Climate
Modeling
Building
Simulation
Mitigation and
Adaptation Strategies
Impact
Assessment
Stakeholder
Experiences
Climate for
Culture Products

Report on minimizing energy consumption needs of typical historical sites
(case studies), revitalization and enhancement of historic climatisation
systems, use of the alternative energy sources
Lead Beneficiary:
Issued by:

CVUT/UU
Tomas Vyhlidal, Tor Brostrom

Date: 30 April 2014

This project has received funding from the
European Union’s Seventh Framework Programme
for research, technological development and
demonstration under grant agreement No 226973

Introduction
Climate change will have an effect on the energy demand of historic buildings. The need for cooling
heating and other types of climate control may increase or decrease. In either case, energy efficiency is one of
the most important factors in facilitating the sustainable management, use and preservation of historic
buildings. Without proper and affordable climate control, many historic buildings will be in peril. The progress
of the project has shown that it is difficult to give general guidelines or provide case studies with a general
applicability for all of Europe. We have very complex situations with a wide range of geographic locations and
considerablecombinations of buildings types, uses of buildings and artefacts. We have come to the conclusion,
and this is in line with recent development on how to write standards for cultural heritage, that this challenge
must dealt with on a methodological level. Rather than trying to provide general solutions, we aim to show a
way to identify proper solutions for each individual building. Alongside with this strategy, the deliverable
consists of three parts:

Report D7.2.1 ‐ Revitalisation and enhancement of historical climatisation systems, energy efficient
solutions for historical buildings
The report consist of eleven chapters on revitalisation of historical systems providing energy efficient
solutions for improving the indoor‐climate conditions in selected case studies of Climate for Culture project.
The scope ranges from reactivation of historic natural ventilation systems (Hofburg, Vienna, Schönbrunn Castle,
Neuschwanstein Castle), analysis and revitalisation of heating systems (Český Krumlov Castle and Packwood
House, Birmingham), to the energy optimised solutions (Linderhof Castle, Shaft Tomb of Iufaa, Monastery of
Paular). In addition, general recommendations are outlined in the final chapter of the report.

Report D7.2.2 ‐ Renewable energy sources in historic buildings
This section provides an overview of the main small‐scale renewable energy technologies: solar thermal,
biomass, heat pumps, photovoltaics, wind turbines and hydro turbines. For each specific technology, a
technical overview is presented followed by considerations relating to historic buildings, extent of use and
economics, and a case study is provided for each technology. Economics is also covered briefly, but as many
aspects of this apply equally to all technologies a general section on this area is provided below.

Report D7.2.3 ‐ Energy Efficient Climate Control in Historic Buildings
This is a handbook aiming to help choosing the best climate control strategy for a cultural heritage
building. Topics included are: Measurement, heating, dehumidification, ventilation, and natural climatic
stability.
Next to providing a knowledge base for the end users, the reports will be utilised as the inputs to the
decision support system (DSS) which is to be one of the main outcomes of the Climate for Culture project.
Based on the input from end users, the DSS will present best practice mitigation recommendations on
microclimate control for preventive conservation and maintenance. The DDS, which is currently in the final
stage of the implementation, is designed as a web based tool. The DSS is grounded on the expertise gathered in
the deliverables of the climate for culture project, know‐how provided by experts, for example, in form of logic
decision trees or tables, and the case study examples. Passing through an interactive questionnaire in the DSS,
the end‐user will gradually provide the information on the particular problem to be solved including, for
example, definition of building type (dimension characteristics, envelope type), its use (archive, collection hall,
museum), risks identification (e.g. mould growth, salts), energy and costs considerations, etc. After all available
questions for the given subject have been respond to, the tool will provide a list of recommendations,
comments and links to the documents or web pages, which can be useful to the end‐user for decision making.
The completed DSS will be provided as the final deliverable of the WP7 of the Climate for Culture project:
D 7.3 Best practice mitigation recommendations on microclimate control for preventive conservation and
maintenance, due in month 60.
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Introduction
In discussions about revitalisation and enhancement of historic housing systems in historic buildings we
have to differentiate between real historic housing services, which in the past had a vital function in order to
ventilate a building and provide heating or cooling, and ‘housing systems’ such as chimneys, ducts and shafts,
which were necessary in order to use heating and open fire places. We know from research work in this field
that there were very intelligent systems in past centuries – even thousands of years ago, such as pure radiative
heating through warm walls as the Roman hypocaust heating system or as natural ventilation and adiabatic
cooling, developed by the Persians.
A very intelligent and sophisticated housing system was the so called Roman ‘hypocaust’ system. This was
a heating system, passing hot air or smoke from an open fireplace in a double floor in the basement of a
building and through double outside walls, heating up the rooms through the walls. This purely radiant heating
system created warm walls and prevented walls and the whole building from all kinds of building damages,
which was very necessary especially in bath houses. Besides this kind of a ‘wall‐heating’ system offers optimum
thermal comfort.
Another sophisticated but simple and intelligent housing service system was the wind tower in old Persia.
These wind towers provided the building not only with fresh air through the stack draft effect but also provided
some cooling effect, which was very important in such arid climates. The cooling was by means of adiabatic
cooling, an evaporating cooling system which uses the energy of evaporation of water mist, to take the heat
energy from the surroundings and thus cooling the ambient environment.
Other old housing systems in historic buildings are mostly natural ventilation systems which use
differences in temperature to transport air in shafts or chimneys. The physical process driving movement is the
fact that cold air is heavier than warm air and so warm air rises in a room or building.
Further ventilation systems in historic buildings are warm air to air heat exchangers. These are mostly
metal flues in a chamber next to a tile stove or oven through which cold outside air is drawn, heated and
passed through (metal or stone) ducts with or without mechanical ventilators to the rooms in which the warm
air was needed. This system was used, for example, in Neuschwanstein Castle in Bavaria.
All these kinds of historic housing services have been found in historic buildings such as Hofburg, Vienna,
comprising shafts, chimneys, ‘caloriferes’, ducts, double ceilings or flaps, moved by chains. Often shafts or
chimneys were closed with bricks and mortar because they were no longer used.
Sometimes these old housing services have been reactivated in order to replicate their former results for
fresh air, cooling, radiative heating (although after the Roman period hypocausts were not generally
constructed) without large machinery but only by driving forces known through buildings physics as the stack
effect, adiabatic cooling, radiative heating, which nowadays is perfectly ‘copied’ in ‘Temperierung’, a wall
heating system.
The disadvantages of reactivating all these old systems are well known to everybody: particularly
difficulties in obeying latest fire protection regulations, since these rules were more tolerant in the past.
Three famous examples will illustrate how intelligent these techniques have been: the first example which
will be discussed in the first chapter of this report is the ‘Hofburg’ in Vienna with its very sophisticated system
of natural ventilation. This research work was the basis for introducing these principles of simplicity in
‘Schönbrunn Castle’, a world cultural heritage site in Vienna which urgently needed a controlled ventilation
system in the castle in order to have fresh air for the about 10,000 visitors a day in summer, when all tourists
go to see this monument. The second reason for introducing this natural ventilation system in the castle was
the need to stabilise the microclimate in the castle in order to protect precious cultural heritage. The third
reason for ‘reactivating’ or installing the ‘natural ventilation system was a need of cooling the air in the castle in
summer. Outside loads and the many visitors inside raise the indoor temperature in the castle in a way that
people do not find comfortable in this famous touristic site. The Schönbrunn Castle ventilation system is
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introduced at the end of the first chapter and more comprehensive analysis is then provided in the second
chapter of the report.
In the third chapter on revitalisation of existing housing services, the first refurbishment of the ‘Gallery of
Fine Arts’ in the Academy of Fine Arts in Vienna in 2005 is described. Since there was a second refurbishment
of this very famous painting gallery in 2008, we have to distinguish between the first and second working
interventions.
The other group of revitalisation and enhancements of historic ‘climatisation’ systems presented in
chapters four to six are not real historic housing services systems as they just utilize the existing shafts, ducts
and chimneys in the building for the purpose of natural ventilation, adiabatic cooling or humidity control.
Mostly these historic systems were just warm air heating systems, which were installed in buildings since the
middle of the 19th century, around 1850. The first such example presented in the fourth chapter is ‘Läckö
Castle’ in Sweden and the second one, presented in chapter five, is the famous ‘Neuschwanstein Castle’ of
Ludwig II in Bavaria. Let us point out that all the results of research work gathered at the pilot ‘Hofburg’ project
were applied in Schönbrunn and Neuschwanstein in order to obtain an efficient natural ventilation and cooling
system. That means all the ideas of these old techniques were taken to improve indoor climate in these historic
buildings, which in summer are ‘overrun’ by tourists, at least in Vienna and in Bavaria. Since the managers of
these castles are very conscious of cost and sustainability they asked that their indoor microclimates were
improved by using old techniques. In addition, in those old buildings there is opportunity to install new
ventilation systems with new ducts because these changes are not acceptable in historic buildings.
Another example of reusing the existing chimneys is presented in chapter six, where a newly developed
ventilating concept for Linderhof palace is described. Alternative ventilation strategies were investigated
computationally and compared regarding climatic stability and energy consumption. The existing ventilation
concept of the natural ventilated and nowadays completely unheated Linderhof palace has to be improved to
reduce continuing damage to artworks due to fluctuations of the indoor environment caused by the ambient
climate and visitors, and also to enhance the visitor comfort. In a valuable historic palace building there are
specific restrictions for applying a typical HVAC system: possible damage to artworks and building materials
from condensation effects, high energy consumption and the need for an invisible, minimal invasive installation
of technical devices. The new ventilation concept considers new and existing strategies for delivering
acceptable humidity ranges for the preservation of art. For low energy consumption only drying of the ambient
air is considered in a cooling process with heat recovery. No humidification is foreseen in the air handling
process. Heating of the supply air is planned only in very low temperatures when there is a danger of reaching
dew‐point. This concept is simulated with an existing WUFI® Plus building simulation model of the king´s
bedchamber. The preliminary results are promising for achieving all of the objectives.
In the seventh chapter, a unique solution to natural ventilation of the underground Iufaa Shaft Tomb
(Egypt) is described. The Burial Chamber of the Tomb is decorated with more than 80m2 of unique limestone
reliefs which were severely endangered by fluctuation of relative humidity connected with crystallization of
water soluble salts and with growth of Black yeast fungi on the surface of reliefs associated with high level of
relative humidity. As the protective measure, a natural system of ventilation of the burial chamber was
installed. The rather simple construction is based on the use of two historical side service shafts and the natural
chimney effect. The relative humidity fluctuates between 40‐55%, which provides suitable protection against
biodeterioration.
In chapter eight, a simulation study is performed to analyse the applicability of a natural ventilation system
to air‐condition the refectory room in the Monastery of Paular (Spain). In general, the study has provided very
good results, verifying that the proposed solution is suitable to enhance comfort for the given type of interior.
As shown, the indoor‐climate conditions can be improved considerably just by proper management of opening
and closing the windows to control the outdoor‐indoor air exchange. Next, CFD simulations have been
performed with the objective of estimating thermal demand to air‐condition the room during the period of use,
with a desired temperature range between 21 and 24oC. As shown by the simulation results, up to 40% of
cooling energy demand can be saved just by the proposed natural ventilation system.
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In the chapter nine, the hypocaust heating system of the thermal spa‐building of Roman villa rustica is
analysed using building simulation software. The model was based on the villa rustica archaeological remains
found in Mošnje at Podvin (Slovenia). The main objective of the simulation was to determine the capacity of
the heating system, which can ensure adequate air temperature in the caldarium on a reference winter day,
and at the same time to predict temperature profile in other rooms.
Next, revitalisation and enhancement of a traditional heating system at Packwood House is presented in
the tenth chapter. The revitalisation adopted at Packwood was for the installation of a water source heat
pump, extracting heat from the small lake at Packwood, which replaced the traditional oil fired boiler as an
energy source. Additionally, a control system was introduced based on humidistats. In this way, the
environmental control was significantly improved though the refurbishment of the existing house heating
distribution system to achieve better hot water circulation and greater control of the heat distribution by
improved zoning of the house.
Restoration and revitalisation of the heating system in the Český Krumlov Castle Museum by tiled stoves
equipped with electric heaters is described in the eleventh chapter. The thermal performance of individual
stoves, which are used to heat more than 15 rooms of the Castle Museum, varies depending on the size of
rooms from 2 to 4 kW. The stoves are equipped with a two level control system. One temperature sensor is
placed inside the stove to limit its maximum temperature and the second temperature sensor is placed in the
room and connected with a thermostat for controlling the interior air temperature with a set‐point of 18oC. As
documented by the data analysis, acceptable indoor climate conditions are achieved with respect to both the
visitors comfort and object protection.
The report is concluded with general recommendations for the revitalisation of historic housing systems
and recommendations to reach the best possible stable indoor climate in historic buildings.
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Reactivation of historic natural ventilation in Hofburg, Vienna, with proof of its
functioning by measuring campaign and application of the results to Schönbrunn
Castle, Vienna
Introduction
To reinstate historic ventilation means to stick more to the old craftsmanship techniques in order to learn
that we have to consider a building and the building services as a cybernetic system, instead of imposing
building services onto the building without integrating them. When using integrated building services with an
effective, inert embedded wall heating system, the results for users and artefacts are evident: there will be a
optimum of comfort with a minimum of investment and energy cost. Moreover artefacts will be kept in optimal
conditions (preventive conservation). In cases where the usual building services technical solutions are applied
using standard heating and air conditioning methods, a non‐damaging micro‐climate cannot be achieved.
The reactivation of the natural ventilation in the historical building of the “Corps de Logis” (CdL) in the
Vienna Hofburg shows, even after about 100 years, the effectiveness of this simple technology: air is drawn
underground from an inlet in a nearby park into a tunnel‐labyrinth in the basement of the building, thereby
conditioning the temperature and humidity of the incoming outdoor air; for example pre‐heating and reducing
the relative humidity during winter. From the basement, air is transferred by the stack effect through large air
ducts into the showrooms. Any warm air from the showrooms will flow outside due to the difference in
temperature. Otherwise ventilators keep this cycle ongoing.
In Vienna’s Schönbrunn Castle the air‐exchange rate was more or less defined by the difference in air
pressure on both sides of the building and the resultant air leakage through gaps in the building envelope of
the castle, or the stack effect in the existing chimneys, or just by staff opening the windows. In order to
optimise the micro‐climate situation in the castle by using a controlled air exchange rate, a similar natural
ventilation system is planned with stack effect or mechanical ventilation, which provides the continual flow of
ambient air through a tunnel‐system embedded in the earth of the park in front of the castle. With this
temperature‐exchange system, the air conditioning could be reduced to a minimum. As a result of the
controlled and filtered air flow, the micro‐climate of the showrooms with their precious contents will be
stabilised.

Object description
Historic buildings often have fascinating technology, which is convincing by its simplicity. There are simple
technologies like historic “box windows” which are opening towards the outside, allowing a natural ventilation
when it is not windy outside, through the gaps of the window. When the wind blows against the windows, the
gaps close. In this way, a certain air exchange rate was guaranteed in the building, in correspondence with the
wind speed.
Another example of a very intelligent way of using elementary physics is the system used by the Swiss,
who used to put up three flagpoles in front of their buildings towards the main direction of the wind in order to
break the wind. With these obstacles, they improved the micro‐climate of the houses and acted as a
windbreak.
The author was asked to reactivate the natural ventilation of the historical building of the Corps de Logis
(CdL) in the Vienna Hofburg by analysing the historical system. A theoretical model of the ventilation was
derived and tested with smoke detectors.
The reactivation of the historical ventilation was executed by adding modern security and control systems
with the latest technical components and improvements to finish, with an optimal room climate and a
minimum of investment, energy and maintenance costs.
The most positive result is that this technology is extremely simple and can be controlled and surveyed by
anyone, not requiring highly sophisticated technicians.
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During this reconstruction work, the following hypotheses were postulated:
Building services can only be planned as supplement to the building ‐ never “against” the building.
Techniques and building should be a cybernetic system. You cannot impose building services on an object
regardless of the reaction of the building and its thermal mass.
When building services are planned in this way, they will significantly reduce investment costs as well as
energy consumption and provide simple technology which can easily be handled, even by non‐technicians.
Natural ventilation, combined with an efficient embedded, inert and stable wall heating system and a
minimum of air conditioning, is the best way of preserving our cultural heritage.

Fig. 1: view of ‘Corps de Logis’ in Hofburg, Vienna
The complete reactivation of the historic natural ventilation
in the Hofburg will prove the asserted hypothesis. The
measurement campaign during the autumn and winter of
1997/98 did, indeed, prove the effectiveness of the natural
ventilation system.
As generally known and thoroughly described and discussed
in historic and modern technical literature (Dietz, 1920; Buderus,
1994; Liddament, 1996; et al), the natural ventilation concept is,
in principle, based on the physically‐proven fact that warm air is
lighter than cold air. Consequently, the stack effect will build up.
It is more than a coincidence, therefore, that natural
ventilation is currently the latest fashion in housing services,
because of the bad experience made by the unconsidered
“adding” of building services in buildings, instead of applying an
integrated approach.
Furthermore, the conventional housing services are far too
complicated, tremendously expensive with high energy
consumption. Often they cause poor indoor air quality which is
known as the ‘sick building syndrome’.

Temp. Sensor 3

Windspeed
Sensor v
Temp. Sensor 2

Temp. Sensor 1

Fig. 2: Principle system of chimneys in
Corps de Logis in Hofburg, Vienna

Historic Review
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In 1881 the architects Semper and von Hasenauer started building the southern wing of Hofburg and the
CdL. In 1901, the CdL was finished, and, in 1928 the etymological museum was transferred to Hofburg. Figure 1
gives an outside view of the building. Figure 2 shows the principle system of the chimneys. Every room is
connected to a “warm chimney” which, by the natural stack effect, brings air into the room, which is at lower
pressure than the outside, and thus drives the room air towards the outside. The “warm chimney” is sealed off
in the basement.
The second, so‐called “cold chimney” is closed in the roof and leads the conditioned air from the basement
to the showrooms. In winter, natural ventilation works automatically in view of the difference in temperature
inside and outside the building, whereas, in summer, a system of mechanical fans, as is documented by
historical plans and authentic relicts of remaining “Blackman fans”, providing low pressure inside the building.
As no effective fans existed in the past, all ducts had enormous dimensions and there was almost no loss of
pressure.
A similar situation prevails in the big entrance hall of the CdL with its glass ceiling. A second layer of glass
covers the hall as a dome (see fig. 2). In summer, the air between the two glass layers is warmed up and
escapes through an air outlet in the roof. A type of “venturi nozzle” in the connecting air duct causes under
pressure in the hall. Cold air from the basement will flow into the hall.
In winter, the space between the two glass layers in the roof operates as a thermal buffer. Only the heated
air in the entrance hall, coming from the basement, is led to the air extract through natural ventilation.

Historic housing systems being reactivated
Description of the Natural Ventilation System
The CdL, as part of the Vienna Hofburg, had a very intelligent and simple natural ventilation system with a
huge inlet from a near‐by park transporting the air through a labyrinth of brick walls which used to be covered
with lime colour and lime plaster to compensate the SO2 pollution from the outside. This labyrinth of ducts and
tunnels was built around a “corpus” of earth. The whole construction consists of two storeys. Since the walls
were built in brick, they absorbed the humidity of the air, stored it and gave it back when the air outside was
too dry. This system compensates for all peaks of humidity and temperature. Figure 3 shows the situation.
This form of natural ventilation was very energy efficient, simple and easy to be managed. It never caused
significant damage as modern heating sometimes do, when ventilation and air‐conditioning systems, with their
electronic control systems do not react as they are supposed to do. It is worth mentioning that other buildings
of the same time had similar ventilation systems.
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Fig. 3: Natural ventilation system in Corps de Logis,
Hofburg

Model of the calculated air flow
Figure 4 shows the calculation of the airflow based on an air change rate (ach) of 1. The entire volume of
the building amounts to approx. 32,500 m³, which means that one fourth of this amount of air, i.e. 8,000 m³,
corresponds to the volume of one of the four “cold” vertical ducts in each corner of the building leading to the
showrooms.
The main air inlet in the basement has a diameter of about 2,5m x 4,5m=11m². The measured average
wind speed in this tunnel is 0.8m/sec, and the resultant air volume is about 31,680m³/h. This shows a balanced
air flow calculated with ach of 1.
Figure 5 also shows in detail a standard showroom with all the air openings and their dimensions. These
calculations are based on ach of 1, and show the correspondence of the calculated air volumes, size of the
openings and presumed wind speed for the historic displacement air distribution in the room.
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V(1.Stock) =13160m3
V(Mezzanin) =9881m3
V(Parterre) =9530m3
V(Gesamt) =32571m3

V(Ring,Gesamt) =12791m3
V(Ring,1.Stock) =4936m3
V(Ring,Mezzanin) =3615m3
V(Ring,Parterre) =4240m3

V(Garten) =5370m3

Fig. 4: Model of calculated air flow in Corps de Logis, Hofburg

airduct, closed in
the roof

air supply

see detail showroom
V=8000m3/h=2,22m3/s
A=2m2
c=1m/s

V=8000m3

air exhaust

c=1,7m/s

A=0,3m2
c=7m/s

A=0,66m2
V=0,75m3/s
c=1,2m/s

airduct, closed in
the basement

detail showroom:
openings

Admitted windspeed in the showroom =0,18m/s (Ti =22°C)
The measurements proofed a ACH of 1

Fig. 5: Standard show room in Corps de Logis
In principle, the historic air conditioning system in the CdL was based on elements of a radiation heating
system by means of gravity feed heating and the inflow of fresh air which was “conditioned” in the basement.
The reconstruction of the natural ventilation in the CdL results in an air exchange rate of one, which,
according to the latest technical handbooks, is a sufficient air exchange rate in historical buildings.
In England, at Montfort University, a computer model of natural ventilation was created (Building Services,
Oct. 1993). Despite the general uncertainty about the results of computer models, this computer model proved
in advance what reality had shown afterwards when the building was used. Under any weather conditions,
natural ventilation of the building was sufficient and resulted in good air quality for students and teachers.
During the testing phase in the CdL when all air inlets were configured on the air flow model, trials with
smoke detectors showed the presumed air flow in the showroom and affirmed the model.
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Revitalisation and enhancement of historic housing systems
Air Flow Measurements
As shown in Figure 2, temperature (and humidity) sensors were put in the main air inlet near the park (1),
in the main vertical “cold “ air duct, in the showrooms (2) and in one showroom on the ground floor
(“Bibliothek” 3). A wind speed sensor (v) was put in the “cold” air duct. Figure 6 shows the results of the
measuring campaign during the winter season 1997/98. It shows a natural stack effect of about 1 m/sec,
depending on the outer ambient air temperature. The colder outside air temperature the higher the stack
effect in the “warm chimney”.

Projekt "CdL"
Luftgeschwindigkeit
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12/22/97 13:59

12/21/97 3:59

V2(air duct)

12/21/97 20:59

12/20/97 10:59

12/19/97 17:59

12/19/97 0:59

12/18/97 8:00

12/17/97 15:00

0

T3(bibliothek)

Fig. 6: Measuring speed of air flow in Corps de Logis, Hofburg, Vienna

Results
The measurement campaign as well as the smoke tests confirmed both the assumed air flow model with
an ach of 1 and the stated hypothesis:
The combination of a system of very stable heating of the building’s external walls and natural ventilation
ensures a stable and comfortable internal environment in most historic buildings or museums.
According to the second hypothesis, a naturally ventilated building ensures less energy consumption and
maintenance costs. Moreover the investment cost for housing services is considerably lower. Also in the main
hall of the CdL with the “venturi” nozzles, the natural ventilation system works perfectly.
Implementation of the Results to Schönbrunn Castle
The situation at Schönbrunn was the following:
A rather high air change rate (ach) in the castle due to leakage in walls and windows causes an unstable micro‐
climate in the showrooms and brings pollution from the outside.
To reduce the uncontrolled ach to an acceptable level, the following 4 steps are proposed:
 Sealing the gaps of the inner wings of the “box‐windows” and the main leakage of the building.
 Activating all existing chimneys of the showrooms.
 Installing flaps and fans in the chimneys to regulate the stack effect.
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Channelling filtered air from the outside through an air duct in the earth to “pre‐condition” the air.
The quality of the incoming air should be controlled in accordance with the natural/mechanical stack
effect: in the winter, during daytime, a maximum ach of 1 should be achieved for visitors, to be reduced
to ½ ach at night. In summer, an ach of 1 is recommended during daytime, whereas, at night, it could be
increased to 2ach to take advantage of using the “free” cooling effect.

Fig. 7: Natural Ventilation in Schönbrunn Castle, Vienna
By comparing absolute humidity inside and outside the building, the internal environment should be
controlled to ensure that the defined limits of the micro‐climate for the artefacts are not exceeded. The
ambient air is brought into the castle through large displacement outlets in the staircases. It is most important
to monitor all ventilation activity in respect of the micro‐climate and thermal mass of the castle, to ensure only
minimal deviations from the safe micro‐climatic range. Figure 6 shows schematically the described situation.
Since there is almost no basement under the castle, an “energy‐collector” in the form of an inlet air duct is
dug in the ground in order to use the constant temperature of the earth for “pre‐conditioning” the intake air.
Thus, the planned capacity of the cooling unit could be reduced. Since the dust pollution is the major problem
in the castle, the proper filtering of the incoming air is an important feature of the planned air‐handling unit.

Summary
Reactivation of the natural ventilation system in Hofburg has been an ongoing process over the last 10
years, which will be finished in the years to come, since the main museum, the ‘museum of ethnology’ (now
the ‘world museum’) will be refurbished after a competition, by means of the reactivation of the natural
ventilation. Already in 2009 as a consequence of the research work of the author, the first step of
refurbishment was realised, whereas the second step is foreseen this year. The PhD thesis of Alfons Huber,
Vienna, ‘ecosystem museum’, finished in 2009, addresses this subject.
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This reactivation of historic housing services, improved with new and modern systems, will show how a
combination of historic systems and new applications will save energy and could prove an exemplary means of
achieving sustainability in historic buildings. There are almost only positive arguments for this project. A
disadvantage is the long and very difficult way of convincing people of the necessity of learning and using these
old techniques and to apply them also for modern buildings. It is also evident that all historic systems have to
be adapted to modern security systems concerning fire protection and other aspects of building performance.

Contact Author
Jochen Käferhaus (Kaeferhaus@aon.at)
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Long term studies, measurements, dynamic simulations and installations of a
controlled ventilation system in historic chimneys brought perfect indoor climate
in Schönbrunn Castle, Vienna
Object description
At the end of the 17th century Emperor Leopold I commissioned the gifted Baroque architect Bernhard
Fischer von Erlach to build a palatial hunting lodge for the heir to the throne. On the site of the old
imperial ‘château de plaisance’ a splendid castle was built.
Half a century later under Maria Theresa Schönbrunn Palace was to become the magnificent focus of court
life during summer time. In winter the imperial family moved to the ‘Hofburg’ in the centre of Vienna. From
that time onwards Schönbrunn Castle played host to the leading statesmen of Europe. Although Austria is now
a republic, Schönbrunn has remained a place of political encounter at the highest level.
The magnificent architecture and the exquisite décor of its state rooms mark Schönbrunn as a cultural
treasure and tourist attraction of first order.
In the possession of the Habsburg dynasty since Maximilian II, the palace passed to the ownership of the
Republic of Austria at the end of the monarchy in 1918. Until 1992, the entire Schönbrunn complex was
administered by the Schlosshauptmannschaft Schönbrunn (a local government body).
In 1992 the Schloss Schönbrunn Kultur‐ und Betriebsges.m.b.H. was founded to manage the
administration of the palace as a modern, limited‐liability company. The company is solely owned by the
Republic of Austria. Preservation and restoration have to be financed by the company from its entrance fees
and own resources without recourse to state subsidies. 1
Schönbrunn Castle is characterized as a world‐famous cultural monument, but also has visitors of about 8‐
10,000 persons per day in summer, who present a tremendous stress for the Castle and the artefacts.
Interestingly enough however scientific studies showed that the room climate becomes more unstable under
the influence of the uncontrolled opening of windows than by the large number of visitors. As a consequence,
it was very important to minimize the uncontrolled ventilation in the Castle through joints of the windows as
well as through doors, so all windows were sealed, compartments and buffer rooms were built after the main
entrances in order to minimize the air leakage of the Castle.
To stabilize the indoor climate controlled air ventilation was introduced in order to achieve some cooling in
summer and to improve the air quality in the Castle.
In the western part in the garden of the Castle a historic tunnel was found and used in very sustainable
way as an earth heat exchange system for the west tract of the Castle and was used as an air inlet for about
7,000 m³ air/h. This natural heat exchange system provided 48 kW of heat in winter and about 46 kW cooling
load in summer without machinery, which was exactly predicted by the dynamic simulation, carried out by the
consultant engineer Kaeferhaus.

Historic housing systems that have been reactivated – short introduction
Due to its high tourist numbers throughout the year the Castle was thoroughly researched the last 25 years
by the management of the Castle especially the subject of the possible impact of the visitors and their possible
influence on the building and the artefacts in the showrooms. Quoting the Castle as an example of reactivating
or enhancement of historic housing services one should consider that it wasn't a real reactivation of existing
housing services in the Castle but more an enhancement of existing systems like shafts, flues, chimneys and
ducts. In particular, the subterraneous tunnel, approximately 200 m long, made of tiles of the size of about 80
cm wide and a height of about 110 cm was used as an air intake for the newly planned ventilation system. The
1

http://www.schoenbrunn.at/en/things‐to‐know/palace.html (25.04.14)
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concept of using this earth tunnel was to ventilate the Castle with fresh precooled or preheated air, depending
on the season.
This was a highly recommended necessity since opening the windows in the showrooms, to provide
ventilation, always causes damage inside the Castle: the measurement campaigns have shown that there was a
high negative impact on the interior micro‐climate when the windows were opened without any comparison of
absolute inside and outside humidity. Because of the large number of visitors it is necessary to bringing a
minimum quantity of fresh air into the Castle. Former intense research work has shown that a rather high
infiltration rate of outside air affected the micro‐climate of the Castle in a way which was hazardous to the
artefacts so there was a necessity to improve the air tightness the Castle.
All the researchers and scientists dealing with the Castle agreed that a favourable indoor micro‐climate is
not achievable with the high infiltration rate that was measured. It was not possible to stabilise indoor climate
without improving the airtightness the Castle envelope. Therefore, all windows, doors and other openings had
to be tightened. This work was very difficult because of the many shafts, chimneys or even horizontal small
openings between existing floors, which contributed to the air exchange rate in the Castle. Also small spaces
between floors were not easy to control and constituted a risk in the case of fire and smoke spread.
Apart from a small area the middle of the Castle the building has no basement.
In the last 25 years the author together with the technical manager of the Castle, W. Kippes, who had
written his PhD thesis about air exchange rates in historic buildings2, had tried to develop a sustainable system
of partly heating and controlling ventilation of the showrooms in the Castle in order to improving the
microclimate stability in Schönbrunn Castle. It was helpful that the management of the Castle persued the idea
of using a sustainable strategy instead of installing air conditioning in order to achieve climate stability inside
the Castle.
A thorough measurement campaign was carried out including measurement of humidity and damp in
outside walls, the air tightness of the large historic box windows and air velocity in rooms and ducts, and also
passive tracer gas analysis to define the air exchange rate in the Castle. The result of all this research work was
type of a wind map: a model of air flow in all the showrooms was planned considering all existing historic
shafts, ducts and chimneys.
The results of this research work were combined with the idea of using the subterranean tunnel for a
controlled ventilation system. Therefore a dynamic simulation of the tunnel was carried out by the author to
estimate the elementary capacity of the underground tunnel, which acts as a heat exchanger for the income
air.
The conclusion of this research work was that damage prevention in historic buildings requires that
unwanted air infiltration from the outside is reduced or stopped and controlled ventilation is instigated by
using existing shafts, which are generally available in historic buildings, where they are not filled with building
rubble or housing services. It is also important to install a pure radiant heating system if there is a heating
requirement in an historic building.

2

W. Kippes: Raumklima in historischer Bausubstanz, Wien, 1999
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Fig. 1: View to the ‘Grand Gallery’ in the first floor of Schönbrunn Castle
For the controlled ventilation of the central and eastern exhibition areas a new underground tunnel of
about 300 m length, made of concrete with internal brick walls was built in the ground beneath the “Lichte
Allee east” in order to moderate the temperature of the income air for the controlled ventilation of the air
handling units (ahus) for the rest of the Castle, the central and eastern showrooms, such as the “Kronprinz
Rudolf Rooms”.
7000 m³ air/h were taken through the west tunnel and 7000m ³/h for the central showrooms and again
7000 m³ air/h for the air handling units (ahus) of the eastern part of the Castle which were led through the
eastern tunnels.
‘Temperierung’ heating systems (wall heating) in the western and eastern part of the Castle in the ground
floor were installed, in order to achieve, for example, in the children’s museum in the western part of the
Castle a room temperature of about 20°C for visitor comfort. ‘Temperierung’ heating was also installed in the
‘Bergl‐rooms’ and the ‘Crown Prince Rudolf apartment’ on the ground floor and the western ‘emperor court
yards’ to maintain a moderate temperature and to dry the humid and salty walls, touching the earth by
creating a high damp pressure when heated.
The intensive research and monitoring of the Castle for the last 20 years has enabled solutions to the existing
problems to be found. The air exchange rates of historical windows as well as the air exchange in the whole
Castle were determined by tracer gas analyses. The energy gains of the two tunnels were measured and
showed excellent agreement with dynamic simulations of the tunnels at the design stage .
Scientific investigations of many years in the context of the European “Eurocare EU 1383 Prevent project ”
in the 1980s examined the problem of the ‘cold wall’ behind Chinese Vieux Lacquer boards and helped to solve
this problem and find solutions for preventive conservation.
Apart from the natural ventilation systems in the Castle which uses the natural shaft effect in a very
sophisticated way, the stability of the micro‐climate in the Castle was mainly provided by passive methods
through the large masses of building fabric. With decentralised humidifiers, the possible lack of humidity in the
showrooms in winter is provided on demand.
This example of Schönbrunn Castle shows, how with simplest but intelligent building services in
combination with reactivation or enhancement of the existing building services such as warm air shafts,
chimneys and ducts and with use of the passive structural building mass, improvements of indoor climate could
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be achieved without changing the outer appearance of this building. All activities were done with absolute
adherence to the integrity of the building. The difficult task of keeping a world famous castle and artefacts with
a large visitor numbers in a good condition was realised. Also a very sophisticated ‘risk assessment’ was
integrated into the castle.
The installations are simple: ‘Temperierung’ as wall heating avoids cold walls with mould and a controlled
ventilation system with an earth heat exchange systems help to achieve an acceptable air quality in the castle
with heating in winter and cooling in hot summers. Intelligent control units activate ventilation, when there is
no danger of excess humidity from outside.

Revitalisation and enhancement of historic housing systems
After taking general room climate measurements, especially in Vieux‐Lacquer‐Room, humidity and damp
was measured in the outside walls in the western parts of the ground floor.

Fig. 2: Scientist of the Technical University, Vienna, taking probes of humid walls in Schönbrunn Castle
Following this assessment a trial ‘Temperierung’ system was installed to gain knowledge about energy
consumption and the effects on room climate.

Fig. 3: ‘Temperierung’, installed in the sockets of outside walls in ‘Gisela Apartments’, Schönbrunn Castle
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Fig. 4: Scheme of the experimental installation of the wall heating in Schönbrunn Castle
The results of reactivating the natural ventilation in ‘Hofburg’, Vienna, were applied in Schönbrunn Castle
after improving the air tightness of the building envelope, windows, doors, etc. All shafts were examined in
order to use them in a controlled ventilation system in combination with an historic subterranean tunnel of
270m length.

Fig. 5: Scheme of the planned ventilation system in Schönbrunn Castle with all chimneys and air volumes
In order to carry out air leakages measurements of the large box windows, a small temporary airtight
‘room’ in front of the window was constructed, which was pressurised to enable the leakage of the window
joints to be determined.
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Fig. 6: View from inside to the air tightness
measurements of the box widows

Fig. 7: View from the outside to the air tightness
measurements of the box widows

Measurements of airflow in the Castle and passive tracer gas analysis helped gain knowledge of the airflow
in the Castle and a ‘wind map’ of the building was produced.

Rösselzimmer

Spiegelsaal

Blaue Stiege
Reic hes Zimmer and glass tunnel

Fig. 8: Plan with the tracer gas samplers distributed in the Castle
Afterwards a model of the air volume of the Castle was created, confirming the idea of using the
discovered subterranean earth tunnel in the western part of the garden of the Castle.
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Fig. 9: View into the tunnel ‘west’ of Schönbrunn Castle

Fig. 10: View to the new duct installted underneath the castle

Fig. 11: View into the new tunnel ‘east’
The dynamic simulations of the tunnel ‘west’ showed heat conduction, heat storage, evaporation,
condensation and infiltration of groundwater from the earth into the tunnel. The following graphs show
temperature, relative and absolute humidity of the earth tunnel during the period of a year and also of a
month in winter in detail.
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Temperaturen Stollen Schönbrunn, Wartungsschacht, Blaue Stiege
[Messdaten von August bis Dezember]
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Fig. 12: Temperature August to December in the tunnel, in the Castle and outside
Temperaturen Stollen Schönbrunn, Wartungsschacht, Blaue Stiege
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Fig. 13: Temperature November in the tunnel, in the Castle and outside
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Temperaturen Stollen Schönbrunn, Wartungsschacht, Blaue Stiege
Dezember
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Fig. 14: Temperature December in the tunnel, in the Castle and outside

Absolute Feuchte Stollen und Fresco Blaue Stiege, Schönbrunn
[Messdaten von August bis Dezember, mit Unterbrechungen]
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Fig. 15: Absolute Humidity August to December in the tunnel, in the Castle and outside
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Relative Feuchte Stollen Schönbrunn, Wartungsschacht, Blaue Stiege
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Fig. 16: Relative Humidity August in the tunnel, in the Castel and outside

Relative Feuchte Stollen Schönbrunn, W artungsschacht, Blaue Stiege
[Messdaten von August bis Dezember]
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Fig. 17: Relative Humidity August to December in the tunnel, in the Castle and outside
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Relative Feuchte Stollen Schönbrunn, Wartungsschacht, Blaue Stiege
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Fig. 18: Relative Humidity November in the tunnel, in the Castle and outside

The result of the dynamic simulation show very good agreement with the temperatures and relative
humidities measured in the tunnel.
Outside air passing through the tunnel arrives in the Castle at 21.7°C with a winter outside temperature of
about ‐2.2°C.
The tunnel offers a cooling capacity of about 46.8 kW and a heating capacity of about 48.1 kW, which are
quite high. The total cooling energy of the tunnel is about 10 MWh per year and about 13 MWh heating energy
over the winter, when ventilation is operating without interruption.
The consequence of the earth tunnel is as follows:
The whole year the tunnel humidifies incoming air which is an advantage in winter time, but could be
critical in summer. For dehumidifying in summer the tunnel is not suitable, since the humidifying factor is about
8gr/kg outside air. The dehumidifying factor is about 1gr/kg outside air. So in August the relative humidity at
the painting at ‘Blaue Stiege’ was similar to outside relative humidity. Therefore sometimes ventilation could
not be activated to prevent inside relative humidity exceeding 60% in the Castle.
In winter the humidifying factor of outside air coming through the tunnel was about 2‐5gr/kg air which was
significant help against winter dryness in the showrooms. Dehumidifying through the heat exchanger almost
never took place. With these results the controlled ventilation system in the Castle was planned by using the
historic shafts.
The controlled ventilation in Schönbrunn Castle with the historic subterranean earth tunnel has been
realised by the use of existing historic shafts. Outside air was brought into the showrooms by means of new
ducts in the floor with air displacement outlets. The airtightness of the chimneys was improved and a flap
installed and a horizontal ventilator in the roof, which is accessible for maintenance (see fig. 19).
The ventilator in the chimney spins by stack effect, which was registered by a voltmeter, connected to the
electric motor of the ventilator. So the amount of transported air in the flue was automatically calculated.
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Whenever there was no need of ventilation (or when there is danger of smoke or fire) the flap will be closed.
The electric motor is activated with exactly the amount of electric power which is necessary to transport the
required amount of air for the visitors or for night cooling, drawing air through the tunnel from outside.

Fig. 19: Plan of the ventilator in the chimneys to transport room air towards outside upon demand
Only controlled ventilation will be activated, when through comparison of absolute humidity and
temperature inside and outside no hazardous climate situations in the show rooms could occur. This planned
and installed controlled ventilation only works with an air tight envelope.
This very sustainable ventilation and natural cooling system through the earth tunnel stopped the
complaints of the visitors that the showrooms are too warm. Therefore there was no need to install a
mechanical cooling unit.
Since the dynamic simulations and the measurements in the air tunnel have shown a cooling capacity in
summer of about 46 kW and a heating capacity of about 48 kW in winter, it was considered an efficient way of
bringing fresh air into the Castle.

Summary
The introduction of a controlled ventilation system together with the installation of pure radiant heating in
the ground floor in the children's museum in the western part of the castle and using a subterranean tunnel as
a sustainable cooling and ventilation system in summer brought sufficient fresh air into the castle, after
improving airtightness of the whole building and the showrooms in the building on the ground and first floors.
After installation of this sustainable natural ventilation system there were no more complaints by the
visitors concerning comfort and there were no negative impacts of the system on the building. As shown above
comparing the absolute humidity inside and outside the Castle was a suitable strategy to activate ventilation
when outside conditions would not result in harm to the Castle. On the other hand, sometimes in the castle the
conditions have been very dry, especially in winter. Therefore sometimes it was acceptable to bring in the
Castle even more humidity in order to compensate dry air conditions in the showrooms. To find a
mathematical algorithm for the control system was rather difficult and needed a long time of trial and error
until it worked. Therefore a control sensor was set by the air intake in the stair case on the first floor on a
painting which was not very delicate.
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It is important to understand, using a sustainable, subterranean earth tunnel instead of cooling machinery,
that in summer the tunnel is always humidifying outside air to such an extent that it is necessary for the control
to decide whether it is favourable to activate the ventilation or not. At least at night in summer, when relative
humidity is usually lower, the activation of the ventilation helps to cool the building mass with cooler outside
air.

Contact Author
Jochen Käferhaus (Kaeferhaus@aon.at)

Sustainable ventilation by using existing historic ventilation shafts in the Painting
Gallery, Academy of Fine Arts, Vienna, brought climate stability into the Gallery
Object description
The famous Academy of Fine Arts, Vienna, was built by Theophil Hansen the year 1854. It serves for the
teaching of artists and architects and accommodates a world‐famous painting gallery with works of
Hieronymus Bosch, (the Last Judgement‐1567) and several works of Lucas Cranach, the older and the younger,
to quote only some the most important highlights of this famous gallery.
The present project divides itself into two subprojects, which show, by simplest means, using passive
technologies and without large machinery, that climate stability in both the picture gallery and the storeroom
in the basement can be achieved by using the historic building services found in the building. Historic shafts
and chimneys help to create controlled ventilation in combination with an air intake via a subterranean tunnel
around the basement of the building, in order to keep the basement free of humidity, damp and water.

Fig.: 1: View to the Academy of Fine Arts, Vienna
Very essential research work on room climate improvement by means of using historic shafts was done in
2006, when the author was asked to refurbish the ‘Hansen Saal’ in the painting gallery in the Academy of Fine
Arts, Vienna, with a southern orientation and therefore rather warm showroom of the painting gallery on the
first floor in the Academy. Two years later in 2008 the whole gallery was refurbished again.

Historic housing systems that have been reactivated
Since it was planned to create a new showroom for delicate copper engravings of Albrecht Dürer and
others, the responsible director for these engravings, Mrs. Knofler, asked for a showroom with best possible
climate stability.
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The first step for a sustainable museum is to replace convective radiator heating with a pure radiant
heating system by installing two copper loops into the plaster of the sockets of the outside walls like electric
wiring. The control unit is a simple thermostat valve with its sensor directly embedded in the plaster of the
outside wall. This simple trick gives the best possible control system for heating in a room by avoiding ‘cold
outside walls’. The phenomenon of ‘cold walls’ is known in museums because they often cause mould and
humidity on walls and paintings hanging on such walls resulting in damage.

Fig. 2: View to a ‘Temperierung’ heating with two copper heating tubes in the socket of the outside walls

Revitalisation and enhancement of historic housing systems
Next step of the planning and refurbishing of the ‘Hansen Saal’ was the introduction of controlled
ventilation instead of occasionally opening windows, which was the usual method of ventilation. Opening of
windows without control of the outside absolute humidity can cause mayor problems to room climate
especially when outside walls are cold as a consequence of convective heating with convectors and radiators.
Since the expected visitors need some fresh air without harming the artefacts, the controlled ventilation was
necessary.
Since the Academy was built in 1874, outside and inner walls were provided with ventilating and heating
shafts.
Research work on these shafts with cameras and acoustic emission devices showed their locations within
the building. External shafts in outside walls situated in all four corners of the building have their air intake
about 180cm above ground. They terminate in the showroom on the 1st floor at the bottom of the walls.
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Fig. 3: View to the air intake of the ventilation shaft in outside walls right next to the graffiti and the
ventilation grid for the tunnel around the basement in Academy of Fine Arts to keep foundation dry

Fig. 4: View to the upper end of the ventilation grid in the room and the wall heating ’Temperierung’ in the
socket of outside walls
The ventilation shaft ended in the so called ‘Hansen Saal’ and was used for ventilation purposes. As already
explained, these shafts were obviously planned by Theophil Hansen in order to provide those rooms with fresh
outside air for the sake of the users of these rooms.
At the ceiling of these rooms another outlet grid and shaft, leading to an exhaust outlet on the roof, will
cause air ventilation when differences in temperature create enough driving forces to move the warm and
lighter air from the room towards the roof through the shaft resulting in low pressure in the room. Due to the
under‐pressure, outside air flows into the room via the historic shaft in the outside wall. The shafts have a size
of 20×20 cm, leading the air from outside into the room towards the roof. The end of the shaft on the roof was
manufactured in clay. All ventilation shafts on the roofs ended with clay cones, adjacent to other shafts which
used to be chimneys for exhausting smoke from a stove in the building. They were covered with a tin hat.
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Fig.5: View to the shafts and chimneys on the roof of the Academy. Ventilation
shafts end with clay ‘cone’, chimneys end with a metal hat

Fig. 6: View to a
‘autorotation’ ventilator

The historic ventilation shaft continuously brought fresh air into the room as long as difference in
temperature between the air in the room and outside air was big enough to produce the stack effect.
Consequently this natural ventilation system was perfect in winter, when warm room air rises and left the
room through the shaft towards the roof and outside, creating a low pressure in the room, drawing fresh air
through the supply shaft in the outside wall into the room.
The disadvantage of this natural ventilation system was that, in summer when there is no difference in
temperature, no outside air would be transported into the showroom. Therefore a ventilator was mounted at
the bottom of the shaft, transporting about 200m³/h outside air. Additionally, instead of the clay cone capping
the shaft, an autorotation ventilator with an additional electric motor inside was mounted, to overcome the
lack of stack effect. With the slightest wind this autorotation ventilator created an under‐pressure which drew
air out of the room. When there was no wind and no difference in temperature, the motor will be activated
and fresh air from outside ventilates the room.
The second disadvantage of this originally simple but sophisticated historic ventilation system was the fact
that the exchange of air always will be activated the moment there is difference in temperature, mostly in
winter. As is known outside air often is very dry in winter. Leading this dry air into a warm room, the relative
humidity of this outside air will drop enormously which could be very hazardous for the artefacts in the room –
especially the copper engravings by Albrecht Dürer. Therefore there is a need for a control system and a
ventilator in the air intake outside above ground in the shaft in order to draw air in the room when the outside
air humidity is favourable.
After the inlet air grid above ground, a tube ventilator, with diameter 150mm and capacity of about 200m³/h,
with a filter was mounted in the shaft with a power supply through the shaft from the room and a
communication cable with a sensor at the end for measuring temperature and relative humidity. The amount
of air transported into the showroom from outside corresponds to half an air change rate (ACH) of the room
volume of about 400m³ (floor area of about 70m² and a height of 6 meters). A control unit, developed by the
author as described previously, activated the ventilator when favourable for the room climate. The control
system is simple: it has to compare inside absolute humidity (and also temperature) with outside absolute
humidity. To reduce the risk of transporting unfavourable outside air into the room – too humid, too dry – the
ventilator in the shaft will be activated with a very slow and smooth start in order not to cause a peak in room
air humidity or temperature.
The micro‐climate recommendations of the former director of the copper engravings, Mrs. Knofler, a very
knowledgeable person in her field, were very reasonable. She asked for a temperature range between 16 to
24°C and relative humidity between 40 and 60% with the strict demand that all micro‐climatic changes should
be very smooth to prevent peaks in room conditions. To meet these requirements, controlled ventilation in this
room was absolutely necessary, but could not be achieved using the historic natural ventilation system.
The other requirements of the refurbishment of the showroom in order to improve indoor micro‐climate
for the delicate copper engravings and other artefacts are as follows:
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1.

The existing shading in the middle of the box window was improved and activated in a way that only
about 150 lx could enter the windows. The outer casements of each window form a small gap when
opening the shutter of the outer window in summer. This gap allows natural ventilation of the space
between the inner and outer glazed sections of the box window which removes heat, created by
sunshine on the shading. Research measurements on two box windows next to another showed that
with a ventilated box window the inner pane temperature will show about 10°K less surface
temperature compared to the non‐ventilated window. This gap was closed in winter in order to
benefit from the thermal insulation of the double window .

2.
3.

The existing lamps have been exchanged for LED lamps to reduce internal loads in the showroom.
In the middle of the room there used to be a ‘shading wall’ in front of a southern window enabling a
proper view to a large marble statue in front of the window. This wall helped to reduce glare for
spectatorsue viewing the stat. This wall was transformed into a highly sophisticated cooling element
by using phase changing materials (PCM) as front and rear cover by replacing the existing
plasterboards. In the middle of this newly constructed wall sheep wool was installed in order to purify
room air of pollution such as formaldehyde and other volatile organic compounds (except CO2). A
small ventilator in the wall pumped room air through the wall. To use the PCM wall properly, a small
split cooling unit behind the wall was installed, which was only activated during hot summer nights
because of the noise. The air intake and exhaust were disguised by mounted them in the box window.
The cooling unit cools the air in the PCM walls overnight. During the next day heat of a hot summer
day is absorbed by the wax phase changing material: the wax softens without changing the
temperature of the wall. The following night, the cooling unit solidifies the wax and removes the
absorbed heat. With this very simple construction the room temperature could be lowered to about
24 to 25°C maximum although the showroom was fully exposed towards south. This maximum room
temperature was a great success for such a cheap but intelligent installation.

Fig. 7: View to the shading wall in the room, filled with sheep wool against internal volatile pollution,
covered with PCM plasterboards to cool the showroom in summer by means of a small split cooling unit
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Fig. 8: Schematic diagram of the refurbishing measures in ‘Hansen Saal’, the painting gallery of the Academy of
Fine Arts
Concerning historic building services the subterranean historic tunnel around the basement of the Academy is
worthwhile noting because it prevents the basement becoming damp from contact with the ground. This old
tunnel was used to take outside air for controlled ventilation for a refurbished store room in the basement of
the Academy for precious paintings and artefacts. During refurbishment of the store room a Temperierung
heating system was installed as well as controlled ventilation. The air intake of the ventilation unit was placed
in the historic tunnel, in order to make use of the moderate air temperatures for ventilating the store room.
The store room is only ventilated when by comparison of the absolute humidity inside and outside the room
there is no danger of damaging artefacts.
The air supply for the air handling unit for the gallery of the Academy was also taken from the tunnel.
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Fig. 9: View to the purely radiant heating system by
two copper tubes in the wall of the store room

Fig. 10: View to the simple ventilation unit, usually
used for low energy consumption houses, taking
the air from the tunnel around the basement of
the Academy

With these simple, cheap and reliable installations a high class store room for the Academy was created with
almost no energy and maintenance costs and a very stable micro‐climate.

Fig. 11: View to a measuring period (November 2011 – February 2012) of temperature and relative humidity in
the store room, basement, of Academy of Fine Arts, Vienna

Summary
The refurbishment of the ‘Hansen Saal’ in the Academy of Fine Arts, Vienna, produced a high class showroom
for copper engravings by using historic shafts for controlled ventilation, Temperierung for heating and PCM
walls for cooling. This was a smart way of creating low cost showrooms with low energy and maintenance
costs.
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In a similar way in the basement of the Academy an existing humid and damp room of about 300m² was
improved with Temperierung wall heating and controlled ventilation with about 90% heat recovery, taking the
air from a historic tunnel around the basement.
Advantage of the described building services concept are minimum capital costs, minimum interventions
to the building and minimum operating costs with maximum stability of temperature and relative humidity. It is
important, that the different aspects of the project work are integrated from the planning stage onwards, in
particular bringing an understanding of building physics to the proposed works, for example, when considering
sealing of all joints of the windows and walls, the choice of glass and shading and ‐ last but not least ‐ the
lighting.
For the installation of the Temperierung it is necessary that slits in the base of the outside walls for 18 mm
thick copper tubes could be made and closed afterwards with mortar. Since a trunking for electricity had to be
mounted at the sockets of the outside walls, the wall heating system installation was allowed in the historic
walls. The electric channel was covered by a wooden fillet with the advantage that changes in cables or plugs
can be easily made.
These installations delivered very stable indoor climate and had absolutely no disadvantages – except the
effort of convincing people that climate stability is possible only by simple means. In 2008 the whole painting
gallery was refurbished including the ‘Hansen Saal’ achieving a stable indoor climate, accomplished in a similar
simple way using sustainable installations and building services.

Contact Author
Jochen Käferhaus (Kaeferhaus@aon.at)
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New ventilation and dehumidifying system in existing historic shafts Läckö Palace
(Sweden), to improve indoor micro climate stability
Object description
Läckö Castle is a Swedish baroque palace, dating back to the 17th century and was built in the style of a
baroque castle. As seen in the figures, Läckö is a 4 storey building surrounding a central square court. The area
of the ground floor is about 1,000m² times 4m height, so each of the four stories has a space volume of about
4,000m³.

Fig. 2: floor plan of the 3rd floor of the castle

Fig. 1: view of the castle

The building is not heated, except for the staff rooms on the first floor and a restaurant on the ground
floor. The old windows are leaky with single glazed panes. As a consequence there is a high air exchange rate in
the castle. That also means that, as well as outside dust and pollution, all weather conditions – in winter
relatively dry and in summer relatively humid – will quickly reach inside the castle. There is no means of
mechanical ventilation. Air infiltration is essentially driven by wind pressure. The infiltration rate can be very
high, depending on the wind velocity and direction. Since the castle is situated on a landscape near the lake
Vänern, the wind often is strong and varying in directions.
In order to learn more details about air infiltration in the building and the micro‐climate conditions in the
castle intensive tracer gas analysis were carried out [1] . These measurement campaigns have shown an air
exchange rate (ACH) in the building of about 0,5 to 1,5 depending on the exterior conditions. In historic
buildings measurements of ACH has often shown infiltration rates of about 1. Research work has shown that
these infiltration rates were actively planned in order to supply hygienic indoor conditions for the users of
those buildings.
Since the Swedish Property Board intended to furnish and decorate the palace again the present micro‐
climate in the castle was unfavourable for opening the castle as a museum. To enhance the situation
improvements of windows have been undertaken using either double glazing or mounting secondary glazing in
front of the historic window. This second inner window should not be permanently fixed to the existing
windows in order to conserve the historic features. Also improving the air tighteness of the windows resulted
in better inside conditions but was not sufficient to keep an acceptable micro‐climate inside.
Therefore the decision was taken after having tightened the building to use existing chimneys in order to
install controlled ventilation inside the castle with Swedish rotary solid desiccant dehumidifiers from ‘Munters
AB’, type ML 1350, with the capacity of moisture reduction of 2gr/kg air in 24 hours in the attic. These
measures ensured a fairly stable indoor humidity with a maximum of 65% relative humidity which was
prescribed by the National Gallery in Stockholm.
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Controlled ventilation and dehumidification system
In Läckö palace there is no heating, no ventilation and no electricity. Leaky single pane windows create an
air exchange rate of about 1.9, which has to be improved to 0.8 in order to be able to dehumidify indoor room
air with technical equipment to achieve room conditions below 65% relative humidity to expose artefacts from
other museums.
In order to guarantee an indoor relative humidity below 65%, existing chimneys and open fire places were
used together with a system of ducts, installed in these chimneys by drying room air through the dehumidifier.
Dehumidifier
attic
Max 65 % RF
3:rd
Max 65 %
2:nd
1:st

ground floor

Läckö palace

Fig. 3: Dehumidification system in Läckö castle
For security reasons the dehumidifiers were installed within a fire protection case in the roof with
appropriate fire protection flaps. Dried air is distributed to the stores using textile ducts, suspended in the
chimney channels and the air was recirculated to create acceptable indoor climate for the activities foreseen by
the Property Board and the National Gallery.
The result of these activities showed fairly stable indoor climate below 65% with varying indoor
temperature depending on outside temperature. The large building mass buffered temperature there was a
smoothened outside temperature in the castle between ‐2°C in winter and 23°C in summer.
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Fig. 4: Indoor temperature and relative humidity in room 165, 2nd floor
In order to reach a thorough air infiltration by means of a hygrostat controller the directions of air flow was
reversed every 4 hours.

Summary
The above described activation of historic shafts and chimneys for stabilisation of indoor climate by means
of dehumidifiers in fire compartments in the roof by circulating indoor room air has shown that after air
tightening the building by improving windows and other gaps a significant drop in relative humidity was
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achieved. When operating the dehumidifying system, the micro‐climate conditions in Läckö Castle are
acceptable for the participants and the plan to use the castle as a museum to display artefacts.
Further the research work of J. Holmberg, Stockholm, has shown that an intense measuring campaign has
to be done to identify the indoor climate situation and air leakage of the castle. The passive tracer gas analysis
is an appropriate method to get the best possible overview of the present situation in order to choose the best
possible means for improving the situation.
So far all installations which use historic building services have been successfully hidden all technical
interventions in the historic surroundings without any traces. Therefore all activities were judged as positive
and also room conditions reached prescribed indoor conditions in order to install museums objects.
However, all the technical installations need thorough maintenance and have rather high energy
consumption. Equipment failure can have serious consequences, for example at Läckö Castle in Sweden, when
the dehumidifiers stopped running, mould growth on artefacts occurred. Whilst lower electric power bills were
accepted as relieving financial pressures, the growth of mould in the castle was unacceptable. It is also
important to consider fire security: for example a dehumidifier caught fire at Läckö Castle and additionally fire
dampers had to be installed. We should not underestimate the costs of providing electrical services and
maintenance to provide climate control in historic buildings.
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Leaky envelope and a very big amount of visitors cause damages to building and
artefacts in Neuschwanstein Castle (Bavaria). Controlled ventilation in historic
shafts will improve the situation.
Object description
One of the most visited monuments in central Europe or even worldwide is Neuschwanstein Castle in
Bavaria. This building of the end of the 19th century by the famous king Ludwig II, is an allegory of worshiping
Richard Wagner and an illusion of middle age chivalry. Due to the will of its builder, Ludwig II, who had installed
the latest technical systems, the castle has very interesting plumbing and heating services which are worth
seeing – apart from the interesting exhibitions and the unique site of the building in the middle of Bavarian
Alps.
The Castle attracts about 8,000 visitors per day in summer and about 5,000 in winter, who import dust,
dirt, humidity and cause wear and tear.
Since unique artefacts from the time of Ludwig II are exhibited, the micro‐climate in the showrooms should
not exceed a relative humidity of 65% in summer for long periods and should not fall below 40% in winter.
However, these limits are not kept in the castle due to uncontrolled openings of windows – a very common
habit in many historic buildings, for example Schönbrunn Castle – and a very leaky building, measures are
planned in order to keep relative humidity within defined limits. In addition some damage due to mould on
objects and/or inner building surfaces are obvious. Therefore the existing building services such as warm air
shafts and/or chimneys and open fire places will be used to install a controlled ventilation system to offer
better air conditions for the high visitor numbers as well as better indoor micro‐climate conditions in order to
prevent damage to artefacts and the fabric of the Castle.

Fig. 1: View of Neuschwanstein castle, the ‘palace of the fairy tales’

37

This project has received funding from the
European Union’s Seventh Framework
Programme for research, technological development
and demonstration under grant agreement No 226973

Fig. 2: Main floor plan of the palace, the main part of the building under discussion

Fig. 3: Section of the building

Historic housing systems that (are to be / have been) reactivated
King Ludwig II had a sophisticated heating system, which consists of three heating rooms on layer 1 in the
kitchen floor with furnaces, fired by wood, each having an air intake through outside walls in order to provide
fresh air, which was supposed to be warmed up and driven through warm air shafts into the main living rooms
of the king in his apartment on level 3. Also the coronation hall on level 3, the singers hall on level 4 were
supplied with warm air from the furnaces.
Heating up the outside air and distributing it through the shaft effect was achieved in Neuschwanstein in a
similar way as in other historic buildings of that time: for example the ‘Hofburg’ in Vienna, the parliament in
Helsinki and the ‘Reichstagsgebäude’ in Berlin. The fresh outside air was drawn into the furnace room where
the smoke of the furnace was exhausted through iron chimneys with detours in the room in order to exchange
heat from the smoke through the metal chimney ducts to the fresh air. The warm fresh air was transported by
natural means into the rooms of the king, since warm air rises due to its lighter weight. Often this exchange
process was done either by hot metal chimney ducts as in Neuschwanstein or by the so called ‘calorifere’, large
convectors, as in ‘Hofburg’, Vienna, which were heated by hot water circulation.
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Fig. 4: View into the furnace chambers of Neuschwanstein with the air to air heat exchanger

Fig. 5: View of historic flap in a warm air heating shaft, enabling heating of a room
In Neuschwanstein there have also been tile stoves in the living rooms of the king with very significant
chimneys, which give shape to the castle. Most probably these stoves were not used by the king (or at least,
when he was present in the castle), since these tile stoves had no separate opening or fire door to load fuel
from outside the room in order not to bother the king while he was present. Therefore it is likely that the castle
was always heated by warm air from the three furnace chambers through warm air shafts.
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Historic warm air furnace chambers

Fig. 6: View to a 3 D model of the different shaft systems of the castle: the yellow shafts are the warm air
supply, the green ones are chimneys for the tile stoves, the brown ones are fresh air supply (courtesy of
Linsinger comp., which did the measurements of the whole castle)

Revitalisation and enhancement of historic housing systems
The following graphs show the critical indoor climate situation in the castle. As a result of excessive relative
humidity traces of mould was found. The air quality for visitors could be improved significantly.

Fig. 7: Indoor temperature and relative humidity in the kings rooms, compared with outside conditions
The results of the measuring campaign show the need for improving the airtightness of the castle as well
as smoothing the indoor climate, especially to lower relative humidity below 65 to 60% in order to stop
damages to artefacts and the interior building envelope. Also there was a significant need to create better
hygienic indoor conditions in summer for the numerous visitors.
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After planned improvements of the airtightness of the building envelope and the windows, it was decided
that additional buffer rooms with glass doors in the exit tunnel were necessary to minimize outside air
infiltration.
In addition to controlling natural ventilation, the author researched different solutions for providing
natural ventilation, which were presented to the state owner of the castle. Together with restorers and intense
research work on the existing shafts, the best possible methods of installation of natural ventilation were
examined and presented.
There are principally the following means to achieve a controlled air exchange to improve air quality and
indoor climate to prevent damage to the inside of the castle:
The best way of introducing controlled ventilation in the castle is to install in each furnace chamber a
ventilation unit of about 5,000m³ with an electric heater, with heat recovery for winter operation and a cooling
unit of about 25kW cooling power for dehumidifying.
The advantages of these installations were the compact machinery in three rooms and the use of existing
shafts with flaps in the showrooms. Return air was planned to pass through the main staircase back to level 1
into the kitchen and the three furnace chambers.
The disadvantage of these installations were the costly mounting of the ventilation units, about 30,000
Euro each, the running costs and difficulties installing the machines in the chambers. In addition the existing
metal chimney heat exchanger had to be removed, destroying existing historic craftsmanship. Since the
authorities were looking for an intelligent and reasonable solution, this way of improving indoor climate was
not acceptable.

Fig. 8: Plan of centralized controlled ventilation through existing warm air shafts
The other possibility of a reasonable and simple kind of natural ventilation is the use of automatic window
opening in combination with input air ventilators, or ‘silent box’ (acoustically insulated) ventilator (see Fig. 9).
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Fig. 9: Example of a silent box as a ventilator
Two ventilators could be installed in the windows of the servants’ staircase, drawing filtered outside air
into the staircase by a slight overpressure. From the staircase air would pass through doors, through a gap of
about 3cm (Fig.11), into level 3 and 4 and be exhausted through slightly opened windows (Fig.10). Ventilation
would be controlled by a unit which compares absolute humidity inside and outside the castle to prevent
adverse outside conditions humidity inside the castle. The expected volume air flow rate would be 3,000m3/h
per level.

Fig. 10: Scheme of a simple way of ventilation the Castle
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Fig. 11: Detail of a closed door with a ventilation gap
A third proposition to install simple but reliable controlled ventilation consists in dividing the ventilation
requirement between the crown hall and the king’s apartment. The north elevation of the crown hall has two
small rooms each with a window on the upper floor of the hall (Fig. 12), connected to the main hall. By
installing a small ‘silent box’ ventilator, with electric heater, filters and fire protection flaps, in one room, fresh
air would be blown into the hall, when a control unit allows ventilation. In the other room, an exhaust unit
would be activated, when the input ventilator is operating. The whole system has to be driven with
overpressure of about 8 to 10 Pa in order to have best possible air distribution in the coronation hall.
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Fig. 12: Plan of ventilation of the crown hall
For the controlled ventilation of the king’s apartment and the singers’ hall on level 4 there is principally one
remaining possibility:
Assuming that the chimneys, from the stoves in the apartment, which form the typical shape of the Castle, are
accessible from the roof, the best way of controlled the ventilation of this area would be to use a centralised air
handling unit of about 5,000m³ capacity, with electric heaters, heat recovery, filters, and a cooling unit,
drawing outside air into the Castle through the northern group of chimneys. Through the open fireplaces and
the chimneys on the southern side of the castle the return air would be circulated to the air handling unit in the
roof and waste air could be exhausted to the outside (Figs. 13 & 14).

Fig. 13: Plan of ventilation through open fire places and (open) stoves by using historic chimneys.

Fig. 14: Situation of existing chimneys
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Summary
Next step of this highly interesting reactivating of historic building services will be a detailed investigation
with cameras of the chimneys. Studies of historic plans and comparisons with reality will show if there is a
chance of achieving the latter proposition, which was accepted as the best option by the authorities. This
Castle is an example how important a tight building is for stability of indoor climate. On the other hand, the
large number of visitors require fresh air which will be provided by using historic warm air heating shafts.
Future installations of ventilation systems and forthcoming measurement campaigns will verify the research
work.
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Jochen Käferhaus (Kaeferhaus@aon.at)
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Concept of a new ventilation strategy and simulation of the expected indoor
climate in Linderhof Palace (Bavaria)
Introduction
In the years 2008 to 2011 the behaviour of the room climate in Linderhof Palace (Figure 1) of the Bavarian
King Ludwig II has been investigated by long term measurements to assess the influence on preservation. For a
one year period a building simulation was carried out with a focus on one room with especially interesting
indoor conditions and building characteristics, the King´s bedchamber. In order to gain a deeper understanding
how to implement the building and its environmental conditions into the simulation model, a short overview is
given on the building history and a more detailed view on the construction and also on the room climate of this
unheated historic building, with a special focus on the King’s bedroom. The translation of the building
construction and adjacent room climates as boundary conditions into the simulation model are shown in detail.
The indoor environment is very important for the preservation of art. Especially high fluctuations in relative
humidity are of interest, because they can cause damage to the building construction and to art works.
Therefore relative humidity deserves a special focus.
Due to 3000 or more visitors per day in summer special consideration will be given on the influence of the
visitors on the room climate condition. To be able to distinguish between influence of visitors and influence of
ambient climate through ventilation a well fitted simulation model is necessary.

Figure 1: The left picture shows the front view with entrance of Linderhof Palace. The right picture shows
the rear view of the palace. The middle building section of the right picture shows the three large windows of
the bedchamber. (Source: BSV).

Figure 2: The pictures show the bedchamber, the largest room in the castle with a volume of ca. 805 m³. In
the middle of the left picture the royal bed can be seen. The visitors cross the room in front of the balustrade.
The right picture shows the north wall with the three large windows without curtains. (BSV).
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Building
Building History and Interior Design
Linderhof palace was mainly built up from 1868 to 1876 by the Bavarian King Ludwig II in the Graswang
valley surrounded by the Bavarian Alps. The forested park, where the castle is located, is about 940 m above sea
level between mountain ridges rising up to 2185 m high. The valley is west‐east oriented. The last building phase
was in 1886 with the enlargement the king´s bedchamber. Only some weeks after death of the King the
bedchamber had been finished and the palace opened to the public. Since that time the palace has remained
unheated. The interior of the upper floor, where the showrooms are, is richly furnished. Figure 2 shows views of
the king´s bedchamber. Almost every piece of the interior is a work of art.
Building Components
The outer and inner walls of the building are made of bricks. In every room a special construction made of
wooden panels is assembled on the wall with a certain distance of a few centimetres to the wall. Gilded carvings,
paintings and decorations are fixed on these wooden panels. The windows in the palace are still the original
wooden single glazed windows. The joinery work is well performed, all joints are closed and gaps are narrow. All
windows on the ground floor are always closed. The windows in the upper floor within the representative rooms
are also all single framed. Only in the bedchamber are there boxed windows with two single glazed frames.
Every day when the palace is closed to visitors additional inner shutters on the windows are closed. This
improves the air tightness of the windows considerably. The construction details of the outer wall and window
of the red marked bedchamber are shown in Figure 3. The bedchamber is also shown as modelled in the building
simulation software WUFI® plus (Figure 6).

Figure 3: Detail of wall construction with interior surface consisting mainly of framed gilded or painted
wood. The opened inner shutter is hidden in a lateral box.

Visitors and Ventilation of the Building
Most visitors come in summer time. Opening hours in summer period are from 8.00am to 6pm. From
December 2009 to December 2010 overall approximately 450,000 visitors came to Linderhof. The building is
open almost every day (except for 5 days) of the year. In Figure 5 the visitor’s route is explained graphically.
There are five stations on the tour where explanations are given by the guides. The route through the upper
floor goes in a clockwise direction, see green arrows in Figure 4. During opening hours the windows are opened
by the tour guides. If the weather is not too bad the guides open the windows as required. This means during
summer almost all windows are open during opening hours in the upper floor, where the showrooms are. Only

47

This project has received funding from the
European Union’s Seventh Framework
Programme for research, technological development
and demonstration under grant agreement No 226973

in the bedchamber are the windows always closed. The blue arrows in Figure 4 show the windows which are
used for ventilation.

Figure 4: Upper floor with visitor´s route clockwise through the showrooms (green arrows). The blue arrows
show the windows used by tour guides for airing. The windows in the bedchamber are never opened for airing.
(Plan material: BSV).

Measured Climates
First measurements started in February 2008. Here, a one year period from 1st Dec 2009 to 1st Dec 2010 is
analysed further. A one year period consists of 8760 hours. Due to failures in data recording some data are
missing. This has to be considered when interpreting the statistical figures.
RH of Ambient and Room Climate of King´s Bedchamber
With 90.8 % RH the relative humidity of the ambient climate is, on average, very high. This may be due to
special conditions of the mountain valley. The relative humidity goes up and down in daily cycles, especially in
the warm summer period, decreasing to 24 % RH. For the RH in the bedchamber a seasonal cycle can be
observed with a monthly moving average (MA) of the hourly data between 80% RH in winter and 60 % RH in
summer.
Temperature of Ambient and Room Climate of King´s Bedchamber
The average ambient temperature in this year period is 5.4 °C with a maximum of 30.5 °C and a minimum of
‐17.3 °C. The monthly moving average (MA) shows a maximum of 15.1 °C in summer and minimum in winter
of ‐5.6 °C. In comparison, the indoor climate has an average temperature lift of 5.9 K up to a year´s average
temperature of 11.4 °C. In summer the indoors maximum is 26.5 °C and the minimum in winter is ‐1.5 °C.
Fluctuation of Relative Humidity
The fluctuation of the relative humidity is important for the preservation of works of art. There are several
definitions of acceptable ranges of RH. For example ASHRAE [1] gives a definition for different climate ranges of
museums and archives. For historic and listed buildings, also churches, different definitions for acceptable
climates are given. For the purpose of this paper detailed definitions are not necessary, but it becomes
important as a measure for the quality of the improvement of indoor climate, since climate fluctuations are
important for preservation of artwork. A common value is the daily fluctuation. For each day the maximum and
minimum RH are compared. The difference gives the maximum fluctuation (or range) for each day. The new
approach presented here does not consider the maximum difference for one day, but a moving 24 hour interval.
That means every hour a 24 hour interval is inspected for the maximum fluctuation range. With this method a
more sophisticated investigation of fluctuations can be made compared to an equidistant method. For the
purpose of this paper the comparison of the moving fluctuation is used as a measure for the quality of the
simulation.
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Adjacent Climates
In total there are twelve adjacent climates to the king´s bedchamber as further boundary conditions. These
climates are the indoor conditions of adjacent rooms on the same floor, the rooms underneath and above,
cavities and void rooms and the ambient climate. There are also cavities and voids, each with its own climate. All
these climates were measured and used as boundary conditions.

Building Simulation Model
The calculation software WUFI® plus is based on the coupling of several one‐dimensional calculations of the
building components and their respective areas [5, 7]. Within this software tool it is possible to calculate
temperature and relative humidity of the indoor climate of the king´s bedchamber. After calibrating and some
validation [4] it is possible to simulate the scenario of indoor climate with a HVAC application.

Figure 5: Upper floor plan with a sketch of the simplified room model of the King’s Bedchamber with
different wall partitions and their referred climate. The rectangle areas show rooms below in the ground floor
with their arrangement in the building simulation. The right picture shows the model in cross‐section lengthwise
with building assembly and adjacent climate zones. (Plan Material: BSV)

Simulation Model
All different building components are transferred from the plans and in situ measurements to the simulation
software and implemented in a building model. The single building assembly and climates are assigned to each
single area in the software model, see Figure 5.
Figure 6 shows the computer model and the construction assembly in the north eastern corner of the
bedroom (see also Figure 3). Inside and outside climates are shown in different colours (white or light yellow) in
the 3D model. The ceiling to the attic is marked red on the upper side. The visible door openings are the
passages to the adjacent rooms, called cabinets. The windows are shown as light blue transparent surfaces. The
non‐filled areas adjacent to the bedroom set the outlines of the castle.

Profiles of Inner Sources
The profile of inner sources for heat, moisture and carbon dioxide is derived mainly from the visitor profile.
There is a strong seasonal cycle of visitor numbers. During winter there are only 299 visitors per day on average,
down to 50 people or less on some days. In contrast in summertime there are 2391 visitors per day on average,
up to 3500 people or more on some days. The numbers of visitors were derived from the daily number of
entrance cards for the year examined. Visitors contribute with moisture, temperature and CO2‐emissions to the
indoor environment. For a detailed emission profile of the visitors the actual length of stay of people in the
bedchamber is needed. A measurement on a typical summer day gave an average stay of 4.7 minutes per
visitors in the room. If we calculate 4.7 minutes/visitor divided by 60 minutes per hour we get an equivalent stay
of a hypothetical visitor for one hour. For example in months with an average of 2391 visitors per day we get
approximately 187 equivalent visitors staying during opening time in the bedchamber.
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Figure 6: Screenshot of WUFI® plus simulation model of the King´s Bedchamber. A calculation run is shown
of the building component “outer wall” as depicted in figure 4. The assembly of this component is shown on the
right with outer plaster, wall brick, air layer and inner wood cladding. The red layer shows the calculated band on
temperature within the building component the red line shows the actual calculated temperature at the specific
time step, the green layer shows the band of relative humidity and blue shows the water content.

Figure 7: Detailed hourly profiles of equivalent staying visitors for heat and vapour emission in the
bedchamber. Additionally the seasonal average profiles are shown.
With this daily visitor profile, using common available figures for temperature depending human emissions
(e.g. VDI 2078) and daily opening times we can calculate a detailed hourly visitor profile. Figure 7 shows the
profiles for heat emission with additional heating through electric lighting and a profile of water vapour
emission. Overall for one year we get a heat emission due to visitors of circa 3531 kWh and a moisture emission
of ca. 1236 kg water only for the bedchamber.

Building Simulation Scenario with HVAC
HVAC Solution
The newly developed HVAC solution has been derived respecting the goals for preventive conservation and
the need for a low impact of the HVAC solution on the building construction and energy consumption.
There exist many aspects that have to be considered in regard to preventive conservation. In this paper only
temperature as well as fluctuations and level of relative humidity are highlighted. The existing climate should not
be changed too much. The aim of the climatisation concept is to just reduce the overall level of fluctuations and
to reduce high moisture events. An example for improving indoor climates in this way is given in [9]. This implies
no or only little heating. If there is no (or little) heating only limited air moistening is necessary in winter time.
The palace should stay basically unheated. This decision obviously saves energy compared to a full HVAC
solution with constant temperature.
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This requirement derives also from avoiding strong changes in long term equilibrium moisture content
(EMC) of the interior materials. The same consequence derives from avoiding damaging events from technical
malfunction. If a new climate range would be established even carefully, a malfunction of the HVAC would result
in the former climate corridor. This would cause a major change to the EMC of art materials and could possibly
cause damages to the interior. If we stick to the old climate corridor in seasonal smoothing of temperature and a
fairly constant level of RH the palace administration could benefit by being secure from the risk of HVAC
breakdown. Currently the level of RH is slightly too high, especially during the winter half year period. A new
ventilation concept should bring down the moisture level only slightly, just to a more secure level regarding
mould risk. A level above 75 % RH is seen as critical and should be avoided.
Building Simulation with HVAC Solution
The simulation parameters were set to an air change rate of a constant value of 0.13 h‐1 plus an additional
air volume of 15 m³ per equivalent visitor. To supply the room with fresh air only a fan is necessary. To enable
more climate control an option for dehumidification is foreseen and also for heating. Heating up the air will
lower the RH. This phenomenon is known as conservation heating, and is sometimes used in historic buildings to
control RH. This concept is implemented in the simulation only in a limited way. The heating will start only if the
indoor climate exceeds 70 % RH. The maximum heating power is also limited to 5 kW, and the operating time of
the implemented HVAC simulation solution is only during opening time because of a fire protection order to shut
down the electric circuit during closing time.

Figure 8: The dark blue line shows the simulated real indoor climate. The light blue line shows the result of
the scenario with an HVAC solution. The time period is from Dec 2009 to Dec 2010. The periods with incomplete
boundary conditions are omitted.

Figure 9: Comparing the short term fluctuations of the two simulations shows with the light blue line a
slightly improved RH range in case of the simulated HVAC solution (light blue). The time period is from Dec 2009
to Dec 2010. The periods with incomplete boundary conditions are omitted.

It is assumed that dehumidification is more efficient compared to heating in case of Linderhof palace. The
dehumidification is implemented in the simulation as a preset value of RH level of ambient climate. This means
the air intake of ambient air is dried down to 70 % RH at the unchanged temperature level of ambient air.
Additional to the HVAC scenario, the real indoor climate of the king´s bedchamber is calculated and compared.
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Due to measurement failures there are missing data in the boundary conditions. These time periods are omitted
in the calculation result shown in the graphs in figure 8 and 9. Comparing both simulations, with the HVAC
solution a more stable long term climate can be observed, with a slightly lower level of RH. This results in a more
stable EMC of the materials. The annual average RH drops marginally from 67 % RH to 65 % RH. A closer look at
the RH short term fluctuations is shown in figure 9. The simulated HVAC solution also improves the short term
fluctuations.
Energy Consumption
The energy input in this system is calculated for one year without omitted periods. Two ways of energy
input are implemented with drying of the ambient air to a level of 70 % RH and additional heating of the
incoming ambient air if the indoor air exceeds 70 % RH. In the simulation this is calculated by changes in
enthalpy of ambient air and heating input. The calculated energy input is about 257 kWh in this example for one
year during opening time. This means in average an electric power of about 75 Watt during opening time. The
calculation of energy consumption does not take into account the real performance of a technical unit.

A New Ventilation Concept for Linderhof Palace
Beside an efficient HVAC solution with an improvement to the indoor climate, it is crucial to be able to
install an HVAC system with low impact on the original building construction to the listed building Linderhof
palace with its extraordinary interior. An investigation made by the Bavarian State Administration of Castles
shows possibilities to use the old air heating system and existing chimneys for air ducts. Figure 10 shows one
possible concept for ventilating the main part of the upper floor which is the part of the palace with most
problems in RH level. The new air inlet is planned to be installed in an open constructed chimney.

Figure 10: Ventilation concept of Linderhof Palace for the main part in the upper floor. Displacement
ventilation with air inlet in the king´s bedchamber and controlled air outlet in the Audience chamber and Dining
room.
The chimney was already historically used as air inlet for warm air, heated by a wood fired oven in the
rooms below. Fortunately it is possible to install a HVAC solution below the king´s bedroom in a cellar room with
no historical surfaces. Since there are a lot of visitors in the palace during opening time, it is foreseen in this
concept to use displacement ventilation. Figure 11 shows the air inlet in the king´s bedroom at the right
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chimney. A possible option is to use the left chimney too. Two chimneys will be used for air outlets in order to
produce air currents in both wings of the palace and finally exhaust air to the outside. Fans are foreseen in both
chimneys to control the air flow by pressure difference. Typically for displacement an air outlet would be located
in the upper region of the room. This is not possible in case of Linderhof.

Conclusions and Outlook
Linderhof Palace is a touristic magnet, especially in summer time. Beside ambient climate there is an
significant impact of the visitors on the indoor climate. The traditional ventilation concept with opening windows
has many disadvantages like pest infestation, dust, mechanic damages by use and so on. For preventive
conservation closed windows are beneficial in many ways. This is only possible with mechanical ventilation.
With a rough implementation of the building and the boundary conditions a fairly good correspondence to
measured data may be reached by hygrothermal whole building simulation. With the introduced ventilation
concept and simulation of the concepts we are able to study the possible impacts on indoor climate and energy
consumption. The introduced results show possibilities to improve the indoor climate for conservation by
controlled ventilation with closed windows and at the same time with low energy demand. An important
prerequisite is to investigate possible solutions for implementing HVAC and ventilation devices as shown.
Further investigations are necessary to get a more thorough understanding of the impacts of variations of HVAC
solutions in historic buildings. The next steps are investigations on preconditioning of air with underground air
ducts of ambient air and improvement of the simulation with multizonal airflow.
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Natural ventilation system in Shaft Tomb of Iufaa – North Abusir (Egypt)
Object description
The Czech Institute of Egyptology of the Faculty of Arts of Charles University in Prague began the
archaeological exploration of the part of the Abusir necropolis south‐west of the group of the royal pyramid
complexes from the first half of the 5th Dynasty in 1980. The detailed survey of the terrain was done in the first
part of the project. Detailed surface survey and application of various geophysical methods (e.g. geo‐radar,
magnetometry) identified five or even perhaps six large unidentified underground structures – most probably
shaft tombs of a various sizes as well as a number of smaller objects of the same type. All of these objects were
located in a very limited area in walking distance from the Abusir pyramids. The Iufaa Tomb was the
neighbouring structure of the first excavated Shaft Tomb of army general, official and priest Udjahorresnet.
Excavations of Shaft Tomb of Iufaa began during the expedition in 1995 and the uncovered burial chamber was
opened in 1998. This Shaft Tomb belongs to one of the masterpieces of the Egyptian funerary architecture of
the Late Period ‐ the 26th Dynasty (ca 664 – 525 BC). The main shaft (ca. 12x13m) was 20 m deep and the whole
structure was completed by two side shafts on the west and south sides. The burial chamber with massive
double sarcophagus was decorated with more than 80m2 of reliefs on limestone surfaces, see an example in
Figure 1. For the security reasons the entire bottom of the shaft was covered with a massive construction with
a gabbled roof, which fully guarantees the stability and safety of the uniquely decorated burial chamber deep
under the desert surface.
The whole complex of underground chambers, shafts and corridors were filled with sand immediately after
burial and for more than the next 2,500 years the conditions remained more or less stable. The temperature
remained around 25 deg. C with deviations not exceeding a few degrees. Similarly the relative humidity levels,
albeit very high, remained quite stable at above 90%. There was no access for light and oxygen. But once the
tomb was explored, the situation completely changed. During the construction of the reinforced concrete roof,
the substructures were completely exposed to the outside climate. Later on, spontaneous ventilation occurred
every time the massive metal security doors installed at the mouth of both sides of the shaft were opened. The
indoor climate parameters were not continuously monitored or regulated.
After newly added roofing, the burial chamber of Iufaa Tomb has total volume of approximately 400m3.
The Tomb of Iufaa is unique for several reasons ‐ position of the Iufaa burial is very unusual ‐ his head is
situated to the east, which corresponds more with Greek than the Egyptian burial customs. Another interesting
construction aspect is that two smaller side shafts were built in the complex, see Figure 2. Both were probably
used for the construction of the main shaft and burial chamber and the west one (ca. 1.30 x 1.50m and 18m
deep) was most probably used for transport of the Iufaa´s mummy into the burial chamber. The south shaft is
bigger (ca. 4.5 x 2.5 m and 18m deep) and with reinforced walls and the newly constructed wooden staircase
serves as the main access to the burial chamber.
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Figure 1 Limestone reliefs decoration of the interior of the burial chamber ‐ the east wall

Figure 2 Schematic diagram of the Iufaa Shaft Tomb – the service west shaft on the left, the main shaft with the
burial chamber in the middle and the service south shaft with access staircase on the right. (M. Balik)

Identified risks
Two main conservation problems were identified in burial chamber: i) high level of relative humidity,
which supported biodeterioration and ii) water soluble salts – especially chlorides.
Biodeterioration by black yeasts
Concerning the biodeterioration, particularly black yeasts (Figure 3), sometimes also black fungi have been
identified as the main problem. Black yeasts, a diverse group of slow‐growing micro‐fungi imperfecti, have
some specific characteristics, e.g. melanisation of walls, incrustation of walls with melanins and presence of
other protective substances like carotenoids represent passive physiological adaptations.

