHUV H RVQNDHI [FAY/ HGJH WKHLU YLHZYV

VHWWHUYV

+LJK SRZHU ORZ LQWHU

HVW

obuJLQEDO VWDNHKIROREU ZLWK OLPLWHG LOWHUDFWLRQ &RPPXQLFD
HUV FURZG SULRULW\HQJDJHPHQW

/IRZ SRZHU ORZ LQWHU

HVW

7KHVWUHQJIJWK RI WKLY QHWZRUNHG YLHZ OLHV LQ LWV DELOLW\WR UHYF
KROGHU EHKDYLRU )RU LQVWDQFH D VWDNHKROGHU ZLWK PDQ\ LQFRP
LQIRUPDWLRQ DQG KROG VLIJQLILFDQW LQGLUHFW SRZHU &RQYHUVHO\
FDQ LQIOXHQFH RWKHUVY SHUVSHFWLYHV DQG DFW DV FHQWUDO FRQQHF
RIWHQ PLVVHG LQ VWDWLF WRROV OLNH WKH 3, PDWUL|

$VQHWZRUN WKHRU\VWDWHYV VWDNHKROGHU LQIOXHQFH VKRXOG EH VHF
LVRODWHG DWWULEXWMNYWEKRZUOKHNIKOLIKWY WKDW RUJDQL]DWLRQV RSH
KROGHU HQYLURQPHQWYV PDGH XS RILQWHUGHSHQGHQW UHODWLRQVKLS
YHDO KLGGHQ SRZHU VWUXFWXUHV DQG KHOS PDQDJHUV LGHQWLI\NH\DF

ORUHRYHU WKH SUDFWLFDO YDOXH RI VWDNHKROGHU LQIOXHQFH QHWZR
WR $FNHUPDQQ DQG (GIH/XDOL]JLQJ WKHVH LQWHU GHSHQGHQFLHV FDQ Gl
PDQDJHPHQW VWUDWHJILHY 5DWKHU WKDQ HQJDJLQJ VWDNHKROGHUYV EL
PDWUL[ QHWZRUN LQVLJKWY DOORZ SURMHFW WHDPV WR VWUDWHJLFDO:
LQJ DOOLDQFHV PLQLPL]JLQJ UHVLVWDQFH DQG QDYLJDWLQJHYROYLQJ
WKH WUDGLWLRQDO TXHVWLRQ IURP "ZKR KROGV SRZHU"" WR WKH PRUH C
H[HUFLVHG WKURXJK UHODWLRQVKLSV""

,Q WKLV zD\ VWDNHKROGHU LQIOXHQFH QHWZRUNV DGG D YDOXDEOH OD!
PRUHUHODWLRQDO G\QDPLFYLHZRIVWDNHKROGHU PDQDJHPHQW HVSH
HOYLURQPHQWY OLNHUHJLRQDO PRELOLW\ KXEYV

+SZIVRQIRXGPEWWMhGEXMSR

6LQFH WKLY UHVHDUFK VSHFLILFDOO\ IRFXVHV RQ JRYHUQPHQW VWDNHEK
IUDPHZRUN RI &ODDVVHQV DWIB[ODPDYHG WR FODVVLINJRYHUQPHQW UROHYV
WLRQRIGLIITHUHQW JRYHUQPHQW UROHV WKLV UHVHDUFK DGRSWYV D IUD!
WKH SHUIRUPLQJJRYHUQPHQW WKHFROODERUDWLYHJRYHUQPHQW WKI
VLYHJRYHUQPHQW 7KHVH UROHVY DUH SRVLWLRQR® B ORLQ/JPARZYRH N [IHNR PV I
JRYHUQPHQW GULYHQ DSSURDFKHVY WR VRFLHW\ GULYHQ DSSURDFKHYV 7
SUHFRQGLWLRQV WRZDUGV DFKLHYLQJ UHVXOWYV



BLISVIXMGEPJVEQI[SVOWJSV WXEOILSPHIVGSPPEFSVEXMSR

JLIXUH *RYHUQPHQW UROH TXDGUDQW &ODDVVHQV O0DDV

7TKHFODVVLILFDWLRQ QRWRQO\FDWHJRUL]JHVIJRYHUQPHQW UROHV FRQF
DQG UHVSRQVLELOLWLHY DVVRFLDWHG ZLWK HDFK UROH 7KHVH WDVNYV
RWKHU VWDNHKROGHUYVY UHJXODWH SURFHVVHVY RU DGDSW WR VRFLHWI
WKH\RSHUDWH ZLWKLQ

JLIXUHSURYLGHV DQ RYHUYLHZ RI WKH NH\ IXQFWLRQV IRU HDFK JRYHUQ
IUDPHZRUN RI &ODDVVHQV DD ONVIYWVQV ODDWKHVH IXQFWLRQV LOOXVWU
JRYHUQPHQWDO EHKDYLRU VKLIWV DFURVV WKH D[HV2IURP FRQWUROOLQ
UHVXOW RULHQWHG DSSURDFKHYV

JLIXUH 7DVNVJRYHUQPHQW UROH &ODDVVHQV O0DDV

SBLISVIXMGEPJVEQI[SVOWJSV WXEOILSPHIV GSP

%XLOGLQJ RQ WKH LGHQWLILFDWLRQ DQG FODVVLILFDWLRQ RI VWDNHKR
EHHQ GHYHORSHG WR VXSSRUW QRW RQO\ VWUXFWXUHG VWDNHKROGHU }
RI VWDNHKROGHU LQWHUDFWLRQV :KLOH WKH SRZHU LQWHUHVW PDWUL
WKH QHHG WR XQGHUVWDQG VWDNHKROGHU LQWHUGHSHQGHQFLHV WKH
WR IRVWHU FROODERUDWLRQ RYHU WLPHLQ FRPSOH[ HYROYLQJ SURMHF

%XLOGLQJ RQ WKH FDWHJRUL]DWLRQ DQG FODVVLILFDWLRQ RI VWDNHKR
EHHQ GHYHORSHG WR SURYLGH VWUXFWXUHG DSSURDFKHV IRUPDQDJLQ.
WLRQ 7KHVH IUDPHZRUNV QRW RQO\ HPSKDVL]H WKH LGHQWLILFDWLRQ
DOVR DGGUHVV WKH G\QDPLFV RIWKHLULQWHUDFWLRQV DQG WKH VWUDYV
WLRQ WKURXJKRXW D SURMHFW



BLISVIXMGEPJVEQI[SVOWJSV WXEOILSPHIVGSPPEFSVEXMSR

$ NH\SRLQW UDLVHG EA\ VHYHUDO VFKRODUV LV WKH LPSRUWDQFH RI HDUC
DO DQG 5SDMDEOX HWLDROLIJKW WKDW XQGHUVWDQGLQJ VWDNHKROGH!
WKHP IURP WKH HDUO\ VWDJHV RID SURMHFW LV FUXFLDO IRU VXFFHVVIXC
WR DOLJQ REMHFWLYHYV EXLOG WUXVW DQG SUHYHQW FRQIOLFWY ODWH!

