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RESIDENTIAL BUILDINGS
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'TEBE Research Group, Department of Energetics, Politecnico di Torino, Corso Duca degli
Abruzzi 24, 10129 Torino, Italy
’ICIEE, Department of Civil Engineering, Technical University of Denmark, Nils Koppels
All¢ Building 402, 2800 Kgs. Lyngby, Denmark.

ABSTRACT

The characterisation of window opening behaviour is
crucial for suitable prediction of building
performance  (energy  consumption,  indoor
environmental quality, etc.) by means of simulations.
In this paper, data from a measurement campaign
was used to validate three models of window opening
behaviour. Data from the measurement campaign
was used as input in the models to calculate the
probability of opening and closing windows.
Afterwards, the validation was carried out by
comparing the predicted probabilities with the actual
measured state of the windows in the dwellings.

INTRODUCTION

Dynamic building thermal simulation programs are
increasingly used to develop efficient solutions for
predicting and optimising energy and environmental
performance of buildings. However, some key
processes are often not taken into account by these
tools, leading to potentially significant errors. Most
noteworthy is the influence of building occupants,
whose actions, such as the use of windows and
shading devices, have an important impact on the
indoor environment and the overall energy
performance of a building.

Window opening behaviour has been investigated by
several researchers (Andersen et al., 2009; Fabi et al.
2012; Haldi and Robinson 2009; Nicol, 2001; Nicol.,
Humphreys, 2004, Roetzel et al., 2009). This has led
to a variety of logistic regression models expressing
the probability with which actions will be performed
on windows, as a function of indoor temperature,
outdoor temperature or both. In this paper, some of
these models have been validated to test their
effectiveness. This involves using the models to
calculate probabilities of window interactions using a
dataset (the validation set) containing input variables
and the window position. A comparison between
observed and simulated window opening proportions
is provided as validation. This allows for a direct
unbiased assessment of the predictive power of the
developed models.

Validation of behavioural models

Generally, the published statistical models of
occupant’s behaviour are not validated. To our

knowledge, only two papers about the validation of
behavioural models are published, regarding
respectively  office  buildings and residential
buildings. In 2009, Haldi and Robinson proposed a
cross-validation procedure to perform the evaluation
of the predictive power of window opening
behaviour models developed for office buildings.
Applying the suggested validation criteria, in 2011,
Schweiker et al. tested the accuracy of window
opening behaviour models using different datasets in
a double-blind way. Although these two papers
represent an important milestones on the way of
assessing the predictive accuracy of stochastic
models of occupants’ interactions with the built
environment (in  particular with ~ windows),
considerable space for further research work still
remain. In this paper, models of window opening and
closing behaviour inferred from a measurement
campaign in Denmark (Andersen et al. 2013)were
validated taking into account the suggestions of the
two published paper using a similar dataset from

another measurement campaign in residential
buildings.
VALIDATION PROCEDURE

The use of stochastic models for the simulation of
occupants’ interactions with the built environment
has greatly affected the modelling approach in the
last years (Haldi and Robinson, 2009, Rijal et al.
2007, Rijal et 2008, Andersen et al., 2011, Herkel et
al. 2008, Yun et al. 2008, Yun et al. 2009, Fabi et al.,
2012). The increased derivation of stochastic models
of occupant behaviour leads to the natural question —
how accurate is the model? Traditionally, modellers
have tested their models against experimental data
whenever possible.

The issue of model validation is very complex and
there are probably as many opinions on model
validation as there are workers in the field. In the
present work, focus will be on one aspect of model
validation - the actual process of comparing model
predictions to measured data.

The validation process is primarily a way of
measuring the predictive performance of a statistical
model. One way to measure the predictive ability of a
model, is to test it on different dataset than the model
was inferred from. The main idea behind the
validation is to have two datasets, one used as a
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“training set”, to generate the algorithm, and the
other dataset, the ‘“validation set”, is used for
estimating the accuracy of the algorithm.

The training dataset

Measurements of window opening and closing
behaviour along with indoor and outdoor
environmental variables were conducted in 15
dwellings located in the area of Copenhagen,
Denmark, during the period from January to August
2008.

The following variables were measured at 10 minute
intervals in all 15 dwellings.

e Indoor environment parameters:
—  Temperature [°C]
— Relative humidity [%]
— CO2 concentration [ppm]
e  Outdoor environment parameters
Air temperature [°C]
Relative humidity [%]
Wind speed [m/s]
Solar radiation [W/m?]
e  Window state (open/closed)

Models formulation

Andersen et al. (2013) used the training dataset to
define standardised occupant behaviour patterns,
suited for simulation purposes. Since the 15 models
were different and did not show similarities, the
authors decided to group the buildings according to
their ventilation principle and ownership: the 15
dwellings were divided into 4 groups depending on
the ownership (owner-occupied or rented) and the
type of ventilation (natural or mechanical) in the
following way:

a) Group 1 (G1, NatOw): Owner-occupied, natural
ventilation — (3 dwellings)

b) Group 2 (G2, MechOw): Owner-occupied,
mechanical ventilation — (2 dwellings)