Figure 3: Black colonies of Black yeasts on the surface of limestone reliefs decoration (right) and after tests of
cleaning (left)
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This enables them to be highly resistant against environmental influences. 1,8‐dihydroxynaphtalene melanin in
the cell wall causes the characteristic dark brown or black colour. Black yeasts are highly resistant and colonize
inhospitable rocks surfaces e.g. in the Mediterranean basin or in hot and cold dry deserts. That is why they are
called rock‐inhabiting fungi. There are many examples of their presence on surface of various stone
monuments in Egypt. Limestone belongs to one of the most often attacked surfaces, where the black yeasts
generate a massive colonies with characteristic dark grey or black colour, which have a strong degrading effect
on the surface of delicate valuable reliefs.
Water soluble salts
Desert environment presents a number of risks of its own ‐ even in desert areas, where historical artefacts
remain permanently covered by a layer of dry sand, which has allowed them to survive millennia in a very good
condition. Even in these arid areas the high levels of humidity can present a major challenge. This phenomenon
is typical mainly for shaft tombs, where burial chambers are located deep under the desert surface in order to
be protected from thieves and robbers. Iufaa´s burial chamber is situated below the terrain level. Moreover the
sand in these areas often contains high levels of water soluble salts ‐ especially chlorides – residues of the
receding sea from the times when the Sahara plateau formed the bottom of the sea. When combined with
humidity fluctuations, water soluble chlorides become a most aggressive degradation agent and cause serious
damage on the surface of the valuable unique limestone reliefs. The substructures deteriorated particularly
due to rapid changes in internal climate parameters which caused re‐crystallization of water soluble salts, see
Figure 4.

Figure 4 Limestone decoration reliefs from the interior of the burial chamber – detail of damages caused
by water soluble salts in the bottom parts

Indoor climate measurements
Comet L3120 dataloggers were installed for monitoring of indoor climate parameters. Temperature and
relative humidity were measured at 30 minute intervals. One datalogger was placed directly in the interior of
burial chamber on the top of the west part of the vault, as shown in Figure 5. Dataloggers number 2 and 3
were placed in the lower mouth of side shafts (number 2 in west and number 3 in south) on a temporary basis
when the shafts were open during term of our expedition. The last datalogger number 4 was placed outside on
the desert surface close to the Iufaa Tomb. Unfortunately, there is no possibility to place dataloggers outside
the well protected burial chamber for the time when the expedition is not working in Abusir because of
security reasons. That is why only seasonal data are available from the dataloggers number 2, 3 and 4 during
the period of the expedition.
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Figure 5. Downloading of data from datalogger on the Iufaa basalt sarcophagi
The subsequent evaluation highlighted that the climate in the interior of the burial chamber was
influenced by several major factors:
 the particular circumstances in the service side shafts
 the opening or closing of the shafts mouths and metal security doors
 the activities of people in the burial chamber (number of workers and visitors, duration of their
stay, type and intensity of lighting).
The longer term measurements confirmed the initial assumptions that the relative humidity in the interior
of the underground burial chamber oscillates between two extremes – the maximum recorded level reached
around 95% which was recorded after a long term closure of the structure between expeditions ‐ mostly in
Spring and in Autumn. This level of humidity brings ideal conditions for the growth of Black yeasts. On the
other hand, the minimum measured value was recorded at the launch of another expedition, when the
Egyptian workers uncovered both shafts and opened the security doors. The final relative humidity dropped
below 35%, which was favourable for the comfort of people working underground, but at the same time it was
very risky for the monument. Such a major abrupt drop in relative humidity can cause changes in related
physical processes, especially the processes related to crystallization of water soluble salts, resulting in
potential damage to the delicate reliefs carved in the limestone casing of the burial chamber. It was necessary
to propose solutions, which would help to maintain the relative humidity levels permanently within safe limits
and prevent abrupt fluctuations. The recommended level of relative humidity for the safe preservation of wall
paintings and polychrome paintings and drawings on stone was determined as 55% ±10%, for which also the
biodeterioration by Black yeasts should be mitigated. There were several solutions available, ranging from the
installation of an automated air‐conditioning unit, a mechanically regulated humidification and
dehumidification to a mechanically regulated ventilation system.

RH stabilization by natural ventilation system
Based on the thorough analysis of possible mitigation measures, it was decided to use controlled natural
ventilation. A complex system of measures was designed and implemented which finally led to decreasing the
temperature and, primarily, the relative humidity. This was finally achieved by opening both the south and the
west access service shafts, producing a natural chimney effect, which brought fresh and dry air from the
ground level into the underground burial chamber. The narrow west shaft serves as suction shaft ‐ through the
construction of two suction openings on the mouth of the shaft completed with sliding doors enabling
continuous regulation of the amount of entering air, see Figure 2. A number of holes of about 12mm diameter
were drilled through the metal security doors to allow the air to circulate without compromising the security
function of the door. In Figure 6, two suction chimneys with sliding doors for ventilation on the upper mouth of

58

This project has received funding from the
European Union’s Seventh Framework
Programme for research, technological development
and demonstration under grant agreement No 226973

the west shaft are shown. In order to protect them against burglars, the chimneys are covered by sand, as
shown in Figure 7.

Figure 7 Two suction chimneys with sliding doors
for ventilation on the upper mouth of the west
shaft after covering with sand as a protection
against burglars

Figure 6 Construction of two suction chimneys
with sliding doors for ventilation on the upper
mouth of the west shaft

Gradually, the internal climate was stabilised to a safe level as defined above. The whole system was put
into operation during September 2013. From this time the level of relative humidity in burial chamber gradually
declined from around 80% to 40%, as it can be clearly seen in Figure 9. The Burial chamber was opened during
the term of the autumn expedition. After closing of the Burial chamber in the end of November the level of
relative humidity was quite stable and it fluctuated between 40‐45%. During last week of February, when the
spring expedition started, the Burial Chamber was opened again and the level of relative humidity declined to
35%. The level of 35% is too low and the crystallization of the water soluble salts could increase rapidly. That is
why it was decided to reduce the volume of incoming air from the surface of the desert and lightly turn down
the sliding doors on the suction opening on the upper mouth of ventilation shafts. This simple step caused
increasing level of relative humidity and improvement of the indoor climate to between 45 – 50% which is not
so dangerous for the crystallization of water soluble salts and the risk of biodeterioration is also limited, see
Figure 8. An example of outdoor climate variations is shown in Figure 10 for the same time period.

Figure 8. Data from datalogger located inside the burial chamber
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Figure 9 Data from datalogger located at the bottom mouth of the south shaft

Figure 10 The outdoor‐climate measurements from the datalogger located on the desert surface nearby the
Iufaa Tomb

Summary
The Iufaa Shaft Tomb belongs to the most valuable findings of the Czech Egyptologist. The Burial Chamber
is decorated with more than 80m2 of unique limestone reliefs which are endangered by the fluctuation of
relative humidity connected with crystallization of water soluble salts and with grow of Black yeast fungi on the
surface of reliefs. As the protective measure, natural ventilation system was installed recently. The rather
simple construction is based on the use of two historical side service shafts and the natural chimney effect.
There are two suction openings with sliding doors on the upper mouth of the west shaft. By closing or opening
of this air flow through the doors, the indoor climate parameters inside the burial chamber can be controlled.
By the natural ventilation system, the level of relative humidity was reduced from 75‐80% to 40‐55%, which
provides suitable protection against bio‐deterioration.
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Revitalisation of the Monastery of Paular (Rascafría, Spain) with integration of the
passive natural ventilation system
Object description
A simulation based study is documented in the report for the Monastery of Paular of Rascafría, central
Spanish mountain zone, which has a temperate climate with dry or hot/temperate summer.3
“The Monasterio de Santa María de El Paular (Santa María de El Paular Monastery) is a former Carthusian
monastery (Spanish cartuja, "charterhouse") located just northwest of Madrid, in the town of Rascafría, located
in the Valley of Lozoya below the Sierra de Guadarrama. Supposedly, its construction begun in 1390 by orders
of Henry II of Castile, and construction proceeded for fifty years under his son, John I of Castile. It was sited
where an old chapel stood. Supposedly he was spurred on to carry out this project due to his plundering of a
chartreuse (charterhouse) during a campaign in France. This was the first chartreuse in Castille and Leon. In
1403, a small adjacent palace was built under Rodrigo Alonso. Many architects contributed to the complex,
including Juan Guas, Rodrigo Gil de Hontañón, Francisco Hurtado and Vicente Acero. The refectory was
designed in a Moorish style. “4
The refectory room has been selected for monitoring and for the analysis [Figure1]. It is located next to the
main room of the church. It is unheated and practically unmanned. The material used for construction is mainly
natural stone. The future plans are to adapt it for tempory exhibitions of paintings (e.g. objects from the well
known Madrid Museum of Prado), and to open it to visitors.

Refectory room Ground Plan

Refectory room, E

Refectory room, W

Refectory [Simulation
Model]

Refectory [Simulation
Model]

Figure1. Monastery of Paular of Rascafría, Spain

3

Köppen Climate Classification for the Iberian Peninsula

4

http://en.wikipedia.org/wiki/Monastery_of_El_Paular, the detailed information can be found using the
indicated link
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Simulation based analysis and design of natural ventilation system
Through the elaboration of the following study, the project aims to observe and assess the energy changes
produced by using simulations, which focus on natural ventilation modification in the monitored room. This
type of analysis will allow us to observe if an effective reduction of the interior temperature can be achieved
and if a delay of the cooling system activation is possible in the summer months. The diurnal cycle of the
external temperature has been taken into account in determining the possibility to refresh the interior by
external air, particularly during summer nights. For the purpose of the building analysis, extensive calculations
have been performed using energy simulation tools in order to evaluate the real building energy performance
and the consequent performance after the modifications.
The simulation based analysis has been performed for both the base case (actual situation) and the
modified case (the proposed modifications). Several comparative studies have been performed for the cases to
obtain assessments and conclusions for the design changes. The boundary conditions for the simulation model
are the real monitored data collected at the site.
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Figure2. Indoor temperatures comparison, base case (blue) and modified case (red).
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Figure3. Relative Humidity comparison, base case (blue) and modified case (red).
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The proposed solution to the ventilation system consisted of opening 50% of the window surface. This
opening is carried out simultaneously in both existing windows, with an automatic system that only works
when indoor temperature is higher than external temperature, during the months of June, July and August. By
this control action, we can obtain a good reduction of the indoor temperature in summer months. As can be
seen in the simulation outputs in Figure 2, an effective temperature drop of up to 3 ºC can be achieved by the
proposed natural ventilation during the summer months. Next, the indoor air relative humidity has been
analysed by the model. As shown in Figure 3, the natural ventilation system generates a slight increase of
relative humidity in the summer months, because the external air has more humidity. As this increase is in
direction to the average level of the relative humidity and thus it reduces the yearly fluctuation amplitude, the
ventilation system is beneficial also in this aspect.
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Figure 4. Air Exchange Rate comparison, base case (blue) and modified case (red).
Time periods have also been observed, when natural ventilation reaches levels of two internal air changes
per hour. This provides notably increased the indoor air quality [Figure4].
To analyse the internal temperature across the space, several CFD software simulations were made,
particularly with the objective to visualize the airflow evolution and to complete an exhaustive study
concerning the thermal comfort generated with the natural ventilation proposal. Within the study period, the
most unfavourable day has been chosen, i.e. the day with the worst comfort conditions, which was July 17th.
The diurnal cycle was divided into six analysis cases (02:00h. 06:00h, 10:00h, 14:00h, 18:00h and 22:00h).
Concerning the temperature, a range from 21ºC to 26ºC has been chosen that coincides with the comfort
range which is acceptable with the existing environmental conditions. In this way, we can quickly see the wall
thermal situation during the analysed period.

Simulation results by CFD model
First, the simulation study has been carried out for the actual situation in the building as a reference to the
study case with natural ventilation. The base case is, as described above, the actual situation. Based on this, we
carried out the rest of energy simulations, changing each factor individually and finishing with a simulation with
the sum of changes.
The building energy performance is analysed using specific computer simulation tools. The software used
was “Energy+”, which allows us to do a dynamic analysis of the building, evaluating the hourly evolution during
a specific year. The result from simulation let us assess the proposal by considering its energy performance.
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Energy simulations are made with the hourly climatic data, geographic data like latitude, longitude and
height, material technical characteristics like thermal transmission coefficient, specific heat, density and
thermal conductivity, and the thickness of each material.
Analysis of the temperatures (taking into account different walls orientations), as well as air velocity, have
been made to define the project on revitalisation and enhancement. Below (Fig. 5), the results of the
comparison can be observed. In the base case, where ventilation was not introduced, temperatures stay higher
than in the proposal case with ventilation considered. After this comparison, we saw that lower temperatures
in the proposal case have been achieved throughout nearly the whole day of the simulation period. For the
base case, temperatures only stayed within the comfort zone at night time; during other periods the global
temperature exceeded 27ºC. The reason is that the stratified air of the room has no chance of being completely
refreshed by air infiltration only.
By contrast, with the natural ventilation proposal, we saw that room temperature was not stratified,
producing a uniform comfort in the whole room. Only in a couple of cases, during the hottest hours of the day,
temperatures reached almost 26ºC. This temperature range was generated in the highest part of the refectory
room, a few centimetres from roof surface, due to radiation from the roof, which has been exposed to high
solar radiation. However, the bulk of the room volume does not exceed 23‐24ºC.
Over most of the night hours, from 22:00 to 10:00, natural ventilation maintains a temperature between
21‐22ºC, cooling the stone walls before receiving solar radiation in the morning. In this way, it has been
possible to delay and minimize heat transmission from the walls to the room [Figure5].

Summer Energy Simulation [Comparative Base Case – Ventilation Case]
Internal temperatures Refectory room [17th July] Temperature Range [21‐26 ºC]

Base Case 02:00h

Ventilation Case 02:00h

Base Case 06:00h

Ventilation Case 06:00h
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Base Case 10:00h

Ventilation Case 10:00h

Base Case 14:00h

Ventilation Case 14:00h

Base Case 18:00h

Ventilation Case 18:00h

Base Case 22:00h

Ventilation Case 22:00h

Figure 5. Summer Energy Simulation [Comparative Base Case – Ventilation Case]
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After these results, we wanted to work further on temperature changes and indoor air speed, caused by
the system, and to compare these results with the base case. For this, more simulations have been performed
with the CFD software, in the same summer periods, since it is the period when natural ventilation works most
effectively.
The study was relatively large due to the amount of simulations done for each wall through different
periods of the day. In this way, we could observe in detail the evolution of temperatures generated by the
proposed changes. Temperature decrease can be observed in these simulations too (Fig. 6).
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Figure 6. Summer Energy Simulation and Internal surface temperatures in different Wall Orientations
[Comparative Base Case – Ventilation Case]

At the results of the surface temperature comparison at different walls [Figure 6], it has been observed
that the thermal performance was satisfactory, decreasing considerably their average temperature. The walls
exposed to the air flow generated by natural ventilation were the most affected by this proposal.
We can see in the base case that temperature was higher in the area near windows as it is located in the
highest part of the refectory room. However, in the ventilation case, this situation changes, because the
ventilation airflow input or output generates a quick temperature decrease in this area.
With these simulations, we achieved enough data to evaluate what part of the wall has the correct thermal
conditions to locate existing paintings and sculptures, facilitating the maintenance and minimizing its
deterioration for a longer period of time.
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Once the temperature analysis was completed, a large number of simulations have been performed to
analyse the airflow that comes into the space, its distribution inside the room, taking data and results
concerning air direction and air speed. In this way, we can see the effect of the ventilation over the simulated
room from a global point of view.
The simulation results show us a very good performance of the ventilation proposal, which generates a
considerable inlet and outlet airflow. The inflow was located mostly in the south window; this was due to the
direction of the prevailing winds in the area during the summer season.

Summer Energy Simulation [Comparative Base Case – Ventilation Case]
Air Velocity [17th July] Velocity Range [0,1‐1,2m/s]

Base Case 02:00h

Ventilation Case 02:00h

Base Case 06:00h

Ventilation Case 06:00h

Base Case 10:00h

Ventilation Case 10:00h
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Base Case 14:00h

Ventilation Case 14:00h

Base Case 18:00h

Ventilation Case 18:00h

Base Case 22:00h

Ventilation Case 22:00h

Figure 7. Summer Energy Simulation of Air Velocity [17th July] Velocity Range [0,1‐1,2m/s]
[Comparative Base Case – Ventilation Case]
As noted in the figures [Figure7], the ventilation works mainly from 22:00 to 10:00, however, there is little
ventilation between 14:00 and 18:00. This is due to high outside temperatures. This ventilation generates a
movement of the internal air in the west side of the room, moving down into the room and passing slowly to
the exit at the east window. Thus, internal air renovation has been achieved as required.
In the base case, however, there is practically no air exchange and the indoor airflow is performed only by
convection. This movement is primarily located near the windows due to the thermal transmission difference
between the surface and the window and consequently the temperature difference [Figure 8].
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Base Case

Ventilation Case

Figure 8. Summer Energy Simulation of Air Velocity [17th July] Velocity Range [0,1‐1,2m/s].

Figure 9. Annual Energy Simulations Results for Heating and Cooling [kWh/year]

Summary
As the main result, a simulation study has been performed to analyse the applicability of natural
ventilation to air‐condition the refectory room in the Monastery of Paular. In general, the study has provided
very good results, verifying that the proposed solution is suitable to enhance comfort for the given type of
interior. As shown, the indoor climate conditions can be improved considerably just by proper management of
opening and closing the windows to control the outdoor‐indoor air exchange. Next, CFD simulations have been
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performed with the objective to estimate a thermal demand to air‐condition the room during the period of use,
with a desired temperature range between 21 and 24ºC. As shown by the simulation results [Figure 9], up to
40% of cooling energy demand can be saved just by the proposed natural ventilation system.

Contact author
Magdalena Rozanska (magdalena.rozanska@acciona.com), Acciona
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Analysis of hypocaust in Roman villa rustica, located in Mošnje at Podvin
(Slovenia) – preserved underfloor heating system from the Roman period (1st
century AD)
Object description
Archaeological remains of a very large Roman settlement were found during construction of Kranj ‐
Radovljica highway in 2006. First assumption was that one of discovered buildings is either roadside station
(mansion) or rural villa (villa rustica). Further investigations and subsequent research confirmed that it is likely
to be the latter, a rural villa. It represents a fine and nicely furnished building example from that period. Apart
from other premises, its interior included spaces intended for spa activities, very similar to others from Rome
or Pompeii and other lands of the ancient Roman Empire. The villa rustica comprised almost 20 hectares of
land with a large commercial facility or manor house. The property was economically orientated and used slave
labour. These establishments represented an economic base for the Roman political class. Buildings were
designed in such a manner that they had clearly separated living spaces for the owners and their families from
spaces designated for labour (slaves). In Slovenia, archaeologists have already discovered around two hundred
rural villas.

Figure 1 ‐ Situation of the site in Mošnje at Podvin. Building with hypocaust is marked with red ellipse.

Figure 2 ‐ Roman villa rustica in Mošnje at Podvin
during excavations, spring 2007 (Photo: Maja Lavrič,
Institute for the Protection of Cultural Heritage of
Slovenia).

Figure 3 ‐ Roman villa rustica in Mošnje at
Podvin, view from hypocaust (caldarium) towards
south, 12.4.2007 (Photo: Maja Lavrič, Institute for the
Protection of Cultural Heritage of Slovenia).

71

This project has received funding from the
European Union’s Seventh Framework
Programme for research, technological development and
demonstration under grant agreement No 226973

Remains of extensive masonry settlements in Mošnje at Podvin (explored area of 160 × 87 m) are located
on the sunny slopes and foothills of the Sava river terraces. Figure 1 shows situation of five buildings that were
found within the fortified complex; the best‐preserved are placed at the eastern part. This report presents in
detail one building example (building no. 2, marked with red ellipse in Figure 1) which had residential premises
located at the eastern part. A spa was located in the western part of the building and was formed of three main
components: caldarium (above hypocaust), tepidarium and frigidarium – hot, warm and cold room). The
majority of extremely valuable smaller findings (coins, jewellery, tools, parts of the building components,
pottery) dating from 1st and 2nd centuries, place the villa rustica in that time period.

Historic housing system
Spas and pools, whether public or private, were an extremely popular form of relaxation, entertainment
and maintenance of personal hygiene in the ancient Roman Empire (and in other Mediterranean areas).
Wealthier people preferred to enjoy these luxury treatments at their own homes. Early types of underfloor
heating system can still be seen in many spas located in Olympia and Syracuse. The earliest examples of
hypocaust, found in Pompeii, show that this system has not changed much throughout centuries. In villa
rustica, the hypocaust was heated by a praefurnium (furnace). Floors were raised and stood on pillars so that
hot air circulated between them and warmed up the exposed construction. Remains of pillars (lower parts or
bases) can be seen in Figure 3. Rooms were heated in the same way ‐ as air, transmitted between the walls,
was distributed through shafts between stonewall construction and tagulae (ceramic tiles). The fireplace and
hypocaust were placed just outside the warmest part of spa (caldarium), in a nearby room. The spa premises
and their layout are displayed in the floor plan, Figure 4 below.
Discovered remains helped reveal the spa building’s envelope components. Since larger part of building
structure has already been destroyed, only provisional construction details can be estimated. These have been
prepared together with the help of experts from the Institute for the Protection of Cultural Heritage of
Slovenia. Please refer to Figure 4 floor plan for a better understanding of components location. Components
are presented as follows (materials are listed from inside to outside):
 Northern and eastern wall in caldarium:
 Southern and western wall in caldarium:
o Plaster: 2 cm.
o Plaster: 2 cm.
o Taguale (airshafts): 3 cm.
o Taguale (airshafts): 3 cm.
o Natural stone: 50 cm.
o Natural stone: 100 cm.
 Floor on the ground in hypocaust:
 Other walls:
o Tufa stone placed on the ground.
o Plaster: 2 cm.
o Ground.
o Natural stone: 50 cm.
 Roof:
 Floor above hypocaust in Caldarium:
o Plaster: 2 cm.
o Tufa stone: 10 cm.
o Natural stone: 20 cm.
o Plaster: 2 cm.
o Mosaic: 2 cm.
Spa rooms were linked with openings and they were most likely covered or partitioned with either wooden
doors or heavy fabrics. The corners of walls were constructed of Tufa stone.

caldarium

tepidarium

frigidarium

North
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Figure 4 ‐ Villa rustica floor plan (Source: Institute for the Protection of Cultural Heritage of Slovenia).

Hygrothermal dynamic simulations of the historic housing system
Hygrothermal dynamic simulations have been carried out for the thermal spa‐building model with IDA‐ICE
software. Boundary conditions (geometry, building components, inner climate conditions, etc.) have been
defined carefully together with experts from the Institute for the Protection of Cultural Heritage of Slovenia.
Our goal was to analyse and define sufficient heating system capacities that can sustain minimum
temperatures of 50°C in the caldarium, including during colder outside conditions, as experienced in winter.
Simulations were done for one winter day with almost constant outside temperature of around 0°C (weather
data was taken from the test reference year for the Ljubljana location for 11th January 2014).

Figure 5 – Time interval of simulation: 11.1.2014 – display of outside air temperatures for the reference
winter day in Ljubljana.
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Figure 6 ‐ IDA‐ICE plan view and 3D model of thermal spa in villa rustica.

Schematic advanced build model.

Schematic view of hypocaust zone model.

Figure 7 – Model of villa rustica in IDA ICE

Simulation building model had six different zones:
 Three different spa zones: caldarium, tepidarium and frigidarium, each block with approximate
dimensions of 5m (length) × 5m (width) × 3m (height). The tepidarium and frigidarium were located on
the ground.
 Hot airshafts around caldarium.
 Hypocaust: located below caldarium.
 Praefurnium: zone bordering hypocaust, where the furnance was located.
The building model consisted of several thermal zones (left picture in Figure 7). The schematic view of the
building model shows zones with interfaces, where the heat is transmitted from one zone to another. Each
zone has its own advanced build zone model (right picture in Figure 7). The active parts of some enclosing
elements (walls/floor/ceiling) of each zone model were combined into one thermal node, which were included
in the zone model. External walls were handled separately, because conditions on outer side were different
from those in the zone. Surface areas were known and were used for the distribution of radiation. Surface
inclinations were also known and were used to calculate non‐linear convective transfer.
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Figure 7 ‐ Cross section through praefurnium,
hypocaust, caldarium and airshafts.

Figure 8 ‐ 3D model of the building envelope.

It was estimated that the eastern room adjacent to the caldarium, tepidarium and frigidarium had a
constant air temperature of 15°C. Heat was generated with an ideal heater, located in praefurnium. Hot air in
hypocaust and air shafts distributed heat to caldarium floor and surrounding walls. Openings between different
spa zones were constantly closed with wooden doors. Other heat sources and installed systems were not
foreseen in this simulation. Individual zones, their layout, and geometry of the building model are shown in
Figures 6, 7 and 8.

Figure 9 ‐ Minimum air temperatures in each zone displayed in 3D model.

Summary
The Institute for the Protection of Cultural Heritage of Slovenia plans to acquire EU funds in the future.
These resources would be used for canopy construction and revitalisation of a hypocaust prototype, so that
visitors would be able to learn and experience how this ancient heating system operates in practice.
Some parts of construction, especially Tufa stone, are very sensitive to outside weather conditions (e.g.
temperature variations, solar radiation, etc.) and need to be protected from outside impacts. Since Tufa stone
form parts of walls, their degradation threatens their load bearing capacity. Grout injection of these elements is
considered as a measure of primary importance.
Combustion gas distribution is another very important issue. Carefully designed airshafts should distribute
exhaust air freely to the outside air. Combustion gas leakage to caldarium or other spa premises should not be
allowed.
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The purpose of the simulation was to determine heating system capacity, which can ensure adequate air
temperature in the caldarium on a reference winter day, and at the same time to predict temperature profile in
other rooms.
IDA‐ICE results showed that an ideal heater needed to deliver 301.1 kWh of energy during the evaluated
reference winter day (11.1.2014) in order to satisfy the criterion of a minimum temperature (50 °C) in the
caldarium.
Zone
Min temperature [°C] Max temperature [°C]
Praefurnium
170.0
170.0
Hypocaust
88.8
88.9
Caldarium
52.0
52.2
Tepidarium
10.8
11.0
Frigidarium
3.8
7.0
Air shafts
49.7
49.9
Table 1 – Minimum and maximum air temperatures on 11.1.2014
Since there were no major fluctuations in outside air temperatures during the evaluated day, there were
also no great differences between extreme values (minimum and maximum) of air temperature in the rooms
within this building model (minimum air temperatures can be seen in Figure 9). Results in Table 1 show that the
greatest difference in air temperature extremes appeared in the frigidarium, because it is located farthest from
the furnace and it is most exposed to external influences (two walls and roof are facing outside air, while floor
is located on the ground).
Assumed boundary conditions can affect the simulation results. Temperature profile depends upon the
following factors: geometry of the model, external climatic conditions, air exchange rates, building envelope
structure, airtightness, doors opening regime, heating system parameters, etc.
Energy for heating is needed to maintain defined minimum room temperature in the caldarium. It is
therefore important to determine what is a sufficient capacity of the heating system in relation to the extreme
climatic conditions and to get as close as possible to the actual influential factors. Future studies on the
possible revival of this ancient system will certainly give great attention to these issues.
Hygrothermal simulations allow optimisation of system parameters according to prototype size
(dimensions) in order that building envelope constructions can be optimised. Many other influential
parameters can be easily evaluated with IDA‐ICA software, e.g. usage patterns, climate parameters, HVAC
system parameters, building geometry and envelope modifications, etc.
Only an accurate computer model, appropriate documentation and construction realisation, monitoring,
and compliance with predicted usage regime can provide sustainable revival of the hypocaust system concept
in the Roman villa rustica. This study shows that the model is applicable and feasible. Further surveys will help
experts from the Institute for Protection of Cultural Heritage of Slovenia set influential sustainable parameters
and help them make this prototype sustainable.
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Revitalisation of heating system for conservation control in Packwood House
Object description
Packwood House is in the English Midlands, in open countryside, some 20 kilometres south east of the city
of Birmingham. Originally a modest late 16th century timber‐framed house, with 17th century additions,
Packwood was rebuilt in rendered brick in the late 18th or early 19th centuries (Figs. 1‐2). In the 1920s
Packwood was acquired by Graham Baron Ash who lavished great care on restoring the building and furnishing
it with his collection of tapestries, furniture and works of art. Baron Ash changed the building significantly,
adding the Long Gallery which connects the house to its Great Hall, a converted agricultural building (Figs. 3‐4)
Baron Ash gave Packwood House to the National Trust in 1941 and it has been preserved and displayed to the
public as Baron Ash intended – a recreation of a 17th century interior (Figs. 5‐6).

Fig 1.

Front of Packwood House, stables block to
the right.

Fig 2. Rear of Packwood House across the garden

Historic housing system
It is likely that until the 1920s the only heating in Packwood House was from wood and coal fires burning in
open fireplaces. As part of his programme of renovations, Baron Ash installed piped hot water heating in the
house. Sectional cast iron radiators were fitted in most of the rooms, supplied with low pressure hot water
from a ‘Britannia’ boiler (Fig. 7) (Britannia was a brand name of the Ideal Standard company, manufacturers of
boilers and other central heating equipment, Hull, Yorkshire). This boiler, which remained operational until
2011, is of solid fuel type but may have been converted to oil fuel at a later date, or supplied as new with an oil
burner. As was common with late 19th century and early 20th century hot water heating systems, circulation
was by the thermosiphoning principle (‘gravity flow’), whereby cooler, denser water in the return pipe to the
boiler displaced the hotter less dense water in the flow pipe. Provided a reasonable temperature was
maintained in the boiler, this effect was sufficient to circulate hot water around all the radiators of the house.
The flow may have been assisted by an ‘accelerator’, an early form of central heating pump. The design
temperature of such a system, as taken from late 19th century heating textbooks would typically be to maintain
an indoor temperature of 16–20°C when the outdoor temperature was –3°C [1]. Most rooms at Packwood
have wet system radiators (Fig. 8), but the design temperatures may have been difficult to achieve because the
heat loss characteristics of the building are considerable, with single glazed windows and uninsulated roof.
In the 1990s the National Trust modified the heating system so that it could be operated as two
independent zones, controlled for conservation heating by humidistats. However the 1930s oil‐fired boiler
with gravity flow continued in operation. The relative humidity in the showrooms was better controlled than
previously, avoiding extremes of high RH in particular. However the gravity flow system was not very
responsive to RH changes and the zoning (Great Hall and Long Gallery + all other showrooms) was too
indiscriminate for RH to be maintained at satisfactory levels [2] across the whole house.
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Fig 3. Long Gallery, built by Baron Ash and
refurbished in 17th century style.

Fig 4. The Great Hall, a barn that was
separate from the House until Baron Ash
built the Long Gallery, joining it to the rest
of the house.

Fig. 5. Floor plans of the House

By 2010 it was apparent that the heating system was in need
of revitalisation. With the gravity flow system the oil fired boiler
had to operate continuously in order to maintain flow and for hot
water to be available on demand, should the humidistats call for
heat. This meant that oil consumption was high, with significant
carbon emissions. In 2010 the National Trust set out its energy
policy for the next 10 years [3]. This requires a move away from
reliance on fossil fuels to sourcing 50% of the National Trust
energy from renewable sources, and a reduction in overall energy
consumption of 20% by the year 2020.

Fig. 6.

Ireton Bedroom
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Fig. 7. 1930s Ideal Standard
‘Britannia’ boiler

Fig. 8. Boxed 1930s low pressure hot water radiator.

Revitalisation and enhancement of historic housing system
The revitalisation adopted at Packwood was for the installation of a water source heat pump, extracting
heat from the small lake at Packwood (Fig. 9). The heat pump was installed in a new plant room in one of the
Packwood outbuildings (Fig. 10). The 200KW heat pump supplies hot water to a thermal store buffer tank from
which the house heating is drawn.

Fig. 9. Pipe coils for the water source heat pump,
before installation in the lake at Packwood House.

Fig. 10. Heat pump in the new plant room at
Packwood.

In the house itself all the radiator valves were refurbished and the system was flushed to clear sludge from
the pipework and provide for better circulation. Investigations of the pipe runs showed that it was feasible to
create a third control zone for the main block of the house, separate from the existing control zone in the Long
Gallery. This provided for much better control of RH because the heat loss characteristics of the main block
rooms were broadly similar and so they could reasonably be controlled from a single sensor. All three zones
were controlled by Hanwell CH2 humidistats (Fig. 11) linked directly to the zone valves.
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The CH2 humidistats are designed to deliver the standard
National Trust conservation heating control strategy:




Fig. 11. Hanwell CH2 humidistat (small
box in lower half of picture, as installed
in the Great Hall)

RH set point 58% or 60% ± 1% deadband setting
Minimum temperature for frost protection 5°C
Maximum heating temperature to avoid overheating
22°C

In addition, these units are also programmed with a comfort
boost function that can be used to provide additional warmth for
visitors and volunteers during winter opening. This is activated by
pressing a boost button on the humidistat which will temporarily
change the heating strategy to:
Target temperature 15‐16°C provided RH does not fall below
40%. Duration 6‐8 hours with automatic revert to conservation
settings

Fig. 12. Environmental control characteristics of the Great Hall before the project. RH is not well controlled in
the winter months – the gravity feed system and radiator output are insufficient to prevent high winter RH
(~70%).

Fig. 13. With the new heat pump and revitalised heating system (commissioned March/April 2012) the RH is
much better controlled all year round.
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Summary
The project has enabled the environmental control at Packwood House to be significantly improved though
the refurbishment of the existing house heating distribution system to achieve better hot water circulation and
greater control of the heat distribution by improved zoning of the house. The facility for additional comfort
boost heating during winter opening times has been enhanced so that the house can more readily welcome
visitors during cold weather, whilst at the same time providing acceptable RH conditions for the historic
collections at Packwood.
The high oil consumption that was formerly the case at Packwood has been eliminated. An oil boiler has
been retained as a backup heat source in the event of a breakdown of the heat pump, however this has not
been needed as the heat pump has proved reliable and trouble free in service so far.
Although the heat pump has increased electricity consumption at Packwood this is more than offset by the
reduction in carbon emissions from the elimination of oil usage.
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Revitalisation of historical heating system by tiled stoves in the Museum of Český
Krumlov Castle
Český Krumlov castle
Český Krumlov Castle (http://www.zamek‐ceskykrumlov.eu/en/) is a complex of forty buildings situated
around five courtyards and the seven‐hectare grounds of the castle park; see Fig. 1 for panorama of the castle.
The complex grew up by degrees within each building stage from the 14th to the 19th century. The foundations
of today's castle disposition were laid as early as the 16th century during large‐scale Renaissance re‐modelling.
Český Krumlov castle is considered to be the second largest castle complex in Central Europe (next to the
Prague Castle).

Figure 1. Panorama of Český Krumlov Castle with the building of the Little Castle near the Castle Tower
The first settlement of the castle promontory dates back to the Bronze Age. The original Gothic castle was
founded by the Lords of Krumlov before 1250. When the Lords of Krumlov died out in 1302, their relatives ‐ the
Rosenbergs inherited the castle. The Rosenbergs family had their seat there until 1602. In the second half of
the 16th century the castle acquired the form of a mighty and splendid Renaissance residence. At that time the
rulers of the Rosenberg dominion represented eminent personalities among Bohemian aristocracy, educated
humanists, patrons of the culture and arts, and prominent politicians all filling the highest posts within the
Bohemian Kingdom. In 1602, the Emperor Rudolf II. von Habsburg bought the Krumlov dominion. Afterwards,
the Emperor Ferdinand II. von Habsbursg donated the royal demesne to the Prince Johann Ulrich von
Eggenberg who was the representative of an Austrian princely dynasty. Johann Christian I. von Eggenberg
converted Český Krumlov into an impressive Baroque seat. As the Eggenbergs died out without successors in
1719, the new dynasty ‐ the princely lineage of the Schwarzenbergs ‐ inherited Krumlov. As early as their
second generation Joseph Adam zu Schwarzenberg showed his creative personality. A deft and enterprising
businessman as well as a passionate art lover, he played an important role in the far‐reaching reconstructions
of the castle. Inclination towards the culture of the imperial residence in Vienna contributed to the enrichment
of building innovations as well as of social life at the castle with a cultural impetus of European importance.
Towards the end of the 18th century, and especially in the 19th century, the protracted stagnation of art and
economy became evident, and after the middle 19th century the Český Krumlov Castle lost its role as the main
residence of the Krumlov‐Hluboká Schwarzenberg branch and was not regularly inhabited even in the 20th
century. In 1947, the Schwarzenberg property, including Český Krumlov, was transferred to the Czech
provincial properties and after the abolition of the provincial system it became the property of the
Czechoslovak State in 1950. In 1963 the town and castle were declared a municipal historical preserve, and in
1992, together with Prague and Telč, it was added to the UNESCO list of cultural and natural heritage.
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Renovation of the Castle Museum in the Little Castle Building
Little Castle
The oldest and the most important building of the castle complex is the Little Castle with the castle tower,
which is shown in the right‐hand side of Fig. 2. This part of the Castle with its tower, which dominates Český
Krumlov town, is the oldest medieval structure having originated in the 2nd half of the 13th century. At first, the
Little Castle served as the residence of the Krumlov nobles. In the 1580s this residence lost its importance
owing to the construction of the Upper Castle – the new residence of the Rosenberg nobility – and became
only a part of the fortification system. During the 18th century this part of the Castle was adapted as
apartments for the Krumlov officials.

Fig.2: Scheme of the complex of the Český Krumlov Castle ‐ the Little Castle Building on right side in front
of Castle Tower
Museum in the Little Castle
The whole Castle complex is open to public from April until October. In order to make the Castle complex
more attractive and bring some entertainment for visitors even during winter months, it was decided to
reconstruct the building of the Little Castle, which had been used mainly for the storage purposes, and to set
up the Castle Museum there to be opened during the whole year.
In 2008, the National Institute of Cultural Heritage of the Czech Republic, subsidiary in České Budějovice
was awarded a grant from the European Economic Area as well as the Norway Grants to support the Project to
build up a new Castle Museum in the Little Castle. The idea of the Museum exhibition was to present precious
artefacts from the Castle collection and to explain to visitors the most significant events related to the
Rožmberk, Eggenberg and Schwarzenberg owners of the Castle in the past. The Project started by laying the
foundation stone of the Castle Museum in July 31, 2009. The museum was opened to the public in January
2011.
The building of the Little Castle was in unsatisfactory condition by long term absence of proper
maintenance before the reconstruction. That is why the reconstruction was really extensive including structural
treatment of the building, replacement of roofing and electrical and other types of installations. The historical
windows and doors were reused or refurbished where it was possible or were replaced with historically
accurate copies. Thermal insulating glass was used for the glazing.

Revitalisation of heating system by original tiled stoves equipped with electric heating elements
Installation of a new heating system is one of the routine problems during reconstruction of historical
buildings and their transformation for new purposes of use. Because of the need to minimize modifications to
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the protected historical structure of the Little Castle, it was decided to revitalise the historical heating system
using tiled stoves.

Fig. 3: Sketch of tile stoves for the installation in the museum
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Figure 4. The restoration of historical tiled stoves
The stoves were equipped with electric heating coils with heating performance determined individually for
each of the rooms. The installed performance was between 2kW to 4kW and 1 or 2 heating coils were installed.
Restoration of historical stoves included making replicas of broken original tiles; see the sketch of the stoves in
Fig. 3. The reconstruction work is documented in Fig. 4. Even though the electrical heating is considered as one
of the most expensive types of heating, it was selected mainly due to low level of invasiveness to the building
construction and low maintenance requirements.
For the temperature control and monitoring purposes, two temperature sensors are located in every
room. One of them is always placed directly inside the individual stoves and serves as a safety control for
limiting the maximum temperature inside the historical stove. The second one is a classical room temperature
sensor connected with thermostat for regulation of the interior temperature. The level of interior temperature
is set to 18oC. Note that no central control system exists and all the rooms are controlled individually.
Indoor‐climate monitoring
Since 2007, the castle has been monitored by the Hanwell wireless system with online temperature and
relative humidity measurements at 21 places. After reconstruction of the Little Castle and opening of Castle
Museum, two more measurement points were added – the former Schwarzenbergs office and the Chapel.

Figure 5 Indoor climate data from the Historical Schwarzenberg´s office in the Little Castle
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As shown in the records from the Schwarzenberg’s office in Fig. 5, the conditions are relatively stable
concerning the temperature during the heating period, except the temperature drop event in December 2013.
We can also observe an undesirably high temperature increase in the summer of 2013. As regards relative
humidity, even though the situation can be classified as relatively safe and stable, two risky factors can still be
identified. The first one is a relatively low seasonal level of RH, particularly in the winter months. Relatively high
fluctuations are the second and the main risky factor. In terms of seasonal levels, the mean RH level changes
from 30% in the winter to 46% in the summer. The short term fluctuations are most of the time within the
acceptable ±10% range, but for short periods they get close to ±15%. Thus, considering the ASHRAE standards
[1], the indoor climate can be classified as B‐C, i.e. with moderate to high risk of mechanical damage to the
exhibited objects made of organic hygroscopic materials (wood, canvas, paper). However, as the most of
valuable pieces of art are exhibited in special showcases, see Fig. 6, the impact of the most dangerous short
term fluctuations is eliminated. Note that the conditions in the chapel have similar characteristics and levels of
risk as the indoor climate in the Schwarzenberg’s office room.

Figure 6. Museum showcase in historical style

Summary
Český Krumlov Castle belongs to the most valuable monuments of the Czech Republic. The Little Castle was
recently adapted as a new Castle Museum. This museum is open to the public during the whole year and makes
the Český Krumlov Castle more attractive for tourists. In order to minimise interventions into the protected
historical structure, the revitalisation of tiled stoves was chosen for heating of the historical interiors. Restored
tiled stoves equipped with electrical heating coils are used in more than 15 rooms of the Little Castle Museum.
The stoves are equipped with two levels of control: one safety temperature sensor is placed inside the stove to
limit its maximum temperature and the second temperature sensor is placed in the room and connected with a
thermostat for controlling the interior air temperature with a set‐point of 18oC. Even though the analysis of
indoor‐climate in one of the rooms shows potential risks associated with low levels of relative humidity and its
rather higher fluctuations, the indoor‐climate can be considered as relatively safe. It is mainly due to storing
the most of the valuable historical objects in the showcases that serve to buffer short term fluctuations.
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General recommendations for the revitalisation of historic housing systems
The reasons for interventions using building services in historic (and also in modern) buildings which are
used as storage rooms or museums are generally as follows:




lack of acceptable indoor climate in the showrooms
mould in the rooms
too high energy costs

The use or reactivation of historic building services may be the only possible means of installing machinery
to condition the indoor environment, since (air‐conditioning) installations in historic buildings are mostly not
allowed or possible due to conservation requirements which prevent installation of, for example, new
ductwork for distribution of fresh air. Restored historic building services or use of old shafts or chimneys can be
used as follows:
1.
2.
3.

4.

To implement controlled ventilation in the building
To use shafts effects as driving forces for natural ventilation
For the installation of a natural cooling system, either through an earth tunnel or by means of
adiabatic cooling with evaporating water – as it will be done in ‘Hofburg’, Vienna, by sprinkling water
on corrugated steel sheets installed in the huge air intake from outside for historic natural ventilation
in order to humidify outside air in winter, when it is too dry to circulate it in the building
To use shafts for stabilising room climate by dehumidifying room air by means of a dehumidifier, for
example Läckö Palace in Sweden, where dehumidifiers were installed at the end of shafts in the attic
in order to reduce humidity.

Reactivated historic building services also have an advantage over the controlled opening of windows by
eliminating dust pollution in buildings with the possibility of incorporating filters.
Generally, the following ‘rules’ or recommendations have to be obeyed in order to achieve the best
possible results for indoor climate in historic buildings:
1. The limit of indoor climate conditions as temperature and relative humidity has to be defined in
collaboration with all people involved with the building (restorers, engineers, etc.).
2. It is important to integrate building mass as much as possible.
3. The building has to as ‘air tight’ as possible by sealing the building envelope, windows, gaps, etc. and
using buffer rooms to hinder uncontrolled air movement in the building.
4. The thermal performance of the building envelope should be improved if possible, for example, with
roof insulation.
5. If necessary, heating and cooling should be installed in the building only by means of radiative systems
as Temperierung or wall heating, never by convective systems because of dust pollution.
6. External loads as well as internal loads have to be reduced as much as possible by best possible
outside shading systems to prevent solar gains or LED lighting to reduce the lighting load.
7. If possible existing shafts or chimneys should be used for controlled (natural) ventilation.
8. The use of opening windows in summer for night cooling purpose is recommended if there is not a
dust problem or pollution from outside or room climate peaks due to differences in humidity and
temperature between inside and outside.
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&hZd,Z^^dh/^ΘZKDDEZ/E'͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϳ

ϭϭ͘ϭ ĂƐĞ^ƚƵĚŝĞƐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϳ
ϭϭ͘Ϯ &ƵƌƚŚĞƌZĞĂĚŝŶŐ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϰϴ


WĂŐĞͮϰ











ZĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ŝƐ ďĞĐŽŵŝŶŐ ĂŶ ŝŶĐƌĞĂƐŝŶŐůǇ ŝŵƉŽƌƚĂŶƚ ĐŽŶƐŝĚĞƌĂƚŝŽŶ ŝŶ Ăůů ďƵŝůĚŝŶŐƐ͕ ŚŝƐƚŽƌŝĐ ĂŶĚ
ŽƚŚĞƌǁŝƐĞ͘ /Ŷ ƚŚĞ ĐŽŶƚĞǆƚ ŽĨ ƚŚĞ ůŝŵĂƚĞ ĨŽƌ ƵůƚƵƌĞ ƉƌŽũĞĐƚ͕ ƚŚĞ ŝŶƚƌŽĚƵĐƚŝŽŶ ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ĐĂŶ
ďĞ ďŽƚŚ Ă ƉƌĞǀĞŶƚŝǀĞ ĂŶĚ ŵŝƚŝŐĂƚŝǀĞ ŵĞĂƐƵƌĞ͘ dŚĞ ŝŶƚƌŽĚƵĐƚŝŽŶ ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ǁŝůů ŽďǀŝŽƵƐůǇ
ƌĞĚƵĐĞ ŐƌĞĞŶŚŽƵƐĞ ŐĂƐ ĞŵŝƐƐŝŽŶƐ͘ &ƵƌƚŚĞƌŵŽƌĞ͕ ƚŚĞ ƌĞƐƵůƚƐ ĨƌŽŵ ƚŚĞ ůŝŵĂƚĞ ĨŽƌ ƵůƚƵƌĞ ƉƌŽũĞĐƚ ƐŚŽǁ
ŚŽǁ ĐůŝŵĂƚĞ ĐŚĂŶŐĞ ǁŝůů ŚĂǀĞ ĂŶ ĞĨĨĞĐƚ ŽŶ ƚŚĞ ĞŶĞƌŐǇ ĚĞŵĂŶĚ ĨŽƌ ĐůŝŵĂƚĞ ĐŽŶƚƌŽů ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘
,ĞƌĞ͕ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ĐĂŶ ďĞ Ă ƐƵƐƚĂŝŶĂďůĞ ĂŶĚ ĐŽƐƚͲĞĨĨĞĐƚŝǀĞ ƐŽůƵƚŝŽŶ ĨŽƌ ĐůŝŵĂƚĞ ĐŽŶƚƌŽů ĂŝŵŝŶŐ ƚŽ
ŵŝƚŝŐĂƚĞ ƚŚĞ ĞĨĨĞĐƚƐ ŽĨ ĐůŝŵĂƚĞ ĐŚĂŶŐĞ͘
'ƌĞĂƚ ĐĂƌĞ ŝƐ ƌĞƋƵŝƌĞĚ ǁŚĞŶ ŝŶƚƌŽĚƵĐŝŶŐ ŵŽĚĞƌŶ ŚĞĂƚ ĂŶĚ ƉŽǁĞƌ ƐǇƐƚĞŵƐ ŝŶƚŽ ŽůĚĞƌ ĂŶĚ ŚŝƐƚŽƌŝĐ
ďƵŝůĚŝŶŐƐ͕ ǁŝƚŚ Ă ŐƌĞĂƚ ŵĂŶǇ ĐŽŶƐŝĚĞƌĂƚŝŽŶƐ ŝŶĐůƵĚŝŶŐ ƚŚŽƐĞ ŽĨ ŚŝƐƚŽƌŝĐ ĨĂďƌŝĐ͕ ĂĞƐƚŚĞƚŝĐƐ͕ ŚŝƐƚŽƌŝĐĂů
ŝŶƚĞŐƌŝƚǇ ĂŶĚ ƚĞĐŚŶŝĐĂů ƌŝƐŬ͘ &Žƌ ƚŚŝƐ ƌĞĂƐŽŶ ĐŚĂŶŐĞ ŝƐ ŽĨƚĞŶ ƐƚƌŽŶŐůǇ ƌĞƐŝƐƚĞĚ ŝŶ ƚŚĞ ĨŝƌƐƚ ŝŶƐƚĂŶĐĞ͕
ƉĂƌƚŝĐƵůĂƌůǇ ǁŚĞƌĞ ŝƚ ŝƐ ƉĞƌĐĞŝǀĞĚ ƚŽ ƌĞůĂƚĞ ͚ŽŶůǇ͛ ƚŽ ƚŚĞ ĞŶĞƌŐǇ ĂŶĚ ĞŶǀŝƌŽŶŵĞŶƚĂů ĂŐĞŶĚĂƐ͘ ,ŽǁĞǀĞƌ͕
ƚŚĞƐĞ ĂƌĞ ŶŽƚ ƚŚĞ ŽŶůǇ ĚƌŝǀĞƌƐ ŽĨ ĐŚĂŶŐĞ͗ ǁŝƚŚ ĨƵĞů ĐŽƐƚƐ ƌŝƐŝŶŐ ĨĂƐƚ ĂĐƌŽƐƐ ƚŚĞ h͕ ƚŚĞ ƌƵŶŶŝŶŐ ĐŽƐƚƐ
ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ƚŚĞƐĞ ďƵŝůĚŝŶŐƐ ĂƌĞ ĨŽƌĐŝŶŐ ƚŚĞŝƌ ŽǁŶĞƌƐ ƚŽ ĐŽŶƐŝĚĞƌ ŚŽǁ ƚŚĞŝƌ ƉƌŽƉĞƌƚŝĞƐ ŵĂǇ ďĞ
ŵĂĚĞ ŵŽƌĞ ĞĨĨŝĐŝĞŶƚ ĂŶĚ ůĞƐƐ ĐŽƐƚůǇ ƚŽ ŽƉĞƌĂƚĞ͕ ŝŶ ŽƌĚĞƌ ĨŽƌ ƚŚĞŵ ƚŽ ƌĞŵĂŝŶ ǀŝĂďůĞ ĨŽƌ ƵƐĞ ŝŶ ƚŚĞ ůŽŶŐ
ƚĞƌŵ͘ tŝƚŚ ĐĂƌĞĨƵů ƉůĂŶŶŝŶŐ ƚŚĞ ƐŽůƵƚŝŽŶƐ ĐĂŶ ĂůƐŽ ĂĚĚƌĞƐƐ ĞŶĞƌŐǇ ĂŶĚ ĞŶǀŝƌŽŶŵĞŶƚĂů ĂŐĞŶĚĂƐ͕
ƐĂƚŝƐĨǇŝŶŐ ĞǀĞƌǇŽŶĞ͛Ɛ ŶĞĞĚƐ͘ /Ŷ ƚŚĞ ƌŝŐŚƚ ƐĞƚƚŝŶŐƐ͕ ƚŚĞƌĞĨŽƌĞ͕ ĂŶĚ ǁŝƚŚ ĂĚĞƋƵĂƚĞ ƉůĂŶŶŝŶŐ͕ ĚĞƐŝŐŶ ĂŶĚ
ŽƉĞƌĂƚŝŽŶ͕ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƚĞĐŚŶŽůŽŐŝĞƐ ŵĂǇ ďĞ ƐƵĐĐĞƐƐĨƵůůǇ ŝŶĐŽƌƉŽƌĂƚĞĚ ŝŶƚŽ ŵĂŶǇ ŚŝƐƚŽƌŝĐ
ďƵŝůĚŝŶŐƐ ĂŶĚ ƵƐĞĚ ĂƐ ĞǆĂŵƉůĞƐ ŽĨ Ă ŵŽƌĞ ƐƵƐƚĂŝŶĂďůĞ ďƵŝůƚ ŚĞƌŝƚĂŐĞ͘
/Ŷ ƚŚĞ ƉĂƌƚŝĐƵůĂƌ ĐŽŶƚĞǆƚ ŽĨ ƚŚĞ ůŝŵĂƚĞ ĨŽƌ ƵůƚƵƌĞ ƉƌŽũĞĐƚ͕ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƚĞĐŚŶŽůŽŐŝĞƐ ĐĂŶ ƉůĂǇ
ĂŶ ŝŵƉŽƌƚĂŶƚ ƌŽůĞ ŝŶ ŚĞůƉŝŶŐ ŵĂŝŶƚĂŝŶ Ă ŚĞĂůƚŚǇ ŝŶĚŽŽƌ ĐůŝŵĂƚĞ ƚŚĂƚ ǁŝůů ďĞŶĞĨŝƚ ƚŚĞ ďƵŝůĚŝŶŐƐ
ƚŚĞŵƐĞůǀĞƐ͕ ƚŚĞŝƌ ĐŽŶƚĞŶƚƐ ĂŶĚ ŽĨ ĐŽƵƌƐĞ ƚŚĞŝƌ ŽĐĐƵƉĂŶƚƐ͘ tŚŝůĞ ƚŚĞ ďƌĞǀŝƚǇ ŽĨ ƚŚŝƐ ƌĞƉŽƌƚ ŵĂŬĞƐ ƐŽŵĞ
ůĞǀĞů ŽĨ ŐĞŶĞƌĂůŝƚǇ Ă ŶĞĐĞƐƐŝƚǇ͕ ŝƚ ŵĂǇ ďĞ ƚĂŬĞŶ ĨŽƌ ŐƌĂŶƚĞĚ ƚŚĂƚ ŝŶ ƚŚĞ ĐŽŶƚĞǆƚ ŽĨ ŚŝƐƚŽƌŝĐ ŝŶƚĞƌŝŽƌƐ ĂŶĚ
ĐŽŶƚĞŶƚƐ͗



ƌĞŶĞǁĂďůĞ ŚĞĂƚ ƚĞĐŚŶŽůŽŐŝĞƐ ǁŝůů ŚĞůƉ ƉƌĞǀĞŶƚ ĞǆĐĞƐƐŝǀĞ ĐŽůĚ ĂŶĚ ŝƚƐ ƉŽƐƐŝďůĞ ĚĂŵĂŐŝŶŐ
ĐŽŶƐĞƋƵĞŶĐĞƐ ƐƵĐŚ ĂƐ ĐŽŶĚĞŶƐĂƚŝŽŶ ĂŶĚ ŵŽƵůĚ ŐƌŽǁƚŚ͖ ǁŚŝůĞ
ƌĞŶĞǁĂďůĞ ĞůĞĐƚƌŝĐŝƚǇ ƚĞĐŚŶŽůŽŐŝĞƐ ŵĂǇ ƉŽǁĞƌ ĞŝƚŚĞƌ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ Žƌ ĐŽŽůŝŶŐ ĚĞǀŝĐĞƐ
ŶĞĞĚĞĚ ƚŽ ĐŽŶƚƌŽů ĐůŝŵĂƚĞ ŝŶ ŚŽƚƚĞƌ ĐŽƵŶƚƌŝĞƐ͕ ĂƐ ǁĞůů ĂƐ ĨƵĞůůŝŶŐ ůŝŐŚƚŝŶŐ ĂŶĚ ĂƉƉůŝĂŶĐĞƐ ƚŚĂƚ
ĐĂŶ ŚĞůƉ ĐŽŶƚƌŽů ƉŽƚĞŶƚŝĂůůǇ ĚĂŵĂŐŝŶŐ ĨĂĐƚŽƌƐ ƐƵĐŚ ĂƐ ůŝŐŚƚŝŶŐ ĂŶĚ ŚƵŵŝĚŝƚǇ ůĞǀĞůƐ͘

dŚŝƐ ƌĞƉŽƌƚ ƉƌŽǀŝĚĞƐ ĂŶ ŽǀĞƌǀŝĞǁ ŽĨ ƚŚĞ ŵĂŝŶ ƐŵĂůůͲƐĐĂůĞ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƚĞĐŚŶŽůŽŐŝĞƐ͗ ƐŽůĂƌ
ƚŚĞƌŵĂů͕ ďŝŽŵĂƐƐ͕ ŚĞĂƚ ƉƵŵƉƐ͕ ƉŚŽƚŽǀŽůƚĂŝĐƐ͕ ǁŝŶĚ ƚƵƌďŝŶĞƐ ĂŶĚ ŚǇĚƌŽ ƚƵƌďŝŶĞƐ͘ &Žƌ ĞĂĐŚ ƐƉĞĐŝĨŝĐ
ƚĞĐŚŶŽůŽŐǇ͕ Ă ƚĞĐŚŶŝĐĂů ŽǀĞƌǀŝĞǁ ŝƐ ƉƌĞƐĞŶƚĞĚ ĨŽůůŽǁĞĚ ďǇ ĐŽŶƐŝĚĞƌĂƚŝŽŶƐ ƌĞůĂƚŝŶŐ ƚŽ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕
ĞǆƚĞŶƚ ŽĨ ƵƐĞ ĂŶĚ ĞĐŽŶŽŵŝĐƐ͕ ĂŶĚ Ă ĐĂƐĞ ƐƚƵĚǇ ŝƐ ƉƌŽǀŝĚĞĚ ĨŽƌ ĞĂĐŚ ƚĞĐŚŶŽůŽŐǇ͘ ĐŽŶŽŵŝĐƐ ŝƐ ĂůƐŽ
ĐŽǀĞƌĞĚ ďƌŝĞĨůǇ͕ ďƵƚ ĂƐ ŵĂŶǇ ĂƐƉĞĐƚƐ ŽĨ ƚŚŝƐ ĂƉƉůǇ ĞƋƵĂůůǇ ƚŽ Ăůů ƚĞĐŚŶŽůŽŐŝĞƐ Ă ŐĞŶĞƌĂů ƐĞĐƚŝŽŶ ŽŶ ƚŚŝƐ
ĂƌĞĂ ŝƐ ƉƌŽǀŝĚĞĚ ďĞůŽǁ͘

WĂŐĞͮϱ









 

ĂƉŝƚĂů ĐŽƐƚƐ ĨŽƌ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ ǀĂƌǇ ĐŽŶƐŝĚĞƌĂďůǇ͕ ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞ ƚĞĐŚŶŽůŽŐǇ ĂŶĚ ƚŚĞ
ĐŽƵŶƚƌǇ͘ /Ŷ ŐĞŶĞƌĂů͕ ƚŚĞ ůŽǁĞƌͲĐŽƐƚ ƐǇƐƚĞŵƐ ƚĞŶĚ ƚŽ ďĞ ƐŽůĂƌ ƚŚĞƌŵĂů͕ ďŝŽŵĂƐƐ ƐƚŽǀĞƐ͕ Ăŝƌ ƐŽƵƌĐĞ ŚĞĂƚ
ƉƵŵƉƐ ĂŶĚ ƐŵĂůůͲƐĐĂůĞ Ws ĂƌƌĂǇƐ͖ ŚŝŐŚĞƌͲĐŽƐƚ ƐǇƐƚĞŵƐ ƚĞŶĚ ƚŽ ďĞ ďŝŽŵĂƐƐ ďŽŝůĞƌƐ͕ ŐƌŽƵŶĚ ƐŽƵƌĐĞ ŚĞĂƚ
ƉƵŵƉƐ͕ ĂŶĚ ǁŝŶĚ ĂŶĚ ŚǇĚƌŽ ƚƵƌďŝŶĞƐ͘ ,ŽǁĞǀĞƌ͕ ŝƚ ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ƌĞŵĞŵďĞƌ ƚŚĂƚ ĐŽƐƚͲĞĨĨĞĐƚŝǀĞŶĞƐƐ ŝƐ
ŶŽƚ ƐŽůĞůǇ ĚĞƚĞƌŵŝŶĞĚ ďǇ ĐĂƉŝƚĂů ĐŽƐƚƐ͗ ƚŚĞ ďĞŶĞĨŝƚƐ ƌĞĂůŝƐĞĚ ĂƌĞ ŽĨ ĨƵŶĚĂŵĞŶƚĂů ŝŵƉŽƌƚĂŶĐĞ͕ ĂŶĚ ŝŶ
ƐŽŵĞ ĐĂƐĞƐ ŵŽƌĞ ĞǆƉĞŶƐŝǀĞ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ ĐĂŶ ĂĐƚƵĂůůǇ ďĞ ŵŽƌĞ ĐŽƐƚͲĞĨĨĞĐƚŝǀĞ ĚƵĞ ƚŽ
ƚŚĞŝƌ ŚŝŐŚĞƌ ƌĞƚƵƌŶƐ͘
^ĂǀŝŶŐƐ ĂůƐŽ ǀĂƌǇ ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞ ƚĞĐŚŶŽůŽŐǇ ĂŶĚ ƚŚĞ ĐŽŶĚŝƚŝŽŶƐ ŝŶ ǁŚŝĐŚ ŝƚ ŝƐ ŝŶƐƚĂůůĞĚ ĂŶĚ
ŽƉĞƌĂƚĞĚ͘ sĞƌǇ ƐƉĞĐŝĨŝĐ ƐĂǀŝŶŐƐ ĂƌĞ ŽĨƚĞŶ ƉƌĞĚŝĐƚĞĚ͕ ŚŽǁĞǀĞƌ ǁŝƚŚŽƵƚ ƉƌŽƉĞƌ ŝŶƐƚĂůůĂƚŝŽŶ ĂŶĚ ƵƐĞ
ƚŚĞƐĞ ĐĂŶ ŽĨƚĞŶ ďĞ ǀĞƌǇ ŝŶĂĐĐƵƌĂƚĞ͘ >ŽǁĞƌͲĞĨĨŝĐŝĞŶĐǇ ƐǇƐƚĞŵƐ ŵĂǇ ĐŽƐƚ ůĞƐƐ ƚŽ ŝŶƐƚĂůů͕ ŚŽǁĞǀĞƌ ƚŚĞŝƌ
ůŽǁĞƌ ŽƵƚƉƵƚ ŵĞĂŶƐ ĨƵĞů ďŝůů ƐĂǀŝŶŐƐ ĂŶĚ ĂŶǇ ĂƐƐŽĐŝĂƚĞĚ ŝŶĐŽŵĞ ǁŝůů ĂůƐŽ ďĞ ƌĞĚƵĐĞĚ͘
ĂƉŝƚĂů ĐŽƐƚƐ ĂƌĞ ƐŽŵĞƚŝŵĞƐ ƐƵƉƉŽƌƚĞĚ ďǇ ŶĂƚŝŽŶĂů Žƌ ůŽĐĂů ŐƌĂŶƚƐ͕ ǁŚŝĐŚ ĐŽŵŵŽŶůǇ ĨƵŶĚ Ă ƌĞůĂƚŝǀĞůǇ
ƐŵĂůů ƉƌŽƉŽƌƚŝŽŶ ŽĨ ƚŚĞ ƚŽƚĂů ĐŽƐƚ ĂŶĚ ĂƌĞ ƐŽŵĞƚŝŵĞƐ ƚĂƌŐĞƚĞĚ Ăƚ ƉƌŝŽƌŝƚǇ ŐƌŽƵƉƐ ;Ğ͘Ő͘ ƉƌŽƉĞƌƚŝĞƐ
ƌĞƐƚƌŝĐƚĞĚ ƚŽ ŚŝŐŚĞƌͲĐŽƐƚ͕ ŚŝŐŚĞƌͲĞŵŝƐƐŝŽŶƐ ĨƵĞů ŽƉƚŝŽŶƐͿ͘ dŚĞ ͚ƉƵƌĞ͛ ĨŝŶĂŶĐŝĂů ďĞŶĞĨŝƚƐ ĂƌĞ ůŽǁĞƌ
ƌƵŶŶŝŶŐ ĐŽƐƚƐ ĚƵĞ ƚŽ ƐƉĞŶĚŝŶŐ ůĞƐƐ ŽŶ ĨŽƐƐŝů ĨƵĞů͕ ďƵƚ ŽƚŚĞƌ ĨŝŶĂŶĐŝĂů ŝŶĐĞŶƚŝǀĞƐ ŚĂǀĞ ůĞĚ ƚŽ Ă ĚƌĂŵĂƚŝĐ
ŝŶĐƌĞĂƐĞ ŝŶ ƌĞŶĞǁĂďůĞƐ ŝŶ ƌĞĐĞŶƚ ǇĞĂƌƐ͗




KŶĞ ŽĨ ƚŚĞ ŵĂũŽƌ ĚƌŝǀĞƌƐ ŽĨ ƌĞŶĞǁĂďůĞ ĞůĞĐƚƌŝĐŝƚǇ ŝŶ ŵĂŶǇ h ĐŽƵŶƚƌŝĞƐ ŝƐ ƚŚĞ &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ;Žƌ
ĞƋƵŝǀĂůĞŶƚͿ͕ ǁŚĞƌĞ 'ŽǀĞƌŶŵĞŶƚƐ ƉĂǇ ƐǇƐƚĞŵ ŽǁŶĞƌƐ ĨŽƌ ŐĞŶĞƌĂƚŝŶŐ ĐůĞĂŶ ĞůĞĐƚƌŝĐŝƚǇ͘ dŚŝƐ ŚĂƐ
ďĞĞŶ ǀĞƌǇ ƐƵĐĐĞƐƐĨƵů ŝŶ ŝŶĐƌĞĂƐŝŶŐ ƚŚĞ ĂƉƉůŝĐĂƚŝŽŶ ŽĨ ƌĞŶĞǁĂďůĞ ĞůĞĐƚƌŝĐŝƚǇ ŐĞŶĞƌĂƚŝŽŶ ƐǇƐƚĞŵƐ͕
ƉĂƌƚŝĐƵůĂƌůǇ Ws ĂŶĚ ǁŝŶĚ ƚƵƌďŝŶĞƐ͘ dŚĞ &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ŵĞĐŚĂŶŝƐŵ ĂůůŽǁƐ ĞǀĞŶ ŚŝŐŚĞƌͲĐŽƐƚ
ŝŶƐƚĂůůĂƚŝŽŶƐ ƚŽ ďĞĐŽŵĞ ĨŝŶĂŶĐŝĂůůǇ ǀŝĂďůĞ ĂƐ ŶŽƚ ŽŶůǇ ŝƐ ƚŚĞŝƌ ƉĂǇďĂĐŬ ĞĨĨĞĐƚŝǀĞůǇ ŐƵĂƌĂŶƚĞĞĚ
;Ăƚ ƐĞƚ ůĞǀĞůƐ ĨŽƌ Ă ƐĞƚ ŶƵŵďĞƌ ŽĨ ǇĞĂƌƐͿ ďƵƚ Ă ƐƵƌƉůƵƐ ŝƐ ĂůƐŽ ŐĞŶĞƌĂƚĞĚ͕ ŵĞĂŶŝŶŐ ƌĞŶĞǁĂďůĞ
ĞůĞĐƚƌŝĐŝƚǇ ƐǇƐƚĞŵƐ ĐĂŶ ďĞĐŽŵĞ ĂŶ ŝŶĐŽŵĞ ŐĞŶĞƌĂƚŽƌ͘ tŚŝůĞ &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ƐƵďƐŝĚǇ ůĞǀĞůƐ ĂƌĞ
ƌĞĚƵĐŝŶŐ ŝŶ ŵĂŶǇ h ĐŽƵŶƚƌŝĞƐ͕ ƚŚŝƐ ĨŝŶĂŶĐŝĂů ŵĞĐŚĂŶŝƐŵ ŚĂƐ ĚƌŝǀĞŶ ĚŽǁŶ ĐĂƉŝƚĂů ĐŽƐƚƐ ƚŽ
ƐƵĐŚ ĂŶ ĞǆƚĞŶƚ ƚŚĂƚ ŝŶƐƚĂůůĂƚŝŽŶƐ ĂƌĞ ŶŽǁ Ă ǀĞƌǇ ƌĞĂů ŽƉƚŝŽŶ ĨŽƌ ŵĂŶǇ ĚŽŵĞƐƚŝĐ ĂŶĚ ŶŽŶͲ
ĚŽŵĞƐƚŝĐ ďƵŝůĚŝŶŐ ŽǁŶĞƌƐ͘
hŶůŝŬĞ ƚŚĞ &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ;&/dͿ͕ ǁŚŝĐŚ ƉƌŽǀŝĚĞƐ ĂŶ ŝŶĐŽŵĞ ĨŽƌ ƌĞŶĞǁĂďůĞ ĞůĞĐƚƌŝĐŝƚǇ ŐĞŶĞƌĂƚŽƌƐ
ĂŶĚ ŝƐ ĐŽŵŵŽŶ ŝŶ ŵĂŶǇ h ĐŽƵŶƚƌŝĞƐ͕ ŵŽƐƚ ĚŽ ŶŽƚ ŚĂǀĞ ƐŝŵŝůĂƌ ŵĞĐŚĂŶŝƐŵƐ ŝŶ ƉůĂĐĞ ĨŽƌ
ƌĞŶĞǁĂďůĞ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ͘ dŚĞ h< ŝƐ ƚŚĞ ŵĂŝŶ ĞǆĂŵƉůĞ ŽĨ ƐƵĐŚ Ă ƐǇƐƚĞŵ͗ ƚŚĞ ZĞŶĞǁĂďůĞ
,ĞĂƚ /ŶĐĞŶƚŝǀĞ ;Z,/Ϳ ƉĂǇƐ ƚŚŽƐĞ ǁŝƚŚ ƌĞŶĞǁĂďůĞ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ ĨŽƌ ƚŚĞ ĐůĞĂŶ ĞŶĞƌŐǇ ƚŚĞǇ
ŐĞŶĞƌĂƚĞ͘ dŚĞ ŶŽŶͲĚŽŵĞƐƚŝĐ ƐƚƌĞĂŵ ŚĂƐ ďĞĞŶ ŝŶ ƉůĂĐĞ ĨŽƌ ƐĞǀĞƌĂů ǇĞĂƌƐ͕ ĂŶĚ ƚŚĞ ĚŽŵĞƐƚŝĐ
ƐƚƌĞĂŵ ŝƐ ƉůĂŶŶĞĚ ĨŽƌ ŝŶƚƌŽĚƵĐƚŝŽŶ ŝŶ ϮϬϭϰ͘ hŶůŝŬĞ ƚŚĞ &/d ǁŚĞƌĞ ƉĂǇŵĞŶƚƐ ĂƌĞ ďĂƐĞĚ ŽŶ
ĂĐƚƵĂů ŵĞƚĞƌĞĚ ŽƵƚƉƵƚ͕ ƚŚĞ ĚŽŵĞƐƚŝĐ Z,/ ǁŝůů ďĞ ďĂƐĞĚ ŽŶ ĂƐƐƵŵĞĚ ŽƵƚƉƵƚ ;ƉĂƌƚůǇ ƚŽ ƉƌĞǀĞŶƚ
ŽǁŶĞƌƐ ŐĞŶĞƌĂƚŝŶŐ ĞǆĐĞƐƐŝǀĞ ŚĞĂƚ ŝŶ ŽƌĚĞƌ ƚŽ ŐĂŝŶ ĂĚĚĞĚ ŝŶĐŽŵĞͿ͘

&Žƌ ŽůĚĞƌ ďƵŝůĚŝŶŐƐ ƐƵĐŚ ĨŝŶĂŶĐŝĂů ŝŶĐĞŶƚŝǀĞƐ ĐĂŶ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ ƵƐĞĨƵů ŝŶ ƉƌŽǀŝĚŝŶŐ Ă ĨƵŶĚ ĨŽƌ ƌĞůĂƚĞĚ
ĞǆƉĞŶƐĞƐ ƐƵĐŚ ĂƐ ŐĞŶĞƌĂů ƌƵŶŶŝŶŐ ĐŽƐƚƐ͕ ďƵŝůĚŝŶŐ ŵĂŝŶƚĞŶĂŶĐĞ ĂŶĚ ƚŚĞ ƵƉŬĞĞƉ ŽĨ ŝŶƚĞƌŝŽƌƐ ĂŶĚ
ĐŽŶƚĞŶƚƐ͘ dŚŝƐ ŝƐ ƉĂƌƚŝĐƵůĂƌůǇ ŝŵƉŽƌƚĂŶƚ ĨŽƌ ŵĂŶǇ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ǁŚŝĐŚ ĐĂŶ ďĞ ǀĞƌǇ ĞǆƉĞŶƐŝǀĞ ƚŽ ƌƵŶ
ǁŝƚŚ ůŝŵŝƚĞĚ ĨƵŶĚƐ͗ ƚŚĞ ZĞŝĐŚƐƚĂŐ ŝŶ 'ĞƌŵĂŶǇ͕ ĨŽƌ ĞǆĂŵƉůĞ͕ ŚĂƐ ďĞĞŶ ƐƚĞĂĚŝůǇ ŝŶĐƌĞĂƐŝŶŐ ŝƚƐ ƌĞŶĞǁĂďůĞ
ĞŶĞƌŐǇ ĐĂƉĂĐŝƚǇ ŝŶ ƚŚĞ ĨĂĐĞ ŽĨ ĂŶŶƵĂů ƌƵŶŶŝŶŐ ĐŽƐƚƐ ŽĨ Φϯŵϭ͘

ϭ

ŚƚƚƉ͗ͬͬǁǁǁ͘ƚŚĞŐƵĂƌĚŝĂŶ͘ĐŽŵͬƉŽůŝƚŝĐƐͬϮϬϬϴͬŵĂƌͬϮϭͬŐƌĞĞŶƉŽůŝƚŝĐƐ͘ŐĞƌŵĂŶǇ

WĂŐĞͮϲ




,ŽǁĞǀĞƌ͕ ǁŚĞŶ ůŽŽŬŝŶŐ Ăƚ ƚŚĞ ĞĐŽŶŽŵŝĐƐ ŽĨ ƌĞŶĞǁĂďůĞ ƚĞĐŚŶŽůŽŐŝĞƐ͕ ĚŝƐĐƵƐƐŝŽŶ ŽĨƚĞŶ ĨŽĐƵƐĞƐ ŽŶ
ƚŚĞƐĞ ŝŶĐĞŶƚŝǀĞƐ ĂďŽǀĞ Ăůů ĞůƐĞ͘ /ƚ ŝƐ ǀĞƌǇ ŝŵƉŽƌƚĂŶƚ ƚŽ ŶŽƚĞ ƚŚĂƚ ƚŚŝƐ ŝƐ ŶŽƚ ƚŚĞ ƉƌŝŵĂƌǇ ƉƵƌƉŽƐĞ ŽĨ
ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ͕ ĂůƚŚŽƵŐŚ ŝƚ ŚĂƐ ďĞĐŽŵĞ ƐƵĐŚ ŝŶ ƌĞĐĞŶƚ ǇĞĂƌƐ͘ Ɛ ƐƵďƐŝĚǇ ůĞǀĞůƐ ƌĞĚƵĐĞ ŽǀĞƌ
ƚŝŵĞ Žƌ ƐƚŽƉ ĂůƚŽŐĞƚŚĞƌ͕ ŽǁŶĞƌƐ ǁŝůů ŚĂǀĞ ƚŽ ĨŽĐƵƐ ŵŽƌĞ ŽŶ ƚŚĞ ŽƌŝŐŝŶĂů ĨŝŶĂŶĐŝĂů ĨƵŶĐƚŝŽŶ ŽĨ ƚŚĞŝƌ
ƚĞĐŚŶŽůŽŐǇ͕ ŝ͘Ğ͘ ƐĂǀŝŶŐ ŵŽŶĞǇ ŽŶ ĨŽƐƐŝů ĨƵĞů ďŝůůƐ͘ Ŷ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽĨ ƚŚŝƐ ŝƐ ǀŝƚĂů͕ ĂƐ ƚŚĞ ĞĐŽŶŽŵŝĐ
ďĞŶĞĨŝƚ ŽĨ ƌĞŶĞǁĂďůĞƐ ŝƐ ŽĨƚĞŶ ĨƵŶĚĂŵĞŶƚĂůůǇ ůŝŶŬĞĚ ƚŽ ďĞŚĂǀŝŽƵƌ ĂŶĚ ŝŶƚĞůůŝŐĞŶƚ ĞŶĞƌŐǇ ƵƐĞ͘ ^ĂǀŝŶŐƐ
ǁŝůů ďĞ ŵĂǆŝŵŝƐĞĚ ǁŚĞƌĞ ŽǁŶĞƌƐ ƵŶĚĞƌƐƚĂŶĚ ŚŽǁ ƚŽ ŵĂŬĞ ďĞƐƚ ƵƐĞ ŽĨ ƚŚĞŝƌ ĨƌĞĞ ĞŶĞƌŐǇ͖ ǁŝƚŚŽƵƚ ƚŚŝƐ
ƵŶĚĞƌƐƚĂŶĚŝŶŐ͕ ŝƚ ŵĂǇ ďĞ ĂŶ ĞǆƉĞŶƐŝǀĞ ĂŶĚ ůŽǁͲƌĞƚƵƌŶ ŝŶǀĞƐƚŵĞŶƚ͘

WĂŐĞͮϳ











    


^ŽůĂƌ ƚŚĞƌŵĂů ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ƐŝŵƉůĞ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƚĞĐŚŶŽůŽŐǇ͕ ĂŶĚ ŝƐ ĐŽŵŵŽŶůǇ ĚĞƉůŽǇĞĚ
ƚŚƌŽƵŐŚŽƵƚ ƵƌŽƉĞ͘ ^ŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵƐ ĂďƐŽƌď ƐŽůĂƌ ƌĂĚŝĂƚŝŽŶ ĂŶĚ ƵƐĞ ƚŚŝƐ ĞŶĞƌŐǇ ƚŽ ŚĞĂƚ ǁĂƚĞƌ
ĨŽƌ ƵƐĞ ŝŶ ďƵŝůĚŝŶŐƐ͘ ^ŽůĂƌ ƚŚĞƌŵĂů ƉƌŽǀŝĚĞƐ ƉƌĞĚŽŵŝŶĂŶƚůǇ ǁĂƚĞƌ ŚĞĂƚŝŶŐ ŽŶůǇ͕ ĂůƚŚŽƵŐŚ ŝŶ ƐŽŵĞ
ĐŽƵŶƚƌŝĞƐ ǁŚĞƌĞ ƚŚĞƌĞ ŝƐ ƐƵĨĨŝĐŝĞŶƚ ƐƵŶůŝŐŚƚ ŝŶ ƚŚĞ ĐŽůĚĞƌ ŵŽŶƚŚƐ ŝƚ ŵĂǇ ďĞ ƉŽƐƐŝďůĞ ĨŽƌ ŝƚ ƚŽ ĐŽŶƚƌŝďƵƚĞ
ƚŽ ƐƉĂĐĞ ŚĞĂƚŝŶŐ͘
 ƐŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵ ĐŽŵƉƌŝƐĞƐ Ă ĨĞǁ ďĂƐŝĐ
ĞůĞŵĞŶƚƐ͗
•
•
•

Ă ͚ĐŽůůĞĐƚŽƌ͛ ƚŽ ŚĂƌǀĞƐƚ ƚŚĞ ƐƵŶ͛Ɛ ƌĂĚŝĂƚŝŽŶ͖
ƉŝƉĞǁŽƌŬ͖ Ă ŚŽƚ ǁĂƚĞƌ ĐǇůŝŶĚĞƌ͖
Ă ƉƵŵƉ ƚŽ ĐŝƌĐƵůĂƚĞ ƚŚĞ ĨůƵŝĚ ǁŝƚŚŝŶ ƚŚĞ ƉŝƉĞƐ͖
ĂŶĚ Ă ďĂĐŬͲƵƉ ƐǇƐƚĞŵ ƐƵĐŚ ĂƐ Ă ďŽŝůĞƌ ĨŽƌ
ƉĞƌŝŽĚƐ ǁŚĞŶ ƚŚĞƌĞ ŝƐ ŝŶƐƵĨĨŝĐŝĞŶƚ ƐƵŶůŝŐŚƚ͘

ŽůůĞĐƚŽƌƐ ĂƌĞ ŐĞŶĞƌĂůůǇ ĞŝƚŚĞƌ ĨůĂƚ ƉůĂƚĞ ƉĂŶĞůƐ Žƌ
͚ĞǀĂĐƵĂƚĞĚ ƚƵďĞƐ͛͗ ƉĂŶĞůƐ ĂƌĞ ŵŽƌĞ ĐŽŵŵŽŶ͕ ŵŽƌĞ
ƌŽďƵƐƚ ĂŶĚ ĐŽƐƚ ůĞƐƐ͖ ĞǀĂĐƵĂƚĞĚ ƚƵďĞƐ ŵĂǇ ďĞ
ŵĂƌŐŝŶĂůůǇ ŵŽƌĞ ĞĨĨŝĐŝĞŶƚ ĂŶĚ ƌĞƋƵŝƌĞ ƐůŝŐŚƚůǇ ůĞƐƐ
ƐƉĂĐĞ͘ ;>ĂƌŐĞƌͲƐĐĂůĞ ŝŶĚƵƐƚƌŝĂů ƐǇƐƚĞŵƐ ŵĂǇ ƵƐĞ
ƉĂƌĂďŽůŝĐ ŵŝƌƌŽƌƐ ƚŽ ĐŽŶĐĞŶƚƌĂƚĞ ƐƵŶůŝŐŚƚ ŽŶ ƚŚĞ
ĐŽůůĞĐƚŽƌ ƚƵďĞƐ͘Ϳ  ƚǇƉŝĐĂů ĚŽŵĞƐƚŝĐ ƐǇƐƚĞŵ ŝƐ ůŝŬĞůǇ ƚŽ
ĐŽŵƉƌŝƐĞ Đ͘ϰŵϮ ƉĂŶĞůƐ͕ ǁŚŝĐŚ ĂƌĞ ĐŽŵŵŽŶůǇ ƌŽŽĨͲ
ŵŽƵŶƚĞĚ͘  ŶĞǁ ŚŽƚ ǁĂƚĞƌ ĐǇůŝŶĚĞƌ ŝƐ ĐŽŵŵŽŶůǇ
ƌĞƋƵŝƌĞĚ ;ƚŚŝƐ ŚŽƵƐĞƐ ƚǁŽ ŚĞĂƚŝŶŐ ĐŽŝůƐ͕ ŽŶĞ
ĐŽŶŶĞĐƚĞĚ ƚŽ ƚŚĞ ƐŽůĂƌ ƐǇƐƚĞŵ ĂŶĚ ƚŚĞ ŽƚŚĞƌ ƚŽ ƚŚĞ
ďĂĐŬͲƵƉ ƐǇƐƚĞŵͿ͖ ĂůƚĞƌŶĂƚŝǀĞůǇ Ă ƐĞĐŽŶĚ ĐǇůŝŶĚĞƌ ŵĂǇ
ďĞ ŝŶƚƌŽĚƵĐĞĚ ĂůŽŶŐƐŝĚĞ ƚŚĞ ŽƌŝŐŝŶĂů ŽŶĞ͘ dŚŝƐ
ƌĞƋƵŝƌĞŵĞŶƚ ĨŽƌ ŚŽƚ ǁĂƚĞƌ ƐƚŽƌĂŐĞ ĞĨĨĞĐƚŝǀĞůǇ ŵĂŬĞƐ
ĐŽŵďŝ ďŽŝůĞƌƐ ŝŶĐŽŵƉĂƚŝďůĞ ǁŝƚŚ ƐŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵƐ͘
/Ŷ Ă ƐƚĂŶĚĂƌĚ ƐǇƐƚĞŵ͕ ůŝƋƵŝĚ ;ĐŽŶƚĂŝŶŝŶŐ ĂŶƚŝĨƌĞĞǌĞͿ ĨůŽǁƐ ƚŚƌŽƵŐŚ ƚŚĞ ƉĂŶĞůƐ ŝŶ ƐĞĂůĞĚ ƉŝƉĞǁŽƌŬ͕ ŝƐ
ŚĞĂƚĞĚ ďǇ ƚŚĞ ƐƵŶ͕ ĂŶĚ ŝƐ ƚŚĞŶ ƉƵŵƉĞĚ ƚŽ ƚŚĞ ŚŽƚ ǁĂƚĞƌ ĐǇůŝŶĚĞƌ ǁŚĞƌĞ ŝƚ ƚƌĂŶƐĨĞƌƐ ŝƚƐ ŚĞĂƚ ƚŽ ƚŚĞ
ƐƚŽƌĞĚ ǁĂƚĞƌ͖ ŽŶĐĞ ĐŽŽů ŝƚ ƌĞƚƵƌŶƐ ƚŽ ƚŚĞ ƉĂŶĞůƐ ƚŽ ďĞ ƌĞͲŚĞĂƚĞĚ͘ /Ŷ ŵĂŶǇ h ĐŽƵŶƚƌŝĞƐ ƚŚŝƐ ͚ŝŶĚŝƌĞĐƚ͛
ƐǇƐƚĞŵ ŝƐ ŵŽƐƚ ĐŽŵŵŽŶ ;ƐĞĂůĞĚ ƉŝƉĞǁŽƌŬͿ͕ ďƵƚ ĂůƚĞƌŶĂƚŝǀĞƐ ƐƵĐŚ ĂƐ ͚ĚŝƌĞĐƚ͛ ;ƚŚĞ ǁĂƚĞƌ ŚĞĂƚĞĚ ǁŝƚŚŝŶ
ƚŚĞ ƐǇƐƚĞŵ ŝƐ ƚŚĞ ƐĂŵĞ ǁĂƚĞƌ ƚŚĂƚ ĐŽŵĞƐ ŽƵƚ ŽĨ ƚŚĞ ƚĂƉͿ ĂŶĚ ͚ĚƌĂŝŶďĂĐŬ͛ ;ǁŚĞŶ ƚŚĞ ĨůƵŝĚ ƐƚŽƉƐ
ĐŝƌĐƵůĂƚŝŶŐ ŝƚ ĚƌĂŝŶƐ ďĂĐŬ ƚŽ ďĞůŽǁ ƚŚĞ ƉĂŶĞů ůĞǀĞů ƚŽ ƉƌĞǀĞŶƚ ŽǀĞƌŚĞĂƚŝŶŐ Žƌ ƉĂŶĞů ĨƌĞĞǌŝŶŐͿ ƐǇƐƚĞŵƐ
ĂůƐŽ ĞǆŝƐƚ͘ ^ŽŵĞ ƐǇƐƚĞŵƐ ĂůƐŽ ŝŶĐŽƌƉŽƌĂƚĞ ƐŵĂůů ƉŚŽƚŽǀŽůƚĂŝĐ ĂƌƌĂǇƐ ƚŽ ŐĞŶĞƌĂƚĞ ĞůĞĐƚƌŝĐŝƚǇ ƚŽ ŚĞůƉ
ƉŽǁĞƌ ƚŚĞ ƉƵŵƉ͘ tŚĞŶ ƚŚĞ ƐŽůĂƌ ƐǇƐƚĞŵ ĐĂŶŶŽƚ ŚĞĂƚ ƚŚĞ ǁĂƚĞƌ ƚŽ ƚŚĞ ƌĞƋƵŝƌĞĚ ƚĞŵƉĞƌĂƚƵƌĞ ƚŚĞ
ďĂĐŬͲƵƉ ƐǇƐƚĞŵ ĐĂŶ ĚŽ ƐŽ͘ ŝƌĞĐƚ ƐƵŶůŝŐŚƚ ŝƐ ďĞƐƚ ĂůƚŚŽƵŐŚ ƐŽŵĞ ǁĂƚĞƌ ŵĂǇ Ɛƚŝůů ďĞ ŚĞĂƚĞĚ ŝŶ ĚŝĨĨƵƐĞ
;ŝ͘Ğ͘ ĐůŽƵĚǇͿ ĐŽŶĚŝƚŝŽŶƐ͕ ĂŶĚ ŝŶ ŵŽƌĞ EŽƌƚŚĞƌŶ ĐŽƵŶƚƌŝĞƐ ƐŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵƐ ŝŶĞǀŝƚĂďůǇ ƉƌŽǀŝĚĞ ŵŽƐƚ
ŚŽƚ ǁĂƚĞƌ ŝŶ ƐƵŵŵĞƌ ŵŽŶƚŚƐ͘