,Q WKH FRQWH[W RI WUDQVSRUW SURMHFWY SDUWLFXODUO\LQ SXEOLF ¢
WKH EDFNERQH RI PRELOLW\ KXEV VWDNHKROGHU PDQDJHPHQW EHFRPH\
HW DO LOQYHVWLIDWHY VWDNHKROGHU PDQDIJHPHQW ZLWKLQ 333V DQG
DPSOLI\ WKH FRPSOH[LW\ RI WKH VWDNHKROGHU HQYLQWQRG RQMH V' W B B KH
ZD\V RIUHODWLQJ WR VWDNHKROGHUYV LQIRUPLQJ LQYROYLQJ DQ
UHIOHFWV D VKLIWLQ VWDNHKROGHU WKHRU\ UHFRJQL]JLQJWKDW VWDNH
G\QDPLF HYROYLQJWKURXJKRXWWKHOLIHF\FOHRIDSURMHFW 7KLV DO
ZKR VWUHVV WKDW VXFFHVVIXO 333 JRYHUQDQFH GHSHQGV RQ FRRSHUDW
ULVNDOORFDWLRQDQG VKDULQJ FRPSHWLWLRQ DQG WUDQVSDUHQF\ LC
JRYHUQDQFH SUDFWLFHVY WKDW IRFXV SUHGRPLQDQWO\ RQ GRPLQDQW D
YLVLEOH EXW HTXDOO\ LPSDFWIXO LQGLUHFW IDFWRUV 7KH\ DUJXH WKI
VXFFHVV KLJKOLJKWLQJWKHQHHGIRUD PRUH KROLVWLF DGDSWDEOH |

KLOH SXEOLF SULYDWH SDUWQHUVKLSY 333V DUHFRPPRQO\GLVFXVVHC(
WXUH DQDOWHUQDWLYHIRUPRIFROODERUDWLRQ ZRUWK QRWLQJLV WK
WR FRRSHUDWLYHDUUDQJHPHQWY EHWZHHQ SXEOLFVHFWRU RUJDQL]DW
VWDWH RZQHG HQWLWLHY ZLWKRXW WKHLQYROYHPHQW RI SULYDWH DF

7TKHVH SDUWQHUVKLSVY DUH W\SLFDOO\DSSOLHGLQ VHFWRUV ZLWK Z
DVSXEOLFZDWHUPDQDJHPHQWLQ (XURSH EXW WKHLU SULQFLSOHV DUH
VKDUHG SXEOLF LQIUDVWUXFWXUH %RDJ OF'RQDOG

383V DUH FHQWHUHG RQ PXWXDO FDSDFLW\ EXLOGLQJ VKDUHG REMHFW
*UHDVOH\ HW B&®RLQW RXW ORFDO LQWHUSHUVRQDO UHODWLRQVKLSV SO
DQG VXFFHVV RI WKHVH SDUWQHUVKLSY +RZHYHU D ODFN RI SHUFHLYH
LQGLYLGXDOV ZLWKLQ WKH FROODERUDWLQJ RUJDQL]DWLRQV FDQ KLQG
HOHPHQWYV IRU SDUWQHUVKLS VXVWDLQDELOLW\ :LWKRXW H[SOLFLWO\ |
LOWHUSUHW WKHFROODERUDWLRQ LPSRUWDQWUHODWLRQDODVSHFWYV
RIH[SHFWDWLRQV PD\EHRYHUORRNHG

7TKHUHOHYDQFHRI383VIRUWKLVY VWXG\OLHVLQ WKHLUHPSKDVLV RQ QR
SXEOLF YDOXH DQG WKH UHODWLRQDO G\QDPLFVY EHWZHHQ SXEOLF HQW
LQJ VWDNHKROGHU IUDPHZRUNYV E\ KLIKOLJKWLQJ WKDW HITHFWLYH FROC
JRYHUQDQFH EXWDOVRDERXW SHUFHSWLRQ WUXVW DQG ORFDO FRQQF
PRELOLW\SURMHFWY ZKHUH SXEOLFDFWRUV PXVWDOLJQDFURVV MXULYV
R1383VFDQRIIHUYDOXDEOH JXLGDQFH

S5HVHDUFK RI $DOWRQHQ DRGWXMDMIDDERUDWHY RQ WKH FRQFHSW RI G\Q!
UROHYVY LQ WKHIRUP RIDVWDNHKROGHU ODQGVFDSHIUDPHZRUN 7KLV IU
KROGHU UHODWLRQVKLSY RSHUDWH LQ D G\QDPLF HQVIXUBBYWEW KHIOV
SURMHFW PDQDJHUV PXVW QRW RQO\ PDQDJH LQGLYLGXDO VWDNHKROGH
LOWHUDFWLRQV DQG UHODWLRQVKLSV 7KHIUDPHZRUN LGHQWLILHV IRX
KROGHU ODQGVFDSHV IXUWKHU GHWDLOHG LQ )LJXUH

F&RPSOH[LMH QXPEHUDQG GLYHUVLW\RI VWDNHKROGHUV DQG WKH FRF
ISOQOFHUWDK@GVWYDLODELOLWA\DQG DPELIJXLWARILQIRUPDWLRQ DERXW V
+t'\QDPLVRRZ VWDNHKROGHUVYI DWWULEXWHYV SRVLWLRQV DQG UHODYV

1, QVWLWXWLRQPROUSPOWHI® LQIRUPDO UXOHV QRUPV DQG JRYHUQDQ
VWDNHKROGHU EHKDYLRU

7KHVH GLPHQVLRQV DUHLQWHUGHSHQGHQW IRULQVWDQFH KLJKFRPSO
WXUQ KHLIKWHQV XQFHUWDLQW)\ %\ DSSO\LQJ WKL VVIW D WHHZRW K D $DDDURRL
PDQDJHUV FDQ DVVHVV WKH VWDNHKROGHU ODQGVFDSH KROLVWLFDOO\
UROHYV DQG DGDSW WKHLU FROODERUDWLRQ VWUDWHJLHVY DFFRUGLQJO\



BLISVIXMGEPJVEQI[SVOWJSV WXEOILSPHIVGSPPEFSVEXMSR

JLIXUH 6WDNHKROGHU ODQGVFDSH $DOWRQHQ .XMDOD

$GGLWLRQDOO\ (UPXG 1B WNDIE O X HMODVR VWUHVV WKH QHHG IRUIOH[LELOL
LQVWDNHKROGHU PDQDJHPHQW 7KH\VWDWH VWDNHKROGHU G\QDPLFV L
LOWHUDFWDQG FRPSHWH DQG KRZWKHVH LQWHUDFWLRQV LQIOXHQFH W
DO HPSKDVL]HV WKH LPSRUWDQFH RIVWDNHKROGHU HQJDJHPHQW DQC(
VDWLVIDFWLRQ DQG SURMHFWK\WRFHQWG HDQIXWHKRZ WKDW WKH PRUH IUHT?
WKH VWDNHKROGHU HQJDJHPHQW WKH KLIKHU WKH VWDNHKROGHU VDW
VXFFHVV Rl SURMHFWYV LQ WKH 07,3 0OXOWL 7UDQVSRUW ,QIUDVWUXFWXU
DO %\ LOQWHJUDWLQJ WKHVH G\QDPLFV FROODERUDWLRQ LV HQKDQT
DQG VWDNHKROGHU VDWLVIDFWLRQ DUH PRUH FKDQFH WR VXFFHHG 7KL