¢) Group 3 (G3, NatRent): Rented-occupied, natural
ventilation - (5 dwellings)

d) Group 4 (G4, MechRent): rented-occupied,
mechanical ventilation - (5 dwellings)

Multivariate logistic regression with interactions
between selected variables was used to infer the
probability of a window opening and closing event.
The method relies on the probability function
described on equation 1. The models predict the
probability of an action (opening or closing) using
equation 1, where p is the probability of
opening/closing a window, a and b, are the
coefficients in the tables and x, are the associated
variables (temperature, CO, concentration etc.).
Moreover, this equation takes into account the
interactions between variables by adding interaction
terms to the model.

log(ll_';p)=a+b1-x1+b2-x2+---+bn-xn+

Ciz X1 Xz +Ci37 X1 " X3 + -+ (D

Models 1 (G1, NatOw), 2 (G2, MechOw) 3 (G3,
NatRent) and 4 (G4, MechRent) were infered from
merged data from several dwellings (Andersen et al.
2013). Moreover, in three of the cases the actual
opening angle of the window was also measured, so a
model that predicts the size of the degree of opening
was inferred using linear regression.

By merging the dwellings in groups, inner dynamics
of a single dwelling were lost and the specific
behaviour was flattened in the groups. The dwellings
were grouped due to the high complexity and large
variety between the individual models, but in an
attempt to check for singularities in an appropriate
way, the authors studied the dwellings also
separately. The authors conducted further analyses by
infering models from data from each appartment
(resulting in a total of 15 models). In this way, it was
possible to look for similarities in influential
variables for window opening and closing. Logistic
regression was then carried out for every dwelling.
The analysis showed very different user patterns with
different combinations of influential variables and no
obvious parallel between dwellings.

These models were then validated using the
validation dataset described below. The validation of
the singular dwelling model was done in two
successive step. First, the dwellings of both dataset
were cathegorized on the basis of the window
opening frequency in three occupants’ types
representing high (active users), medium (standard
users) and low (passive users) frequency.

In this way, the performances of active user’s models
resulting from the training dataset (7 models) were
validated using active users’ dwellings of the
validation dataset, and in the same way passive users’
models (5 resulting models) were validated against
passive users’ dwelling.

The validation dataset

Ten residential buildings were selected for a long-
term monitoring of indoor and outdoor conditions
and actions on windows in Copenhagen, according to
the characteristics of the measured data in the first
dataset. Measurements took place for periods of three
months (February-April) 2010. During this period,
the following variables were measured at 10 minute
intervals in all 10 dwellings.

e Indoor environment parameters:
— Temperature [°C]
— Relative humidity [%]
— CO2 concentration [ppm]

e  Outdoor environment parameters
—  Air temperature [°C]
— Relative humidity [%]
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—  Wind speed [m/s]
—  Solar radiation [W/m?]
e  Window state (open/closed)

The validation criteria

The aspects used by Haldi and Robison (2009) and
by Schweiker et al. (2011) to assess the predictive
power of the models were used for assessing the
effectiveness of the developed window opening
behaviour models. 10 simulations were repeated
using a 10-min time step for the whole period with
available measurements for the 10 measured
dwellings, producing 10 x 10 = 100 sets of simulated
window states, to be compared with the sets of
observed data of windows.

The first aspect taken into account according to Haldi
and Robinson (2009) and Schweiker et al. (2011) is
the discrimination criteria.

This issue is related to the ability to reproduce the
window states, by comparing the observed window
states and the predicted window states. Defining the
state of the window as positive, when open and
negative, when closed , the predicted outcomes could
be defined true (positive, i.e. the windows is really
open, or negative, i.e. the window is really closed) or
false (positive, i.e. the window is not really open, or
negative, i.e. the window is not really closed). In this
way, the True Positive Rate (or sensitivity,
proportion of actual open windows that correctly
predicted open) and the False Positive Rate (the
proportion of actual closed windows that are
correctly predicted closed) could be defined. Models
with a strong predictive value are described by true
positive rates significantly higher than the false
positive rate. Finally, the accuracy of the models
gives the proportion of correct predictions weighting
the proportion of true outcome (positive and

negative) on the total amount of window states
measured.

Since the developed models predict the probability of
an action (opening or closing) occurring using a
logistic regression (equation 1), an important aspect
to be taken into account is the number of actions on
windows. The comparison between the observed
window opening actions and the predicted openings
could give the overview of the performance of the
models. Table 1 provides the overall observed and
predicted window openings.

RESULTS OF MODELS VALIDATION

Simulations were performed using the coefficient of
the four models presented in Andersen et al (2013)
using measured data from the validation dataset. Ten
repeated simulations were completed. The results
were then analysed to compute the indicators
introduced in the previous section, which are
presented for each simulated model in table 3.