WĂŐĞͮϴ




Ɛ ƐŽůĂƌ ƚŚĞƌŵĂů ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚ ƚĞĐŚŶŽůŽŐǇ͕ Ă ƐǇƐƚĞŵ͛Ɛ ŽƵƚƉƵƚ ŵĂǇ ďĞ ĞƐƚŝŵĂƚĞĚ
ƌĞůĂƚŝǀĞůǇ ƐŝŵƉůǇ͕ ďƵƚ ƚŚĞ ďĞŶĞĨŝƚƐ ŽďƚĂŝŶĞĚ ďǇ ƚŚĞ ƵƐĞƌ ĂƌĞ ůĂƌŐĞůǇ ĚĞƉĞŶĚĞŶƚ ŽŶ ƚŚĞŝƌ ƵƐĂŐĞ ƉĂƚƚĞƌŶƐ
ĂŶĚ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽĨ ƚŚĞ ƐǇƐƚĞŵ͘ &Žƌ ĞǆĂŵƉůĞ͕ ŝŶ ƚŚĞ h< ŝƚ ŝƐ ŽĨƚĞŶ ƐƵŐŐĞƐƚĞĚ ƚŚĂƚ Ă ƐŽůĂƌ ƚŚĞƌŵĂů
ƐǇƐƚĞŵ ŵĂǇ ƉƌŽǀŝĚĞ Đ͘ϱϬй ŽĨ Ă ƚǇƉŝĐĂů ŚŽƵƐĞŚŽůĚ͛Ɛ ĂŶŶƵĂů ŚŽƚ ǁĂƚĞƌ ŶĞĞĚƐ͕ ďƵƚ ƌĞĐĞŶƚ ŵŽŶŝƚŽƌŝŶŐ
ĨŽƵŶĚ ǀĂƌŝĂƚŝŽŶƐ ĨƌŽŵ ϲϬй ƚŽ ũƵƐƚ ϵйϮ͕ ĚƵĞ ůĂƌŐĞůǇ ƚŽ ůŝĨĞƐƚǇůĞ ĂŶĚ ďĞŚĂǀŝŽƵƌ ƉĂƚƚĞƌŶƐ͘



!"#$"%&

^ŽůĂƌ ƚŚĞƌŵĂů ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ƐŝŵƉůĞ ƚĞĐŚŶŽůŽŐǇ ƚŚĂƚ ŝƐ ƋƵŝĐŬ ƚŽ
ŝŶƐƚĂůů͕ ŝŶǀŽůǀĞƐ ƌĞůĂƚŝǀĞůǇ ůŝƚƚůĞ ŝŶƚĞƌĨĞƌĞŶĐĞ ǁŝƚŚ ďƵŝůĚŝŶŐ ĨĂďƌŝĐ
ĂŶĚ ŝƐ ĞĂƐŝůǇ ƌĞǀĞƌƐŝďůĞ͕ ŵĂŬŝŶŐ ŝƚ ƉŽƚĞŶƚŝĂůůǇ ƐƵŝƚĂďůĞ ĨŽƌ ŵĂŶǇ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ /ƚƐ ͚ǁĞĂŬ ƉŽŝŶƚ͛ ŝŶ ƚĞƌŵƐ ŽĨ ŚĞƌŝƚĂŐĞ ƉƌŽƉĞƌƚŝĞƐ ŝƐ
ŝƚƐ ǀŝƐƵĂů ŝŵƉĂĐƚ͕ ĂůƚŚŽƵŐŚ ƐƚĞƉƐ ŵĂǇ ŽĨƚĞŶ ďĞ ƚĂŬĞŶ ƚŽ ŵŝŶŝŵŝƐĞ
ƚŚŝƐ ĂŶĚ ŝƚ ƐŚŽƵůĚ ĂůƐŽ ďĞ ŶŽƚĞĚ ƚŚĂƚ ƉŽƐŝƚŝǀĞͬŶĞŐĂƚŝǀĞ ƉĞƌĐĞƉƚŝŽŶƐ
ŽĨ ƚŚŝƐ ŝŵƉĂĐƚ ǀĂƌǇ ďĞƚǁĞĞŶ ŵƵŶŝĐŝƉĂůŝƚŝĞƐ͕ ĐŽŶƐĞƌǀĂƚŝŽŶ ďŽĚŝĞƐ
ĂŶĚ ŝŶĚŝǀŝĚƵĂůƐ͘ /ƚ ŝƐ ĂůƐŽ ŝŵƉŽƌƚĂŶƚ ƚŽ ƌĞĂůŝƐĞ ƚŚĂƚ ƐŽůĂƌ ƚŚĞƌŵĂů
ĐŽůůĞĐƚŽƌƐ ĐŽŵĞ ŝŶ ůŝƚĞƌĂůůǇ ŚƵŶĚƌĞĚƐ ŽĨ ĚŝĨĨĞƌĞŶƚ ĨŝŶŝƐŚĞƐ͕ ƐŽŵĞ ŽĨ
ǁŚŝĐŚ ďůĞŶĚ ŝŶ ǀĞƌǇ ǁĞůů ǁŝƚŚ ƚƌĂĚŝƚŝŽŶĂů ƌŽŽĨ ƐƵƌĨĂĐĞƐ͕ ƐŽ ŝƚ ŵĂǇ
ŽĨƚĞŶ ďĞ ƉŽƐƐŝďůĞ ƚŽ ĨŝŶĚ Ă ƐŽůƵƚŝŽŶ ƚŚĂƚ ƐĂƚŝƐĨŝĞƐ Ăůů ƉĂƌƚŝĞƐ͘ ŶǇ
ǀŝƐŝďůĞ ƉŝƉĞǁŽƌŬ ŵĂǇ ĂůƐŽ ďĞ ĚĞƐŝŐŶĞĚ ƚŽ ďĞ ƐŝŵŝůĂƌ ŝŶ ĂƉƉĞĂƌĂŶĐĞ
ƚŽ ĞǆŝƐƚŝŶŐ ƌĂŝŶǁĂƚĞƌ ŐŽŽĚƐ͘
ZŽŽĨ ŵŽƵŶƚŝŶŐ ŝƐ ƚŚĞ ŵŽƐƚ ĐŽŵŵŽŶ ŝŶƐƚĂůůĂƚŝŽŶ ŵĞƚŚŽĚ ĨŽƌ ƐŽůĂƌ
ƚŚĞƌŵĂů ĐŽůůĞĐƚŽƌƐ ;ĂůƚŚŽƵŐŚ ƚŚĂƚĐŚĞĚ ƌŽŽĨƐ ĂƌĞ ƵŶƐƵŝƚĂďůĞͿ͘
ůƚŚŽƵŐŚ ĐŽůůĞĐƚŽƌƐ ĚŽ ŶŽƚ ǁĞŝŐŚ Ă ŐƌĞĂƚ ĚĞĂů͕ ƐƚƌƵĐƚƵƌĂů ĐŚĞĐŬƐ
ƐŚŽƵůĚ ĂůǁĂǇƐ ďĞ ĐĂƌƌŝĞĚ ŽƵƚ ƚŽ ĞŶƐƵƌĞ ŽůĚĞƌ ƌŽŽĨƐ ĂƌĞ ĂďůĞ ƚŽ ƚĂŬĞ
ƚŚĞŝƌ ǁĞŝŐŚƚ͘ /Ŷ ƐŽŵĞ ŝŶƐƚĂŶĐĞƐ ƐƚƌĞŶŐƚŚĞŶŝŶŐ ŵĂǇ ďĞ ƌĞƋƵŝƌĞĚ͕
ďƵƚ ƚŚŝƐ ŝƐ ŶŽƚ ĐŽŵŵŽŶ͘ KŶ ĨůĂƚ ƌŽŽĨƐ ŝƚ ŝƐ ƐŽŵĞƚŝŵĞƐ ƉŽƐƐŝďůĞ ƚŽ Ĩŝǆ ƉĂŶĞůƐ ƚŽ ŚĞĂǀǇ ƐůĂďƐ Žƌ ďĂůůĂƐƚͲ
ĨŝůůĞĚ ďŽǆĞƐ ƚŽ ĂǀŽŝĚ ĨŝǆŝŶŐƐ ƉĞŶĞƚƌĂƚŝŶŐ ƚŚĞ ƌŽŽĨ ƐƵƌĨĂĐĞ͘
dŚĞ ƌŽŽĨ ŝƚƐĞůĨ ŵĂǇ ďĞ ŽĨ ŚŝƐƚŽƌŝĐ ǀĂůƵĞ ĂŶĚ ǀƵůŶĞƌĂďůĞ ƚŽ ŶĞǁ ŝŶƐƚĂůůĂƚŝŽŶƐ͕ ĨŽƌ ĞǆĂŵƉůĞ ƚŝůĞ ĂŶĚ ůĞĂĚ
ƌŽŽĨƐ͘ ^ƉĞĐŝĂůŝƐƚƐ ƐŚŽƵůĚ ďĞ ĐŽŶƐƵůƚĞĚ ŝĨ ŝŶƐƚĂůůŝŶŐ Ă ĐŽůůĞĐƚŽƌ ŽŶ ƐƵĐŚ ƌŽŽĨƐ ƚŽ ĞŶƐƵƌĞ ƚŚĞ ĨŝǆŝŶŐƐ ĂŶĚ
ƉŝƉĞǁŽƌŬ ǁŝůů ŶŽƚ ĂĚǀĞƌƐĞůǇ ĂĨĨĞĐƚ ƚŚĞ ƌŽŽĨ͘ &Žƌ Ăůů ƌŽŽĨ ƚǇƉĞƐ ŝƚ ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ĞŶƐƵƌĞ
ǁĞĂƚŚĞƌƉƌŽŽĨŝŶŐ ŝƐ ŵĂŝŶƚĂŝŶĞĚ ǁŚĞƌĞǀĞƌ ĨŝǆŝŶŐƐ Žƌ ƐĞƌǀŝĐĞƐ ƉĂƐƐ ƚŚƌŽƵŐŚ ƚŚĞ ƌŽŽĨ͘
DĂŶǇ ŽůĚĞƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŚĂǀĞ ƚĂůů ĐŚŝŵŶĞǇ ƐƚĂĐŬƐ ǁŚŝĐŚ ĐĂŶ ŽǀĞƌƐŚĂĚŽǁ Ă ůĂƌŐĞ ƉƌŽƉŽƌƚŝŽŶ ŽĨ
ƚŚĞ ƌŽŽĨ ĂƌĞĂ ŽǀĞƌ ƚŚĞ ĐŽƵƌƐĞ ŽĨ Ă ĚĂǇ͕ ŵĂŬŝŶŐ ƐŽůĂƌ ƚŚĞƌŵĂů ŵŽƌĞ ĐŚĂůůĞŶŐŝŶŐ͘ tŚŝůĞ ƐŽŵĞ
ŽǀĞƌƐŚĂĚŽǁŝŶŐ ŵĂǇ ďĞ ƚŽůĞƌĂďůĞ ǁŝƚŚŽƵƚ ƚŽŽ ŵƵĐŚ ĚƌŽƉͲŽĨĨ ŝŶ ƉĞƌĨŽƌŵĂŶĐĞ͕ ƚŚŝƐ ƐŚŽƵůĚ ĂůǁĂǇƐ ďĞ
ŵŝŶŝŵŝƐĞĚ͘
KůĚ ƌŽŽĨ ƐƉĂĐĞƐ ĐĂŶ ŚŽƵƐĞ ƉƌŽƚĞĐƚĞĚ ǁŝůĚůŝĨĞ ƐƵĐŚ ĂƐ ďŝƌĚƐ Žƌ ďĂƚƐ͘ /Ĩ ƚŚĞƐĞ ĂƌĞ ƉƌĞƐĞŶƚ ĂĚǀŝĐĞ ƐŚŽƵůĚ
ďĞ ƐŽƵŐŚƚ ĂŶĚ ŝŶƐƚĂůůĂƚŝŽŶ ŵĂǇ ŽŶůǇ ďĞ ƉŽƐƐŝďůĞ Ăƚ ĐĞƌƚĂŝŶ ƚŝŵĞƐ ŽĨ ǇĞĂƌ ƚŽ ĂǀŽŝĚ ĚŝƐƌƵƉƚŝŶŐ ƚŚĞŵ͘
ƚƚĞŵƉƚƐ ĂƌĞ ŽĨƚĞŶ ŵĂĚĞ ƚŽ ŵŝŶŝŵŝƐĞ ƚŚĞ ǀŝƐƵĂů ŝŵƉĂĐƚ ŽĨ ĐŽůůĞĐƚŽƌƐ ďǇ ƐŝƚŝŶŐ ƚŚĞŵ ŝŶ ͚ŚŝĚĚĞŶ͛ ƌŽŽĨ
ǀĂůůĞǇƐ Žƌ ŽƚŚĞƌ ĐŽŵƉůĞǆ ƌŽŽĨ ĐŽŶĨŝŐƵƌĂƚŝŽŶƐ ŵŽƌĞ ĐŽŵŵŽŶ ŽŶ ŽůĚĞƌ ďƵŝůĚŝŶŐƐ͘ dŚŝƐ ĐĂŶ ďĞ Ă


Ϯ

,ĞƌĞŽŵĞƐdŚĞ^ƵŶ͗&ŝĞůĚdƌŝĂůŽĨ^ŽůĂƌtĂƚĞƌ,ĞĂƚŝŶŐ^ǇƐƚĞŵƐ;ŶĞƌŐǇ^ĂǀŝŶŐdƌƵƐƚ͕ϮϬϭϭͿ

WĂŐĞͮϵ




ƉĂƌƚŝĐƵůĂƌůǇ ĞĨĨĞĐƚŝǀĞ ƐŽůƵƚŝŽŶ ǁŚĞƌĞ ƐƵĐŚ Ă ƌŽŽĨ ĐŽŶĨŝŐƵƌĂƚŝŽŶ ĞǆŝƐƚƐ͕ ĂůƚŚŽƵŐŚ ƉƌŽďůĞŵƐ ŚĂǀĞ ďĞĞŶ
ĞŶĐŽƵŶƚĞƌĞĚ ŝŶ ƐŽŵĞ ŚŝƐƚŽƌŝĐ ƐŝƚĞƐ ǁŚĞƌĞ ĂĞƌŝĂů ŝŵĂŐĞƐ ĂƌĞ ĚĞĞŵĞĚ ŝŵƉŽƌƚĂŶƚ͘
^ǇƐƚĞŵƐ ŵĂǇ ŽŶ ŽĐĐĂƐŝŽŶ ďĞ ƐƉůŝƚ͖ ƚŚŝƐ ŵĂǇ ďĞ ƐƵŝƚĂďůĞ ĨŽƌ Ğ͘Ő͘ ĂƐƚͲtĞƐƚ ƌŽŽĨ ƉŝƚĐŚĞƐ Žƌ ǁŚĞƌĞ ƚŚĞ
^ŽƵƚŚͲĨĂĐŝŶŐ ƌŽŽĨ ĂƌĞĂ ŝƐ ĚĞĞŵĞĚ ƚŽŽ ǀŝƐŝďůĞ͕ ďƵƚ ĐŽƐƚƐ ǁŝůů ƌŝƐĞ ĨŽƌ ƚŚĞ ĂĚĚĞĚ ǁŽƌŬ ĂŶĚ ĐŽŵƉŽŶĞŶƚƐ
ƌĞƋƵŝƌĞĚ͘
tŚŝůĞ ĐŽůůĞĐƚŽƌƐ ĂƌĞ ĐŽŵŵŽŶůǇ ƉůĂĐĞĚ ŽŶ ƚŽƉ ŽĨ ƌŽŽĨƐ͕ ƚŚĞǇ ŵĂǇ ĂůƐŽ ďĞ ƌĞĐĞƐƐĞĚ ƚŽ ŵŝŵŝĐ ƌŽŽĨͲůŝŐŚƚ
ǁŝŶĚŽǁƐ͘ dŚŝƐ ĐĂŶ ŵĂŬĞ ƚŚĞŵ ŵŽƌĞ ĚŝƐĐƌĞĞƚ ďƵƚ ŝƐ ůŝŬĞůǇ ƚŽ ŝŶǀŽůǀĞ ƐŽŵĞ ůŽƐƐ ŽĨ ŽƌŝŐŝŶĂů ĨĂďƌŝĐ
;ĂůƚŚŽƵŐŚ ƚŚŝƐ ŵĂǇ ďĞ ƚĞŵƉŽƌĂƌǇ ŽŶůǇ͕ ĂƐ ŽƌŝŐŝŶĂů ƐůĂƚĞƐͬƚŝůĞƐ ŵĂǇ ďĞ ƐƚŽƌĞĚ ĂŶĚ ƌĞŝŶƐƚĂƚĞĚ ǁŚĞŶ ƚŚĞ
Ws ƉĂŶĞůƐ ĂƌĞ ƌĞŵŽǀĞĚͿ͘
DĂŶǇ ĚŽŵĞƐƚŝĐ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŵĂǇ ŚĂǀĞ ƐŚĂƌĞĚͲŽǁŶĞƌƐŚŝƉ ƌŽŽĨƐ ;Ğ͘Ő͘ ƚĞŶĞŵĞŶƚƐ͕ ůĂƌŐĞ ŚŽƵƐĞƐ
ƚŚĂƚ ŚĂǀĞ ďĞĞŶ ĚŝǀŝĚĞĚ ŝŶƚŽ ĨůĂƚƐͿ͘ ZŽŽĨͲŵŽƵŶƚĞĚ ĐŽůůĞĐƚŽƌƐ ĂƌĞ ŵŽƌĞ ĐŽŵƉůŝĐĂƚĞĚ ŽŶ ƐƵĐŚ ďƵŝůĚŝŶŐƐ͕
ĂƐ ŵĂŶǇ ĐŽŶƐĞŶƚƐ ĂŶĚ ůĞŐĂů ĂŐƌĞĞŵĞŶƚƐ ǁŝůů ďĞ ƌĞƋƵŝƌĞĚ ŝŶ ƚĞƌŵƐ ŽĨ ŽǁŶĞƌƐŚŝƉ͕ ŵĂŝŶƚĞŶĂŶĐĞ͕ ůŝĂďŝůŝƚǇ
ĂŶĚ ƐŽ ŽŶ͘ ŽŶƐĞŶƚƐ ǁŽƵůĚ ĂůƐŽ ďĞ ƌĞƋƵŝƌĞĚ ǁŚĞƌĞ ƉŝƉĞǁŽƌŬ ǁŽƵůĚ ƌƵŶ ƚŚƌŽƵŐŚ ŝŶƚĞƌŵĞĚŝĂƚĞ
ƉƌŽƉĞƌƚŝĞƐ͕ ĂŶĚ ĐĂƌĞ ŝƐ ŶĞĞĚĞĚ ƚŽ ĞŶƐƵƌĞ ƐƵĐŚ ƉŝƉĞǁŽƌŬ ŝƐ ĚŝƐĐƌĞĞƚůǇ ďŽǆĞĚ ŝŶ ĂŶĚ ĨŝƌĞͲƐƚŽƉƉŝŶŐ ŝƐ ŝŶ
ƉůĂĐĞ ďĞƚǁĞĞŶ ƉĂƌƚǇ ǁĂůůƐ Žƌ ĨůŽŽƌƐ͘
KůĚĞƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŵĂǇ ĂůƐŽ ŚĂǀĞ ƌŽŽĨͲĂĐĐĞƐƐ ŝƐƐƵĞƐ ;Ğ͘Ő͘ ƐŵĂůů
ůŽĨƚ ŚĂƚĐŚĞƐ ƚŽŽ ƐŵĂůů ĨŽƌ ĨůĂƚͲƉůĂƚĞ ƉĂŶĞůƐ ƚŽ Ĩŝƚ ƚŚƌŽƵŐŚ͕ ƌĞƐƚƌŝĐƚĞĚ
ĂƚƚŝĐ ƐƉĂĐĞƐ ŵĂŬŝŶŐ ƉŝƉĞ ƌƵŶƐ ŚĂƌĚĞƌ͕ ŝŶĂĐĐĞƐƐŝďůĞ ƌŽŽĨ ƉŝƚĐŚĞƐͿ͘ /Ŷ
ƐƵĐŚ ĐĂƐĞƐ ĂĚĚŝƚŝŽŶĂů ĂĐĐĞƐƐ ŚĂƚĐŚĞƐ ŵĂǇ ŶĞĞĚ ƚŽ ďĞ ĐƌĞĂƚĞĚ
ĂŶĚͬŽƌ ĐƌĂŶĞƐ ŵĂǇ ďĞ ƌĞƋƵŝƌĞĚ ƚŽ ůŝĨƚ ƚŚĞ ƉĂŶĞůƐ ŽŶƚŽ ƚŚĞ ƌŽŽĨ͖
ĂůƚĞƌŶĂƚŝǀĞůǇ Ă ŵŽĚƵůĂƌ ĞǀĂĐƵĂƚĞĚ ƚƵďĞ ƐǇƐƚĞŵ ŵĂǇ ďĞ ƵƐĞĚ͕ ĂƐ
ƚŚĞƐĞ ĐŽŵĞ ĂƉĂƌƚ ĂŶĚ ŵĂǇ ďĞ ƉĂƐƐĞĚ ƚŚƌŽƵŐŚ ƐŵĂůů ŚĂƚĐŚĞĚ ƉŝĞĐĞ
ďǇ ƉŝĞĐĞ͕ ĂǀŽŝĚŝŶŐ ĂŶǇ ĂĚĚŝƚŝŽŶĂů ĐŽŵƉůĞǆŝƚǇ Žƌ ĐŽƐƚ͘ ,ĞĂůƚŚ ĂŶĚ
ƐĂĨĞƚǇ ŵƵƐƚ ĂůƐŽ ďĞ ĐĂƌĞĨƵůůǇ ĐŽŶƐŝĚĞƌĞĚ ǁŚĞƌĞ ĂĐĐĞƐƐŝŶŐ ƚŚĞ ƌŽŽĨ
ƐƉĂĐĞ ǀŝĂ Ă ŚĂƚĐŚ ŝŶ Ă ŚŝŐŚ ƐƚĂŝƌǁĞůů ;Ğ͘Ő͘ ƚĞŶĞŵĞŶƚ ďƵŝůĚŝŶŐͿ͘
dŚĞ ŽƉƚŝŵĂů ƉĂŶĞů ĂŶŐůĞ ĚĞƉĞŶĚƐ ŽŶ ƚŚĞ ŐĞŽŐƌĂƉŚŝĐ ůŽĐĂƚŝŽŶ ĂŶĚ
ƚŚĞ ƚŝŵĞ ĚŝƐƚƌŝďƵƚŝŽŶ ŽĨ ƚŚĞ ŚĞĂƚ ĚĞŵĂŶĚ͘ ^ŚĂůůŽǁĞƌ ĂŶŐůĞƐ ǁŝůů
ŚĂƌǀĞƐƚ ŵŽƐƚ ůŝŐŚƚ ĨƌŽŵ ŚŝŐŚ ;ƐƵŵŵĞƌͿ ƐƵŶ ǁŚŝůĞ ƐƚĞĞƉĞƌ ĂŶŐůĞƐ
ǁŝůů ďĞŶĞĨŝƚ ŵŽƌĞ ĨƌŽŵ ůŽǁĞƌ ;ǁŝŶƚĞƌͿ ƐƵŶ͘ dŚŝƐ ŵĂǇ ďĞ Ă ĐŽŶƐŝĚĞƌĂƚŝŽŶ ŝŶ ƐƉĞĐŝĨŝĐ ƐŝƚƵĂƚŝŽŶƐ ǁŚĞƌĞ
ŚŽƌŝǌŽŶƚĂů Žƌ ǀĞƌƚŝĐĂů ;Ğ͘Ő͘ ǁĂůůͲŵŽƵŶƚĞĚͿ ĐŽůůĞĐƚŽƌƐ ĂƌĞ ƚŚĞ ŽŶůǇ ŽƉƚŝŽŶƐ ĂǀĂŝůĂďůĞϯ͕ ĂůƚŚŽƵŐŚ ƚŚĞ ĚƌŽƉͲ
ŽĨĨ ŝŶ ĂŶŶƵĂů ƉĞƌĨŽƌŵĂŶĐĞ ƐŚŽƵůĚ ďĞ ĐĂƌĞĨƵůůǇ ĐŽŶƐŝĚĞƌĞĚ͘ tŚĞƌĞ ƚŚĞ ďĞƐƚ ŽƉƚŝŽŶ ŝƐ Ă ŚŽƌŝǌŽŶƚĂů
ĐŽůůĞĐƚŽƌ͕ ĞǀĂĐƵĂƚĞĚ ƚƵďĞƐ ŵĂǇ ďĞ ƚŚĞ ďĞƐƚ ŽƉƚŝŽŶ͕ ĂƐ ƐŽŵĞ ƐǇƐƚĞŵƐ ŵĂǇ ďĞ ůĂŝĚ ǀŝƌƚƵĂůůǇ ĨůĂƚ ǁŝƚŚŽƵƚ
ĂŶǇ ƌĞĚƵĐƚŝŽŶ ŝŶ ƉĞƌĨŽƌŵĂŶĐĞ ĂŶĚ ƚŚĞǇ ǁŽƵůĚ ďĞ ŵƵĐŚ ůĞƐƐ ǀŝƐŝďůĞ ĨƌŽŵ ƚŚĞ ŐƌŽƵŶĚ͘
tŚĞƌĞ ƚŚĞƌĞ ŝƐ ƐƵĨĨŝĐŝĞŶƚ ƐƉĂĐĞ ŐƌŽƵŶĚͲŵŽƵŶƚĞĚ ĐŽůůĞĐƚŽƌƐ ;ŝ͘Ğ͘ ŽŶ ĂŶŐůĞĚ ĨƌĂŵĞƐͿ ŵĂǇ ďĞ ǁĞůů ƐƵŝƚĞĚ
ƚŽ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƐ ƚŚŝƐ ƌĞĚƵĐĞƐ ǀŝƐƵĂů ŝŵƉĂĐƚ ĂŶĚ ŝŶƚĞƌĨĞƌĞŶĐĞ ǁŝƚŚ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ĨĂďƌŝĐ͘
,ŽǁĞǀĞƌ͕ ƚŚĞ ĨƵƌƚŚĞƌ ĂǁĂǇ ĨƌŽŵ ƚŚĞ ďƵŝůĚŝŶŐ ƚŚĞ ĐŽůůĞĐƚŽƌ ŝƐ ƐŝƚĞĚ ƚŚĞ ŐƌĞĂƚĞƌ ƚŚĞ ƚƌĂŶƐŵŝƐƐŝŽŶ ůŽƐƐĞƐ
ǁŝůů ďĞ͕ ĂŶĚ ƐƚĞƉƐ ƐŚŽƵůĚ ĂůƐŽ ďĞ ƚĂŬĞŶ ƚŽ ŵŝŶŝŵŝƐĞ ĂŶǇ ƌŝƐŬ ŽĨ ƚŚĞĨƚ Žƌ ǀĂŶĚĂůŝƐŵ͘ WŝƉĞǁŽƌŬ ƐŚŽƵůĚ ďĞ
ǁĞůů ŝŶƐƵůĂƚĞĚ͕ ĂŶĚ ƉƌĞĨĞƌĂďůǇ ĂůƐŽ ďĞ ďƵƌŝĞĚ ƚŽ ŵŝŶŝŵŝƐĞ ǀŝƐŝďŝůŝƚǇ ĂŶĚ ŵĂǆŝŵŝƐĞ ƉƌŽƚĞĐƚŝŽŶ͕ ǁŚŝĐŚ
ĐŽƵůĚ ďĞ ĐŽŵƉůĞǆ ŝŶ ƐŝƚĞƐ ŽĨ ĂƌĐŚĂĞŽůŽŐŝĐĂů ŝŶƚĞƌĞƐƚ͘

ϯ

WsĂƌƌĂǇŝŶƐƚĂůůĞĚŝŶϮϬϬϴŝŶƚŚĞŐƌĂĚĞ/ͲůŝƐƚĞĚƵŶƐƚĞƌĂƐƚůĞ;h<ͿǁĂƐůĂŝĚŶĞĂƌͲŚŽƌŝǌŽŶƚĂůůǇƚŽŵŝŶŝŵŝƐĞǀŝƐƵĂůŝŵƉĂĐƚ͘
&ƵƌƚŚĞƌĚĞƚĂŝůƐĂƌĞĂǀĂŝůĂďůĞĂƚŚƚƚƉ͗ͬͬǁǁǁ͘ŶĂƚŝŽŶĂůƚƌƵƐƚ͘ŽƌŐ͘ƵŬͬĚŽĐƵŵĞŶƚͲϭϯϱϱϳϲϲϴϲϭϯϭϮͬ

WĂŐĞͮϭϬ




&ůĂƚͲƉůĂƚĞ ĐŽůůĞĐƚŽƌƐ ŵĂǇ ĂůƐŽ ƐĞƌǀĞ Ă ĚƵĂů ƉƵƌƉŽƐĞ ǁŚĞƌĞ ƚŚĞǇ ĂƌĞ ƵƐĞĚ ĂƐ ĂǁŶŝŶŐƐ ƚŽ ƉƌŽǀŝĚĞ ƐŚĂĚĞ͘
tŚŝůĞ ƚŚŝƐ ŝƐ ŵŽƌĞ ĐŽŵŵŽŶ ŝŶ ŶĞǁ ďƵŝůĚŝŶŐƐ ŝƚ ŵĂǇ ƐŽŵĞƚŝŵĞƐ ďĞ ĂƉƉƌŽƉƌŝĂƚĞ ŽŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕
ƉĂƌƚŝĐƵůĂƌůǇ ǁŚĞƌĞ ƚŚĞǇ ŚĂǀĞ ŵŽƌĞ ŵŽĚĞƌŶ ĞǆƚĞŶƐŝŽŶƐ͘



'("

^ŽůĂƌ ƚŚĞƌŵĂů ŝƐ ŶŽǁ ĐŽŵŵŽŶůǇ ŝŶƐƚĂůůĞĚ ŽŶ ŵĂŶǇ ŽůĚĞƌ ĂŶĚ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ƵƐƵĂůůǇ ǁŚĞƌĞ ǀŝƐŝďŝůŝƚǇ ĐĂŶ ďĞ ŵŝŶŝŵŝƐĞĚ͘ Ɛ
ƐŽůĂƌ ƚŚĞƌŵĂů ŝƐ Ă ƐŵĂůů ƌĞŶĞǁĂďůĞ ƚĞĐŚŶŽůŽŐǇ ŽĨƚĞŶ ŝŶĐŽƌƉŽƌĂƚĞĚ
ĂƐ ƉĂƌƚ ŽĨ ůĂƌŐĞƌ ƉƌŽũĞĐƚƐ ƚŚĞƌĞ ĂƌĞ ĨĞǁ ŝŶƚĞƌŶĂƚŝŽŶĂůůǇͲŬŶŽǁŶ
ƐƚĂŶĚĂůŽŶĞ ĞǆĂŵƉůĞƐ͘ dŚĞ tŚŝƚĞ ,ŽƵƐĞ ;h^Ϳ ŚĂĚ Ă ƐŽůĂƌ ƚŚĞƌŵĂů
ŝŶƐƚĂůůĂƚŝŽŶ ŝŶ ƚŚĞ ϭϵϳϬƐ ďƵƚ ƚŚŝƐ ǁĂƐ ƌĞŵŽǀĞĚ ďǇ Ă ůĂƚĞƌ
ĂĚŵŝŶŝƐƚƌĂƚŝŽŶ͘ dŚĞƌĞ ĂƌĞ ĐŚƵƌĐŚĞƐ ŝŶ ^ĂůǌďƵƌŐ ĂŶĚ ĨůĞŶǌ
;ƵƐƚƌŝĂͿ͕ ĂŶĚ Ă ŵĞĚŝĂĞǀĂů ĐĂƐƚůĞ ŝŶ 'ƌŽƐƐŬŵĞŚůĞŶ ;'ĞƌŵĂŶǇ͕ ƐĞĞ
ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞƐͿ ǁŝƚŚ Ă ϯϬϬŵϮ ŝŶƚĞŐƌĂƚĞĚ ƐŽůĂƌ ƌŽŽĨ ǁŚŝĐŚ
ŚĞĂƚƐ ƚŚĞ ďĂƐĞŵĞŶƚ ǁĂůůƐ ƚŽ ƉƌŽǀŝĚĞ Ă ƚŚĞƌŵĂů ďĂƌƌŝĞƌ ĂŶĚ
ƉƌĞǀĞŶƚ ĂŶǇ ƉƌŽŐƌĞƐƐŝǀĞ ĚĞƚĞƌŝŽƌĂƚŝŽŶ ŽĨ ƚŚĞ ĐĂƐƚůĞ ĚƵĞ ƚŽ
ŵŽŝƐƚƵƌĞ ďƵŝůĚͲƵƉ͘ h< ĞǆĂŵƉůĞƐ ŝŶĐůƵĚĞ EĂƚŝŽŶĂů dƌƵƐƚͲŽǁŶĞĚ
ƉƌŽƉĞƌƚŝĞƐ ƐƵĐŚ ĂƐ EƵŶŶŝŶŐƚŽŶ ,Ăůůϰ͕ ŚŝƌŬ ĂƐƚůĞϱ ĂŶĚ <ĞĞƉĞƌ͛Ɛ
ŽƚƚĂŐĞ ;ŐƌŽƵŶĚͲŵŽƵŶƚĞĚ ĞǀĂĐƵĂƚĞĚ ƚƵďĞ ĐŽůůĞĐƚŽƌƐͿ͕ ĂƐ ǁĞůů ĂƐ
ůĞƐƐ ĨĂŵŽƵƐ ĞǆĂŵƉůĞƐ ůŝŬĞ ĞĂƵĨŽƌƚ 'ĂƌĚĞŶƐ ;sŝĐƚŽƌŝĂŶ ƚĞƌƌĂĐĞĚ ƚŽǁŶͲŚŽƵƐĞ͕ >ŽŶĚŽŶ͕ ĞǀĂĐƵĂƚĞĚ ƚƵďĞ
ĐŽůůĞĐƚŽƌƐ ŽŶ ĨůĂƚ ƌŽŽĨͿ͕ ,ŽůůŽǁĂǇ ZŽĂĚ ;>ŽŶĚŽŶ͕ ĐŽŶǀĞƌƐŝŽŶ ĨƌŽŵ ŶŽŶͲĚŽŵĞƐƚŝĐ ďƵŝůĚŝŶŐ ƚŽ ƐŽĐŝĂů
ŚŽƵƐŝŶŐ ƵŶŝƚƐͿ ĂŶĚ >ĂƵƌŝƐƚŽŶ WůĂĐĞ ;'ĞŽƌŐŝĂŶ ƚĞŶĞŵĞŶƚƐ͕ ĚŝŶďƵƌŐŚͿ ǁŚŝĐŚ ŝƐ ƚŚĞ ƐƵďũĞĐƚ ŽĨ ƚŚĞ ĐĂƐĞ
ƐƚƵĚǇ Ăƚ ƚŚĞ ĞŶĚ ŽĨ ƚŚŝƐ ƐĞĐƚŝŽŶ͘

)



^ŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵƐ ĂƌĞ ŽŶĞ ŽĨ ƚŚĞ ĐŚĞĂƉĞƌ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƚĞĐŚŶŽůŽŐŝĞƐ͘ ,ŽǁĞǀĞƌ͕ ƐĂǀŝŶŐƐ ĐĂŶ
ĂůƐŽ ďĞ ƌĞůĂƚŝǀĞůǇ ŵŽĚĞƐƚ ĚĞƉĞŶĚŝŶŐ ŽŶ ůŽĐĂƚŝŽŶ ĂŶĚ ƚŚĞ ĨƵĞů ƚǇƉĞ ĚŝƐƉůĂĐĞĚ͘ &Žƌ ĞǆĂŵƉůĞ͕ ǁŚĞƌĞ Ă h<
ƐŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵ ƌĞƉůĂĐĞƐ ŐĂƐ ĂŶŶƵĂů ƐĂǀŝŶŐƐ ŵĂǇ ŽŶůǇ ďĞ Đ͘ΦϲϬ͕ ďƵƚ ƚŚŝƐ ĐŽƵůĚ ĞĂƐŝůǇ ĚŽƵďůĞ
ǁŚĞƌĞ ƚŚĞ ƐǇƐƚĞŵ ƌĞƉůĂĐĞƐ ŵŽƌĞ ĞǆƉĞŶƐŝǀĞ ĨŽƐƐŝů ĨƵĞůƐ ƐƵĐŚ ĂƐ ĞůĞĐƚƌŝĐŝƚǇ͕ ĂŶĚ ŝŶ ƐƵŶŶŝĞƌ ĐŽƵŶƚƌŝĞƐ ƚŚĞ
ƐĂǀŝŶŐƐ ǁŝůů ďĞ ĐŽƌƌĞƐƉŽŶĚŝŶŐůǇ ŐƌĞĂƚĞƌ͘
dŚĞ h<͛Ɛ ZĞŶĞǁĂďůĞ ,ĞĂƚ /ŶĐĞŶƚŝǀĞ ƉƌŽǀŝĚĞƐ ĨƵƌƚŚĞƌ ĨŝŶĂŶĐŝĂů ƐƵƉƉŽƌƚ ĨŽƌ ƐŽůĂƌ ƚŚĞƌŵĂů ĂŶĚ ŝƐ ůŝŬĞůǇ ƚŽ
ŵĂŬĞ ŝƚ Ă ŵŽƌĞ ǀŝĂďůĞ ƚĞĐŚŶŽůŽŐǇ ĨŽƌ ŵĂŶǇ ŝŶĚŝǀŝĚƵĂů ďƵŝůĚŝŶŐ ŽǁŶĞƌƐ͘ /ƚ ŝƐ ŶŽƚ ŬŶŽǁŶ ǁŚĞƚŚĞƌ ŝƚ ǁŝůů
ƐŝŐŶŝĨŝĐĂŶƚůǇ ĂĨĨĞĐƚ ĐĂƉŝƚĂů ĐŽƐƚƐ ŝŶ ƚŚĞ ƐĂŵĞ ǁĂǇ ƚŚĂƚ ƚŚĞ &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ĚƌŝǀĞ ĚŽǁŶ Ws ĐŽƐƚƐ ʹ ƐŽůĂƌ
ƚŚĞƌŵĂů ĐŽƐƚƐ ŚĂǀĞ ƌĞŵĂŝŶĞĚ ƌĞůĂƚŝǀĞůǇ ƐŝŵŝůĂƌ ĨŽƌ ƐŽŵĞ ǇĞĂƌƐ͘
Ɛ ǁŝƚŚ ŽƚŚĞƌ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ ƵƐĞƌ ďĞŚĂǀŝŽƵƌ ŝƐ ŝŵƉŽƌƚĂŶƚ ŝŶ ƌĞĂůŝƐŝŶŐ ĞĐŽŶŽŵŝĐ ďĞŶĞĨŝƚƐ͘
WƌŝŽƌŝƚŝƐŝŶŐ ďƵŝůĚŝŶŐƐ ǁŝƚŚ ŚŝŐŚ ůĞǀĞůƐ ŽĨ ŚŽƚ ǁĂƚĞƌ ƵƐĞ͖ ĂĚĂƉƚŝŶŐ ďĞŚĂǀŝŽƵƌ ƚŽ ƵƐĞ ƚŚĞ ǁĂƚĞƌ ůĂƚĞƌ ŝŶ
ƚŚĞ ĚĂǇ ŽŶĐĞ ŝƚ ŚĂƐ ďĞĞŶ ŚĞĂƚĞĚ ďǇ ƚŚĞ ƐƵŶ͖ ŵĂǆŝŵŝƐŝŶŐ ƵƐĞ ŽĨ ƚŚĞ ƐŽůĂƌͲŚĞĂƚĞĚ ǁĂƚĞƌ ďǇ ƵƐŝŶŐ
ĐŽŵƉĂƚŝďůĞ ĂƉƉůŝĂŶĐĞƐ͖ ŝŶƚĞůůŝŐĞŶƚ ƉƌŽŐƌĂŵŵŝŶŐ ŽĨ ďĂĐŬͲƵƉ ƐǇƐƚĞŵƐ ʹ Ăůů ƚŚĞƐĞ ĨĂĐƚŽƌƐ ǁŝůů ŝŶĐƌĞĂƐĞ
ƚŚĞ ƐĂǀŝŶŐƐ ŵĂĚĞ ďǇ ƐŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵƐ͘
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ŚƚƚƉ͗ͬͬǁǁǁ͘ŶĂƚŝŽŶĂůƚƌƵƐƚ͘ŽƌŐ͘ƵŬͬĚŽĐƵŵĞŶƚͲϭϯϱϱϳϲϲϴϲϭϭϵϮͬ
ŚƚƚƉ͗ͬͬǁǁǁ͘ŶĂƚŝŽŶĂůƚƌƵƐƚ͘ŽƌŐ͘ƵŬͬĚŽĐƵŵĞŶƚͲϭϯϱϱϳϲϲϴϲϯϳϴϱͬ
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dŚŝƐ ϮϬϬϵ ƉƌŽũĞĐƚ͕ ĐĂůůĞĚ ZĞŶĞǁĂďůĞ ,ĞƌŝƚĂŐĞ͕ ŝŶǀŽůǀĞĚ ƚŚĞ ŝŶƐƚĂůůĂƚŝŽŶ ŽĨ ϰϵ ƐŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵƐ ŽŶ
ůŝƐƚĞĚ 'ĞŽƌŐŝĂŶ ƚĞŶĞŵĞŶƚ ďƵŝůĚŝŶŐƐ ŝŶ ĐĞŶƚƌĂů ĚŝŶďƵƌŐŚ͕ Ă ŽŶƐĞƌǀĂƚŝŽŶ ƌĞĂ ĂŶĚ hE^K tŽƌůĚ
,ĞƌŝƚĂŐĞ ^ŝƚĞ ;ǁŚĞƌĞ Đ͘ϳϱй ŽĨ ƚŚĞ ďƵŝůĚŝŶŐƐ ĂƌĞ ůŝƐƚĞĚͿ͘ dŚĞ ƉƌŽũĞĐƚ ǁĂƐ ĚĞǀĞůŽƉĞĚ ĂŶĚ ůĞĚ ďǇ ^ĐŽƚƚŝƐŚ
ƐƵƐƚĂŝŶĂďůĞ ĚĞǀĞůŽƉŵĞŶƚ ŽƌŐĂŶŝƐĂƚŝŽŶ ŚĂŶŐĞǁŽƌŬƐ͕ ŝŶ ƉĂƌƚŶĞƌƐŚŝƉ ǁŝƚŚ ƚŚĞ ďƵŝůĚŝŶŐ ŽǁŶĞƌ >ŝƐƚĞƌ
,ŽƵƐŝŶŐ ŽͲŽƉĞƌĂƚŝǀĞ ĂŶĚ ŬĞǇ ĐŽŶƐĞƌǀĂƚŝŽŶ ďŽĚŝĞƐ ŝŶĐůƵĚŝŶŐ ,ŝƐƚŽƌŝĐ ^ĐŽƚůĂŶĚ͕ ƚŚĞ ůŽĐĂů ŵƵŶŝĐŝƉĂůŝƚǇ
ĂŶĚ ĚŝŶďƵƌŐŚ tŽƌůĚ ,ĞƌŝƚĂŐĞ͘
dŚĞ ZĞŶĞǁĂďůĞ ,ĞƌŝƚĂŐĞ ƉƌŽũĞĐƚ ĨŽůůŽǁĞĚ ŽŶ ĨƌŽŵ ĂŶ ĞĂƌůŝĞƌ ;ϮϬϬϴͿ ƉƌŽũĞĐƚ͕ ŶĞƌŐǇ ,ĞƌŝƚĂŐĞ͕ ǁŚŝĐŚ
ŚĂĚ ĂĚĚƌĞƐƐĞĚ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ ŝŶ ƚŚĞƐĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ƚŚƌŽƵŐŚ Ă ĐŽŵďŝŶĂƚŝŽŶ ŽĨ ĐŽŶǀĞŶƚŝŽŶĂů ĂŶĚ
ďĞƐƉŽŬĞ ŝŶƐƵůĂƚŝŽŶ ĂŶĚ ŵŽŶŝƚŽƌŝŶŐ ŵĞĂƐƵƌĞƐ͖ ĐŽŶƐŝĚĞƌĂƚŝŽŶ ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ǁĂƐ ƚŚĞ ůŽŐŝĐĂů
ĨŽůůŽǁͲŽŶ͘ dŚĞƐĞ ďƵŝůĚŝŶŐƐ ĂƌĞ ĂŵŽŶŐ ƚŚĞ ŚĂƌĚĞƐƚͲƚŽͲƚƌĞĂƚ ŚŽŵĞƐ ŝŶ ƚŚĞ h<͕ ĂƐ ƚŚĞƌĞ ĂƌĞ ŵĂŶǇ
ƌĞƐƚƌŝĐƚŝŽŶƐ ŽŶ ŚŽǁ ƚŚĞǇ ŵĂǇ ďĞ ŝŵƉƌŽǀĞĚ ĚƵĞ ƚŽ Ă ĐŽŵďŝŶĂƚŝŽŶ ŽĨ ƚĞĐŚŶŝĐĂů͕ ƉůĂŶŶŝŶŐ ĂŶĚ ĨŝŶĂŶĐŝĂů
ŝƐƐƵĞƐ͖ ƚŚĞǇ ĂůƐŽ ĨŽƌŵ ƐŽĐŝĂů ŚŽƵƐŝŶŐ ĂŶĚ ƚŚĞ ŽĐĐƵƉĂŶƚƐ ǁĞƌĞ Ăƚ ŚŝŐŚ ƌŝƐŬ ŽĨ ĨƵĞů ƉŽǀĞƌƚǇ͘ ,ĂǀŝŶŐ
ĂĚĚƌĞƐƐĞĚ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ ƐƵĐĐĞƐƐĨƵůůǇ͕ ŚŽǁĞǀĞƌ͕ ĐŽŶƐŝĚĞƌĂƚŝŽŶ ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ǁĂƐ ƚŚĞ ůŽŐŝĐĂů
ŶĞǆƚ ƐƚĞƉ͘
&Žƌ ƚŚŝƐ ƉƌŽũĞĐƚ͕ ϰϵ ƐŽůĂƌ ƚŚĞƌŵĂů ƐǇƐƚĞŵƐ ǁĞƌĞ ŝŶƐƚĂůůĞĚ͖ Ă ĨƵƌƚŚĞƌ Đ͘ ϮϬ ƐǇƐƚĞŵƐ ŚĂǀĞ ďĞĞŶ ŝŶƐƚĂůůĞĚ
ƐƵďƐĞƋƵĞŶƚůǇ ďǇ ƚŚĞ ďƵŝůĚŝŶŐ ŽǁŶĞƌ͘ dŚĞ ƉƌŽũĞĐƚ ǁĂƐ ĐŽŵƉůĞǆ ĂŶĚ ƚŽŽŬ ĐŽŶƐŝĚĞƌĂďůĞ ƉůĂŶŶŝŶŐ͕ ƚŽ
ĞƐƚĂďůŝƐŚ ĂͿ ǁŚĂƚ ƌĞŶĞǁĂďůĞ ƚĞĐŚŶŽůŽŐŝĞƐ ǁĞƌĞ ĨĞĂƐŝďůĞ ŝŶ ƚŚĞ ƐŝƚĞ ĂŶĚ ďͿ ǁŚŝĐŚ ǁŽƵůĚ ďĞ ĂĐĐĞƉƚĂďůĞ
ĨŽƌ ƚŚĞƐĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ /ƚ ƋƵŝĐŬůǇ ďĞĐĂŵĞ ĂƉƉĂƌĞŶƚ ƚŚĂƚ ƐŽůĂƌ ƚŚĞƌŵĂů ǁĂƐ ƚŚĞ ŽŶůǇ ƚĞĐŚŶŽůŽŐǇ
ǁŝƚŚ ƐĞƌŝŽƵƐ ƉŽƚĞŶƚŝĂů͕ ĂŶĚ Ăƚ ƚŚŝƐ ƉŽŝŶƚ ƚŚĞ ƉƌŽũĞĐƚ ĨŽĐƵƐĞĚ ŽŶ ϯ ƉĂƌƚŝĐƵůĂƌůǇ ŬĞǇ ĐŚĂůůĞŶŐĞƐ͗
•

•

•

WůĂŶŶŝŶŐ͗ /ŶƐƚĂůůŝŶŐ ƐŽůĂƌ ƚĞĐŚŶŽůŽŐŝĞƐ ŝŶ ůŝƐƚĞĚ ďƵŝůĚŝŶŐƐ ͬ ĐŽŶƐĞƌǀĂƚŝŽŶ ĂƌĞĂ ͬ tŽƌůĚ ,ĞƌŝƚĂŐĞ
^ŝƚĞ ǁŝƚŚ Ăůů ƌĞůĞǀĂŶƚ ƉĞƌŵŝƐƐŝŽŶƐ ĂĐŚŝĞǀĞĚ͕ ƚŽ ĚĞŵŽŶƐƚƌĂƚĞ ƚŚĂƚ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ĂŶĚ
ƚƌĂĚŝƚŝŽŶĂů͕ ŚŝƐƚŽƌŝĐ ŚŽƵƐŝŶŐ ĐĂŶ ďĞ ŵĂƌƌŝĞĚ͘ WĂŶĞůƐ ǁĞƌĞ ŝŶƐƚĂůůĞĚ ŝŶ ŚŝĚĚĞŶ 'ĞŽƌŐŝĂŶ ĚŽƵďůĞͲ
ƉŝƚĐŚĞĚ ƌŽŽĨ ǀĂůůĞǇƐ͕ ŵŝŶŝŵŝƐŝŶŐ ƚŚĞŝƌ ǀŝƐƵĂů ŝŵƉĂĐƚ ŽŶ ƚŚĞ ďƵŝůĚŝŶŐƐ ƚŽ ƐĂƚŝƐĨǇ ƉůĂŶŶŝŶŐ
ƌĞƋƵŝƌĞŵĞŶƚƐ͘ dŚĞ ƉůĂŶŶŝŶŐ ĚĞƉĂƌƚŵĞŶƚ ŶŽǁ ƵƉŚŽůĚƐ ƚŚŝƐ ƉƌŽũĞĐƚ ĂƐ ĂŶ ĞǆĂŵƉůĞ ŽĨ ďĞƐƚ
ƉƌĂĐƚŝĐĞ͘
dĞĐŚŶŝĐĂů͗ ƌŝŶŐŝŶŐ ƚŚĞ ďĞŶĞĨŝƚƐ ŽĨ ƐŽůĂƌ ƉŽǁĞƌ ĚŽǁŶ ƚŚƌŽƵŐŚ ƚŚĞ ďƵŝůĚŝŶŐ͕ ƐŽ ƚŚĂƚ ĞǀĞŶ ůŽǁĞƌͲ
ĨůŽŽƌ ŚŽƵƐĞŚŽůĚĞƌƐ ĐĂŶ ŚĂǀĞ ƐŽůĂƌͲŚĞĂƚĞĚ ǁĂƚĞƌ͘ /Ŷ ĐŽŶƚƌĂƐƚ ǁŝƚŚ ŵŽƐƚ ĨůĂƚƚĞĚ ŝŶƐƚĂůůĂƚŝŽŶƐ
ǁŚĞƌĞ ŽŶůǇ ƚŚĞ ƚŽƉ ĨůŽŽƌƐ ďĞŶĞĨŝƚ͕ ƉŝƉĞǁŽƌŬ ǁĂƐ ƌƵŶ ĚŽǁŶ ƚŚƌŽƵŐŚ ƚŚĞ ďƵŝůĚŝŶŐƐ ƐŽ ƚŚĂƚ ĞǀĞŶ
ƚŚŽƐĞ ƚŽ ďĂƐĞŵĞŶƚ ůĞǀĞů ;ϱ ĨůŽŽƌƐ ĚŽǁŶͿ ŶŽǁ ŚĂǀĞ ƐŽůĂƌ ƐǇƐƚĞŵƐ͘ dŚŝƐ ŚĂƐ ŵĂǆŝŵŝƐĞĚ ƚŚĞ
ŐĂŝŶƐ ƚŚĂƚ ĐĂŶ ďĞ ŵĂĚĞ ďǇ ƐŽůĂƌ ƐǇƐƚĞŵƐ͕ ĂŶĚ ƉƌŽǀŝĚĞĚ Ă ďůƵĞƉƌŝŶƚ ĨŽƌ ƌĞƉůŝĐĂƚŝŽŶ ĂĐƌŽƐƐ ƚŚĞ
h< ĂŶĚ ĨƵƌƚŚĞƌ ĂĨŝĞůĚ͘
WĂƌƚŶĞƌƐŚŝƉƐ͗ tŽƌŬŝŶŐ ǁŝƚŚ Ăůů ŬĞǇ ƐƚĂŬĞŚŽůĚĞƌƐ ;ĨƌŽŵ ŚŽƵƐĞŚŽůĚĞƌƐ ƚŽ 'ŽǀĞƌŶŵĞŶƚ ďŽĚŝĞƐͿ ƚŽ
ƐŚŽǁ ƚŚĂƚ ďƵŝůĚŝŶŐ ĐŽŶƐĞƌǀĂƚŝŽŶ ĂŶĚ ĞŶĞƌŐǇ ĐŽŶƐĞƌǀĂƚŝŽŶ ĐĂŶ ĐŽŵƉůĞŵĞŶƚ ŽŶĞ ĂŶŽƚŚĞƌ͖
WĂŐĞͮϭϮ





ďƌĞĂŬŝŶŐ ĚŽǁŶ ƚŚĞ ƉĞƌĐĞŝǀĞĚ ďĂƌƌŝĞƌƐ ďĞƚǁĞĞŶ ƚŚĞ ƚǁŽ ĐĂŵƉƐ͕ ǁŚĞƌĞ ŽŶĞ ŝƐ ŽĨƚĞŶ ƐĞĞŶ ĂƐ
ďĞŝŶŐ ĚĞƚƌŝŵĞŶƚĂů ƚŽ ƚŚĞ ŽƚŚĞƌ͘
dŚĞ ƉƌŽũĞĐƚ ƚŽŽŬ Ă ǇĞĂƌ ƚŽ ƉůĂŶ͕ ĂŶĚ ŝŶƐƚĂůůŝŶŐ ƚŚĞ ƐǇƐƚĞŵƐ ƚŽŽŬ ƐĞǀĞƌĂů ŵŽŶƚŚƐ͘ WůĂŶŶŝŶŐ ƉĞƌŵŝƐƐŝŽŶ͕
ůŝƐƚĞĚ ďƵŝůĚŝŶŐ ĐŽŶƐĞŶƚ ĂŶĚ ďƵŝůĚŝŶŐ ǁĂƌƌĂŶƚƐ ǁĞƌĞ Ăůů ƌĞƋƵŝƌĞĚ͖ ƚŚĞƐĞ ƚŽŽŬ Ϯ ŵŽŶƚŚƐ ƚŽ ƐĞĐƵƌĞ͕ ĂŶĚ
ǁĞƌĞ ƉƌĞĐĞĚĞĚ ďǇ ĞǆƚĞŶƐŝǀĞ ŶĞŐŽƚŝĂƚŝŽŶƐ ǁŝƚŚ ƚŚĞ ƉůĂŶŶŝŶŐ ĂŶĚ ďƵŝůĚŝŶŐ ĐŽŶƚƌŽů ĚĞƉĂƌƚŵĞŶƚƐ͘ Ɛ
ŶŽƚŚŝŶŐ ŽĨ ƚŚŝƐ ƐŽƌƚ ŚĂĚ ĞǀĞƌ ďĞĞŶ ĂƚƚĞŵƉƚĞĚ ŝŶ ĚŝŶďƵƌŐŚ ďĞĨŽƌĞ ƚŚĞƌĞ ǁĂƐ ŶŽ ƉƌĞĐĞĚĞŶƚ͕ ĂŶĚ ƚŚĞ
ŚŝƐƚŽƌŝĐ ƐƚĂƚƵƐ ŽĨ ƚŚĞ ďƵŝůĚŝŶŐƐ ŵĂĚĞ ƉůĂŶŶŝŶŐ ŽĨĨŝĐŝĂůƐ ƉĂƌƚŝĐƵůĂƌůǇ ĂƚƚĞŶƚŝǀĞ ƚŽ ƚŚĞ ƉƌŽƉŽƐĞĚ ǁŽƌŬƐ͘
KŶĞ ŽĨ ƚŚĞ ŽƚŚĞƌ ŬĞǇ ŝƐƐƵĞƐ ǁĂƐ ŝŶƐƚĂůůŝŶŐ ƌĞŶĞǁĂďůĞ ƚĞĐŚŶŽůŽŐǇ ŝŶ ŽĐĐƵƉŝĞĚ ďƵŝůĚŝŶŐƐ͗ ǁŽƌŬŝŶŐ ǁŝƚŚ
ƉĞŽƉůĞ ǁĂƐ ŝŶƚĞŐƌĂů ƚŽ ƚŚĞ ƉƌŽũĞĐƚ͛Ɛ ƐƵĐĐĞƐƐ͘ ,ŽƵƐĞŚŽůĚĞƌƐ ǁĞƌĞ ĨƵůůǇ ŝŶǀŽůǀĞĚ ƚŚƌŽƵŐŚŽƵƚ͕ ƚŽ ĞŶƐƵƌĞ
ĂͿ ƚŚĞŝƌ ŶĞĞĚƐ ǁĞƌĞ ƚĂŬĞŶ ŝŶƚŽ ĐŽŶƐŝĚĞƌĂƚŝŽŶ͕ ďͿ ƚŚĞ ǁŽƌŬƐ ĐŽƵůĚ ƚĂŬĞ ƉůĂĐĞ ǁŝƚŚ ŵŝŶŝŵƵŵ ĚŝƐƌƵƉƚŝŽŶ
ƚŽ ƚŚĞŵ͕ ĂŶĚ ĐͿ ƚŚĞǇ ƵŶĚĞƌƐƚŽŽĚ ƚŚĞ ƐŽůĂƌ ƐǇƐƚĞŵƐ ƉƌŽƉĞƌůǇ ƐŽ ƚŚĞǇ ĐŽƵůĚ ŐĞƚ ƚŚĞ ŵŽƐƚ ĨƌŽŵ ƚŚĞŵ͘ Ɛ
Ă ƌĞƐƵůƚ͕ ƚŚĞǇ ŶŽǁ ŐĞƚ Ăƚ ůĞĂƐƚ ŚĂůĨ ƚŚĞŝƌ ĂŶŶƵĂů ŚŽƚ ǁĂƚĞƌ ŶĞĞĚƐ ;ŵŽƌĞ ŝŶ ƐŽŵĞ ĐĂƐĞƐͿ ŵĞƚ ĨŽƌ ĨƌĞĞ ďǇ
ĐůĞĂŶ͕ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ͘ /ŶŝƚŝĂů ŵŽŶŝƚŽƌŝŶŐ ƐŚŽǁĞĚ ƚŚĂƚ ƉĂƌƚŝĐƵůĂƌůǇ ĐĂƌĞĨƵů ŚŽƵƐĞŚŽůĚĞƌƐ ĂƌĞ
ŐĞŶĞƌĂƚŝŶŐ ƐŝŐŶŝĨŝĐĂŶƚ ĂŵŽƵŶƚƐ ŽĨ ĨƌĞĞ ĞŶĞƌŐǇ͘
dŚĞ ƉƌŽũĞĐƚ ǁĂƐ Ă ŐƌĞĂƚ ƐƵĐĐĞƐƐ͕ ǁŝŶŶŝŶŐ ŶĂƚŝŽŶĂů ĂǁĂƌĚƐ ĂŶĚ ƌĞĐĞŝǀŝŶŐ ŶĂƚŝŽŶĂů ĂŶĚ ŝŶƚĞƌŶĂƚŝŽŶĂů
ŵĞĚŝĂ ĐŽǀĞƌĂŐĞ͘ dŚĞ ĚĞŵŽŶƐƚƌĂƚŝŽŶ ƉƌŽũĞĐƚ ǁĂƐ ĂĐĐŽŵƉĂŶŝĞĚ ďǇ Ă ĐŽŵƉƌĞŚĞŶƐŝǀĞ ďĞƐƚͲƉƌĂĐƚŝĐĞ
ŐƵŝĚĞϲ͕ ǁŚŝĐŚ ĨŽůůŽǁƐ ŽŶ ĨƌŽŵ ƐŝŵŝůĂƌ ŐƵŝĚĂŶĐĞ ŽŶ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐϳ ƉƵďůŝƐŚĞĚ ĂƐ
ƉĂƌƚ ŽĨ ƚŚĞ ĞĂƌůŝĞƌ ŶĞƌŐǇ ,ĞƌŝƚĂŐĞ ƉƌŽũĞĐƚ͘ ŽƚŚ ŐƵŝĚĞƐ ŝŶĐůƵĚĞ ĚĞƚĂŝůĞĚ ĐĂƐĞ ƐƚƵĚŝĞƐ ŽĨ ƚŚĞ ƉŝůŽƚ
ƉƌŽũĞĐƚƐ͘


ϲ

ZĞŶĞǁĂďůĞ,ĞƌŝƚĂŐĞʹŐƵŝĚĞƚŽŵŝĐƌŽŐĞŶĞƌĂƚŝŽŶŝŶƚƌĂĚŝƚŝŽŶĂůĂŶĚŚŝƐƚŽƌŝĐŚŽŵĞƐ;ŚĂŶŐĞǁŽƌŬƐ͕ϮϬϬϵͿ
ŶĞƌŐǇ,ĞƌŝƚĂŐĞʹŐƵŝĚĞƚŽŝŵƉƌŽǀŝŶŐĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇŝŶƚƌĂĚŝƚŝŽŶĂůĂŶĚŚŝƐƚŽƌŝĐŚŽŵĞƐ;ŚĂŶŐĞǁŽƌŬƐ͕ϮϬϬϴͿ

ϳ
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͚ŝŽŵĂƐƐ͛ ŝŶĐůƵĚĞƐ Ă ƌĂŶŐĞ ŽĨ ƉůĂŶƚͲďĂƐĞĚ ƉƌŽĚƵĐƚƐ͕ ďƵƚ ŝŶ
ƚŚŝƐ ĐŽŶƚĞǆƚ ŝƚ ƌĞĨĞƌƐ ƚŽ ;ƉƌŽĐĞƐƐĞĚ Žƌ ƵŶƉƌŽĐĞƐƐĞĚͿ ǁŽŽĚͲ
ĨƵĞůůĞĚ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ͕ ĂďůĞ ƚŽ ƉƌŽǀŝĚĞ ďŽƚŚ ƐƉĂĐĞ ĂŶĚ
ǁĂƚĞƌ ŚĞĂƚŝŶŐ͘ dŚĞƌĞ ĂƌĞ ƚǁŽ ŵĂŝŶ ĨŽƌŵƐ ŽĨ ďŝŽŵĂƐƐ ƐǇƐƚĞŵ͕
ƐƚŽǀĞƐ ĂŶĚ ďŽŝůĞƌƐ͘ ^ƚŽǀĞƐ ĂƌĞ ƐŵĂůů͕ ĂŶĚ ŐĞŶĞƌĂůůǇ ĚĞƐŝŐŶĞĚ
ƚŽ ŚĞĂƚ ƐŝŶŐůĞ ƌŽŽŵƐ ǁŝƚŚŝŶ ďƵŝůĚŝŶŐƐ ʹ ĂůƚŚŽƵŐŚ ƐŽŵĞ ƐƚŽǀĞƐ
ŵĂǇ ďĞ ĐŽŶŶĞĐƚĞĚ ƚŽ Ă ďĂĐŬͲďŽŝůĞƌ ƚŽ ƉƌŽǀŝĚĞ ŚĞĂƚŝŶŐ ƚŽ
ŽƚŚĞƌ ƌŽŽŵƐ ǀŝĂ ƌĂĚŝĂƚŽƌƐ ĂŶĚ ĂůƐŽ ǁĂƚĞƌ ŚĞĂƚŝŶŐ͘ ŽŝůĞƌƐ ĂƌĞ
ůĂƌŐĞƌ ĂŶĚ ĂƌĞ ĐŽŵŵŽŶůǇ ƐŝƚĞĚ ŽƵƚƐŝĚĞ ƚŚĞ ŵĂŝŶ ďƵŝůĚŝŶŐ ŝŶ
ĂŶ ŽƵƚŚŽƵƐĞ Žƌ ƐŝŵŝůĂƌ͕ ĂŶĚ ƉƌŽǀŝĚĞ ƐƉĂĐĞ ĂŶĚ ǁĂƚĞƌ ŚĞĂƚŝŶŐ ĨŽƌ ƚŚĞ ĞŶƚŝƌĞ ƉƌŽƉĞƌƚǇ ŝŶ ƚŚĞ ƐĂŵĞ ǁĂǇ
ĂƐ ŽƚŚĞƌ ďŽŝůĞƌƐ͘ ŝŽŵĂƐƐ ŝƐ ŐĞŶĞƌĂůůǇ ďĞƐƚ ƐƵŝƚĞĚ ƚŽ ƌƵƌĂů ůŽĐĂƚŝŽŶƐ ĨŽƌ Ă ŶƵŵďĞƌ ŽĨ ƌĞĂƐŽŶƐ ŝŶĐůƵĚŝŶŐ
ůŽĐĂůŝƚǇ ŽĨ ĨƵĞů͕ ƐƉĂĐĞ ĨŽƌ ƐƚŽƌĂŐĞ ĂŶĚ ĚĞůŝǀĞƌǇ ŽĨ ĨƵĞů ;ĂŶ ŝŵƉŽƌƚĂŶƚ ĐŽŶƐŝĚĞƌĂƚŝŽŶͿ ĂŶĚ ƉŽƐƐŝďůĞ ƵƌďĂŶ
Ăŝƌ ƋƵĂůŝƚǇ ƌĞƐƚƌŝĐƚŝŽŶƐ͕ ĂůƚŚŽƵŐŚ ƵƌďĂŶ ŝŶƐƚĂůůĂƚŝŽŶƐ ĂƌĞ ŶŽƚ ƵŶĐŽŵŵŽŶ ƉĂƌƚŝĐƵůĂƌůǇ ĨŽƌ ƐƚŽǀĞƐ͘
ŝŽŵĂƐƐ ƐǇƐƚĞŵƐ ƌƵŶ ŽŶ Ă ƌĂŶŐĞ ŽĨ ĨƵĞů ƚǇƉĞƐ͗ ůŽŐƐ͕ ƉĞůůĞƚƐ Žƌ ǁŽŽĚĐŚŝƉ͘ >ŽŐƐ ĂƌĞ ƚŚĞ ƐŝŵƉůĞƐƚ ĂŶĚ
ĐŚĞĂƉĞƐƚ ŽƉƚŝŽŶ͕ ďƵƚ ĂƌĞ ůĞƐƐ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶƚ ĂŶĚ ƌĞƋƵŝƌĞ ŵŽƌĞ ƐƚŽƌĂŐĞ ƐƉĂĐĞ ĂŶĚ ƐĞĂƐŽŶŝŶŐ ƚŝŵĞ͖
ƚŚĞǇ ĂůƐŽ ƚĞŶĚ ƚŽ ďĞ ŵĂŶƵĂůůǇ ĨĞĚ ;ĂůƚŚŽƵŐŚ ůĂƌŐĞ ĂƵƚŽŵĂƚĞĚ ůŽŐ ďŽŝůĞƌƐ ĞǆŝƐƚ ĨŽƌ ďŝŐŐĞƌ ďƵŝůĚŝŶŐƐͿ ƐŽ
ŵŽƌĞ ƵƐĞƌ ŝŶƚĞƌĂĐƚŝŽŶ ŝƐ ƌĞƋƵŝƌĞĚ͘ WĞůůĞƚƐ ʹ ŐĞŶĞƌĂůůǇ ĨŽƌŵĞĚ ŽĨ ŵĂƚĞƌŝĂůƐ ƐƵĐŚ ĂƐ ƐĂǁĚƵƐƚ͕ ǁŽŽĚĞŶ
ƉĂůůĞƚƐ ĂŶĚ ƌĞĐǇĐůĞĚ ƵŶƚƌĞĂƚĞĚ ǁŽŽĚ Ͳ ƉƌĞĚŽŵŝŶĂƚĞ ĂƐ ƚŚĞǇ ĂƌĞ ŽĨƚĞŶ ƚŚĞ ŵŽƐƚ ĞĨĨŝĐŝĞŶƚ ĨƵĞů ŽƉƚŝŽŶ
ďĞŝŶŐ ƌĞůĂƚŝǀĞůǇ ͚ĞŶĞƌŐǇ ĚĞŶƐĞ͕͛ ďƵƚ ĂĐĐŽƌĚŝŶŐůǇ ƚŚĞǇ ĂƌĞ ŵŽƌĞ ĞǆƉĞŶƐŝǀĞ͖ ƚŚĞǇ ƌĞƋƵŝƌĞ ůĞƐƐ ƐƚŽƌĂŐĞ
ƐƉĂĐĞ͕ ůĞƐƐ ĨƌĞƋƵĞŶƚ ƚŽƉƉŝŶŐ ƵƉ ĂŶĚ ĨĞǁĞƌ ĨƵĞů ĚĞůŝǀĞƌŝĞƐ ͕ ĂŶĚ ƉĞůůĞƚ ƐǇƐƚĞŵƐ ƚĞŶĚ ƚŽ ďĞ ĂƵƚŽŵĂƚĞĚ͘
tŽŽĚĐŚŝƉ ŝƐ ŽŶůǇ ƐƵŝƚĂďůĞ ĨŽƌ ůĂƌŐĞƌ ďƵŝůĚŝŶŐƐ ;Ğ͘Ő͘ ĨĂƌŵƐ͕ ĐŽƵŶƚƌǇ ŚŽƵƐĞƐ͕ ĐŽŵŵĞƌĐŝĂů ďƵŝůĚŝŶŐƐͿ͕ ĂŶĚ
ĐŽŵƉƌŝƐĞƐ ĐŚŝƉƐ Žƌ ƐƚƌŝƉƐ ŽĨ ǁŽŽĚ ƚŚĂƚ ĂƌĞ ĂƵƚŽŵĂƚŝĐĂůůǇ ĨĞĚ ŝŶƚŽ ƚŚĞ ďŽŝůĞƌ͖ ƚŚĞǇ ƌĞƋƵŝƌĞ ƐŝŐŶŝĨŝĐĂŶƚ
ƐƚŽƌĂŐĞ ƐƉĂĐĞ ;ƐŽŵĞƚŝŵĞƐ ƵŶĚĞƌŐƌŽƵŶĚͿ͘ ZĞŐĂƌĚůĞƐƐ ŽĨ ĨƵĞů ƚǇƉĞ͕ ƋƵĂůŝƚǇ ŝƐ ǀĞƌǇ ŝŵƉŽƌƚĂŶƚ ĂƐ ǁĞƚ
ďŝŽŵĂƐƐ ŝƐ ƵŶůŝŬĞůǇ ƚŽ ďƵƌŶ ǁĞůů ĂŶĚ ƉŽŽƌͲƋƵĂůŝƚǇ ĨƵĞů ĐŽƵůĚ ďůŽĐŬ Ă ďŝŽŵĂƐƐ ƐǇƐƚĞŵ͘ >ŽĐĂů ĂŶĚ
ƐƵƐƚĂŝŶĂďůĞ ƐŽƵƌĐŝŶŐ ŽĨ ĨƵĞů ŝƐ ĂůƐŽ ĨƵŶĚĂŵĞŶƚĂů ŝĨ Ă ďŝŽŵĂƐƐ ƐǇƐƚĞŵ ŝƐ ƚŽ ďĞ ƚƌƵůǇ ƐƵƐƚĂŝŶĂďůĞ͘
^ƵĨĨŝĐŝĞŶƚ ƐƚŽƌĂŐĞ ƐƉĂĐĞ ŝƐ ĞƐƐĞŶƚŝĂů͕ ĂŶĚ ƚŚŝƐ ĚĞƉĞŶĚƐ ŽŶ ƚŚĞ ƐŝǌĞ ŽĨ ƐǇƐƚĞŵ ĂŶĚ ĨƵĞů ƚǇƉĞ͗ Ă ƌŽƵŐŚ
ĐŽŵƉĂƌŝƐŽŶ ŽĨ ƚŚĞ ƐƚŽƌĂŐĞ ǀŽůƵŵĞƐ ŶĞĞĚĞĚ͕ ŝƐ ƐŚŽǁŶ ŝŶ ƚŚĞ ƉŝĐƚƵƌĞ ďĞůŽǁ͘
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/Ŷ ƚŚĞ ƌŝŐŚƚ ůŽĐĂƚŝŽŶ ;Ğ͘Ő͘ Ă ĐĞŶƚƌĂů ƉĂƌƚ ŽĨ Ă ƐŵĂůů ƉƌŽƉĞƌƚǇ͕ ǁŝƚŚ Ă ĐŚŝŵŶĞǇ ĂďůĞ ƚŽ ǁĂƌŵ ƚŚĞ ǁĂůůƐ ŽĨ
ŵƵůƚŝƉůĞ ƌŽŽŵƐͿ Ă ƐƚŽǀĞ ŵĂǇ ƉƌŽǀŝĚĞ Ă ƐŝŐŶŝĨŝĐĂŶƚ ƉƌŽƉŽƌƚŝŽŶ ŽĨ Ă ƉƌŽƉĞƌƚǇ͛Ɛ ŚĞĂƚŝŶŐ ŶĞĞĚƐ͕ ďƵƚ ŝŶ
ŐĞŶĞƌĂů ƚŚĞǇ ĂƌĞ ƵƐĞĚ ĨŽƌ ƐŝŶŐůĞ ƌŽŽŵƐ ŽŶůǇ͘ ŽŝůĞƌƐ ĂƌĞ ŐĞŶĞƌĂůůǇ ƐŝƚĞĚ ĂůŽŶŐƐŝĚĞ ƚŚĞŝƌ ĨƵĞů ƐƚŽƌĞ͕ ĂŶĚ
ƵŶůĞƐƐ ƚŚĞ ďƵŝůĚŝŶŐ ŝƐ ůĂƌŐĞ ĞŶŽƵŐŚ ƚŽ ŚŽƵƐĞ ƚŚĞŵ ƚŚĞǇ ĂƌĞ ƵƐƵĂůůǇ ƐŝƚĞĚ ŝŶ Ă ƐĞƉĂƌĂƚĞ ďƵŝůĚŝŶŐ͖ ƚŚĞǇ
ĂƌĞ ƚŚĞŶ ĐŽŶŶĞĐƚĞĚ ƚŽ ƚŚĞ ĚŝƐƚƌŝďƵƚŝŽŶ ƐǇƐƚĞŵ ;ƌĂĚŝĂƚŽƌƐ Žƌ ƵŶĚĞƌͲĨůŽŽƌ ŚĞĂƚŝŶŐ͕ ĂƐ ǁŝƚŚ ŽƚŚĞƌ ĐĞŶƚƌĂů
ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐͿ ƚŽ ƐĞƌǀĞ ƚŚĞ ǁŚŽůĞ ďƵŝůĚŝŶŐ͘ &Žƌ ďŽƚŚ ƐƚŽǀĞƐ ĂŶĚ ďŽŝůĞƌƐ Ă ĨůƵĞ ŝƐ ƌĞƋƵŝƌĞĚ͘ &Žƌ ƐƚŽǀĞƐ
ƐŝƚƵĂƚĞĚ ŝŶ ŽůĚ ĨŝƌĞƉůĂĐĞƐ ƚŚĞ ĐŚŝŵŶĞǇ ƉƌŽǀŝĚĞƐ Ă ƉĞƌĨĞĐƚ ƌŽƵƚĞ ĨŽƌ ƚŚĞ ĨůƵĞ͘
ŝŽŵĂƐƐ ƐǇƐƚĞŵƐ ĐĂŶ ďĞ ŚŝŐŚůǇ ĞĨĨŝĐŝĞŶƚ ;ƵƉǁĂƌĚƐ ŽĨ ϵϬйͿ ĂŶĚ ĂƐ ƐƵĐŚ ƌĞƉƌĞƐĞŶƚ Ă ĐŽŶǀŝŶĐŝŶŐ ŵŽĚĞƌŶ
ĂůƚĞƌŶĂƚŝǀĞ ƚŚĞŝƌ ƉƌĞĚĞĐĞƐƐŽƌƐ͕ ŽƉĞŶ ĨŝƌĞƐ ;ǁŚĞƌĞ ŵŽƐƚ ŽĨ ƚŚĞ ŚĞĂƚ ŵĂǇ ďĞ ůŽƐƚ ƵƉ ƚŚĞ ĐŚŝŵŶĞǇͿ͘
,ŽǁĞǀĞƌ ŝƚ ƐŚŽƵůĚ ďĞ ƌĞĐŽŐŶŝƐĞĚ ƚŚĂƚ ŶŽƚ Ăůů ĞŶĞƌŐǇ ƌĂƚŝŶŐ ƚŽŽůƐ ĐƵƌƌĞŶƚůǇ ƌĞĐŽŐŶŝƐĞ ƚŚĞ ĞĨĨŝĐŝĞŶĐǇ ŽĨ
ďŝŽŵĂƐƐ͕ ĂŶĚ ĐĂŶ ĂůůŽĐĂƚĞ ŝƚ Ă ƌĞůĂƚŝǀĞůǇ ƉŽŽƌ ƉĞƌĨŽƌŵĂŶĐĞ ŽŶ ŶĞƌŐǇ WĞƌĨŽƌŵĂŶĐĞ ĞƌƚŝĨŝĐĂƚĞƐ ĂŶĚ
ƐŝŵŝůĂƌ͘

)

!"#$"%&

ŝŽŵĂƐƐ ŝƐ ŽĨƚĞŶ ǀĞƌǇ ǁĞůů ƐƵŝƚĞĚ ƚŽ ŽůĚĞƌ ĂŶĚ ŚŝƐƚŽƌŝĐ
ďƵŝůĚŝŶŐƐ͕ ŵĂŶǇ ŽĨ ǁŚŝĐŚ ǁĞƌĞ ďƵŝůƚ ƚŽ ďĞ ŚĞĂƚĞĚ ďǇ ĨŝƌĞ͘
&ŝƌĞƉůĂĐĞƐ ĂŶĚ ĐŚŝŵŶĞǇƐ ƉƌŽǀŝĚĞ ŝĚĞĂů ƐƉĂĐĞƐ ĨŽƌ ƐƚŽǀĞƐ ĂŶĚ
ĨůƵĞƐ͕ ĂŶĚ ĐƌŝƚŝĐĂůůǇ ƚŚĞŝƌ ƉĞƌĨŽƌŵĂŶĐĞ ŝƐ ŶŽƚ ƚŽŽ ĚĞƉĞŶĚĞŶƚ
ŽŶ ŚŝŐŚ ůĞǀĞůƐ ŽĨ ŝŶƐƵůĂƚŝŽŶ ĂŶĚ ĂŝƌƚŝŐŚƚŶĞƐƐ͘ ŽŶƐĞƋƵĞŶƚůǇ ŝƚ
ŝƐ ďĞŝŶŐ ŝŶƐƚĂůůĞĚ ŝŶĐƌĞĂƐŝŶŐůǇ ĐŽŵŵŽŶůǇ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕
ƉĂƌƚŝĐƵůĂƌůǇ ůĂƌŐĞƌ ƌƵƌĂů ƉƌŽƉĞƌƚŝĞƐ ǁŝƚŚ ƐƵĨĨŝĐŝĞŶƚ ƐƉĂĐĞ ĨŽƌ
ĨƵĞů ;ĂŶĚ ƚŚĞ ƐŝŐŶŝĨŝĐĂŶƚ ƚŚĞƌŵĂů ƐƚŽƌĂŐĞ ŶĞĞĚĞĚͿ ďƵƚ ŶŽ
ĂĐĐĞƐƐ ƚŽ ƌĞůĂƚŝǀĞůǇ ĐŚĞĂƉ ĨŽƐƐŝů ĨƵĞůƐ ƐƵĐŚ ĂƐ ŐĂƐ͘ ^ƵĐŚ
ƉƌŽƉĞƌƚŝĞƐ ŽĨƚĞŶ ŝŶĐŽƌƉŽƌĂƚĞ ďŝŽŵĂƐƐ ǀŝĂ Ă ŶĞǁ ŽƵƚďƵŝůĚŝŶŐ͘
^ƚŽǀĞƐ ĐĂŶ ŚĞůƉ ŚĞĂƚ ƚŚĞ ƚŚĞƌŵĂů ŵĂƐƐ ŽĨ ƐŽůŝĚ ŵĂƐŽŶƌǇ
ǁĂůůƐ͕ ǁŚŝĐŚ ŝƐ ƌĞĐŽŐŶŝƐĞĚ ĂƐ Ă ďĞŶĞĨŝĐŝĂů ĂƚƚƌŝďƵƚĞ ŽĨ ŽůĚĞƌ
ďƵŝůĚŝŶŐƐ͘ dŚŝƐ ĞĨĨĞĐƚ ŝƐ ŵĂǆŝŵŝƐĞĚ ǁŚĞƌĞ ƚŚĞ ƐƚŽǀĞ ƐŝƚƐ
ĂŐĂŝŶƐƚ ĂŶ ŝŶƚĞƌŶĂů ǁĂůů͕ ĂƐ ƚŚĞ ŚĞĂƚ ŝƐ ƚŚĞŶ ƌĞůĞĂƐĞĚ ŝŶƚŽ
ƌŽŽŵƐ ŽŶ ĞŝƚŚĞƌ ƐŝĚĞ ŽĨ ƚŚĞ ǁĂůů ʹ ƵŶůŝŬĞ ĂŶ ĞǆƚĞƌŶĂů ǁĂůů
ǁŚĞƌĞ ƐŽŵĞ ŚĞĂƚ ǁŝůů ďĞ ůŽƐƚ ƚŽ ƚŚĞ ŽƵƚƐŝĚĞ͘
dŚĞ ŵĂŝŶ ŝƐƐƵĞ ĨŽƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ƚĞŶĚƐ ƚŽ ďĞ ƚŚĞ ǀŝƐƵĂů ŝŵƉĂĐƚ ŽĨ ƚŚĞ ĨůƵĞ͘ Ɛ ŶŽƚĞĚ ƉƌĞǀŝŽƵƐůǇ͕
ƐƚŽǀĞ ĨůƵĞƐ ŵĂǇ ƐŽŵĞƚŝŵĞƐ ďĞ ƐŝƚĞĚ ǁŝƚŚŝŶ ŽƌŝŐŝŶĂů ĐŚŝŵŶĞǇƐ ǁŚŝĐŚ ƌĞŵŽǀĞƐ ƚŚŝƐ ŝƐƐƵĞ͕ ďƵƚ ŝĨ ƚŚŝƐ ŝƐ
ŶŽƚ ƉŽƐƐŝďůĞ ĐĂƌĞ ŝƐ ƌĞƋƵŝƌĞĚ Ăƚ ĚĞƐŝŐŶ ƐƚĂŐĞ ƚŽ ŵŝŶŝŵŝƐĞ ƚŚĞ ĨůƵĞ͛Ɛ ǀŝƐŝďŝůŝƚǇ͘ dŚŝƐ ŵĂǇ ďĞ ĂĐŚŝĞǀĞĚ
ƚŚƌŽƵŐŚ Ă ĐŽŵďŝŶĂƚŝŽŶ ŽĨ ƐĞŶƐŝƚŝǀĞ ƐŝƚŝŶŐ ĂŶĚ ĂƉƉƌŽƉƌŝĂƚĞ ƐƉĞĐŝĨŝĐĂƚŝŽŶ ƚŽ ĞŶƐƵƌĞ ƚŚĞ ǀŝƐŝďůĞ ƉŽƌƚŝŽŶ ŽĨ
ƚŚĞ ĨůƵĞ ŝƐ ŝŶ ŬĞĞƉŝŶŐ ǁŝƚŚ ƚŚĞ ƐƵƌƌŽƵŶĚŝŶŐ ďƵŝůĚŝŶŐ ĨĂďƌŝĐ͘ Ɛ Ă ŐĞŶĞƌĂů ƌƵůĞ ƉƌŝŶĐŝƉůĞ ĞůĞǀĂƚŝŽŶƐ ƐŚŽƵůĚ
ďĞ ĂǀŽŝĚĞĚ͘ &Žƌ ďŽŝůĞƌƐ ŝƚ ŵĂǇ ďĞ ƉŽƐƐŝďůĞ ƚŽ ƵƐĞ ĂŶ ĞǆŝƐƚŝŶŐ ŽƵƚďƵŝůĚŝŶŐ͖ ŝĨ ƚŚŝƐ ŝƐ ŶŽƚ ƚŚĞ ĐĂƐĞ ƚŚĞŶ
ĐůĞĂƌůǇ ĐĂƌĞ ŝƐ ĂŐĂŝŶ ƌĞƋƵŝƌĞĚ ƚŽ ĞŶƐƵƌĞ Ă ƐǇŵƉĂƚŚĞƚŝĐ ĚĞƐŝŐŶ͘ dŚĞ ƐĂŵĞ ĂƉƉůŝĞƐ ĨŽƌ ĂŶǇ ǀĞŶƚŝůĂƚŝŽŶ͘
&Žƌ ďƵŝůĚŝŶŐƐ ŝŶ ŵƵůƚŝƉůĞ ŽǁŶĞƌƐŚŝƉ ;Ğ͘Ő͘ ƚĞŶĞŵĞŶƚƐ͕ ĚŝǀŝĚĞĚ ŚŽƵƐĞƐͿ ŶƵŵĞƌŽƵƐ ĐŽŶƐĞŶƚƐ ŵĂǇ ďĞ
ƌĞƋƵŝƌĞĚ ǁŚĞƌĞ Ă ĨůƵĞ ǁŽƵůĚ ƉĂƐƐ ƚŚƌŽƵŐŚ ŽƚŚĞƌ ƉƌŽƉĞƌƚŝĞƐ Žƌ ĐŽŵŵƵŶĂůůǇͲŽǁŶĞĚ ďƵŝůĚŝŶŐ ĞůĞŵĞŶƚƐ
ƐƵĐŚ ĂƐ ƌŽŽĨƐ͘
&Žƌ ǁŚŽůĞͲďƵŝůĚŝŶŐ ƐǇƐƚĞŵƐ͕ ƉŝƉĞǁŽƌŬ ŵĂǇ ŶĞĞĚ ƚŽ ďĞ ƌĞƉůĂĐĞĚ ĂƐ ƉĂƌƚ ŽĨ ƚŚĞ ŝŶƐƚĂůůĂƚŝŽŶ͕ ƉĂƌƚŝĐƵůĂƌůǇ
ǁŚĞƌĞ ƚŚĞ ŶĞǁ ƐǇƐƚĞŵƐ ƌĞƋƵŝƌĞƐ ƉŝƉĞǁŽƌŬ ŽĨ Ă ĚŝĨĨĞƌĞŶƚ ďŽƌĞ ƚŽ ƚŚĂƚ ŽĨ ŽůĚĞƌ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ͘ /Ŷ ƐƵĐŚ
WĂŐĞͮϭϱ