DGDSWDEOH DQG UHVSRQVLYH VWDNHKROGHU PDQDJHPHQW DSSURDFK |
KXEV

JLIXUH 6WDNHKROGHU IUDPHZRUN (UNXO HW DO

7KH , QWHJUDWHG )UDPHZRUN IRU6WDNHKROGHU ,GHQWLILFDWLRQ 8QGH
DIJHPHQW ,)6,8(5 GHYHORSHBGERARMXSSRUWY WKH G\QDPLF QDWXUHRIVW
UDWLRQ 7KLVIUDPHZRUNRXWOLQHVIRXUFKURQRORJLFDO VWHSV VWD
LOQOWHUHVWVY DQG SRVLWLRQV WDLORULQJHQJDJHPHQW VWUDWHJILHYV D
WKH SURFHVYV 2ULJLQDOO\GHYHORSHG LQ WKHFRQWH[W RIVXVWDLQDEI
UHOHYDQW IRUWUDQVSRUW SURMHFWYV ZKHUH PXOWL VWDNHKROGHU LC



/1] -RWMKLXWJVSQ XLI"'SRGITXYEP *SYRHEXMSR

FHVVLW\RID VWUXFWXUHG \HW IOH[LEOHDSSURDFKWRHQVXUH WKDW VW
WKDW FROODERUDWLRQ HITRUWY DUH VXVWDLQHG RYHU WLPH

7TDNHQ WRJHWKHU WKHVHIUDPHZRUNV XQGHUOLQHWKHLPSRUWDQFHRI(
KROGHUV EXWDOVR XQGHUVWDQGLQJWKHHYROYLQJG\QDPLFVRIWKHLU
HQJDJHPHQW VWUDWHJILHYVY 7KHIUDPHZRUNV DGYRFDWH IRU D IOH[LEOH
WKDW LV UHVSRQVLYHWR WKH VKLIWLQJUROHV LQWHUHVWY DQG SRZHU
IRXQGDWLRQ SURYLGHV D FRPSUHKHQVLYH OHQV WKURXJK ZKLFK WR QD)
FROODERUDWLRQ SDUWLFXODUO\LQ PXOWL DFWRUHQYLURQPHQWYV VXF
WKHRUHWLFDO IRXQGDWLRQ IRUWKLVY UHVHDUEFK

[1] -RWMKLXWJVSQ XLI'"'SRGITXYEP *SYRHEXMSR

7KH LPSRUWDQFH RI HITHFWLYH VWDNHKROGHU FROODERUDWLRQ LQ WUI
SORUHGLQ WKHOLWHUDWXUH 6HYHUDO IUDPHZRUNV DQG WKHRULHV KD?
DQG PDQDJLQJ WKH FRPSOH[LWLHV RI VWDNHKROGHU HQJDJHPHQW SDU
VXFKDV PRELOLW\KXEV SXEOLF SULYDWH SDUWQHUVKLSV 333V DQG S

7TKHNHVILQGLQJV IURP WKHUHYLHZHG OLWHUDWXUH DUH

f(DUO\ VWDNHKROGHWV@ERWUXGYBPHRWVXFFHVYV &RYSHIP MW EBAX HW DO
KLIKOLIJKWWKDWHQJIJDIJLQJVWDNHKROGHUVIURPWKHHDUO\VWEL

MHFWLYHV SUHYHQWYVY FRQIOLFWY DQG EXLOGVY ORQJ WHUP WUXVW

DUV LQFOXGLQJ (UNXXKHWmBRXDQL&ADOOHR HW DBKKLYDQDJRXGD

DQG %YU\WWRQ ZKR HPSKDVL]H WKDW WLPHO\ HQJDJHPHQW FRQWULEXYV

PDNLQJ LQFUHDVHG WUDQVSDUHQF\ DQG EURDGHU VWDNHKROGHU

PRELOLW\ SURMHFWYV WKLY HQWDLOV LQFOXGLQJ VWDNHKROGHUV LQ

+t6WDNHKROGHU FDWHJRUL]DWLRHOMKRG VNODXNVK DF DWW RRB® SURSRVHG E

&DVFHWWD DQG 3DIIDQGBRLYDQDJIJRXIGIDOS LQ LGHQWLI\LQJ JUR
DQG SULRULWL]LQJ VWDNHKROGHUY EDVHG RQ WKHLU URBDMHE LQWHLU
&DVFHWWD DQG 3D $SORBBRVYH FDWHJRULHV IRULGHQWLI\LQJLQYROYHC
SURMHFWY ZKLOH 6KLYDIQHDURREPMHWKRG FODVVLI\LQJ WKHVHLQ SULP
VWDNHKROGHUVY E\ORRNLQJ DW WKH OHYHO RILQWHUHVW DQG LPSDF
IRUXQGHUVWDQGLQJ WKH GLITHUHQW DFWRUV LQYROYHG DQG KRZ W
PDQDJHG

$3RZHU LQWHUHVW PDWUL[DQG H QIPIBKIPVH.QM W KH DMSHRILW B QFH R1 WD L
PXQLFDWLRQ DQG LQYROYHPHQW HIIRUWY WR VWDNHKROGHU VDOLHC
DQG 3LFKOHWWDNHKROGHUV ZLWK KLJK SRZHU DQG KLJK LQWHUHVW
ZKLOH WKRVH ZLWK ORZHU VDOLHQFH QHHG OLJKWHU WRXFK HQJDJHF

$t6WDNHKROGHU LQIOXRIQAH QRWZR WMWDWLRQDO DQG G\QDPLF YLHZ RI
 QWURGXFHGE\$FNHUPDQOQOQGGYBKQGHGLQ VRFLDO QHWZRUN WKHRL
YLVXDOL]H KRZLQIOXHQFH IORZV WKURXJK IRUPDO DQG LQIRUPDO UH
VWUXFWXUHV DQG FRDOLWLRQ G\QDPLFV