ĐĂƐĞƐ ĐĂƌĞ ŝƐ ƌĞƋƵŝƌĞĚ ǁŚĞŶ ŵŽǀŝŶŐ ĂŶǇ ŚŝƐƚŽƌŝĐ ĨĂďƌŝĐ ƐƵĐŚ ĂƐ ĨůŽŽƌďŽĂƌĚƐ͕ ƚŽ ŵŝŶŝŵŝƐĞ ĚĂŵĂŐĞ͘
WŝƉĞǁŽƌŬ ĐĂŶ ďĞ ŵŽƌĞ ĐŽŵƉůĞǆ ŝŶ ŽůĚĞƌ ƉƌŽƉĞƌƚŝĞƐ͕ ĂŶĚ ƌŽƵƚŝŶŐ ŵĂǇ ŶŽƚ ďĞ ƚŚĞ ƐĂŵĞ ĂƐ ƚŚĂƚ ďĞŝŶŐ
ƌĞƉůĂĐĞĚ͘ /ƚ ŝƐ ĂůƐŽ ŝŵƉŽƌƚĂŶƚ ƚŽ ĂǀŽŝĚ ǁĞĂŬĞŶŝŶŐ ĂŶǇ ƐƚƌƵĐƚƵƌĂů ďƵŝůĚŝŶŐ ĞůĞŵĞŶƚƐ ďǇ ƌĞŵŽǀŝŶŐ ĨĂďƌŝĐ
ƚŽ ĂĐĐŽŵŵŽĚĂƚĞ ƉŝƉĞ ƌƵŶƐ ;Ğ͘Ő͘ ŶŽƚĐŚŝŶŐ ĨůŽŽƌ ũŽŝƐƚƐͿ͘
ŶǇ ǁŽƌŬƐ ŝŶǀŽůǀŝŶŐ ƚŚĞ ƌŽŽĨ ƐƉĂĐĞ ƐŚŽƵůĚ ďĞ ƐƵďũĞĐƚ ƚŽ ǁŝůĚůŝĨĞ ĐŚĞĐŬƐ ƚŽ ĞŶƐƵƌĞ ƚŚĞƌĞ ĂƌĞ ŶŽ ďŝƌĚƐ Žƌ
ďĂƚƐ ƵƐŝŶŐ ƚŚĞ ƐƉĂĐĞ ĨŽƌ ƌŽŽƐƚŝŶŐ ͬ ŶĞƐƚŝŶŐ͘ /Ĩ ƚŚĞƐĞ ĂƌĞ ƉƌĞƐĞŶƚ͕ ĐŚĞĐŬƐ ĂƌĞ ŶĞĞĚĞĚ ƚŽ ŝĚĞŶƚŝĨǇ Ă
ƐƵŝƚĂďůĞ ƚŝŵĞ ŽĨ ǇĞĂƌ ƚŽ ĐĂƌƌǇ ŽƵƚ ƚŚĞ ǁŽƌŬƐ͘

)

'("

Ɛ ƐƚĂƚĞĚ ĂďŽǀĞ͕ ďŝŽŵĂƐƐ ƐǇƐƚĞŵƐ ĂƌĞ
ďĞĐŽŵŝŶŐ ŝŶĐƌĞĂƐŝŶŐůǇ ĐŽŵŵŽŶ ŝŶ ŽůĚĞƌ ĂŶĚ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ^ƚŽǀĞƐ ĂƌĞ ĐŽŵŵŽŶůǇ
ŝŶƐƚĂůůĞĚ ŝŶ ŵĂŶǇ ƚƌĂĚŝƚŝŽŶĂů ďƵŝůĚŝŶŐƐ
ƌĞŐĂƌĚůĞƐƐ ŽĨ ƚŚĞŝƌ ŚŝƐƚŽƌŝĐ ƐŝŐŶŝĨŝĐĂŶĐĞ͕ ĂŶĚ
ŵĂŶǇ ůĂƌŐĞƌ ĐŽƵŶƚƌǇ ŚŽƵƐĞƐ ĂŶĚ ŶŽŶͲ
ĚŽŵĞƐƚŝĐ ďƵŝůĚŝŶŐƐ ĂƌĞ ĂůƐŽ ƚƵƌŶŝŶŐ ƚŽ ůĂƌŐĞƌͲ
ƐĐĂůĞ ďŝŽŵĂƐƐ ƐǇƐƚĞŵƐ͕ ƐŽŵĞƚŝŵĞƐ ĂƐ ƉĂƌƚ ŽĨ
ĚŝƐƚƌŝĐƚ ƐĐŚĞŵĞƐ ĂůƐŽ ƐĞƌǀŝŶŐ ŽƚŚĞƌ ďƵŝůĚŝŶŐƐ͘
/Ŷ ^ĐĂŶĚŝŶĂǀŝĂ͕ ƚŚĞ ƵƐĞ ŽĨ ďŝŽĨƵĞůƐ ŝƐ
ĐŽŵŵŽŶ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ĂůƐŽ ŝŶ
ŵŽŶƵŵĞŶƚĂů ďƵŝůĚŝŶŐƐ ƐƵĐŚ ĂƐ ĐŚƵƌĐŚĞƐ ĂŶĚ
ĐĂƐƚůĞƐ͘ /Ŷ ƚŚĞ h< ƚŚĞ EĂƚŝŽŶĂů dƌƵƐƚ ŚĂƐ
ƉƵƌƐƵĞĚ ďŝŽŵĂƐƐ ƐĐŚĞŵĞƐ ŝŶ ŵĂŶǇ ŽĨ ŝƚƐ ƌƵƌĂů ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ŝŶĐůƵĚŝŶŐ ,ƵŐŚĞŶĚĞŶ DĂŶŽƌϴ͕
^ĐŽƚŶĞǇ ĂƐƚůĞϵ ;ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ ĂŶĚ ŚŝƌŬ ĂƐƚůĞϭϬ͘ /Ŷ ŵĂŶǇ ĐĂƐĞƐ ƚŚĞƐĞ ĂƌĞ ůĂƌŐĞ ŝŶƐƚĂůůĂƚŝŽŶƐ
ŝŶ ŶĞǁ ďƵŝůĚŝŶŐƐ ĂĚũĂĐĞŶƚ ƚŽ ƚŚĞ ŽƌŝŐŝŶĂů ŚŝƐƚŽƌŝĐ ƉƌŽƉĞƌƚǇ͘

))



ŝŽŵĂƐƐ ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ƐŝŵƉůĞ ƚĞĐŚŶŽůŽŐǇ͕ ĂŶĚ ĂƐ ƐƵĐŚ ŝƐ ĞĂƐŝůǇ ƵŶĚĞƌƐƚŽŽĚ ďǇ ƚŚĞ ƵƐĞƌ͘ ^ƚŽǀĞƐ ĂƌĞ
ďĞĐŽŵŝŶŐ ŝŶĐƌĞĂƐŝŶŐůǇ ƉŽƉƵůĂƌ ĨŽƌ ƐŵĂůů ĚŽŵĞƐƚŝĐͲƐĐĂůĞ ƉƌŽƉĞƌƚŝĞƐ ĂƐ ƚŚĞǇ ĂƌĞ ĂĨĨŽƌĚĂďůĞ ĨŽƌ ŵĂŶǇ
ŚŽƵƐĞŚŽůĚĞƌƐ͖ Ăƚ ƚŚĞ ŽƚŚĞƌ ĞŶĚ ŽĨ ƚŚĞ ƐĐĂůĞ ĂƌĞ ǀĞƌǇ ůĂƌŐĞ͕ ƐŽŵĞƚŝŵĞƐ ĐŽŵŵƵŶĂů͕ ƐǇƐƚĞŵƐ ǁŚŝĐŚ ĂƌĞ
ďĞŝŶŐ ŝŶƐƚĂůůĞĚ ŵŽƌĞ ĨƌĞƋƵĞŶƚůǇ ǁŚĞƌĞ ĐŽƐƚƐ ĐĂŶ ďĞ ŵĞƚ ďǇ ĐŽŵƉĂŶŝĞƐ ĂŶĚ ŐŽǀĞƌŶŵĞŶƚ ƐƵƉƉŽƌƚ͘
ŽŝůĞƌ ŝŶƐƚĂůůĂƚŝŽŶƐ ĨŽƌ ĚŽŵĞƐƚŝĐ ƉƌŽƉĞƌƚŝĞƐ ĂƌĞ ƉƌŽďĂďůǇ ŶŽƚ ǇĞƚ ƐŽ ƉŽƉƵůĂƌ͕ ĂŶĚ ŽŶĞ ŽĨ ƚŚĞ ůŝŬĞůǇ
ƌĞĂƐŽŶƐ ĨŽƌ ƚŚŝƐ ŝƐ ƚŚĞ ƌĞůĂƚŝǀĞůǇ ŚŝŐŚ ĐŽƐƚ ŽĨ Ă ďŝŽŵĂƐƐ ďŽŝůĞƌ ŽĨ ƚŚĂƚ ƐŝǌĞ͘
^ĂǀŝŶŐƐ ĐĂŶ ďĞ ĐŽŶƐŝĚĞƌĂďůĞ ǁŚĞƌĞ ďŝŽŵĂƐƐ ƌĞƉůĂĐĞƐ Ă ŚŝŐŚͲĐŽƐƚ ĨŽƐƐŝů ĨƵĞů ƐƵĐŚ ĂƐ Žŝů͕ ĞůĞĐƚƌŝĐŝƚǇ Žƌ
>W'͘ ^ĂǀŝŶŐƐ ƐŚŽƵůĚ ďĞ ƌĞůĂƚŝǀĞůǇ ƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚ ƚŽ ĞƐƚŝŵĂƚĞ ĨŽƌ ǁŚŽůĞͲďƵŝůĚŝŶŐ ƐǇƐƚĞŵƐ ƚŚĂƚ ĨƵůůǇ
ƌĞƉůĂĐĞ Ă ƉƌĞǀŝŽƵƐ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ͕ ĂƐ ƚŚĞ ŚĞĂƚŝŶŐ ůŽĂĚ ĂŶĚ ŽƉĞƌĂƚŝŽŶ ƐŚŽƵůĚ ďĞ ƐŝŵŝůĂƌ ƐŽ ŝĚĞŶƚŝĨǇŝŶŐ
ĞƋƵŝǀĂůĞŶƚ ĨƵĞů ĐŽƐƚƐ ŝƐ ŶŽƚ ĐŽŵƉůŝĐĂƚĞĚ͘ ^ĂǀŝŶŐƐ ĨƌŽŵ ƐƚŽǀĞƐ ĂƌĞ ŚĂƌĚĞƌ ƚŽ ƋƵĂŶƚŝĨǇ ĂƐ ŝŶ ŵĂŶǇ ĐĂƐĞƐ
ƚŚĞǇ ĂƌĞ ƐƵƉƉůĞŵĞŶƚŝŶŐ ĂŶ ĞǆŝƐƚŝŶŐ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ ʹ ĂůƚŚŽƵŐŚ ĐůĞĂƌůǇ ǁŚĞƌĞ ƚŚĞǇ ƌĞƉůĂĐĞ ĂŶ ŽƉĞŶ ĨŝƌĞ
ƚŚĞǇ ǁŝůů ƵƐĞ ŵƵĐŚ ůĞƐƐ ĨƵĞů ƚŽ ŐĞŶĞƌĂƚĞ ĞƋƵŝǀĂůĞŶƚ ĐŽŵĨŽƌƚ ůĞǀĞůƐ͘


ϴ

ŚƚƚƉ͗ͬͬǁǁǁ͘ŶĂƚŝŽŶĂůƚƌƵƐƚ͘ŽƌŐ͘ƵŬͬĚŽĐƵŵĞŶƚͲϭϯϱϱϳϲϲϴϲϭϳϵϳͬ
ŚƚƚƉ͗ͬͬǁǁǁ͘ŶĂƚŝŽŶĂůƚƌƵƐƚ͘ŽƌŐ͘ƵŬͬĚŽĐƵŵĞŶƚͲϭϯϱϱϳϲϲϴϲϭϳϱϳͬ
ϭϬ
ŚƚƚƉ͗ͬͬǁǁǁ͘ŶĂƚŝŽŶĂůƚƌƵƐƚ͘ŽƌŐ͘ƵŬͬĚŽĐƵŵĞŶƚͲϭϯϱϱϳϲϲϴϲϯϳϴϱͬ
ϵ

WĂŐĞͮϭϲ




tŚĞƌĞ ŐŽǀĞƌŶŵĞŶƚ ŝŶĐĞŶƚŝǀĞƐ ƐƵĐŚ ĂƐ ƚŚĞ ZĞŶĞǁĂďůĞ ,ĞĂƚ /ŶĐĞŶƚŝǀĞ ;h<Ϳ ĂƌĞ ŝŶ ƉůĂĐĞ ĨŽƌ ƌĞŶĞǁĂďůĞ
ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ͕ ƚŚĞƐĞ ǁŝůů ŚĞůƉ ĐŽŶƐŝĚĞƌĂďůǇ ŝŶ ƌĞĐŽƵƉŝŶŐ ƚŚĞ ĐĂƉŝƚĂů ĐŽƐƚƐ͕ ĂŶĚ ǁŝƚŚ ƚŚĞ ƌŝŐŚƚ
ĨŝŶĂŶĐŝĂů ƐĞƚͲƵƉ ƐƵĐŚ Ă ƐǇƐƚĞŵ ĐŽƵůĚ ŵŽƌĞ ƚŚĂŶ ƉĂǇ ĨŽƌ ŝƚƐĞůĨ ŝŶ ŝƚƐ ůŝĨĞƚŝŵĞ ;ďŝŽŵĂƐƐ ƐǇƐƚĞŵƐ ĂƌĞ
ĞƐƚŝŵĂƚĞĚ ƚŽ ďĞ ŽŶĞ ŽĨ ƚŚĞ ƐŚŽƌƚĞƌͲůŝǀĞĚ ƚĞĐŚŶŽůŽŐŝĞƐ͕ ǁŝƚŚ ĂŶ ĂƐƐƵŵĞĚ ůŝĨĞƐƉĂŶ ŽĨ Đ͘ϭϱ ǇĞĂƌƐ ŝŶ
ĐŽŵƉĂƌŝƐŽŶ ǁŝƚŚ Ğ͘Ő͘ Ws ǁŚŝĐŚ ŵĂǇ ůĂƐƚ Ϯϱ ǇĞĂƌƐͿ͘
 ŐŽŽĚ ĨŝŶĂŶĐŝĂů ĞǆĂŵƉůĞ ŝƐ ƚŚĂƚ ŽĨ ĂĚŚĂǇ ,ŽƵƐĞ ;Ă 'ƌĂĚĞ / ůŝƐƚĞĚ ďƵŝůĚŝŶŐ ŝŶ ƚŚĞ h<Ϳ͕ ǁŚŝĐŚ ŚĂĚ ŝƚƐ
ŽƉĞŶ ĨŝƌĞƐ ĂŶĚ ƉĂƌĂĨĨŝŶ ŚĞĂƚĞƌƐ ƌĞƉůĂĐĞĚ ǁŝƚŚ Žŝů ĐĞŶƚƌĂů ŚĞĂƚŝŶŐ ;ƌĞƋƵŝƌŝŶŐ ϰ ďŽŝůĞƌƐ ĂŶĚ ϰϱ ƌĂĚŝĂƚŽƌƐͿ
ŝŶ ϮϬϬϮ͘ Ǉ ϮϬϭϬ Žŝů ƉƌŝĐĞƐ ŚĂĚ ƌŝƐĞŶ ďǇ ϳϬй ĂŶĚ ƚŚĞ ƐǇƐƚĞŵ ďĞĐĂŵĞ ƵŶĂĨĨŽƌĚĂďůĞ ƚŽ ƌƵŶ͗ ĂƐ Ă ƌĞƐƵůƚ͕
ƚŚĞ ŚĞĂƚŝŶŐ ǁĂƐ ŽŶůǇ ƵƐĞĚ ŝŶƚĞƌŵŝƚƚĞŶƚůǇ ƚŽ ŵŝŶŝŵŝƐĞ ŚĞĂƚŝŶŐ ĐŽƐƚƐ͕ ĂŶĚ ƚŚĞ ƚĞŵƉĞƌĂƚƵƌĞ ǀĂƌŝĂƚŝŽŶƐ
ǁĞƌĞ ŚĂǀŝŶŐ ĚĞƚƌŝŵĞŶƚĂů ĞĨĨĞĐƚƐ ŽŶ ďƵŝůĚŝŶŐ ĞůĞŵĞŶƚƐ ƐƵĐŚ ĂƐ ǁŽŽĚ ƉĂŶĞůůŝŶŐ͘ tŝƚŚ ϴϬ ĂĐƌĞƐ ŽĨ ŝƚƐ
ŽǁŶ ǁŽŽĚůĂŶĚ͕ ƚŚĞ ƉƌŽƉĞƌƚǇ ǁĂƐ ŝĚĞĂůůǇͲƉůĂĐĞĚ ĨŽƌ Ă ďŝŽŵĂƐƐ ƐǇƐƚĞŵ͕ ǁŚŝĐŚ ǁĂƐ ĚƵůǇ ŝŶƐƚĂůůĞĚ͘ dŚĞ
ϭϯϬŬt ǁŽŽĚĐŚŝƉ ďŽŝůĞƌ ƉƌŽǀŝĚĞƐ ŚĞĂƚ ĨŽƌ ƚŚĞ ŵĂŝŶ ƉƌŽƉĞƌƚǇ ĂƐ ǁĞůů ĂƐ ƚǁŽ ĐŽƚƚĂŐĞƐ ĂŶĚ Ă
ŐƌĞĞŶŚŽƵƐĞ͘ ŶŶƵĂů ƌƵŶŶŝŶŐ ĐŽƐƚ ƐĂǀŝŶŐƐ ĂƌĞ ĞƐƚŝŵĂƚĞĚ Ăƚ ΦϭϮ͕ϬϬϬ ǁŚŝůĞ ƚŚĞ ĂŶŶƵĂů ŝŶĐŽŵĞ ĨƌŽŵ ƚŚĞ
ZĞŶĞǁĂďůĞ ,ĞĂƚ /ŶĐĞŶƚŝǀĞ ŝƐ ƉƌĞĚŝĐƚĞĚ ƚŽ ďĞ Đ͘Φϭϰ͕ϬϬϬϭϭ͘


ϭϭ

ŚƚƚƉ͗ͬͬǁǁǁ͘ŚŚĂ͘ŽƌŐ͘ƵŬͬͬŶĞǁƐͬďŝŽŵĂƐƐͲŚĞĂƚŝŶŐͲŬĞĞƉƐͲĐĂĚŚĂǇͲĐŽƐǇ͘Śƚŵů
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dŚĞ ďďĂǇĞ ĚĞ &ŽŶƚĞǀƌĂƵĚ ŝƐ ƐŝƚƵĂƚĞĚ ǁŝƚŚŝŶ ƚŚĞ >ŽŝƌĞ ǀĂůůĞǇ ĂŶĚ ŝƐ ƉĂƌƚ ŽĨ Ă hE^K tŽƌůĚ ,ĞƌŝƚĂŐĞ
^ŝƚĞ͘ ĂƚŝŶŐ ĨƌŽŵ ƚŚĞ ŵŝĚĚůĞ ĂŐĞƐ͕ &ŽŶƚĞǀƌĂƵĚ ŝƐ ƚŚĞ ůĂƌŐĞƐƚ ĂďďĞǇ ŝŶ ƵƌŽƉĞ͕ ǁŝƚŚ ϮϬϬ͕ϬϬϬ ǀŝƐŝƚŽƌƐ
ĞĂĐŚ ǇĞĂƌ͕ ĂŶĚ ŚĂƐ ƵŶĚĞƌƚĂŬĞŶ ƚŽ ĂĐŚŝĞǀĞ ϭϬϬй ƐĞůĨͲƐƵĨĨŝĐŝĞŶĐǇ ŝŶ ďŽƚŚ ŚĞĂƚŝŶŐ ĂŶĚ ĞůĞĐƚƌŝĐŝƚǇ͕ ŚĂůǀŝŶŐ
ŝƚƐ ĞŶĞƌŐǇ ĐŽŶƐƵŵƉƚŝŽŶ ĂŶĚ ƌĞĚƵĐŝŶŐ KϮ ĞŵŝƐƐŝŽŶƐ ďǇ ϴϬй͘ KŶĞ ŽĨ ƚŚĞ ŬĞǇ ŵĞĂƐƵƌĞƐ ƚŽ ĂĐŚŝĞǀĞ
ƚŚĞƐĞ ŐŽĂůƐ ŚĂƐ ďĞĞŶ ƚŚĞ ŝŶƐƚĂůůĂƚŝŽŶ ŽĨ ďŝŽŵĂƐƐ ďŽŝůĞƌƐ͕ ŝŶ ĐŽŵďŝŶĂƚŝŽŶ ǁŝƚŚ Ă ƌĂŶŐĞ ŽĨ ŽƚŚĞƌ
ŝŵƉƌŽǀĞŵĞŶƚƐ ƐƵĐŚ ĂƐ Ws͕ ĚŽƵďůĞ ŐůĂǌŝŶŐ͕ ůŝŐŚƚŝŶŐ͕ ǁĂƐƚĞ ĂŶĚ ƚƌĂŶƐƉŽƌƚ͘ dŚĞƐĞ ŝŶƐƚĂůůĂƚŝŽŶƐ ĂƌĞ ƉĂƌƚ ŽĨ
ƚŚĞ &ŽŶƚĞǀƌĂƵĚ ^ƵƐƚĂŝŶĂďůĞ ŝƚǇ ŝŶŝƚŝĂƚŝǀĞ͘
/Ŷ ĐŽŵŵŽŶ ǁŝƚŚ Ă ŶƵŵďĞƌ ŽĨ ŽƚŚĞƌ ůĂƌŐĞƌͲƐĐĂůĞ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ
ŝŶƐƚĂůůĂƚŝŽŶƐ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ƚŚŝƐ ŚĂƐ ďĞĞŶ ĂĐŚŝĞǀĞĚ ďǇ ŵĞĂŶƐ ŽĨ Ă ŶĞǁ
ďƵŝůĚŝŶŐ ǁŝƚŚŝŶ ƚŚĞ ƐŝƚĞ͕ ƌĞĚƵĐŝŶŐ ƚŚĞ ŝŵƉĂĐƚ ƵƉŽŶ ƚŚĞ ŵĂŝŶ ďƵŝůĚŝŶŐ ŝƚƐĞůĨ͘
dŚĞ ŶĞǁ ďƵŝůĚŝŶŐ ʹ ƚŚĞ ĨŝƌƐƚ ŽŶ ƚŚĞ ƐŝƚĞ ĨŽƌ ŽǀĞƌ ϭϬϬ ǇĞĂƌƐ ʹ ŝƐ ƚŚĞ ŶĞǁ
ĞŶĞƌŐǇ ĐĞŶƚƌĞ ĨŽƌ ƚŚĞ ĂďďĞǇ ĂŶĚ ŚŽƵƐĞƐ ŶŽƚ ŽŶůǇ ƚǁŽ ďŝŽŵĂƐƐ ďŽŝůĞƌƐ ďƵƚ
ĂůƐŽ ϵϮ Ws ƉĂŶĞůƐ͕ ƌĂŝŶǁĂƚĞƌ ŚĂƌǀĞƐƚŝŶŐ ĂŶĚ ǁĂƐƚĞ ƌĞĐǇĐůŝŶŐ ĨĂĐŝůŝƚŝĞƐ͘ dŚĞ
ďƵŝůĚŝŶŐ ŝƐ ƉĂƌƚůǇ ƵŶĚĞƌŐƌŽƵŶĚ͕ ƌĞĚƵĐŝŶŐ ŝƚƐ ǀŝƐƵĂů ŝŵƉĂĐƚ͕ ĂŶĚ ŝƚƐ ƵƐĂďŝůŝƚǇ
ŚĂƐ ďĞĞŶ ĨƵƌƚŚĞƌ ĞŶŚĂŶĐĞĚ ǀŝĂ Ă ƌŽŽĨ ŐĂƌĚĞŶͬƚĞƌƌĂĐĞ ǁŚŝĐŚ ŝƐ ƵƐĞĚ ĨŽƌ
ĐŽŶĐĞƌƚƐ ĂŶĚ ƐŚŽǁƐ͕ ĞŶĂďůŝŶŐ ƚŚĞ ĂďďĞǇ ƚŽ ƐŚŽǁ ŝƚƐĞůĨ ŽĨĨ ƚŽ ǀŝƐŝƚŽƌƐ͘
dŚĞ ƚǁŽ ďŝŽŵĂƐƐ ďŽŝůĞƌƐ ĂƌĞ ϱϬϬŬt ĞĂĐŚ͕ ĂŶĚ ƉƌŽǀŝĚĞ Ăůů ƚŚĞ ƐƉĂĐĞ ĂŶĚ ǁĂƚĞƌ ŚĞĂƚŝŶŐ ĨŽƌ ƚŚĞ ĞŶƚŝƌĞ
ĐŽŵƉůĞǆ ;ĞƋƵŝǀĂůĞŶƚ ƚŽ ŚĞĂƚŝŶŐ ϱϬϬ ŚŽŵĞƐͿ͘ dŚĞǇ ĂƌĞ ĨƵĞůůĞĚ ďǇ ƉĞůůĞƚƐ ƉƌŽĚƵĐĞĚ ŝŶ ƚŚĞ ŶĞĂƌďǇ
^ĂƵŵƵƌ ƌĞŐŝŽŶ ;ůŽĐĂů ĨƵĞů ƐŽƵƌĐŝŶŐ ďĞŝŶŐ ĂŶ ŝŵƉŽƌƚĂŶƚ ĐŽŶƐŝĚĞƌĂƚŝŽŶ ŝŶ ƚŚĞ ŽǀĞƌĂůů ƐƵƐƚĂŝŶĂďŝůŝƚǇ ŽĨ
ďŝŽŵĂƐƐ ƐǇƐƚĞŵƐͿ͘ &ƵĞů ĐŽŶƐƵŵƉƚŝŽŶ ŝƐ ŵŝŶŝŵŝƐĞĚ ƚŚƌŽƵŐŚ ĞĨĨŝĐŝĞŶƚ ŝŶƚĞŐƌĂƚĞĚ ĚĞůŝǀĞƌŝĞƐ͘ Φϲŵ ĨƵŶĚŝŶŐ
ǁĂƐ ƉƌŽǀŝĚĞĚ ďǇ ƚŚĞ WĂǇƐͲĚĞͲůĂͲ>ŽŝƌĞ ŵƵŶŝĐŝƉĂůŝƚǇ ĂŶĚ ĂŶŶƵĂů ĨƵĞů ĐŽƐƚ ƐĂǀŝŶŐƐ ŽĨ ΦϭϮϬ͕ϬϬϬͲΦϭϱϬ͕ϬϬϬ
ĂƌĞ ĂŶƚŝĐŝƉĂƚĞĚ͘
dŚĞ ďĞŶĞĨŝƚƐ ŽĨ ƚŚŝƐ ƉƌŽũĞĐƚ ĂƌĞ ĐůĞĂƌ͘ dŚŽƐĞ ĐŝƚĞĚ ŝŶ ƉĂƌƚŝĐƵůĂƌ ŝŶ ƉƌŽũĞĐƚ ůŝƚĞƌĂƚƵƌĞ ŝŶĐůƵĚĞ ƐĞůĨͲ
ƐƵĨĨŝĐŝĞŶĐǇ ŽĨ ĞŶĞƌŐǇ ƐƵƉƉůǇ ĂŶĚ ƚŚĞƌĞĨŽƌĞ ĞŶĞƌŐǇ ƐĞĐƵƌŝƚǇ ĨŽƌ ƚŚĞ ƐŝƚĞ͖ ƚŚĞ ƐƵĐĐĞƐƐĨƵů ŝŶƚĞŐƌĂƚŝŽŶ ŽĨ
ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ ŝŶƚŽ ƚŚŝƐ ƐŝƚĞ ŽĨ ŐƌĞĂƚ ŚĞƌŝƚĂŐĞ ƐŝŐŶŝĨŝĐĂŶĐĞ͖ ĂŶĚ Ă ĚĞŵŽŶƐƚƌĂƚŝŽŶ ŽĨ ŐŽŽĚ
ƉƌĂĐƚŝĐĞ ƚŚĂƚ ƉƌŽǀŝĚĞƐ Ă ŵŽĚĞů ĨŽƌ ŽƚŚĞƌƐ ƚŽ ĨŽůůŽǁ ŝŶ ůĂƌŐĞͲƐĐĂůĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ĐŽŵƉůĞǆĞƐ͘
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,ĞĂƚ ƉƵŵƉƐ ĞǆƚƌĂĐƚ ŚĞĂƚ ĨƌŽŵ Ă ŐŝǀĞŶ ƐŽƵƌĐĞ ʹ ŐƌŽƵŶĚ͕ ǁĂƚĞƌ Žƌ Ăŝƌ ʹ ĂŶĚ ĐŽŶǀĞƌƚ ŝƚ ƚŽ Ă ŚŝŐŚĞƌ
ƚĞŵƉĞƌĂƚƵƌĞ ǁŚŝĐŚ ĐĂŶ ďĞ ƵƐĞĚ ƚŽ ƉƌŽǀŝĚĞ ƐƉĂĐĞ ĂŶĚͬŽƌ ǁĂƚĞƌ ŚĞĂƚŝŶŐ ŝŶ ďƵŝůĚŝŶŐƐ͘ dŚĞǇ ĂƌĞ ĚĞĞŵĞĚ
ƚŽ ďĞ Ă ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƚĞĐŚŶŽůŽŐǇ ĂƐ ĂůƚŚŽƵŐŚ ƚŚĞǇ ƌĞƋƵŝƌĞ ĞůĞĐƚƌŝĐŝƚǇ ƚŽ ƌƵŶ ƚŚĞǇ ŐĞŶĞƌĂƚĞ ŵŽƌĞ
ƚŚĂŶ ƚŚĞǇ ƵƐĞ͘ ,ĞĂƚ ƉƵŵƉ ƚĞĐŚŶŽůŽŐǇ ŵĂǇ ďĞ ǀŝĞǁĞĚ ĂƐ ďŽƚŚ ƐŝŵƉůĞ ĂŶĚ ĐŽŵƉůĞǆ͗ ŽŶ ƚŚĞ ŽŶĞ ŚĂŶĚ͕
ŵŽƐƚ ƉĞŽƉůĞ ĞĨĨĞĐƚŝǀĞůǇ ĂůƌĞĂĚǇ ŚĂǀĞ Ă ŚĞĂƚ ƉƵŵƉ ŝŶ ƚŚĞŝƌ ŚŽŵĞ ŝŶ ƚŚĞ ĨŽƌŵ ŽĨ Ă ƌĞĨƌŝŐĞƌĂƚŽƌ ;ǁŽƌŬŝŶŐ
ŝŶ ƚŚĞ ƌĞǀĞƌƐĞ ǁĂǇ ƚŽ Ă ŚĞĂƚͲŐŝǀŝŶŐ ŚĞĂƚ ƉƵŵƉͿ͖ ŽŶ ƚŚĞ ŽƚŚĞƌ ŚĂŶĚ͕ ƉŽŽƌ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ;ďĞĨŽƌĞ ĂŶĚ
ĂĨƚĞƌ ŝŶƐƚĂůůĂƚŝŽŶͿ ĐĂŶ ĞĂƐŝůǇ ĂŶĚ ĐŽŶƐŝĚĞƌĂďůǇ ĂĨĨĞĐƚ ƉĞƌĨŽƌŵĂŶĐĞ ĂŶĚ ƐĂǀŝŶŐƐ͘
dŚĞƌĞ ĂƌĞ ƚŚƌĞĞ ŵĂŝŶ ƚǇƉĞƐ ŽĨ ŚĞĂƚ ƉƵŵƉ͗ ŐƌŽƵŶĚ ƐŽƵƌĐĞ ;'^,WͿ͕ ǁĂƚĞƌ ƐŽƵƌĐĞ ;t^,WͿ ĂŶĚ Ăŝƌ ƐŽƵƌĐĞ
;^,WͿ͖ ĞǆŚĂƵƐƚ Ăŝƌ ŚĞĂƚ ƉƵŵƉƐ ;,WͿ ĂůƐŽ ĞǆŝƐƚ ďƵƚ ƚŚĞƐĞ ĂƌĞ ƌĂƌĞůǇ ƵƐĞĚ ŝŶ ŽůĚĞƌ ďƵŝůĚŝŶŐƐ ĂƐ ƚŚĞǇ
ĂƌĞ ĞĨĨĞĐƚŝǀĞůǇ Ă ǀĞŶƚŝůĂƚŝŽŶ ƐǇƐƚĞŵ ĂŶĚ ƌĞƋƵŝƌĞ ĞǆƚĞŶƐŝǀĞ ĚƵĐƚŝŶŐ͘ dŚĞ ƚŚƌĞĞ ŬĞǇ ĞůĞŵĞŶƚƐ ŽĨ Ă ŚĞĂƚ
ƉƵŵƉ ĂƌĞ ƚŚĞ ŚĞĂƚ ĞǆĐŚĂŶŐĞƌ ;ǁŚŝĐŚ ĞǆƚƌĂĐƚƐ ŚĞĂƚ ĨƌŽŵ ŝƚƐ ƐŽƵƌĐĞͿ͕ ƚŚĞ ŚĞĂƚ ƉƵŵƉ ;ƚŚĞ ŵĂŝŶ ƵŶŝƚ
ǁŚŝĐŚ ŝŶĐƌĞĂƐĞƐ ƚŚĞ ŚĞĂƚ ƚŽ Ă ƵƐĂďůĞ ƚĞŵƉĞƌĂƚƵƌĞͿ ĂŶĚ ƚŚĞ ĚŝƐƚƌŝďƵƚŝŽŶ ƐǇƐƚĞŵ ;ǁŚŝĐŚ ĐŝƌĐƵůĂƚĞƐ ŚĞĂƚ
ĂƌŽƵŶĚ ƚŚĞ ďƵŝůĚŝŶŐ ʹ ƵŶůĞƐƐ ƚŚĞ ƐǇƐƚĞŵ ŝƐ ŽŶůǇ ƵƐĞĚ ĨŽƌ ŚŽƚ ǁĂƚĞƌͿ͘ &Žƌ '^,WƐ ĂŶĚ t^,WƐ ƚŚĞ ŚĞĂƚ
ĞǆĐŚĂŶŐĞƌ ĐŽŶƐŝƐƚƐ ŽĨ Ă ůĞŶŐƚŚ ŽĨ ƉŝƉĞ ;ŽĨƚĞŶ ĐĂůůĞĚ Ă ͚ŐƌŽƵŶĚ ůŽŽƉ͛Ϳ͕ ĐŽŶƚĂŝŶŝŶŐ ƌĞĨƌŝŐĞƌĂŶƚ ǁŚŝĐŚ
ĐŝƌĐƵůĂƚĞƐ ƚŚƌŽƵŐŚ ƚŚĞ ƉŝƉĞ ĂŶĚ ĞǆƚƌĂĐƚƐ ŚĞĂƚ ĨƌŽŵ ƚŚĞ ŐƌŽƵŶĚ Žƌ ǁĂƚĞƌ͖ ĨŽƌ ^,WƐ ƚŚĞ ŚĞĂƚ ĞǆĐŚĂŶŐĞƌ
ŝƐ ǁŝƚŚŝŶ Ă ĨĂŶ ƵŶŝƚ͕ ĂŶĚ ĞǆƚƌĂĐƚƐ ŚĞĂƚ ĨƌŽŵ Ăŝƌ ĚƌĂǁŶ ŽǀĞƌ ŝƚ ďǇ ƚŚĞ ĨĂŶ͘ dŚĞ ŚĞĂƚ ƉƵŵƉ ŝƚƐĞůĨ ŝƐ Ă ůĂƌŐĞ
ďŽŝůĞƌͲůŝŬĞ ƵŶŝƚ͕ ŽĨƚĞŶ ŝŶƐƚĂůůĞĚ ŝŶƐŝĚĞ ƚŚĞ ƉƌŽƉĞƌƚǇ ;ĂůƚŚŽƵŐŚ ůĂƌŐĞƌ ŶŽŶͲĚŽŵĞƐƚŝĐ ƐǇƐƚĞŵƐ ŵĂǇ ďĞ
ƐŝƚƵĂƚĞĚ ŝŶ ĂŶ ŽƵƚďƵŝůĚŝŶŐͿ͕ ǁŚŝĐŚ ĐŽŶǀĞƌƚƐ ƚŚĞ ĞǆƚƌĂĐƚĞĚ ŚĞĂƚ ƚŽ Ă ƵƐĂďůĞ ƚĞŵƉĞƌĂƚƵƌĞ ƚŚƌŽƵŐŚ Ă
ƉƌŽĐĞƐƐ ŽĨ ĞǀĂƉŽƌĂƚŝŽŶ ĂŶĚ ĐŽŶĚĞŶƐĂƚŝŽŶ͘ dŚĞ ĚŝƐƚƌŝďƵƚŝŽŶ ƐǇƐƚĞŵ ĚĞůŝǀĞƌƐ ŚĞĂƚ ĂƌŽƵŶĚ ƚŚĞ ďƵŝůĚŝŶŐ
ĂŶĚ ŝƐ ŐĞŶĞƌĂůůǇ ĞŝƚŚĞƌ ƵŶĚĞƌͲĨůŽŽƌ ŚĞĂƚŝŶŐ Žƌ ƌĂĚŝĂƚŽƌƐ͖ ƐŽŵĞ ^,W ƐǇƐƚĞŵƐ ĚĞůŝǀĞƌ ǁĂƌŵ Ăŝƌ ƚŚƌŽƵŐŚ
ĚƵĐƚƐ ĂŶĚ ǀĞŶƚƐ ;ƐĞĞ ĐĂƐĞ ƐƚƵĚǇ ĨŽƌ ĂŶ ĞǆĂŵƉůĞͿ ďƵƚ ƚŚĞƐĞ ĂƌĞ ůĞƐƐ ĐŽŵŵŽŶ ĂŶĚ ŐĞŶĞƌĂůůǇ ƵƐĞĚ ŝŶ
ŶŽŶͲĚŽŵĞƐƚŝĐ ďƵŝůĚŝŶŐƐ͘
&Žƌ '^,WƐ ƚŚĞ ŐƌŽƵŶĚ ůŽŽƉ ŝƐ ďƵƌŝĞĚ ĞŝƚŚĞƌ ŝŶ Ă ďŽƌĞŚŽůĞ Žƌ ƚƌĞŶĐŚ ʹ ŝŶ ƚŚĞ ĨŽƌŵĞƌ ĐĂƐĞ ƚŚĞ ƉŝƉĞ ƌƵŶƐ
ĚŽǁŶ ƚŽ ƚŚĞ ďŽƚƚŽŵ ŽĨ ƚŚĞ ďŽƌĞŚŽůĞ ;ǁŚŝĐŚ ĐĂŶ ďĞ ŚƵŶĚƌĞĚƐ ŽĨ ŵĞƚƌĞƐ ĚĞĞƉͿ ĂŶĚ ƚŚĞ ƚƵƌŶƐ ĂŶĚ
ĐŽŵĞƐ ďĂĐŬ ƵƉ͖ ŝŶ ƚŚĞ ůĂƚƚĞƌ ĐĂƐĞ ƚŚĞ ƉŝƉĞ ŝƐ ƌƵŶ ;ƐƚƌĂŝŐŚƚ Žƌ ĐŽŝůĞĚͿ ĂůŽŶŐ ƚŚĞ ďĂƐĞ ŽĨ Ă ƐŚĂůůŽǁ ƚƌĞŶĐŚ͘
&Žƌ t^,WƐ ƚŚĞ ŐƌŽƵŶĚ ůŽŽƉ ŝƐ ƐŝŵƉůĞ ůĂŝĚ Ăƚ ƚŚĞ ďŽƚƚŽŵ ŽĨ ůĂƌŐĞ ǁĂƚĞƌ ďŽĚŝĞƐ ƐƵĐŚ ĂƐ ůĂŬĞƐ Žƌ ƌŝǀĞƌƐ
;ŵĂƌŝŶĞ ƐǇƐƚĞŵƐ ĂƌĞ ĂůƐŽ ƉŽƐƐŝďůĞͿ͘ &Žƌ ^W,Ɛ ƚŚĞ ĞǆƚĞƌŶĂůůǇͲƐŝƚĞĚ ĨĂŶ ĚƌĂǁƐ Ăŝƌ ŽǀĞƌ ƚŚĞ ŚĞĂƚ
ĞǆĐŚĂŶŐĞƌ ǁŚŝĐŚ ƚƌĂŶƐĨĞƌƐ ŝƚ ƚŽ ƚŚĞ ŝŶƚĞƌŶĂů ŚĞĂƚ ƉƵŵƉ ƵŶŝƚ͘ ŝƌͲƚŽͲtĂƚĞƌ ^W,Ɛ ĚŝƐƚƌŝďƵƚĞ ŚĞĂƚ ǀŝĂ Ă
ǁĞƚ ĐĞŶƚƌĂů ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ͕ ĂŶĚ ĐĂŶ ƉƌŽǀŝĚĞ ďŽƚŚ ƐƉĂĐĞ ĂŶĚ ǁĂƚĞƌ ŚĞĂƚŝŶŐ͖ ŝƌͲƚŽͲŝƌ ^W,Ɛ ƉƌŽĚƵĐĞ
ǁĂƌŵ Ăŝƌ ǁŚŝĐŚ ŝƐ ĐŝƌĐƵůĂƚĞĚ ĂƌŽƵŶĚ ƚŚĞ ďƵŝůĚŝŶŐ ďǇ ĨĂŶƐ͕ ĚƵĐƚƐ ĂŶĚ ǀĞŶƚƐ͕ ĂŶĚ ƉƌŽǀŝĚĞƐ ƐƉĂĐĞ ŚĞĂƚŝŶŐ
ŽŶůǇ͘
ĨĨŝĐŝĞŶĐǇ ŝƐ ŐĂƵŐĞĚ ďǇ ƚŚĞ ƌĂƚŝŽ ŽĨ ĞŶĞƌŐǇ ƵƐĞĚ ƚŽ ĞŶĞƌŐǇ ŐĞŶĞƌĂƚĞĚ͗ ƚŚŝƐ ŝƐ ŬŶŽǁŶ ĂƐ ƚŚĞ ŽĞĨĨŝĐŝĞŶƚ
ŽĨ WĞƌĨŽƌŵĂŶĐĞ ;ŽWͿ͘ dŚĞ ŽW ĐĂŶ ďĞ ŝŶ ƚŚĞ ƌĂŶŐĞ ŽĨ Ϯ ʹ ϱ ĚĞƉĞŶĚŝŶŐ ŽŶ ĨĂĐƚŽƌƐ ƐƵĐŚ ĂƐ ŚĞĂƚ ƐŽƵƌĐĞ͕
ƚŚĞ ďƵŝůĚŝŶŐ͛Ɛ ƚŚĞƌŵĂů ĞĨĨŝĐŝĞŶĐǇ͕ ƐƉĞĐŝĨŝĐĂƚŝŽŶ ĂŶĚ ŝŶƐƚĂůůĂƚŝŽŶ͕ ĚŝƐƚƌŝďƵƚŝŽŶ ƐǇƐƚĞŵ͕ ŐĞŽŐƌĂƉŚŝĐ
ůŽĐĂƚŝŽŶ ĂŶĚ ƚĞŵƉĞƌĂƚƵƌĞƐ͕ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ĂŶĚ ƵƐĞ͕ ĂŶĚ ďĞŚĂǀŝŽƵƌ ƉĂƚƚĞƌŶƐ͘ ZĞĐĞŶƚ h< ŵŽŶŝƚŽƌŝŶŐ
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ĨŽƵŶĚ ĂǀĞƌĂŐĞ ŽWƐ ŽĨ Ϯ͘Ϯ ĨŽƌ ^,WƐ ĂŶĚ Ϯ͘ϰ ĨŽƌ '^,WƐϭϮ͕ ĂůƚŚŽƵŐŚ ƚŚĞƐĞ ĨŝŐƵƌĞƐ ǁĞƌĞ ŝŵƉƌŽǀĞĚ ĂĨƚĞƌ
ŝŶƚĞƌǀĞŶƚŝŽŶ ƚŽ ƌĞĨŝŶĞ ƚŚĞ ƐǇƐƚĞŵƐ ĂŶĚ ƚŚĞŝƌ ƵƐĞϭϯ͘
 ďĂĐŬͲƵƉ ƐǇƐƚĞŵ ;Ğ͘Ő͘ ďŝŽŵĂƐƐ ƐƚŽǀĞͿ ŝƐ ŽĨƚĞŶ ƌĞƋƵŝƌĞĚ ͬ ĂĚǀŝƐĂďůĞ͗ ƚŚŝƐ ĂůůŽǁƐ Ă ŚĞĂƚ ƉƵŵƉ ƚŽ ďĞ
ƐŝǌĞĚ ƚŽ ĐĂƚĞƌ ĨŽƌ ƚŚĞ ŵĂũŽƌŝƚǇ ŽĨ ŚĞĂƚŝŶŐ ĐŽŶĚŝƚŝŽŶƐ͕ ǁŝƚŚ ĂĚĚŝƚŝŽŶĂů ŚĞĂƚ ďĞŝŶŐ ƉƌŽǀŝĚĞĚ ďǇ ƚŚĞ ďĂĐŬͲ
ƵƉ ƐǇƐƚĞŵ ĚƵƌŝŶŐ ƚŚĞ ĐŽůĚĞƐƚ ƉĞƌŝŽĚƐ͖ ŝƚ ĂůƐŽ ƉƌŽǀŝĚĞƐ Ă ďĂĐŬͲƵƉ ŚĞĂƚ ƐŽƵƌĐĞ ŝŶ ĐĂƐĞ ŽĨ ƉŽǁĞƌ ĐƵƚƐ
;ŚĞĂƚ ƉƵŵƉƐ ĂƌĞ ƉŽǁĞƌĞĚ ďǇ ĞůĞĐƚƌŝĐŝƚǇͿ͘
,ĞĂƚ ƉƵŵƉƐ ĐĂŶ ďĞ ĨƵůůǇ ĐŽŶƚƌŽůůĞĚ͘ ,ŽǁĞǀĞƌ͕ ƉĂƌƚŝĐƵůĂƌ ĂƚƚĞŶƚŝŽŶ ŝƐ ŶĞĞĚĞĚ ƚŽ ĞŶƐƵƌĞ ƚŚĞ ƵƐĞƌ
ƵŶĚĞƌƐƚĂŶĚƐ ŚŽǁ ƚŚĞǇ ǁŽƌŬ ĂŶĚ ŚŽǁ ƚŽ ĐŽŶƚƌŽů ƚŚĞŵ ʹ ƉŽŽƌ ƵƐĞ ĐĂŶ ŝŶĐƌĞĂƐĞ ĞŶĞƌŐǇ ĐŽŶƐƵŵƉƚŝŽŶ
ĂŶĚ ƌƵŶŶŝŶŐ ĐŽƐƚƐ ĐŽŶƐŝĚĞƌĂďůǇ͘ dŚŝƐ ŝƐ ƉĂƌƚŝĐƵůĂƌůǇ ƚŚĞ ĐĂƐĞ ǁŚĞƌĞ ŚĞĂƚ ƉƵŵƉƐ ƌĞƉůĂĐĞ Ă ĐŽŶǀĞŶƚŝŽŶĂů
ƌĂƉŝĚͲƌĞƐƉŽŶƐĞ ĐĞŶƚƌĂů ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ ;Ğ͘Ő͘ ŐĂƐ Žƌ ŽŝůͿ͕ ĂƐ ƚŚĞ ďƵŝůĚŝŶŐ ŽĐĐƵƉĂŶƚƐ ĂƌĞ ƵƐĞĚ ƚŽ ďĞŝŶŐ
ĂďůĞ ƚŽ ŝŶĐƌĞĂƐĞ Žƌ ĚĞĐƌĞĂƐĞ ƚĞŵƉĞƌĂƚƵƌĞƐ ƋƵŝĐŬůǇ ĂƐ ƌĞƋƵŝƌĞĚ͕ ĂŶĚ Ă ŚĞĂƚ ƉƵŵƉ ƚĂŬĞƐ Ă ůŽŶŐ ƚŝŵĞ ƚŽ
ƌĞƐƉŽŶĚ ƚŽ ĐŚĂŶŐĞƐ͘ hŶůŝŬĞ ĐŽŶǀĞŶƚŝŽŶĂů ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ ŚĞĂƚ ƉƵŵƉƐ ĨƵŶĐƚŝŽŶ ďĞƐƚ ǁŚĞŶ ƉƌŽǀŝĚŝŶŐ
ĐŽŶƐƚĂŶƚ ŚĞĂƚ Ăƚ Ă ƐĞƚ ƚĞŵƉĞƌĂƚƵƌĞ ĨŽƌ ůŽŶŐ ƉĞƌŝŽĚƐ ŽĨ ƚŝŵĞ͖ ĐŚĂŶŐĞƐ ĂƌĞ ƉŽƐƐŝďůĞ ďƵƚ ƚĂŬĞ ƐŽŵĞ ƚŝŵĞ
;Ğ͘Ő͘ Ϯϰ ŚŽƵƌƐͿ ƚŽ ŬŝĐŬ ŝŶ͕ ĂŶĚ ĐŽŶƐƚĂŶƚ ƚƵƌŶŝŶŐ ŽŶ ĂŶĚ ŽĨĨ ǁŝůů ĂĨĨĞĐƚ ƚŚĞŝƌ ĞĨĨŝĐŝĞŶĐǇ͘ hŶĚĞƌƐƚĂŶĚŝŶŐ
ƚŚĞŝƌ ŽƉƚŝŵƵŵ ƉĞƌĨŽƌŵĂŶĐĞ ƌĞƋƵŝƌĞŵĞŶƚƐ ŝƐ ĂůƐŽ ŝŵƉŽƌƚĂŶƚ ŝŶ ĚŝĐƚĂƚŝŶŐ ƵƐĞƌ ďĞŚĂǀŝŽƵƌ͗ ĨƌĞƋƵĞŶƚ
ŽƉĞŶŝŶŐ ŽĨ ǁŝŶĚŽǁƐ ĂŶĚ ĚŽŽƌƐ ǁŝůů ĂĨĨĞĐƚ ƚŚĞ ĞĨĨŝĐŝĞŶĐǇ ŽĨ Ă ŚĞĂƚ ƉƵŵƉ͕ ĨŽƌ ĞǆĂŵƉůĞ͕ ĂŶĚ ǁŚĞƌĞ ŝƚ ŝƐ
ŝŶƐƚĂůůĞĚ ǁŝƚŚ ƵŶĚĞƌͲĨůŽŽƌ ŚĞĂƚŝŶŐ Ă ŵĞŶƚĂů ĂĚũƵƐƚŵĞŶƚ ĐĂŶ ďĞ ŶĞĞĚĞĚ ƚŽ ŐĞƚ ƵƐĞĚ ƚŽ ƚŚĞ ůĂĐŬ ŽĨ Ă
ĨŽĐĂů ƉŽŝŶƚ ĨŽƌ ƚŚĞ ŚĞĂƚŝŶŐ ;Ğ͘Ő͘ ƌĂĚŝĂƚŽƌ Žƌ ƐƚŽǀĞͿ ĂŶĚ ƚŚĞ ĨĂĐƚ ƚŚĂƚ ƐƵĐŚ ĞǀĞŶůǇͲĚŝƐƉĞƌƐĞĚ ŚĞĂƚŝŶŐ ĐĂŶ
ƉƌŽǀŝĚĞ ƚŚĞ ƐĂŵĞ ĐŽŵĨŽƌƚ ůĞǀĞůƐ Ăƚ Ă ůŽǁĞƌ ƚĞŵƉĞƌĂƚƵƌĞ͘
,ĞĂƚ ƉƵŵƉƐ ŵĂǇ ĂůƐŽ ƉƌŽǀŝĚĞ ĐŽŽůŝŶŐ ĂƐ ǁĞůů ĂƐ ŚĞĂƚŝŶŐ͕ ĂůƚŚŽƵŐŚ ƚŚŝƐ ǁŝůů ŵĂŬĞ ƚŚĞŵ ůĞƐƐ ĞĨĨŝĐŝĞŶƚ
ƚŚĂŶ ƐǇƐƚĞŵƐ ƚŚĂƚ ƉƌŽǀŝĚĞ ŚĞĂƚŝŶŐ ŽŶůǇ͘ ŽŽůŝŶŐ ǁŝůů ŐĞŶĞƌĂůůǇ ŽŶůǇ ďĞ Ă ƐŝŐŶŝĨŝĐĂŶƚ ƌĞƋƵŝƌĞŵĞŶƚ ŝŶ
ŚŽƚƚĞƌ ĐŽƵŶƚƌŝĞƐ ;ĂŶĚ ŝƚ ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ƌĞĂůŝƐĞ ƚŚĂƚ ĐŽŽůŝŶŐ ƌĞƋƵŝƌĞƐ Ă ůĂƌŐĞ ĂŵŽƵŶƚ ŽĨ ĞŶĞƌŐǇͿ͘
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/Ŷ ƚŚĞ ƌŝŐŚƚ ĐŝƌĐƵŵƐƚĂŶĐĞƐ ŚĞĂƚ ƉƵŵƉƐ ĐĂŶ ďĞ ǁĞůů ƐƵŝƚĞĚ ƚŽ ŽůĚĞƌ ĂŶĚ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ ,ŽǁĞǀĞƌ͕
ŽŶĞ ĐƌŝƚŝĐĂů ĨĂĐƚŽƌ ĐĂŶ ƉƌĞƐĞŶƚ Ă ŵĂũŽƌ ŝƐƐƵĞ ĨŽƌ ŵĂŶǇ ƚƌĂĚŝƚŝŽŶĂů ďƵŝůĚŝŶŐƐ͘ ,ĞĂƚ ƉƵŵƉƐ ŽƉĞƌĂƚĞ ŵŽƐƚ
ĞĨĨŝĐŝĞŶƚůǇ ŝŶ ǁĞůůͲŝŶƐƵůĂƚĞĚ͕ ƌĞůĂƚŝǀĞůǇ ĂŝƌƚŝŐŚƚ ďƵŝůĚŝŶŐƐ͗ ǁŝƚŚŽƵƚ ŝŵƉƌŽǀĞŵĞŶƚ͕ ŵĂŶǇ ŽůĚĞƌ ĂŶĚ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŚĂǀĞ ƌĞůĂƚŝǀĞůǇ ůŽǁ ůĞǀĞůƐ ŽĨ ŝŶƐƵůĂƚŝŽŶ ĂŶĚ ŚŝŐŚ ůĞǀĞůƐ ŽĨ ǀĞŶƚŝůĂƚŝŽŶ͕ ĂŶĚ ƚŚŝƐ ŵĞĂŶƐ
ƚŚĂƚ ŝŶ ŵĂŶǇ ĐĂƐĞƐ ĐŽŶƐŝĚĞƌĂďůĞ ʹ ĂŶĚ ĐŽƐƚůǇ ʹ ŝŵƉƌŽǀĞŵĞŶƚ ǁŽƌŬƐ ŵĂǇ ďĞ ĂĚǀŝƐĂďůĞ ďĞĨŽƌĞ
ĐŽŶƐŝĚĞƌŝŶŐ Ă ŚĞĂƚ ƉƵŵƉ͘ dŚĞǇ ŵĂǇ Ɛƚŝůů ďĞ ŝŶƐƚĂůůĞĚ ŝŶ ďƵŝůĚŝŶŐƐ ǁŝƚŚ ůŽǁ ůĞǀĞůƐ ŽĨ ŝŶƐƵůĂƚŝŽŶ ĂŶĚ
ĂŝƌƚŝŐŚƚŶĞƐƐ͕ ďƵƚ ƚŚĞǇ ĂƌĞ ůŝŬĞůǇ ƚŽ ďĞ ŽǀĞƌƐŝǌĞĚ ƚŽ ĐŽŵƉĞŶƐĂƚĞ ĨŽƌ ƚŚĞ ŐƌĞĂƚĞƌ ŚĞĂƚ ůŽƐƐ ĂŶĚ ƚŚƵƐ ƵƐĞ
ŵŽƌĞ ĞůĞĐƚƌŝĐŝƚǇ ĂŶĚ ĐŽƐƚ ŵŽƌĞ ƚŽ ƌƵŶ͘ ;Ɛ ŶŽƚĞĚ ĂďŽǀĞ͕ ĂŝƌƚŝŐŚƚŶĞƐƐ ŝƐ ĂůƐŽ ĂĨĨĞĐƚĞĚ ďǇ ďĞŚĂǀŝŽƵƌ͕ ĂŶĚ
ƉĞŽƉůĞ ǁŚŽ ůŝŬĞ ůĞĂǀŝŶŐ ǁŝŶĚŽǁƐ ĂŶĚ ĚŽŽƌƐ ŽƉĞŶ ŵĂǇ ďĞ ďĞƚƚĞƌ ƐƵŝƚĞĚ ƚŽ Ă ĚŝĨĨĞƌĞŶƚ ƚĞĐŚŶŽůŽŐǇ͘Ϳ
dŚĞ ƉĞƌĨŽƌŵĂŶĐĞ ŽĨ Ă ŚĞĂƚ ƉƵŵƉ ŝƐ ĂůƐŽ ĚŝĐƚĂƚĞĚ ďǇ ƚŚĞ ͚ŝŶͲŽƵƚ͛ ƚĞŵƉĞƌĂƚƵƌĞ ĚŝĨĨĞƌĞŶĐĞ͗ ƚŚĞ ůŽǁĞƌ ƚŚĞ
ŐĂƉ ďĞƚǁĞĞŶ ƚŚĞ ƚĞŵƉĞƌĂƚƵƌĞ ĐŽŵŝŶŐ ŝŶƚŽ ƚŚĞ ŚĞĂƚ ƉƵŵƉ ĂŶĚ ƚŚĞ ƚĞŵƉĞƌĂƚƵƌĞ ŝƚ ĚĞůŝǀĞƌƐ ŝŶƚŽ ƚŚĞ
ďƵŝůĚŝŶŐ͕ ƚŚĞ ŵŽƌĞ ĞĨĨŝĐŝĞŶƚůǇ ƚŚĞ ƵŶŝƚ ǁŝůů ƉĞƌĨŽƌŵ͘ &Žƌ ĞǆĂŵƉůĞ͕ ƚŚĞ ŚĞĂƚ ŝŶ ƚŚĞ ŐƌŽƵŶĚ ƐŚŽƵůĚ ďĞ
ƌĞůĂƚŝǀĞůǇ ĐŽŶƐƚĂŶƚ Ăƚ ĂƌŽƵŶĚ ϭϬͲϭϮŽ͗ ŝƚ ƌĞƋƵŝƌĞƐ ůĞƐƐ ĞŶĞƌŐǇ ĨŽƌ ƚŚĞ ŚĞĂƚ ƉƵŵƉ ƚŽ ŝŶĐƌĞĂƐĞ ƚŚŝƐ ƚŽ
Đ͘ϰϬŽ ;ĨŽƌ ƵŶĚĞƌͲĨůŽŽƌ ŚĞĂƚŝŶŐͿ ƚŚĂŶ ƚŽ Đ͘ϳϬŽ ;ĨŽƌ ĐŽŶǀĞŶƚŝŽŶĂů ƌĂĚŝĂƚŽƌƐͿ͘ dŚĞ ůĂƚƚĞƌ ŝƐ ƉŽƐƐŝďůĞ͕ ďƵƚ
ǁŝůů ƌĞƋƵŝƌĞ ŵŽƌĞ ĞŶĞƌŐǇ ĐŽŶƐƵŵƉƚŝŽŶ ĂŶĚ ƚŚĞ ƐĂǀŝŶŐƐ ĨƌŽŵ ŝŶƐƚĂůůŝŶŐ Ă ŚĞĂƚ ƉƵŵƉ ǁŝůů ƚŚĞƌĞĨŽƌĞ ďĞ
ƌĞĚƵĐĞĚ͘ &Žƌ ƚŚŝƐ ƌĞĂƐŽŶ ŚĞĂƚ ƉƵŵƉƐ ĂƌĞ ŽĨƚĞŶ ďĞƐƚ ƐƉĞĐŝĨŝĞĚ ǁŝƚŚ ƵŶĚĞƌͲĨůŽŽƌ ŚĞĂƚŝŶŐ ʹ ŚŽǁĞǀĞƌ ŝŶ

ϭϮ

'ĞƚƚŝŶŐtĂƌŵĞƌ͗&ŝĞůĚdƌŝĂůŽĨ,ĞĂƚWƵŵƉƐ;ŶĞƌŐǇ^ĂǀŝŶŐdƌƵƐƚ͕ϮϬϭϬͿ
dŚĞ,ĞĂƚ/ƐKŶ͗,ĞĂƚWƵŵƉ&ŝĞůĚdƌŝĂůƐWŚĂƐĞϮ;ŶĞƌŐǇ^ĂǀŝŶŐdƌƵƐƚ͕ϮϬϭϯͿ

ϭϯ

WĂŐĞͮϮϬ




ŵĂŶǇ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ƚŚŝƐ ŝƐ ŶŽƚ ƉƌĂĐƚŝĐĂů ƵŶůĞƐƐ ŵĂũŽƌ ƌĞŶŽǀĂƚŝŽŶƐ ĂƌĞ ƚĂŬŝŶŐ ƉůĂĐĞ͘ DĂŶǇ
ƌĞƚƌŽĨŝƚƚĞĚ ŚĞĂƚ ƉƵŵƉƐ ĂƌĞ ƚŚĞƌĞĨŽƌĞ ŝŶƐƚĂůůĞĚ ǁŝƚŚ ƐƉĞĐŝĂů ůŽǁͲƚĞŵƉĞƌĂƚƵƌĞ ƌĂĚŝĂƚŽƌƐ͕ ǁŚŝĐŚ ĐĂŶ
ĚĞůŝǀĞƌ ĞĨĨĞĐƚŝǀĞ ŚĞĂƚŝŶŐ Ăƚ Ă ůŽǁĞƌ ƚĞŵƉĞƌĂƚƵƌĞ ƚŚĂŶ ĐŽŶǀĞŶƚŝŽŶĂů ƌĂĚŝĂƚŽƌƐ͖ ƚŚĞ ĐŽŵƉƌŽŵŝƐĞ ŽĨ ƐƵĐŚ
ƌĂĚŝĂƚŽƌƐ ŝƐ ƚŚĞŝƌ ŝŶĐƌĞĂƐĞĚ ƐŝǌĞ͕ ǁŚŝĐŚ ĐĂŶ ƉƌĞƐĞŶƚ ĂĞƐƚŚĞƚŝĐ ĂŶĚ ƐƉĂĐĞ ŝƐƐƵĞƐ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ /ƚ
ƐŚŽƵůĚ ďĞ ŶŽƚĞĚ ƚŚĂƚ ŽůĚĞƌ ƌĂĚŝĂƚŽƌƐ ǁĞƌĞ ƐŽŵĞƚŝŵĞƐ ŽǀĞƌƐŝǌĞĚ ĂŶĚ ŽŶ ŽĐĐĂƐŝŽŶ ƚŚĞǇ ŵĂǇ ďĞ ƐƵŝƚĂďůĞ
ƚŽ ƵƐĞ ǁŝƚŚ Ă ŚĞĂƚ ƉƵŵƉ ƐǇƐƚĞŵ ǁŝƚŚŽƵƚ ĂĨĨĞĐƚŝŶŐ ƉĞƌĨŽƌŵĂŶĐĞ ĞǆĐĞƐƐŝǀĞůǇ͕ ďƵƚ ĐĂƌĞĨƵů ĚĞƐŝŐŶ ĐŚĞĐŬƐ
ǁŽƵůĚ ďĞ ŶĞĞĚĞĚ ƚŽ ĞŶƐƵƌĞ ĐŽŵƉĂƚŝďŝůŝƚǇ͘ tŚĞƌĞ ƵŶĚĞƌͲĨůŽŽƌ ŚĞĂƚŝŶŐ ŝƐ ŝŶƐƚĂůůĞĚ͕ ŽůĚ ĨůĂŐƐƚŽŶĞƐ ŵĂǇ
ďĞ ďĞŶĞĨŝĐŝĂů ŝŶ ƉƌŽǀŝĚŝŶŐ ƚŚĞƌŵĂů ŵĂƐƐ ƚŽ ƌĞŐƵůĂƚĞ ƚŚĞ ŚĞĂƚ͕ ďƵƚ ĐĂƌĞ ŝƐ ƌĞƋƵŝƌĞĚ ǁŚĞŶ ůŝĨƚŝŶŐ ƚŚĞƐĞ͘
'ƌŽƵŶĚ ĐŽŶĚŝƚŝŽŶƐ ĂůƐŽ ĂĨĨĞĐƚ '^,W ƉĞƌĨŽƌŵĂŶĐĞ ĂŶĚ ŐĞŽůŽŐŝĐĂů ƐƵƌǀĞǇƐ ŵĂǇ ďĞ ƌĞƋƵŝƌĞĚ͘ ŽƌĞŚŽůĞƐ
ƚĞŶĚ ƚŽ ďĞ ŵŽƌĞ ĞĨĨŝĐŝĞŶƚ ƚŚĂŶ ƚƌĞŶĐŚ ƐǇƐƚĞŵƐ͕ ĂŶĚ ĐĂŶ ďĞ ƐƵŝƚĂďůĞ ǁŚĞƌĞ ƐƉĂĐĞ ŝƐ ůŝŵŝƚĞĚ͘ ,ŽǁĞǀĞƌ͕
ĂĐĐĞƐƐ ŝƐ ƌĞƋƵŝƌĞĚ ĨŽƌ ĚƌŝůůŝŶŐ ƌŝŐƐ͕ ĂŶĚ ŝŶ ƵƌďĂŶ ŚŝƐƚŽƌŝĐ ƉƌŽƉĞƌƚŝĞƐ ƚŚŝƐ ĐĂŶ ďĞ ĂŶ ŝƐƐƵĞ ĂƐ ŐƌŽƵŶĚ ƐƉĂĐĞ
ƚĞŶĚƐ ƚŽ ďĞ Ăƚ ƚŚĞ ƌĞĂƌ ŽĨ ƵƌďĂŶ ƉƌŽƉĞƌƚŝĞƐ ĂŶĚ ĂĐĐĞƐƐ ŵĂǇ ŶŽƚ ďĞ ƉŽƐƐŝďůĞ͘ /Ŷ ƐŽŵĞ ƐŝƚƵĂƚŝŽŶƐ
ďŽƌĞŚŽůĞƐ ŵĂǇ ďĞ ĚƌŝůůĞĚ Ăƚ ƚŚĞ ĨƌŽŶƚ ŽĨ ƵƌďĂŶ ƉƌŽƉĞƌƚŝĞƐ ;ŝ͘Ğ͘ ƚŚƌŽƵŐŚ ƚŚĞ ƉĂǀĞŵĞŶƚͿ͕ ĂůƚŚŽƵŐŚ
ŵƵŶŝĐŝƉĂůŝƚǇ ĐŽŶƐĞŶƚƐ ǁŽƵůĚ ďĞ ƌĞƋƵŝƌĞĚ͖ ƚŚĞƌĞ ŝƐ ŽŶĞ ƐƵĐŚ ĞǆĂŵƉůĞ ƐĞƌǀŝŶŐ Ă ĐĂƚĞŐŽƌǇ ͚͛ ůŝƐƚĞĚ
ƚĞŶĞŵĞŶƚ ďƵŝůĚŝŶŐ ŝŶ ĚŝŶďƵƌŐŚ͛Ɛ EĞǁ dŽǁŶ ;h<Ϳ͕ Ă ĐŽŶƐĞƌǀĂƚŝŽŶ ĂƌĞĂ ĂŶĚ hE^K tŽƌůĚ ,ĞƌŝƚĂŐĞ
^ŝƚĞ͘ ^ƵĐŚ ĂŶ ĂƉƉƌŽĂĐŚ ŵĂǇ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ ƵƐĞĨƵů ǁŚĞƌĞ ƚŚĞƌĞ ŝƐ Ă ĐĞůůĂƌ ƵŶĚĞƌ ƚŚĞ ƉĂǀĞŵĞŶƚ ĂƐ ƚŚŝƐ
ĐĂŶ ĐŽŶƚĂŝŶ ƚŚĞ ĚĞďƌŝƐ ĨƌŽŵ ƚŚĞ ĚƌŝůůŝŶŐ ĂŶĚ ŵŝŶŝŵŝƐĞ ŵĞƐƐ ĂŶĚ ĚŝƐƌƵƉƚŝŽŶ͘
ŝŐŐŝŶŐ ŽĨ ĞŝƚŚĞƌ ƚƌĞŶĐŚĞƐ Žƌ ďŽƌĞŚŽůĞƐ ŝƐ ůŝŬĞůǇ ƚŽ ďĞ ĐŽŵƉůĞǆ ŝŶ ƐŝƚĞƐ ŽĨ ĂƌĐŚĂĞŽůŽŐŝĐĂů ŝŶƚĞƌĞƐƚ͕ ĂŶĚ
ĐůĞĂƌůǇ ĐĂƌĞĨƵů ĐŚĞĐŬƐ ǁŽƵůĚ ďĞ ƌĞƋƵŝƌĞĚ ŝŶ ƐƵĐŚ ƐŝƚƵĂƚŝŽŶƐ ƚŽ ĞŶƐƵƌĞ ŚŝƐƚŽƌŝĐ ĨĂďƌŝĐ ŝƐ ŶŽƚ ĚŝƐƚƵƌďĞĚ͘
ŽƌĞŚŽůĞƐ ƌĞƋƵŝƌĞ ůĞƐƐ ƐƉĂĐĞ ƚŚĂŶ ƚƌĞŶĐŚĞƐ ʹ ĂŶĚ ^,WƐ ƌĞƋƵŝƌĞ ŶŽ ĚŝŐŐŝŶŐ͘ ŶǇ ĚŝŐŐŝŶŐ ŶĞĂƌ
ƉŽƚĞŶƚŝĂůůǇ ƵŶƐƚĂďůĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂůƐŽ ƌĞƋƵŝƌĞƐ ŐƌĞĂƚ ĐĂƌĞ ƚŽ ĞŶƐƵƌĞ ƚŚĞ ƐƚƌƵĐƚƵƌĂů ŝŶƚĞŐƌŝƚǇ ŽĨ ƚŚĞ
ďƵŝůĚŝŶŐ ŝƐ ŶŽƚ ĐŽŵƉƌŽŵŝƐĞĚ͖ ƚŚŝƐ ŵĂǇ ĂĨĨĞĐƚ ƐƉĞĐŝĨŝĐĂƚŝŽŶ ĚĞƚĂŝůƐ ůŝŬĞ ĚŝƐƚĂŶĐĞ ĨƌŽŵ ƚŚĞ ďƵŝůĚŝŶŐ ĂŶĚ
ƐŝǌĞ ŽĨ ĚƌŝůůŝŶŐ ƌŝŐ͘ /Ŷ ƐŽŵĞ ĐĂƐĞƐ ǁŚĞƌĞ ŵĂũŽƌ ƌĞŶŽǀĂƚŝŽŶƐ ĂƌĞ ƚĂŬŝŶŐ ƉůĂĐĞ͕ ŝƚ ŵĂǇ ďĞ ƉŽƐƐŝďůĞ ƚŽ Ěƌŝůů Ă
ďŽƌĞŚŽůĞ ŝŶƐŝĚĞ ƚŚĞ ďƵŝůĚŝŶŐ ĞŶǀĞůŽƉĞ͘ &Žƌ ůĂƌŐĞƌ ƐǇƐƚĞŵƐ ǁŚĞƌĞ ŵƵůƚŝƉůĞ ďŽƌĞŚŽůĞƐ ĂƌĞ ƌĞƋƵŝƌĞĚ ƚŚĞǇ
ƐŚŽƵůĚ ŶŽƚ ďĞ ƚŽŽ ĐůŽƐĞ ƚŽŐĞƚŚĞƌ͕ Žƌ ƚŚĞǇ ĐŽƵůĚ ĞǆƚƌĂĐƚ ƚŽŽ ŵƵĐŚ ŚĞĂƚ ĨƌŽŵ ƚŚĞ ŐƌŽƵŶĚ ĂŶĚ ĐĂƵƐĞ
ĨƌĞĞǌŝŶŐ͕ ǁŝƚŚ ĐŽŶƐĞƋƵĞŶƚ ŝŵƉĂĐƚƐ ŽŶ ŶĞĂƌďǇ ǀĞŐĞƚĂƚŝŽŶ Žƌ ďƵŝůĚŝŶŐ ĨŽƵŶĚĂƚŝŽŶƐ͘
/Ŷ ƚŚĞŝƌ ĨĂǀŽƵƌ͕ '^,WƐ ĂŶĚ t^,WƐ ĂƌĞ ůŝŬĞůǇ ƚŽ ŚĂǀĞ ǀĞƌǇ ůŝƚƚůĞ ǀŝƐƵĂů ŝŵƉĂĐƚ ŽŶ Ă ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ͕ ĂƐ
ƚŚĞƌĞ ŝƐ ǀĞƌǇ ůŝƚƚůĞ ƚŽ ƐĞĞ ŽŶĐĞ ƚŚĞ ŝŶƐƚĂůůĂƚŝŽŶ ŚĂƐ ƚĂŬĞŶ ƉůĂĐĞ͘ dŚĞ ŚĞĂƚ ƉƵŵƉ ƵŶŝƚ ŝƐ ƌĞůĂƚŝǀĞůǇ
ŝŶŶŽĐƵŽƵƐ ĂŶĚ ŵĂǇ ŽĨƚĞŶ ďĞ ƐŝƚĞĚ ŝŶĐŽŶƐƉŝĐƵŽƵƐůǇ͕ ĂŶĚ ƚŚĞ ŐƌŽƵŶĚ ůŽŽƉ ŝƐ ďƵƌŝĞĚ͘
^W,Ɛ ŚĂǀĞ Ă ŐƌĞĂƚĞƌ ǀŝƐƵĂů ŝŵƉĂĐƚ͕ ďƵƚ ǁŝƚŚ ĐĂƌĞĨƵů ƐŝƚŝŶŐ ;ƐƉĂĐĞ ƉĞƌŵŝƚƚŝŶŐͿ ƚŚĞǇ ƚŽŽ ĐĂŶ ďĞ
ƌĞůĂƚŝǀĞůǇ ĚŝƐĐƌĞĞƚ͘ ^ŝƚŝŶŐ ŽŶ ƉƌŝŶĐŝƉĂů ĞůĞǀĂƚŝŽŶƐ ƐŚŽƵůĚ ďĞ ĂǀŽŝĚĞĚ͕ ĂŶĚ ǁŚĞƌĞ
ƚŚĞƌĞ ŝƐ ŶŽ ĂůƚĞƌŶĂƚŝǀĞ ĂŶ ŝŶƐƚĂůůĂƚŝŽŶ ŵĂǇ ďĞ ƉƌŽďůĞŵĂƚŝĐ͘ ,ŽǁĞǀĞƌ͕ ƐŝƚŝŶŐ Ăƚ ƚŚĞ
ƌĞĂƌ ŽĨ ƚŚĞ ƉƌŽƉĞƌƚǇ ŝƐ ŵŽƌĞ ůŝŬĞůǇ ƚŽ ďĞ ĂĐĐĞƉƚĂďůĞ͕ ƉĂƌƚŝĐƵůĂƌůǇ ǁŚĞƌĞ ƚŚĞ ĨĂŶ
ƵŶŝƚ ĐĂŶ ďĞ ƐĐƌĞĞŶĞĚ ďǇ ŐƌĞĞŶĞƌǇ Žƌ ĨĞŶĐŝŶŐ͘ ^ŽŵĞ ŵŽĚĞůƐ ŽĨ ^W, ŵĂǇ ĂůƐŽ ďĞ
ƐŝƚĞĚ ŝŶ ƌŽŽĨ ƐƉĂĐĞƐ Žƌ ĨĂŬĞ ĚŽƌŵĞƌ ǁŝŶĚŽǁƐ͕ ǁŚŝĐŚ ǁŽƵůĚ ƌĞŵŽǀĞ ƚŚĞ ǀŝƐŝďŝůŝƚǇ
ŝƐƐƵĞ͖ ƐƚƌƵĐƚƵƌĂů ĂŶĚ ŽƚŚĞƌ ĐŚĞĐŬƐ ǁŽƵůĚ ďĞ ƌĞƋƵŝƌĞĚ ƚŽ ĞŶƐƵƌĞ ƚŚĞ ũŽŝƐƚƐ ĐŽƵůĚ
ƚĂŬĞ ƚŚĞ ǁĞŝŐŚƚ ŽĨ ƚŚĞ ƵŶŝƚ ĂŶĚ ŶŽŝƐĞͬǀŝďƌĂƚŝŽŶͬǀĞŶƚŝůĂƚŝŽŶ ǁŽƵůĚ ŶŽƚ ďĞ ĂŶ
ŝƐƐƵĞ͘ ^ƵĐĐĞƐƐĨƵů ĞǆĂŵƉůĞƐ ŝŶĐůƵĚĞ ƚŚĞ ϭϴƚŚ ĞŶƚƵƌǇ ŝƐŚŽƉ͛Ɛ WĂůĂĐĞ ;ƐĞĞ ƚŽƉͲ
ƌŝŐŚƚ ŝŵĂŐĞ ʹ ĨĂŶ ƵŶŝƚƐ ǁŝƚŚŝŶ ĨĂŬĞ ĚŽƌŵĞƌ ǁŝŶĚŽǁƐͿ ĂŶĚ ƚŚĞ ϭϳƚŚͲϭϵƚŚ ĞŶƚƵƌǇ
ŐĂůůĞƌǇ ŽŶ DĂƌŝŶ ƌǎŝđ ^ƋƵĂƌĞ ;ƐĞĞ ďŽƚƚŽŵͲƌŝŐŚƚ ŝŵĂŐĞ ʹ ĨĂŶ ƵŶŝƚƐ ŝŶ ƌŽŽĨ ƐƉĂĐĞͿ
ŝŶ ƵďƌŽǀŶŝŬ͛Ɛ ŽůĚ ĐŝƚǇ͕ Ă hE^K tŽƌůĚ ,ĞƌŝƚĂŐĞ ^ŝƚĞ͘

WĂŐĞͮϮϭ




,WƐ ĂƌĞ ŶŽƚ ŽĨƚĞŶ ƵƚŝůŝƐĞĚ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƐ ƚŚĞǇ ƌĞƋƵŝƌĞ ĞǆƚĞŶƐŝǀĞ ĚƵĐƚǁŽƌŬ ĂŶĚ ŽůĚĞƌ
ďƵŝůĚŝŶŐƐ ŽĨƚĞŶ ĚŽ ŶŽƚ ƌĞƋƵŝƌĞ ŵĞĐŚĂŶŝĐĂů ǀĞŶƚŝůĂƚŝŽŶ͕ ŚŽǁĞǀĞƌ ǁŚĞƌĞ ŵĂũŽƌ ƌĞŶŽǀĂƚŝŽŶ ǁŽƌŬƐ ĂƌĞ
ƚĂŬŝŶŐ ƉůĂĐĞ ƚŚĞǇ ŵĂǇ ďĞ ĂƉƉƌŽƉƌŝĂƚĞ͘ sĞŶƚƐ ƐŚŽƵůĚ ďĞ ĚĞƐŝŐŶĞĚ ƐĞŶƐŝƚŝǀĞůǇ ƚŽ ŵĂǆŝŵŝƐĞ ĚŝƐĐƌĞƚŝŽŶ͘
dŚĞǇ ĐĂŶ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ ǁĞůů ƐƵŝƚĞĚ ƚŽ ƐŵĂůůĞƌ ďƵŝůĚŝŶŐƐ͕ ĂŶĚ ŚĂǀĞ ƚŚĞ ĂĚĚĞĚ ďĞŶĞĨŝƚ ŽĨ ŚŽƵƐŝŶŐ Ăůů ƚŚĞ
͚Ŭŝƚ͛ ŝŶ Ă ƐŝŶŐůĞ ƵŶŝƚ ǁŚŝĐŚ ƌĞĚƵĐĞƐ ƚŚĞ ƐƉĂĐĞ ƌĞƋƵŝƌĞŵĞŶƚ͘
Ɛ ǁŝƚŚ ƐŽŵĞ ŽƚŚĞƌ ƚĞĐŚŶŽůŽŐŝĞƐ ƐĞƌǀŝĐĞ ƉŝƉĞƐ ĂƌĞ ůŝŬĞůǇ ƚŽ ďĞ ƌĞƋƵŝƌĞĚ ƚŚƌŽƵŐŚ ƚŚĞ ǁĂůůƐ Ăƚ ƐŽŵĞ
ƉŽŝŶƚ͘ ĂƌĞ ŵƵƐƚ ďĞ ƚĂŬĞŶ ƚŽ ŵŝŶŝŵŝƐĞ ůŽƐƐ ŽĨ ŚŝƐƚŽƌŝĐ ĨĂďƌŝĐ͕ ĂŶĚ ƐĞĂů ĂƌŽƵŶĚ ƚŚĞƐĞ ƐĞƌǀŝĐĞƐ ƚŽ
ƉƌĞǀĞŶƚ ǁĞĂƚŚĞƌ ŝŶŐƌĞƐƐ͕ ŚĞĂƚ ůŽƐƐ ĂŶĚ ĚƌĂƵŐŚƚƐ͘ WŝƉĞǁŽƌŬ ǁŝƚŚŝŶ ƚŚĞ ďƵŝůĚŝŶŐ ŵĂǇ ĂůƐŽ ŶĞĞĚ ƚŽ ďĞ
ƌĞƉůĂĐĞĚ ŝĨ Ă ĚŝĨĨĞƌĞŶƚ ƐŝǌĞ ŽĨ ƉŝƉĞ ŝƐ ƌĞƋƵŝƌĞĚ ĨŽƌ ƚŚĞ ŚĞĂƚ ƉƵŵƉ ;ŽůĚĞƌ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ ŽĨƚĞŶ ŵĂĚĞ
ƵƐĞ ŽĨ ŵŝĐƌŽďŽƌĞ ƉŝƉĞǁŽƌŬ ǁŚŝĐŚ ŝƐ ŶŽƚ ŐĞŶĞƌĂůůǇ ĐŽŵƉĂƚŝďůĞ ǁŝƚŚ ŚĞĂƚ ƉƵŵƉƐͿ͖ ǁŚĞƌĞ ŶĞǁ ƉŝƉĞǁŽƌŬ
ŝƐ ŶĞĞĚĞĚ ĂƉƉƌŽƉƌŝĂƚĞ ĐĂƌĞ ŝƐ ŶĞĞĚĞĚ ǁŚĞƌĞ ĨůŽŽƌďŽĂƌĚƐ ĂŶĚ ŽƚŚĞƌ ďƵŝůĚŝŶŐ ĞůĞŵĞŶƚƐ ĂƌĞ ďĞŝŶŐ
ƌĞŵŽǀĞĚ͘
ĞƐƉŝƚĞ ƐŽŵĞ ŽĨ ƚŚĞ ĐĂǀĞĂƚƐ ŶŽƚĞĚ ĂďŽǀĞ ŚĞĂƚ ƉƵŵƉƐ ĐĂŶ ƉĞƌĨŽƌŵ ǀĞƌǇ ǁĞůů ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ĨŽƌ
ĞǆĂŵƉůĞ ǁŚĞƌĞ ƌĞůĂƚŝǀĞůǇ ůŽǁ ͚ďĂĐŬŐƌŽƵŶĚ͛ ƚĞŵƉĞƌĂƚƵƌĞƐ ĂƌĞ ƌĞƋƵŝƌĞĚ ;Ğ͘Ő͘ ŵƵƐĞƵŵƐ͕ ĐŚƵƌĐŚĞƐͿ͘ dŚŝƐ
ŵĂǇ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ ƌĞůĞǀĂŶƚ ĨŽƌ ďƵŝůĚŝŶŐƐ ǁŚĞƌĞ ƚŚĞ ĐŽŶƚĞŶƚƐ ƌĞƋƵŝƌĞ Ă ĐĞƌƚĂŝŶ ƚĞŵƉĞƌĂƚƵƌĞ ƚŽ
ƉƌŽƚĞĐƚ ƚŚĞŵ ;Ğ͘Ő͘ ĂƌƚĞĨĂĐƚƐ͕ ƉĂŝŶƚŝŶŐƐ͕ ĨƵƌŶŝƚƵƌĞ ĞƚĐ͘Ϳ͕ ĂƐ Ă ŚĞĂƚ ƉƵŵƉ ŵĂǇ ƉƌŽǀŝĚĞ ƚŚŝƐ ĐŽŶƐƚĂŶƚ ƐĞƚ
ƚĞŵƉĞƌĂƚƵƌĞ ĂŶĚ ŽƉĞƌĂƚĞ ƌĞůĂƚŝǀĞůǇ ĞĨĨŝĐŝĞŶƚůǇ͘
ZƵƌĂů ďƵŝůĚŝŶŐƐ ĂƌĞ ŽĨƚĞŶ ŽĨ ŽůĚĞƌ ĐŽŶƐƚƌƵĐƚŝŽŶ͕ ĂŶĚ ŚĞĂƚ ƉƵŵƉƐ ŵĂǇ ĂůƐŽ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ ďĞŶĞĨŝĐŝĂů ŝŶ
ƚŚĞƐĞ ĂƌĞĂƐ ĂƐ ƚŚĞǇ ĂƌĞ ŵŽƌĞ ůŝŬĞůǇ ƚŽ ďĞ ƵƐŝŶŐ ŚŝŐŚĞƌͲĐŽƐƚ ĨŽƐƐŝů ĨƵĞůƐ ƐŽ ĐŽŶƐŝĚĞƌĂďůĞ ƐĂǀŝŶŐƐ ŵĂǇ ďĞ
ŵĂĚĞ ĨƌŽŵ Ă ǁĞůůͲŝŶƐƚĂůůĞĚ͕ ǁĞůůͲŽƉĞƌĂƚĞĚ ƐǇƐƚĞŵ͘ hƌďĂŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŵĂǇ ƌĞƋƵŝƌĞ ŵŽƌĞ
ĐŽŶƐŝĚĞƌĂƚŝŽŶ ǁŚĞƌĞ ƚŚĞǇ ĐƵƌƌĞŶƚůǇ ƌĞĐĞŝǀĞ ŚĞĂƚŝŶŐ ĨƌŽŵ ŶĂƚƵƌĂů ŐĂƐ͕ ĂƐ ƚŚĞƌĞ ǁŽƵůĚ ĞĨĨĞĐƚŝǀĞůǇ ďĞ ŶŽ
ĐŽƐƚ Žƌ ϬϮ ƐĂǀŝŶŐƐ ĨƌŽŵ ŝŶƐƚĂůůŝŶŐ Ă ŚĞĂƚ ƉƵŵƉ͘
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Ɛ ǁŝƚŚ ŵĂŶǇ ŽƚŚĞƌ ƌĞŶǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ͕ ŚĞĂƚ ƉƵŵƉƐ ĂƌĞ ďĞĐŽŵŝŶŐ ŵŽƌĞ ǁŝĚĞƐƉƌĞĂĚ͖ ƚŚŝƐ
ƉĂƌƚŝĐƵůĂƌůǇ ĂƉƉůŝĞƐ ƚŽ ŶĞǁ ďƵŝůĚŝŶŐƐ ǁŚĞƌĞ ŶĂƚƵƌĂů ŐĂƐ ŝƐ ŶŽƚ ĂǀĂŝůĂďůĞ͘ ,ĞĂƚ ƉƵŵƉƐ ĂƌĞ ĂůƐŽ ďĞŝŶŐ
ĐŽŶƐŝĚĞƌĞĚ ŵŽƌĞ ĐŽŵŵŽŶůǇ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ďƵƚ ĚƵĞ ƚŽ ƚŚĞŝƌ ƐŽŵĞƚŝŵĞƐ ůŽǁĞƌͲƚŚĂŶͲĂǀĞƌĂŐĞ
ŝŶƐƵůĂƚŝŽŶ ĂŶĚ ĂŝƌƚŝŐŚƚŶĞƐƐ ůĞǀĞůƐ ƚŚĞƌĞ ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ŚŝŐŚ ƉƌŽƉŽƌƚŝŽŶ ŽĨ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ƚŚĂƚ ŵĂǇ
ŶĞĞĚ ĨĂďƌŝĐ ŝŵƉƌŽǀĞŵĞŶƚ ďĞĨŽƌĞ Ă ŚĞĂƚ ƉƵŵƉ ŝƐ ŝŶƐƚĂůůĞĚ͕ ƚŽ ŽƉƚŝŵŝƐĞ ƉĞƌĨŽƌŵĂŶĐĞ ĂŶĚ ƐĂǀŝŶŐƐ͘
Ɛ ŶŽƚĞĚ ŝŶ ƚŚĞ ĐĂƐĞ ƐƚƵĚǇ ;ƐĞĞ ďĞůŽǁͿ ƚŚĞǇ ŵĂǇ ƉƌŽǀŝĚĞ Ă ƉĂƌƚŝĐƵůĂƌůǇ ƵƐĞĨƵů ĨƵŶĐƚŝŽŶ ǁŚĞƌĞ ůŽǁ
ďĂĐŬŐƌŽƵŶĚ ŚĞĂƚŝŶŐ ŝƐ ƌĞƋƵŝƌĞĚ͕ ĨŽƌ ĞǆĂŵƉůĞ ŝŶ ĐŚƵƌĐŚĞƐ Žƌ ƐŝŵŝůĂƌ ďƵŝůĚŝŶŐƐ͘
Ɛ ŝŶǀĞƐƚŵĞŶƚ ĐŽƐƚƐ ĂƌĞ ŚŝŽŐŚ͕ ƐŝǌŝŶŐ ŽĨ ƚŚĞ ŚĞĂƚ ƉƵŵƉ ŝƐ ĐƌƵĐŝĂů͘ ^ŽŵĞƚŝŵĞƐ ŝƚ ĐĂŶ ďĞ ďĞŶĞĨŝĐŝĂů ƚŽ
ŚĂǀĞ ĂŶ ĂƵǆŝůŝĂƌǇ ŚĞĂƚ ƐŽƵƌĐĞ ƚŚĂƚ ǁŝůů ƐƚĞƉ ŝŶ ƚŽ ĐŽǀĞƌ ƉĞĂŬ ůŽĂĚƐ ŽĨ ƐŚŽƌƚ ĚƵƌĂƚŝŽŶ͘
'^,WƐ Žƌ t^W,Ɛ ŵĂǇ ďĞ ƉƌĞĨĞƌĂďůĞ ŽŶ ŐƌŽƵŶĚƐ ŽĨ ĂĞƐƚŚĞƚŝĐƐ͕ ŚŽǁĞǀĞƌ ǁĞůůͲƐŝƚĞĚ ^,WƐ ĐĂŶ ĂůƐŽ ďĞ
ƐƵĐĐĞƐƐĨƵů ĂŶĚ ĐĂŶ ďĞ ƉƌĞĨĞƌĂďůĞ ŽŶ ŐƌŽƵŶĚƐ ŽĨ ĐŽƐƚ ĂŶĚ ĞĂƐĞ ŽĨ ŝŶƐƚĂůůĂƚŝŽŶ͘
dŚĞƌĞ ĂƌĞ ĂůƐŽ ĞǆĂŵƉůĞƐ ŽĨ t^W,Ɛ Ăƚ ĐŽĂƐƚĂů ƐŝƚĞƐ ƵƐŝŶŐ ƐĞĂͲǁĂƚĞƌ͕ ƐƵĐŚ ĂƐ ƚŚĞ ϭϯƚŚͲϭϱƚŚ ĞŶƚƵƌǇ
ZĞĐƚŽƌ͛Ɛ WĂůĂĐĞ ŝŶ ƵďƌŽǀŶŝŬ ǁŚŝĐŚ ŚĂƐ ϯ ;ƌĞůĂƚŝǀĞůǇ ŽůĚͿ ƐĞĂͲǁĂƚĞƌͲƚŽͲǁĂƚĞƌ ŚĞĂƚ ƉƵŵƉƐ͗ ƐĞĂͲǁĂƚĞƌ ŝƐ
ƚĂŬĞŶ ŝŶƚŽ ƚŚĞ ďƵŝůĚŝŶŐ ǁŚĞƌĞ ŝƚ ƉĂƐƐĞƐ ŽǀĞƌ ƚŚĞ ŚĞĂƚ ĞǆĐŚĂŶŐĞƌƐ ďĞĨŽƌĞ ďĞŝŶŐ ĞǆƉĞůůĞĚ ďĂĐŬ ŝŶƚŽ ƚŚĞ
ƐĞĂ͕ ĂŶĚ ƚŚĞ ŚĞĂƚ ƉƵŵƉƐ ĐŽŶƚƌŝďƵƚĞ ƚŽ ĂŶ ƵŶĚĞƌͲĨůŽŽƌ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ ĂƐ ǁĞůů ĂƐ ĨĂŶͲĐŽŝůƐ ĂŶĚ
ǀĞŶƚŝůĂƚŝŽŶ ƐǇƐƚĞŵƐ͘  ĐŽĂƐƚĂů t^,W ŝŶƐƚĂůůĂƚŝŽŶ ŝƐ ĂůƐŽ ĨŽƌƚŚĐŽŵŝŶŐ ŝŶ tĂůĞƐ ;h<Ϳ Ăƚ ƚŚĞ EĂƚŝŽŶĂů
dƌƵƐƚ͛Ɛ WůĂƐ EĞǁǇĚĚ ƐŝƚĞ͘
WĂŐĞͮϮϮ
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,ĞĂƚ ƉƵŵƉƐ ǀĂƌǇ ĐŽŶƐŝĚĞƌĂďůǇ ŝŶ ĐŽƐƚ͕ ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞ ƐŝǌĞ ĂŶĚ ƚǇƉĞ͘ ^,WƐ ĂƌĞ ŵƵĐŚ ĐŚĞĂƉĞƌ ƚŚĂŶ
'^,WƐ͕ ĂůƚŚŽƵŐŚ ƚŚĞ ƐĂǀŝŶŐƐ ĂƌĞ ŽĨƚĞŶ ŶŽƚ ĂƐ ŐƌĞĂƚ ĂƐ '^,WƐ ƐŚŽƵůĚ ŚĂǀĞ Ă ƐůŝŐŚƚůǇ ŚŝŐŚĞƌ ĞĨĨŝĐŝĞŶĐǇ͘
ĂƉŝƚĂů ĐŽƐƚƐ ŚĂǀĞ ƌĞĚƵĐĞĚ ŽǀĞƌ ƚŝŵĞ ďƵƚ ƚŚŝƐ ŝƐ ŵŽƌĞ ĞǀŝĚĞŶƚ ǁŝƚŚ ^,WƐ͖ '^,WƐ ƌĞŵĂŝŶ ƌĞůĂƚŝǀĞůǇ
ĐŽƐƚůǇ ĂŶĚ ŝƚ ŝƐ ŶŽƚ ĐůĞĂƌ ƚŽ ǁŚĂƚ ĞǆƚĞŶƚ ŝŶĐƌĞĂƐĞĚ ĚĞƉůŽǇŵĞŶƚ ǁŝůů ĂĨĨĞĐƚ ƚŚŝƐ͘
^ĂǀŝŶŐƐ ĂƌĞ ĚĞƉĞŶĚĞŶƚ ŽŶ ŶƵŵĞƌŽƵƐ ĨĂĐƚŽƌƐ͘ KŶĞ ŽĨ ƚŚĞ ŵŽƐƚ ĨƵŶĚĂŵĞŶƚĂů ŝƐ ƚŚĞ ĨƵĞů ƚǇƉĞ ďĞŝŶŐ
ĚŝƐƉůĂĐĞĚ͗ ƌƵŶŶŝŶŐ ĐŽƐƚƐ ĨŽƌ ĂŶ ĞůĞĐƚƌŝĐ ŚĞĂƚ ƉƵŵƉ ĂƌĞ ĐŽŵƉĂƌĂďůĞ ǁŝƚŚ ƚŚŽƐĞ ŽĨ Ă ŐĂƐ ĐĞŶƚƌĂů ŚĞĂƚŝŶŐ
ƐǇƐƚĞŵ ĂŶĚ ƐŽ ƐĂǀŝŶŐƐ ĂƌĞ ƵŶůŝŬĞůǇ͖ ďƵƚ ǁŚĞƌĞ ŚŝŐŚĞƌͲĐŽƐƚ ĨƵĞůƐ ƐƵĐŚ ĂƐ Žŝů Žƌ ĞůĞĐƚƌŝĐŝƚǇ ĂƌĞ ĚŝƐƉůĂĐĞĚ
ƚŚĞ ƐĂǀŝŶŐƐ ĂƌĞ ƉŽƚĞŶƚŝĂůůǇ ƐŝŐŶŝĨŝĐĂŶƚ͘ dŚĞƐĞ ĂƌĞ ƌĞůŝĂŶƚ ŽŶ ĂŶ ĂƉƉƌŽƉƌŝĂƚĞ ƐƉĞĐŝĨŝĐĂƚŝŽŶ͕ ŝŶƐƚĂůůĂƚŝŽŶ
ĂŶĚ ƵƐĞ ĂŶĚ ŝƚ ŝƐ ƉĞƌŚĂƉƐ ƚŚŝƐ ůĂƐƚ ƉŽŝŶƚ ƚŚĂƚ ƌĂŝƐĞƐ ƚŚĞ ŵŽƐƚ ŝƐƐƵĞƐ͘  ǁĞůůͲƵŶĚĞƌƐƚŽŽĚ ŚĞĂƚ ƉƵŵƉ
ƐǇƐƚĞŵ ƵƐĞĚ ŝŶ ƚŚĞ ĐŽƌƌĞĐƚ ŵĂŶŶĞƌ ĐŽƵůĚ ŵĂŬĞ ĐŽŶƐŝĚĞƌĂďůĞ ƐĂǀŝŶŐƐ͕ ďƵƚ ŝƚ ŝƐ ŶŽƚ ƵŶĐŽŵŵŽŶ ĨŽƌ
ƐĂǀŝŶŐƐ ƚŽ ďĞ ĐŽŵƉƌŽŵŝƐĞĚ ŝŶ ƚŚĞ ĞĂƌůǇ ƐƚĂŐĞƐ ;Ğ͘Ő͘ ǇĞĂƌ ϭͿ ǁŚŝůĞ ƚŚĞ ƵƐĞƌ ďĞĐŽŵĞƐ ĨĂŵŝůŝĂƌ ǁŝƚŚ ŝƚƐ
ǁŽƌŬŝŶŐƐ ʹ ƚŚŝƐ ŝƐ ŵŽƐƚ ůŝŬĞůǇ ǁŚĞƌĞ ƚŚĞ ŚĞĂƚ ƉƵŵƉ ŝƐ ƌĞƉůĂĐŝŶŐ Ă ĚŝĨĨĞƌĞŶƚ ƚǇƉĞ ŽĨ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ ƐƵĐŚ
ĂƐ ĐŽŶǀĞŶƚŝŽŶĂů ƌĂƉŝĚͲƌĞƐƉŽŶƐĞ ĐĞŶƚƌĂů ŚĞĂƚŝŶŐ͘
dŚĞ ĨƵĞů ƚĂƌŝĨĨ ĂůƐŽ ŵĂŬĞƐ Ă ĚŝĨĨĞƌĞŶĐĞ ƚŽ ƐĂǀŝŶŐƐ͘ Ɛ ŚĞĂƚ ƉƵŵƉƐ ƌƵŶ ŽŶ ĞůĞĐƚƌŝĐŝƚǇ ĂŶĚ ŝŶ ŵĂŶǇ
ĐŽƵŶƚƌŝĞƐ ƚŚĞƌĞ ĂƌĞ ǀĂƌŝĂďůĞͲƌĂƚĞ ƚĂƌŝĨĨƐ ĂǀĂŝůĂďůĞ͕ ŽĨĨĞƌŝŶŐ ĞůĞĐƚƌŝĐŝƚǇ Ăƚ Ă ůŽǁĞƌ ƉƌŝĐĞ ĚƵƌŝŶŐ ƉĞƌŝŽĚƐ ŽĨ
ůŽǁĞƌ ƵƐĞ ;Ğ͘Ő͘ ŶŝŐŚƚͲƚŝŵĞͿ ďƵƚ ĐŚĂƌŐŝŶŐ ŵŽƌĞ Ăƚ ƉĞĂŬ ƚŝŵĞƐ͘ ůĞĂƌůǇ͕ ƚŚĞ ŵŽƌĞ ůŽǁͲĐŽƐƚ ĞůĞĐƚƌŝĐŝƚǇ ƚŚĂƚ
ĐĂŶ ďĞ ƵƐĞĚ ƚŚĞ ůŽǁĞƌ ƚŚĞ ƌƵŶŶŝŶŐ ĐŽƐƚƐ ǁŝůů ďĞ͘
tŚĞƌĞ ƚŚĞ ZĞŶĞǁĂďůĞ ,ĞĂƚ /ŶĐĞŶƚŝǀĞ Žƌ ĞƋƵŝǀĂůĞŶƚ ĞǆŝƐƚƐ͕ ƚŚŝƐ ǁŝůů ƌĞĚƵĐĞ ƚŚĞ ƉĂǇďĂĐŬ ƚŝŵĞ͘
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>ƵĚŐŽ ĐŚƵƌĐŚ ŝƐ Ă ƐŽůŝĚ ƐƚŽŶĞ ďƵŝůĚŝŶŐ ůŽĐĂƚĞĚ ƐŽŵĞ ϭϬϬŬŵ ƐŽƵƚŚ ŽĨ ^ƚŽĐŬŚŽůŵ ŝŶ ^ǁĞĚĞŶ͘ dŚĞ ŽůĚĞƐƚ
ƉĂƌƚƐ ĚĂƚĞ ĨƌŽŵ ƚŚĞ ϭϮƚŚ ĐĞŶƚƵƌǇ ĂŶĚ ƚŚĞ ĐŚƵƌĐŚ ǁĂƐ ĐŽŵƉůĞƚĞĚ ŝŶ ƚŚĞ ϭϳƚŚ ĐĞŶƚƵƌǇ͖ ŝƚ ŶŽǁ ŚŽƵƐĞƐ Ă
ŶƵŵďĞƌ ŽĨ ǀĂůƵĂďůĞ ĂŶĚ ƐĞŶƐŝƚŝǀĞ Ăƌƚ ŽďũĞĐƚƐ͘ dŚĞ ĐŚƵƌĐŚ ŚĂĚ ďĞĞŶ ŚĞĂƚĞĚ ŝŶƚĞƌŵŝƚƚĞŶƚůǇ ;ƚǇƉŝĐĂůůǇ
ŽŶĐĞ Ă ǁĞĞŬͿ ǁŝƚŚ ĚŝƌĞĐƚ ĞůĞĐƚƌŝĐ ƌĂĚŝĂƚŽƌƐ͕ ŵŽƐƚ ŽĨ ƚŚĞŵ ƉůĂĐĞĚ ƵŶĚĞƌ ƚŚĞ ďĞŶĐŚĞƐ͘ /Ŷ ďĞƚǁĞĞŶ
ƐĞƌǀŝĐĞƐ͕ ƚŚĞ ƚĞŵƉĞƌĂƚƵƌĞ ǁĂƐ ůŽǁĞƌĞĚ ƚŽ ĂďŽƵƚ ϭϮŽ͘
/Ŷ ŽƌĚĞƌ ƚŽ ƌĞĚƵĐĞ ŚĞĂƚŝŶŐ ĐŽƐƚƐ͕ ƚŚĞ ƉĂƌŝƐŚ ǁĂƐ ŬĞĞŶ ƚŽ ŝŶƐƚĂůů ƚǁŽ ĂŝƌͲƚŽͲĂŝƌ ŚĞĂƚ ƉƵŵƉƐ͘ ƚ ƚŚĞ ƚŝŵĞ
;ϮϬϬϴͿ ƚŚŝƐ ǁĂƐ Ă ŶĞǁ ƐŽůƵƚŝŽŶ ŝŶ ^ǁĞĚŝƐŚ ĐŚƵƌĐŚĞƐ͕ ĂŶĚ ƐŽ ŝƚ ǁĂƐ ŵĂĚĞ Ă ƉŝůŽƚ ƉƌŽũĞĐƚ ƚŽ ŝŶǀĞƐƚŝŐĂƚĞ
ƚŚĞ ĞĨĨĞĐƚƐ ĂŶĚ ĞĨĨŝĐŝĞŶĐǇ ŽĨ ĂŝƌͲƚŽͲĂŝƌ ŚĞĂƚ ƉƵŵƉƐ ĨŽƌ ĐŽŶƐĞƌǀĂƚŝŽŶ ŚĞĂƚŝŶŐ ŝŶ ĐŚƵƌĐŚĞƐ͘ dŚĞ
ƐƚĂŬĞŚŽůĚĞƌƐ ǁĞƌĞ ƚŚĞ ůŽĐĂů ƉĂƌŝƐŚ͕ ƚŚĞ ĐŚƵƌĐŚ ŽĨ ^ǁĞĚĞŶ ĂŶĚ ŚĞƌŝƚĂŐĞ ĂƵƚŚŽƌŝƚŝĞƐ͘
ŽƚŚ ŚĞĂƚ ƉƵŵƉƐ ǁĞƌĞ ϲŬt DŝƚƐƵďŝƐŚŝ D&Ͳ<ϯϱs, ŵŽĚĞůƐ͕ ĂŶĚ ǁĞƌĞ ŝŶƐƚĂůůĞĚ ĚŝĂŐŽŶĂůůǇ ŝŶ ƚŚĞ
ŵĂŝŶ ƌŽŽŵ ŽĨ ƚŚĞ ĐŚƵƌĐŚ͘ dŚĞ ǁĂƌŵ Ăŝƌ ĨƌŽŵ ƚŚĞ ŚĞĂƚ ƉƵŵƉƐ ŝƐƐƵĞĚ ĨƌŽŵ ƚǁŽ ƐůŽƚƐ͕ ŽŶĞ ĚŝƌĞĐƚŝŶŐ ƚŚĞ
Ăŝƌ ĂůŽŶŐ ƚŚĞ ĨůŽŽƌ ĂŶĚ ƚŚĞ ŽƚŚĞƌ ƐůŝŐŚƚůǇ ƵƉǁĂƌĚƐ͘ dŚĞ ŚĞĂƚ ƉƵŵƉƐ ǁĞƌĞ ƵƐĞĚ ĨŽƌ ďĂĐŬŐƌŽƵŶĚ ŚĞĂƚŝŶŐ
ŽŶůǇ ʹ ǁŚĞŶ ŚĞĂƚŝŶŐ ƚŚĞ ĐŚƵƌĐŚ ĨŽƌ ƐĞƌǀŝĐĞƐ ƚŚĞ ĞǆŝƐƚŝŶŐ ĞůĞĐƚƌŝĐ ƌĂĚŝĂƚŽƌƐ ǁĞƌĞ ĂůƐŽ ƚƵƌŶĞĚ ŽŶ͘
/ŶĚŽŽƌ ĐůŝŵĂƚĞ ĂŶĚ ĞŶĞƌŐǇ ƵƐĞ ǁĂƐ ŵŽŶŝƚŽƌĞĚ ŽǀĞƌ Ă ƚǁŽͲǇĞĂƌ ƉĞƌŝŽĚ͘ ƵƌŝŶŐ ƚŚĞ ĨŝƌƐƚ ǇĞĂƌ͕ ƚŚĞ ŚĞĂƚ
ƉƵŵƉƐ ǁĞƌĞ ƚĞŵƉĞƌĂƚƵƌĞ ĐŽŶƚƌŽůůĞĚ ƚŽ ĂĐŚŝĞǀĞ Ă ƚĂƌŐĞƚ ƚĞŵƉĞƌĂƚƵƌĞ ŽĨ ϭϮŽ͘ ƵƌŝŶŐ ƚŚĞ ƐĞĐŽŶĚ ǇĞĂƌ
Z, ĐŽŶƚƌŽůůĞĚ ĐŽŶƐĞƌǀĂƚŝŽŶ ǁĂƐ ŝŵƉůĞŵĞŶƚĞĚ͕ ǁŝƚŚ Ă ƚĂƌŐĞƚ ůĞǀĞů ŽĨ ϲϱй͘ KǀĞƌ ƚŚĞ ƚǁŽͲǇĞĂƌ ƉĞƌŝŽĚ͕
ƚŚĞ ŚĞĂƚ ƉƵŵƉƐ ƉƌŽǀŝĚĞĚ Đ͘ϱϬй ŽĨ ƚŚĞ ĞŶƚŝƌĞ ĞŶĞƌŐǇ ĚĞŵĂŶĚ ĨŽƌ ƚŚĞ ĐŚƵƌĐŚ͕ ĚĞůŝǀĞƌŝŶŐ ĂŶ ĞŶĞƌŐǇ
ƐĂǀŝŶŐ ŽĨ ϮϮ͕ϳϬϬŬtŚͬǇĞĂƌ͘ tŝƚŚ ĂŶ ŝŶǀĞƐƚŵĞŶƚ ŽĨ ĂƌŽƵŶĚ ΦϭϬ͕ϬϬϬ ƚŚŝƐ ǁŽƵůĚ ŐŝǀĞ Ă ƉĂǇďĂĐŬ ƚŝŵĞ ŽĨ
ĂƌŽƵŶĚ ϰ ǇĞĂƌƐ͘
ŶŽƚŚĞƌ ŝŶǀĞƐƚŝŐĂƚŝŽŶϭϰ ƐŚŽǁĞĚ ƚŚĂƚ͕ ŝŶ ŐĞŶĞƌĂů͕ ƚŚĞ ŚĞĂƚŝŶŐ ůŽĂĚ ĨŽƌ ĐŽŶƐĞƌǀĂƚŝŽŶ ŚĞĂƚŝŶŐ ŝƐ
ĐŚĂƌĂĐƚĞƌŝƐĞĚ ďǇ ůŽǁ ŝŶĚŽŽƌ ƚĞŵƉĞƌĂƚƵƌĞƐ ĂŶĚ Ă ƌĞůĂƚŝǀĞůǇ ƐƚĂďůĞ ŚĞĂƚŝŶŐ ůŽĂĚ ŽǀĞƌ ƚŚĞ ǁŚŽůĞ ǇĞĂƌ͕
ǁŚŝĐŚ ŝƐ ǀĞƌǇ ǁĞůů ƐƵŝƚĞĚ ƚŽ ŚĞĂƚ ƉƵŵƉƐ͘ dŚĞǇ ĐĂŶ ƚŚĞƌĞĨŽƌĞ ƉƌŽǀŝĚĞ Ă ĐŽƐƚͲĞĨĨĞĐƚŝǀĞ ƐŽůƵƚŝŽŶ ĨŽƌ
ĐŽŶƐĞƌǀĂƚŝŽŶ ŚĞĂƚŝŶŐ͘ ,ĞĂƚ ƉƵŵƉƐ ĚĞƐŝŐŶĞĚ ĂŶĚ ŽƉƚŝŵŝƐĞĚ ĨŽƌ ĐŽŶƐĞƌǀĂƚŝŽŶ ŚĞĂƚŝŶŐ ĐŽƵůĚ
ƐŝŐŶŝĨŝĐĂŶƚůǇ ŝŶĐƌĞĂƐĞ ƉĞƌĨŽƌŵĂŶĐĞ ĐŽŵƉĂƌĞĚ ǁŝƚŚ ƐƚĂŶĚĂƌĚ ŚĞĂƚ ƉƵŵƉƐ͘
dŚĞ Ăŝƌ ŵŽǀĞŵĞŶƚƐ ŝŶ >ƵĚŐŽ ĐŚƵƌĐŚ ǁĞƌĞ ĂůƐŽ ĐĂƌĞĨƵůůǇ ŵĞĂƐƵƌĞĚ͕ ĂŶĚ ŝƚ ǁĂƐ ƐŚŽǁŶ ƚŚĂƚ ĂǁĂǇ ĨƌŽŵ
ƚŚĞ ŚŽƚ Ăŝƌ ĨĂŶƐ͕ Ăŝƌ ŵŽǀĞŵĞŶƚƐ ŝŶ ƚŚĞ ƌŽŽŵ ǁĞƌĞ ĐŽŵƉĂƌĂďůĞ ƚŽ ǁŚĞŶ ƚŚĞ ƌĂĚŝĂƚŽƌƐ ŽŶůǇ ǁĞƌĞ ƵƐĞĚ͘
dŚĞƌĞ ǁĞƌĞ ŶŽ ƐŝŐŶƐ ŽĨ ĂĐĐĞůĞƌĂƚĞĚ ƐŽŝůŝŶŐ ŽŶ ƚŚĞ ǁĂůůƐ͘
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dŚĞ ǀŝƐƵĂů ĂŶĚ ĂĐŽƵƐƚŝĐ ŝŵƉĂĐƚ ŽĨ ƚŚĞ ŚĞĂƚ ƉƵŵƉƐ ŝƐ ĐƌƵĐŝĂů͘ /Ŷ ƚŚĞƐĞ ƌĞƐƉĞĐƚƐ ƚŚĞǇ ǁĞƌĞ ĐŽŶƐŝĚĞƌĞĚ
ĂĐĐĞƉƚĂďůĞ͕ ĂŶĚ ƚŚĞ ŝŶƐƚĂůůĂƚŝŽŶ ǁĂƐ ŵĂĚĞ ƉĞƌŵĂŶĞŶƚ ĂĨƚĞƌ ƚŚĞ ƉŝůŽƚ ƉƌŽũĞĐƚ͘
^ŝŶĐĞ ƚŚĞ ĐŽŵƉůĞƚŝŽŶ ŽĨ ƚŚĞ ƉŝůŽƚ ƉƌŽũĞĐƚ͕ ĂŝƌͲƚŽ Ăŝƌ ŚĞĂƚ ƉƵŵƉƐ ŚĂǀĞ ďĞĐŽŵĞ ĐŽŵŵŽŶ ĨŽƌ ďĂĐŬŐƌŽƵŶĚ
Žƌ ĐŽŶƐĞƌǀĂƚŝŽŶ ŚĞĂƚŝŶŐ ŝŶ ^ǁĞĚŝƐŚ ĐŚƵƌĐŚĞƐ͕ ĚĞŵŽŶƐƚƌĂƚŝŶŐ ƚŚĞ ƐƵĐĐĞƐƐ ŽĨ ƚŚŝƐ ƉƌĂĐƚŝĐĂů ƚĞƐƚ͘
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WŚŽƚŽǀŽůƚĂŝĐ ;WsͿ ĐĞůůƐ ĐŽŶǀĞƌƚ ƐƵŶůŝŐŚƚ ŝŶƚŽ ĞůĞĐƚƌŝĐŝƚǇ͕ ǁŚŝĐŚ ĐĂŶ ďĞ ƵƐĞĚ ƚŽ ƉŽǁĞƌ ůŝŐŚƚŝŶŐ ĂŶĚ
ĂƉƉůŝĂŶĐĞƐ ŝŶ ďƵŝůĚŝŶŐƐ͘ Ws ĐĞůůƐ ĂƌĞ ĐŽŵŵŽŶůǇ ŵĂĚĞ ĨƌŽŵ ƐŝůŝĐŽŶ͕ ĂŶĚ ĂƌĞ ŐƌŽƵƉĞĚ ƚŽŐĞƚŚĞƌ ŝŶƚŽ
ŵŽĚƵůĞƐ ;Ğ͘Ő͘ Ă ƉĂŶĞůͿ ǁŚŝĐŚ ĂƌĞ ƚŚĞŶ ŐƌŽƵƉĞĚ ƚŽŐĞƚŚĞƌ ƚŽ ĨŽƌŵ ĂŶ ĂƌƌĂǇ͘ WĂŶĞůƐ ĂƌĞ ƚŚĞ ŵŽƐƚ
ĐŽŵŵŽŶ ŵŽĚƵůĞ ƚǇƉĞ ĨŽƌ ďƵŝůĚŝŶŐ ƉƵƌƉŽƐĞƐ͕ ĂůƚŚŽƵŐŚ Ws ŵĂǇ ĂůƐŽ ďĞ ŝŶĐŽƌƉŽƌĂƚĞĚ ŝŶƚŽ ƌŽŽĨ ƚŝůĞƐ ĂŶĚ
ŐůĂǌŝŶŐ ;ŝŶ ƚŚĞƐĞ ĨŽƌŵƐ Ws ƚĞŶĚƐ ƚŽ ďĞ ůĞƐƐ ĞĨĨŝĐŝĞŶƚ ƚŚĂŶ ŝŶ ƉĂŶĞů ĨŽƌŵͿ͘ >ŝŐŚƚ ĐĂƵƐĞƐ Ws ĐĞůůƐ ƚŽ
ŐĞŶĞƌĂƚĞ ĞůĞĐƚƌŝĐŝƚǇ͕ ƐŽ ŵŽƌĞ ůŝŐŚƚ ĞƋƵĂůƐ ŵŽƌĞ ĞůĞĐƚƌŝĐŝƚǇ͘ ŝƌĞĐƚ ƐƵŶůŝŐŚƚ ŝƐ ďĞƐƚ ĂůƚŚŽƵŐŚ ƐŽŵĞ
ĞůĞĐƚƌŝĐŝƚǇ ŵĂǇ Ɛƚŝůů ďĞ ŐĞŶĞƌĂƚĞĚ ŝŶ ĚŝĨĨƵƐĞ ;ŝ͘Ğ͘ ĐůŽƵĚǇͿ ĐŽŶĚŝƚŝŽŶƐ͕ ĂŶĚ ŝŶ ŵŽƌĞ EŽƌƚŚĞƌŶ ĐŽƵŶƚƌŝĞƐ Ws
ƐǇƐƚĞŵƐ ŝŶĞǀŝƚĂďůǇ ƉƌŽĚƵĐĞ ŵŽƐƚ ĞůĞĐƚƌŝĐŝƚǇ ŝŶ ƐƵŵŵĞƌ ŵŽŶƚŚƐ͘ Ws ŐĞŶĞƌĂƚĞƐ ĚŝƌĞĐƚ ĐƵƌƌĞŶƚ ;Ϳ
ĞůĞĐƚƌŝĐŝƚǇ͕ ǁŚŝĐŚ ĂŶ ŝŶǀĞƌƚĞƌ ĐŽŶǀĞƌƚƐ ƚŽ ĂůƚĞƌŶĂƚŝŶŐ ĐƵƌƌĞŶƚ Ϳ ĨŽƌ ƵƐĞ ŝŶ ďƵŝůĚŝŶŐƐ͘ dŚĞƌĞ ĂƌĞ
ĚŝĨĨĞƌĞŶƚ ƚǇƉĞƐ ŽĨ Ws͕ ŝŶĐůƵĚŝŶŐ ĨůĞǆŝďůĞ ĂŶĚ ŚǇďƌŝĚ ƐǇƐƚĞŵƐ͕ ĂŶĚ ƚŚĞƐĞ ǀĂƌǇ ŝŶ ƉƌŝĐĞ ĂŶĚ ĞĨĨŝĐŝĞŶĐǇ͘ /Ŷ
ƚĞƌŵƐ ŽĨ ƐŝǌĞ ĂŶĚ ŽƵƚƉƵƚ͕ Ă ƚǇƉŝĐĂů ĚŽŵĞƐƚŝĐͲƐĐĂůĞ ĂƌƌĂǇ ŵĂǇ ďĞ ϰŬtƉ ;͚ŬŝůŽǁĂƚƚ ƉĞĂŬ͛ ʹ ƚŚĞ ŵĂǆŝŵƵŵ
ƉŽǁĞƌ ŽƵƚƉƵƚ ƵŶĚĞƌ ŽƉƚŝŵƵŵ ĐŽŶĚŝƚŝŽŶƐ Ăƚ ĂŶǇ ŽŶĞ ŵŽŵĞŶƚ ŝŶ ƚŝŵĞ͖ ƚŚĞ ƵƐƵĂů ƉŽǁĞƌ ŽƵƚƉƵƚ ǁŝůů ďĞ
ůŽǁĞƌ ƚŚĂŶ ƚŚŝƐͿ ǁŚŝĐŚ ǁŽƵůĚ ĐƵƌƌĞŶƚůǇ ƌĞƋƵŝƌĞ Đ͘ϭϲŵϮ ŽĨ ƐƉĂĐĞ ;ƐŝǌĞ ƌĞƋƵŝƌĞŵĞŶƚƐ ŚĂǀĞ ƌĞĚƵĐĞĚ
ĐŽŶƐŝĚĞƌĂďůǇ ŝŶ ƌĞĐĞŶƚ ǇĞĂƌƐ ĂƐ ƚŚĞ ƚĞĐŚŶŽůŽŐǇ ĂĚǀĂŶĐĞƐͿ͘ dǇƉŝĐĂů Ws ĞĨĨŝĐŝĞŶĐǇ ŝƐ ƌĞůĂƚŝǀĞůǇ ůŽǁ Ăƚ
ƉĞƌŚĂƉƐ ƐŽŵĞǁŚĞƌĞ ŽǀĞƌ ϭϱй͕ ŚŽǁĞǀĞƌ ƚŚŝƐ ĚĞƉĞŶĚƐ ŽŶ ƚŚĞ ƚǇƉĞ ŽĨ Ws ĂŶĚ ĞĨĨŝĐŝĞŶĐŝĞƐ ĂƌĞ ŝŶĐƌĞĂƐŝŶŐ
ŽǀĞƌ ƚŝŵĞ͘
Ws ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚ ĂŶĚ ƉƌĞĚŝĐƚĂďůĞ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƚĞĐŚŶŽůŽŐǇ͘ WƌĞĚŝĐƚŝŶŐ ĂŶ ĂƌƌĂǇ͛Ɛ
ŽƵƚƉƵƚ ŝƐ ƐŝŵƉůĞ ĂŶĚ ƵƐƵĂůůǇ ĂĐŚŝĞǀĞĚ ŝŶ ƉƌĂĐƚŝĐĞ ;ĂŶĚ ĐĂŶ ďĞ ĞǆĐĞĞĚĞĚͿ͕ ĂŶĚ ŝƚƐ ĚĞŐƌĂĚĂƚŝŽŶ ŽǀĞƌ
ƚŝŵĞ ŝƐ ƌĞůĂƚŝǀĞůǇ ůŽǁ ʹ ĂĨƚĞƌ ϮϬ ǇĞĂƌƐ Ă Ws ƐǇƐƚĞŵ ƐŚŽƵůĚ Ɛƚŝůů ďĞ ƉĞƌĨŽƌŵŝŶŐ Ăƚ Đ͘ϴϬй ŽƌŝŐŝŶĂů ĐĂƉĂĐŝƚǇ͘
/ƚƐ ƉĞƌĨŽƌŵĂŶĐĞ ŝƐ ůŽĐĂƚŝŽŶͲĚĞƉĞŶĚĞŶƚ͕ ǁŝƚŚ ƐƵŶŶŝĞƌ ƌĞŐŝŽŶƐ ƉƌŽǀŝĚŝŶŐ ŐƌĞĂƚĞƌ ŽƵƚƉƵƚƐ͘ ĐƌŽƐƐ
ƵƌŽƉĞ͕ ĨŽƌ ĞǆĂŵƉůĞ͕ ŝŶ ŽŶĞ ǇĞĂƌ Ă ǁĞůůͲŽƌŝĞŶƚĂƚĞĚ ϰŬtƉ ĂƌƌĂǇ ŵĂǇ ŐĞŶĞƌĂƚĞ Ϯ͕ϵϬϬ ŬtŚ ŝŶ ^ƚƌŽŵŶĞƐƐ
;^ĐŽƚůĂŶĚͿ͕ ϰ͕ϬϬϬ ŬtŚ ŝŶ sŝƐďǇ ;^ǁĞĚĞŶͿ͕ ϱ͕ϬϳϬ ŬtŚ ŝŶ DŽƐƚĂƌ ;ŽƐŶŝĂ Θ ,ĞƌǌĞŐŽǀŝŶĂͿ ĂŶĚ ϲ͕ϯϱϬ ŬtŚ
ŝŶ ^ĞǀŝůůĂ ;^ƉĂŝŶͿϭϱ͘ /ƚ ŝƐ ƉŽƐƐŝďůĞ ƚŽ ĞŶŚĂŶĐĞ ƉĞƌĨŽƌŵĂŶĐĞ ďǇ ŝŶĐŽƌƉŽƌĂƚŝŶŐ Ă ƚƌĂĐŬŝŶŐ ƐǇƐƚĞŵ ďƵƚ ƚŚŝƐ ŝƐ
ƌĞůĂƚŝǀĞůǇ ƵŶĐŽŵŵŽŶ ĂŶĚ ďĞƐƚ ƐƵŝƚĞĚ ƚŽ ůĂƌŐĞƌ ŝŶƐƚĂůůĂƚŝŽŶƐ ǁŚĞƌĞ ƚŚĞ ĂĚĚĞĚ ĐŽƐƚ ŝƐ ƉƌŽƉŽƌƚŝŽŶĂůůǇ
ƐŵĂůůĞƌ͘
Ws ŚĂƐ ŶŽ ĐĂƉĂĐŝƚǇ ƚŽ ƐƚŽƌĞ ĞůĞĐƚƌŝĐŝƚǇ͗ ŝĨ ƚŚĞ ĨƌĞĞ ĞůĞĐƚƌŝĐŝƚǇ ŝƐ ŶŽƚ ƵƐĞĚ ĂƐ ŝƚ ŝƐ ŐĞŶĞƌĂƚĞĚ ŝƚ ŝƐ
ĞĨĨĞĐƚŝǀĞůǇ ůŽƐƚ ƚŽ ƚŚĞ ĞŶĚ ƵƐĞƌ͘ /ƚ ŝƐ ƉŽƐƐŝďůĞ ƚŽ ĂĚĚ ƐƚŽƌĂŐĞ͕ ƵƐƵĂůůǇ ŝŶ ƚŚĞ ĨŽƌŵ ŽĨ Ă ďĂƚƚĞƌǇ ďĂŶŬ͕ ďƵƚ
ƚŚĞƐĞ ĂƌĞ ƌĞůĂƚŝǀĞůǇ ŝŶĞĨĨŝĐŝĞŶƚ ĂŶĚ ďǇ ĨĂƌ ƚŚĞ ŵŽƐƚ ĐŽŵŵŽŶ ŵĞƚŚŽĚ ŽĨ ƵƚŝůŝƐŝŶŐ ƚŚĞ ƵŶƵƐĞĚ ĞůĞĐƚƌŝĐŝƚǇ
ŝƐ ƚŽ ĚŝǀĞƌƚ ŝƚ ŝŶƚŽ ƚŚĞ ŶĂƚŝŽŶĂů ŐƌŝĚ͘ dŚŝƐ ŵĂǇ ƚŚĞŶ ďĞ ďŽƵŐŚƚ ďĂĐŬ ĨƌŽŵ ƚŚĞ ŐƌŝĚ ǁŚĞŶ ŝƚ ŝƐ ŶĞĞĚĞĚ͕
ŚŽǁĞǀĞƌ ƚŚŝƐ ǁŝůů ƵƐƵĂůůǇ ďĞ Ăƚ ƐƚĂŶĚĂƌĚ ƌĂƚĞ ĂŶĚ ƐŽ ƚŚĞ ĨŝŶĂŶĐŝĂů ďĞŶĞĨŝƚƐ ĂƌĞ ĐŽŶƐŝĚĞƌĂďůǇ ƌĞĚƵĐĞĚ͘
dŚĞƌĞĨŽƌĞ͕ ŝŶ ŽƌĚĞƌ ƚŽ ŵĂǆŝŵŝƐĞ ƚŚĞ ĨŝŶĂŶĐŝĂů ŐĂŝŶƐ ĨƌŽŵ Ă Ws ĂƌƌĂǇ ĂƐ ŵƵĐŚ ƌĞĂůͲƚŝŵĞ ĞůĞĐƚƌŝĐŝƚǇ ŵƵƐƚ
ďĞ ƵƐĞĚ ŽŶ ƐŝƚĞ ĂƐ ƉŽƐƐŝďůĞ͘ dŚŝƐ ĞĨĨĞĐƚŝǀĞůǇ ŵĞĂŶƐ ĚĂǇƚŝŵĞ ĞůĞĐƚƌŝĐŝƚǇ ƵƐĂŐĞ͕ ŵĂŬŝŶŐ Ws ƉĂƌƚŝĐƵůĂƌůǇ
ǁĞůů ƐƵŝƚĞĚ ƚŽ ďƵŝůĚŝŶŐƐ ƚŚĂƚ ƵƐĞ ĞůĞĐƚƌŝĐŝƚǇ ĚƵƌŝŶŐ ƚŚĞ ĚĂǇ ;Ğ͘Ő͘ ďƵƐŝŶĞƐƐĞƐ͕ ƉƵďůŝĐ ďƵŝůĚŝŶŐƐ͕ ĚŽŵĞƐƚŝĐ
ďƵŝůĚŝŶŐƐ ǁŝƚŚ ĚĂǇƚŝŵĞ ŽĐĐƵƉĂŶĐǇ ƚŚƌŽƵŐŚ ŚŽŵĞͲǁŽƌŬŝŶŐ ͬ ƌĞƚŝƌĞŵĞŶƚ ͬ ƐŚĞůƚĞƌĞĚ ŚŽƵƐŝŶŐ ĞƚĐ͘Ϳ͘
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Ws ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ƐŝŵƉůĞ ƚĞĐŚŶŽůŽŐǇ ƚŚĂƚ ŝƐ ƋƵŝĐŬ ƚŽ ŝŶƐƚĂůů͕ ƵƐƵĂůůǇ ŝŶǀŽůǀĞƐ ůŝƚƚůĞ ŝŶƚĞƌĨĞƌĞŶĐĞ ǁŝƚŚ
ďƵŝůĚŝŶŐ ĨĂďƌŝĐ ĂŶĚ ŝƐ ĞĂƐŝůǇ ƌĞǀĞƌƐŝďůĞ͕ ǁŚŝĐŚ ĐĂŶ ŵĂŬĞ ŝƚ ŽŶĞ ŽĨ ƚŚĞ ŵŽƌĞ ƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚ ƌĞŶĞǁĂďůĞ

ϭϱ

ŚƚƚƉ͗ͬͬƌĞ͘ũƌĐ͘ĞĐ͘ĞƵƌŽƉĂ͘ĞƵͬƉǀŐŝƐͬĂƉƉƐϰͬƉǀĞƐƚ͘ƉŚƉ;ĞĐĞŵďĞƌϮϬϭϯͿ

WĂŐĞͮϮϲ




ŽƉƚŝŽŶƐ ĨŽƌ ŵĂŶǇ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ /ƚƐ ͚ǁĞĂŬ ƉŽŝŶƚ͛ ŝŶ ƚĞƌŵƐ ŽĨ ŚĞƌŝƚĂŐĞ ƉƌŽƉĞƌƚŝĞƐ ŝƐ ŝƚƐ ǀŝƐƵĂů ŝŵƉĂĐƚ͕
ĂůƚŚŽƵŐŚ ƐƚĞƉƐ ŵĂǇ ŽĨƚĞŶ ďĞ ƚĂŬĞŶ ƚŽ ŵŝŶŝŵŝƐĞ ƚŚŝƐ ĂŶĚ ŝƚ ƐŚŽƵůĚ ĂůƐŽ ďĞ ŶŽƚĞĚ ƚŚĂƚ ƉŽƐŝƚŝǀĞͬŶĞŐĂƚŝǀĞ
ƉĞƌĐĞƉƚŝŽŶƐ ŽĨ ƚŚŝƐ ŝŵƉĂĐƚ ǀĂƌǇ ďĞƚǁĞĞŶ ŵƵŶŝĐŝƉĂůŝƚŝĞƐ͕ ĐŽŶƐĞƌǀĂƚŝŽŶ ďŽĚŝĞƐ ĂŶĚ ŝŶĚŝǀŝĚƵĂůƐ͘
/Ŷ ĐŽƵŶƚƌŝĞƐ ǁŚĞƌĞ ǁŝŶƚĞƌ ĚĂǇƐ ĂƌĞ ƐŚŽƌƚ ĂŶĚ ĐŽůĚ͕ Ws ĚŽĞƐ ŶŽƚ ƉƌŽǀŝĚĞ Ă ŐŽŽĚ ŵĂƚĐŚ ǁŝƚŚ ŚĞĂƚŝŶŐ
ŶĞĞĚƐ͘ ,ŽǁĞǀĞƌ͕ ŝŶ ďƵŝůĚŝŶŐƐ ǁŚĞƌĞ ĐŽŶƐƚĂŶƚ ŚĞĂƚŝŶŐ ͬ ĐŽŽůŝŶŐ ůĞǀĞůƐ ĂƌĞ ƌĞƋƵŝƌĞĚ ǇĞĂƌͲƌŽƵŶĚ ;Ğ͘Ő͘
ŵƵƐĞƵŵƐ ͬ Ăƌƚ ŐĂůůĞƌŝĞƐ ĞƚĐ͕͘ ǁŚĞƌĞ ĨƵƌŶŝƚƵƌĞ Žƌ ĐŽŶƚĞŶƚƐ ŵƵƐƚ ďĞ ŬĞƉƚ Ăƚ ƐƚĞĂĚǇ ƚĞŵƉĞƌĂƚƵƌĞƐͿ Ws
ŵĂǇ ƉƌŽǀŝĚĞ Ă ƵƐĞĨƵů ĐŽŶƚƌŝďƵƚŝŽŶ ƚŽ ĞůĞĐƚƌŝĐ ŚĞĂƚŝŶŐ ͬ ĐŽŽůŝŶŐ ƐǇƐƚĞŵƐ ĚƵƌŝŶŐ ƚŚĞ ƐƵŵŵĞƌ ŵŽŶƚŚƐ͘
ZŽŽĨ ŵŽƵŶƚŝŶŐ ŝƐ ƚŚĞ ŵŽƐƚ ĐŽŵŵŽŶ ŝŶƐƚĂůůĂƚŝŽŶ ŵĞƚŚŽĚ ĨŽƌ Ws ;ĂůƚŚŽƵŐŚ ƚŚĂƚĐŚĞĚ ƌŽŽĨƐ ĂƌĞ
ƵŶƐƵŝƚĂďůĞ ĨŽƌ Ws ƉĂŶĞůƐͿ͘ ůƚŚŽƵŐŚ Ws ƉĂŶĞůƐ ĚŽ ŶŽƚ ǁĞŝŐŚ Ă ŐƌĞĂƚ ĚĞĂů͕ ƐƚƌƵĐƚƵƌĂů ĐŚĞĐŬƐ ƐŚŽƵůĚ
ĂůǁĂǇƐ ďĞ ĐĂƌƌŝĞĚ ŽƵƚ ƚŽ ĞŶƐƵƌĞ ŽůĚĞƌ ƌŽŽĨƐ ĂƌĞ ĂďůĞ ƚŽ ƚĂŬĞ ƚŚĞ ǁĞŝŐŚƚ ŽĨ ĂŶ ĂƌƌĂǇ͘ /Ŷ ƐŽŵĞ ŝŶƐƚĂŶĐĞƐ
ƐƚƌĞŶŐƚŚĞŶŝŶŐ ŵĂǇ ďĞ ƌĞƋƵŝƌĞĚ͕ ďƵƚ ƚŚŝƐ ŝƐ ŶŽƚ ĐŽŵŵŽŶ͘
>ĞĂĚ ƌŽŽĨƐ ĂƌĞ ĐŽŵŵŽŶ ŽŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ƉĂƌƚŝĐƵůĂƌůǇ ĨŽƌ ĨůĂƚ ƌŽŽĨ ĂƌĞĂƐ͘ ^ƉĞĐŝĂůŝƐƚƐ ƐŚŽƵůĚ ďĞ
ĐŽŶƐƵůƚĞĚ ŝĨ ŝŶƐƚĂůůŝŶŐ Ws ŽŶ ƐƵĐŚ ƌŽŽĨƐ ƚŽ ĞŶƐƵƌĞ ƚŚĞ ƉĂŶĞů ĨŝǆŝŶŐƐ ĂŶĚ ĐĂďůŝŶŐ ǁŝůů ŶŽƚ ĂĚǀĞƌƐĞůǇ ĂĨĨĞĐƚ
ƚŚĞ ůĞĂĚ ĂƐ ŝƚ ĞǆƉĂŶĚƐ ĂŶĚ ĐŽŶƚƌĂĐƚƐ ŽǀĞƌ ƚŝŵĞ͘ &Žƌ Ăůů ƌŽŽĨ ƚǇƉĞƐ ŝƚ ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ĞŶƐƵƌĞ
ǁĞĂƚŚĞƌƉƌŽŽĨŝŶŐ ŝƐ ŵĂŝŶƚĂŝŶĞĚ ǁŚĞƌĞǀĞƌ ĨŝǆŝŶŐƐ Žƌ ĐĂďůĞƐ ƉĂƐƐ ƚŚƌŽƵŐŚ ƚŚĞ ƌŽŽĨ͘
DĂŶǇ ŽůĚĞƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŚĂǀĞ ƚĂůů ĐŚŝŵŶĞǇ ƐƚĂĐŬƐ ǁŚŝĐŚ ĐĂŶ ŽǀĞƌƐŚĂĚŽǁ Ă ůĂƌŐĞ ƉƌŽƉŽƌƚŝŽŶ ŽĨ
ƚŚĞ ƌŽŽĨ ĂƌĞĂ ŽǀĞƌ ƚŚĞ ĐŽƵƌƐĞ ŽĨ Ă ĚĂǇ͕ ŵĂŬŝŶŐ Ws ŵŽƌĞ ĐŚĂůůĞŶŐŝŶŐ͘ Ɛ ŵŽĚƵůĞƐ ĂƌĞ ŐĞŶĞƌĂůůǇ
ĐŽŶŶĞĐƚĞĚ ƚŽ ĨŽƌŵ Ă ƐŝŶŐůĞ ĂƌƌĂǇ͕ ŽǀĞƌƐŚĂĚŽǁŝŶŐ ŽĨ ĞǀĞŶ Ă ƐŵĂůů ĂƌĞĂ ǁŝůů ĐŽŶƐŝĚĞƌĂďůǇ ĂĨĨĞĐƚ ƚŚĞ
ƉĞƌĨŽƌŵĂŶĐĞ ŽĨ ƚŚĞ ĞŶƚŝƌĞ ĂƌƌĂǇ͘ ǀŽŝĚŝŶŐ ŽǀĞƌƐŚĂĚŽǁĞĚ ĂƌĞĂƐ ŝƐ ƚŚĞ ďĞƐƚ ƐŽůƵƚŝŽŶ͕ ďƵƚ ŽƚŚĞƌ ŽƉƚŝŽŶƐ
ĞǆŝƐƚ ƐƵĐŚ ĂƐ ŝŶƐƚĂůůŝŶŐ ŵƵůƚŝƉůĞ ĂƌƌĂǇƐ Žƌ ƵƐŝŶŐ ŝŶĚŝǀŝĚƵĂů ŵŝĐƌŽͲŝŶǀĞƌƚĞƌƐ ŽŶ ĞĂĐŚ ƉĂŶĞů ƌĂƚŚĞƌ ƚŚĂŶ Ă
ƐŝŶŐůĞ ĐŽŵŵƵŶĂů ŝŶǀĞƌƚĞƌ͘ ^ƵĐŚ ŽƉƚŝŽŶƐ ǁŽƵůĚ ĂĚĚ ƚŽ ƚŚĞ ĐŽƐƚ ĂŶĚ ĐŽŵƉůĞǆŝƚǇ ŽĨ Ă ƉƌŽũĞĐƚ͘
KůĚ ƌŽŽĨ ƐƉĂĐĞƐ ĐĂŶ ŚŽƵƐĞ ƉƌŽƚĞĐƚĞĚ ǁŝůĚůŝĨĞ ƐƵĐŚ ĂƐ ďŝƌĚƐ Žƌ ďĂƚƐ͘ /Ĩ ƚŚĞƐĞ ĂƌĞ ƉƌĞƐĞŶƚ ĂĚǀŝĐĞ ƐŚŽƵůĚ
ďĞ ƐŽƵŐŚƚ ĂŶĚ ŝŶƐƚĂůůĂƚŝŽŶ ŵĂǇ ŽŶůǇ ďĞ ƉŽƐƐŝďůĞ Ăƚ ĐĞƌƚĂŝŶ ƚŝŵĞƐ ŽĨ ǇĞĂƌ ƚŽ ĂǀŽŝĚ ĚŝƐƌƵƉƚŝŶŐ ƚŚĞŵ͘
ƚƚĞŵƉƚƐ ĂƌĞ ŽĨƚĞŶ ŵĂĚĞ ƚŽ ŵŝŶŝŵŝƐĞ ƚŚĞ
ǀŝƐƵĂů ŝŵƉĂĐƚ ŽĨ ƐŽůĂƌ ƉĂŶĞůƐ ďǇ ƐŝƚŝŶŐ ƚŚĞŵ ŝŶ
͚ŚŝĚĚĞŶ͛ ƌŽŽĨ ǀĂůůĞǇƐ Žƌ ŽƚŚĞƌ ĐŽŵƉůĞǆ ƌŽŽĨ
ĐŽŶĨŝŐƵƌĂƚŝŽŶƐ ŵŽƌĞ ĐŽŵŵŽŶ ŽŶ ŽůĚĞƌ
ďƵŝůĚŝŶŐƐ͘ /Ŷ ƐƵĐŚ ƐŝƚƵĂƚŝŽŶƐ ĐŚĞĐŬƐ ƐŚŽƵůĚ ďĞ
ŵĂĚĞ ƚŽ ĞŶƐƵƌĞ ƉĂŶĞůƐ ŝŶ ƚŚĞƐĞ ĂƌĞĂƐ ǁŝůů
ƌĞĐĞŝǀĞ ĂĚĞƋƵĂƚĞ ǀĞŶƚŝůĂƚŝŽŶ ʹ ŝĨ ƚŚĞǇ ĂƌĞ ƚŽŽ
ƐŚĞůƚĞƌĞĚ ĂŶĚ ƚŚĞŝƌ ƚĞŵƉĞƌĂƚƵƌĞ ƌŝƐĞƐ ďĞǇŽŶĚ
Đ͘ϮϱŽ ƚŚĞŝƌ ƉĞƌĨŽƌŵĂŶĐĞ ŝƐ ůŝŬĞůǇ ƚŽ ƌĞĚƵĐĞ͘
WĂŶĞůƐ ŵĂǇ ĂůƐŽ ďĞ ƐƵĐĐĞƐƐĨƵůůǇ ŚŝĚĚĞŶ ďĞŚŝŶĚ
ƉĂƌĂƉĞƚƐ ŽŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ĂƐ ŝŶ ƚŚĞ ĐĂƐĞ
ŽĨ ,Z, ƚŚĞ WƌŝŶĐĞ ŽĨ tĂůĞƐ͛ ƌĞƐŝĚĞŶĐĞ͕ ůĂƌĞŶĐĞ ,ŽƵƐĞ ;h< ʹ ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ͘
ƌƌĂǇƐ ŵĂǇ ďĞ ƐƉůŝƚ ǁŚŝĐŚ ĞĨĨĞĐƚŝǀĞůǇ ĐƌĞĂƚĞƐ ƚǁŽ ƐĞƉĂƌĂƚĞ ĂƌƌĂǇƐ͖ ƚŚŝƐ ŵĂǇ ďĞ ƐƵŝƚĂďůĞ ĨŽƌ Ğ͘Ő͘ ĂƐƚͲ
tĞƐƚ ƌŽŽĨ ƉŝƚĐŚĞƐ Žƌ ǁŚĞƌĞ ƚŚĞ ^ŽƵƚŚͲĨĂĐŝŶŐ ƌŽŽĨ ĂƌĞĂ ŝƐ ĚĞĞŵĞĚ ƚŽŽ ǀŝƐŝďůĞ͕ ďƵƚ ĐŽƐƚƐ ǁŝůů ƌŝƐĞ ĨŽƌ ƚŚĞ
ĂĚĚĞĚ ǁŽƌŬ ĂŶĚ ĞůĞĐƚƌŝĐĂů ĐŽŵƉŽŶĞŶƚƐ ƌĞƋƵŝƌĞĚ͘
tŚŝůĞ ƉĂŶĞůƐ ĂƌĞ ĐŽŵŵŽŶůǇ ƉůĂĐĞĚ ŽŶ ƚŽƉ ŽĨ ƌŽŽĨƐ͕ ƚŚĞǇ ŵĂǇ ĂůƐŽ ďĞ ƌĞĐĞƐƐĞĚ ƚŽ ŵŝŵŝĐ ƌŽŽĨͲůŝŐŚƚ
ǁŝŶĚŽǁƐ͘ dŚŝƐ ĐĂŶ ŵĂŬĞ ƚŚĞŵ ŵŽƌĞ ĚŝƐĐƌĞĞƚ ďƵƚ ŝƐ ůŝŬĞůǇ ƚŽ ŝŶǀŽůǀĞ ƐŽŵĞ ůŽƐƐ ŽĨ ŽƌŝŐŝŶĂů ĨĂďƌŝĐ
WĂŐĞͮϮϳ




;ĂůƚŚŽƵŐŚ ƚŚŝƐ ŵĂǇ ďĞ ƚĞŵƉŽƌĂƌǇ ŽŶůǇ͕ ĂƐ ŽƌŝŐŝŶĂů ƐůĂƚĞƐͬƚŝůĞƐ ŵĂǇ ďĞ ƐƚŽƌĞĚ ĂŶĚ ƌĞŝŶƐƚĂƚĞĚ ǁŚĞŶ ƚŚĞ
Ws ƉĂŶĞůƐ ĂƌĞ ƌĞŵŽǀĞĚͿ͘
Ws ƚŝůĞƐ ĐĂŶ ďĞ ĐŽƐƚͲĞĨĨĞĐƚŝǀĞ ĂƐ ƚŚĞǇ ĂĐƚ ĂƐ Ă ƌŽŽĨ ĐŽǀĞƌŝŶŐ ĂƐ ǁĞůů
ĂƐ ĂŶ ĞůĞĐƚƌŝĐŝƚǇ ŐĞŶĞƌĂƚŽƌ͕ ŚŽǁĞǀĞƌ ƚŚĞŝƌ ĞĨĨŝĐŝĞŶĐǇ ƚĞŶĚƐ ƚŽ ďĞ
ůŽǁĞƌ ĂŶĚ ƚŚĞǇ ŐĞŶĞƌĂůůǇ ŚĂǀĞ Ă ĚŝĨĨĞƌĞŶƚ ĂƉƉĞĂƌĂŶĐĞ ƚŽ ƚŚĂƚ ŽĨ
ŽůĚĞƌ ƚŝůĞƐ Žƌ ƐůĂƚĞƐ ;ĂůƚŚŽƵŐŚ ƚŚĞǇ ĐĂŶ ĐƌĞĂƚĞ Ă ŵŽƌĞ ƵŶŝĨŽƌŵ ĂŶĚ
ƚŚĞƌĞĨŽƌĞ ůĞƐƐ ŝŶƚƌƵƐŝǀĞ ĂƉƉĞĂƌĂŶĐĞ ƚŚĂŶ ƉĂŶĞůƐͿ͘ ^ŽŵĞ ƉƌŽĚƵĐƚƐ
ŵŝŵŝĐ ŽůĚĞƌ ƌŽŽĨ ƐůĂƚĞƐ ĂŶĚ ŚĂǀĞ ďĞĞŶ ƐƵĐĐĞƐƐĨƵůůǇ ŝŶƐƚĂůůĞĚ ŽŶ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐϭϲ͘
DĂŶǇ ĚŽŵĞƐƚŝĐ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŵĂǇ ŚĂǀĞ ƐŚĂƌĞĚͲŽǁŶĞƌƐŚŝƉ ƌŽŽĨƐ ;Ğ͘Ő͘ ƚĞŶĞŵĞŶƚƐ͕ ůĂƌŐĞ ŚŽƵƐĞƐ
ƚŚĂƚ ŚĂǀĞ ďĞĞŶ ĚŝǀŝĚĞĚ ŝŶƚŽ ĨůĂƚƐͿ͘ ZŽŽĨͲŵŽƵŶƚĞĚ ĂƌƌĂǇƐ ĂƌĞ ŵŽƌĞ ĐŽŵƉůŝĐĂƚĞĚ ŽŶ ƐƵĐŚ ďƵŝůĚŝŶŐƐ͕ ĂƐ
ŵĂŶǇ ĐŽŶƐĞŶƚƐ ĂŶĚ ůĞŐĂů ĂŐƌĞĞŵĞŶƚƐ ǁŝůů ďĞ ƌĞƋƵŝƌĞĚ ŝŶ ƚĞƌŵƐ ŽĨ ŽǁŶĞƌƐŚŝƉ͕ ŵĂŝŶƚĞŶĂŶĐĞ͕ ůŝĂďŝůŝƚǇ
ĂŶĚ ƐŽ ŽŶ͘
KůĚĞƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŵĂǇ ĂůƐŽ ŚĂǀĞ ƌŽŽĨͲĂĐĐĞƐƐ ŝƐƐƵĞƐ ;Ğ͘Ő͘ ƐŵĂůů ůŽĨƚ ŚĂƚĐŚĞƐ ƚŽŽ ƐŵĂůů ĨŽƌ Ws
ƉĂŶĞůƐ ƚŽ Ĩŝƚ ƚŚƌŽƵŐŚ͕ ƌĞƐƚƌŝĐƚĞĚ ĂƚƚŝĐ ƐƉĂĐĞƐ ŵĂŬŝŶŐ ĐĂďůŝŶŐ ǁŽƌŬ ŚĂƌĚĞƌͿ͘ /Ŷ ƐƵĐŚ ĐĂƐĞƐ ĂĚĚŝƚŝŽŶĂů
ĂĐĐĞƐƐ ŚĂƚĐŚĞƐ ŵĂǇ ŶĞĞĚ ƚŽ ďĞ ĐƌĞĂƚĞĚ ĂŶĚͬŽƌ ĐƌĂŶĞƐ ŵĂǇ ďĞ ƌĞƋƵŝƌĞĚ ƚŽ ůŝĨƚ ƚŚĞ ƉĂŶĞůƐ ŽŶƚŽ ƚŚĞ
ƌŽŽĨ͘ ,ĞĂůƚŚ ĂŶĚ ƐĂĨĞƚǇ ŵƵƐƚ ĂůƐŽ ďĞ ĐĂƌĞĨƵůůǇ ĐŽŶƐŝĚĞƌĞĚ ǁŚĞƌĞ ĂĐĐĞƐƐŝŶŐ ƚŚĞ ƌŽŽĨ ƐƉĂĐĞ ǀŝĂ Ă ŚĂƚĐŚ
ŝŶ Ă ŚŝŐŚ ƐƚĂŝƌǁĞůů ;Ğ͘Ő͘ ƚĞŶĞŵĞŶƚ ďƵŝůĚŝŶŐͿ͘
ŝĨĨĞƌĞŶƚ ůŽĐĂƚŝŽŶƐ ŵĂǇ ĂůƐŽ ĂĨĨĞĐƚ ƚŚĞ ĚĞƐŝƌĞĚ ƉĂŶĞů
ĂŶŐůĞ͘ /Ŷ ŵŽƐƚ ƐŝƚƵĂƚŝŽŶƐ ƉĂŶĞůƐ ĂƌĞ ĂŶŐůĞĚ Ăƚ Đ͘ϯϬͲϰϬŽ͕
ďƵƚ ƐŚĂůůŽǁĞƌ ĂŶŐůĞƐ ǁŝůů ŚĂƌǀĞƐƚ ŵŽƐƚ ůŝŐŚƚ ĨƌŽŵ ŚŝŐŚ
;ƐƵŵŵĞƌͿ ƐƵŶ ǁŚŝůĞ ƐƚĞĞƉĞƌ ĂŶŐůĞƐ ǁŝůů ďĞŶĞĨŝƚ ŵŽƌĞ
ĨƌŽŵ ůŽǁĞƌ ;ǁŝŶƚĞƌͿ ƐƵŶ͘ dŚŝƐ ŵĂǇ ďĞ Ă ĐŽŶƐŝĚĞƌĂƚŝŽŶ ŝŶ
ƐƉĞĐŝĨŝĐ ƐŝƚƵĂƚŝŽŶƐ ǁŚĞƌĞ ŚŽƌŝǌŽŶƚĂů ;Ğ͘Ő͘ ƵŶƐƚĞƌ ĂƐƚůĞ͕
h<͕ ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ Žƌ ǀĞƌƚŝĐĂů ;Ğ͘Ő͘ ǁĂůůͲŵŽƵŶƚĞĚͿ
ƉĂŶĞůƐ ĂƌĞ ƚŚĞ ŽŶůǇ ŽƉƚŝŽŶƐ ĂǀĂŝůĂďůĞϭϳ͕ ĂůƚŚŽƵŐŚ ƚŚĞ
ĚƌŽƉͲŽĨĨ ŝŶ ĂŶŶƵĂů ƉĞƌĨŽƌŵĂŶĐĞ ƐŚŽƵůĚ ďĞ ĐĂƌĞĨƵůůǇ
ĐŽŶƐŝĚĞƌĞĚ͘
tŚĞƌĞ ƚŚĞƌĞ ŝƐ ƐƵĨĨŝĐŝĞŶƚ ƐƉĂĐĞ ŐƌŽƵŶĚͲŵŽƵŶƚĞĚ ĂƌƌĂǇƐ ;ŝ͘Ğ͘ ŽŶ ĂŶŐůĞĚ ĨƌĂŵĞƐ Žƌ ƐŚŽƌƚ ŵĂƐƚƐͿ ŵĂǇ ďĞ
ǁĞůů ƐƵŝƚĞĚ ƚŽ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƐ ƚŚŝƐ ƌĞĚƵĐĞƐ ǀŝƐƵĂů ŝŵƉĂĐƚ ĂŶĚ ŝŶƚĞƌĨĞƌĞŶĐĞ ǁŝƚŚ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ
ĨĂďƌŝĐ͘ ,ŽǁĞǀĞƌ͕ ƚŚĞ ĨƵƌƚŚĞƌ ĂǁĂǇ ĨƌŽŵ ƚŚĞ ďƵŝůĚŝŶŐ ƚŚĞ ĂƌƌĂǇ ŝƐ ƐŝƚĞĚ ƚŚĞ ŐƌĞĂƚĞƌ ƚŚĞ ƚƌĂŶƐŵŝƐƐŝŽŶ
ůŽƐƐĞƐ ǁŝůů ďĞ͕ ĂŶĚ ƐƚĞƉƐ ƐŚŽƵůĚ ĂůƐŽ ďĞ ƚĂŬĞŶ ƚŽ ŵŝŶŝŵŝƐĞ ĂŶǇ ƌŝƐŬ ŽĨ ƚŚĞĨƚ Žƌ ǀĂŶĚĂůŝƐŵ͘ ĂďůĞƐ ƐŚŽƵůĚ
ĂůƐŽ ďĞ ďƵƌŝĞĚ ƚŽ ŵŝŶŝŵŝƐĞ ǀŝƐŝďŝůŝƚǇ ĂŶĚ ŵĂǆŝŵŝƐĞ ƉƌŽƚĞĐƚŝŽŶ͕ ǁŚŝĐŚ ĐŽƵůĚ ďĞ ĐŽŵƉůĞǆ ŝŶ ƐŝƚĞƐ ŽĨ
ĂƌĐŚĂĞŽůŽŐŝĐĂů ŝŶƚĞƌĞƐƚ͘
Ws ŵĂǇ ĂůƐŽ ƐĞƌǀĞ Ă ĚƵĂů ƉƵƌƉŽƐĞ ǁŚĞƌĞ ƉĂŶĞůƐ ĂƌĞ ƵƐĞĚ ĂƐ ĂǁŶŝŶŐƐ ƚŽ ƉƌŽǀŝĚĞ ƐŚĂĚĞ͘ tŚŝůĞ ƚŚŝƐ ŝƐ
ŵŽƌĞ ĐŽŵŵŽŶ ŝŶ ŶĞǁ ďƵŝůĚŝŶŐƐ ŝƚ ŵĂǇ ƐŽŵĞƚŝŵĞƐ ďĞ ĂƉƉƌŽƉƌŝĂƚĞ ŽŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ƉĂƌƚŝĐƵůĂƌůǇ
ǁŚĞƌĞ ƚŚĞǇ ŚĂǀĞ ŵŽƌĞ ŵŽĚĞƌŶ ĞǆƚĞŶƐŝŽŶƐ͘

ϭϲ

ĞƚĂŝůƐŽĨŽŶĞƐƵĐŚĞǆĂŵƉůĞĂƌĞĂǀĂŝůĂďůĞĂƚŚƚƚƉ͗ͬͬǁǁǁ͘ƐŽůĂƌƐůĂƚĞͲůƚĚ͘ĐŽŵͬ
WsĂƌƌĂǇŝŶƐƚĂůůĞĚŝŶϮϬϬϴŝŶƚŚĞŐƌĂĚĞ/ͲůŝƐƚĞĚƵŶƐƚĞƌĂƐƚůĞ;h<ͿǁĂƐůĂŝĚŶĞĂƌͲŚŽƌŝǌŽŶƚĂůůǇƚŽŵŝŶŝŵŝƐĞǀŝƐƵĂůŝŵƉĂĐƚ͘
&ƵƌƚŚĞƌĚĞƚĂŝůƐĂƌĞĂǀĂŝůĂďůĞĂƚŚƚƚƉ͗ͬͬǁǁǁ͘ŶĂƚŝŽŶĂůƚƌƵƐƚ͘ŽƌŐ͘ƵŬͬĚŽĐƵŵĞŶƚͲϭϯϱϱϳϲϲϴϲϭϯϭϮͬ

ϭϳ



WĂŐĞͮϮϴ




/ŶƚĞƌĨĞƌĞŶĐĞ ǁŝƚŚ ďƵŝůĚŝŶŐ ĨĂďƌŝĐ ŵĂǇ ďĞ ŵŝŶŝŵŝƐĞĚ ďǇ ĂĨĨŝǆŝŶŐ Ă ƐŝŶŐůĞ ůĂƌŐĞ ďŽĂƌĚ ƚŽ Ă ƐƵŝƚĂďůĞ ǁĂůů͕
ƚŽ ǁŚŝĐŚ ƚŚĞ ǀĂƌŝŽƵƐ ĞůĞĐƚƌŝĐĂů ĐŽŵƉŽŶĞŶƚƐ ;Ğ͘Ő͘ ŝŶǀĞƌƚĞƌͿ ƚŚĂƚ ŐŽ ǁŝƚŚ Ă Ws ĂƌƌĂǇ ŵĂǇ ďĞ ƐĞĐƵƌĞĚ͘

4

'("

Ws ŝƐ ŶŽǁ ĐŽŵŵŽŶůǇ ŝŶƐƚĂůůĞĚ ŽŶ ŵĂŶǇ ŽůĚĞƌ ĂŶĚ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ƵƐƵĂůůǇ ǁŚĞƌĞ ǀŝƐŝďŝůŝƚǇ ĐĂŶ ďĞ
ŵŝŶŝŵŝƐĞĚ͘ ^ƵĐĐĞƐƐĨƵů ĞǆĂŵƉůĞƐ ŝŶĐůƵĚĞ ƵŶƐƚĞƌ
ĂƐƚůĞ ;h<͖ ƐĞĞ ĂďŽǀĞͿ͕ ůĂƌĞŶĐĞ ,ŽƵƐĞ ;h<Ϳ͕ ƚŚĞ
tŚŝƚĞ ,ŽƵƐĞ ;h^Ϳ͕ ƚŚĞ ZĞŝĐŚƐƚĂŐ ;'ĞƌŵĂŶǇ͕ ƐĞĞ
ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞ ʹ ƚŚĞ ďƵŝůĚŝŶŐ ĂůƐŽ ŝŶĐŽƌƉŽƌĂƚĞƐ Ă
ďŝŽĨƵĞů ĐŽŐĞŶĞƌĂƚŝŽŶ ƐǇƐƚĞŵ ǁŝƚŚ ĂŶĚ ƵŶĚĞƌŐƌŽƵŶĚ
ƚŚĞƌŵĂů ƐƚŽƌĞͿ͕ ƚŚĞ sĂƚŝĐĂŶ ;/ƚĂůǇ͖ ƐĞĞ ^ĞĐƚŝŽŶ Ϯ͘ϱͿ
ĂŶĚ ŵĂŶǇ ůŽǁĞƌͲƉƌŽĨŝůĞ ůŝƐƚĞĚ ďƵŝůĚŝŶŐƐ ĂŶĚ ƐĞƚƚŝŶŐƐ͘
;/ƚ ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ƌĞŵĞŵďĞƌ ƚŚĂƚ ƚŚĞ ŵĂũŽƌŝƚǇ ŽĨ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƌĞ ŶŽƚ ůĂƌŐĞ͕ ŝŵƉŽƐŝŶŐ ĨĂŵŽƵƐ
ďƵŝůĚŝŶŐƐ ďƵƚ ƐŵĂůůĞƌ͕ ŽĨƚĞŶ ƌĞƐŝĚĞŶƚŝĂů ŚŽƵƐĞƐ ĂŶĚ ĨůĂƚƐ͘Ϳ

4)