$1$DOWRQHQ DQG .XMDO®MKHSSHU HW 6 MDEOX HW D@ G (UNXO HW DO

HPSKDVL]HWKDW VWDNHKROGHU UROHV DQG UHODWLRQVKLSV DL
SURMHFW{V OLIHF\FOH 7KHVH AWR®O HK®.D GR O MPKQ RREBRIGKIFIM LILFD Q
LQIOXHQFH WKH SURMHFWYIV GLUHFWLRQ $VDUHVXOW LWLV HVVHQV
E\FRQWLQXRXVO\UHDVVHVVLQJWKHVWDNHKROGHU ODQGVFDSHDQCGC

f7TKHFRPSOH[LW\RIPDQDJLQJVWDNHISKREGHKE \5UVY ¥R WHRSOUNHGH LV KL S
ZKHUHJRYHUQDQFH EHFRPHVY PRUH FKDOOHQJLQJGXHWR WKH YDU\LC
QRWHG E\'H6FKHSSHUDHMEDIORQJ HW DWXFFHVVIXO 333 JRYHUQDQFH UH
FRRSHUDWLRQ WUXVW FRPPXQLFDWLRQ ULVNDOORFDWLRQ DQG W

f3XEOLF+SXEOLF SDUWQRHUWKD®VWO G8BHUQDWLYH FROODERUDWLRQ PRC
RU SXEOLF IRFXVHG SURMHFWY $V GHVFULDEBGUENBVYOWMHHWWLDHOHW DC
383V KLIKOLJKW WKH LPSRUWDQFH RI PXWXDO WUXVW VKDUHG SXEO
VKLSVEHWZHHQ SXEOLFDFWRUV ZKLFKDUHHVSHFLDOO\UHOHYDQW I



7TIRXLIWMW

t7KH VWDNHKROGHU ODQGVEQR®HNROBXFHHZRUNDOWRQH@EDRGLXMDOD
DKROLVWLF OHQV E\LGHQWLI\LQJIRXULQWHUGHSHQGHQW GLPHQVLEF
DQGLQVWLWXWLRQDO FRQWH[W 7KLVIUDPHZRUNKHOSVDQWLFLSDW
LQHYROYLQJVWDNHKROGHU HQYLURQPHQWYV

¥7KH ,)6,8(5 IUDPHZHRYUWORSHG E\ . X®PUHVHQWY D VWUXFWXUHG DQG FK
PHWKRG IRUVWDNHKROGHU FROODERUDWLRQ ,W HPSKDVL]HV WKH L
UROHV WKURXJK LGHQWLILFDWLRQ XQGHUVWDQGLQJ WDLORUHG HQ
SDUWLFXODUO\ XVHIXO IRUORQJ WHUP PXOWL DFWRU WUDQVSRUW L

7TRIHWKHU WKHVHLQVLJKWV HPSKDVL]HWKDW VWDNHKROGHU FROODERU
DGDSWLYH DQG LPSRUWDQW WR LQFOXGH SURFHVYV 6XFFHVVIXO FROODE
ZKR WKH VWDNHKROGHUY DUH EXW DOVR RQ XQGHUVWDQGLQJ KRZ WKH
UHODWLRQVKLSY VKDSH SURMHFW RXWFRPHV

7]IRXLIWMW

7TRWUDQVODWHWKHWKHRUHWLFDO LQVLIKWV LQWR D FRKHUHQW FRQFHS
IUDPHZRUN IRU VWDNHKROGHU FROODERUDWLRQ LQ PRELOLW\ SURMHFW
IUDPHZRUNYV GLVFXVVHG LQ WKLV FKDSWHU LV FKRVHQ DV VRPH SDUWLI
PHWKRGV LQFOXGHG RITHUYDOXDEOH DSSURDFKHV WR HQVXULQJVWDNH
7TKH FRQFHSWXDO IUDPHZRUN LV GHSLFWHG LQ )LJXUH



7TIRXLIWMW

JLIXUH &RQFHSWXDO &ROODERUDWLRQ )UDPHZRUN

, QWKHFRQFHSWXDOIUDPHZRUN WKHEOXHUHFWDQJXODUEORFNV UHIOH
WRROV GHULYHG IURP WKH OLWHUDWXUH 7KH\VHUYHDVLQSXWIRUDQDC(
FRQGXFWHDFK VWHS HITHFWLYHO\

,Q FRQWUDVW WKH ZKLWHRYDO EORFNV UHSUHVHQW WKH FRUH SURFHV\
VWHSV RUGHVLIQDFWLRQV WKDW SUDFWLWLRQHUVY XQGHUWDNHLQ RUGH
7TKHVHLQFOXGHVWDNHKROGHULGHQWLILFDWLRQ FODVVLILFDWLRQ HQ.



7TIRXLIWMW

EXLOGLQJ DQG XOWLPDWHO\ FROODERUDWLRQ DQG LPSOHPHQWDWLRQ
VWUDWHILF QDWXUH WKH\UHSUHVHQW WKH SURFHGXUDO EDFNERQH RIV

7KLV YLVXDO OD\HULQJ UHIOHFWV KRZ WKHRUHWLFDO WRROV EOXH DUF
WR HQDEOH UHODWLRQDO RXWFRPHV DQG VXFFHVVIXO SURMHFW H[HFXW

7TKHIUDPHZRUNLVVWUXFWXUHGDURXQGWZRLQWHUOLQNHGFRPSRQHQW
DQDO\WLYVY LQ ZKLFK WKH WKHRUHWLFDO WRROV DUH XVHG WR LWHUDWL
GHILQH DSSURSULDWH HQJDJHPHQW VWUDWHILHY 7KH VHFRQG FRPSRQH
RXWFRPHV % ZKLFK XQIROG DV D UHVXOW RIDSSO\LQJ WKHVH VWUDWH
H[SODLQHG LQ PRUH GHWDLO EHORZ

$ 6WDNHKROGHU $QDO\VLY LWHUDWLYHDQG DGDSWLYH

7KH IRXQGDWLRQ RI HITHFWLYH FROODERUDWLRQ OLHV LQ D VWUXFWXUH
XRXVO\DGDSWV WR HYROYLQJ G\QDPLFW $DO WW @O M DEVIXOHDW D O
 LRQJHWDO 7KLV EHIJLQV ZLWK WKH LGHQWLILFDWLRQ DQG FDWHJRUL]D
JRXQGDWLRQDO FDWHJRUL]DWLRQV VXFIHODRG WBRRNVNHVEWBDLDQGIWODOLDUD
KHOS GLVWLQJXLVK NH\DFWRU JURXSVY LQFOXGLQJ SXEOLFDXWKRULWLE

$IWHU LGHQWLILFDWLRQ VWDNHKROGHU FODVVLILEDWLRQ SURYLGHV LG
ODWLRQDO SRVLWLRQ 7KH SRZHU LQW HWHY WRIRALREQ ®D X8 B & B HWKIRIG W F
VDOLHQFH ZKLOH SXEOLF VSHFLILF UHILQHPHQWY VXFK DV JRYHUQPHQ

DQG WKH VWDNHKROGHU ODQGVFDSH PR GHJ RMODW FRRUHLQD V.W M\I BW L R
SOH[LW\ XQFHUWDLQW\ DQG G\QDPLVP

7R HQKDQFH WKLV FODVVLILFDWLRQ VWDNHKROGHU QHWZRUN WKHRU\ D
LQIOXHQFH QHWZRUNV $FNHURORBEOHGHQFWLWLRQHUV WR YLVXDOL]H \
WZHHQ VWDNHKROGHUV DQG KRZ LQIOXHQFH IORZV WKURXJK UHODWLRQ
SRWHQWLDO RULVRODWLRQ

7KHVWDNHKROGHU FODVVLILFDWLRQ GLUHFWO\LQIRUPV VWUDWHJILF HQ.
KROGHUYV PD\ EH LQIRUPHG LQYROYHG RUDFWLYHO\ FROODERUDWHG Z

7TKRPSVRQ DQG 3LFKOHRIIHU HQJDJHPHQW VWUDWHILHY WDLORUH
SRVLWLRQV UDQJLQJIURP FORVHFR GHFLVLRQ PDNLQJWR OLJKW WRXF

$ NH\LQVLIKW IURP WKH OLWHUDWXUH LV WKDW VWDNHKROGHU SRVLWLR
.XMDOD G5DMDEOXHW DWDNXO HW DQG ;LRQJ HW D@O HPSKDVL]H WKH QHF
IRUIOH[LELOLW\ UHVSRQVLYHQHVYV DQG LWHUDWLRQ LQ HQJDJHPHQW
FULWLFDO HOHPHQWV LQ VWDNHKROGHU DQDO\VLV HQVXULQJ WKH DSSU
DQG VXSSRUWV ORQJ WHUP DGDSWDELOLW\

% S5HODWLRQDO 2XWFRPHV DQG &ROODERUDWLRQ 3DWKZD\

6WUDWHJILF DQG DGDSWLYH HQJDJHPHQW DORQH LV QRW VXIILFLHQW 7K
DOVR GHSHQGV RQ WKH TXDOLW\RI WKH UHODWLRQVKLSY WKDW HPHUJH V
PXWXDO XQGHUVWDQGLQJ FRPPXQLFDWLRQ WUDQVSDUHQF\ DQG VKDU
VKDSLQJ UHODWLRQVKLS TXDOLWRGQUHWWIOMH\ HW DO

'KHQ UHODWLRQVKLS TXDOLW\LV KLJK VWDNHKROGHUY DUH PRUH OLNH:
LVUHIHUUHG WR DV VWDNHKROGHU VDWLMVWIGHRYWR L HAKDFNKD(NNXGHWHD @ |
FROODERUDWLRQ UHDGLQHVYVY 6DWLVIDFWLRQ LV QRW RQO\D UHVXOW R
ZLWK VWDNHKROGHU H[SHFWDWLRQVDQG YDOXHV

6DWLVIDFWLRQ OD\V WKH JURXQGZRUN IRU HIIHFWLYH FROODERUDWLRQ
VLELOLWLHY HQJDJHLQ MRLQW SUREOHP VROYLQJ OIHOMRY¥PFRDOLWLR
DQG 6KLYDQDJRXGIDGHUOLQH WKH LPSRUWDQFH RI WKLY SKDVH LQ DEKLH®

8OWLPDWHO\ HIIHFWLYH FROODERUDWLRQ OHDGVY WR SURMHFW VXFFHV)\
FRQWULEXWHYV WR VPRRWKHU LPSOHPHQWDWLRQ EHWWHU DOLJQPHQW 2
LPSURYHG OHIJLWLPDF\RI RXWERRFRHAWWDVRRIOLDUD

7KLV FKDLQ RIHITHFWV IRUPV WKH EDFNERQH RI WIQH ZRQ PHISXW & Bl QVKRIGHPG
LFDO FDVHVWXG\DQDO\VLYV



'EWI 7XYH] &VEMRTSVX 1SFI

7KLY FKDSWHU H[SORUHVY KRZVWDNHKROGHU FROODERUDWLRQ XQIROGV
WLRQ RI UHJLRQDO PRELOLW\KXEV XVLQJ WKH %YUDLQSRUW UHJLRQ DV C
DURXQG WKH FROODERUDWLRQ IUDPHZRKNGHYMHEOWRSHD LRFENBSWHSORU
VWDNHKROGHU UROHYVY UHODWLRQVKLSY DQG FROODERUDWLRQ G\QDPLF

7KH FKDSWHU EHJLQV ZLWK D FRQWH[W DQDO\VLY RI WKH %UDLQSRUW UHJ
LFDODQG LQVWLWXWLRQDO VHWWLQJ RIWKH FDVH VWXG\ LQFOXGLQJ Wt
RQJRLQJ SODQQLQJ DQG SURJUDPV UHODWHG WR UHJLRQDO PRELOLW\ K
VWDQGLQJRIWKHHQYLURQPHQW LQ ZKLFK FROODERUDWLRQ RFFXUYV

JROORZLQJWKHFRQWH[WDQDO\VLVY WKHIUDPHZRUN LY LWHUDWLYHO\ D
PHQWDWLRQ SKDVHV ,Q GRLQJ VR WKH ILUVWLSHOQW R I LW K BMKGDVONDINH K6
LQYROYHGDQGH[DPLQHVKRZWKHLUUROHV GLIITHUDFURVY WKRHQMGZR SKD\
VXE UHVHDUFK TXHVWLRQ

KLFK VWDNHKROGHUV DUHLQYROYHGLQ WKHGHYHORSPHQWDQG LPSOH
VWXG\ DQG KRZGR WKHLU UROHV GLIITHU EHWZHHQ WKHVH S

7TKHVHFRQG SDUW RI WKH DQRGXWHN RIDPMWKLHR DXDOLWI\RIFROODERUDWLRC
HUV ,WH[DPLQHVY SHUFHLYHGEDUULHUVDQGRSSRUWXQLWLHVLQWKHLU
GDWD IURP LQWHUYLHZYV 7KLWEDUG/VWXE/ SREBVWKWKHVWLRQ

:KDW DUH WKH PDLQ EDUULHUV DQG RSSRUWXQLWLHV IRUVWDNHKROGH!
DQG LPSOHPHQWDWLRQ RIUHIJLRQDO PRELOLW\KXEV LQ WKH

%\ VWUXFWXULQJ WKH FDVH VWXG\ WKURXJK WKH OHQV RI WKH FROODER
JHQHUDWH ERWK WKHRUHWLFDO DQG SUDFWLFDO LQVLIJKWYVY LQWR KRZ VYV
FRPSOH[ PXOWL DFWRUJRYHUQDQFH VHWWLQJV VXFK DV UHJLRQDO PRE

'SRXI\X %REP]WMW

7KLVVHFWLRQ H[SORUHV WKHJHRJUDSKLFDO LQVWLWXWLRQDODQG VWU
EHLQJGHYHORSHG ,WEHJLQVE\LQWURGXFLQJWKH %YUDLQSRUW UHJLRQ
IROORZHGE\DQRYHUYLHZRIWKHUHIJLRQDODQG QDWLRQDO SURJUDPV VK
WKHVHHOHPHQWY SURYLGHWKHQHFHVVDUVEDFNJURXQG WR XQGHUVWD
FROODERUDWLRQ WDNHYV SODFH