ƵĞ ƚŽ ƚŚĞ ƌĞůŝĂďůĞ ŽƵƚƉƵƚ ĂŶĚ ƐŝŵƉůĞ ŝŶƐƚĂůůĂƚŝŽŶ ƉƌŽĐĞƐƐ ŽĨ Ws͕ ƚŚĞ &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ŚĂƐ ďĞĞŶ ǀĞƌǇ
ƐƵĐĐĞƐƐĨƵů ŝŶ ŝŶĐƌĞĂƐŝŶŐ ƚŚĞ ĂƉƉůŝĐĂƚŝŽŶ ŽĨ Ws͕ ĂŶĚ ŝƚ ŝƐ ŶŽǁ Ă ĐŽŵŵŽŶ ƐŝŐŚƚ ƚŚƌŽƵŐŚŽƵƚ ƵƌŽƉĞ ďŽƚŚ
ĂƐ ŝŶĚŝǀŝĚƵĂů ďƵŝůĚŝŶŐͲŵŽƵŶƚĞĚ ƐǇƐƚĞŵƐ ĂŶĚ ůĂƌŐĞƌ ͚ƐŽůĂƌ ĨĂƌŵƐ͛͘ tŚŝůĞ &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ƐƵďƐŝĚǇ ůĞǀĞůƐ ĨŽƌ
Ws ĂƌĞ ƌĞĚƵĐŝŶŐ ŝŶ ŵĂŶǇ h ĐŽƵŶƚƌŝĞƐ͕ ƚŚŝƐ ĨŝŶĂŶĐŝĂů ŵĞĐŚĂŶŝƐŵ ŚĂƐ ĚƌŝǀĞŶ ĚŽǁŶ ĐĂƉŝƚĂů ĐŽƐƚƐ ƚŽ ƐƵĐŚ
ĂŶ ĞǆƚĞŶƚ ƚŚĂƚ ŝŶƐƚĂůůĂƚŝŽŶƐ ĂƌĞ ŶŽǁ Ă ǀĞƌǇ ƌĞĂů ŽƉƚŝŽŶ ĨŽƌ ŵĂŶǇ ĚŽŵĞƐƚŝĐ ĂŶĚ ŶŽŶͲĚŽŵĞƐƚŝĐ ďƵŝůĚŝŶŐ
ŽǁŶĞƌƐ͘ Ǉ ǁĂǇ ŽĨ ŝůůƵƐƚƌĂƚŝŽŶ ŽĨ ƚŚŝƐ ƉŽŝŶƚ͕ ƉƌŝŽƌ ƚŽ ƚŚĞ &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ŝŶ ŝŶ ƚŚĞ h< Ă ϰŬtƉ Ws ĂƌƌĂǇ
ŵĂǇ ŚĂǀĞ ĐŽƐƚ Đ͘ΦϮϰ͕ϬϬϬ ƚŽ ŝŶƐƚĂůů͕ ďƵƚ ĂĨƚĞƌ ŽŶůǇ Ă ĨĞǁ ǇĞĂƌƐ ƚŚĞ ĐŽƐƚ ŝƐ ŵŽƌĞ ůŝŬĞůǇ ƚŽ ďĞ ƵŶĚĞƌ
Đ͘Φϴ͕ϬϬϬ ʹ Ă ƌĞĚƵĐƚŝŽŶ ŽĨ Đ͘ϲϳй͕ ĂŶĚ ƐŝŐŶŝĨŝĐĂŶƚůǇ ŵŽƌĞ ĂĨĨŽƌĚĂďůĞ ĨŽƌ ŵĂŶǇ ďƵŝůĚŝŶŐ ŽǁŶĞƌƐ͘
,ŽǁĞǀĞƌ͕ ƚŚĞ h< &ĞĞĚͲ/Ŷ dĂƌŝĨĨ ƉƌŽǀŝĚĞĚ ƐƵĐŚ ŐĞŶĞƌŽƵƐ ƐƵďƐŝĚǇ ůĞǀĞůƐ ƚŚĂƚ ŝƚ ǁĂƐ ĐƵƚ ĚƌĂƐƚŝĐĂůůǇ ŝŶ
ϮϬϭϮ͕ ǁŚŝĐŚ ŚĂĚ Ă ƐŝŐŶŝĨŝĐĂŶƚ ƐŚŽƌƚͲƚĞƌŵ ŝŵƉĂĐƚ ŽŶ ƚŚĞ ŝŶĚƵƐƚƌǇ ĂŶĚ ƌĞĚƵĐĞĚ ƉĞŽƉůĞ͛Ɛ ƚƌƵƐƚ ŝŶ ƐƵĐŚ
ƐĐŚĞŵĞƐ͘ >ŽŶŐĞƌ ƚĞƌŵ ƚŚŝƐ ŵĂǇ ďĞ ďĞŶĞĨŝĐŝĂů͕ ĨŽƌĐŝŶŐ ƵƐĞƌƐ ƚŽ ĨŽĐƵƐ ŽŶ ƚŚĞ ƉƌŝŵĂƌǇ Ăŝŵ ŽĨ Ws͕ ŝ͘Ğ͘
ŐĞŶĞƌĂƚŝŽŶ ŽĨ ĨƌĞĞ͕ ĐůĞĂŶ ĞůĞĐƚƌŝĐŝƚǇ͘ DĂŶǇ ĚŽŵĞƐƚŝĐ Ws ƵƐĞƌƐ ŵĂǇ ŶŽƚ ƌĞĂůŝƐĞ ŐƌĞĂƚ ƐĂǀŝŶŐƐ ŽŶ ĨƵĞů ďŝůůƐ
ŝĨ ƚŚĞǇ ĂƌĞ ŽƵƚ ĚƵƌŝŶŐ ƚŚĞ ĚĂǇ͕ ĂƐ ŵŽƐƚ ŽĨ ƚŚĞ ĨƌĞĞ ĞůĞĐƚƌŝĐŝƚǇ ŝƐ ƐŝŵƉůǇ ĚŝǀĞƌƚĞĚ ŝŶƚŽ ƚŚĞ ŶĂƚŝŽŶĂů ŐƌŝĚ
ĂŶĚ ƚŚĞŶ ŚĂƐ ƚŽ ďĞ ďŽƵŐŚƚ ďĂĐŬ ;Ăƚ ƐƚĂŶĚĂƌĚ ƌĂƚĞͿ ǁŚĞŶ ŝƚ ŝƐ ŶĞĞĚĞĚ͖ ƵƚŝůŝƚǇ ĐŽŵƉĂŶŝĞƐ ĚŽ ƉĂǇ ĨŽƌ ƚŚĞ
ĞŶĞƌŐǇ ƚŚĂƚ ŝƐ ĚŝǀĞƌƚĞĚ ŝŶƚŽ ƚŚĞ ŐƌŝĚ ďƵƚ ƉĂǇŵĞŶƚ ůĞǀĞůƐ ĂƌĞ ĨĂŝƌůǇ ŶŽŵŝŶĂů͘ 'ƌĞĂƚĞƌ ƐĂǀŝŶŐƐ ĂƌĞ ůŝŬĞůǇ ƚŽ
ďĞ ŵĂĚĞ ǁŚĞƌĞ ƚŚĞ ďƵŝůĚŝŶŐ͛Ɛ ůŝŐŚƚŝŶŐ͕ ĂƉƉůŝĂŶĐĞƐ Žƌ ĞůĞĐƚƌŝĐ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ ĂƌĞ ŝŶ ƵƐĞ ĚƵƌŝŶŐ ƚŚĞ
ĚĂǇ͕ Žƌ ǁŚĞƌĞ ƚŚĞ ĞůĞĐƚƌŝĐŝƚǇ ĐĂŶ ďĞ ƐƚŽƌĞĚ͘
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dŚŝƐ ůĂƌŐĞͲƐĐĂůĞ ŝŶƐƚĂůůĂƚŝŽŶ ƚŽŽŬ ƉůĂĐĞ ŝŶ ϮϬϬϴ͕ ǁŚĞŶ ĚĞƚĞƌŝŽƌĂƚŝŶŐ ĐŽŶĐƌĞƚĞ ƌŽŽĨ ƚŝůĞƐ ŽŶ ƚŚĞ ϲ͕ϬϬϬͲ
ƐĞĂƚ WĂƵů s/ ĂƵĚŝƚŽƌŝƵŵ ;ĂůƐŽ ŬŶŽǁŶ ĂƐ ƚŚĞ EĞƌǀŝ ,Ăůů ĂĨƚĞƌ ŝƚƐ ĂƌĐŚŝƚĞĐƚ WŝĞƌ >ƵŝŐŝ EĞƌǀŝͿ ŝŶ ƚŚĞ sĂƚŝĐĂŶ
ŝƚǇ ǁĞƌĞ ƌĞƉůĂĐĞĚ ǁŝƚŚ Ϯ͕ϳϬϬ Ws ƉĂŶĞůƐ ĐŽǀĞƌŝŶŐ ϱ͕ϬϬϬŵϮ͘ dŚŝƐ ĂƵĚŝƚŽƌŝƵŵ ŝƐ ƵƐĞĚ ŝŶ ƉŽŽƌ ǁĞĂƚŚĞƌ ƚŽ
ŚŽƵƐĞ ƚŚĞ WŽƉĞ͛Ɛ ǁĞĞŬůǇ ĂƵĚŝĞŶĐĞ ǁŝƚŚ ƉŝůŐƌŝŵƐ͘
tŚŝůĞ ŶŽƚ ĂŶ ŽůĚ ďƵŝůĚŝŶŐ ʹ ŝƚ ǁĂƐ ďƵŝůƚ ŝŶ ϭϵϲϵ ʹ ŝƚ ŝƐ ƐŝƚƵĂƚĞĚ ǁŝƚŚŝŶ ƚŚĞ sĂƚŝĐĂŶ ŝƚǇ ĂŶĚ ŝƐ ĂĚũĂĐĞŶƚ
ƚŽ ŽŶĞ ŽĨ ƚŚĞ ŚŝŐŚĞƐƚͲƉƌŽĨŝůĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŝŶ ƚŚĞ ǁŽƌůĚ͘ /Ŷ ŵĂŶǇ ƌĞƐƉĞĐƚƐ ƚŚŝƐ ƌĞƉƌĞƐĞŶƚƐ ĂŶ ŝĚĞĂů
ƐŝƚƵĂƚŝŽŶ ĨŽƌ ƚŚĞ ƵƐĞ ŽĨ Ws ŝŶ Ă ŚŝƐƚŽƌŝĐ ƐĞƚƚŝŶŐ͕ ĂƐ ƚŚĞ ƉĂŶĞůƐ ĚŽ ŶŽƚ ŝŶƚĞƌĨĞƌĞ ǁŝƚŚ ƚŚĞ ŵĂŝŶ ŚŝƐƚŽƌŝĐ
ďƵŝůĚŝŶŐ ŝƚƐĞůĨ ;^ƚ WĞƚĞƌ͛Ɛ ďĂƐŝůŝĐĂͿ ďƵƚ ĂƌĞ ƐŝƚĞĚ ĂůŽŶŐƐŝĚĞ ŝƚ ĂŶĚ ĐĂŶ ƉƌŽǀŝĚĞ ƉŽǁĞƌ ƚŽ ŝƚ͗ ǁŚĞŶ ƚŚĞ ŚĂůů
ŝƐ ŝŶ ƵƐĞ ƚŚĞ Ws ĂƌƌĂǇ ĨĞĞĚƐ ŝƚƐ ƉŽǁĞƌ ƌĞƋƵŝƌĞŵĞŶƚƐ͕ ĂŶĚ Ăƚ ŽƚŚĞƌ ƚŝŵĞƐ ƚŚĞ ĞůĞĐƚƌŝĐŝƚǇ ŝƐ ƐĞŶƚ ƚŽ ƚŚĞ
sĂƚŝĐĂŶ͛Ɛ ǁŝĚĞƌ ƉŽǁĞƌ ŶĞƚǁŽƌŬ͘
/Ŷ ƚĞƌŵƐ ŽĨ ŝƚƐ ǀŝƐƵĂů ŝŵƉĂĐƚ͕ ƚŚĞ ƐŝǌĞ ĂŶĚ ƐĞƚƚŝŶŐ ŽĨ ƚŚĞ ĂƵĚŝƚŽƌŝƵŵ ŵĞĂŶ ƚŚĂƚ ƚŚĞ ƉĂŶĞůƐ ĂƌĞ ŶŽƚ
ǀŝƐŝďůĞ ĨƌŽŵ ŐƌŽƵŶĚ ůĞǀĞů ʹĂůƚŚŽƵŐŚ ŝƚ ŝƐ ĐƵƌǀĞĚ͕ ƚŚĞ ƌŽŽĨ ŝƐ ĞƐƐĞŶƚŝĂůůǇ ĨůĂƚ͘ /ƚ ŝƐ ĂƐƐƵŵĞĚ ƚŚĂƚ ƚŚĞ
ƉĂŶĞůƐ ĂƌĞ ǀŝƐŝďůĞ ƚŽ ƚŽƵƌŝƐƚƐ ĨƌŽŵ ƚŚĞ ĐƵƉŽůĂ ŽĨ ^ƚ WĞƚĞƌ͛Ɛ ďĂƐŝůŝĐĂ͘
/Ŷ ƚĞƌŵƐ ŽĨ ŝƚƐ ĞŶǀŝƌŽŶŵĞŶƚĂů ŝŵƉĂĐƚ͕ ƉŽƚĞŶƚŝĂů ĂŶŶƵĂů ŐĞŶĞƌĂƚŝŽŶ ŽĨ ϯϬϬŵtŚ ĂŶĚ ƐĂǀŝŶŐƐ ŽĨ ϮϮϱ
ƚŽŶŶĞƐ KϮ ŚĂǀĞ ďĞĞŶ ĐŝƚĞĚ͘ tŚŝůĞ ƚŚĞ /ƚĂůŝĂŶ ŐŽǀĞƌŶŵĞŶƚ Ăƚ ƚŚĞ ƚŝŵĞ ǁĂƐ ŶŽƚ ƉĞƌĐĞŝǀĞĚ ĂƐ ďĞŝŶŐ
ƉĂƌƚŝĐƵůĂƌůǇ ƐƵƉƉŽƌƚŝǀĞ ŽĨ ĐůŝŵĂƚĞ ĐŚĂŶŐĞ ƚĂƌŐĞƚƐ͕ ƚŚŝƐ ƉƌŽũĞĐƚ ǁĂƐ ƐƵƉƉŽƌƚĞĚ ďǇ ƚŚĞ WŽƉĞ ǁŚŽ ǁĂƐ
ŬŶŽǁŶ ĨŽƌ ŵĂŬŝŶŐ ĂƉƉĞĂůƐ ĨŽƌ ŐƌĞĂƚĞƌ ĞŶǀŝƌŽŶŵĞŶƚĂů ƉƌŽƚĞĐƚŝŽŶ͕ ĂŶĚ ƚŚĞ ƉƌĞǀŝŽƵƐ ǇĞĂƌ ƚŚĞ sĂƚŝĐĂŶ
ƐƚĂƚĞ ŚĂĚ ĂŶŶŽƵŶĐĞĚ Ă ƚƌĞĞͲƉůĂŶƚŝŶŐ ƐĐŚĞŵĞ ŝŶ ,ƵŶŐĂƌǇ ƚŽ ŽĨĨƐĞƚ ŝƚƐ KϮ ĞŵŝƐƐŝŽŶƐ͘ &ƵƚƵƌĞ ƐĐŚĞŵĞƐ
ĂƌĞ ĂůƐŽ ƉůĂŶŶĞĚ ĨŽƌ Ws ŝŶƐƚĂůůĂƚŝŽŶƐ ŽŶ ŽƚŚĞƌ ďƵŝůĚŝŶŐƐ ǁŝƚŚŝŶ ƚŚĞ sĂƚŝĐĂŶ ŝƚǇ ;ďƵƚ ŶŽƚ ŽŶ ƚŚĞ
ĐĂƚŚĞĚƌĂů ŝƚƐĞůĨͿ ĂŶĚ Ă ƐŽůĂƌ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ ĨŽƌ ƚŚĞ sĂƚŝĐĂŶ ĐĂĨĞƚĞƌŝĂ͕ ĂŶĚ ƚŚĞ ,ŽůǇ ^ĞĞ ŚĂƐ ƐƚĂƚĞĚ Ă
ƚĂƌŐĞƚ ĨŽƌ ϮϬй ŽĨ ŝƚƐ ĞŶĞƌŐǇ ŶĞĞĚƐ ƚŽ ĐŽŵĞ ĨƌŽŵ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ďǇ ϮϬϮϬ͘
/Ŷ ƚĞƌŵƐ ŽĨ ĞĐŽŶŽŵŝĐƐ͕ ƚŚĞ sĂƚŝĐĂŶ ŶĞǁƐƉĂƉĞƌ  
 ƉƵďůŝƐŚĞĚ Ă ĨĞĂƐŝďŝůŝƚǇ ƐƚƵĚǇ
ĐŽŶĐůƵĚŝŶŐ ƚŚĂƚ ƚŚĞ ĐŚĂŶŐĞ ƚŽ Ă Ws ƌŽŽĨ ǁŽƵůĚ ƉƌŽǀŝĚĞ ĞĐŽŶŽŵŝĐ ďĞŶĞĨŝƚƐ ;ĂůƚŚŽƵŐŚ ĨŝŶĂŶĐĞƐ ǁĞƌĞ
ŚĞůƉĞĚ ĐŽŶƐŝĚĞƌĂďůǇ ďǇ ƚŚĞ ĨĂĐƚ ƚŚĞ ƉĂŶĞůƐ͕ ƌĞƉŽƌƚĞĚůǇ ǁŽƌƚŚ Ψϭ͘ϱŵ͕ ǁĞƌĞ ĚŽŶĂƚĞĚ ƚŽ ƚŚĞ 'ĞƌŵĂŶͲ
ďŽƌŶ WŽƉĞ ĞŶĞĚŝĐƚ ys/ ďǇ ƚŚĞ ŽŶŶͲďĂƐĞĚ ĐŽŵƉĂŶǇ ^ŽůĂƌ tŽƌůĚͿ͘
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dŚŝƐ ƐĞĐƚŝŽŶ ĚĞĂůƐ ǁŝƚŚ ĨƌĞĞͲƐƚĂŶĚŝŶŐ ŵĂƐƚͲŵŽƵŶƚĞĚ ǁŝŶĚ ƚƵƌďŝŶĞƐ͖ ďƵŝůĚŝŶŐͲŵŽƵŶƚĞĚ ŵŝĐƌŽͲƚƵƌďŝŶĞƐ
ĂƌĞ ĚŝƐƌĞŐĂƌĚĞĚ ĨŽƌ ƚŚĞ ƉƵƌƉŽƐĞƐ ŽĨ ƚŚŝƐ ƌĞƉŽƌƚ͘ /ƚ ŝƐ ƉŽƐƐŝďůĞ ƚŽ ĂĨĨŝǆ ŵŝĐƌŽͲƚƵƌďŝŶĞƐ ĚŝƌĞĐƚůǇ ƚŽ
ďƵŝůĚŝŶŐƐ͕ ďƵƚ ƚŚĞ ŽƵƚƉƵƚ ŝƐ ƌĞůĂƚŝǀĞůǇ ǀĞƌǇ ůŽǁ ĂŶĚ ƚŚŝƐ ĐŽŵďŝŶĞĚ ǁŝƚŚ ƚŚĞ ǀŝƐƵĂů ĂŶĚ ƉŽƐƐŝďůĞ
ƐƚƌƵĐƚƵƌĂů ŝŵƉĂĐƚ ŵĞĂŶƐ ƚŚĞǇ ĂƌĞ ƌĂƌĞůǇ ƐƉĞĐŝĨŝĞĚ͕ ĂŶĚ ĂůŵŽƐƚ ŶĞǀĞƌ ŽŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ &Žƌ ǁŝŶĚ ƚŽ
ďĞ ƚƌƵůǇ ĞĨĨĞĐƚŝǀĞ Ă ůĂƌŐĞƌ ƐƚĂŶĚĂůŽŶĞ ƐǇƐƚĞŵ ŝƐ ŶĞĞĚĞĚ͕ ƐŝƚĞĚ ǁĞůů ĂǁĂǇ ĨƌŽŵ ƚŚĞ ďƵŝůĚŝŶŐ;ƐͿ ŝƚ ƐĞƌǀĞƐ͘
/ƚ ƐŚŽƵůĚ ĂůƐŽ ďĞ ŶŽƚĞĚ ƚŚĂƚ ƚƵƌďŝŶĞƐ ĂƌĞ ŶŽƚ ƚŚĞ ŽŶůǇ
ĨŽƌŵ ŽĨ ǁŝŶĚ ĞŶĞƌŐǇ ƚŚĂƚ ĐĂŶ ƐĞƌǀĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘
tŝŶĚ ĐĂƚĐŚĞƌƐ͕ ĐŽŵŵŽŶ ŝŶ ƚŚĞ DŝĚĚůĞ ĂƐƚ ĨŽƌ Ă ůŽŶŐ
ƚŝŵĞ ;ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ ĂŶĚ ŽŶ ŽůĚĞƌ tĞƐƚĞƌŶ
ďƵŝůĚŝŶŐƐ ƐƵĐŚ ĂƐ KĂƐƚ ,ŽƵƐĞƐ͕ ŵĂǇ ďĞ ƵƐĞĚ ƚŽ ĚƌŝǀĞ
ǀĞŶƚŝůĂƚŝŽŶ ƚŽ ŵĂŝŶƚĂŝŶ Ăŝƌ ƋƵĂůŝƚǇ ĂŶĚ ƌĞĚƵĐĞ ƚŚĞ ƌŝƐŬ
ŽĨ ŽǀĞƌŚĞĂƚŝŶŐ ǁŝƚŚŽƵƚ ƵƐŝŶŐ ĨŽƐƐŝů ĨƵĞůƐ͕ ĂŶĚ ƐŝŵŝůĂƌůǇ
ĐŽŶǀĞŶƚŝŽŶĂů ǁŝŶĚŵŝůůƐ ŵĂǇ ďĞ ƵƐĞĚ ƚŽ ƉŽǁĞƌ ŵŝůůƐ
;ĂůƚŚŽƵŐŚ ƚŚŝƐ ŝƐ ďĞĐŽŵŝŶŐ ĨĂƌ ůĞƐƐ ĐŽŵŵŽŶͿ͘ tŝŶĚͲ
ĚƌŝǀĞŶ ǀĞŶƚŝůĂƚŝŽŶ ŝƐ ĂůƐŽ ĐŽŵŵŽŶ ŝŶ ŵĂŶǇ
ĐŽŶǀĞŶƚŝŽŶĂů tĞƐƚĞƌŶ ƚƌĂĚŝƚŝŽŶĂů ďƵŝůĚŝŶŐƐ͘
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/Ŷ ƚŚĞ ƌŝŐŚƚ ƐŝƚĞ͕ Ă ǁŝŶĚ ƚƵƌďŝŶĞ ĐĂŶ ƉƌŽǀŝĚĞ ĂŶ ĞĨĨĞĐƚŝǀĞ ƐŽƵƌĐĞ ŽĨ ƌĞŶĞǁĂďůĞ ĞůĞĐƚƌŝĐŝƚǇ͖ ŝŶ ƚŚĞ ǁƌŽŶŐ
ƐŝƚĞ ŝƚ ĐĂŶ ďĞ ďŽƚŚ ƌĞĚƵŶĚĂŶƚ ĂŶĚ ĐŽƐƚůǇ͘ ;dŚŝƐ ŵĂǇ ďĞ ďĞƐƚ ĞǆĞŵƉůŝĨŝĞĚ ďǇ ŵŽŶŝƚŽƌŝŶŐ ŽĨ ƚƵƌďŝŶĞƐ ŝŶ
ƚŚĞ h< ǁŚŝĐŚ ƐŚŽǁĞĚ ƚŚĞ ďĞƐƚͲƉĞƌĨŽƌŵŝŶŐ ƚŽ ďĞ Ă ƌƵƌĂů͕ ϲŬt͕ ŵĂƐƚͲŵŽƵŶƚĞĚ ƚƵƌďŝŶĞ ƚŚĂƚ ŐĞŶĞƌĂƚĞĚ
ϮϮ͕ϬϬϬŬtŚͬǇƌ͕ ŝŶ ĐŽŵƉĂƌŝƐŽŶ ǁŝƚŚ ƚŚĞ ǁŽƌƐƚͲƉĞƌĨŽƌŵŝŶŐ ʹ ĂŶ ƵƌďĂŶ͕ ϭŬt͕ ďƵŝůĚŝŶŐͲŵŽƵŶƚĞĚ ƚƵƌďŝŶĞ
ƚŚĂƚ ŐĞŶĞƌĂƚĞĚ ϬŬtŚͬǇƌϭϴ͘Ϳ
tŝŶĚ ƚƵƌďŝŶĞƐ ŚĂǀĞ ĞǆŝƐƚĞĚ ƚŽ ƉƌŽǀŝĚĞ ŵĞĐŚĂŶŝĐĂů ƉŽǁĞƌ ĨŽƌ ŽǀĞƌ
ϭ͕ϬϬϬ ǇĞĂƌƐ͖ ŝƚ ŝƐ ŽŶůǇ ƌĞůĂƚŝǀĞůǇ ƌĞĐĞŶƚůǇ ƚŚĂƚ ƚŚĞǇ ŚĂǀĞ ďĞĞŶ ƌĞĨŝŶĞĚ
ƚŽ ŐĞŶĞƌĂƚĞ ĞůĞĐƚƌŝĐŝƚǇ͕ ĂůƚŚŽƵŐŚ ƚŚĞ ĨŝƌƐƚ ƐƵĐŚ ƚƵƌďŝŶĞ ǁĂƐ ďƵŝůƚ ŝŶ
ϭϴϴϴ ŝŶ ůĞǀĞůĂŶĚ ;h^Ϳ ĨŽƌ ƉƵŵƉŝŶŐ ǁĂƚĞƌ ;ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ͘
dŚĞŝƌ ĨƵŶĐƚŝŽŶ ŝƐ ƌĞůĂƚŝǀĞůǇ ƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚ͗ Ă ƚƵƌďŝŶĞ ŝƐ ůŝĨƚĞĚ ďǇ Ă
ŵĂƐƚ ŝŶƚŽ ƚŚĞ ƉĂƚŚ ŽĨ ƚŚĞ ǁŝŶĚ ǁŚŝĐŚ ĐĂƵƐĞƐ ƚŚĞ ĂŶŐůĞĚ ďůĂĚĞƐ ƚŽ
ƚƵƌŶ͕ ĂŶĚ ƚŚĞ ƚƵƌďŝŶĞ ŝƐ ůŝŶŬĞĚ ƚŽ ĂŶ ĞůĞĐƚƌŝĐŝƚǇ ŐĞŶĞƌĂƚŽƌ ƚŽ ŐĞŶĞƌĂƚĞ
ƉŽǁĞƌ͖ ƚŚŝƐ ŝƐ ƚŚĞŶ ƚƌĂŶƐŵŝƚƚĞĚ ƚŽ ƚŚĞ ďƵŝůĚŝŶŐ ǀŝĂ ĐĂďůĞƐ͘ DŽĚĞƌŶ
ƚƵƌďŝŶĞƐ ĐĂŶ ƚƵƌŶ ŝŶƚŽ ƚŚĞ ǁŝŶĚ͕ ŵĂǆŝŵŝƐŝŶŐ ƚŚĞŝƌ ŐĞŶĞƌĂƚŝŽŶ
ƉŽƚĞŶƚŝĂů͘
^ŝƚŝŶŐ ŝƐ ĐƌŝƚŝĐĂů͘ KƉƚŝŵĂů ƐŝƚĞƐ ŝŶĐůƵĚĞ ƐŵŽŽƚŚ ŚŝůůƚŽƉƐ ĨƌĞĞ ŽĨ
ŽďƐƚĂĐůĞƐ ƐƵĐŚ ĂƐ ƚƌĞĞƐ Žƌ ďƵŝůĚŝŶŐƐ͘ tŚĞƌĞ ŽďƐƚĂĐůĞƐ ĂƌĞ ƉƌĞƐĞŶƚ
;ĞŝƚŚĞƌ ƵƉͲ Žƌ ĚŽǁŶͲǁŝŶĚͿ͕ Ă ƚƵƌďŝŶĞ ƐŚŽƵůĚ ďĞ ƐŝƚĞĚ ǁĞůů ĂǁĂǇ ĨƌŽŵ
ƚŚĞƐĞ ƚŽ ĂǀŽŝĚ ĂƌĞĂƐ ŽĨ Ăŝƌ ƚƵƌďƵůĞŶĐĞ͘ ŽŶǀĞŶƚŝŽŶĂů ǁŝŶĚ ƚƵƌďŝŶĞƐ
ĂƌĞ ͚ŚŽƌŝǌŽŶƚĂů ĂĐĐĞƐƐ͛ ;ŵĞĂŶŝŶŐ ƚŚĞ ǁŝŶĚ ƉĂƐƐĞƐ ŚŽƌŝǌŽŶƚĂůůǇ ƉĂƐƚ
ƚŚĞ ďůĂĚĞƐͿ͕ ďƵƚ ͚ǀĞƌƚŝĐĂů ĂĐĐĞƐƐ͛ ƚƵƌďŝŶĞƐ ĂůƐŽ ĞǆŝƐƚ ;ƐĞĞ ŝŵĂŐĞ͕

ϭϴ

>ŽĐĂƚŝŽŶ͕>ŽĐĂƚŝŽŶ͕>ŽĐĂƚŝŽŶ͗ŽŵĞƐƚŝĐ^ŵĂůůͲƐĐĂůĞtŝŶĚ&ŝĞůĚdƌŝĂůZĞƉŽƌƚ;ŶĞƌŐǇ^ĂǀŝŶŐdƌƵƐƚ͕ϮϬϬϳͿ

WĂŐĞͮϯϭ




ƌŝŐŚƚͿ ǁŚŝĐŚ ĂƌĞ ŵĞĂŶƚ ƚŽ ďĞ ŵŽƌĞ ĞĨĨĞĐƚŝǀĞ ŝŶ ĂƌĞĂƐ ŽĨ ŐƌĞĂƚĞƌ Ăŝƌ ƚƵƌďƵůĞŶĐĞ ;Ğ͘Ő͘ ďƵŝůƚͲƵƉ ĂƌĞĂƐͿ ʹ
ŚŽǁĞǀĞƌ͕ ĞǀĞŶ ƚŚĞƐĞ ŽĨƚĞŶ ƉĞƌĨŽƌŵ ƌĞůĂƚŝǀĞůǇ ƉŽŽƌůǇ ŝŶ ƵƌďĂŶ ĂƌĞĂƐ ĂŶĚ ƐŽ ǁŝŶĚ ƚƵƌďŝŶĞƐ ĂƌĞ
ĞĨĨĞĐƚŝǀĞůǇ ŽŶůǇ ƐƵŝƚĞĚ ƚŽ ƌƵƌĂů Žƌ ŵĂƌŝŶĞ ůĂŶĚƐĐĂƉĞƐ͘
ŶǇ ƉƌŽƉŽƐĞĚ ƐŝƚĞ ŵƵƐƚ ĂůƐŽ ŚĂǀĞ ĂĚĞƋƵĂƚĞ ǁŝŶĚ ƐƉĞĞĚƐ͗ ŝŶ ŐĞŶĞƌĂů ƐƉĞĞĚƐ ŽĨ Ăƚ ůĞĂƐƚ ϱͲϲŵͬƐ ĂƌĞ
ƌĞƋƵŝƌĞĚϭϵ͕ ĂŶĚ ŵŽƐƚ ƚƵƌďŝŶĞƐ ŶĞĞĚ Ă ŵŝŶŝŵƵŵ ǁŝŶĚ ƐƉĞĞĚ ďĞĨŽƌĞ ƚŚĞǇ ǁŝůů ƐƚĂƌƚ ƚƵƌŶŝŶŐ͘ KŶůŝŶĞ
ĞƐƚŝŵĂƚŽƌƐ ĞǆŝƐƚ ďƵƚ ƚŚĞƐĞ ƚĞŶĚ ƚŽ ďĞ ŐĞŶĞƌŝĐ ĂŶĚ ŵĂǇ ŶŽƚ ĂĐĐŽƵŶƚ ĨŽƌ ůŽĐĂů ƚŽƉŽŐƌĂƉŚǇ ĂŶĚ ŽďƐƚĂĐůĞƐ͕
ƐŽ ŽŶͲƐŝƚĞ ŵŽŶŝƚŽƌŝŶŐ ĨŽƌ Ăƚ ůĞĂƐƚ ϭ ǇĞĂƌ ŝƐ ƌĞĐŽŵŵĞŶĚĞĚ͘ dŚĞƌĞ ŝƐ Ă ĐƵďŝĐ ƌĞůĂƚŝŽŶƐŚŝƉ ďĞƚǁĞĞŶ ƚŚĞ
ǁŝŶĚ͛Ɛ ƐƉĞĞĚ ĂŶĚ ŝƚƐ ƉŽǁĞƌ͕ Ğ͘Ő͘ ŝĨ ǁŝŶĚ ƐƉĞĞĚ ĚŽƵďůĞƐ ;ǆϮͿ ŝƚƐ ƉŽǁĞƌ ŝŶĐƌĞĂƐĞƐ ĞŝŐŚƚĨŽůĚ ;ϮǆϮǆϮͿ ʹ ƚŽ
ƚŚĞ ƐƚƌŽŶŐĞƌ ƚŚĞ ǁŝŶĚ ƚŚĞ ŵŽƌĞ ƉŽǁĞƌ ŵĂǇ ďĞ ŚĂƌŶĞƐƐĞĚ ĨƌŽŵ ŝƚ͘ Ɛ ǁŝŶĚ ƐƉĞĞĚ ŝŶĐƌĞĂƐĞƐ ǁŝƚŚ
ŚĞŝŐŚƚ͕ ůĂƌŐĞƌ ƚƵƌďŝŶĞƐ ŽŶ ƚĂůůĞƌ ŵĂƐƚƐ ǁŝůů ŐĞŶĞƌĂƚĞ ŵŽƌĞ ĞŶĞƌŐǇ͘ ^ŝƚĞƐ ǁŝƚŚ Ă ŐƌĞĂƚĞƌ ƌĂŶŐĞ ŽĨ ǁŝŶĚ
ƐƉĞĞĚƐ ŵĂǇ ĂůƐŽ ŐĞŶĞƌĂƚĞ ŵŽƌĞ ƉŽǁĞƌ ƚŚĂŶ ƚŚŽƐĞ ǁŝƚŚ ŵŽƌĞ ĐŽŶƐƚĂŶƚ ůŽǁĞƌ ǁŝŶĚ ƐƉĞĞĚƐ͘
Ɛ ǁŝŶĚ ŝƐ ŝŶƚĞƌŵŝƚƚĞŶƚ͕ Ă ďĂĐŬͲƵƉ ĞůĞĐƚƌŝĐŝƚǇ ƐŽƵƌĐĞ ŝƐ ƌĞƋƵŝƌĞĚ͖ ƚŚŝƐ ŝƐ ĐŽŵŵŽŶůǇ Ă ŐƌŝĚ ĐŽŶŶĞĐƚŝŽŶ͘
ůĞĐƚƌŝĐŝƚǇ ŵĂǇ ďĞ ƐƚŽƌĞĚ ŝŶ Ă ďĂƚƚĞƌǇ ďĂŶŬ͕ ďƵƚ ƚŚĞƐĞ ĂƌĞ ĐƵƌƌĞŶƚůǇ ƌĞůĂƚŝǀĞůǇ ŝŶĞĨĨŝĐŝĞŶƚ ;ĐϱϬйͿ ĂŶĚ
ƐŚŽƌƚ ůŝǀĞĚ ;Đ͘ϭϬ ǇĞĂƌƐͿ͘
tŝŶĚ ƚƵƌďŝŶĞƐ ĚŽ ĐƌĞĂƚĞ ƐŽŵĞ ŶŽŝƐĞ ĂŶĚ ƐŚĂĚŽǁ ĨůŝĐŬĞƌ͖ ƚŚŝƐ ŝŶĐƌĞĂƐĞƐ ǁŝƚŚ ƐŝǌĞ͘ ^ŝƚŝŶŐ ŵƵƐƚ ƚĂŬĞ
ĐŽŶƐŝĚĞƌĂƚŝŽŶ ŽĨ ƚŚŝƐ ;ŝŶ ĂĚĚŝƚŝŽŶ ƚŽ ŝƐƐƵĞƐ ƐƵĐŚ ĂƐ ďŝƌĚͬďĂƚ ĨůŝŐŚƚ ƉĂƚŚƐͿ ĂŶĚ ŵĂƐƚͲŵŽƵŶƚĞĚ ƚƵƌďŝŶĞƐ
ĂƌĞ ŐĞŶĞƌĂůůǇ ƐŝƚĞĚ ǁĞůů ĂǁĂǇ ĨƌŽŵ ŽĐĐƵƉŝĞĚ ďƵŝůĚŝŶŐƐ͘
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dŚĞ ŝŵƉĂĐƚƐ ŽĨ Ă ĨƌĞĞͲƐƚĂŶĚŝŶŐ ǁŝŶĚ ƚƵƌďŝŶĞ ŽŶ ƚŚĞ ĨĂďƌŝĐ ŽĨ Ă ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ĂƌĞ ǀĞƌǇ ƐŵĂůů͕
ƉƌŽďĂďůǇ ĂŵŽƵŶƚŝŶŐ ƚŽ Ă ůĞŶŐƚŚ ŽĨ ĐĂďůŝŶŐ ĞŶƚĞƌŝŶŐ ƚŚĞ ďƵŝůĚŝŶŐ Ăƚ ƐŽŵĞ ƉŽŝŶƚ ƚŽ ůŝŶŬ ŝƚ ƚŽ ƚŚĞ ƚƵƌďŝŶĞ͘
dŚĞ ďŝŐ ŝƐƐƵĞ ŝƐ ŽŶĞ ŽĨ ĂĞƐƚŚĞƚŝĐƐ ĂŶĚ ǀŝƐŝďŝůŝƚǇ͗ ƚƵƌďŝŶĞƐ ŵƵƐƚ ďĞ ƉƌŽŵŝŶĞŶƚůǇ ƐŝƚĞĚ͕ Žƌ ƚŚĞǇ ĂƌĞ
ƵŶůŝŬĞůǇ ƚŽ ǁŽƌŬ͘ ^Ž ĨŽƌ Ă ƚƵƌďŝŶĞ ƚŽ ďĞ ŝŶƐƚĂůůĞĚ ƐƵĐĐĞƐƐĨƵůůǇ ƚŽ ƐĞƌǀĞ Ă ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ͕ ƐŽŵĞ ĚĞŐƌĞĞ
ŽĨ ǀŝƐŝďŝůŝƚǇ ŵƵƐƚ ďĞ ĂĐĐĞƉƚĞĚ ʹ ĂŶĚ ŝƚ ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŚĂƚ ŽƉƚŝŵĂů ƐŝƚŝŶŐ ŝƐ ŶŽƚ ƐĂĐƌŝĨŝĐĞĚ ĨŽƌ ƚŚĞ ƐĂŬĞ ŽĨ
ĂĞƐƚŚĞƚŝĐƐ͕ ĂƐ ƚƵƌďŝŶĞ ƉĞƌĨŽƌŵĂŶĐĞ ŝƐ ƐŽ ƐĞŶƐŝƚŝǀĞ ƚŽ ƚŚĞ ĐŽƌƌĞĐƚ ƐŝƚĞ͘ dŚŝƐ ĂůƐŽ ƌĞůĂƚĞƐ ƚŽ ƚƵƌďŝŶĞ ƐŝǌĞ͗
ƚŚĞƌĞ ĂƌĞ ĞǆĂŵƉůĞƐ ŽĨ ƉůĂŶŶŝŶŐ ŐƵŝĚĂŶĐĞ ĨŽƌ ƚƵƌďŝŶĞƐ ŶĞĂƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ƚŚĂƚ ĂĚǀŽĐĂƚĞ ǀĞƌǇ ƐŵĂůů
ƐŝǌĞ ůŝŵŝƚƐ͕ ƚŚĂƚ ŝŶ ŵĂŶǇ ŝŶƐƚĂŶĐĞƐ ǁŽƵůĚ ďĞ ůŝŬĞůǇ ƚŽ ĂĨĨĞĐƚ ƚŚĞ ƉĞƌĨŽƌŵĂŶĐĞ ŽĨ ƚŚĞ ƚƵƌďŝŶĞ͖ ĞǆĂŵƉůĞƐ
ĂůƐŽ ĞǆŝƐƚ ŽĨ ƉůĂŶŶŝŶŐ ƌĞĐŽŵŵĞŶĚĂƚŝŽŶƐ ĨŽƌ ďƵŝůĚŝŶŐͲŵŽƵŶƚĞĚ ƚƵƌďŝŶĞƐ ƚŽ ďĞ ƉĞƌŵŝƚƚĞĚ ĂƐ ůŽŶŐ ĂƐ
ƚŚĞǇ ĂƌĞ ŶŽ ŚŝŐŚĞƌ ƚŚĂŶ ƚŚĞ ƌŽŽĨůŝŶĞ ʹ ƵŶĚĞƌ ǁŚŝĐŚ ĐŝƌĐƵŵƐƚĂŶĐĞƐ ƚŚĞǇ ǁŽƵůĚ ŶŽƚ ǁŽƌŬ͘ ;dŚĞƐĞ
ĞǆĂŵƉůĞƐ ĂůƐŽ ŚŝŐŚůŝŐŚƚ ĂŶ ŝŵƉŽƌƚĂŶƚ ƉŽŝŶƚ ƌĞůĂƚŝŶŐ ƚŽ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂŶĚ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ
ƐǇƐƚĞŵƐ͗ ŝŶ ŵĂŶǇ ĐĂƐĞƐ ƚŚŽƐĞ ƌĞƐƉŽŶƐŝďůĞ ĨŽƌ ŐƌĂŶƚŝŶŐ Žƌ ƌĞĨƵƐŝŶŐ ĐŽŶƐĞŶƚ ĚŽ ŶŽƚ ĨƵůůǇ ƵŶĚĞƌƐƚĂŶĚ ƚŚĞ
ƚĞĐŚŶŽůŽŐŝĞƐ ŝŶ ƋƵĞƐƚŝŽŶ͘Ϳ
/Ŷ ƌĞĂůŝƚǇ͕ ĨĞǁ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ŽǁŶĞƌƐ ĐŚŽŽƐĞ ƚŽ ĞƌĞĐƚ ǁŝŶĚ ƚƵƌďŝŶĞƐ ƵŶƚŝů ŽƚŚĞƌ ŽƉƚŝŽŶƐ ŚĂǀĞ ďĞĞŶ
ĞůŝŵŝŶĂƚĞĚ͘ sŝƐŝďŝůŝƚǇ ŝƐƐƵĞƐ ĂƌĞ ŶŽƚ ŽŶůǇ ƚŽ ĚŽ ǁŝƚŚ ŐĞŶĞƌĂů ǀŝƐŝďŝůŝƚǇ ďƵƚ ĂůƐŽ ƚŽ ƐŝŐŚƚͲůŝŶĞƐ͗ ŵĂŶǇ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ǁĞƌĞ ĚĞůŝďĞƌĂƚĞůǇ ƐŝƚĞĚ ĂŶĚ ĚĞƐŝŐŶĞĚ ŽŶ ƐƵĐŚ Ă ǁĂǇ ĂƐ ƚŽ ƉƌĞƐĞŶƚ ŬĞǇ ůŝŶĞƐ ŽĨ ƐŝŐŚƚ
ƚŽ ŽƚŚĞƌ ďƵŝůĚŝŶŐƐ Žƌ ŵŽŶƵŵĞŶƚƐ ʹ ƚŚŝƐ ŝƐ ŬŶŽǁŶ ĂƐ ŝŶƚĞƌͲǀŝƐŝďŝůŝƚǇ͘ dŚĞƌĞ ŝƐ ƉŽƚĞŶƚŝĂů ĨŽƌ ƚƵƌďŝŶĞƐ ƚŽ
ŝŶƚĞƌĨĞƌĞ ǁŝƚŚ ƚŚŝƐ ŝŶƚĞƌͲǀŝƐŝďŝůŝƚǇ͕ ǁŚŝĐŚ ĐĂŶ ƉƌĞƐĞŶƚ Ă ƐŝŐŶŝĨŝĐĂŶƚ ŝƐƐƵĞ͘
/ƚ ŝƐ ŵŽƌĞ ůŝŬĞůǇ ƚŚĂƚ Ă ƚƵƌďŝŶĞ ;Žƌ ŵƵůƚŝƉůĞ ƚƵƌďŝŶĞƐͿ ŝƐ ƉƌŽƉŽƐĞĚ
ĨŽƌ ĞƌĞĐƚŝŽŶ ďǇ Ă ƚŚŝƌĚ ƉĂƌƚǇ͕ ĂŶĚ ŝƐƐƵĞƐ ĂƌĞ ƌĂŝƐĞĚ ďǇ ƚŚŽƐĞ ǁŝƚŚ
ŝŶƚĞƌĞƐƚƐ ŝŶ ĂŶǇ ŶĞĂƌďǇ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ dŚŝƐ ŝƐ Ă ƉĂƌƚŝĐƵůĂƌůǇ

ϭϵ

dŚŝƐŵĂǇǀĂƌǇĨƌŽŵƚƵƌďŝŶĞƚŽƚƵƌďŝŶĞ͘

WĂŐĞͮϯϮ




ƉƌĞǀĂůĞŶƚ ŝƐƐƵĞ ŝŶ ƚŚĞ h<͕ ǁŚĞƌĞ ĂŶƚŝͲǁŝŶĚ ĐĂŵƉĂŝŐŶĞƌƐ ĂŶĚ ƉƵďůŝĐŝƚǇ ŚĂǀĞ ůŽƵĚ ǀŽŝĐĞƐ͗ ŝƚ ŝƐ ŶŽƚ
ƵŶĐŽŵŵŽŶ ƚŽ ƐĞĞ ŚĞĂĚůŝŶĞƐ ŚŝŐŚůŝŐŚƚŝŶŐ ƚŚĞ ƚŚƌĞĂƚ ŽĨ ͚ƌƵŝŶŝŶŐ͛ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂŶĚ ƐŝƚĞƐ͕ ĞŶŚĂŶĐĞĚ
ďǇ ĞǇĞͲĐĂƚĐŚŝŶŐ ƉŚŽƚŽͲŵŽŶƚĂŐĞƐ ƐƵĐŚ ĂƐ ƚŚĞ ŽŶĞ ŝŶ ƚŚĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞ͕ ǁŚŝĐŚ ĂĐĐŽŵƉĂŶŝĞĚ ƚŚĞ
ŚĞĂĚůŝŶĞ   
       ;ƚŚĞ ƉƌŽƉŽƐĂů ŶĞǀĞƌ ƉƌŽĐĞĞĚĞĚͿϮϬ͘
hŶĨŽƌƚƵŶĂƚĞůǇ ƐƵĐŚ ĂƌƚŝĐůĞƐ ƌĂƌĞůǇ ƉƌĞƐĞŶƚ Ă ďĂůĂŶĐĞĚ ĐĂƐĞ͕ ĂŶĚ ƚŚŝƐ ŝƐ ĂƵŐŵĞŶƚĞĚ ďǇ ƚŚĞ ĨĂĐƚ ƉŽŽƌůǇͲ
ƉĞƌĨŽƌŵŝŶŐ ǁŝŶĚ ƚƵƌďŝŶĞƐ ĂƌĞ ŵƵĐŚ ŵŽƌĞ ůŝŬĞůǇ ƚŽ ŵĂŬĞ ƚŚĞ ŶĞǁƐ ƚŚĂŶ ƚŚŽƐĞ ƚŚĂƚ ƉĞƌĨŽƌŵ ǁĞůů͘
tŚŝůĞ ǁŝŶĚ ƚƵƌďŝŶĞƐ ĂƌĞ ĐůĞĂƌůǇ ĂŶ ĞŵŽƚŝǀĞ ŝƐƐƵĞ ĂŶĚ ƚŚĞǇ ĂƌĞ ŶŽƚ ĂůǁĂǇƐ ĂƉƉƌŽƉƌŝĂƚĞ ŝŶ ƚŚĞ ĐŽŶƚĞǆƚ
ŽĨ Ă ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ͕ ŝƚ ƐŚŽƵůĚ ĂůƐŽ ďĞ ƌĞĐŽŐŶŝƐĞĚ ƚŚĂƚ ƚŚĞƌĞ ŵĂǇ ďĞ ŝŶƐƚĂŶĐĞƐ ǁŚĞƌĞ ƚŚĞǇ ƉƌĞƐĞŶƚ Ă
ƌĞĂů ŽƉƉŽƌƚƵŶŝƚǇ ƚŽ ďĞŶĞĨŝƚ ƐƵĐŚ ďƵŝůĚŝŶŐƐ͕ ǁŚĞƌĞ ŽƚŚĞƌ ŽƉƉŽƌƚƵŶŝƚŝĞƐ ĨŽƌ ŝŵƉƌŽǀĞŵĞŶƚ ĂƌĞ ŽĨƚĞŶ
ůŝŵŝƚĞĚ͘ dŚŝƐ ŵĂǇ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ ƚŚĞ ĐĂƐĞ ǁŚĞƌĞ ƚŚĞ ďƵŝůĚŝŶŐ ŝƐ ƐŽ ĨƌĂŐŝůĞ Žƌ ĐůŽƐĞůǇ ƉƌŽƚĞĐƚĞĚ ƚŚĂƚ
ƚŚĞƌĞ ĂƌĞ ĨĞǁ ŵĂƚĞƌŝĂů ŝŵƉƌŽǀĞŵĞŶƚƐ ƉĞƌŵŝƐƐŝďůĞ ƚŽ ŝƚƐ ĨĂďƌŝĐ ;Ğ͘Ő͘ ŝŶƐƵůĂƚŝŽŶ͕ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ͕ ůŝŐŚƚŝŶŐ
ŝŵƉƌŽǀĞŵĞŶƚƐͿ ďƵƚ ŝƚƐ ůŽĐĂƚŝŽŶ ŝƐ ŝĚĞĂů ĨŽƌ ǁŝŶĚ ʹ ŝŶ ƐƵĐŚ Ă ĐĂƐĞ Ă ǁŝŶĚ ƚƵƌďŝŶĞ ŵĂǇ ďĞ ŽŶĞ ŽĨ ƚŚĞ ďĞƐƚ
ǁĂǇƐ ŽĨ ƌĞĚƵĐŝŶŐ ƚŚĞ ƌƵŶŶŝŶŐ ĐŽƐƚƐ ĂŶĚ KϮ ĞŵŝƐƐŝŽŶƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ƚŚĞ ďƵŝůĚŝŶŐ ǁŝƚŚŽƵƚ ĂĨĨĞĐƚŝŶŐ
ƚŚĞ ďƵŝůĚŝŶŐ ŝƚƐĞůĨ͘
tŚĞƌĞ ǁŝŶĚ ƚƵƌďŝŶĞƐ ĂƌĞ ďĞŝŶŐ ŝŶƐƚĂůůĞĚ͕ ƚŚĞƌĞ ĂƌĞ Ă ĨĞǁ ĐŽŶƐŝĚĞƌĂƚŝŽŶƐ ƌĞůĂƚŝŶŐ ƚŽ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘
dŚĞǇ ƌĞƋƵŝƌĞ ƐŽŵĞ ŐƌŽƵŶĚ ǁŽƌŬƐ ĨŽƌ ƚŚĞ ŵĂƐƚ ĨŽƵŶĚĂƚŝŽŶƐ͕ ĂŶĚ ĨŽƌ ĂŶǇ ƐƵďƚĞƌƌĂŶĞĂŶ ĐĂďůŝŶŐ
ĐŽŶŶĞĐƚŝŶŐ ƚŚĞ ƚƵƌďŝŶĞ ƚŽ ƚŚĞ ďƵŝůĚŝŶŐ͗ ĐĂƌĞ ŵƵƐƚ ďĞ ƚĂŬĞŶ ŝŶ ĂƌĐŚĂĞŽůŽŐŝĐĂů ƐŝƚĞƐ Žƌ ŶĞĂƌ ƉĂƌƚŝĐƵůĂƌůǇ
ƵŶƐƚĂďůĞ ďƵŝůĚŝŶŐƐ͘ KůĚ ƌŽŽĨƐ ;ĂŶĚ ƐŽŵĞƚŝŵĞƐ ǁĂůůƐͿ ŵĂǇ ŚŽƵƐĞ ƉƌŽƚĞĐƚĞĚ ǁŝůĚůŝĨĞ ƐƵĐŚ ĂƐ ďŝƌĚƐ Žƌ
ďĂƚƐ͗ ƚƵƌďŝŶĞƐ ƐŚŽƵůĚ ŶŽƚ ďĞ ƉůĂĐĞĚ ŝŶ ƚŚĞŝƌ ĨůŝŐŚƚ ƉĂƚŚƐ͕ ĞŝƚŚĞƌ ŵŝŐƌĂƚŽƌǇ Žƌ ŵĞƌĞůǇ ƚŽ ĂŶĚ ĨƌŽŵ ƌŽŽƐƚ
ƐŝƚĞƐ͘ dŚĞ ǀĂƌŝŽƵƐ ĞůĞĐƚƌŝĐĂů ĐŽŵƉŽŶĞŶƚƐ ƚŚĂƚ ŐŽ ǁŝƚŚ ƚŚĞ ƚƵƌďŝŶĞ ŵĂǇ Ăůů ďĞ ƐĞĐƵƌĞĚ ŽŶƚŽ Ă ƐŝŶŐůĞ
ƚŝŵďĞƌ ďŽĂƌĚ ǁŚŝĐŚ ŝƐ ƚŚĞŶ ƐĞĐƵƌĞĚ ƚŽ Ă ǁĂůů ŽĨ ƚŚĞ ďƵŝůĚŝŶŐ͕ ƚŚƵƐ ŵŝŶŝŵŝƐŝŶŐ ƚŚĞ ĨŝǆŝŶŐƐ ŶĞĞĚĞĚ͘
dƵďƵůĂƌ ŵĂƐƚƐ ĂƌĞ ŵŽƐƚ ĐŽŵŵŽŶ͕ ďƵƚ ůĂƚƚŝĐĞĚ ŵĂƐƚƐ ĂůƐŽ ĞǆŝƐƚ ;ƌĞƐĞŵďůŝŶŐ ĞůĞĐƚƌŝĐŝƚǇ ƉǇůŽŶƐͿ ĂŶĚ
ƚŚĞƌĞ ŵĂǇ ďĞ ŝŶƐƚĂŶĐĞƐ ǁŚĞƌĞ ƚŚĞƐĞ ĂƌĞ ĚĞĞŵĞĚ ŵŽƌĞ ĚŝƐĐƌĞĞƚ͘
&Žƌ ůĂƌŐĞƌ ƚƵƌďŝŶĞƐ͕ ƚŚĞ ƚƌĂŶƐƉŽƌƚĂƚŝŽŶ ŽĨ ƚŚĞŝƌ ĐŽŵƉŽŶĞŶƚƐ ĐĂŶ ĂůƐŽ ďĞ ĂŶ
ŝƐƐƵĞ ŝŶ ŚŝƐƚŽƌŝĐ ƐŝƚĞƐ͘ DĂƐƚ ƐĞĐƚŝŽŶƐ͕ ďůĂĚĞƐ ĂŶĚ ƐŽ ŽŶ ĂƌĞ ĐŽŵŵŽŶůǇ
ĐĂƌƌŝĞĚ ŽŶ ůŽƌƌŝĞƐ ƚŽ ƚŚĞŝƌ ƐŝƚĞ͕ ĂŶĚ ǁŚĞƌĞ ƚŚĞƐĞ ƉĂƐƐ ƚŚƌŽƵŐŚ ƐŵĂůů ǀŝůůĂŐĞƐ
Žƌ ĨƌĂŐŝůĞ ŚŝƐƚŽƌŝĐ ƐĞƚƚůĞŵĞŶƚƐ ƉƌŽďůĞŵƐ ĐĂŶ ĂƌŝƐĞ͘ ^ĞǀĞƌĂů ĞǆĂŵƉůĞƐ ĞǆŝƐƚ ŽĨ
ŝŶĂƉƉƌŽƉƌŝĂƚĞůǇ ůĂƌŐĞ ĚĞůŝǀĞƌǇ ůŽƌƌŝĞƐ ƚƌǇŝŶŐ ƚŽ ŐĞƚ ƚŚƌŽƵŐŚ ƐƵĐŚ ƐŝƚĞƐ ĂŶĚ
ĐĂƵƐŝŶŐ ƐƚƌƵĐƚƵƌĂů ĚĂŵĂŐĞ ƚŽ ďƵŝůĚŝŶŐƐ Žƌ ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ͘  ƐŵĂůů ǁŝŶĚ ĨĂƌŵ
ŽŶ EĂǆŽƐ ;'ƌĞĞĐĞͿ ƐŚŽǁƐ ŽŶĞ ƐƵĐŚ ĞǆĂŵƉůĞ ;ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞƐͿ͗ ƚŚĞ
ƚƌĂŶƐƉŽƌƚĂƚŝŽŶ ŽĨ ƚŚĞ ǁŝŶĚ ƚƵƌďŝŶĞƐ ƚŽŽŬ ƉůĂĐĞ ǁŝƚŚŽƵƚ ĂŶǇ ƉƌŝŽƌ ƐƚƵĚǇ͕ ĂŶĚ
ůĞĚ ƚŽ ƚŚĞ ĚĞƐƚƌƵĐƚŝŽŶ ŽĨ ƌŽĂĚƐ ĂŶĚ ďƌŝĚŐĞƐ͕ ŝŵƉĂĐƚŝŶŐ ŽŶ ƚŚĞ ƐƵƌƌŽƵŶĚŝŶŐ
ĞŶǀŝƌŽŶŵĞŶƚ ĂŶĚ ƚŚĞ ůŝƐƚĞĚ ĂĞƌŝĂů ƌĂŝůǁĂǇ ĚĂƚŝŶŐ ĨƌŽŵ ϭϵϮϯ͘
/Ŷ ŵĂŶǇ ĐĂƐĞƐ ŝƚ ŵĂǇ ďĞ ŵŽƌĞ ůŝŬĞůǇ ĨŽƌ Ă ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ƚŽ ďĞ ƐĞƌǀĞĚ ďǇ Ă ǁŝŶĚ ƚƵƌďŝŶĞ Žƌ Ă ŐƌŽƵƉ ŽĨ
ǁŝŶĚ ƚƵƌďŝŶĞƐ ĂƐ ƉĂƌƚ ŽĨ Ă ĐŽŵŵƵŶĂů ŝŶŝƚŝĂƚŝǀĞ͕ ǁŚĞƌĞ Ă ƐŵĂůů ǁŝŶĚ ĨĂƌŵ ƐĞƌǀĞƐ Ă ǁŚŽůĞ ĐŽŵŵƵŶŝƚǇ
ǁŚŝĐŚ ŝŶĐůƵĚĞƐ ƚŚĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ŝŶ ƋƵĞƐƚŝŽŶ͘ dŚŝƐ ŵĂǇ ƐŽŵĞƚŝŵĞƐ ďĞ ŵŽƌĞ ǀŝĂďůĞ ƚŚĂŶ ŚĂǀŝŶŐ Ă
ƐŝŶŐůĞ ƚƵƌďŝŶĞ ƐƉĞĐŝĨŝĐĂůůǇ ĨŽƌ ƚŚĞ ďƵŝůĚŝŶŐ ĂůŽŶĞ͕ ĂƐ ǁŝŶĚ ĨĂƌŵƐ ƚĞŶĚ ƚŽ ƵƐĞ ůĂƌŐĞƌ ƚƵƌďŝŶĞƐ ƚŚĂƚ ĐĂŶ ďĞ
ƉůĂĐĞĚ ĨƵƌƚŚĞƌ ĂǁĂǇ ĨƌŽŵ ƚŚĞ ďƵŝůĚŝŶŐƐ ƚŚĞǇ ƐĞƌǀĞ͕ ĂŶĚ ƚŚŝƐ ĐĂŶ ʹ ďƵƚ ŶŽƚ ĂůǁĂǇƐ ʹ ƌĞĚƵĐĞ ƚŚĞŝƌ
ǀŝƐŝďŝůŝƚǇ͘ /Ŷ ĂĚĚŝƚŝŽŶ͕ ĂƐ ŵƵĐŚ ŽĨ ƚŚĞ ŽƉƉŽƐŝƚŝŽŶ ĐŽŵŵŽŶůǇ ĂƌŝƐĞƐ ǁŚĞƌĞ ůŽĐĂů ĐŽŵŵƵŶŝƚŝĞƐ ĚŽ ŶŽƚ ƐĞĞ
ĂŶǇ ŽĨ ƚŚĞ ďĞŶĞĨŝƚƐ ĂŶĚͬŽƌ ĂƌĞ ŶŽƚ ĐŽŶƐƵůƚĞĚ͕ ƚƵƌďŝŶĞƐ ǁŚŝĐŚ ĂƌĞ ĨƵůůǇͲ Žƌ ƉĂƌƚůǇͲŽǁŶĞĚ ďǇ ƚŚĞ

ϮϬ

ŚƚƚƉ͗ͬͬǁǁǁ͘ĚĂŝůǇŵĂŝů͘ĐŽ͘ƵŬͬŶĞǁƐͬĂƌƚŝĐůĞͲϮϭϭϰϵϮϵͬtŝŶĚͲƚƵƌďŝŶĞƐͲďƵŝůƚͲŶĞĂƌͲ>ǇǀĞĚĞŶͲEĞǁͲŝĞůĚ͘Śƚŵů

WĂŐĞͮϯϯ




ĐŽŵŵƵŶŝƚǇ ŽĨƚĞŶ ƚĞŶĚ ƚŽ ƌĞĐĞŝǀĞ ĨĂƌ ŚŝŐŚĞƌ ůĞǀĞůƐ ŽĨ ƐƵƉƉŽƌƚ ĂŶĚ ĂĐĐĞƉƚĂŶĐĞ͕ ĂŶĚ ĐŽƵŶƚƌŝĞƐ ƐƵĐŚ ĂƐ
ĞŶŵĂƌŬ ĂŶĚ ^ǁĞĚĞŶ ŚĂǀĞ ƵƐĞĚ ĐŽŵŵƵŶŝƚǇ ǁŝŶĚ ĞŶĞƌŐǇ ƚŽ ŐƌĞĂƚ ĞĨĨĞĐƚ͘

9

'("

tŝŶĚ ƚƵƌďŝŶĞƐ ĂƌĞ ďĞĐŽŵŝŶŐ ĂŶ ŝŶĐƌĞĂƐŝŶŐůǇ ĐŽŵŵŽŶ ƐŝƚĞ ĂĐƌŽƐƐ ƵƌŽƉĞ͕ ƌĂŶŐŝŶŐ ĨƌŽŵ ůĂƌŐĞ ǁŝŶĚ
ĨĂƌŵƐ ƚŽ ƐŵĂůůĞƌ ŝŶĚŝǀŝĚƵĂů ƚƵƌďŝŶĞƐ ƚŚĂƚ ƐĞƌǀĞ ŽŶĞ ƉƌŽƉĞƌƚǇ͘ dŚĞǇ ƌĞŵĂŝŶ ƉƌŽďĂďůǇ ƚŚĞ ŵŽƐƚ
ĐŽŶƚĞŶƚŝŽƵƐ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƚĞĐŚŶŽůŽŐǇ ĨŽƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ŚŽǁĞǀĞƌ͕ ĂŶĚ ƚŚĞƌĞ ĂƌĞ ŵĂŶǇ
ŝŶƐƚĂŶĐĞƐ ǁŚĞƌĞ ƉƌŽƉŽƐĂůƐ ĂƌĞ ƌĞũĞĐƚĞĚ ŽŶ ƚŚĞ ŐƌŽƵŶĚƐ ƚŚĞǇ ǁŽƵůĚ ŚĂǀĞ Ă ĚĞƚƌŝŵĞŶƚĂů ǀŝƐƵĂů ŝŵƉĂĐƚ
ŽŶ ƚŚĞ ŚŝƐƚŽƌŝĐ ƐĞƚƚŝŶŐ͘
^ƵĐĐĞƐƐĨƵů ĞǆĂŵƉůĞƐ ŝŶĐůƵĚĞ ƚƵƌďŝŶĞƐ
ŶĞĂƌ ƚŚĞ ŚŝƐƚŽƌŝĐ ƚŽǁŶƐ ŽĨ &ƌĞŝďƵƌŐ
;ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ ĂŶĚ ^ĂŶŬƚ
WĞƚĞƌ ŝŵ ^ĐŚǁĂƌǌǁĂůĚ ;'ĞƌŵĂŶǇͿ͕
ŶƐůĞǇ ŝŶ tĂƌǁŝĐŬƐŚŝƌĞ ;h< ʹ Ă ƐŝŶŐůĞ
ƚƵƌďŝŶĞ ŶĞĂƌ Ă ŐƌĂĚĞ // ůŝƐƚĞĚ
ĨĂƌŵŚŽƵƐĞ ĂŶĚ Ă ŐƌĂĚĞ //Ύ ůŝƐƚĞĚ
ĐŚƵƌĐŚͿ ĂŶĚ ,ĞĂƚŚĞƌ ŝŶ >ĞŝĐĞƐƚĞƌƐŚŝƌĞ
;h< ʹ Ă ƐŝŶŐůĞ ƚƵƌďŝŶĞ ďĞƚǁĞĞŶ ƚŚƌĞĞ
ŚŝƐƚŽƌŝĐ ǀŝůůĂŐĞƐͿ͘ /ŶƐƚĂůůĂƚŝŽŶƐ ƚŚĂƚ ŚĂǀĞ ďĞĞŶ ŵŽƌĞ ĐŽŶƚƌŽǀĞƌƐŝĂů ŝŶĐůƵĚĞ EĂǆŽƐ ;ĂƐ ĚĞƐĐƌŝďĞĚ ĂďŽǀĞͿ͕
ĂŶĚ Ă ǁŝŶĚ ĨĂƌŵ ŝŶ ŽĞŽƚŝĂ ;'ƌĞĞĐĞͿ ǁŚŝĐŚ ǁĂƐ ĐŽŶƚƌŽǀĞƌƐŝĂů ĚƵĞ ƚŽ ŝƚƐ ƉƌŽǆŝŵŝƚǇ ƚŽ ƚŚĞ ϭϬƚŚ ĞŶƚƵƌǇ
,ŽƐŝŽƐ >ƵŬĂƐ ŵŽŶĂƐƚĞƌǇ ǁŚŝĐŚ ƌĞƋƵŝƌĞĚ ƌĞŐƵůĂƌ ƐŝůĞŶĐĞ ĂŶĚ ƚŚĞƌĞ ǁĞƌĞ ĐŽŶĐĞƌŶƐ ƚŚĞ ƚƵƌďŝŶĞƐ ǁŽƵůĚ
ďĞ ĂƵĚŝďůĞ ĨƌŽŵ ƚŚĞ ŵŽŶĂƐƚĞƌǇ͘

9)



DĂƐƚͲŵŽƵŶƚĞĚ ƚƵƌďŝŶĞƐ ǀĂƌǇ ŝŶ ĐŽƐƚ ŵĂŝŶůǇ ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞŝƌ ƐŝǌĞ͘  ϲŬt ƚƵƌďŝŶĞ ƐƵŝƚĂďůĞ ĨŽƌ ĂŶ
ŝŶĚŝǀŝĚƵĂů ĚǁĞůůŝŶŐ ŵĂǇ ĐŽƐƚ Đ͘ΦϯϬ͕ϬϬϬ ĂůƚŚŽƵŐŚ ĐůĞĂƌůǇ ƚŚŝƐ ĂůƐŽ ǀĂƌŝĞƐ ĂĐĐŽƌĚŝŶŐ ƚŽ ĐŽƵŶƚƌǇ͖ ůĂƌŐĞƌ
ƚƵƌďŝŶĞƐ ĐŽƐƚ ƐŝŐŶŝĨŝĐĂŶƚůǇ ŵŽƌĞ ǁŝƚŚ ƚŚĞ ǀĞƌǇ ůĂƌŐĞ ǁŝŶĚͲĨĂƌŵ ƚƵƌďŝŶĞƐ ĐŽƐƚŝŶŐ ŵŝůůŝŽŶƐ ŽĨ ĞƵƌŽƐ͘
^ĂǀŝŶŐƐ ĂƌĞ ŚŝŐŚůǇ ĚĞƉĞŶĚĞŶƚ ŽŶ ƚŚĞ ĞĨĨŝĐŝĞŶĐǇ ĂŶĚ ƉĞƌĨŽƌŵĂŶĐĞ ŽĨ ƚŚĞ ƚƵƌďŝŶĞ͘ dŚĞ ϲŬt ƚƵƌďŝŶĞ
ŵĞŶƚŝŽŶĞĚ ƉƌĞǀŝŽƵƐůǇ ŝŶ ƌĞůĂƚŝŽŶ ƚŽ h< ŵŽŶŝƚŽƌŝŶŐ ŐĞŶĞƌĂƚĞĚ ϮϮ͕ϬϬϬŬtŚͬǇƌ͖ ǀĞƌǇ ůĂƌŐĞ ƚƵƌďŝŶĞƐ ĐĂŶ
ŐĞŶĞƌĂƚĞ ĞŶŽƵŐŚ ƉŽǁĞƌ ĨŽƌ ŵĂŶǇ ŚƵŶĚƌĞĚƐ ŽĨ ŚŽŵĞƐ͘ dŚŝƐ ŽĨ ĐŽƵƌƐĞ ĚĞƉĞŶĚƐ ŽŶ ƚŚĞŵ ďĞŝŶŐ ƉƌŽƉĞƌůǇ
ƐŝƚĞĚ͘ /ƚ ƐŚŽƵůĚ ĂůƐŽ ďĞ ŶŽƚĞĚ ƚŚĂƚ ǁŚŝůĞ ǁŝŶĚ ůĞǀĞůƐ ǀĂƌǇ ĂĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞ ƐĞĂƐŽŶ ;ǁŝƚŚ ǁŝŶƚĞƌ
ŐĞŶĞƌĂůůǇ ǇŝĞůĚŝŶŐ ŐƌĞĂƚĞƌ ĂŵŽƵŶƚƐ ŽĨ ǁŝŶĚͿ ƚŚĞǇ ĂůƐŽ ǀĂƌǇ ĨƌŽŵ ǇĞĂƌ ƚŽ ǇĞĂƌ ;ŝŶ ϮϬϭϬ ƚŚĞƌĞ ǁĂƐ Ă ǁĞůůͲ
ĚŽĐƵŵĞŶƚĞĚ ĂďƐĞŶĐĞ ŽĨ ƵƐƵĂů ǁŝŶĚƐ ǁŚŝĐŚ ůĞĚ ƚŽ Ă ůŽǁĞƌͲƚŚĂŶͲĂǀĞƌĂŐĞ ŽƵƚƉƵƚͿ ĚƵĞ ƚŽ ǁĞĂƚŚĞƌ ĐǇĐůĞƐ
ĂŶĚ ŽƚŚĞƌ ǀĂƌŝĂƚŝŽŶƐ͘
tŝŶĚ ƚƵƌďŝŶĞƐ ŚĂǀĞ ďĞĐŽŵĞ ŝŶĐƌĞĂƐŝŶŐůǇ ǀŝĂďůĞ ǁŝƚŚ ƚŚĞ ĂĚǀĞŶƚ ŽĨ ƚŚĞ &/d ǁŚŝĐŚ ƉĂǇƐ ƵƐĞƌƐ ĨŽƌ ƚŚĞ
ĐůĞĂŶ ĞŶĞƌŐǇ ƚŚĞǇ ŐĞŶĞƌĂƚĞ͘ dĂƌŝĨĨƐ ĨŽƌ ǁŝŶĚ ŚĂǀĞ ŚŝƐƚŽƌŝĐĂůůǇ ďĞĞŶ ƌĞůĂƚŝǀĞůǇ ŐĞŶĞƌŽƵƐ͕ ĂůƚŚŽƵŐŚ ƚŚĞƐĞ
ĂƌĞ ůŝŬĞůǇ ƚŽ ƌĞĚƵĐĞ ŽǀĞƌ ƚŝŵĞ͘ dŚĞ ϲŬt ĐĂƐĞ ƐƚƵĚǇ ŵĞŶƚŝŽŶĞĚ ƉƌĞǀŝŽƵƐůǇ ŚĂĚ ĂŶ ĂŶƚŝĐŝƉĂƚĞĚ ƉĂǇďĂĐŬ
ƉĞƌŝŽĚ ŽĨ фϭϬ ǇĞĂƌƐ ďƵƚ ƚŚŝƐ ǁĂƐ ƉƌŝŽƌ ƚŽ ƚŚĞ &/d ʹ ǁŝƚŚ ƚŚĞ ĂĚĚĞĚ &/d ŝŶĐŽŵĞ ƚŚĞ ƉĂǇďĂĐŬ ƉĞƌŝŽĚ
ǁŽƵůĚ ďĞ ĐůŽƐĞƌ ƚŽ ϱͲϲ ǇĞĂƌƐ͕ ŵĂŬŝŶŐ ƐƵĐŚ Ă ƚƵƌďŝŶĞ Ă ǀĞƌǇ ŐŽŽĚ ŝŶǀĞƐƚŵĞŶƚ ;ƋƵŝƚĞ ĂƉĂƌƚ ĨƌŽŵ ƚŚĞ
ĐůĞĂŶ ĞŶĞƌŐǇͿ͘ sĞƌǇ ůĂƌŐĞ ƚƵƌďŝŶĞƐ ƚŚĂƚ ŐĞŶĞƌĂƚĞ ƐŝŐŶŝĨŝĐĂŶƚ ĂŵŽƵŶƚƐ ŽĨ ĞŶĞƌŐǇ ĐĂŶ ĂůƐŽ ƉƌŽǀŝĚĞ
ĐŽŶƐŝĚĞƌĂďůĞ ĨŝŶĂŶĐŝĂů ƌĞƚƵƌŶƐ͕ ĂůƚŚŽƵŐŚ ƚŚĞƐĞ ĂƌĞ ŵĂƚĐŚĞĚ ďǇ ƚŚĞ ƌĞƋƵŝƌĞŵĞŶƚ ĨŽƌ ůĂƌŐĞͲƐĐĂůĞ
ŝŶǀĞƐƚŵĞŶƚ͘

WĂŐĞͮϯϰ




KŶĞ ŽĨ ƚŚĞ ƐŝŐŶŝĨŝĐĂŶƚ ĨŝŶĂŶĐŝĂů ƌŝƐŬƐ ĨŽƌ ǁŝŶĚ ƚƵƌďŝŶĞƐ ŝƐ ƚŚĞ ƵƉͲĨƌŽŶƚ ĐĂƉŝƚĂů ŝŶǀĞƐƚŵĞŶƚ ƌĞƋƵŝƌĞĚ ǁŝƚŚ
ŶŽ ŐƵĂƌĂŶƚĞĞ ŽĨ ƌĞƚƵƌŶ͕ ŝ͘Ğ͘ ƚŚĞ ĐŽƐƚƐ ĂŶĚ ƉƌŽĨĞƐƐŝŽŶĂů ĨĞĞƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŐĞƚƚŝŶŐ Ă ƚƵƌďŝŶĞ ƚŽ ƚŚĞ
ƉůĂŶŶŝŶŐ ƐƚĂŐĞ ʹ ǁŚĞƌĞ ŝƚ ŵĂǇ ŐĞƚ ƌĞũĞĐƚĞĚ͕ ŵĞĂŶŝŶŐ ŶŽ ƌĞƚƵƌŶ ŽŶ ŝŶǀĞƐƚŵĞŶƚ͘ dŚŝƐ ŝƐ Ă ĐŽŵŵŽŶ
ƌĞĂƐŽŶ ĨŽƌ ǁŝŶĚ ƚƵƌďŝŶĞ ĨĞĂƐŝďŝůŝƚǇ ƐƚƵĚŝĞƐ ŶŽƚ ƚŽ ƉƌŽĐĞĞĚ͕ ĂƐ ĨŽƌ ůĂƌŐĞͲƐĐĂůĞ ǁŝŶĚ ĨĂƌŵƐ ƚŚĞƐĞ ƉƌĞͲ
ƉůĂŶŶŝŶŐ ĐŽƐƚƐ ĐĂŶ ƌƵŶ ƚŽ ŚƵŶĚƌĞĚƐ ŽĨ ƚŚŽƵƐĂŶĚƐ ŽĨ ĞƵƌŽƐ͘ dŚĞ ŵŽƌĞ ĐŽŶƚĞŶƚŝŽƵƐ ƚŚĞ ƐŝƚĞ͕ ƚŚĞ ŐƌĞĂƚĞƌ
ƚŚĞ ƌŝƐŬ ŽĨ ƌĞĨƵƐĂů͕ ƐŽ ǁŝŶĚ ƚƵƌďŝŶĞƐ ƉƌŽƉŽƐĞĚ ŶĞĂƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĐĂŶ ďĞ Ă ŚŝŐŚͲƌŝƐŬ ƐƚƌĂƚĞŐǇ͘

WĂŐĞͮϯϱ





9*

"%+,:%-6#,1#

/Ŷ &ƌĂŶĐĞ͕ ƐƵďƐŝĚŝĞƐ ĨŽƌ ǁŝŶĚ ƉŽǁĞƌ ĂƌĞ ŽŶůǇ ĂǀĂŝůĂďůĞ ŝĨ ƚŚĞ ƚƵƌďŝŶĞƐ ĂƌĞ ƐŝƚƵĂƚĞĚ ǁŝƚŚŝŶ Ă ǁŝŶĚ ƉŽǁĞƌ
ĚĞǀĞůŽƉŵĞŶƚ ǌŽŶĞ ;Ϳ͘ dŽ ŵĂŬĞ ƚƵƌďŝŶĞƐ ĨŝŶĂŶĐŝĂůůǇ ǀŝĂďůĞ ƐƵďƐŝĚŝĞƐ ĂƌĞ ŽĨƚĞŶ ĞƐƐĞŶƚŝĂů͕ ďƵƚ ĂƐ ƐĞĞŶ
ĞĂƌůŝĞƌ ŝŶ ƚŚŝƐ ƐĞĐƚŝŽŶ ǁŝŶĚ ƚƵƌďŝŶĞƐ ĐĂŶ ďĞ ŚŝŐŚůǇ ĐŽŶƚƌŽǀĞƌƐŝĂů ŝŶ ŚŝƐƚŽƌŝĐ ƐĞƚƚŝŶŐƐ͘ dŚĞ sĂů ĚĞ >ŽŝƌĞ ŝƐ
ŽŶĞ ƐƵĐŚ ƐĞƚƚŝŶŐ͗ Ă hE^K tŽƌůĚ ,ĞƌŝƚĂŐĞ ^ŝƚĞ ǁŚŝĐŚ ĐŽŶƚĂŝŶƐ Ă ŐƌĞĂƚ ŵĂŶǇ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ 'ŝǀĞŶ
ƚŚĞ ĐŽŶƚƌŽǀĞƌƐǇ ƐƵƌƌŽƵŶĚŝŶŐ ǁŝŶĚ ƚƵƌďŝŶĞƐ ĂŶĚ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ƚŚŝƐ ƐŝƚĞ ƉƌĞƐĞŶƚƐ ĂŶ ŽƉƉŽƌƚƵŶŝƚǇ ĨŽƌ
Ă ƐŚŽƌƚ ƐƚƌĂƚĞŐŝĐ ĐĂƐĞ ƐƚƵĚǇ ƌĂƚŚĞƌ ƚŚĂŶ ĂŶ ĂĐƚƵĂů ŝŶƐƚĂůůĂƚŝŽŶ͘
/Ŷ ϮϬϬϴ͕ ƚŚĞ >ŽŝƌĞͲŶũŽƵͲdŽƵƌĂŝŶĞ ƌĞŐŝŽŶĂů ŶĂƚƵƌĂů ƉĂƌŬ ƉƌŽĚƵĐĞĚ Ă ǁŝŶĚ ƉŽǁĞƌ ƉůĂŶ͘ dŚŝƐ ŝŶĐůƵĚĞĚ Ă
͚ǁĂƚĐŚĚŽŐ͛ ďŽĚǇ͕ ƚŽ ƌĞƉŽƌƚ ŽŶ ƚŚĞ ƉŽƚĞŶƚŝĂů ƐŝƚĞƐ ĨŽƌ ǁŝŶĚ ƚƵƌďŝŶĞƐ ǁŝƚŚŝŶ ŝƚƐ ďŽƵŶĚĂƌŝĞƐ ĂŶĚ ĚĞĐŝƐŝŽŶͲ
ŵĂŬŝŶŐ ƚŽŽůƐ ĨŽƌ ůŽĐĂů ĞůĞĐƚĞĚ ŵĞŵďĞƌƐ͘ WĂƌƚ ŽĨ ƚŚŝƐ ƚŽŽů ƌĞůŝĞƐ ŽŶ Ă ŐĞŽŐƌĂƉŚŝĐĂů ŝŶĨŽƌŵĂƚŝŽŶ ƐǇƐƚĞŵ
ǁŝƚŚ ǁŚŝĐŚ ǁŝŶĚ ƚƵƌďŝŶĞ ǀŝƐŝďŝůŝƚǇ ĂŶĂůǇƐĞƐ ĐĂŶ ďĞ ƉƌŽĚƵĐĞĚ͘ /ƚ ĂůƐŽ ŝŶĐůƵĚĞƐ Ă ŐƵŝĚĞ ƚŽ ůĂŶĚƐĐĂƉĞ
ĐŽŵƉŽƐŝƚŝŽŶ ĨŽƌ ƚŚĞ ƐŝƚŝŶŐ ŽĨ ǁŝŶĚ ƚƵƌďŝŶĞƐ͘ dŚĞ ŵĂƐƚĞƌƉůĂŶ ǁŚŝĐŚ ŝŶĐůƵĚĞƐ ƚŚĞ ǁŝŶĚ ƉƌŽƉŽƐĂůƐ ĂůƐŽ
ĐŽǀĞƌƐ ŽƉƚŝŽŶƐ ĨŽƌ ƉŚŽƚŽǀŽůƚĂŝĐƐ ƚŚƌŽƵŐŚŽƵƚ ƚŚĞ ǀĂůůĞǇ͘
dŚĞ ŵĂŝŶ ĚŽĐƵŵĞŶƚ ƌĞůĂƚŝŶŐ ƚŽ ƚŚĞ ǁŝŶĚ ƉŽǁĞƌ ƉůĂŶ ŝƐ ƚŚĞ ϮϬϬϵ ƌĞƉŽƌƚ       ! 
  !!          "#͘ dŚŝƐ ŝŶĐůƵĚĞƐ ƚŚŽƌŽƵŐŚ ĚĞƚĂŝůƐ ŽĨ ƐŝƚŝŶŐ
ĐŽŶĚŝƚŝŽŶƐ ƚŚĂƚ ǁŽƵůĚ ďĞ ƐƵŝƚĂďůĞ ĨŽƌ ƐƵĐŚ Ă ŚŝƐƚŽƌŝĐ ƐŝƚĞ͘ /ƚ ŝƐ ŶŽƚ ĐůĞĂƌ ǁŚĞƚŚĞƌ ĂŶǇ ƚƵƌďŝŶĞƐ ŚĂǀĞ ǇĞƚ
ďĞĞŶ ĞƌĞĐƚĞĚ ŝŶ ƚŚĞ ǀĂůůĞǇ͕ ŚŽǁĞǀĞƌ ƚŚĞ ǀĞƌǇ ĞǆŝƐƚĞŶĐĞ ŽĨ ƐƵĐŚ
Ă ƉůĂŶ ǁŽƵůĚ ƐĞĞŵ ƚŽ ďĞ ƉƌŽŐƌĞƐƐŝǀĞ ŝŶ Ă ĐůŝŵĂƚĞ ŽĨ ŐĞŶĞƌĂůůǇ
ŶĞŐĂƚŝǀĞ ƉĞƌĐĞƉƚŝŽŶƐ ŽĨ ǁŝŶĚ ƉŽǁĞƌ ŝŶ ƌĞůĂƚŝŽŶ ƚŽ ŚŝƐƚŽƌŝĐ
ďƵŝůĚŝŶŐƐ͘ /ƚ ƐŚŽƵůĚ ďĞ ŵĞŶƚŝŽŶĞĚ ƚŚĂƚ ƚŚĞ ƌĞƉŽƌƚ ƉƌŽƉŽƐĞƐ
ƚƵƌďŝŶĞƐ ŽŶůǇ ŝŶ ƐĞƚƚŝŶŐƐ ƚŚĂƚ ĂƌĞ ŶŽƚ ƚŽŽ ĐůŽƐĞ ƚŽ ŚŝƐƚŽƌŝĐ
ďƵŝůĚŝŶŐƐ͕ ƐŽ ƚŽ ƐŽŵĞ ĞǆƚĞŶƚ ƚŚĞ ƌĞĂů ĐŚĂůůĞŶŐĞ ƌĞŵĂŝŶƐ͘


Ϯϭ

>ĞWĂƌĐĞƚů͛ĠŽůŝĞŶ͗'ƵŝĚĞƉŽƵƌƵŶĚĠǀĞůŽƉƉĞŵĞŶƚĚĞů͛ĠŽůŝĞŶƌĂŝƐŽŶŶĠĞƚĐŽŚĞƌĞŶƚ;WĂƌĐEĂƚƵƌĞůZĠŐŝŽŶĂů>ŽŝƌĞͲŶũŽƵͲ
dŽƵƌĂŝŶĞ͕ϮϬϬϵͿ
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tĂƚĞƌ ƉŽǁĞƌ ŝƐ Ă ǀĞƌǇ ŽůĚ ĐŽŶĐĞƉƚ͕ ǁŝƚŚ ĞǆĂŵƉůĞƐ ŽĨ ŝƌƌŝŐĂƚŝŽŶ ƐǇƐƚĞŵƐ ĂŶĚ ǁĂƚĞƌ ĐůŽĐŬƐ ĚĂƚŝŶŐ ďĂĐŬ
ƚŽ ƚŚĞ ϰƚŚ DŝůůĞŶŶŝƵŵ  ŝŶ ůŽĐĂƚŝŽŶƐ ŝŶĐůƵĚŝŶŐ DĞƐŽƉŽƚĂŵŝĂ͕ ŐǇƉƚ͕ WĞƌƐŝĂ ĂŶĚ ŚŝŶĂ͘ ^ĞǀĞƌĂů ŽĨ ƚŚĞ
ƉƌŝŶĐŝƉůĞƐ ŽĨ ŚǇĚƌŽ ƚƵƌďŝŶĞƐ ĂƌĞ ƚŚĞ ƐĂŵĞ ĂƐ ƚŚŽƐĞ ŽĨ ǁŝŶĚ ƚƵƌďŝŶĞƐ ;ĐŽǀĞƌĞĚ ŝŶ ƚŚĞ ƉƌĞǀŝŽƵƐ ƐĞĐƚŝŽŶͿ͖
ƚŚĞ ĨƵŶĚĂŵĞŶƚĂů ĚŝĨĨĞƌĞŶĐĞ ŝƐ ƚŚĂƚ ŚǇĚƌŽ ƚƵƌďŝŶĞƐ ĂƌĞ ƉŽǁĞƌĞĚ ďǇ ǁĂƚĞƌ ƌĂƚŚĞƌ ƚŚĂŶ Ăŝƌ ĐƵƌƌĞŶƚƐ͘
,ǇĚƌŽ ƚƵƌďŝŶĞƐ ĂƌĞ ŝŶĞǀŝƚĂďůǇ ŚŝŐŚůǇ ƐŝƚĞͲƐƉĞĐŝĨŝĐ͕ ďƵƚ ŝŶ ƚŚĞ ƌŝŐŚƚ ƉůĂĐĞ ŚǇĚƌŽƉŽǁĞƌ ĐĂŶ ƌĞƉƌĞƐĞŶƚ ŽŶĞ
ŽĨ ƚŚĞ ŵŽƐƚ ƌĞůŝĂďůĞ͕ ĚƵƌĂďůĞ ĂŶĚ ĞĨĨĞĐƚŝǀĞ ĨŽƌŵƐ ŽĨ ƌĞŶĞǁĂďůĞ ĞůĞĐƚƌŝĐŝƚǇ Ăƚ ďŽƚŚ ƐŵĂůů ĂŶĚ ůĂƌŐĞ
ƐĐĂůĞƐ͕ ĂŶĚ ĐĂŶ ďĞ ǁĞůů ƐƵŝƚĞĚ ƚŽ ƐŽŵĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŽƌŝŐŝŶĂůůǇ ĐŽŶƐƚƌƵĐƚĞĚ ĨŽƌ ǁĂƚĞƌ ƉŽǁĞƌ͘
,ǇĚƌŽƉŽǁĞƌ ƵƐĞƐ ƌƵŶŶŝŶŐ ǁĂƚĞƌ ƚŽ ƉŽǁĞƌ Ă ƚƵƌďŝŶĞ ƚŚĂƚ ŐĞŶĞƌĂƚĞƐ ĞůĞĐƚƌŝĐŝƚǇ͘ Ɛ ǁĂƚĞƌ ĨůŽǁ ŝƐ ƵƐƵĂůůǇ
ƌĞůĂƚŝǀĞůǇ ĐŽŶƐƚĂŶƚ ;ĂůƚŚŽƵŐŚ ŶŽƚ ĂůǁĂǇƐͿ ĂŶĚ ƉƌŽǀŝĚĞƐ Ă ŐŽŽĚ Ĩŝƚ ǁŝƚŚ ǁŝŶƚĞƌ ŚĞĂƚŝŶŐ ĂŶĚ ůŝŐŚƚŝŶŐ
ŶĞĞĚƐ ;ƚŚĞƌĞ ŝƐ ŐĞŶĞƌĂůůǇ ŵŽƌĞ ƌƵŶŶŝŶŐ ǁĂƚĞƌ ŝŶ ǁŝŶƚĞƌ ŵŽŶƚŚƐͿ͕ ŚǇĚƌŽ ƚƵƌďŝŶĞƐ ĐĂŶ ŽĨƚĞŶ ƉƌŽǀŝĚĞ
ƐƵƐƚĂŝŶĞĚ ƉŽǁĞƌ ĨŽƌ ŵĂŶǇ ǇĞĂƌƐ͘ ,ǇĚƌŽ ŝƐ ŽĨƚĞŶ ďĞƐƚ ƐƵŝƚĞĚ ƚŽ ƌƵƌĂů ĞŶǀŝƌŽŶŵĞŶƚƐ ĚƵĞ ƚŽ ƚŚĞ ƐƉĂĐĞ
ŶĞĞĚĞĚ ĂŶĚ ƚŚĞ ƉƌĞǀĂůĞŶĐĞ ŽĨ ƐƵŝƚĂďůĞ ǁĂƚĞƌ ďŽĚŝĞƐ ŝŶ ƐƵĐŚ ĂƌĞĂƐ ;ĂůƚŚŽƵŐŚ ƵƌďĂŶ ƐǇƐƚĞŵƐ ĚŽ ĞǆŝƐƚͿ͘
WĞƌĨŽƌŵĂŶĐĞ ŝƐ ĨƵŶĚĂŵĞŶƚĂůůǇ ůŝŶŬĞĚ ƚŽ ƐŝƚĞ ĐŽŶĚŝƚŝŽŶƐ͘ dŚĞ ƉŽǁĞƌ ƚŚĂƚ ĐĂŶ ďĞ ƚĂŬĞŶ ĨƌŽŵ ǁĂƚĞƌ ŝƐ
ĚĞƉĞŶĚĞŶƚ ŽŶ ƚǁŽ ǀĂƌŝĂďůĞƐ͗ ͚ĨůŽǁ͛ ;ƚŚĞ ǀŽůƵŵĞ ŽĨ ƌƵŶŶŝŶŐ ǁĂƚĞƌͿ ĂŶĚ ͚ŚĞĂĚ͛ ;ƚŚĞ ĚŝĨĨĞƌĞŶĐĞ ŝŶ ŚĞŝŐŚƚ
ďĞƚǁĞĞŶ ƚŚĞ ƉŽŝŶƚ ǁŚĞƌĞ ǁĂƚĞƌ ŝƐ ƚĂŬĞŶ ĨƌŽŵ ŝƚƐ ƐŽƵƌĐĞ ĂŶĚ ƚŚĞ ƉŽŝŶƚ ǁŚĞƌĞ ŝƚ ŝƐ ƌĞƚƵƌŶĞĚ ƚŽ ŝƚƐ
ƐŽƵƌĐĞͿ͘ ,ŝŐŚ ŚĞĂĚ ĂŶĚ ŚŝŐŚ ĨůŽǁ ƚŽŐĞƚŚĞƌ ƉƌŽǀŝĚĞƐ ƚŚĞ ďĞƐƚ ƐĐĞŶĂƌŝŽ͖ ŚĞĂĚ ŝƐ ŐĞŶĞƌĂůůǇ ĐŽŶƐŝĚĞƌĞĚ
ƚŚĞ ŵŽƌĞ ŝŵƉŽƌƚĂŶƚ ĞůĞŵĞŶƚ͕ ďƵƚ ůŽǁͲŚĞĂĚ ƐǇƐƚĞŵƐ ĚŽ ĞǆŝƐƚ͘ dƵƌďŝŶĞƐ ĂƌĞ ŶŽƚ ƵƐƵĂůůǇ ŝŶƐƚĂůůĞĚ
ĚŝƌĞĐƚůǇ ŝŶ ƚŚĞ ǁĂƚĞƌ ƐŽƵƌĐĞ ;Ğ͘Ő͘ ƌŝǀĞƌͿ͗ ǁĂƚĞƌ ŝƐ ŝŶƐƚĞĂĚ ĚŝǀĞƌƚĞĚ ĨƌŽŵ ŝƚƐ ƐŽƵƌĐĞ ƵƉƐƚƌĞĂŵ ŽĨ ƚŚĞ
ƚƵƌďŝŶĞ͕ ĐŚĂŶŶĞůůĞĚ ƉĂƐƚ ƚŚĞ ƚƵƌďŝŶĞ ĂŶĚ ƚŚĞŶ ƌĞƚƵƌŶĞĚ ƚŽ ƐŽƵƌĐĞ ĚŽǁŶƐƚƌĞĂŵ͘  ƚǇƉŝĐĂů ƐǇƐƚĞŵ
ŝŶĐůƵĚĞƐ Ă ĚŝǀĞƌƐŝŽŶ ĐŚĂŶŶĞů͖ Ă ͚ƚƌĂƐŚ ƌĂĐŬ͛ ƚŽ ƉƌĞǀĞŶƚ ĚĞďƌŝƐ ĂŶĚ ǁŝůĚůŝĨĞ ĨƌŽŵ ĞŶƚĞƌŝŶŐ ƚŚĞ ƐǇƐƚĞŵ͖ Ă
ŚŽůĚŝŶŐ ƚĂŶŬ ǁŚŝĐŚ ĂůůŽǁƐ ƚŚĞ ǁĂƚĞƌ ƚŽ ƐůŽǁ ĂŶĚ ƐĞĚŝŵĞŶƚ ƚŽ ƐĞƚƚůĞ͖ Ă ƉƌĞƐƐƵƌĞ ƉŝƉĞ ĐĂƌƌǇŝŶŐ ǁĂƚĞƌ
;ƵŶĚĞƌ ƉƌĞƐƐƵƌĞͿ ƚŽ ƚŚĞ ƚƵƌďŝŶĞ͖ ƚŚĞ ƚƵƌďŝŶĞ ŝƚƐĞůĨ͖ ĂŶĚ ĂŶ ŽƵƚĨůŽǁ ƚŽ ƌĞƚƵƌŶ ƚŚĞ ǁĂƚĞƌ ƚŽ ŝƚƐ ƐŽƵƌĐĞ͘
^ŵĂůůͲƐĐĂůĞ ƐǇƐƚĞŵƐ ĂƌĞ ĐŽŵŵŽŶůǇ ƚĞƌŵĞĚ ͚ŵŝĐƌŽ ŚǇĚƌŽ͕͛
ĂŶĚ ĂƌĞ ĐĂƚĞŐŽƌŝƐĞĚ ĂĐĐŽƌĚŝŶŐ ƚŽ ƐŝƚĞ ĐŽŶĚŝƚŝŽŶƐ ĂƐ ,ŝŐŚ
ŚĞĂĚ͕ DĞĚŝƵŵ ,ĞĂĚ Žƌ >Žǁ ŚĞĂĚ͘ dŚĞƌĞ ĂƌĞ ƚǁŽ ŵĂŝŶ
ƚǇƉĞƐ ŽĨ ƚƵƌďŝŶĞ͗ ͚ƌĞĂĐƚŝŽŶ͛ ;ǁŚŝĐŚ ŽƉĞƌĂƚĞƐ ĚŝƌĞĐƚůǇ ŝŶ ƚŚĞ
ǁĂƚĞƌͿ ĂŶĚ ͚ŝŵƉƵůƐĞ͛ ;ǁŚŝĐŚ ŽƉĞƌĂƚĞƐ ŝŶ Ăŝƌ ĂŶĚ ŝƐ ĚƌŝǀĞŶ
ďǇ ǁĂƚĞƌ ũĞƚƐͿ ʹ ŝŵƉƵůƐĞ ƚƵƌďŝŶĞƐ ĂƌĞ ŵŽƌĞ ĐŽŵŵŽŶůǇ
ƵƐĞĚ͘ dŚĞƌĞ ĂƌĞ ŵĂŶǇ ĚŝĨĨĞƌĞŶƚ ƐƵďͲƚǇƉĞƐ͕ ŽĨ ǁŚŝĐŚ ƚǁŽ
ĂƌĞ ǁŽƌƚŚǇ ŽĨ ƐƉĞĐŝĨŝĐ ŵĞŶƚŝŽŶ͗ ͚ƉĞůƚŽŶ ǁŚĞĞů͛ ƚƵƌďŝŶĞƐ
ĐĂŶ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ ĞĨĨŝĐŝĞŶƚ ŝŶ ŚŝŐŚ ŚĞĂĚ ĐŽŶĚŝƚŝŽŶƐ͕ ĂŶĚ
ďŽƚŚ ƉĞůƚŽŶ ǁŚĞĞů ĂŶĚ ͚ŬĂƉůĂŶ ǁŚĞĞů͛ ƚƵƌďŝŶĞƐ ĐĂŶ ƌĞƚĂŝŶ ŚŝŐŚ ĞĨĨŝĐŝĞŶĐŝĞƐ ĚƵƌŝŶŐ ƉĞƌŝŽĚƐ ŽĨ
ĨůƵĐƚƵĂƚŝŶŐ ǁĂƚĞƌ ĨůŽǁ͘ /Ŷ ĂĚĚŝƚŝŽŶ ƚŽ ĐŽŶǀĞŶƚŝŽŶĂů ŚǇĚƌŽ ƚƵƌďŝŶĞƐ͕ ƚŚĞƌĞ ŝƐ Ă ĨƵƌƚŚĞƌ ƚǇƉĞ ǁŚŝĐŚ ŝƐ
ďĞĐŽŵŝŶŐ ŵŽƌĞ ƉŽƉƵůĂƌ ĨŽƌ ůŽǁͲŚĞĂĚ ƐǇƐƚĞŵƐ͗ ƚŚĞ ͚ƌĐŚŝŵĞĚĞĂŶ ^ĐƌĞǁ͛ ŝƐ ĞĨĨĞĐƚŝǀĞůǇ Ă ŐŝĂŶƚ ƐĐƌĞǁ
ǁŚŝĐŚ ƚƵƌŶƐ ĂƐ ǁĂƚĞƌ ƌƵŶƐ ĚŽǁŶ ŝƚ ;ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ͘
ŽƌƌĞĐƚ ƐŝǌŝŶŐ ŝƐ ŝŵƉŽƌƚĂŶƚ͗ ĂŶ ŽǀĞƌƐŝǌĞĚ ƐǇƐƚĞŵ ǁŝůů ǁŽƌŬ ǁĞůů Ăƚ ƉĞƌŝŽĚƐ ŽĨ ƉĞĂŬ ĨůŽǁ ďƵƚ ůĞƐƐ
ĞĨĨŝĐŝĞŶƚůǇ Ăƚ ŽƚŚĞƌ ƚŝŵĞƐ͕ ǁŚŝůĞ ĂŶ ƵŶĚĞƌƐŝǌĞĚ ƐǇƐƚĞŵ ǁŝůů ƌƵŶ Ăƚ ŵĂǆŝŵƵŵ ĐĂƉĂĐŝƚǇ ŵŽƌĞ ŽĨ ƚŚĞ ƚŝŵĞ
ďƵƚ ǁŝůů ďĞ ƵŶĂďůĞ ƚŽ ƚĂŬĞ ĂĚǀĂŶƚĂŐĞ ŽĨ ƉĞƌŝŽĚƐ ŽĨ ƉĞĂŬ ĨůŽǁ͘ ,ǇĚƌŽ ƐǇƐƚĞŵƐ ĐĂŶ ďĞ ƌĞůĂƚŝǀĞůǇ ůŽŶŐͲ
WĂŐĞͮϯϳ