-RXVSHYGXMSR XS XLI6IKMSR
%UDLQSRUW (LQGKRYHQ LV D KLJK WHFK UHJLRQ ORFDWHG LQ WKH SURY
FLW\RI (LQGKRYHQ WMWPRIHVLVWYV RI PXQLFLSDOLWLHV DQG LV KRPH WR
GHQWYV 'HVSLWH LWV UHODWLYHO\VPDOO VLIH WKHUHJLRQ KDV D VLJQL
JURZLQJ IDVWHU WKDQ WKH QDWLRQDO DYHUDJH IRU RE/H &% D DA HFRIRAHV % L



'SRXI\X %REPIWMW

LV UHFRJQL]JHG DV D OHDGLQJ NQRZOHGJH D Q@& MUHF KDRORGE KKD N)LQ X U B «
WLRQV FRQWULEXWH WR VROYLQJJOREDO FKDOOHQJHV DFURVV LQGXVW UL
JLIXUH ,W LV QRW RQO\D UHJLRQDO VXFFHVV VWRU\2LW LV D NH\ HFRQR
DQG VWUDWHJILFDOO\LPSRUWDQW IRU (XURSHTV WHFKQRORJLFDO DXWR
WKH 'XWFK HFRQRP\ LWV FRQWLQXHG JURZWK LV QRZ VHHQ DV HVVHQWLI
VWUDWHJILF LQGHSHQGHQFH 3*$IVSUDNHQOLMVW %HVWXXUOLMNH 2YHUO

JLIXUH %UDLQSRUW (LQGKRYHQ UHJLRQ

7KLY HFRQRPLF VXFFHVV KRZHYHU FRPHV ZLWK FRPSOH[ VSDWLDO DQC
UHJLRQLVJURZLQJIDVWHU WKDQ H[SHFWHG FUHDWLQJLQFUHDVLQJ SU|
HYVSHFLDOO\ PRELOLW\ VA\VWHPV 36FKDDOVS8QRQIPEE WHHXWKIRYHQG UH
VXFK DV WKH 5DQGVWDG %UDLQSRUW KDV KLVWRULFDOO\ EHHQ VKDSHC(

RIDOO NLORPHWHUY WUDYHOHG LQ 1RRUG %UDEDQW ZHUH E\ FD
RQO\ ZHUH E\ SXEOLF WUDQVSRUW ZHOO EHORZ WKH QDWLRQDO DYF
7TKHVH FROQGLWLRQV PDNH WKH WUDQVLWLRQ WR PRUH VXVWDLQDEOH D(
FRPSOH[ :LWKIRUHFDVWY SUHGLFWLQJ QHZ KRPHV DQG DGGLWL
WKDW WKHFXUUHQW PRELOLW\LQIUDVWUXFWXUHDQGPLQGVHW FDQQRW
OHWURSRROS5HJLR (LQGKRYHQ

7KHVH GHYHORSPHQWY KDYH WULJJHUHG D SXVK IRU FRRUGLQDWHG SXE
UHVXOWV LQ EURDGHU VRFLHWDO YDOXH UDWKHU WKDQ ERWWOHQHFNYV
UHJLRQ LV DFWLYHO\ SXUVXLQJD WUDQVLWLRQ WRZDUG PRUH VXVWDLQTE
DQG UHJLRQDO SODQV 3$IVSUDNHQOLMVW % H VW XU DIL@INRU2Y KIUWDGKIR M 8

D 7KHJRYHUQDQFHVWUXFWXUHV SODQQLQJSURJUDPV DQGVWDNHK
ZLOO EH HODERUDWHG LQ WKH IROORZLQJ VHFWLRQV



'SRXI\X %REPIWMW

JLIXUH %UDLQSRUW 5HJLRQ .QRZOHGJH DRIXTHFEQ@BOWURQDO +RXVLQJ E\ OHWURSRRO
/IREDWLRQYV (LQGKRYHQ

'YVVIRX 7XEXI %REP]WMW
7KH IRFXV QRZ VKLIWV WR WKH UHJLRQDO JRYHUQDQFH VWUXFWXUH 7Kt
%UDLQSRUW UHJLRQ DUH GLVFRYHUHG DORQJVLGH ZLWK WKH FRQVXOW
SURJUDP VWUXFWXUHLVH[SORUHG HYHQWXDOO\OHDGLQJWR WKHSURM
FXUUHQW VWDWH WKHLQYROYHG VWDNHKROGHUVY DQG WKHLU UHODWLR
DQDO\WLV DQG LQWHU& L RXWH BBISHHAAMGZHUH FRQGXFWHG ZLWK SDUWLFLS
ZDV UHDFKHG 7KHLQWHUYLHZ SDUWLFLSDQWVY UROHYV ZLWK D EULHI H[!
FDVHVWXG\LV GHSLFWHG LQ 7TDEOH

2UJDQL]DWLRQ , QWHUYLHZHH 5ROH

OXQLFLSDOLW\RI +HOPRQG3URMHFW OHDG IRUVKDUHG PRELOLW\DQG K>
9ULM1LHXZ SURMHFW OHDG IRU %UDLQSRUWKXEV
%UDLQSRUW %YHUHLNEDDU 3BURMHFW OHDG IRU VKDUHG PRELOLW\DQG K>

3URYLQFHRI1RUWK %UDED3QWRJUDP OHDG IRU PRELOLW\ SROLF\ DQG UH
WLRQ

OXQLFLSDOLW\RI(LQGKRYRBROLF\RIILFHUIRUUHJLRQDO DFFHVVLELOLMW
OXQLFLSDOLW\RI $PVWHUGIDIMAMRJIUDP PDQDJHU IRU KXEV VKDUHG PRELOL

OXQLFLSDO &RXQFLO RI KXBBYYLFLSDQWWQ ORFDO SROLWLFDO GLVFXV
LQJ )HEUXDU\

OLQLVWU\RI, : BURJUDP PDQDJHU RI PRELOLW\ KXEV DW , : D
IRUPHG RQ FRUULGRUKXEV L H UHJLRQDO P!

OXQLFLSDOLW\RI8WUHFKWGYLVRU PRELOLW\ ZLWKLQ PXQLFLSDOLW\ R
UDWLRQ RI ORFDWLRQV DQG ERXQGDU\ FRQGL
KXEVY ZLWKLQ WKH UHJLRQDO SDUWQHUVKLS

$60/ *OREDO PRELOLW\ PDQDJHU DQG PRELOLW\
EDVHG LQ 9HOGKRYHQ

%UDLQSRUW %YHUHLNEDDU 6WUDWMWMWI\DQG SURMHFW OHDG QHZ PRELOLW
%UDLQSRUWKXE SBURMHFW BUWRABHFW OHDG %UDLQSRUWKXE 05(

7TDEOH  QWHUYLHZHG SDUWLHV DQG WKHLU UROHV LQ WKH %UDLQSRUWKXE
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JLIXUH )RXU UHJLRQV %UDLQSRUW DUHD

+SZIVRERGI

7TKHIJRYHUQDQFH VWUXFWXUH ZLWKLQ WKLY DUHD LQYROYR WHHYHHUDO C
OHIWVLGH 6WDNHKROGHUV DUH SRVLWLRQHG DW WKHLU UHVSHFWLYH O
WKH OHIW 7KHLU SDUWLFLSDWLRQLQ YDULRXV FRQVXOWDWLRQ VWUXFYV
UHSUHVHQW FRPPXQLFDWLRQIORZV ZKLOHVROLGDUURZV LQGLFDWH IR

&LYLO VHBRSBQWWH ZLWKLQ PXOWLSOHJURXSV (DFK SRWHSWRMERMWDLQ:
JURXISQ ZKLFK WKH UHVSHFWLYH PXQLFLSDOLWLHV Rl ZKHUH WKH KXE PL
3URYLQFH RI 1R U VDKQ@UNNDZDW H U V W, QIME GL®LRQ WR WKDW D FRRUGLQD\
DW WKH UHJLRQDO FLYL® YOWWDRHVOMNBP FREKSIULVHY GHVLIJQDWHG FLYL
HDFK RIWKH IRXU VXEUHJSRXY JHBOWD WH UH S UIHYGIQRDIVGH O IR R QR P

W LVFKDLUHG E\WKH SURJUDP GLUHFWRURIWKH %UDLQSRUWKXEV DQG L
7KHHUQWBEBDHRSDUHV PHHWLREW HRO WINH %HIJHOHLGLQJVIJUREKHUMWDLQSR U
UHSUHVHQWDW BYHRWY LORRBMWHRSROLWDQ 5HILRQ (L Q&KRPYQL FAS(DOLWL |
RILQGKRYH@PROIBOGKRWHK®M VL[ KXE PXQi:BL DONGEL WXWIVQ HV V \DHIFHW R U
SUHVHQW *HPHHQWH (LOBKRYHQ%RWKMKHWEDRE WHHMDUH FKDLUHG E\
WKH SURJUDP GLUHFWRXYWEFRPHYV RI WKHVH PHHWLQJV DUH VXPPDUL]HG D¢
DOGHUPHBPHHQWH +HOPRQG

$ERYH WK W HDBMY X X U JRMRHAVEY DW WKH DGPLQLVWUDWLYH OHYHO ZLWK W
SDUDOOHO DOGH U PHE PHIDW Q HFRAMMNEXYUOLMNH %HIJHOHLGLQJVJURHS
WKHJRY L QFBIG H U P H(@Q QUBRMR YHH® PR @RTHO GKR DK@ IURP WKH VL[ KXE PXQL
SDOLWLBN617KHAR FKDLUHG E\ WKIHDG® RMP® Y RH SURYLQFLDROUMWKFXWLY |
% U D E DOGB\V 7KLV JURXS LVDGYLVRU\WR DQG S U3RSDNHHIH WLKGHOMHIKHROXGEH
VRYHUOHJ 3R+R OREQ@KWKRKBHOGHUPHQ IURP DOO PXQLFLSDOLWLHV D¢
LVVXHV DQG GHFLVLRQV DUH PDGHP®%BQUWHRDQEKR YHKBR+RYV DOVR D

GHFLVLRQ PDNLQJERG\ :KHQ FRQVHQVXV LV UHDFKHG SURSRYBOV DUH I
LSDO FRXQKRUW DJHQGDV DUH ODUJHO\VKDSHG E\ WKHLU DOGHUPHQ *HF

:KHQ SURSRVDOV UHTXLUH GLVFXVVLRQ EH\RQG WKH UHJLRQDO OHYHO
W K¥$* OREL QLHWMAW X XUOLMNH $GYLHVJURHS ORELOLWHLW ZKLFK VHUYHV
UHDFKLQU2WRKP$*LY FRQQHFWHG WR WKH QDWLRQDO 0,57 UHVHDUFK SUR
VHQWDWLYHV5LBRWKH PXQLFUBEQOKWYWIB( DQG WXWLQHVV VHEWRU
FKDLUHG E\ WKH DIOGEHPPHIGRHHQWH (LQGKRYHQ

(DFK PXQLFLSDOLW)\ LV IRUP D O0G\ EN RDHHVBIQGHHEP DQ VI BN KHQLR RID O

SURSRVDOV DUH SUHSDUHG DQG DOLJQHG ZLWK WKH XOWLPDWH JRDO R

FUHDWLQJWKHULJKW FRQGLWLRQV IRUWKLY ZKLOHVWD\LQJLQ WRXFK Z
7KHVH SURSRVDOV DUH W KHIDSSWHWHID WRIGWKR WBWLYH ERG\ ZLWK W
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FLORUV IURP HDFK PXQLFLSDO FRXQFLO 7KLV SODWIRUP IRUZDUGY SUR
GLVDJUHHV LW FDQ UHVSRQG FUMXKVE LURKHPEKOLFRFSWRQHRQ HWBXURWBMG WR WK
FRQVLGHUDWLRQ *HPHHQWH (HUVHO

,Q SDUDOG@NOL QWY \SHODNRWD UROH LQ VKDSLQJ GHYHORSPHQWYV SDUWL
ILQDQFLQJ WKH %UDLQSRUWKXEWKH EXVYHQHVYV VHFWRU LV PHDQW EXVLC
ORFDWRLQV LQ WKH UHJLRQ DV$GHSHPWMB® VQRLIXQPHQFLDO FRQWULEXW
QHVV VHFWRU D%H PDGHREIIW 'HY RERSPIQWY FD Q D OV ROCRINA QL ESXRVOHL MLR \
WKDW SURPRWH WKH XVH RI KXEV IRUH[DPSOHE\LQFUHDVLQJSDUNLQJ I
RITHULQJILQDQFLDO LQFHQWLYHVY WR WUDYHOHUV XVLQJD KXE 7KHVH D,
DPRQJHPSOR\HHV DUHFRRUGLQDWHG E \ %/ B LRYSSHRUDN\Kh RADENDNSEEDIIENYL | D W

%UDLQSRUW %HEHLNEWENMVLQHVYV VHFWRU LV FORVHO\ DOLJQHG ZL\
(LQGKRDPG LV UHSUHVHQ WG ILQGERW K WK BW H Pk §*ObDY MIDULRD W K H
*HPHHQWH (LQGKRUYBQ

$W WKH SURYLQFIDRYQCBFH®RIWRHWKFWYDEDWKWH FRQFHVVLRQ JUDQWLQJ
UHJLRQDO SXEOLF WUDQVSRUW YLD EXWY BV 3XERY EQFU B Q@ RRRIGEW/AMHDUEDLC
RSHUDWHG XQGHU PXOWLSOH FRQFHVVLRQV LQ WKH UHJLRQ DQG LQ 6RX
WKH EXV WUDQVSRUW XQWLO *HPHHQWHYR®PARIGH 1IRRUG %UDEDQW