ůŝǀĞĚ ;Ğ͘Ő͘ Đ͘ϱϬ ǇƌƐͿ͕ ĂŶĚ ĂƌĞ ŐĞŶĞƌĂůůǇ ĨĂŝƌůǇ ĞĨĨŝĐŝĞŶƚ ;Ğ͘Ő͘ ϲϬͲϴϬйͿ͘ dŚĞ ƐŝǌĞ ŽĨ ƚŚĞ ƉƌĞƐƐƵƌĞ ƉŝƉĞ ĐĂŶ
ĂĨĨĞĐƚ ĞĨĨŝĐŝĞŶĐǇ͗ ƐŵĂůůĞƌ ĚŝĂŵĞƚĞƌƐ ŝŶĐƌĞĂƐĞ ĨƌŝĐƚŝŽŶ ǁŚŝĐŚ ƚŚĞŶ ŝŶĐƌĞĂƐĞƐ ƚƌĂŶƐŵŝƐƐŝŽŶ ůŽƐƐĞƐ͘ Ɛ ǁŝƚŚ
ǁŝŶĚ ĂŶĚ Ws͕ ŚǇĚƌŽ ŚĂƐ ŶŽ ĐĂƉĂĐŝƚǇ ƚŽ ƐƚŽƌĞ ƚŚĞ ŐĞŶĞƌĂƚĞĚ ĞůĞĐƚƌŝĐŝƚǇ ƐŽ Ă ďĂĐŬͲƵƉ ƐǇƐƚĞŵ ŝƐ ƌĞƋƵŝƌĞĚ
ʹ ĞŝƚŚĞƌ ŐƌŝĚ ĐŽŶŶĞĐƚŝŽŶ Žƌ ƐŽŵĞ ĨŽƌŵ ŽĨ ŐĞŶĞƌĂƚŽƌ͘
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Ɛ ŵĞŶƚŝŽŶĞĚ ƉƌĞǀŝŽƵƐůǇ ƐŽŵĞ ƚƌĂĚŝƚŝŽŶĂů ďƵŝůĚŝŶŐƐ ǁĞƌĞ ĐŽŶƐƚƌƵĐƚĞĚ ƐƉĞĐŝĨŝĐĂůůǇ ǁŝƚŚ ǁĂƚĞƌ ƉŽǁĞƌ ŝŶ
ŵŝŶĚ͕ ĂŶĚ ŵĂŶǇ ŽĨ ƚŚĞƐĞ ďƵŝůĚŝŶŐƐ ŚĂǀĞ ƐƵďƐĞƋƵĞŶƚůǇ ďĞĐŽŵĞ ƉƌŽƚĞĐƚĞĚ ĚƵĞ ƚŽ ƚŚĞŝƌ ŚŝƐƚŽƌŝĐ ŝŶƚĞƌĞƐƚ͘
Dŝůů ďƵŝůĚŝŶŐƐ ĐŽŵŵŽŶůǇ ĨĂůů ŝŶƚŽ ĚŝƐƵƐĞ ǁŝƚŚ ƚŚĞ ĂĚǀĞŶƚ ŽĨ ŵŽƌĞ ŵŽĚĞƌŶ ĂŶĚ ĞĨĨŝĐŝĞŶƚ ĨŽƌŵƐ ŽĨ
ŵŝůůŝŶŐ͕ ĂŶĚ ƚĞŶĚ ƚŽ ďĞ ƌĞĚĞǀĞůŽƉĞĚ ĂƐ ƐŝŶŐůĞ Žƌ ŵƵůƚŝƉůĞ ĚǁĞůůŝŶŐƐ͘ ,ŽǁĞǀĞƌ͕ ƌĞŐĂƌĚůĞƐƐ ŽĨ ƚŚĞŝƌ
ĐŽŶƚĞŵƉŽƌĂƌǇ ĨƵŶĐƚŝŽŶ ƚŚĞǇ ŽĨƚĞŶ ƉƌĞƐĞŶƚ ǀĞƌǇ ŐŽŽĚ ĐŽŶĚŝƚŝŽŶƐ ĨŽƌ ŐĞŶĞƌĂƚŝŶŐ ƚŚĞŝƌ ŽǁŶ ƉŽǁĞƌ ĨƌŽŵ
Ă ŚǇĚƌŽ ƚƵƌďŝŶĞ͕ ĂŶĚ ŵĂŶǇ ŽůĚ ŵŝůů ďƵŝůĚŝŶŐƐ ĂƌĞ ƚƵƌŶŝŶŐ ƚŽ ƚŚŝƐ ŵŽĚĞƌŶ ƚĞĐŚŶŽůŽŐǇ ƚŽ ďĞĐŽŵĞ
ƐƵƐƚĂŝŶĂďůĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͘ >ĂƌŐĞƌ ŚǇĚƌŽ ŝŶƐƚĂůůĂƚŝŽŶƐ ŵĂǇ ďĞ ƐŽŵĞ ĚŝƐƚĂŶĐĞ ĨƌŽŵ Ă ŚŝƐƚŽƌŝĐ
ďƵŝůĚŝŶŐ͕ ƐĞƌǀŝŶŐ ŝƚ ǁŝƚŚŽƵƚ ŝŵƉĂĐƚŝŶŐ ŽŶ ƚŚĞ ďƵŝůĚŝŶŐ ŝƚƐĞůĨ͘
dŚĞ ŽďǀŝŽƵƐ ůŝŵŝƚĂƚŝŽŶ ŝƐ ƚŚĞ ƐŝƚĞ͗ ŝĨ ƚŚĞƌĞ ŝƐ ŶŽ ƐƵŝƚĂďůĞ ǁĂƚĞƌ ƐŽƵƌĐĞ ŚǇĚƌŽ ŝƐ ŶŽƚ ĂŶ ŽƉƚŝŽŶ͘ ,ŽǁĞǀĞƌ
ǁŚĞƌĞ ƐŝƚĞ ĐŽŶĚŝƚŝŽŶƐ ĂƌĞ ƐƵŝƚĂďůĞ ŝƚ ĐĂŶ ƉƌĞƐĞŶƚ Ă ƐƚƌŽŶŐ ŽƉƉŽƌƚƵŶŝƚǇ ĨŽƌ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ͘ /Ŷ
ĂĚĚŝƚŝŽŶ͕ ĐŽŶƐĞƌǀĂƚŝŽŶ ďŽĚŝĞƐ ĐĂŶ ŽĨƚĞŶ ďĞ ďƌŽĂĚůǇ ƐƵƉƉŽƌƚŝǀĞ ĂƐ ŝƚ ĞĨĨĞĐƚŝǀĞůǇ ƌĞƚĂŝŶƐ ƚŚĞ ŽƌŝŐŝŶĂů
ĨƵŶĐƚŝŽŶ ŽĨ ƚŚĞ ďƵŝůĚŝŶŐ ĂŶĚ ĐĂŶ ďƌŝŶŐ ŝƚ ďĂĐŬ ŝŶƚŽ ƵƐĞ͕ ƚŚĞƌĞĨŽƌĞ ƉƌŽǀŝĚŝŶŐ Ă ƌĞůĂƚŝǀĞůǇ ůŽǁͲƌŝƐŬ ǁĂǇ ŽĨ
ĐŚĂŵƉŝŽŶŝŶŐ ƐƵƐƚĂŝŶĂďůĞ ĞŶĞƌŐǇ ǁŝƚŚŽƵƚ ĚĞƚƌĂĐƚŝŶŐ ĨƌŽŵ ƚŚĞ ŽƌŝŐŝŶĂů ďƵŝůĚŝŶŐ͘
DĂŶǇ ĐŽŶƐĞŶƚƐ ĂƌĞ ŶĞĞĚĞĚ ĨŽƌ ŚǇĚƌŽ ƐǇƐƚĞŵƐ͗ ƚŚĞƐĞ ĂƌĞ Ă ŵŝǆ ŽĨ ĞŶǀŝƌŽŶŵĞŶƚĂů ͬ ůĂŶĚͲďĂƐĞĚ
ĐŽŶƐĞŶƚƐ ĂŶĚ ƚŚŽƐĞ ƌĞůĂƚŝŶŐ ƚŽ ƚŚĞ ďƵŝůĚŝŶŐ ŝĨ ŝƚ ŝƐ ůŝƐƚĞĚ͘ ^ĞĐƵƌŝŶŐ ĐŽŶƐĞŶƚƐ ĐĂŶ ƚĂŬĞ ƚŝŵĞ ďƵƚ ƚŚĞƐĞ ĂƌĞ
ĞƐƐĞŶƚŝĂů͕ ƉĂƌƚŝĐƵůĂƌůǇ ĨŽƌ ŚǇĚƌŽ ƐǇƐƚĞŵƐ ǁŚĞƌĞ ǀĂƌŝŽƵƐ ĞĐŽůŽŐŝĐĂů ĂŶĚ ǁŝůĚůŝĨĞ ĐŚĞĐŬƐ ĂƌĞ ŶĞĐĞƐƐĂƌǇ͘ /ƚ
ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ĞŶƐƵƌĞ ƐƵĨĨŝĐŝĞŶƚ ǁĂƚĞƌ ĨůŽǁ ŝƐ ůĞĨƚ ŝŶ ƚŚĞ ƌŝǀĞƌ ƚŽ ŵŝŶŝŵŝƐĞ ĂŶǇ ŝŵƉĂĐƚƐ ŽŶ ĞĐŽůŽŐǇ ĂŶĚ
ƐŝƚĞ ĂƉƉĞĂƌĂŶĐĞ͕ ĂůƚŚŽƵŐŚ ƚŚŝƐ ŝƐ ŶŽƚ ŐĞŶĞƌĂůůǇ ĂŶ ŝƐƐƵĞ ĨŽƌ ŵŝĐƌŽ ŚǇĚƌŽ ƐǇƐƚĞŵƐ͘
dŚĞƌĞ ŝƐ ŽĨƚĞŶ ƌĞůĂƚŝǀĞůǇ ůŝƚƚůĞ ǀŝƐƵĂů ŝŵƉĂĐƚ ŽŶ ƚŚĞ ďƵŝůĚŝŶŐ ŝƚƐĞůĨ ;ƐŵĂůůĞƌ ƐǇƐƚĞŵƐ ŵĂǇ Ĩŝƚ ŝŶƚŽ ĚŝƐƵƐĞĚ
ǁŚĞĞů ƉŝƚƐ͕ ĨŽƌ ĞǆĂŵƉůĞͿ͖ ƚŚĞƌĞ ĐĂŶ ďĞ Ă ďŝŐŐĞƌ ǀŝƐƵĂů ŝŵƉĂĐƚ ŽŶ ƚŚĞ ƚƵƌďŝŶĞ ĞŶǀŝƌŽŶŵĞŶƚ ďƵƚ ƚŚŝƐ ŝƐ
ƌĞĚƵĐĞĚ ǁŝƚŚ ƐŵĂůůĞƌ ƐǇƐƚĞŵƐ͘ /Ŷ ƐŽŵĞ ŝŶƐƚĂŶĐĞƐ ŝƚ ŝƐ ƉŽƐƐŝďůĞ ƚŽ ŚŽƵƐĞ ƚŚĞ ƚƵƌďŝŶĞ ŝŶ ƚŚĞ ŵĂŝŶ
ďƵŝůĚŝŶŐ͕ ďƵƚ ŝŶ ŽƚŚĞƌ ĐĂƐĞƐ ŝƚ ǁŝůů ďĞ ďĞƐƚͲƉůĂĐĞĚ ŝŶ ĂŶ ŽƵƚďƵŝůĚŝŶŐ ǁŝƚŚ ĂŶǇ ĂƐƐŽĐŝĂƚĞĚ ĞƋƵŝƉŵĞŶƚ
;Ğ͘Ő͘ ďĂĐŬͲƵƉ ŐĞŶĞƌĂƚŽƌͿ͖ ŝĨ Ă ŶĞǁ ďƵŝůĚŝŶŐ ŝƐ ƌĞƋƵŝƌĞĚ ƚŚĞŶ ĐůĞĂƌůǇ ŝƚ ƐŚŽƵůĚ ďĞ ĚĞƐŝŐŶĞĚ ƐĞŶƐŝƚŝǀĞůǇ ƚŽ
Ĩŝƚ ŝŶ ǁŝƚŚ ŝƚƐ ĞŶǀŝƌŽŶŵĞŶƚ͘ sŝƐƵĂů ŝŵƉĂĐƚ ŵĂǇ ĂůƐŽ ďĞ ƌĞĚƵĐĞĚ ďǇ ĞŶƐƵƌŝŶŐ ƚŚĞ ƉƌĞƐƐƵƌĞ ƉŝƉĞ ;ĂůƐŽ
ĐĂůůĞĚ ƚŚĞ ͚ƉĞŶƐƚŽĐŬ͛Ϳ ŝƐ ďƵƌŝĞĚ ƌĂƚŚĞƌ ƚŚĂŶ ƌƵŶŶŝŶŐ ĂďŽǀĞ ŐƌŽƵŶĚ͘ ŶǇ ƐĞƌǀŝĐĞƐ ĞŶƚĞƌŝŶŐ ƚŚĞ ŵĂŝŶ
ďƵŝůĚŝŶŐ ƐŚŽƵůĚ ĚŽ ƐŽ ĂƐ ĚŝƐĐƌĞĞƚůǇ ĂƐ ƉŽƐƐŝďůĞ͕ ĂŶĚ ĂĚĞƋƵĂƚĞ ƐĞĂůŝŶŐ ŝƐ ƌĞƋƵŝƌĞĚ ƚŽ ƉƌĞǀĞŶƚ ŚĞĂƚ ůŽƐƐ
ĂŶĚ ĚƌĂƵŐŚƚƐ͘
ĐĐĞƐƐ ƐƉĂĐĞ ŝƐ ƌĞƋƵŝƌĞĚ ĨŽƌ ƚŚĞ ƚƵƌďŝŶĞ ŝŶƐƚĂůůĂƚŝŽŶ͘ /Ŷ ĂƌĐŚĂĞŽůŽŐŝĐĂů ƐŝƚĞƐ ƚŚŝƐ ĐĂŶ ƉƌĞƐĞŶƚ ĚŝĨĨŝĐƵůƚŝĞƐ
ĂƐ ŐƌŽƵŶĚ ǁŽƌŬƐ ĐĂŶ ďĞ ĐŽŶƐŝĚĞƌĂďůĞ͕ ƐŽ ƐƵĐŚ ƐŝƚĞƐ ƐŚŽƵůĚ ďĞ ĐĂƌĞĨƵůůǇ ĐŚĞĐŬĞĚ ďĞĨŽƌĞŚĂŶĚ ƚŽ ĞŶƐƵƌĞ
ŶŽ ŝŵƉŽƌƚĂŶƚ ƌĞŵĂŝŶƐ ĂƌĞ ĚŝƐƚƵƌďĞĚ͘
dŚĞ ĨĂĐƚ ƚŚĂƚ ŚǇĚƌŽ ƚƵƌďŝŶĞƐ ĚŽ ŶŽƚ ŐĞŶĞƌĂůůǇ ŝŵƉĂĐƚ ƐŝŐŶŝĨŝĐĂŶƚůǇ ŽŶ ƚŚĞ ŽƌŝŐŝŶĂů ďƵŝůĚŝŶŐƐ ;ŝŶ ƚŚĞ
ƐĂŵĞ ǁĂǇ ĂƐ͕ ƐĂǇ͕ ƐŽŵĞ ŝŶƐƵůĂƚŝŽŶ Žƌ ŚĞĂƚŝŶŐ ĚŝƐƚƌŝďƵƚŝŽŶ ƐǇƐƚĞŵƐͿ ŵĂŬĞƐ ƚŚĞŵ Ă ƉŽƚĞŶƚŝĂůůǇ
ŝŵƉŽƌƚĂŶƚ ĞůĞŵĞŶƚ ŽĨ ƚŚĞ ůŽǁͲĐĂƌďŽŶ ĂŐĞŶĚĂ͘ /ƚ ĐĂŶ ŽĨƚĞŶ ƉƌŽǀĞ ĐŚĂůůĞŶŐŝŶŐ ƚŽ ĂĐŚŝĞǀĞ ƐŝŐŶŝĨŝĐĂŶƚ
ƐĂǀŝŶŐƐ ŝŶ ŽůĚĞƌ ĂŶĚ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĚƵĞ ƚŽ ƚĞĐŚŶŝĐĂů͕ ĂĞƐƚŚĞƚŝĐ ĂŶĚ ĨŝŶĂŶĐŝĂů ůŝŵŝƚĂƚŝŽŶƐ ŽŶ
ŝŶƚĞƌǀĞŶƚŝŽŶƐ͕ ƐŽ Ă ƐƚĂŶĚͲĂůŽŶĞ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ŐĞŶĞƌĂƚŝŽŶ ƐǇƐƚĞŵ ƐƵĐŚ ĂƐ ŚǇĚƌŽ ;ĂŶĚ ǁŝŶĚͿ ĐĂŶ
ĂůůŽǁ ƐŝŐŶŝĨŝĐĂŶƚ ĨŝŶĂŶĐŝĂů ĂŶĚ ĞŶǀŝƌŽŶŵĞŶƚĂů ƐĂǀŝŶŐƐ ǁŝƚŚŽƵƚ ŝŶƚĞƌĨĞƌŝŶŐ ǁŝƚŚ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ĨĂďƌŝĐ͘
WĂŐĞͮϯϴ





;

'("

,ǇĚƌŽ ŝƐ ďǇ ĚĞĨŝŶŝƚŝŽŶ ƌĞƐƚƌŝĐƚĞĚ ƚŽ ĂƉƉƌŽƉƌŝĂƚĞ ƐŝƚĞƐ͘ dŚĞƐĞ ĂƌĞ ŽĨƚĞŶ ŚŝůůǇ ůŽĐĂƚŝŽŶƐ ǁŝƚŚ ĨĂƐƚͲĨůŽǁŝŶŐ
ƌŝǀĞƌƐ͕ Žƌ ůŽǁůĂŶĚ ĂƌĞĂƐ ǁŝƚŚ ǁŝĚĞ ƌŝǀĞƌƐ ʹ ĂůƚŚŽƵŐŚ ĂƐ ŵĞŶƚŝŽŶĞĚ ƉƌĞǀŝŽƵƐůǇ ƵƌďĂŶ ŚǇĚƌŽ ƐǇƐƚĞŵƐ ĚŽ
ĞǆŝƐƚ͘ ǆŝƐƚŝŶŐ Žƌ ĨŽƌŵĞƌ ŵŝůů ƐŝƚĞƐ ĂƌĞ Ă ŐŽŽĚ ŝŶĚŝĐĂƚŽƌ ŽĨ ƐƵŝƚĂďŝůŝƚǇ͘ Ɛ ůĂŶĚ ŝƐ ŐĞŶĞƌĂůůǇ ƌĞƋƵŝƌĞĚ ŚǇĚƌŽ
ŝƐ ŝŶĐƌĞĂƐŝŶŐůǇ ďĞŝŶŐ ĐŽŶƐŝĚĞƌĞĚ ďǇ ůĂŶĚŽǁŶĞƌƐ͕ ĨƌŽŵ ĨĂƌŵĞƌƐ ƚŽ ůĂƌŐĞ ĞƐƚĂƚĞ ŽǁŶĞƌƐ͘ ;ƐƚĂďůŝƐŚŝŶŐ
ůĂŶĚ ŽǁŶĞƌƐŚŝƉ ŝƐ ƉĂƌƚŝĐƵůĂƌůǇ ŝŵƉŽƌƚĂŶƚ ĨŽƌ ŚǇĚƌŽ ƐǇƐƚĞŵƐ͕ ĂƐ ǁĂƚĞƌ ĐŽƵƌƐĞƐ ŽĨƚĞŶ ĨŽƌŵ ďŽƵŶĚĂƌŝĞƐ
ƐŽ ŽǁŶĞƌƐŚŝƉ ŽĨ ƌŝǀĞƌ ďĂŶŬƐ ĐĂŶ ďĞ ĐŽŵƉůĞǆ͖ ƉĞƌŵŝƐƐŝŽŶƐ ŵĂǇ ĂůƐŽ ďĞ ŶĞĞĚĞĚ ĨŽƌ ƚĞŵƉŽƌĂƌǇ Žƌ
ƉĞƌŵĂŶĞŶƚ ĂĐĐĞƐƐ ƚŽ ůĂŶĚ ŽǁŶĞĚ ďǇ ĂŶŽƚŚĞƌ ƉĂƌƚǇ͕ Ğ͘Ő͘ ĨŽƌ ŝŶƐƚĂůůĂƚŝŽŶ ŵĂĐŚŝŶĞƌǇ ĂĐĐĞƐƐ Žƌ ĨŽƌ ƐŝƚŝŶŐ͘Ϳ
DĂŶǇ ŚŝƐƚŽƌŝĐ ŵŝůůƐ ĂƌĞ ŶŽǁ ŚŽŵĞ ƚŽ ŚǇĚƌŽͲĞůĞĐƚƌŝĐ ƚƵƌďŝŶĞƐ͕
ĨƌŽŵ ƐŵĂůů ƚŽ ůĂƌŐĞ ƐǇƐƚĞŵƐ͘ ^ƵĐĐĞƐƐĨƵů ĞǆĂŵƉůĞƐ ĂďŽƵŶĚ ŝŶ ƚŚĞ
h<͖ ƐŽŵĞ ŽĨ ƚŚĞ ŵŽƌĞ ŚŝŐŚͲƉƌŽĨŝůĞ ĞǆĂŵƉůĞƐ ŝŶĐůƵĚĞ 'ĂŶƚƐ Dŝůů
;^ŽŵĞƌƐĞƚ ʹ ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ͕ dĞůůŝƐĨŽƌĚ Dŝůů ;^ŽŵĞƌƐĞƚͿ͕
dŽǁŶ Dŝůů ;ŽƌƐĞƚͿ͕ ,ŽǁƐŚĂŵ Dŝůů ;zŽƌŬƐŚŝƌĞͿ͕ ,ĞƌŽŶ ŽƌŶ Dŝůů
;ƵŵďƌŝĂͿ ĂŶĚ /ƚƚĞƌŝŶŐŚĂŵ Dŝůů ;EŽƌĨŽůŬ ʹ ƐĞĞ ƐĞĐƚŝŽŶ ϳ͘ϰ ďĞůŽǁ
ĨŽƌ ŵŽƌĞ ĚĞƚĂŝůƐͿ͘ /Ŷ ĂĚĚŝƚŝŽŶ ƚŚĞƌĞ ĂƌĞ ŵĂŶǇ ĐĂƐĞ ƐƚƵĚŝĞƐ ŽĨ ůŽǁͲ
ŚĞĂĚ ƌĐŚŝŵĞĚĞĂŶ ^ĐƌĞǁ ƐǇƐƚĞŵƐ ŚĞƌĞ͕ ŝŶĐůƵĚŝŶŐ Ă ŶƵŵďĞƌ ŽĨ
ŵŝůů ƐŝƚĞƐ ĂŶĚ ůĂƌŐĞƌ ƐǇƐƚĞŵƐ͘

;)



dŚĞ ůŽŶŐĞǀŝƚǇ ŽĨ ŚǇĚƌŽ ƐǇƐƚĞŵƐ ĐŽŵďŝŶĞĚ ǁŝƚŚ ƚŚĞŝƌ ƌĞůĂƚŝǀĞůǇ ƐƚĂďůĞ ĂŶĚ ĐŽŶƐƚĂŶƚ ƐƵƉƉůǇ ĐĂŶ ŵĂŬĞ
ƚŚĞŵ Ă ƉĂƌƚŝĐƵůĂƌůǇ ĨŝŶĂŶĐŝĂůůǇ ǀŝĂďůĞ ƌĞŶĞǁĂďůĞ ĞůĞĐƚƌŝĐŝƚǇ ƚĞĐŚŶŽůŽŐǇ͘ tŚŝůĞ ĐĂƉŝƚĂů ĐŽƐƚƐ ĂƌĞ ŶŽƚ
ŝŶƐŝŐŶŝĨŝĐĂŶƚ ʹ Ă ϲŬt ŚǇĚƌŽ ƚƵƌďŝŶĞ ŵĂǇ ĐŽƐƚ ŝŶ ĞǆĐĞƐƐ ŽĨ ΦϯϬ͕ϬϬϬ͕ ĂŶĚ ůĂƌŐĞ ĐŽŵŵƵŶĂů ƐĐŚĞŵĞƐ ĐĂŶ
ďĞ ǀĞƌǇ ĞǆƉĞŶƐŝǀĞ ʹ ƚŚĞ ƐĂǀŝŶŐƐ ŽŶ ĨƵĞů ďŝůůƐ ĐŽŵďŝŶĞĚ ǁŝƚŚ &/d ŝŶĐŽŵĞ ĐĂŶ ŵĂŬĞ ĨŽƌ ĂƚƚƌĂĐƚŝǀĞ
ƉĂǇďĂĐŬ ƉĞƌŝŽĚƐ ĂŶĚ ŝŶǀĞƐƚŵĞŶƚ ƌĞƚƵƌŶƐ͘ ^ĂǀŝŶŐƐ ĂƌĞ ĚĞƉĞŶĚĞŶƚ ŽŶ ƐǇƐƚĞŵ ƉĞƌĨŽƌŵĂŶĐĞ͕ ďƵƚ
ĞƐƚŝŵĂƚĞĚ ŽƵƚƉƵƚ ĐĂŶ ďĞ ƌĞĂƐŽŶĂďůǇ ĂĐĐƵƌĂƚĞ͘ /ƚ ƐŚŽƵůĚ ŚŽǁĞǀĞƌ ďĞ ƌĞŵĞŵďĞƌĞĚ ƚŚĂƚ ŝŶ ƉĂƌƚŝĐƵůĂƌůǇ
ĚƌǇ ƐĞĂƐŽŶƐ ǁĂƚĞƌ ƐŽƵƌĐĞƐ ĐĂŶ ƌƵŶ ůŽǁ͗ ƚŚĞ ^ĐŽƚƚŝƐŚ /ƐůĞ ŽĨ ŝŐŐ ;h<Ϳ͕ ĨŽƌ ĞǆĂŵƉůĞ͕ ŝƐ ůĂƌŐĞůǇ
ĚĞƉĞŶĚĞŶƚ ŽŶ ŚǇĚƌŽ ĨŽƌ ƚŚĞŝƌ ƉŽǁĞƌ͕ ĂŶĚ ŝŶ ƚŚĞ ĚƌǇ ƐƵŵŵĞƌ ŽĨ ϮϬϭϬ ŝŶŚĂďŝƚĂŶƚƐ ŚĂĚ ƚŽ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ
ĐĂƌĞĨƵů ǁŝƚŚ ƚŚĞŝƌ ĞůĞĐƚƌŝĐŝƚǇ ƵƐĞ͕ ƵƐŝŶŐ ĂƉƉůŝĂŶĐĞƐ ŽŶůǇ ǁŚĞŶ ĂďƐŽůƵƚĞůǇ ƌĞƋƵŝƌĞĚ ĂŶĚ ĂǀŽŝĚŝŶŐ ƚŝŵĞƐ ŽĨ
ƉĞĂŬ ĚĞŵĂŶĚ ǁŚĞƌĞǀĞƌ ƉŽƐƐŝďůĞ͘
&Žƌ ƐƵŝƚĂďůĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ŚǇĚƌŽƉŽǁĞƌ ĐĂŶ ƉƌĞƐĞŶƚ ĂŶ ŽƉƉŽƌƚƵŶŝƚǇ ĨŽƌ ƚŚĞ ďƵŝůĚŝŶŐƐ ŶŽƚ ŽŶůǇ ƉĂǇ
ƚŚĞŝƌ ǁĂǇ ďƵƚ ĂůƐŽ ďƌŝŶŐ ŝŶ ĂŶ ŝŶĐŽŵĞ͘  ŐŽŽĚ ĞǆĂŵƉůĞ ŽĨ ƚŚŝƐ ŝƐ ƚŚĞ ,ĞƌŽŶ ŽƌŶ Dŝůů ;h<͕ ŵĞŶƚŝŽŶĞĚ
ĂďŽǀĞͿ͕ Ă ŐƌĂĚĞ //Ύ ůŝƐƚĞĚ ďƵŝůĚŝŶŐ ĚĂƚŝŶŐ ĨƌŽŵ ƚŚĞ ϭϳϰϬƐ͗ ƚŚĞ ŽǁŶĞƌƐ ƚƵƌŶĞĚ ƚŽ ŚǇĚƌŽͲĞůĞĐƚƌŝĐ ƉŽǁĞƌ
ůĂƌŐĞůǇ ĂƐ Ă ƐŽůƵƚŝŽŶ ƚŽ ƚŚĞŝƌ ƵŶĂĨĨŽƌĚĂďůĞ ŵĂŝŶƚĞŶĂŶĐĞ ĂŶĚ ƌĞŶŽǀĂƚŝŽŶ ĐŽƐƚƐ ;ƚŚĞ ďƵŝůĚŝŶŐ ĐĞĂƐĞĚ
ďĞŝŶŐ ƵƐĞĚ ĐŽŵŵĞƌĐŝĂůůǇ ŝŶ ƚŚĞ ϭϵϱϬƐͿ ǁŚŝĐŚ ŵĂǇ ƵůƚŝŵĂƚĞůǇ ŚĂǀĞ ůĞĚ ƚŽ ƚŚĞ ďƵŝůĚŝŶŐ ĨĂůůŝŶŐ ŝŶƚŽ
ĚŝƐƵƐĞ ĂŶĚ ĚŝƐƌĞƉĂŝƌ͕ ĂƐ ŝŶĐŽŵĞ ĨƌŽŵ ǀŝƐŝƚŽƌƐ ĂůŽŶĞ ǁĂƐ ŝŶƐƵĨĨŝĐŝĞŶƚ͘
ŶŽƚŚĞƌ ŽĨ ƚŚĞ ďƵŝůĚŝŶŐƐ ŵĞŶƚŝŽŶĞĚ ĂďŽǀĞ ƉƌŽǀŝĚĞƐ Ă ŐŽŽĚ
ĞǆĂŵƉůĞ ŽĨ ŚǇĚƌŽ ĞĐŽŶŽŵŝĐƐ ŝŶ ƉƌĂĐƚŝĐĞ͘ /ƚƚĞƌŝŶŐŚĂŵ Dŝůů ;h<Ϳ
ĚĂƚĞƐ ĨƌŽŵ ϭϳϳϴ͕ ĂŶĚ ďĞĨŽƌĞ Ă ƐŝŐŶŝĨŝĐĂŶƚ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ
ŽǀĞƌŚĂƵů ƚŚĞ ďƵŝůĚŝŶŐ ƵƐĞĚ ϭϳ͕ϬϬϬŬtŚͬǇƌ ŝŶ ĞůĞĐƚƌŝĐŝƚǇ ĂŶĚ ϱ͕ϴϬϬů
ŽŝůͬǇƌ ĨŽƌ ŚĞĂƚŝŶŐ͕ ůĞĂĚŝŶŐ ƚŽ KϮ ĞŵŝƐƐŝŽŶƐ ŽĨ Đ͘Ϯϯ ƚŽŶŶĞƐͬǇƌ͘
dŽŐĞƚŚĞƌ ǁŝƚŚ Ă ƐĞƌŝĞƐ ŽĨ ŽƚŚĞƌ ŝŵƉƌŽǀĞŵĞŶƚƐ ʹ ǁŚŝĐŚ ŝŶĐůƵĚĞĚ
ĚŽƵďůĞ ŐůĂǌŝŶŐ͕ ĐŽŵƉƌĞŚĞŶƐŝǀĞ ŝŶƐƵůĂƚŝŽŶ͕ ƐŽůĂƌ ƚŚĞƌŵĂů ĂŶĚ Ws
ƉĂŶĞůƐ͕ Ă ǁĂƚĞƌͲƐŽƵƌĐĞ ŚĞĂƚ ƉƵŵƉ ĂŶĚ ƵŶĚĞƌͲĨůŽŽƌ ŚĞĂƚŝŶŐ ʹ Ă
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ŵŝĐƌŽ ŚǇĚƌŽ ƐǇƐƚĞŵ ǁĂƐ ŝŶƐƚĂůůĞĚ͕ ƉƌŽǀŝĚŝŶŐ ƉŽǁĞƌ ĨŽƌ ƚŚĞ ŚĞĂƚ ƉƵŵƉ ĂŶĚ ŽƚŚĞƌ ƉŽǁĞƌ ƌĞƋƵŝƌĞŵĞŶƚƐ͘
dŚŝƐ ĐŽŵďŝŶĂƚŝŽŶ ŽĨ ƚĞĐŚŶŽůŽŐŝĞƐ ;ƉůƵƐ Ă ŐƌĞĞŶ ƚĂƌŝĨĨ ĨŽƌ ƚŚĞ ƌĞŵĂŝŶŝŶŐ ĞůĞĐƚƌŝĐŝƚǇ ƌĞƋƵŝƌĞŵĞŶƚͿ ŚĂƐ
ƐŝŐŶŝĨŝĐĂŶƚůǇ ƌĞĚƵĐĞĚ ƚŚĞŝƌ ĞŶǀŝƌŽŶŵĞŶƚĂů ĨŽŽƚƉƌŝŶƚ ĂŶĚ ƌƵŶŶŝŶŐ ĐŽƐƚƐ͗ ŝŶ ƚŚĞ ƐƵŵŵĞƌ ŵŽŶƚŚƐ ŶŽ ŐƌŝĚ
ĞůĞĐƚƌŝĐŝƚǇ ŝƐ ƌĞƋƵŝƌĞĚ͕ ĂŶĚ ǁŚŝůĞ ŐƌŝĚ ĞůĞĐƚƌŝĐŝƚǇ ŝƐ ƌĞƋƵŝƌĞĚ ƚŽ ƐƵƉƉůĞŵĞŶƚ ƚŚĞ ŚǇĚƌŽ ƐǇƐƚĞŵ ŝŶ ƚŚĞ
ǁŝŶƚĞƌ ;ƚŽ ƉŽǁĞƌ ƚŚĞ ŚĞĂƚ ƉƵŵƉ͕ ǁŚŝĐŚ ŝƐ ůĂƌŐĞƌ ƚŚĂŶ ƚŚĞ ŚǇĚƌŽ ƚƵƌďŝŶĞͿ ƚŚĞƐĞ ĐŽƐƚƐ ĂƌĞ ŵŽƌĞ ƚŚĂŶ
ŽƵƚǁĞŝŐŚĞĚ ďǇ ƚŚĞ ĨŽƐƐŝů ĨƵĞů ƐĂǀŝŶŐƐ ĂŶĚ &/d ͬ Z,/ ŝŶĐŽŵĞ͕ ƌĞƐƵůƚŝŶŐ ŝŶ Ă ƐŝŐŶŝĨŝĐĂŶƚ ĂŶŶƵĂů ŶĞƚ ƉƌŽĨŝƚ͘
 ĐŽŶƐŝĚĞƌĂďůĞ ĐĂƉŝƚĂů ŽƵƚůĂǇ ŽĨ хΦϴϬ͕ϬϬϬ ǁĂƐ ƌĞƋƵŝƌĞĚ ĨŽƌ ƚŚĞ ŝŵƉƌŽǀĞŵĞŶƚ ǁŽƌŬƐ͕ ŚŽǁĞǀĞƌ ƚŚĞŝƌ
ĂŶŶƵĂů ƉŽƐŝƚŝǀĞ ďĂůĂŶĐĞ ;ĂĐĐŽƵŶƚŝŶŐ ĨŽƌ ŐƌŝĚ ĞůĞĐƚƌŝĐŝƚǇ ĞǆƉĞŶƐĞƐ ĂŶĚ ŝŶĐŽŵĞ ĨƌŽŵ ƚŚĞ ĨŽƌƚŚĐŽŵŝŶŐ
Z,/Ϳ ŝƐ Đ͘Φϳ͕ϱϬϬ͕ ŐŝǀŝŶŐ ĂŶ ĂŶŶƵĂů ƌĞƚƵƌŶ ŽĨ ĂƌŽƵŶĚ ϵй͘ ;Ŷ ĂƉƉƌŽǆŝŵĂƚĞ ďƌĞĂŬĚŽǁŶ ŽĨ ĂŶŶƵĂů ƐĂǀŝŶŐƐ
ĂŶĚ ŝŶĐŽŵĞ ŝƐ ĂƐ ĨŽůůŽǁƐ͗ Φϰ͕ϮϬϬ ƐĂǀŝŶŐ ŽŶ Žŝů ďŝůůƐ͕ Φϭ͕ϲϬϬ ƐĂǀŝŶŐ ŽŶ ĞůĞĐƚƌŝĐŝƚǇ ďŝůůƐ͕ ΦϮ͕ϰϬϬ ŝŶĐŽŵĞ
ĨƌŽŵ &/d ĂŶĚ ĞǆƉŽƌƚĞĚ ĞůĞĐƚƌŝĐŝƚǇ͕ ĂŶĚ Φϭ͕ϰϱϬ ŝŶĐŽŵĞ ĨƌŽŵ Z,/͘Ϳ 'ŝǀĞŶ ƚŚĞ ůŽŶŐĞǀŝƚǇ ŽĨ ŵŽƐƚ ŽĨ ƚŚĞ
ŝŵƉƌŽǀĞŵĞŶƚ ŵĞĂƐƵƌĞƐ ;ĂŶĚ ĐĞƌƚĂŝŶůǇ ŽĨ ƚŚĞ ŚǇĚƌŽ ƐǇƐƚĞŵͿ͕ ƚŚŝƐ ŝŶǀĞƐƚŵĞŶƚ ƐŚŽƵůĚ ƌĞƉĂǇ ŝƚƐĞůĨ ŵĂŶǇ
ƚŝŵĞƐ ŝŶ ƚŚĞ ŵĞĂƐƵƌĞƐ͛ ůŝĨĞƚŝŵĞƐ͘
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dĞůůŝƐĨŽƌĚ Dŝůů ůŝĞƐ ŽŶ ƚŚĞ ƌŝǀĞƌ &ƌŽŵĞ ŝŶ ^ŽŵĞƌƐĞƚ ;h<Ϳ͘ ŽĐƵŵĞŶƚĂƌǇ ĞǀŝĚĞŶĐĞ
ĨŽƌ Ă ŵŝůů ďƵŝůĚŝŶŐ ŽŶ ƚŚĞ ƐŝƚĞ ʹ ǁŚŝĐŚ ůŝĞƐ ǁŝƚŚŝŶ Ă ĐŽŶƐĞƌǀĂƚŝŽŶ ĂƌĞĂ ʹ ĚĂƚĞƐ ƚŽ
ϭϬϲϲ͕ ĂŶĚ Ă ϲŬt ŚǇĚƌŽ ƚƵƌďŝŶĞ ŚĂĚ ĨŝƌƐƚ ďĞĞŶ ŝŶƐƚĂůůĞĚ ŝŶ ϭϴϵϱ͘ /Ŷ ϮϬϬϲ Ă ŶĞǁ
ϱϱŬt ŚǇĚƌŽ ƐǇƐƚĞŵ ǁĂƐ ŝŶƐƚĂůůĞĚ ;ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞͿ͕ ŐĞŶĞƌĂƚŝŶŐ ĞŶŽƵŐŚ
ĞůĞĐƚƌŝĐŝƚǇ ƚŽ ƉŽǁĞƌ ŵŽƌĞ ƚŚĂŶ ϱϬ ĚǁĞůůŝŶŐƐ͘
KŶĞ ŽĨ ƚŚĞ ŬĞǇ ŽďũĞĐƚŝǀĞƐ ŽĨ ƚŚĞ ƉƌŽũĞĐƚ ǁĂƐ ƚŽ  $      ! 
   
   %       ͘ dŚŝƐ ǁĂƐ Ă ĐŚĂůůĞŶŐŝŶŐ ƉƌŽƐƉĞĐƚ ĨŽƌ ƐĞǀĞƌĂů ƌĞĂƐŽŶƐ
ŝŶĐůƵĚŝŶŐ ƚŚĞ ĐŽŶƐĞƌǀĂƚŝŽŶ ƐƚĂƚƵƐ ŽĨ ƚŚĞ ĂƌĞĂ͕ ƐƉĂĐĞ ĂŶĚ ĂĐĐĞƐƐ ůŝŵŝƚĂƚŝŽŶƐ͕ ƚŚĞ ƌĞƋƵŝƌĞŵĞŶƚ ƚŽ ƌĞƚĂŝŶ
ĂŶ ĞǆŝƐƚŝŶŐ ƌƵŝŶ͕ ĨůŽŽĚ ƌŝƐŬƐ ;ǁŚŝĐŚ ƌĞƋƵŝƌĞĚ ƚŚĞ ƉƌŽũĞĐƚ ƚŽ ĂĐĐŽŵŵŽĚĂƚĞ Ă ϰŵ ƌŝƐĞ ŝŶ ǁĂƚĞƌ ůĞǀĞůƐ ĂŶĚ
ĨůŽǁƐ ĨƌŽŵ ϮϬϬůͬƐ ƚŽ ϭϴϬ͕ϬϬϬůͬƐͿ͕ Ă ůĂĐŬ ŽĨ ϯͲƉŚĂƐĞ ĞůĞĐƚƌŝĐŝƚǇ ;ŽĨƚĞŶ ƉƌĞĨĞƌƌĞĚ ĨŽƌ ƌĞŶĞǁĂďůĞ
ĞůĞĐƚƌŝĐŝƚǇ ƐǇƐƚĞŵƐͿ ĂŶĚ ƚŚĞ ĨĂĐƚ ƚŚĞ ƐŝƚĞ ŝƐ ŚŝŐŚůǇ ĂĐĐĞƐƐŝďůĞ ďǇ ƚŚĞ ƉƵďůŝĐ͘ dŚĞƐĞ ĂŶĚ ŽƚŚĞƌ ĐŚĂůůĞŶŐĞƐ
ŵĞĂŶƚ Ă ϰͲǇĞĂƌ ƉƌŽũĞĐƚ ƚŽ ŐĞƚ ƚŚĞ ƚƵƌďŝŶĞ ŝŶƐƚĂůůĞĚ ĂŶĚ ĐŽŵŵŝƐƐŝŽŶĞĚ͕ ƌĞƐƚŽƌŝŶŐ ƚŚĞ ŵŝůů ďƵŝůĚŝŶŐ ĂŶĚ
ƌĞŝŶƐƚĂƚŝŶŐ ŝƚƐ ŽƌŝŐŝŶĂů ƉƵƌƉŽƐĞ ŽĨ ƉŽǁĞƌ ŐĞŶĞƌĂƚŝŽŶ͘
dŚĞ ƐŝƚĞ ǁĂƐ ƐƵƌǀĞǇĞĚ ŝŶ ϮϬϬϮ ĂŶĚ ƐƚƌƵĐƚƵƌĂů ĂƌĐŚĂĞŽůŽŐǇ ĚĞƚĂŝůƐ ǁĞƌĞ ƌĞĐŽƌĚĞĚ͘ KŶĐĞ ƉƌĞƉĂƌĂƚŝŽŶƐ
ǁĞƌĞ ŝŶ ƉůĂĐĞ ŐƌŽƵŶĚ ǁŽƌŬƐ ďĞŐĂŶ͕ ƐƚĂƌƚŝŶŐ ǁŝƚŚ ƚŚĞ ƌĞŵŽǀĂů ŽĨ ϯϬϬŵϯ ŐƌĂǀĞů ƵƉƐƚƌĞĂŵ ŽĨ ƚŚĞ ǁĞŝƌ͕
ĐůĞĂŶŝŶŐ ŽĨ ƚŚĞ ǁĂƚĞƌ ŝŶƚĂŬĞ ĐŚĂŶŶĞů͕ ƌĞŵŽǀĂů ŽĨ ƚŚĞ ŽůĚ ƚƌĂƐŚ ƌĂĐŬ ĂŶĚ ƌĞƐƚŽƌĂƚŝŽŶ ŽĨ ƚŚĞ ŽƵƚĨůŽǁ
ĐŚĂŶŶĞů͘ dŚĞ ŽůĚ ͚&ƌĂŶĐŝƐ ǁŚĞĞů͛ ƚƵƌďŝŶĞ ǁĂƐ ƌĞŵŽǀĞĚ ŝŶ ϮϬϬϰ͕ ĂŶĚ ƚŚĞ ǁĞŝƌ ǁĂƐ ĂůƐŽ ƌĂŝƐĞĚ ƚŽ
ĂĐĐŽŵŵŽĚĂƚĞ Ă ͚ĨŝƐŚ ŶŽƚĐŚ͛ ƚŽ ĂůůŽǁ ƐĂĨĞ ƉĂƐƐĂŐĞ ŽĨ ĨŝƐŚ͘ dŚĞ ĐŚŽŝĐĞ ŽĨ
ƚƵƌďŝŶĞ ǁĂƐ ŝŶĨůƵĞŶĐĞĚ ďǇ ƉƌŝŽƌŝƚŝĞƐ ŝŶĐůƵĚŝŶŐ ĞĨĨŝĐŝĞŶĐǇ ŽǀĞƌ ŚŝŐŚůǇ
ĨůƵĐƚƵĂƚŝŶŐ ĨůŽǁ ůĞǀĞůƐ͕ ƌĞůŝĂďŝůŝƚǇ͕ ĂƵƚŽŵĂƚŝĐ ĨƵŶĐƚŝŽŶ͕ ůŽǁ ŵĂŝŶƚĞŶĂŶĐĞ
ŶĞĞĚƐ ĂŶĚ ƋƵŝĞƚŶĞƐƐ͗ ƚŚŝƐ ůĞĚ ƚŽ ƚŚĞ ŝŶƐƚĂůůĂƚŝŽŶ ŽĨ Ă <ĂƉůĂŶ ǁŚĞĞů ƚƵƌďŝŶĞ
ŵĂĚĞ ďǇ KƐƐďĞƌŐĞƌ ;Ă 'ĞƌŵĂŶ ŵĂŶƵĨĂĐƚƵƌĞƌ ŽĨ ƚƵƌďŝŶĞƐ ĨŽƌ хϭϰϬǇƌƐͿ͕ ǁŚŝĐŚ
ǁĂƐ ǀĞƌƚŝĐĂůůǇ ƐŝƚĞĚ ƚŽ ĂĐĐŽŵŵŽĚĂƚĞ ƐƉĂĐĞ ƌĞƐƚƌŝĐƚŝŽŶƐ ŝŶƐŝĚĞ ƚŚĞ ;ŶĞǁͿ
ďƵŝůĚŝŶŐ ;ƐĞĞ ƚŽƉͲƌŝŐŚƚ ŝŵĂŐĞͿ͘ dŚĞ ϱ͘ϳͲƚŽŶŶĞ ƚƵƌďŝŶĞ ŚĂĚ ƚŽ ďĞ ĚĞůŝǀĞƌĞĚ ďǇ Ă
ϳͲƚŽŶŶĞ ĨŽƌŬůŝĨƚ ƚƌƵĐŬ͕ ĚƌŝǀĞŶ ďĂĐŬǁĂƌĚƐ ĂŶĚ ǁŝƚŚ ĂŶ ĞǆƚƌĂ ϭ ƚŽŶŶĞ ŽĨ ďĂůůĂƐƚ
ŽŶ ƚŚĞ ďĂĐŬ͘ dŚĞ ŝŶƐƚĂůůĂƚŝŽŶ ǁĂƐ ĐŽŵƉůĞƚĞĚ ŝŶ ϮϬϬϲ͕ ǁŝƚŚ ƚŚĞ ƚƵƌďŝŶĞ ĂŶĚ ŝƚƐ
ĂƐƐŽĐŝĂƚĞĚ ĐŽŵƉŽŶĞŶƚƐ ŚŽƵƐĞĚ ŝŶ Ă ŶĞǁ ďƵŝůĚŝŶŐ ;ƐĞĞ ďŽƚƚŽŵͲƌŝŐŚƚ ŝŵĂŐĞͿ͘
dŚĞ ĐĂƉŝƚĂů ĐŽƐƚ ƉĞƌ Ŭt ǁĂƐ Φϵ͕ϬϬϬ͕ ĂŶĚ ƚŚĞ ĨŝŶĂŶĐŝĂů ďĞŶĞĨŝƚƐ ĂŶĚ ƐĞƚͲƵƉ Ăƚ ƚŚĞ ƚŝŵĞ ;ƉƌĞͲ&/dͿ ŵĞĂŶƚ
Ă ƉĂǇďĂĐŬ ƉĞƌŝŽĚ ŽĨ ϭϭ ǇĞĂƌƐ͘ dŚĞ ǁŚŽůĞͲůŝĨĞ ĐŽƐƚ ŽĨ ƚŚĞ ƐǇƐƚĞŵ ;ŽǀĞƌ ϱϬ ǇĞĂƌƐͿ ĞƋƵĂƚĞƐ ƚŽ ΦϬ͘Ϭϯϲ ƉĞƌ
ŬtŚ ĞŶĞƌŐǇ ƉƌŽĚƵĐĞĚ͘

WĂŐĞͮϰϭ




WĞƌĨŽƌŵĂŶĐĞ ŚĂƐ ďĞĞŶ ŵŽŶŝƚŽƌĞĚ͕ ĂŶĚ ŝŶŝƚŝĂůůǇ ŝƚ ƉƌŽĚƵĐĞĚ ůĞƐƐ ƉŽǁĞƌ ƚŚĂŶ ǁĂƐ ƚŚŽƵŐŚƚ ƉŽƐƐŝďůĞ͘
ZĞĂƐŽŶƐ ĨŽƌ ƚŚŝƐ ŝŶĐůƵĚĞĚ Ă ĐŚĂŶŐĞ ŝŶ ŚĞĂĚ ĚƵĞ ƚŽ Ă ůĂƚĞ ĚĞĐŝƐŝŽŶ ďǇ ƚŚĞ ĞŶǀŝƌŽŶŵĞŶƚĂů ĂƵƚŚŽƌŝƚǇ͖
ƵŶĚĞƌͲƌĞƉŽƌƚŝŶŐ ŽĨ ƚŚĞ ŚĞĂĚ ůĞĂĚŝŶŐ ƚŽ ĂŶ ŽǀĞƌͲĞƐƚŝŵĂƚŝŽŶ ŽĨ ŚĞĂĚͲůŽƐƐ ŝŶ ƚŚĞ ŝŶƚĂŬĞ ĐŚĂŶŶĞů͖ ĂŶĚ ĂŶ
ŽǀĞƌͲĞƐƚŝŵĂƚŝŽŶ ŽĨ ďĂĐŬŝŶŐ ƵƉ ŝŶ ƚŚĞ ŽƵƚĨůŽǁ ĐŚĂŶŶĞů ůĞĂĚŝŶŐ ƚŽ ĂŶ ƵŶĚĞƌͲĞƐƚŝŵĂƚŝŽŶ ŽĨ ŚĞĂĚ
ƌĞƚĞŶƚŝŽŶ͘
dŚŝƐ ĂŶĚ ŽƚŚĞƌ ŚǇĚƌŽ ŝŶƐƚĂůůĂƚŝŽŶƐ ŚĂǀĞ ŝŶĨůƵĞŶĐĞĚ ŽƚŚĞƌ ŵŝůů ŽǁŶĞƌƐ ƚŽ ŝŶƐƚĂůů ƐŝŵŝůĂƌ ƐǇƐƚĞŵƐ ŝŶ ƚŚĞŝƌ
ŽǁŶ ďƵŝůĚŝŶŐƐ ĂĐƌŽƐƐ ƚŚĞ h<͘ /Ŷ ƉĂƌƚŝĐƵůĂƌ͕ dĞůůŝƐĨŽƌĚ Dŝůů ĨŽƌŵƐ ƉĂƌƚ ŽĨ ƚŚĞ DĞŶĚŝƉ WŽǁĞƌ 'ƌŽƵƉ
ǁŚŝĐŚ ŚĂƐ ƐƵĐĐĞƐƐĨƵůůǇ ŝŶƐƚĂůůĞĚ ŶƵŵĞƌŽƵƐ ŚǇĚƌŽ ƚƵƌďŝŶĞƐ ŝŶ ŽƚŚĞƌ ůŽĐĂů ŵŝůůƐ ĂƐ ǁĞůů ĂƐ ŽƚŚĞƌ
ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ͕ ĂƐ ǁĞůů ĂƐ ƉƌŽŵŽƚŝŶŐ ŝŵƉƌŽǀĞĚ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ ĂŶĚ ĚĞƉůŽǇŵĞŶƚ ŽĨ
ƌĞŶĞǁĂďůĞ ƚĞĐŚŶŽůŽŐŝĞƐ ŽŶ Ă ǁŝĚĞƌ ƐĐĂůĞ͘
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,ŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƌĞ͕ ĂŶĚ ĂƌĞ ůŝŬĞůǇ ƚŽ ƌĞŵĂŝŶ͕ ĐŚĂůůĞŶŐŝŶŐ ƚŽ ƵƉŐƌĂĚĞ ďĞǇŽŶĚ Ă ĐĞƌƚĂŝŶ ƉŽŝŶƚ͘ dŚŝƐ
͚ƐĂƚƵƌĂƚŝŽŶ ƉŽŝŶƚ͛ ŝƐ ĚĞƉĞŶĚĞŶƚ ŽŶ ŵĂŶǇ ǀĂƌŝĂďůĞƐ ŝŶĐůƵĚŝŶŐ ƚŚĞ ŝŶĚŝǀŝĚƵĂů ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ŽĨ ƚŚĞ
ďƵŝůĚŝŶŐ͖ ŝƚƐ ůŽĐĂƚŝŽŶ͖ ƚŚĞ ĚƌŝǀĞ͕ ŬŶŽǁůĞĚŐĞ ĂŶĚ ĨŝŶĂŶĐŝĂů ĐĂƉĂĐŝƚǇ ŽĨ ŝƚƐ ŽǁŶĞƌƐ͖ ůŽĐĂů ĂŶĚ ŶĂƚŝŽŶĂů
ƐƚĂŶĐĞƐ ŽŶ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽĨ ďƵŝůĚŝŶŐƐ ĂŶĚ ĞŶĞƌŐǇ͖ ĂŶĚ ƚŚĞ ĞĐŽŶŽŵŝĐ ƉŽƐƐŝďŝůŝƚŝĞƐ ĂǀĂŝůĂďůĞ Ăƚ ƚŚĞ ƚŝŵĞ͘
,ŽǁĞǀĞƌ͕ ƌĞŐĂƌĚůĞƐƐ ŽĨ ŝŶĚŝǀŝĚƵĂů ǀĂƌŝĂƚŝŽŶƐ͕ ŽŶĐĞ ƚŚŝƐ ƉŽŝŶƚ ŝƐ ƌĞĂĐŚĞĚ ĂŶĚ ŶŽƚŚŝŶŐ ŵŽƌĞ ĐĂŶ ďĞ ĚŽŶĞ
ƚŽ ƚŚĞ ďƵŝůĚŝŶŐ ĂŶĚ ŝƚƐ ŝŵŵĞĚŝĂƚĞ ƐƵƌƌŽƵŶĚƐ͕ ŽƚŚĞƌ ĂǀĞŶƵĞƐ ŵĂǇ ďĞ ĞǆƉůŽƌĞĚ ƚŽ ŝŶĐƌĞĂƐĞ ŝƚƐ
ĞŶǀŝƌŽŶŵĞŶƚĂů ĂŶĚ ĨŝŶĂŶĐŝĂů ƐƵƐƚĂŝŶĂďŝůŝƚǇ ĨƵƌƚŚĞƌ͘
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ŽŵŵƵŶĂů͕ ůĂƌŐĞͲƐĐĂůĞ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ŝŶƐƚĂůůĂƚŝŽŶƐ ĐĂŶ ďĞ Ă ǀĞƌǇ ĞĨĨĞĐƚŝǀĞ ǁĂǇ ŽĨ ƌĞĚƵĐŝŶŐ ƚŚĞ
ƌƵŶŶŝŶŐ ĐŽƐƚƐ ĂŶĚ KϮ ĞŵŝƐƐŝŽŶƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ǁŝƚŚŽƵƚ ŝŵƉĂĐƚŝŶŐ ŽŶ ƚŚĞŝƌ ĨĂďƌŝĐ
ĂŶĚ ŝŵŵĞĚŝĂƚĞ ƐƵƌƌŽƵŶĚŝŶŐƐ ;ĂůƚŚŽƵŐŚ ƚŚŝƐ ƐŚŽƵůĚ ŶŽƚ ƉƌĞĐůƵĚĞ ĂĚĚƌĞƐƐŝŶŐ ƚŚĞ ďƵŝůĚŝŶŐ ŝƚƐĞůĨͿ͘
^ĂŶŬƚ WĞƚĞƌ ŝŵ ^ĐŚĂƌǌǁĂůĚ ;'ĞƌŵĂŶǇ ʹ ƐĞĞ ƌŝŐŚƚͲŚĂŶĚ ŝŵĂŐĞƐͿ
ƉƌŽǀŝĚĞƐ Ă ŐŽŽĚ ĞǆĂŵƉůĞ ŽĨ ƚŚŝƐ ĂƉƉƌŽĂĐŚ͘ dŚĞ ďďĞǇ ŽĨ ^ƚ WĞƚĞƌ͕
ŽƌŝŐŝŶĂůůǇ ďƵŝůƚ ŝŶ ϭϬϵϬ ďƵƚ ƌĞďƵŝůƚ ƐĞǀĞƌĂů ƚŝŵĞƐ ĚƵĞ ƚŽ ĨŝƌĞƐ͕ ŝƐ ŶŽǁ
ŽŶĞ ŽĨ 'ĞƌŵĂŶǇ͛Ɛ ŵŽƐƚ ƐŝŐŶŝĨŝĐĂŶƚ ĂƌŽƋƵĞ ďƵŝůĚŝŶŐƐ ;ƚŚĞ ĐƵƌƌĞŶƚ
ĐŽŶƐƚƌƵĐƚŝŽŶ ĚĂƚĞƐ ĨƌŽŵ ϭϳϮϳͿ͘ KƌŝŐŝŶĂůůǇ ŚĞĂƚĞĚ ďǇ ŽƉĞŶ ĨŝƌĞƐ͕ ƚŚĞƐĞ
ǁĞƌĞ ĞǀĞŶƚƵĂůůǇ ƌĞƉůĂĐĞĚ ǁŝƚŚ ĂŶ Žŝů ĐĞŶƚƌĂů ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ
ĐŽŶƐƵŵŝŶŐ ϯϰ͕ϬϬϬ ďĂƌƌĞůƐ ŽĨ Žŝů ƉĞƌ ǇĞĂƌ͘ /Ŷ ƚŚĞ ĨĂĐĞ ŽĨ ƵŶƐƵƐƚĂŝŶĂďůĞ
ƌƵŶŶŝŶŐ ĐŽƐƚƐ ĂŶĚ Ă ĚĞƐŝƌĞ ƚŽ ƌĞĚƵĐĞ ŝƚƐ ĞŶǀŝƌŽŶŵĞŶƚĂů ŝŵƉĂĐƚ͕ ƚŚĞ
ĂďďĞǇ ďĞĐĂŵĞ ƉĂƌƚ ŽĨ Ă ĐŽŵŵƵŶĂů ĚƌŝǀĞ ƚŽ Ă ƐƵƐƚĂŝŶĂďůĞ ƚŽǁŶ͘ dŚĞ
ĂďďĞǇ ŶŽǁ ĐŽŶƐƵŵĞƐ ŶŽ Žŝů ĂŶĚ ŝƐ ŝŶƐƚĞĂĚ ŚĞĂƚĞĚ ďǇ Ă ůĂƌŐĞ
ĐŽŵŵƵŶĂů ďŝŽŵĂƐƐ ;ǁŽŽĚĐŚŝƉͿ ďŽŝůĞƌ͕ ǁŚŝĐŚ ĂůƐŽ ƐĞƌǀĞƐ ŵŽƐƚ ŽĨ ƚŚĞ
ŽƚŚĞƌ ďƵŝůĚŝŶŐƐ ŝŶ ƚŚĞ ƚŽǁŶ ǀŝĂ ϰ ŵŝůĞƐ ŽĨ ƉŝƉĞǁŽƌŬ͘ Ɛ ǁĞůů ĂƐ ƚŚŝƐ
ĚŝƐƚƌŝĐƚ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵ ƚŚĞ ƚŽǁŶ ŚĂƐ ĂůƐŽ ŵĂĚĞ ƵƐĞ ŽĨ Ws͕ ǁŝŶĚ ĂŶĚ
ŚǇĚƌŽ ƉŽǁĞƌ͕ ůĞĂĚŝŶŐ ƚŽ ƐŝŐŶŝĨŝĐĂŶƚůǇ ůŽǁĞƌ ƌƵŶŶŝŶŐ ĐŽƐƚƐ͕ ŝŶĐƌĞĂƐŝŶŐ
ŝŶĚĞƉĞŶĚĞŶĐĞ ŽŶ ĨŽƐƐŝů ĨƵĞůƐ ĂŶĚ Ă ůŽŶŐͲƚĞƌŵ &/d ŝŶĐŽŵĞ͘
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tŚĞƌĞ ŶŽ ĨŽƌŵ ŽĨ ĚŝƌĞĐƚ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵ ŝƐ ĚĞĞŵĞĚ ĂƉƉƌŽƉƌŝĂƚĞ ĨŽƌ Ă ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ͕ Ă
ŐƌĞĞŶ ƚĂƌŝĨĨ ŝƐ Ă ƐŝŵƉůĞ ĂŶĚ ŝŶĞǆƉĞŶƐŝǀĞ ǁĂǇ ŽĨ ƚĂĐŬůŝŶŐ ƚŚĞ ďƵŝůĚŝŶŐ͛Ɛ KϮ ĞŵŝƐƐŝŽŶƐ͘ ĂƌĞ ƐŚŽƵůĚ ďĞ
ƚĂŬĞŶ ƚŽ ĞŶƐƵƌĞ ƚŚĂƚ ĂŶǇ ƐƵĐŚ ƚĂƌŝĨĨ ŝƐ ŐĞŶƵŝŶĞůǇ ͚ŐƌĞĞŶ͕͛ ƐŽ ƚŚĞŝƌ ĞŶǀŝƌŽŶŵĞŶƚĂů ĐƌĞĚĞŶƚŝĂůƐ ĂŶĚ
ĞŶĞƌŐǇ ƐŽƵƌĐĞƐ ƐŚŽƵůĚ ďĞ ĐĂƌĞĨƵůůǇ ĂƐƐĞƐƐĞĚ ƚŽ ĞŶƐƵƌĞ ƚŚĂƚ ĂĚŽƉƚŝŽŶ ŽĨ Ă ƉĂƌƚŝĐƵůĂƌ ƚĂƌŝĨĨ ƌĞĂůůǇ ǁŝůů
ůĞĂĚ ƚŽ ĂĐĐŽƵŶƚĂďůĞ KϮ ƐĂǀŝŶŐƐ͘
dŚĞƐĞ ƚĂƌŝĨĨƐ ŵĂǇ ĂůƐŽ ďĞ ůŽĐĂů ĂƐ ǁĞůů ĂƐ ŶĂƚŝŽŶĂů͘ ^ŽŵĞ ƉĂƌŝƐŚĞƐ ǁŝƚŚŝŶ ƚŚĞ ŚƵƌĐŚ ŽĨ ^ǁĞĚĞŶ͕ ĨŽƌ
ĞǆĂŵƉůĞ͕ ŽǁŶ Ă ǁŝŶĚ ĨĂƌŵƐ ĨƌŽŵ ǁŚŝĐŚ ŝƚ ŐĞƚƐ ĐůĞĂŶ ĞůĞĐƚƌŝĐŝƚǇ ƚŽ ƚŚĞ ĐŚƵƌĐŚĞƐ͘
WĂŐĞͮϰϯ
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/ƚ ƐŚŽƵůĚ ŐŽ ǁŝƚŚŽƵƚ ƐĂǇŝŶŐ ƚŚĂƚ ĂŶǇ ĨŽƌŵ ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐŚŽƵůĚ ďĞ ƉƌĞĐĞĚĞĚ ďǇ ƐƚĞƉƐ ƚŽ
ŵĂǆŝŵŝƐĞ ƚŚĞ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ ŽĨ Ă ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ͕ ŝ͘Ğ͘ ŵŝŶŝŵŝƐŝŶŐ ƚŚĞ ĂŵŽƵŶƚ ŽĨ ĞŶĞƌŐǇ ŶĞĞĚĞĚ ƚŽ
ŚĞĂƚ ĂŶĚ ƉŽǁĞƌ ƚŚĞ ďƵŝůĚŝŶŐ ĞĨĨĞĐƚŝǀĞůǇ͘ dŚŝƐ ŝŶĐůƵĚĞƐ ĨĂďƌŝĐ ŝŵƉƌŽǀĞŵĞŶƚƐ ;ŵĂŝŶƚĞŶĂŶĐĞ͕ ŝŶƐƵůĂƚŝŽŶ
ĂŶĚ ĚƌĂƵŐŚƚ ƉƌŽŽĨŝŶŐ ǁŽƌŬƐͿ ĂŶĚ ŚĞĂƚŝŶŐ ĂŶĚ ĂƉƉůŝĂŶĐĞ ŝŵƉƌŽǀĞŵĞŶƚƐ ;ƌĞŶĞǁĂů ĂŶĚͬŽƌ ƌĞƉůĂĐĞŵĞŶƚ
ŽĨ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ͕ ůŝŐŚƚŝŶŐ ĂŶĚ ĂƉƉůŝĂŶĐĞƐͿ͕ ĐŽŵďŝŶĞĚ ǁŝƚŚ ĞĨĨŝĐŝĞŶƚ ƵƐĂŐĞ ;ŝ͘Ğ͘ ďĞŚĂǀŝŽƵƌ ĂŶĚ ĐŽŶƚƌŽů
ĐŚĂŶŐĞƐͿ͘ ĚĚƌĞƐƐŝŶŐ ƚŚĞƐĞ ŝƐƐƵĞƐ ǁŝůů ŵĂǆŝŵŝƐĞ ƚŚĞ ĐŽƐƚͲĞĨĨĞĐƚŝǀĞŶĞƐƐ ŽĨ ĂŶǇ ƌĞŶĞǁĂďůĞ ƐǇƐƚĞŵ͕
ŵŝŶŝŵŝƐŝŶŐ ƚŚĞ ŚĞĂƚ ĂŶĚ ƉŽǁĞƌ ůŽĂĚ ĂŶĚ ƐŽ ĞŶĂďůŝŶŐ ƚŚĞ ƐŵĂůůĞƐƚ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵ ƉŽƐƐŝďůĞ͘
dŚŝƐ ŝƐ ƉĂƌƚŝĐƵůĂƌůǇ ƐŝŐŶŝĨŝĐĂŶƚ ǁŚĞŶ ĐŽŶƐŝĚĞƌŝŶŐ ŚŝƐƚŽƌŝĐ ŝŶƚĞƌŝŽƌƐ ĂŶĚ ĐŽŶƚĞŶƚƐ͘ WŽŽƌ ŝŶƐƵůĂƚŝŽŶ͕
ŚĞĂƚŝŶŐ ĂŶĚ ĐŽŽůŝŶŐ ƐǇƐƚĞŵƐ ǁŝůů ǀĞƌǇ ƌĂƉŝĚůǇ ůĞĂĚ ƚŽ ƉŽŽƌ ŝŶĚŽŽƌ Ăŝƌ ƋƵĂůŝƚǇ ǁŚŝĐŚ ĐĂŶ ĚĂŵĂŐĞ
ŝŶƚĞƌŝŽƌƐ ĂŶĚ ĐŽŶƚĞŶƚƐ͘ tŚĞŶ ƵƉŐƌĂĚŝŶŐ͕ ĂƚƚĞŶƚŝŽŶ ŵƵƐƚ ďĞ ƉĂŝĚ ƚŽ ƚŚĞ ŝŶĚŝǀŝĚƵĂů ƌĞƋƵŝƌĞŵĞŶƚƐ ŽĨ
ĚŝĨĨĞƌĞŶƚ ŝŶƚĞƌŶĂů ĞůĞŵĞŶƚƐ ƚŽ ĞŶƐƵƌĞ ĂƉƉƌŽƉƌŝĂƚĞ ůĞǀĞůƐ ŽĨ ŚĞĂƚŝŶŐ͕ ĐŽŽůŝŶŐ͕ ůŝŐŚƚŝŶŐ ĂŶĚ ŚƵŵŝĚŝƚǇ ĂƌĞ
ƌĞĂůŝƐĞĚ͘ Ɛ ďƵŝůĚŝŶŐƐ ĂŶĚ ƚŚĞŝƌ ĐŽŶƚĞŶƚƐ ĚŝĨĨĞƌ ǁŝĚĞůǇ ƚŚĞƌĞ ŝƐ ŶŽ ŽŶĞͲƐŝǌĞͲĨŝƚƐͲĂůů ƐŽůƵƚŝŽŶ͕ ďƵƚ ƚŚĞƌĞ
ĂƌĞ ďƌŽĂĚ ƉƌŝŶĐŝƉůĞƐ ƚŚĂƚ ĐĂŶ ďĞ ĂƉƉůŝĞĚ͘

WĂŐĞͮϰϰ





5







    



ZĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ŝƐ ĂŶ ŝŵƉŽƌƚĂŶƚ ƉĂƌƚ ŽĨ ƚŚĞ ĞŶĞƌŐǇ ŵŝǆ ƌĞƋƵŝƌĞĚ ƚŽ ĚƌŝǀĞ ĚŽǁŶ ŝŶĚŝǀŝĚƵĂů͕ ůŽĐĂů͕
ŶĂƚŝŽŶĂů ĂŶĚ ŐůŽďĂů KϮ ĞŵŝƐƐŝŽŶƐ ĂŶĚ ĨŽƐƐŝů ĨƵĞů ĐŽƐƚƐ͘ /ƚ ŝƐ ŶŽƚ ƚŚĞ ǁŚŽůĞ ƐŽůƵƚŝŽŶ͕ ďƵƚ ĞƋƵĂůůǇ ŵƵƐƚ
ŶŽƚ ďĞ ĚŝƐĐŽƵŶƚĞĚ ʹ ǁŚŝĐŚ ŝƐ ŽĨƚĞŶ ƚŚĞ ƌŝƐŬ ĨŽƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ŐĞŶĞƌĂůůǇ ŽŶ ŐƌŽƵŶĚƐ ŽĨ ǀŝƐŝďŝůŝƚǇ͘
dŚŝƐ ƌĞƉŽƌƚ ŚĂƐ ŽƵƚůŝŶĞĚ ƚŚĞ ŵĂŶǇ ŝƐƐƵĞƐ ĂŶĚ ĐŽŶƐŝĚĞƌĂƚŝŽŶƐ ƐƵƌƌŽƵŶĚŝŶŐ ƚŚĞ ĚĞƉůŽǇŵĞŶƚ ŽĨ ƚŚĞ
ǀĂƌŝŽƵƐ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ŽƉƚŝŽŶƐ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ĂŶĚ ŚĂƐ ĂůƐŽ ŚŝŐŚůŝŐŚƚĞĚ ŵĂŶǇ ŽƉƉŽƌƚƵŶŝƚŝĞƐ
ĨŽƌ ƐƵĐĐĞƐƐĨƵů ŝŶƚĞŐƌĂƚŝŽŶ ŽĨ ƚŚĞƐĞ ŵŽĚĞƌŶ ƚĞĐŚŶŽůŽŐŝĞƐ ŝŶ ƐŽŵĞƚŝŵĞƐ ĂŶĐŝĞŶƚ ĐŽŶƐƚƌƵĐƚŝŽŶƐ ƚŽ
ƐƵƉƉŽƌƚ ďŽƚŚ ƚŚĞ ŚĞĂƚŝŶŐ ĂŶĚ ƉŽǁĞƌ ƌĞƋƵŝƌĞŵĞŶƚƐ ĂŶĚ ŚĞůƉ ŵĂŶĂŐĞ ƚŚĞŝƌ ŝŶƚĞƌŝŽƌƐ ĂŶĚ ĐŽŶƚĞŶƚƐ͘ <ĞǇ
ƚŽ ƐƵĐĐĞƐƐ ŝƐ Ă ƉŽƐŝƚŝǀĞ ĂŶĚ ĚĞƚĞƌŵŝŶĞĚ ĂƚƚŝƚƵĚĞ͗ ĐŽŶƐĞƌǀĂƚŝŽŶ ŝƐ ďĞƐƚ ǀŝĞǁĞĚ ĂƐ ŵĂŶĂŐĞŵĞŶƚ ŽĨ
ĐŚĂŶŐĞ ƌĂƚŚĞƌ ƚŚĂŶ ƉƌĞƐĞƌǀĂƚŝŽŶ͘ <ŶŽǁůĞĚŐĞ ŝƐ ĂůƐŽ ĨƵŶĚĂŵĞŶƚĂů͗ ƚŚŽƐĞ ŝŶǀŽůǀĞĚ ŝŶ ďƵŝůĚŝŶŐ
ĐŽŶƐĞƌǀĂƚŝŽŶ ŚĂǀĞ ŚŝƐƚŽƌŝĐĂůůǇ ŶŽƚ ŚĂĚ ƚŽ ƵŶĚĞƌƐƚĂŶĚ ĐƵƚƚŝŶŐͲĞĚŐĞ ĞŶĞƌŐǇ ŐĞŶĞƌĂƚŝŽŶ ƚĞĐŚŶŽůŽŐŝĞƐ͕
ďƵƚ ƚŝŵĞƐ ĂƌĞ ĐŚĂŶŐŝŶŐ ĂŶĚ Ă ƐŽƵŶĚ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŝƐ ĞƐƐĞŶƚŝĂů ƚŽ ĞŶƐƵƌĞ ǁĞůůͲŝŶĨŽƌŵĞĚ͕ ĂƉƉƌŽƉƌŝĂƚĞ
ŝŶƐƚĂůůĂƚŝŽŶƐ͘
KŶĞ ŽĨ ƚŚĞ ŵĂŝŶ ďĞŶĞĨŝƚƐ ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ ĨŽƌ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ĂƐŝĚĞ ĨƌŽŵ ƚŚĞŝƌ ŽďǀŝŽƵƐ
ĞŶǀŝƌŽŶŵĞŶƚĂů ĐƌĞĚĞŶƚŝĂůƐ͕ ŝƐ ƚŚĞŝƌ ƉŽƚĞŶƚŝĂů ƚŽ ŝŵƉƌŽǀĞ ƚŚĞ ĨŝŶĂŶĐŝĂů ƐƵƐƚĂŝŶĂďŝůŝƚǇ ŽĨ ƚŚĞ ďƵŝůĚŝŶŐ ďǇ
ĂͿ ƌĞĚƵĐŝŶŐ ƌƵŶŶŝŶŐ ĐŽƐƚƐ ĂŶĚ ďͿ ŐĞŶĞƌĂƚŝŶŐ ŽŶŐŽŝŶŐ ŝŶĐŽŵĞ ƚŽ ĨƵŶĚ ŽĨƚĞŶͲĞǆƉĞŶƐŝǀĞ ŵĂŝŶƚĞŶĂŶĐĞ
ƌĞƋƵŝƌĞŵĞŶƚƐ ĨŽƌ ƚŚĞ ďƵŝůĚŝŶŐƐ ƚŚĞŵƐĞůǀĞƐ ĂŶĚ ƚŚĞŝƌ ĐŽŶƚĞŶƚƐ͘ DĂŶǇ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƌĞ ĞǆƉĞŶƐŝǀĞ
ƚŽ ƌƵŶ͕ ĂƵŐŵĞŶƚĞĚ ďǇ ƚŚĞ ůŝŵŝƚĂƚŝŽŶƐ ŽŶ ĂĐĐĞƉƚĂďůĞ ĨĂďƌŝĐ ƵƉŐƌĂĚĞƐ͕ ĂŶĚ ƉƌŽǀŝƐŝŽŶ ŽĨ ĨƌĞĞ ĞŶĞƌŐǇ ĐĂŶ
ƚŚƵƐ ďĞ ƉĂƌƚŝĐƵůĂƌůǇ ďĞŶĞĨŝĐŝĂů ŝŶ ƚŚŝƐ ƌĞƐƉĞĐƚ͘
Ɛ ƐƚĂƚĞĚ Ăƚ ƚŚĞ ŽƵƚƐĞƚ ŽĨ ƚŚŝƐ ƌĞƉŽƌƚ͕ ŝŶ ƚŚĞ ĐŽŶƚĞǆƚ ŽĨ ŚŝƐƚŽƌŝĐ ŝŶƚĞƌŝŽƌƐ ĂŶĚ ĐŽŶƚĞŶƚƐ͗



ƌĞŶĞǁĂďůĞ ŚĞĂƚ ƚĞĐŚŶŽůŽŐŝĞƐ ǁŝůů ŚĞůƉ ƉƌĞǀĞŶƚ ĞǆĐĞƐƐŝǀĞ ĐŽůĚ ĂŶĚ ŝƚƐ ƉŽƐƐŝďůĞ ĚĂŵĂŐŝŶŐ
ĐŽŶƐĞƋƵĞŶĐĞƐ ƐƵĐŚ ĂƐ ĐŽŶĚĞŶƐĂƚŝŽŶ ĂŶĚ ŵŽƵůĚ ŐƌŽǁƚŚ͖ ǁŚŝůĞ
ƌĞŶĞǁĂďůĞ ĞůĞĐƚƌŝĐŝƚǇ ƚĞĐŚŶŽůŽŐŝĞƐ ŵĂǇ ƉŽǁĞƌ ĞŝƚŚĞƌ ŚĞĂƚŝŶŐ ƐǇƐƚĞŵƐ Žƌ ĐŽŽůŝŶŐ ĚĞǀŝĐĞƐ
ŶĞĞĚĞĚ ƚŽ ĐŽŶƚƌŽů ĐůŝŵĂƚĞ ŝŶ ŚŽƚƚĞƌ ĐŽƵŶƚƌŝĞƐ͕ ĂƐ ǁĞůů ĂƐ ĨƵĞůůŝŶŐ ůŝŐŚƚŝŶŐ ĂŶĚ ĂƉƉůŝĂŶĐĞƐ ƚŚĂƚ
ĐĂŶ ŚĞůƉ ĐŽŶƚƌŽů ƉŽƚĞŶƚŝĂůůǇ ĚĂŵĂŐŝŶŐ ĨĂĐƚŽƌƐ ƐƵĐŚ ĂƐ ůŝŐŚƚŝŶŐ ĂŶĚ ŚƵŵŝĚŝƚǇ ůĞǀĞůƐ͘

,ŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƌĞ ĂůƐŽ ĐŽŵŵŽŶůǇ ƐƵďũĞĐƚ ƚŽ ƉŽŽƌ ĞŶĞƌŐǇ ƌĂƚŝŶŐƐ͕ ĨŽƌ ŶƵŵĞƌŽƵƐ ƌĞĂƐŽŶƐ ďŽƚŚ
ũƵƐƚŝĨŝĞĚ ĂŶĚ ƵŶũƵƐƚŝĨŝĞĚ͘ tŚŝůĞ ŝŶ ŵĂŶǇ h ĐŽƵŶƚƌŝĞƐ ůŝƐƚĞĚ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƌĞ ĞǆĞŵƉƚ ĨƌŽŵ ƚŚĞ
ƌĞƋƵŝƌĞŵĞŶƚ ĨŽƌ ŶĞƌŐǇ WĞƌĨŽƌŵĂŶĐĞ ĞƌƚŝĨŝĐĂƚĞƐ ;WƐͿ͕ ƚŚŝƐ ŝƐ ŶŽƚ ĂůǁĂǇƐ ƚŚĞ ĐĂƐĞ ĂŶĚ ŵĂǇ ĐŚĂŶŐĞ ŝŶ
ƚŚĞ ĨƵƚƵƌĞ͘ WŽŽƌ ŵĞĂƐƵƌĞĚ ƉĞƌĨŽƌŵĂŶĐĞ ďƌŝŶŐƐ ǁŝƚŚ ŝƚ Ă ƉĞƌĐĞƉƚŝŽŶ ŽĨ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ĂƐ ĐŽůĚ͕
ĐĂƌďŽŶ ŝŶƚĞŶƐŝǀĞ ĂŶĚ ĞǆƉĞŶƐŝǀĞ ƚŽ ƌƵŶ ʹ Ăůů ŝƐƐƵĞƐ ƚŚĂƚ ĐĂŶ ĂĨĨĞĐƚ ƚŚĞ ďƵŝůĚŝŶŐƐ͛ ŝŶƚĞƌŝŽƌƐ ĂŶĚ ĐŽŶƚĞŶƚƐ
ĞŝƚŚĞƌ ĚŝƌĞĐƚůǇ Žƌ ŝŶĚŝƌĞĐƚůǇ͘ /Ŷ ĞǆƚƌĞŵĞ ĐĂƐĞƐ ƚŚŝƐ ĐĂŶ ůĞĂĚ ƚŽ ĂďĂŶĚŽŶŵĞŶƚ ĂŶĚ ĚŝƐƌĞƉĂŝƌ͕ ƉŽƚĞŶƚŝĂůůǇ
ƌĞƐƵůƚŝŶŐ ŝŶ ƚŚĞ ůŽƐƐ ŽĨ ŚŝƐƚŽƌŝĐĂůůǇ ƐŝŐŶŝĨŝĐĂŶƚ ďƵŝůĚŝŶŐƐ ĂŶĚ ƚŚĞŝƌ ĐŽŶƚĞŶƚƐ͘ ZĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ
ĐĂŶ ŐŽ Ă ůŽŶŐ ǁĂǇ ƚŽ ŝŵƉƌŽǀŝŶŐ ƚŚĞ ĞŶĞƌŐǇ ƌĂƚŝŶŐƐ ŽĨ ƐƵĐŚ ďƵŝůĚŝŶŐƐ͕ ŝŵƉƌŽǀŝŶŐ ƚŚĞŝƌ ŝŵĂŐĞ͕ ƚŚĞŝƌ
ĚĞƐŝƌĂďŝůŝƚǇ ĂŶĚ ĐŽŶƐĞƋƵĞŶƚůǇ ƚŚĞŝƌ ůŽŶŐͲƚĞƌŵ ƵƐĂďŝůŝƚǇ͘ dŚŝƐ ŝƐ ŝŵƉŽƌƚĂŶƚ ŝŶ ĞŶƐƵƌŝŶŐ ƚŚĞƐĞ ďƵŝůĚŝŶŐ
ƌĞŵĂŝŶ ƐƵƐƚĂŝŶĂďůĞ͘
&ĂŝůƵƌĞ ƚŽ ĂĚĚƌĞƐƐ ĞŶĞƌŐǇ ƉĞƌĨŽƌŵĂŶĐĞ ĂŶĚ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ƌŝƐŬƐ ƚŚĞŝƌ
ƵůƚŝŵĂƚĞůǇ ďĞŝŶŐ ǀŝůŝĨŝĞĚ͕ ĂƐ ǁĞůů ĂƐ ƉŽƚĞŶƚŝĂůůǇ ĚĂŵĂŐŝŶŐ ƚŚĞŵ ĂŶĚ ƚŚĞŝƌ ĐŽŶƚĞŶƚƐ͘ /Ŷ Ă ĐůŝŵĂƚĞ ŽĨ
ŝŶĐƌĞĂƐŝŶŐůǇ ĐŚĂůůĞŶŐŝŶŐ ŝŶƚĞƌŶĂƚŝŽŶĂů ĞŶǀŝƌŽŶŵĞŶƚĂů ƚĂƌŐĞƚƐ͕ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ǁŝůů ŶŽƚ ĂůǁĂǇƐ ďĞ
ĞǆĞŵƉƚ ĨƌŽŵ ƐƵĐŚ ĐŽŶƐŝĚĞƌĂƚŝŽŶƐ͘ dŚŽƐĞ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ŽǁŶĞƌƐ ǁŚŽ ĞŵďƌĂĐĞ ƚŚĞƐĞ ƚĂƌŐĞƚƐ ĂŶĚ
ƚĂŬĞ ƌĞĂů ƐƚĞƉƐ ƚŽ ƌĞĚƵĐĞ ƚŚĞŝƌ ďƵŝůĚŝŶŐƐ͛ ƌƵŶŶŝŶŐ ĐŽƐƚƐ ĂŶĚ ĞŶǀŝƌŽŶŵĞŶƚĂů ŝŵƉĂĐƚ ĐĂŶ ƐŚŽǁĐĂƐĞ ƚŚĞŝƌ
ďƵŝůĚŝŶŐƐ ĂƐ ĞǆĂŵƉůĞƐ ŽĨ ďĞƐƚ ƉƌĂĐƚŝĐĞ ŝŶ ƚƵƌŶŝŶŐ ͚ƉƌŽďůĞŵ ďƵŝůĚŝŶŐƐ͛ ŝŶƚŽ ŝŶĐƌĞĂƐŝŶŐůǇ ƐƵƐƚĂŝŶĂďůĞ
WĂŐĞͮϰϱ




ďƵŝůĚŝŶŐƐ͘ ^ƵĐĐĞƐƐĨƵů ƉƌŽũĞĐƚƐ ǁŝůů ĂůƐŽ ƌĞĚƵĐĞ ƚŚĞ ĐŽŵŵŽŶ ŵŝƐĐŽŶĐĞƉƚŝŽŶ ƚŚĂƚ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ
ƚĞĐŚŶŽůŽŐŝĞƐ ǁŝůů ĂƵƚŽŵĂƚŝĐĂůůǇ ĚĞƚƌĂĐƚ ĨƌŽŵ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ ŝŶ ƐŽŵĞ ǁĂǇ͘ ZĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ʹ ŝŶ
ĐŽŶũƵŶĐƚŝŽŶ ǁŝƚŚ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ ĂŶĚ ĞĨĨŝĐŝĞŶƚ ƐĞƌǀŝĐĞƐ ʹ ĐĂŶ ĐŽŶƚƌŝďƵƚĞ ƚŽ ŵĂŬŝŶŐ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ
ŚĞĂůƚŚǇ͕ ǁŚŝĐŚ ŝŶ ƚƵƌŶ ǁŝůů ŚĞůƉ ŬĞĞƉ ƚŚĞŝƌ ĐŽŶƚĞŶƚƐ ŚĞĂůƚŚǇ͕ ĂŶĚ ƚŚŝƐ ŝƐ ŽĨ ƉĂƌƚŝĐƵůĂƌ ŝŵƉŽƌƚĂŶĐĞ ŝŶ
ŐĂůůĞƌŝĞƐ ĂŶĚ ŵƵƐĞƵŵƐ ĂŶĚ ƚŚĞ ůŝŬĞ͘
&Žƌ ƚŚŽƐĞ ĐŽŶƐŝĚĞƌŝŶŐ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ŝŶ ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ƚŚĞƌĞ ĂƌĞ Ă ŶƵŵďĞƌ ŽĨ ďĂƐŝĐ ƐƚĞƉƐ ƚŚĂƚ
ŵĂǇ ďĞ ƚĂŬĞŶ ƚŽ ŚĞůƉ ŝĚĞŶƚŝĨǇ ǁŚŝĐŚ ƚĞĐŚŶŽůŽŐŝĞƐ ĂƌĞ ďĞƐƚ ƐƵŝƚĞĚ ƚŽ ƚŚĞ ďƵŝůĚŝŶŐ ŝŶ ƋƵĞƐƚŝŽŶ͘








dŚĞ ĨŽůůŽǁŝŶŐ ƐŚŽƵůĚ ďĞ ŝĚĞŶƚŝĨŝĞĚ͗ ĞŶĞƌŐǇ ĚĞŵĂŶĚƐ͖ ĐƵƌƌĞŶƚ ŝŶĞĨĨŝĐŝĞŶĐŝĞƐ͖
ĨĂďƌŝĐͬŚĞĂƚŝŶŐͬƉŽǁĞƌ ŝŵƉƌŽǀĞŵĞŶƚ ŽƉƚŝŽŶƐ͖ ŝŶĚŽŽƌ ĐůŝŵĂƚĞ ƌĞƋƵŝƌĞŵĞŶƚƐ͖ ƐŝƚĞ ĐŽŶĚŝƚŝŽŶƐ ĂŶĚ
ƉŽƚĞŶƚŝĂů ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐŽƵƌĐĞƐ͕ ŝŶ ƉĂƌƚŝĐƵůĂƌ ƚŚŽƐĞ ƚŚĂƚ ĐĂŶ ĐŽŶƚƌŝďƵƚĞ ƚŽ ŵĂŶĂŐŝŶŐ ƚŚĞ
ŝŶĚŽŽƌ ĐůŝŵĂƚĞ͖ ƚĞĐŚŶŝĐĂů ůŝŵŝƚĂƚŝŽŶƐ͖ ĨŝŶĂŶĐĞƐ ĂŶĚ ƐƵƉƉŽƌƚ ŵĞĐŚĂŶŝƐŵƐ ;ŝŶĐůƵĚŝŶŐ ŐƌĂŶƚƐ͕
ůŽĂŶƐ ĂŶĚ ŝŶĐŽŵĞ ƐƚƌĞĂŵƐͿ
KŶĐĞ ƉŽƚĞŶƚŝĂů ƚĞĐŚŶŽůŽŐŝĞƐ ŚĂǀĞ ďĞĞŶ ŝĚĞŶƚŝĨŝĞĚ͕ ƚŚĞǇ ƐŚŽƵůĚ ďĞ ƚŚŽƌŽƵŐŚůǇ ƌĞƐĞĂƌĐŚĞĚ ƚŽ
ĞŶƐƵƌĞ ƚŚĞŝƌ ĨƵŶĐƚŝŽŶ ĂŶĚ ŽƉĞƌĂƚŝŽŶ ĂƌĞ ǁĞůů ƵŶĚĞƌƐƚŽŽĚ
sŝƐŝƚŝŶŐ ůŽĐĂů ŝŶƐƚĂůůĂƚŝŽŶƐ ĂŶĚ ƚĂůŬŝŶŐ ǁŝƚŚ ƚŚŽƐĞ ƌĞƐƉŽŶƐŝďůĞ ĨŽƌ ŝŶƐƚĂůůŝŶŐ ĂŶĚ ŽƉĞƌĂƚŝŶŐ ƚŚĞŵ
ĐĂŶ ĂůƐŽ ďĞ ǀĂůƵĂďůĞ ĂŶĚ ǁŝůů ŚĞůƉ ĂƐƐĞƐƐ ƚŚĞ ƌĞĂůŝƚŝĞƐ ŽĨ ŝŶƐƚĂůůĂƚŝŽŶ ĂŶĚ ŽƉĞƌĂƚŝŽŶ
ƚ ƚŚĞ ĨĞĂƐŝďŝůŝƚǇ ƐƚĂŐĞ͕ ŝƚ ǁŝůů ďĞ ŽĨ ĐŽŶƐŝĚĞƌĂďůĞ ďĞŶĞĨŝƚ ƚŽ ĞŶƐƵƌĞ ƚŚĂƚ ĂŶǇ ĐŽŶƚƌĂĐƚŽƌƐ ďĞŝŶŐ
ĐŽŶƐŝĚĞƌĞĚ ŚĂǀĞ ĂĚĞƋƵĂƚĞ ĞǆƉĞƌŝĞŶĐĞ ŽĨ ŝŶƐƚĂůůŝŶŐ ƚŚĞŝƌ ƐǇƐƚĞŵƐ ŝŶ ƚŚĞ ĐŽŶƚĞǆƚ ŽĨ ŚŝƐƚŽƌŝĐ
ďƵŝůĚŝŶŐƐ͕ ŝŶ ƉĂƌƚŝĐƵůĂƌ ƚŚŽƐĞ ŚŽƵƐŝŶŐ ǀĂůƵĂďůĞ ĂŶĚͬŽƌ ĨƌĂŐŝůĞ ĐŽŶƚĞŶƚƐ͗ ƚŚĞ ƵƐĞ ŽĨ ƐƉĞĐŝĂůŝƐƚ
ŝŶƐƚĂůůĞƌƐ ƐŚŽƵůĚ ĐŽŶƐŝĚĞƌĂďůǇ ƌĞĚƵĐĞ ƚŚĞ ƌŝƐŬ ŽĨ ĚĂŵĂŐĞ Žƌ ƉƌŽďůĞŵƐ Ăƚ ďŽƚŚ ŝŶƐƚĂůůĂƚŝŽŶ ĂŶĚ
ŽƉĞƌĂƚŝŽŶ ƐƚĂŐĞƐ
/ƚ ŝƐ ĞƐƐĞŶƚŝĂů ƚŚĂƚ Ăůů ƐƚĂŬĞŚŽůĚĞƌƐ ĂƌĞ ŝŶǀŽůǀĞĚ ĨƌŽŵ ƚŚĞ ŽƵƚƐĞƚ͘ dŚŝƐ ŝƐ ŬĞǇ ƚŽ ƐƵĐĐĞƐƐ͕ ĂŶĚ ŝƐ
ůŝŬĞůǇ ƚŽ ŝŶĐůƵĚĞ ďƵŝůĚŝŶŐ ŽǁŶĞƌƐ ĂŶĚ ƵƐĞƌƐ͕ ĨƵŶĚĞƌƐ͕ ĚĞǀĞůŽƉĞƌƐ ĂŶĚ͕ ĨƵŶĚĂŵĞŶƚĂůůǇ͕
ĐŽŶƐĞƌǀĂƚŝŽŶ ďŽĚŝĞƐ͘ tŽƌŬŝŶŐ ƚŽŐĞƚŚĞƌ ǁŝƚŚ ƚŚĞ ƌĞůĞǀĂŶƚ ĐŽŶƐĞƌǀĂƚŝŽŶ ŽĨĨŝĐĞƌƐ ǁŝůů ŚĞůƉ
ĞŶƐƵƌĞ ƚŚĞǇ ƵŶĚĞƌƐƚĂŶĚ ƚŚĞ ƐǇƐƚĞŵƐ ƵŶĚĞƌ ĐŽŶƐŝĚĞƌĂƚŝŽŶ͕ ƚŚĞ ŝŵƉŽƌƚĂŶĐĞ ŽĨ ĂĚŽƉƚŝŶŐ ƚŚĞŵ
ĂŶĚ ƚŚĞ ƐŽƵŶĚ ŬŶŽǁůĞĚŐĞ ĂŶĚ ĚĞĐŝƐŝŽŶͲŵĂŬŝŶŐ ƉƌŽĐĞƐƐ ƚŚĂƚ ŚĂƐ ďĞĞŶ ĨŽůůŽǁĞĚ ŝŶ ƐĞůĞĐƚŝŶŐ Ă
ƉĂƌƚŝĐƵůĂƌ ƚĞĐŚŶŽůŽŐǇ͘ &Ƶůů ŝŶǀŽůǀĞŵĞŶƚ ŝƐ ƚŚĞ ƐƵƌĞƐƚ ƌŽƵƚĞ ƚŽ ƐƵĐĐĞƐƐ

>ĂƐƚůǇ͕ ĚĞƚĞƌŵŝŶĂƚŝŽŶ ĂŶĚ ƉĞƌƐĞǀĞƌĂŶĐĞ ĂƌĞ ƌĞƋƵŝƌĞĚ ŽŶ ƚŚĞ ƉĂƌƚ ŽĨ ƚŚĞ ĚĞǀĞůŽƉĞƌ͘ ŶǇ ƌĞŶĞǁĂďůĞ
ĞŶĞƌŐǇ ƉƌŽƉŽƐĂů ĨŽƌ Ă ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐ ŝƐ ůŝŬĞůǇ ƚŽ ďĞ ƚŝŵĞͲĐŽŶƐƵŵŝŶŐ ĂŶĚ ůĞŶŐƚŚǇ͕ ƉĂƌƚŝĐƵůĂƌůǇ ĨŽƌ
ůĂƌŐĞƌ ĂŶĚͬŽƌ ŵŽƌĞ ĐŽŶƚƌŽǀĞƌƐŝĂů ƚĞĐŚŶŽůŽŐŝĞƐ͘ dŚĞ ŵŽƌĞ ƚŝŵĞ ƐƉĞŶƚ ŝŶ ƚŚĞ ĞĂƌůǇ ƉƌĞͲƉůĂŶŶŝŶŐ ĂŶĚ
ƉůĂŶŶŝŶŐ ƐƚĂŐĞƐ͕ ƚŚĞ ŵŽƌĞ ƌŽďƵƐƚ ƚŚĞ ƉƌŽũĞĐƚ ǁŝůů ďĞ ĂŶĚ ƚŚĞ ŵŽƌĞ ƐƚƌĂŝŐŚƚĨŽƌǁĂƌĚ ŝĨ ŝƚ ĐŽŵĞƐ ƚŽ
ĨƌƵŝƚŝŽŶ͕ ƌĞƐƵůƚŝŶŐ ŝŶ Ă ƉŽƚĞŶƚŝĂůůǇ ƐŝŐŶŝĨŝĐĂŶƚ ƌĞƚƵƌŶ ŽŶ ďŽƚŚ ƉĞƌƐŽŶĂů ĂŶĚ ĨŝŶĂŶĐŝĂů ŝŶǀĞƐƚŵĞŶƚ͘

WĂŐĞͮϰϲ
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dŚĞ ůŝƐƚƐ ďĞůŽǁ ƉƌŽǀŝĚĞ ĨƵƌƚŚĞƌ ƌĞĂĚŝŶŐ ŵĂƚĞƌŝĂů ŽŶ ƚŚĞ ƐƵďũĞĐƚ ŽĨ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ ƐǇƐƚĞŵƐ ŝŶ
ŚŝƐƚŽƌŝĐ ďƵŝůĚŝŶŐƐ͕ ŝŶĐůƵĚŝŶŐ ůŝŶŬƐ ƚŽ ĂĚĚŝƚŝŽŶĂů ĐĂƐĞ ƐƚƵĚŝĞƐ͘ ;EĞŝƚŚĞƌ ůŝƐƚ ŝƐ ďǇ ĂŶǇ ŵĞĂŶƐ ĞǆŚĂƵƐƚŝǀĞ͘Ϳ

 "%
ĂƐĞ ^ƚƵĚǇ
>ĂƵƌŝƐƚŽŶ WůĂĐĞ͕ h<
/ƚƚĞƌŝŶŐŚĂŵ Dŝůů͕ h< ;t^,WͿ ;ĂůƐŽ ŚĞƌĞͿ
tŚŝƚĞ ,ŽƵƐĞ͕ h^
^ĂůǌďƵƌŐ ŚƵƌĐŚ͕ d
ĨůĞŶǌ ŚƵƌĐŚ͕ d
'ƌŽƐƐŬŵĞŚůĞŶ ĂƐƚůĞ͕ 
ƌĂĨůǇǁŶ͕ h<
EƵŶŶŝŶŐƚŽŶ ,Ăůů͕ h<
ŚŝƌŬ ĂƐƚůĞ͕ h<
<ĞĞƉĞƌ͛Ɛ ŽƚƚĂŐĞ͕ h<
ĞĂƵĨŽƌƚ 'ĂƌĚĞŶƐ͕ h<
,ŽůůŽǁĂǇ ZŽĂĚ͕ h<
ŝĂů ,ŽƵƐĞ͕ h< ;'^,WͿ
,ĂƌĚĐĂƐƚůĞ ƌĂŐƐ͕ h<
dƌĞůŝƐƐŝĐŬ 'ĂƌĚĞŶ͕ h<
,ĂŶďƵƌǇ ,Ăůů͕ h<
^ƚ DŝĐŚĂĞů Θ ůů ^ĂŝŶƚƐ ŚƵƌĐŚ͕ h<
,ƵŐŚĞŶĚĞŶ DĂŶŽƌ͕ h< ;ĂůƐŽ ŚĞƌĞͿ ;^,WͿ
^ĐŽƚŶĞǇ ĂƐƚůĞ͕ h<
ĂĚŚĂǇ ,ŽƵƐĞ͕ h<
ďďĂǇĞ ĚĞ &ŽŶƚĞǀƌĂƵĚ͕ &Z ;ĂůƐŽ ŚĞƌĞͿ
WĂĐŬǁŽŽĚ ,ŽƵƐĞ͕ h< ;t^,WͿ ;ĂůƐŽ ŚĞƌĞͿ
ƌŽĨƚ ĂƐƚůĞ͕ h<
/ĐŬǁŽƌƚŚ͕ h<
^ƵĚďƵƌǇ ,Ăůů͕ h<
hƉƉĂƌŬ ,ŽƵƐĞ͕ h<
KůĚ ŽĂƐƚŐƵĂƌĚ >ŽŽŬŽƵƚ͕ h<
ZĞŝĐŚƐƚĂŐ͕ 
^ĂŶŬƚ WĞƚĞƌ ŝŶ ^ĐŚǁĂƌǌǁĂůĚ͕ 
ŝƐŚŽƉ͛Ɛ WĂůĂĐĞ͕ ƵďƌŽǀŶŝŬ͕ ,Z ;^,WͿ
'ĂůůĞƌǇ͕ DĂƌŝŶ ƌǎŝđ ^ƋƵĂƌĞ͕ ƵďƌŽǀŶŝŬ͕ ,Z ;^,WͿ
ZĞĐƚŽƌ͛Ɛ WĂůĂĐĞ͕ ƵďƌŽǀŶŝŬ͕ ,Z ;t^,WͿ
>ƵĚŐŽ ŚƵƌĐŚ͕ ^ ;^,WͿ
&ŽƵŶƚĂŝŶ͛Ɛ ďďĞǇ͕ h< ;'^,WͿ
WůĂƐ EĞǁǇĚĚ͕ h< ;t^,WͿ
ďĞƌĚƵůĂŝƐ &ĂůůƐ͕ h< ;^,WͿ
dŚĞ EĞĞĚůĞƐ͕ KůĚ ĂƚƚĞƌǇ͕ h< ;^,WͿ
ƵŶƐƚĞƌ ĂƐƚůĞ͕ h<
^ĞůŬŝƌŬ ŚƵƌĐŚ͕ h<
ƌůŝŶŐƚŽŶ ŽƵƌƚ͕ h<
ůĂƌĞŶĐĞ ,ŽƵƐĞ͕ h<
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WĂŐĞͮϰϳ




sĂƚŝĐĂŶ ŝƚǇ͕ /d
&ƌĞŝďƵƌŐ͕  ;ĂůƐŽ ŚĞƌĞͿ
EĂǆŽƐ͕ 'Z
ŶƐůĞǇ͕ h<
,ĞĂƚŚĞƌ͕ h<
ŽĞŽƚŝĂ͕ 'Z
sĂů ĚĞ >ŽŝƌĞ͕ &Z
'ĂŶƚƐ Dŝůů͕ h<
dĞůůŝƐĨŽƌĚ Dŝůů͕ h<
dŽǁŶ Dŝůů͕ h<
,ŽǁƐŚĂŵ Dŝůů͕ h<
,ĞƌŽŶ ŽƌŶ Dŝůů͕ h< ;ĂůƐŽ ŚĞƌĞͿ
ŽŶĨŝĞůĚ 'ŚǇůů &Ăƌŵ͕ h<
^ƚŝĐŬůĞďĂƌŶ ƉƵď͕ h<
sĂƌŝŽƵƐ ƌĐŚŝŵĞĚĞĂŶ ^ĐƌĞǁ ŚǇĚƌŽ ƐǇƐƚĞŵƐ͕ h<
<ĞǇ͗
^d с ^ŽůĂƌ dŚĞƌŵĂů
 с ŝŽŵĂƐƐ
,W с ,ĞĂƚ WƵŵƉ
Ws с WŚŽƚŽǀŽůƚĂŝĐƐ
t с tŝŶĚ
, с ,ǇĚƌŽ

භ
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භ
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 1"## %&
ŽŵƉƌĞŚĞŶƐŝǀĞ ŐƵŝĚĂŶĐĞ͗



ZĞŶĞǁĂďůĞ ,ĞƌŝƚĂŐĞ͗  'ƵŝĚĞ ƚŽ DŝĐƌŽŐĞŶĞƌĂƚŝŽŶ ŝŶ dƌĂĚŝƚŝŽŶĂů ĂŶĚ ,ŝƐƚŽƌŝĐ ,ŽŵĞƐ
;ŚĂŶŐĞǁŽƌŬƐ͕ ϮϬϬϵͿ
dĞĐŚŶŝĐĂů 'ƵŝĚĞůŝŶĞƐ ĨŽƌ ƵŝůĚŝŶŐ ĞƐŝŐŶĞƌƐ ;EĞǁϰKůĚ͕ ϮϬϬϵͿ

^ŚŽƌƚ ŐƵŝĚĂŶĐĞ͗














tĂƌŵĞƌ ĂƚŚ͗  'ƵŝĚĞ ƚŽ /ŵƉƌŽǀŝŶŐ ƚŚĞ ŶĞƌŐǇ ĨĨŝĐŝĞŶĐǇ ŽĨ dƌĂĚŝƚŝŽŶĂů ,ŽŵĞƐ ŝŶ ƚŚĞ ŝƚǇ ŽĨ
ĂƚŚ ;ĂƚŚ WƌĞƐĞƌǀĂƚŝŽŶ dƌƵƐƚ Θ ĞŶƚƌĞ ĨŽƌ ^ƵƐƚĂŝŶĂďůĞ ŶĞƌŐǇ͕ ϮϬϭϭͿ
,ĞĂƚ WƵŵƉƐ ĨŽƌ ŽŶƐĞƌǀĂƚŝŽŶ ,ĞĂƚŝŶŐ ;ƌŽƐƚƌŽŵ͕ d Θ >ĞŝũŽŶŚƵĨǀƵĚ͕ '͕͘ ϮϬϬϴͿ
ZĞŶĞǁĂďůĞ ŶĞƌŐǇ ĂŶĚ ǇŽƵƌ ,ŝƐƚŽƌŝĐ ƵŝůĚŝŶŐ ;t͕ ϮϬϭϬͿ
tŝŶĚ ŶĞƌŐǇ ĂŶĚ ƚŚĞ ,ŝƐƚŽƌŝĐ ŶǀŝƌŽŶŵĞŶƚ ;ŶŐůŝƐŚ ,ĞƌŝƚĂŐĞ͕ ϮϬϬϱͿ
ŝŽŵĂƐƐ ŶĞƌŐǇ ĂŶĚ ƚŚĞ ,ŝƐƚŽƌŝĐ ŶǀŝƌŽŶŵĞŶƚ ;ŶŐůŝƐŚ ,ĞƌŝƚĂŐĞ͕ ϮϬϬϲͿ
DŝĐƌŽŐĞŶĞƌĂƚŝŽŶ ŝŶ ƚŚĞ ,ŝƐƚŽƌŝĐ ŶǀŝƌŽŶŵĞŶƚ ;ŶŐůŝƐŚ ,ĞƌŝƚĂŐĞ͕ ϮϬϬϴͿ
^ŵĂůůͲƐĐĂůĞ ^ŽůĂƌ dŚĞƌŵĂů ŶĞƌŐǇ ĂŶĚ dƌĂĚŝƚŝŽŶĂů ƵŝůĚŝŶŐƐ ;ŶŐůŝƐŚ ,ĞƌŝƚĂŐĞ͕ ϮϬϬϴͿ
^ŵĂůůͲƐĐĂůĞ ^ŽůĂƌ ůĞĐƚƌŝĐ ;WŚŽƚŽǀŽůƚĂŝĐƐͿ ŶĞƌŐǇ ĂŶĚ dƌĂĚŝƚŝŽŶĂů ƵŝůĚŝŶŐƐ ;ŶŐůŝƐŚ ,ĞƌŝƚĂŐĞ͕
ϮϬϭϬͿ
DŝĐƌŽ tŝŶĚ 'ĞŶĞƌĂƚŝŽŶ ĂŶĚ dƌĂĚŝƚŝŽŶĂů ƵŝůĚŝŶŐƐ ;ŶŐůŝƐŚ ,ĞƌŝƚĂŐĞ͕ ϮϬϭϬͿ
ŶĞƌŐǇ ĨĨŝĐŝĞŶĐǇ ĂŶĚ dƌĂĚŝƚŝŽŶĂů ƵŝůĚŝŶŐƐ͗ ,ĞĂƚ WƵŵƉƐ ;ŶŐůŝƐŚ ,ĞƌŝƚĂŐĞ͕ ϮϬϭϯͿ
DĂŶĂŐŝŶŐ ŚĂŶŐĞ ŝŶ ƚŚĞ ,ŝƐƚŽƌŝĐ ŶǀŝƌŽŶŵĞŶƚ͗ DŝĐƌŽͲZĞŶĞǁĂďůĞƐ ;,ŝƐƚŽƌŝĐ ^ĐŽƚůĂŶĚ͕ ϮϬϭϬͿ
/ŵƉůĞŵĞŶƚŝŶŐ ^ŽůĂƌ Ws WƌŽũĞĐƚƐ ŽŶ ,ŝƐƚŽƌŝĐ ƵŝůĚŝŶŐƐ ĂŶĚ ŝŶ ,ŝƐƚŽƌŝĐ ŝƐƚƌŝĐƚƐ ;EĂƚŝŽŶĂů
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The indoor climate in historic buildings is a
crucial factor in preserving the building and its
interiors. The Climate for Culture project aims
to investigate if and how future climate will
have an effect on indoor climate in historic
buildings. In buildings without active climate
control, climate change may introduce new
risks and thus force the use of active climate
control. In buildings where the indoor climate
is already controlled, either with respect to
comfort or conservation climate change will
have an effect on the costs and energy demand
of climate control.
This handbook is a guide to climate control in
cultural heritage buildings. It is based on
scientific evidence and extensive practical
experience.
Historic houses such as churches, palaces or
public buildings are the main subject, but also
more recent buildings for exhibition and
storage are considered. It is mainly concerned
with buildings in temperate climate zones but
some aspects of climate control are relevant
also for buildings exposed to more extreme
climatic conditions. There are other important
indoor environmental parameters for cultural
heritage buildings, such as light and air
pollutants, but these aspects are not considered
here.
Sustainable management of these buildings
demands a balance between preserving cultural
heritage and energy efficiency. For most
buildings there is no contradiction between
these aims. Simple and energy efficient
solutions are often better for preservation of
the objects and interiors than more elaborate
and energy consuming equipment. Human use
of the buildings complicates the issue. It is the
need for human comfort that demands the most
energy, because we need to heat in winter and
cool in summer.

Humans also need ventilation to ensure health
and comfort. Cultural heritage buildings with
permanent human occupation for living or
working therefore may need complex air
conditioning systems to meet all requirements.
These types of buildings have been treated by
many other authors and will not be dealt with
here.
Most of our historic buildings and their
contents have survived for centuries without
any special attention to climatic conditions. So
why has this suddenly become relevant? One
reason is that the ambient climatic conditions
change over time, whether this is an effect of a
lasting global climate change or not it may
introduce new risks. Furthermore, the demands
for both comfort and conservation have also
developed over the years. This latter is partly
due to a better understanding of deterioration
processes, partly because natural decay is not
accepted as an evitable part of life.
The handbook is divided into 6 chapters:
•

Chapter 2 gives an introduction to the
physical parameters temperature and
relative humidity, and describes how to
measure it and analyze the data.

•

Chapter 3 describes different ways of
heating a historic building.

•

Chapter 4 describes dehumidification,
which is relevant if a lower or more
constant RH is required.

•

Chapter 5 introduces the concept of
adaptive ventilation, which is used to
keep the RH below the limit for mould
growth or to prevent condensation on
cold walls or floors.

•

Chapter 6 discusses the climatic
stability of the building.
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“To measure is to know”
Lord Kelvin
Introduction
Reliable measurements of temperature and
relative humidity are essential for energy
efficient climate control. The measurements
are needed for proper analysis of indoor
climate, for control and for documentation.
The following is a description with a focus on
the practical aspects of indoor climate
measurements. More information can be found
in the two following European Standards:
EN 15758 Conservation of Cultural Property
— Procedures and instruments for measuring
temperatures of the air and the surfaces of
objects.
EN 16242 Conservation of Cultural Property
— Procedures and instruments for measuring
humidity in the air and moisture exchange
between air and cultural property.

Fig 2.1. A traditional thermometer used for
outdoor measurement. It is only partly
screened for radiation, so the reading is
influenced by the direct sun hitting the façade.

Temperature
Traditional thermometers use the thermal
expansion of a liquid to indicate the
temperature. The liquid, usually mercury or
alcohol, is allowed to expand from a reservoir
into a narrow glass tube. The temperature is
read from a linear scale. The accuracy is not
much better than ± 1 °C. A dial thermometer
uses a bimetallic strip wrapped into a coil. The
different thermal expansion of the two metals
makes the coil twist. One end of the coil is
fixed to the housing of the device and the other
drives an indicating needle. A bimetallic strip
is also used in a recording thermometer and a
mechanical thermostat.
Electronic instruments use a resistance
thermometer (RTD) to detect the temperature.
They work by correlating the resistance of the
RTD element with temperature. Most RTD
elements consist of a fine coiled wire wrapped
around a ceramic or glass core. The element is
usually quite fragile, so it is often placed inside
a sheathed probe to protect it. The RTD
element is made from a metal, such as
platinum, nickel or copper. A common type is
the Pt100 based on a platinum wire with a
resistance of 100 Ohm at 0 °C. RTD sensors
can be very accurate, typically ± 0,01°C.
A thermocouple consists of two conductors of
different materials (usually metal alloys) in
contact. The assembly produces a voltage
dependent on the difference of temperature of
the junction to other parts of those conductors.
Thermocouples are inexpensive, fast
responding and can be made very small. This is
an advantage for surface temperature
measurements. In contrast to most other
methods of electronic temperature
measurement, thermocouples require no
external form of excitation. The main
ϲ





limitation with thermocouples is accuracy
which is not better than ± 0.5 °C.
Infrared sensors are useful for monitoring
surface temperature on objects, where it is not
possible to attach thermocouples. An infrared
sensor lets the infrared radiation though a filter
and a lens on to a temperature sensor. The
shape of the lens and the distance to the object
defines a circular area, in which an average
temperature is measured. The advantage of this
technique is that it is in most cases not
influenced by radiation from other sources than
the actual surface. But the radiation depends on
the emissivity of the surface, which must be
estimated. Infrared sensors cannot be used for
reflective surfaces.
The time response for temperature sensors is
generally quicker than for RH sensors,
however this should be considered when
moving the sensor between zones of different
temperatures. When measuring air temperature
in a room where the surface temperatures are
different from the air temperatures, the sensor
may have to be shielded to eliminate the
radiative effect from the surfaces.

Fig. 2.2. Infrared image show the variation of
the surface temperature and the influence of a
heating element in the apse. Vä church,
Sweden.
Infrared temperature cameras combine many
infrared sensors to an image of the surface
temperature of a building or an object. They
provide a picture where each colour represents



a temperature interval, se fig 2.2. It is an
effective way to detect cold bridges or air
leakages in building structures. Infrared
cameras have become less expensive in recent
years, but the cheap ones tend to have low
resolution and poor temperature sensitivity.

Relative humidity
Mechanical hygrometers have been used for
centuries. A fine example can be seen at the
Skokloster castle (fig. 2.3). This simple
hygrometer is made of two pieces of wood
glued together. The two sticks are made of
different species of wood, and have slightly
different sensitivity to water vapour. The
laminated pointer will therefore bend
according to the variations in RH. When fixed
in one end, the other end of the stick will give
a reading of RH on the backboard. The
response time is long and the accuracy is not
very good.

Fig 2.3. Historic hygrometer with a pointer
made of laminated wood. Skokloster
castle,Sweden.
The hair hygrometer is based on the linear
expansion of a tuft of hair, held in tension by a
spring. The hair is connected to a needle that
gives the reading. This device can be calibrated
by an adjustable screw, and the response time
is a few minutes. The hair hygrometer is still in
use in for household purposes. The accuracy is
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± 5 %RH The hair hygrometer is used for the
thermo-hygrograph, a mechanical recorder for
temperature and relative humidity. The pointer
has a pen to draw a graph on a paper sheet
attached to a revolving cylinder. These devices
are now museum relicts, replaced by electronic
data loggers.

mirror on to a photo cell. The mirror is cooled
by a peltier element, until dew form on the
surface. The formation of dew causes
scattering of the light beam, and a Pt100
resistor record this event as the dew point
temperature. The air temperature is measured
by a separate thermometer, and the RH is read
from a psychrometric diagram. Notice that the
dew point temperature and the wet bulb
temperature are different. The accuracy of this
apparatus is ± 1% RH. The dew point mirror is
mainly used for calibration.

Fig. 2.4. A hair hygrometer is mainly used for
household purpose and is not a reliable
instrument for climate analysis.
The psychrometer has two thermometers, one
to measure the air temperature (dry bulb) and
one to measure the temperature of a wet hose
(wet bulb). The wet bulb temperature is lower
than the dry bulb, because the wet hose is
cooled by the evaporation of water. The lower
the RH is, the colder the wet bulb temperature
gets. The RH is read from a psychrometric
diagram or from a table. There should be some
air ventilation to ensure free evaporation, and
the thermometers should be screened from
radiation. The aspiration psychrometer has a
fan to supply a constant rate of air flow. The
sling psychrometer has a handle to rotate the
assembly of the two thermometers at a
constant velocity. The accuracy of these
devices is ± 1 -2% RH. The psychrometer was
much used for spot measurements until 10
years ago, but it has been replaced by
electronic devices.
The dew point mirror contains a reflective
metal plate. An LED light is reflected by the

Fig. 2.5. A sling psychrometer with two
thermometers for wet and dry temperature
measurements. The RH is read from the disc.
Electronic humidity sensors are used for the
majority of devices for controlling and
recording relative humidity. They measure the
resistance or impedance of a hygroscopic
polymer. They respond fast (within minutes) to
variations in relative humidity, if the sensor is
exposed to the air. Some devices screen the
RH-sensor with a permeable membrane to
protect it against contamination. This extends
the lifetime of the sensor and improves the
accuracy, but the response time increases.
Calibration is still needed at regular intervals.
Most sensors also depend on the ambient
temperature, so there should be a built-in
temperature compensation. The accuracy is
between ± 2% RH and ± 5% RH. The sensors
can be made very small, which is practical for
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microclimate investigations. However, the size
of most data loggers and handheld devices is
given by the battery and the display.

Fig. 2.7. Two instruments for measuring
temperature and relative humidity. They both
have a display and a logger function
Fig. 2.6. Electronic relative humidity sensors
are quite small. Long term durability is
ensured by a membrane in the cap to protect
against pollutants and dust.

Instruments
There is a huge variety of electronic hand held
devices for measuring temperature and relative
humidity. These instruments serve the purpose
of local measurements or daily surveillance
and recording. They can also be used to
establish the interior climate in many different
rooms in a large building on the same day, or
to determine the climatic variation in many
different locations within a large room. Some
hand held instruments respond rather slowly to
temperature changes, and may need up to half
an hour to acclimatize, when moved from a
cold to a warm environment.

Fig. 2.8. Datalogger for recording temperature
and relative humidity. The humidity sensor is
only partly protected by the black screen, and
it is only suitable for indoor monitoring.
Data loggers are used to monitor the climatic
variation over time in the same location. A
logging interval of one hour is suitable for
buildings with simple climate control. Logging
intervals down to 5 minutes may be needed to
evaluate indoor climate in buildings with more
advanced control systems. The storage
capacity is usually one year or more with a one
hour logging interval. The measurements are
downloaded to a computer with a cable or with
a wireless connection. Some data loggers can
be connected to a network with multiple
devices where the data is temporarily stored in
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a common unit. The data is retrieved in regular
intervals with an internet or a mobile
connection. This is particularly useful for long
distance monitoring.

Calibration
Instruments for measuring relative humidity
need calibration. The intervals depend on the
type and use of the instrument. An annual
procedure is appropriate for most devices.
There must be at least two different RH set
points, better three or more. The temperature
for calibration should be the same as for
normal operation. If the temperature variation
during operation is more than 10 degrees, the
RH calibration should be at both the high and
the low temperature. Not all instruments have
the option of adjusting the RH after calibration.
In this case the deviation should be noted on a
label attached to the device.

Fig. 2.9 .Common types of mechanical and
electronic hygrostatic controls for heating or
dehumidification.
It is essentially the same humidity sensors that
are used for monitoring and controlling
purposes. But during the last decade the
mechanical hygrostatic controls have been
replaced by electronic devices. Most
dehumidifiers come with adjustable
humidistats that are either built into the device
or mounted in a duct or inside the room.
Electric heaters can be controlled directly by a
plug-in hygrostat, but only to a certain level of
output. Hygrostatic regulation of central
heating is more complicated, because until
recently only thermostatic valves were
available. The only option was to adjust the
water temperature, but that would not give an
even relative humidity in a large house. But
individual radiator valves are now produced
also with a wireless hygrostatic control. This
system will allow a much better control of
central heating systems for conservation
heating.

Fig. 2.10. Calibration of a data logger with
salt solutions in an air tight container.
The most convenient way to calibrate
instruments is to use a climate chamber with
automatic temperature and humidity control.
Some can be programmed to run a sequence of
different set points for T and RH. But don’t
rely too much on the built in RH control. The
RH should always be monitored with an
independent, precise device or at least checked
regularly. Climate chambers are expensive and
therefore not very available for the most users.
Some companies and scientific laboratories
offer calibration service to their clients. This is
an easy and affordable solution for a few
instruments. But it is not so difficult to do it
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yourself. Saturated salt solutions are used for
keeping the RH at specific set levels. A tray of
sodium chloride solution in an air tight
container will maintain 75 % RH at all
temperatures. Magnesium chloride maintains
33 % RH. Each salt has a specific RH level.
The salt must be separated well from the
instruments to avoid contamination and
subsequent corrosion and failure. It is wise to
wrap the instrument in a textile bag before
leaving it with the salt solution.
A simpler approach is to compare instruments
and loggers with one calibrated instrument.
This is meant to detect major errors, it does not
replace calibration.

Fig. 2.11. Map of temperature based on spot
measurements. Maria Church, Visby.
Time variation of T and RH

Data mapping
Indoor climate mapping is a procedure where
the indoor climate is surveyed in a horizontal
grid. By walking around with hand held
instruments, the variations within the room are
recorded. The response of the instruments
should be considered. Special software can be
used to convert the data to indoor climate maps
of the building. An example from St. Maria
church in Visby is presented in fig. 2.11.

Data analysis
When proposing a climate control strategy, it
should be mandatory to have at least one year
climate record for the building or room in
question. The seasonal variation in temperature
and humidity may call for different solutions in
summer and winter.

A full year data is read into a spread sheet and
presented in a chart showing both temperature
and relative humidity over time. The moving
average RH over a week or month is calculated
and shown together with the hourly data. This
will give a good overview of the levels and
both the annual and short term fluctuations.
Statistical analysis
For further statistical analysis average values,
maximum and minimum values as well as the
standard deviation are useful. The standard
deviation gives an indication of the variability
of any parameter. The lower the value, the
more stable indoor climate
Short term variations in RH
A European standard, (CEN 2010) proposes a
method to determine a target range for
variations in RH based on the climate history
of a building. Rather than specifying a fixed
interval for RH, this method is based on a
moving seasonal average around which
variations should be limited. The seasonal
cycle of RH is calculated as a moving average
over a 30 day period, based on measurements
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for at least one year. The objective is to
identify harmful fluctuations in relation to the
seasonal cycle. A fluctuation from the seasonal
cycle is considered outside the safe range when
the magnitude is more than 1,5 standard
deviations. Deviations of less than ±10% RH
are considered safe. An example is shown in
fig. 2.15.
Mould risk
By plotting T and RH together with the mould
risk curve, one can get an over view of the
mould risk during the period of measurement,
se fig 2.15.
Mixing ratio
The mixing ratio is calculated from the hourly
data of temperature and RH. This is used to
compare the climate inside and outside, or two
separate rooms or spaces within the same
room. The outside MR changes over the day
and week, whereas the inside is usually more
stable. If the mixing ratios inside and outside
are the same from hour to hour, it is evidence
of a high air exchange rate. A difference in
mixing ratio indicates a source or sink of water
in the building. A sudden summer shower will
raise the outside MR above that inside. The
opposite situation may arise from human
activity, a Sunday service in the church or a
reception in a hall. This is sometimes confused
with increased evaporation from the interior
surfaces during heating events. If the average
inside MR is always above that outside, there
is a constant evaporation from the ground or
the walls

Example
An example of such an analysis is presented
with a climate record from a church that
suffers from very high relative humidity. The
RH at the chair 3 m above the floor is in
average 75 – 90 % during the year, with
frequent drops down to 60 % due to solar
heating and heating episodes. These
fluctuations are well outside the safe range of
10 %RH. The RH remains very high in winter
despite of basic heating to 6 – 8 °C. The
mixing ratio is always higher inside than
outside, an evidence of a moisture source
within the building. The mixing ratio below the
wooden floor is always much higher than
above, indicating that the ground below the
floor is the source of moisture. This is
supported by the fact, that the mixing ratio in
the pews close to the floor is higher than at the
chair in summer. There is no difference in
winter, because the pew heating forces
convective air movements. The combined TRH diagram shows a considerable mould risk
most of the year, see fig. 2.15.


Fig. 2.12. Exterior view of Ørsted church
(DK). It has a very damp interior climate.
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Fig. 2.13.One year climate record from a church with intermittent heating for services and basic
heating to 8°C in winter. The data logger was located in the chair 3 m above the floor.

Fig 2.14. Mixing ratio calculated as a moving average over 7 days from climate measurements in four
different locations as indicated. The source of humidity is clearly evaporation from the floor.
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Fig. 2.15. Diagram indicating the mould risk.
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Introduction
Most historic buildings have been heated more
or less during their lifetime, but usually not the
comfort temperatures we ask for today.
Permanent heating is only needed in buildings
where people live or work.
This chapter deals with heating in building
where conservation of the objects and the
interiors must be considered. Lack of heating
may cause humidity related problems, too
much heat will make the indoor air dry. More
information is given in a European standard on
heating of places of worship:
CEN EN 15759-1 Conservation of cultural
property - Indoor climate - Part 1: Guidelines
for heating churches, chapels and other places
of worship

Fig. 3.2. A warm air heating system for
conservation heating is installed in the old
chimney pipes. The inlet and outlet grates are
visible behind the old cast iron stove.

Heating systems
Traditional heating
Many historic houses have traditional heating
systems with iron stoves or open fireplaces͕
ǁŚŝĐŚhave a documentary value in
themselves. For centuries these installations
may have served the purpose of providing
thermal comfort for the inhabitants. Today an
open fire is in general not recommended for
heating a historic house due to poor efficiency
and the risk of fire. Instead they may be
refitted with new heating installations. Old
cast iron stoves can be retrofitted with electric
heating elements or water pipes. This
installation is invisible if the installations are
mounted through the chimney. It is even

Fig. 3.1. Conservation heating by a moveable
electric heater on the floor in front of the old
ceramic stove. Salsta castle, Sweden.
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circulated in order to bring enough heat into
the room or building. The ducts therefore need
to be quite large. Usually the ducts are installed
in the attic, in the basement or below the floor.
Old chimneys are sometimes reused for
vertical distribution. Warm air heating systems
are powered by electricity, hot water from a
boiler or by a heat pump.

authentic in the way it recreates the original
function of the stove.

Fig 3.3. A new heating element made of copper
pipes is installed in the old cast iron stove. The
coal bucket remains empty.


Fig. 3.4. Warm air heating systems enforce air
movements within the room which may cause
draft and discomfort.

Warm air heating
Warm air heating systems use air as a conveyor
of heat to each room within the building. The
warm air is distributed through ducts which
connect to a unit with a fan to recirculate the
air through a heating surface and dust filters to
remove particles from the returned air.
Sometimes air heating system is integrated
with ventilation, and a portion of outside air is
mixed into the air stream. Some systems also
have humidification to prevent dryness in
winter. The inlet temperature should not be
more than 40 °C to avoid large temperature
differences within the room. Still the warm air
tends to rise up fast and develop a vertical
temperature gradient in tall spaces. Air has
poor thermal capacity, so much air need to be

Fig. 3.5. Duct for warm air heating in the attic
of a church.
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the interior of the building. An elegant solution
is transparent heating elements made of glass,
which are less visible than solid ones.
Floor heating solves the problem of visual
impact, but the intervention may not be
acceptable with respect to conservation. Floor
heating is commonly used both in wooden
floors and tiled floors. It provides good
comfort and an even heat distribution in tall
spaces. The surface temperature of a warm
floor should not exceed 28 °C.
Fig. 3.6. The inlet of warm air is through small
holes in the top of the vault.

Radiant heaters are often powered by
electricity, but can also be on hot water
systems. Gas heaters emit water vapor and
carbon dioxide, and are not recommended for
historic buildings.

Radiant heating
Radiant heating elements transfer heat by
radiation to the surface of a person without
heating up the air. The purpose is to heat the
persons directly and avoid convective air
movements. Radiant heat is also used to
counter balance the heat loss by radiation to
cold surfaces, like walls or windows. The
energy transfer depends on the temperature
difference, the area of the radiator and the
distance to the target. Infrared heaters that
reach temperatures above 200 °C are used for
fast and focused heating. Infrared heaters are
often mounted high up on the walls or below
the ceiling, in many cases this may be too
invasive in a historic building.



Low temperature radiant heaters are mounted
low on the walls or in the pews in churches.
The surface temperature should not be above
70 °C to prevent against discomfort and fire.
Radiant heating element should be placed as
close to the user as possible to get the best
utilization of the heat radiation. Radiant
heating elements should not be hidden behind
panels for the sake of the visual impact,
because this will also prevent the radiation
from reaching the target. The heating elements
can be camouflaged by colour or shape to fit

Fig. 3.7. Radiant heating system with low
temperature elements prevents convective air
movements.
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The heating elements are mounted low on the
walls or below the seats in a church. It is also
quite common to install convectors below the
floor, covered by a grate to allow air
movement. The heat dispersion depends on the
air circulation, so there has to be free space
both below and above the convector. This is
particularly important for under floor
convectors, which tend to be mounted in too
narrow spaces for proper air circulation to take
place.
Convective heaters can be used to compensate
for cold drafts below windows or along outer
walls. As compared to radiators, convectors
tend to be smaller for a given heating power.
Some convective heaters have built in fans. It
should be pointed out that whereas the fan
provides a more efficient distribution of the
warm air, it does not increase the heating
power. The main disadvantage is the soiling of
the walls above a convective heating element.

Fig. 3.8. Low temperature radiant heating
panel mounted on the chancel wall. The panel
consists of a white concrete element with
electric heating wires embedded.

Fig. 3.9. Infrared heating element suspended
from the roof
Convective heating
Fig. 3.10. Convective heating element mounted
below the seat in a pew.

Convective heating elements transfer heat to
the air inside each room of the building. A
convector heated by hot water has fins to
enlarge the surface area and maximize the heat
transfer. A convector powered by electricity
works like a toaster with filaments inside a
metal box, open at the top and at the bottom.
The air is moved by the uplift caused by
temperature difference and distributes within
each room by mixing with the colder air.

ϭϴ




years to maintain a medium relative humidity
in historic houses in winter. It is a simple and
robust climate control strategy, but the stability
of RH depends on the air infiltration rate and
the temperature control. A leaky house with
high thermal stability will experience large
variations in RH. A peculiar aspect of
conservations heating is that it is sometimes
required to heat also in summer in order to
keep the RH at an acceptable level. This may
cause discomfort. Conservation heating may
also increase evaporation from damp walls or
floors counteracting the objective to reduce the
RH.
Fig. 3.11. Convective heating systems create
air movements in the room and may cause
drafts and soiling.


Fig. 3.13. Conservation heating with a
portable electric fan heater controlled by a
hygrostat.
Fig. 3.12. Convective heating element on a
wall may cause soiling.

Conservation Heating
Conservation heating is used to moderate the
relative humidity during the winter. The
temperature is lower than needed for human
comfort, and the heating power is less than for
conventional heating systems. The temperature
should be uniform inside the room or building.
Conservation heating has been used for many


Fig. 3.14. An air to air heat pump integrated in
the furniture in Garda church, Gotland.
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Conservation heating of historic buildings is
not easy to combine with energy preservation.
The heat loss is larger from historic buildings
than from modern houses due to poor thermal
insulation of walls and ceilings. Leaky doors
and windows further increase the heat loss
even at reduced temperature. In a case study
on three historic buildings owned by National
Trust, the annual energy consumption for
conservation heating was 39 – 53 kWh/m3
(Blades et al, 2011). The energy demand can
be significantly reduced by the use of heat
pumps. Heat pumps are particularly well
suited for conservation heating, because they
perform better when the temperature difference
is small. Conservation heating with heat pumps
can even be more efficient than
dehumidification in large buildings with
reasonable good thermal insulation.

Fig. 3.15. The annual energy consumption for
conservation heating to 60 % RH for a
building with a volume of 500 m3. Each line
represents an average U-value of the building.

Example
The energy consumption for conservation
heating is calculated for a generic building
exposed to similar climatic conditions as in
South Scandinavia. The building is empty and
has no internal or external sources of heat, so
the inside temperature follows that outside.
The only source of humidity is the outside air,
which flows through at a constant rate, defined
by the air exchange rate (AER). The RH is
maintained constant all year by heating. The
calculation uses the monthly averages of
temperature and relative humidity in Denmark.
For every month the temperature, at which the
RH is 60%, is determined.
Fig. 3.16. The annual energy consumption for
conservation heating to 60 % RH for a
building with an average U-value of 1.0
W/m2K. Each line represents the volume of the
building as indicated.
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for constant heating. It depends on the building
size and structure, the temperature rise and the
heating time.

The energy needed for heating buildings with
different U-values as a function of the AER is
shown in the diagrams below. The energy
consumption for conservation heating is
proportional to the AER for any U-value. The
intersection of each line with the y-axis
represents the heat loss by transmission.
When designing a new system for conservation
heating, one should not aim for the standard
design temperature. This will give a much too
high capacity. A temperature difference of 5-10
degrees between inside and outside is usually
sufficient to keep a moderate relative humidity.
The appropriate heating power depends on the
size and shape of the building, the average Uvalue of the building envelope and the air
exchange rate. The heating power for
conservation heating can be at least five times
lower than that for permanent heating.

Fig. 3.17. The relation between heating power,
heating time and energy use for intermittent
heating of a generic building.

Intermittent Heating

The relation between heating power and
heating time is is not linear - if the heating
power is doubled, the heating decreases with a
factor 4. Thus changes in the heating power
will have a stronger impact than one would
think. The energy demand for intermittent
heating increases with heating time. Quick
heating is the most energy efficient.

Intermittent heating is used for a limited period
of time. This heating method is typically used
in rural churches, but can be applied in any
kind of building, which is used occasionally
for receptions or events. The heating time must
be as short as possible to limit the stress to
heritage objects and to reduce the energy
consumption. The heating power is therefore
larger than for conventional heating systems.

The energy demand can be estimated by
computer modeling. An example is illustrated
in fig. 3.17 using a generic building with a
volume of 1200 m3. It has solid brick walls, a
wooden floor and an insulated, wooden ceiling.
The heating system is designed for a
temperature rise of 10 °C . The heating power
varies between 20 -50 kW and the heating
periods ranges from 3 to 46 hours. The results
show that a higher heating power will not save
much energy, but a lower heating power gives
longer heating time and uses more energy

When designing a heating system for
intermittent heating, the heating power should
be larger than for constant heating to comfort
temperature. Exterior thermal insulation is of
minor importance, because most of the energy
is absorbed by the walls, floor and ceiling. It is
the thermal capacity of the building envelope
that matters. Because of the unstable nature of
intermittent heating, it is not straight forward
to calculate the heating power the same way as
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Examples
Gl. Estrup Manor house
Gammel Estrup Manor house is a museum
with both permanent and temporary
exhibitions. It is open all year, but the winter
temperature is kept lower than usual for human
comfort. The exhibition rooms are heated by
moveable electric panels located in the window
niches. The heating power is adjusted so the
inside temperature follows the average outside
temperature with a constant difference. The
temperature is 12-14 °C in winter and the RH
is 40 -60%. The building has a high thermal
stability due to the thick walls made of brick
masonry, but the heat loss is never the less
considerable. The windows are double glazed
to reduce heat loss and improve air tightness.
The annual average energy consumption is 80
kWh /m2 or 20 kWh/ m3 with a 4 m ceiling
height.

Fig. 3.18. Local radiant heating in a Lau
Church (S). The heating elements are
integrated in the chandeliers and in the pews.

Local Heating
Local heating is used to heat only designated
parts of a building or a room in order to
provide either comfort or better preservation
conditions. While achieving the desired
heating effect locally, unwanted climatic
disturbance in the building or room as a whole
can be limited.
The basic technical solution is to place a
number of low-temperature radiant sources in
the room to heat designated zones. Local
radiant heating is particularly useful for
intermittent heating and is commonly used in
churches. Typically heaters are placed in the
pews to focus heat input where the visitors are.
Compared to warm air heating, electrical
radiant heating panels mounted under the
bench seats provide the best thermal comfort a
a moderate air temperature. It is possible to
heat the person without heating the building,
but there is a limit to how much radiant heat a
person can tolerate without discomfort.

Fig. 3.19. Gammel Estrup Manor house is
used as museum all year.
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The heat loss by infiltration was 1.5 MWh, and
the rest was lost by transmission trough the
walls and ceiling.

Fig. 3.20. Conservation heating with moveable
electric heaters controlled by the outside
average temperature.
Kippinge church

Fig. 3.21. Kippinge Church has radiant
heating in the pews and on the walls in the
nave. Radiant heat is advantageous for tall
rooms.

Kippinge church is a 13th century brick
building in a rural environment. The nave and
chancel have a rectangular floor plan 10 m x
20 m, and the total volume is approximately
1200 m3. The walls are solid red brick and lime
mortar, with lime plaster and lime wash on the
inside. The floor is limestone tiles and wooden
planks without any thermal insulation. The
nave has a wooden barrel vault with a vapour
impermeable membrane and 50 mm of mineral
wool on top. The wooden framed windows are
double glazed. The average infiltration rate of
was 0.07 h-1, both in summer and winter. The
heating system consist of electrical radiant
heating elements mounted in the pews and on
the chancel walls. The church was heated
intermittently to a basic temperature of 8°C,
and to 18°C for services every second week.
The radiant heating system allowed short
heating episodes and a low basic temperature,
which had little influence on the relative
humidity. Dehumidification was needed to
keep the RH at an acceptable level. The annual
energy consumption for heating was 16 MWh,
measured from July 2009 to July 2010, and 17
Mwh measured from July 2010 to July 2011.

Fig. 3.22. The radiant heating elements are
mounted below the bench seats.
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Introduction
Dehumidification is used in buildings where
the relative humidity is too high, either
permanently or seasonally. Dehumidification is
the concept of extracting water vapour from
the air in order to reduce the RH inside a room
or a building. This chapter explains the
function and limitations of different types of
dehumidifiers and gives an overview of their
application.
Fig. 4.2. The principal function of a
dehumidifier permanently installed in the attic
of a building. The dehumidifier is controlled by
a sensor in the room.

Experience
Mechanical dehumidifiers have been used for
decades by the military, the industry and by
private or public buildings owners to control
the RH in damp environments.
Dehumidification is an energy efficient way of
controlling the RH to a specific set point in
buildings, where heating is not needed for
human comfort.

Fig. 4.1. A condensing dehumidifier
temporarily installed in the aisle of a church. It
is removed during services.

An early example of permanent
dehumidification in a historic house is Läckö
Castle, where a centralized system was
installed (Holmberg, 2000). The dehumidifiers
were placed in the attic, and dry air was
distributed through ducts in the old chimneys.
The effort was only partly successful because
of a high infiltration rate, and because there
were too few inlets to give an even RH in all
rooms. Dehumidification was also adapted for
museum stores, where low temperature is
actually a benefit for preservation (Ryhl
Ϯϱ




only have an on/off switch, whereas the more
advanced models are controlled by a build-in
humidistat. Some have a meter to count the
number of working hours. The condensed
water drips into a pan or is led to a drain. Some
suppliers offer a build-in pump, which may be
convenient if the water has to be led to a drain
in another room.

Svendsen et. al, 2010). Within recent years
dehumidification has been introduced for
energy efficient climate control in cultural
heritage buildings in Denmark (Larsen &
Brostrøm, 2011) and in Sweden.

Fig. 4.4. A condensing dehumidifier contain a
cooling element, a heating element and fan to
move the air through the assembly.

Fig. 4.3. An absorption dehumidifier
temporarily installed in a doorway.

Absorption dehumidifier
Absorption is the uptake of water vapour in a
desiccant. The water molecules are released
again as water vapour, so this process does not
involve liquid water. By exposing the desiccant
to a sequence of ad- and desorption by
different air flows, it will gradually dry out a
room or a building.

Products
Condensing dehumidifier
Condensation takes place when the
temperature is below the dew point of the air.
This process involves the phase change of
water vapour into liquid water or ice.

The absorption dehumidifier passes the air
through a desiccant, usually a silica gel, which
absorbs the water vapour from the air. A
separate flow of heated air removes the water
vapour to the outside. The most simple device
contain the desiccant in a box, and the two
processes takes place in successive intervals

Condensing dehumidifiers are available in
numerous shapes and sizes, but they all contain
the same basic elements: A compressor and a
reservoir for the cooling liquid, a heating unit
and a cooling coil, and an electric fan to move
the air through the assembly. The simple types
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led through the desiccant. Secondly the
desiccant is dried by heating it up to a
temperature far above ambient. As the
moisture evaporates from the desiccant it
condenses on the inside of the metal enclosure.
The liquid water is collected at the base and
led to a drain. This device does not contain any
moving parts and is therefore free of
maintenance. This type of dehumidification
was introduced recently and the experience is
therefore limited.

Some products contain a rotating desiccant
wheel, where the silica gel is integrated in a
perforated metal cylinder. This way the
accessible surface is enlarged to facilitate the
fast uptake and release of the water vapour.
The process air is led through one segment of
the cylinder, whereas the regeneration air
passes through a different segment. As the
cylinder slowly revolves both processes takes
place at the same time. In most models, the
warm and humid air is released to the outside.
Some models has a condensing unit for heat
recovery, but this type needs a drain or a
reservoir to collect the water.

Fig. 4.6. A heat condensing dehumidifier works
in two stages. First the water vapour is
absorbed by the desiccant. Secondly the water
evaporates from the heated desiccant and
condenses on the inside of the colder metal
enclosure.

Fig. 4.5. An absorption dehumidifier contains
a desiccant, sometimes mounted in a revolving
unit. The process air and the regeneration air
pass though different segments of the
desiccant.
Heat condensing dehumidifier

Performance

The heat condensing dehumidifier combines
the principles of absorption and condensation.
It contains a desiccant with an integrated
heating element. It is mounted in a steel box
with a fan and valves for inlet end outlet of air.
The apparatus works in two stages. First the
humidity is extracted by absorption as the air is

Most suppliers offer diagrams of performance
for each model, which may be useful when
choosing the appropriate type and size. But if
the infiltration rate of the room or the
building is not known, it may be difficult to
come up with an estimate of the excess
moisture. Likewise, evaporation from walls or
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The absorption dehumidifier works at low
temperatures, even below zero, but at a higher
cost. This method is therefore favorable in
houses without human occupation, or in
buildings which are closed in the winter
season.

floors is not easy to determine. Usually the
choice is made on a rough estimate. The
volume of the building or room multiplied by
the air exchange rate gives the volume of air,
which needs dehumidification. This volume is
then multiplied by the difference in absolute
humidity between inside and outside to give
the amount of water in grams. The difference
in absolute humidity is estimated by climate
measurements inside and outside. The capacity
of the dehumidifier depends on temperature.
Less water is extracted at lower temperature,
but this is compensated by the fact, that the
water vapour content is lower at low
temperature.

The heat condensing dehumidifier uses around
2 kWh/kg at 50% and 0-15 °C.

The energy use of a dehumidifier depends on
the temperature and relative humidity. Both
condensing and absorption dehumidifiers
perform best at normal comfort temperature
and high RH. Empirical data for the
condensing dehumidifier give an energy
consumption of 0.5- 2.0 kWh/kg at 20 °C and
60% RH (Andersson et al, 2003). This energy
input is retained as heat within the building.
The condensing dehumidifier is less efficient
below 8 - 10˚C, because ice is generated on the
cooling unit, so intermittent defrosting is
required. This method is appropriate for
buildings with some basic heating or where
dehumidification is used mainly when the
ambient temperature is above 10 ˚C.

Fig. 4.7. Annual energy consumption for
dehumidification to the RH indicated for each
line. It is assumed that the dehumidifier uses 1
kWh to remove 1 kg of water vapour.
The annual energy consumption for
dehumidification is calculated for a generic
building with a volume of 500 m3. The
building is empty and has no internal or
external sources of heat, so the inside
temperature follows that outside. The only
source of humidity is the outside air, which
flows through at a constant rate, defined by the
air exchange rate (AER). The RH is
maintained constant all year by
dehumidification. The calculation uses the
monthly averages of temperature and relative

An absorption dehumidifier uses more energy
than a condensing dehumidifier per kg of water
removed from the air. The energy use is 1,5-2,5
kW/kg at 50% RH in the temperature range 020 °C. The heat of evaporation for water is
0.67 kWh/kg, but some additional energy is
used to heat up the air. This energy is lost,
unless the dehumidifier has heat recovery or a
condensing unit.
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humidity in Denmark. For every month the
excess moisture to be removed by a
dehumidifier is determined. The energy needed
for dehumidification to different levels of RH
as a function of the AER is shown in the
diagram above. The energy consumption for
dehumidification is proportional to the AER
for any RH set point. If the building is
completely airtight, and there is no internal
moisture source, there will not be any need of
dehumidification, so all lines radiate from the
origin.

Installation
It is usually quite easy to implement
dehumidification in a historic interior. For
temporary solutions it may be acceptable to
use a portable device. If the water is collected
into a bucket, there should be an automatic
stop switch to prevent flooding if the bucket
runs full. For winter use, the water should not
be led to an outside drain with a hose, because
it may be congested by ice. In any case it is
always a good idea to place a tray below the
apparatus to collect any spill over. For
buildings with many rooms it is often more
convenient to have a central dehumidifier
installation in the basement or in the attic. The
dry air is distributed by ducts through inlets in
the floor or ceiling. Sometimes chimneys or
ventilation ducts integrated in the walls can be
reused for this purpose.

Examples
Kippinge church

Fig. 4.8. An absorption dehumidifier installed
in the attic of a historic house. The air is
recirculated through the chimneys.

The medieval church in Kippinge is located in
a rural area on the island of Falster. It has 1 m
thick solid brick masonry walls and a tiled
roof. It is used for services only once in the
week, so it has intermittent electrical heating.
The church is heated to 18˚C for the few hours
of use but kept at around 8°C most of the time.
The winter temperature is a few degrees higher
than assumed for the calculations, so the need
for dehumidification is less than predicted in
winter. The RH was controlled to 70 % by a
condensing dehumidifier located in the isle
between the nave and the chancel. A total of
1500 liters was removed in one year. The AER
was measured to 0.1 h-1. The annual energy
consumption for dehumidification was 1900
kWh or 1.5 kWh/m3, which is a little more than
predicted from the diagram. The energy costs

Fig. 4.9. The dry air is let through the old stove
into the living room, located in the center of
the house.
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for the condensing dehumidifier was therefore
around 1.3 kWh/liter.

The RH is controlled by an absorption
dehumidifier, located in the basement. The dry
air is distributed by ducts into each room
through small inlets in the floor. The air is
returned through a duct located in the center of
the building. The RH was in the range 55-65 %
all year, while the temperature was drifting
from around 0 ˚C in winter to 20 ˚C in
summer. The air exchange rate was 0.4 h-1. The
annual energy consumption for
dehumidification was 14 kWh/m3 per year.
This is much more than calculated according to
the diagram. The reason for the high energy
consumption might be an internal source of
moisture from the basement. The floor is only
slightly above the water level in the small
pond, and flooding occurs occasionally.


Fig. 4.10. The medieval church in Kippinge
has permanent dehumidification to keep 70%
RH.

Fig. 4.11. The condensing dehumidifier is
located in the central isle, and removed before
services.

Fig. 4.12. The country house in Liselund Park
has permanent dehumidification with a
sorption dehumidifier, located in the basement.

Liselund country house
The country house in Liselund dates back to
1800. The building is situated by a small pond
in a romantic park on the island of Møn in the
Baltic Sea. The walls are 50 cm solid masonry
and the roof is thatched. The building has large
single glazed windows and doors, which take
up 25 % of the wall surface area. In summer
there are guided tours, but apart from that it
remains closed all year.
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5. Ventilation
Function
Air exchange, ventilation and infiltration
Air exchange through infiltration or ventilation
has an important effect on the indoor climate in
general and relative humidity in particular.
Infiltration is the random air leakage through
cracks and openings in the building envelope.
Ventilation is the deliberate intake of ‘fresh’
outside air and simultaneous removal of ‘used’
air from the interior. Ventilation is usually
controlled only by the interior conditions,
assuming the outside air is always a benefit. It
is mainly used to ensure human health and
comfort by removing a surplus of moisture,
pollutants or bad smells. Conventional
ventilation is controlled only by the interior
conditions, assuming the outside air is always a
benefit. Depending on the outdoor conditions,
ventilation can either have a positive effect or a
negative effect on the indoor climate. For
example when ventilating an unheated building
in the spring, when it is warmer outside than
inside, this will often raise the RH level in the
building.

Fig. 5.1. Principal diagram of a controlled
ventilation system. The operation of the fan is
controlled by a small computer connected to
the inside and outside sensors.

Adaptive ventilation
Adaptive ventilation takes advantage of the
natural diurnal and seasonal variations in the
outside absolute humidity. The outside air is
ventilated into the building only when the
water vapour content is lower than the inside
air. Adaptive ventilation is particularly useful
for unoccupied buildings with no need for
human comfort. In Scandinavia, adaptive
ventilation is a common and well established
method to control RH in attics and crawl
spaces. In historic buildings there is a limited
experience from the use of adaptive
ventilation.


Fig. 5.2 Outlet valve for controlled ventilation
installed in a window in Frydendal Church.
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The concept was implemented in the Torhalle
in Lorsch, Germany, where condensation on
the wall paintings was avoided by mechanical
fans controlled by indoor and outdoor climate
sensors (Reiss & Kiessl, 1993). In the church
in Zillis, Schwitzerland, controlled ventilation
was used to stabilize RH in favour of the
painted wooden ceiling. The effort was not
very successful due to a large infiltration rate
and the fact that ventilation was turned off in
winter to reduce heat loss. (Bläuer-Böhm et al,
2001). A seasonal use was tested in the
Antikentempel in Potsdam-Sanssouci Park to
prevent mould growth on the walls and ceiling.
From May to September there was adaptive
ventilation by a fan mounted in the skylight
(Brockmann, 2010).

Fig.5.3 Duct for natural ventilation installed in
a window niche. The data logger is exposed to
both solar heating and uncontrolled
ventilation.

Adaptive ventilation is particularly useful for
unoccupied buildings with little need for
heating to human comfort, when there are
internal moisture sources in the building
resulting in absolute humidity levels higher
than outside. This is often relevant for
underground spaces, where ground moisture
may penetrate through walls and floors. Since
the outdoor climate sets the operating
conditions, ventilation itself cannot guarantee a
moderate RH at all times, thus auxiliary
climate control such as dehumidification or
heating may be needed. The outdoor absolute
humidity correlates with temperature, so the air
may be more humid on a warm and sunny
summer day than on a cold a rainy day. This
paradox is difficult to accept for most humans,
because the body is sensitive to temperature
and not to absolute humidity. Another effect of
the correlation between outdoor temperature
and absolute humidity is that adaptive
ventilation often operates in the night when it
is colder outside. This introduces an unwanted
cooling effect.

Fig. 5.4. Many churches have ‘summer doors’
with metal mesh to increase ventilation in
order to dry out the interior. It has the opposite
effect on days, when the outside air is warm
and humid.

Technical solutions
In theory adaptive ventilation can be achieved
by opening windows and doors as a simple
way of controlling the intake of outside air.
This type of ventilation is free of energy use,
except for the heat loss in case of heating.
However, it is difficult for a person to decide
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the outer walls, which can be reused with little
effort.

when the climatic conditions are favourable for
adjusting the indoor climate, and when it will
have the opposite effect. It is also impossible to
know if the flow rate is large enough, because
it relies entirely on the random air movements.
Manually controlled natural ventilation is
therefore not recommended for climate control.
In practice, mechanical ventilation should be
used. Given proper control, the energy demand
is marginal in relation to other kinds of
humidity control. For adaptive ventilation one
should aim for an air exchange rate of one time
per hour. This will enable the system to benefit
from even short periods of favorable outside
conditions.

Fig. 5.5. The intake fan for controlled
ventilation is located in the attic in Frydendal
Church (DK).

Technical installations
The concept of controlled ventilation is used in
several commercial control systems, which is
intended for attics and crawl spaces under
houses (Hagentoft et al, 2008). It is sold as a
standard plug and play assembly or as custom
design, including a control unit with sensors, a
fans and valves. The same equipment can be
used in a historic building, where there is a
surplus of moisture and none or very little
heating (Brostrøm et al, 2011). The control
unit has an indoor and outdoor sensor for
temperature and relative humidity, and it
calculates the mixing ratio and decides when to
operate the intake fan. The outlet of air is
controlled by a valve, which opens due to the
overpressure build up by the intake fan. Apart
from the air intake and the outlet, the space
must be reasonable air tight to have any benefit
from
controlled
ventilation.
Adaptive
ventilation needs little and simple intervention
to function. The electric fan can be installed in
the attic or in an adjacent space, and existing
ducts or chimneys reused for the extraction of
air. Many historic buildings have old vents in

Fig. 5.6. Old vents can be reused for air outlet
by controlled ventilation.

Examples
Country house, Klints
A country house in Klints on Gotland had
controlled ventilation installed in the basement
(Broström et al, 2009). The house was built in
the early part of the 18th century. It is a lime
stone construction with 60 cm thick walls. The
walls are covered with lime plaster both inside
and outside. The windows are single glazed.
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The building is naturally ventilated, mainly
through fireplaces. The building, which is
listed, has severe moisture problems; furniture
and wooden floors show signs of wood worms
and there are algae growing on the walls.
In summary, the results showed that controlled
ventilation has had a significant drying effect
removing some 1600 kg of water in year. The
mould risk was kept at an acceptable level with
exception of two short periods. Installation
costs are low and energy costs are negligible in
relation to alternative measures. In this case,
the effect of the ventilation should be improved
by increased fan capacity and improving air
tightness to reduce leakage when the fan is not
in operation. Heating or dehumidification
would be needed as an auxiliary measure to
reduce mould risk, but only for short periods of
time.

Fig. 5.8. Controlled ventilation with a fan
installed in the open fireplace.
Hangvar church
As mentioned above, the covariance of
temperature and mixing ratio is a limitation to
the effectiveness of adaptive ventilation in
historic buildings. In Hangvar church, located
on the island of Gotland in the Baltic Sea a
solution was implemented using preheating of
the inlet air through an integration of solar
energy and adaptive ventilation. The concept
operates as follows:
1. In the day time, solar energy is collected and
stored.
2. At night, when the outside air generally is
drier, the inlet air is preheated using the stored
energy.
This case study shows that adaptive ventilation
has improved the indoor climate in the church.
During one year, some 1100 kg of water has
been removed from the building resulting in
significantly lower RH level and reduced
mould risk. The members of the parish have
felt that the indoor air quality has improved,
mainly in the elimination of bad smell. The
annual energy consumption for the operation
of the fan was 250 kWh. Overall this gives an
efficiency of 0,22 kWh/kg which is an order of

Fig. 5.7. Exterior view of the farmhouse in
Klints, Gotland, Sweden.
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magnitude smaller than for conventional
dehumidifiers.
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composition, the interiors and air exchange. In
practice the passive function can be enhanced
by regulating the air exchange by opening
chimneys and ventilation ducts or by sealing
the windows and doors. Any active solution for
climate control in historic buildings should be
based on an understanding and utilization of
the passive function of the building.



Introduction
Many historic houses and their interiors have
survived for centuries without any active
climate control. One such building from the
17th Century is Skokloster Castle near
Stockholm that holds a large mixed collection
of furniture and artifacts (Brostrom 2010).
Another example is the Linderhof Palace near
Munich, a 19th Century royal summer
residence with generous interior decorations
(Bichlmaier & Kilian, 2011) . These buildings
rely entirely on the natural stability provided
by the structures and the contents. This is
known as passive climate control as opposed to
active climate control that requires machinery
and energy. A thorough analysis and
understanding of the hygrothermal
performance of the building is always required
to select the right measures and to understand
their consequences.

Fig. 6.2. Exterior view of Linderhof Palace
located in the Bavarian Alps.

Damp proofing
Controlling the moisture transport into the
building is an important part of interior climate
control. Gutters and drains must be inspected
and cleaned regularly. Mortar joints in stone
walls must be well maintained to reject driving
rain. Lime washed walls need frequent
maintenance to be water repellant. Outside
water proofing by hydrophobic chemicals is
proposed by many suppliers, but such
intervention is not recommended. Inside water
proofing with a tar layer used to be very
common practice, but is now considered to be
wrong. Old plaster with tar is often removed
during restoration, letting moisture evaporate
into the building. The moisture supply from
solid brick masonry wall can be significant. An
investigation in Tirsted Church indicated an

Fig. 6.1. Exterior view of Skokloster Palace.
The building will ameliorate the diurnal
fluctuations in temperature and relative
humidity and the indoor climate is thus
decided by the building itself and the outdoor
climate. The hygrothermal inertia depends
mainly on the thickness of the walls and their
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evaporation of 1500 liters in a year, or one liter
per cubic meter space. (Larsen 2011).

Fig.6.4. A moisture membrane is installed
below the floor tiles to prevent evaporation of
ground moisture into the church.
Fig. 6.3. Gutters and drains must be well
maintained. Fail safe details that need little
attention is preferred.
Thermal insulation
The ground is another important source of
moisture, particularly in buildings with a tiled
floor laid directly on the soil. Such
constructions allow a constant evaporation of
moisture into the building, and a vapour barrier
may be needed (fig. 6.4). A concrete slab or
impermeable sandstone tiles will reduce the
evaporation significantly. If there is a wooden
floor with a crawl space to the ground, the
situation is more complex. The cavity is
usually more or less ventilated to allow water
vapour escape. But natural ventilation is often
not enough to remove the moisture, so the
space may reach high levels of RH. In summer
the warm and humid air may condense in the
cooler space below the floor, and mould may
develop in a few days. If the floor has a crawl
space with openings to the outside, natural
ventilation driven by wind is stronger. But this
construction has the same risk of mould
infestation in summer. Crawl spaces should be
monitored, and active climate control such as
dehumidification may be needed to keep RH
below risk levels for mould and insects.

Thermal insulation is a way to reduce heat
losses through the building envelope given that
that is permissible from a conservation point of
view. In most historic buildings, insulation of
the walls is not an option. If there is an open
attic or space under the roof, this allows the
installation from above without supplementary
construction work.
Thermal insulation may be considered for
buildings with permanent heating. In buildings
with intermittent heating there is not much
energy saved, but insulation may reduce cold
drafts from the ceiling and thereby improve the
thermal comfort. There is no advantage of
thermal insulation in unheated buildings. Apart
from saving energy the insulation will also
change the climatic conditions at the interior
surface. In winter the surface temperature will
be higher, which in turn will reduce the risk of
soiling through thermoforesis. In summer the
temperature will be lower, because the
influence of solar heating of the attic is
reduced. This may be a benefit if the building
suffers from high temperature in summer. On
the other hand many houses need this free
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the original window. Tailor made frames can
be made in wood as well as metal.

supply of summer heating to keep the RH
moderate.

Fig. 6.6. Double glazing reduces air leakage,
heat loss and cold draft.
Fig. 6.5. Thermal insulation reduces heat loss
in winter, but prevents heat gain from the attic
in summer.

Air tightness
The air tightness of the building has a major
influence on the stability of the indoor climate.
As the air exchange increases, the indoor
climate will approach the variations of the
indoor climate. Conversely, the indoor climate
can be stabilized by decreasing the air
exchange. In a building with no people and no
moisture added from the structure, ventilation
is not an objective in itself.

Windows
The interior climate can be stabilized by
reducing the natural infiltration. The windows
are often the main source of air leakage, so
better sealing or adding an extra pane will
reduce the leakage rate. This intervention will
also reduce the intrusion of outside pollutants,
dust and particles. The heat loss is reduced by
double glazing, depending on how much the
building is heated. The main benefit for
thermal comfort is that cold draft below the
windows is limited.

Climatic separation
In some situations it may be difficult to comply
with specifications for comfort (temperature)
on one hand and for conservation (RH) on the
other hand. Many rural churches are used only
a few times a month with very few minutes.
One way to manage the tradeoff between
comfort, conservation and heating cost is
create a room within a room in the church.
This smaller enclosure can be used for services
and meetings with few people.

Double glazing is usually installed on the
inside of the original windows. The new
frames must be well sealed, whereas the
original frames must be leaky enough to allow
some ventilation of the space in between. The
new frames must be designed with respect to
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humidity absorbent material is able to control
the RH at the specified set point, regardless of
the RH in the room. This kind of humidity
control will ameliorate the daily variations in
RH and keep a steady RH over weeks or even
months. From time to time, depending on the
leakage rate of the showcase, the absorbent
must be conditioned to the specified threshold
value. Sometimes the object on display is able
to buffer itself. If the showcase is well sealed,
and there is sufficient quantity of material, the
humidity buffered showcase may be able to
even out the annual variation in RH. The
disadvantage of airtight showcases is that
internally generated pollutants may accumulate
to such high concentrations that metal objects
will suffer from corrosion.

Another problem is conflicting conservation
requirements. In a medieval church with salt
contaminated wall paintings, it is required to
keep the RH as high as possible, usually above
70% RH. Such a high level of RH may
encourage woodworms to attack the wooden
furniture. This paradox of preventive
conservation can be solved by a climatic
separation, which enables two levels of RH
within the same building. The partition must be
as air tight as possible and impermeable to
water vapour, whereas thermal insulation is
less important. Transparent or translucent
partition walls are suitable for this purpose,
because they have little visual impact to the
room. There are a few examples of a glass wall
or glass door mounted in an arch to act as
climatic protection for wall paintings in Danish
churches.

Fig. 6.7. A glass partition wall mounted in the
arch in a church.

Fig. 6.8. The display of fragile objects made of
textile, wood, bone and lead in a showcase.
The objects were excavated from archbishop
Absalons grave in Sorø klosterkirke (DK).

Climatic enclosure

Examples

Enclosure is a useful way to protect sensitive
objects or materials with special needs. This is
particularly relevant in museums, where most
objects on display are kept in showcases
anyway. It is only a minor effort to make the
sealing so airtight that a constant level of RH
can be maintained inside the showcase. A

Boerglum Church (DK)
The 13th Century church at Boerglum Kloster
in Northern Jutland has never had heating
installed, so the interior climate relies entirely
on the natural stability provided by the
structures and the furniture. The thermal inertia
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is large due to the thickness of the brick
masonry walls. They will ameliorate the
diurnal fluctuations in temperature, but they do
not have the ability to even out the annual
variation, which is -2 °C - 18 °C. Solar gain is
little because there are few windows to the
south. The relative humidity is high all year,
70-90 % RH. It is mainly controlled by the
water vapour of the outside air though natural
air infiltration.

vapour. The floor has a remarkable influence
on the climatic stability, acting as a reservoir of
water. Condensation occurs on the sandstone
floor tiles at all times of the year, an evidence
of the high relative humidity. This effect is
probably the reason why the RH never exceeds
90%.


Fig. 6.10. Woodworms only live in the organ
next to the organ players heated enclosure.
The natural climate of this church is out of
range of any recommendation for cultural
heritage buildings. But in spite of the high
level of RH, the furniture is in general well
preserved. The only attack of word worms is
found in the organ, at the perimeter of the
enclosure shown in fig. 6.10. This small
volume has moderate heating for the comfort
of the organ player. It seems that the small
temperature rise at this location was enough
for the insects to breed. Most insects are
sensitive also to temperature, so RH is not the
only important parameter to take into account.
Perhaps the back side of the organ was more
attractive for the woodworms than the rest of
the furniture, because it was not painted. It is
sometimes difficult to predict the consequences
of such minor changes in the microclimate.

Fig. 6.9. Interior view of Boerglum Kloster
Church from the nave towards the organ
pulpit.
There is also a considerable buffer effect by
the lime washed surfaces of the walls and
vaults. The wooden furniture does not
contribute much, because it has polychrome oil
paint, which is rather impermeable to water
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Fig. 6.11. Climate record in 2009-2010 from Boerglum Kloster Church, DK. The temperature peaks in
spring and late summer is caused by direct sun on the sensor at the altarpiece.

Fig. 6.12. Climate record 2011/2012 from Zografu Monastery. Keeping the window closed from
February to May has a huge effect on the climatic stability.
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degradation of paper and parchment, but the
effect is counterbalanced by the low winter
temperature, reaching 2 ºC in February. The
decay rate is equal to a constant 20 ºC. Some
books and documents are more than 1000
years of age, an evidence of safe storage
conditions.

Zografu Monastery, Mt. Athos, Greece.
The building complex is located remotely in
the hills on the Mt. Athos Peninsula in
Northern Greece. There is no mains power
supply, but a diesel driven generator provides
electricity during the day. The library is kept in
small rooms in the entrance tower in the north
wing. The tower walls are solid limestone, and
the floors are heavily build vaults to resist fire,
warfare and possibly earthquake. There is no
temperature or humidity control, but the small
windows are kept open during the summer and
autumn to give some fresh air. The book and
documents were treated with naphthalene to
protect against insects, and the rooms has a
strong smell of this chemical.

Fig. 6.14. The library is kept in the entrance
tower. It has no heating or humidity control.
Skokloster Castle
Skokloster castle is a heavy stone and brick
building located on a peninsula in Lake
Mälaren north of Stockholm. It houses a large
and diverse collection of artefacts shown in
their historic environment without any
showcases. The castle is open for visitors
mainly during the summer

Fig. 6.13. Zografu Monastery is located on the
Mt. Athos peninsula in Northern Greece.

In many rooms there are open fireplaces and
ovens, but the upper floors have had practically
no heating for 300 years. Nowadays, some
rooms in the ground floor are heated all year
round, but apart from this, there is no active
climate control in the castle. An exception is a
small electric heater that was put in the library
after an outbreak of mould. On the upper
floors, the doors are closed and opened to
control air exchange and curtains are used to
control solar radiation.

The climate record reveals the effect of open
windows on the climatic stability (fig. 6.12).
The RH is very stable at 60-70 % from
February to May, when the windows were
closed. For the rest of the year, open windows
induced daily and weekly fluctuations of 20 –
30 %RH. Keeping the windows permanently
closed would stabilize the RH, but not be safe
for a human health. Controlled mechanical
ventilation is needed for improving air quality.
The temperature follows the outside average
and reaches 30 ºC in August. Such high
temperatures speed up the chemical
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An analysis of the variations in temperature
and RH shows that the variations inside are
significantly reduced as compared to the
outdoor climate and that there are considerable
differences among the rooms se fig 6.15 and
6.16. Furthermore it was shown that the
variations in RH in the rooms can be reduced
by enhancing the effective hygrothermal inertia
of the building through a reduction of the air
exchange.
Even so, some kind of active humidity control
conservation heating or dehumidification,
would be needed in order to eliminate the
mould risk.

Fig. 6.15. Record of RH from on room in
Skokloster castle compared to the outside RH.

Fig. 6.16. Temperature record from one room
in Skokloster castle compared to the outside
temperature.


ϰϰ




References



Bichlmair S., Kilian R. (2011). Room climate
in Linderhof Palace. Impact of ambient climate
and visitors on room climate with special focus
on the bedchamber og King Ludwig II.
Developments in Climate Control of Historical
Buildings. Kilian R., Vyhlídal T., Brostrom T.
(Editors), Fraunhofer IRB Verlag, ISBN 978-38167-8637-5, p. 49 - 55.
Broström, T. Leijonhufvud, G. (2010) The
indoor climate in Skokloster Castle. In: Del
Curto, D. (ed.) Historical Buildings as
Museums. Systems for climate control and
heritage preservation. Nardini Editore Firenze
2010. ISBN 978-88-404-4286-3
Larsen P.K. (2011) The hygrothermal
performance in Hellerup church, Denmark. 9th
Nordic Symposium on Building Physics,
Tampere, June 2011 pp. 807-814.
Luciani, A., Wessberg, M. and Brostrom T. The
influence of air exchange on the stability of the
indoor climate in Skokloster Castle Epreservation Science, 2013, 10, 77-82
Ryhl-Svendsen M , Padfield T, Smith V A , De
Santis F. (2003). The indoor climate in historic
buildings without mechanical ventilation
systems. Healthy buildings 2003 : energyefficient healthy buildings : proceedings.
Singapore : National University of Singapore,
2003. s. 278-283
Luciani, A, Historical climates and
conservation environments - Historical
perspectives on climate control strategies
within museums and heritage buildings. PhD
Dissertation, Politechnico Milano, 2013.


ϰϱ