"KHQ D KXE UHTXLUHV D QHZ RUDGDSWHG EXV FRQQHFWLRQ WKH SU
VXUH +HUPHV IDFLOLWDWHV WKLV

$W WKH QDWLRQDO OHYHO VHYHUDO JRYH WQPHQWDORE RG ILHDN VUK E /KR
‘DWHU ODQDJHPHRQWUHY:SRQVLEOH IRUSROLF\DQG GHFLVERQNDZDWKH QI
WHUVWDDRSBIWBDWHY DV LWV H[HFXWLYH DJ5QF L \WAO-NBIRRDQEOH IRU QDW
URDG FRQVWUXFWLRQ DQG PDLQWHQDQF,H | RUPHH\QWIS XBIWRAR BRPIJHYLQ.
5:6 EHFRPHVLQYROYHG ZKHQ KLJKZD\DFFHVV WR D KXE PXVW EH GHYHOR!
WUDQVSRUW +29 ZLOOEHGHYHORSHG, @D\DWKR W XRHVGMKHXQGH W I OQGH |
LQFO%GHDY SDUW RI LWV RSHUDWLRQDO GRPDLQ

,Q DGGLWLR@®WRHU PLQLVWULHYV DUH LQYROYHG LQ FRIQ2AKDRMHDMWLRQ VW
LQFOXQ@H @KWHN U\ RI (FRQRPLF $1IDLUV DQG & Q/IKMDQLM WRORF¥RXVLQJ DQG
6SDWLDO 30DQQDQE WEBLVWU\ RI (GXFDWLRQ &XOWXUHDRIGBIFQHQFH
LVWU\ FRQWULEXWHY DXWKRULW\ DQG H[SHUWLVH UHODWHG WR HFRQRF
NQRZOHGJH HFRQRP\

7K1%2 % UDLRBRSWDWIRUP IRUDOLJQPHQW EHWZHHQ WKH QDWLRQDO JRY
WRSLFV LQFOXGLQJ WKH HFRQRP\ WDOHQW GHYHORSPHQW LQQRYDWLR
3% HVWXXUOLMN RY® WBOHY HBXWDLIRSRWRQ VSDWLDO SODQQLQJDQG PRELOL
ZLWKL®IWKBE7$GPLQLVWUDWLYH &RQVXOWDWLRQ RQ WKH 0XOWL <HDU 3U
30DQQLQJ DQG 7UDQVSRUW 05(
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JLIXUH *RYHUQDQFH VWUXFWXUH

4PERRMRKERHTVSKVEQ 7XVYGXYVI
7KLV VXEVHFWLRQ SUHVHQWYV WKH 30DQQLQJDQG 3URJUDP VWUXFWXUH
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JLIXUH ,QIRJUDSKLF 30DQQLQJDQG 3URJUDP 6WUXFWXUH

,Q WKH VWUDWHJ\DQG GHFLVVAR®, PTHGPQDO BWHILD WK¥HH 8 RQVXOWDWLRQ R
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SURJUDP IRU ,QIUDVWUXFWXUH 6SDWLDO 30DQQLQJ DQG 7UDQVSRUW V
ZKLFKUHSUHVHQWDWLYHV RI WKH QDWLRQDO JRYHUQPHQW SURYLQFHYV
DOLJQ VWUDWHJILF JRD/XLVOSODWIRUPY DGGUHVVHYVY WRSLFV VXFK DV DFF
VSDWLDO GHYHORSPHQW DQG IXQFWLRQDV JDWHZD\VWR MRLQWO\IXQG

$W WKH %2 0,57 WKH QDWLRQDO JRYHUQPHQW DQG WKHHHIDLQSRUW
MDULJH OXOWLPRGDOH #FIXHFERXMWHOLQHYV D VKDUHG YLVLRQ IRU DFFHVVL
1IHWKHUODQGYVY 7KHO00$DLPVWRFUHDWHD VKDUHG XQGHUVWDQGLQJ EH!
HUQPHQWYV DERXW WKH XUJHQF\ VFDOH VXEVWDQWLDWLRQ DQG DSSUR
OHQJHV ZLWKDIRFXVRQ SURPRWLQJEURDG VRAMW.INQRBQ RV SHRULIOWOQ K
VLRQHG E\WKHOLQLVWU\RI ,QIUDVWUXFWXUHDQG :DWHU ODQDJHPHQW L
Ya 0,57 7KHGHYHORSPHQW RIWKHOO0$LV FRPPLVLRQHG WR 6PDUYV
SURYLGHYVY VWUDWHJILF JXLGDQFHBROGMNWMXIHSRANOMWH P EGCWE®H ORELOLWHI
0003 DUHJLRQDODJHQGD GHILQLQJPRELOLW\JRDOV XQWLO FRRUGL
WKH 3URYLQFH RI 1IRUWK %YUDEDQW LQ FRRUGLQDWLRQ ZLWK WKH OLQLYV

7R WUDQVODWH ORQJ WHUP DPELWLRQV LQWR Q H D. & WHH PHIUFPA MROQO MK H
WUHJHOHQSDNNHWO EPLOGV RQ WKH SUHYLRXV .70 ZKLFK HPHUJHG IUR
VWXG\DQG IRFXVHG RQ UHOLHYLQJ SUHVVXUHRQWKH $ 1 UKQQHWRDG QF
.70 ZDV SURMHFW VSHFLILF .70 H[SDQGV WR LQFOXGHD ZLGHU VHW RIDF
%UDLQSRUW UHJLRQ YHSARKIRAYHHIDE HOWHJUDWHG LQYHVWPHQW SDFNDJ}
VWDWH WKH SURYLQFH DQG WKH UHJLRQ 05(

$ SLOODU RI .70 LV WKH WhDDLPBWUMWYHREWIHILFDOO\ SRVLWLRQHG PXOW
SRLQWV DLPHGDW UHGXFLQJFDUGHSHQGHQF\DQG SURPRWLQJVHDPOHYV
SRUW %DVHG RQ GLVFXVVLRQV LQ WKH %%* DQG 32+2 SODWIRUPV VL[ S
%UDLQSRUWKXE GHYHORSPHQW

If$ 1RUWK
$
1$ HVWw
t$ 6RXWK
t$ (DVW
3
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JLIXUH %UDLQSRUWKXEV

7TKHKXEVS$ 1RUWK $ DQGS$ :HVWKDYHEHHQ SULRULWL]JHGIRUHDUO\LEF
(LQGKRYHQ 3URYLQFLH 1RRUG %UVREBYWHU WKHVH WKUHH ORFDWLRQV
UHTXLUHDQLQYHVWPHQWRIDSSUR[LPDWHO\ ¥ PLOOLRQ +RZHYHU LQ
LQRIWKHPXQLFLSDOLW\+XE $ ZDV SODQQHGLQ RSSRVHG WR WKH KXE ¢
WDVNHG ZLWK GUDIWLQJ D GHWDLOHG H[SHQGLWXUH SURSRVDO IRU WK
5HILR (LQGKRYHRKH FRPSOHWH ILQDQFLDOIORZY OHDGLQJWR WKH GHYH(
DUHGHSLFWHG LQ )LIJXUH
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