Even if the accuracy values of the four models was
quite high, only Group 2 (G2, MechOw), had a
substantial difference between the TPR and FPR in
the bedroom. Interestingly, Group 2 also had similar
number of predicted and real actions on windows.
Since the purpose of the developed models is to infer
the probability of the action of opening and closing
windows and not to directly predict the state, the
number of actions is a significant indicator of the
performance of the models. Model G1 (Gl,
NatOw)predicted no actions in winter season. Figure
1, presents the proportion of actions on windows for
each of the dwelling of the validation dataset tested
with the window opening and closing behaviour
model G2 (G2, MechOw). This model is
characterized by any dependence on the time of the
day or season.

Table 1.
Validation parameters for the validation dataset: true positive rate, false positive rate, accuracy, average
number of opening action per bedroom and living room.

Model TPR FPR ACC Actions
Bedroom Living Bedroom Living Bedroom Living Bedroom Living room
room room room
EXACT | 100% 100% 0% 0% 100% 100% 244 259
Gl 17% 9% 18% 7% 59% 82% 2 -
G2 30% 1% 14% 1% 81% 90% 204 249
G3 4% 1% 1% 0% 65% 91% 178 108
G4 10% 12% 8% 4% 70% 78% 15 206

Looking at figure 1 the model predicts the real
opening actions in the living room accurately. This is
especially true for dwelling 1 and 2, where there was
29 predicted actions vs. 30 real actions for dwelling 1

and 86 predicted actions vs. 80 real actions for
dwelling 2.
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Figure 1. Comparison between predicted and observed number of actions on windows for each dwelling tested
with the G2 model.

The results of the the validation of the models
derived from data from the single dwllings are
presented in table 2 . The average accuracy of the
models was not high, since the difference between
TPR and FPR was small, with the exception of the
active models tested in the living room, where TPR
values were quite different from FPR values. Even if
the state of the window was predicted quite good in
the active dwellings with the active models (74% of
correct prediction in the bedroom and 72% in the
living room), the indicator of the comparison of the
number of actions on windows did not reflect this
trend. On the other hand, although passive models in
passive users’ dwellings did not perform well in
terms of prediction of the state of the window (see
Accuracy value in table 2), they performed well on
predicting the window opening/closing actions.

Since the aim of the validation process was to scale

behaviour models for simulation purposes, it was
important to find a model that performed well
without defining a priori the type of occupant. As a
consequence, the stochastic model of the single
behaviour of each dwelling was tested in order to
obtain an accurate model of user behaviour, then
these different behaviours that could be randomly
simulated in order to better represent users’
variability.

For this reason, further analyses were performed to
check the performances of the singular model of
dwellings, without considering the characterization
of the users’ typology in active standard and passive.
In this case the aim was to see how well a model
suited for a specific kind of user (active or passive)
will be accurate on predicting both the windows
opening and closing and the state of the window. The
results of the simulations are given in table 3.

up the effectiveness

of the window opening

Table 2.

Validation parameters for the active and passive users’ dwellings: true positive rate, false positive rate,
accuracy, average number of opening action per bedroom and living room.

Model TPR FPR ACC Actions
Bedroom Living Bedroom Living Bedroo Living room | Bedroom Living
room room m room
EXACT 100% 100% 0% 0% 100% 100% 237 250
Active 34% 41% 35% 25% 74% 72% 29 56
(average)
dil 80% 100% 100% 100% 18% 17% 1 1
d4 21% 20% 20% 4% 70% 77% 8 22
d6 6% 64% 7% 23% 78% 70% 39 215
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d7 22% 31% 20% 3% 72% 81% 77 49
ds 53% 1% 57% 1% 54% 82% 22 8
di3 12% 21% 76% 8% 4% 81% 30 45
di4 44% 51% 31% 30% 72% 59% 29 55
ORGH) 735 )35 $&E& SFILRQV
%HGURRP /UgRLg,J %HGURRP /UgRLg,J %H?_,URR /LYLQJ URRP | %HGURRP {JLRYF;%J
EXACT 100% 100% 0% 0% 100% 100% 7 9
Passive 15% 20% 36% 37% 52% 63% 7 6
(average)
a3 0% 0% 0% 0% 89% 100% 9 1
ds 4% 0% 27% 0% 59% 97% 12 9
d9 0% 40% 21% 67% 48% 33% 9 1
d1o 36% 1% 59% 18% 31% 82% 4 18
di1 37% 60% 72% 100% 349% 2% 2 1
7DEMH

Validation parameters for the dwellings’ models: true positive rate, false positive rate, accuracy, average number
of opening action per bedroom and living room.

ORGHO 735 )35 $&& S$FILRQV
%HGURRP _ /LYLQJ URRP | %HGURRP _ /LYLQJ URRP | %HGURRP  /LYLQJ URRP | %HGURRP _ /LYLQJ URRP

EXACT 100% 100% 0% 0% 100% 100% 244 259
d1 70% 80% 0% 0% 14% 9% 12 9
d3 31% 10% 10% 0% 80% 91% 66 15
d4 30% 19% 10% 5% 79% 86% 55 178
ds 23% 30% 8% 0% 65% 90% 109 61
dé 3% 30% 7% 23% 81% 74% 489 219
d7 11% 6% 18% 20% 73% 72% 758 625
ds 54% 21% 33% 1% 46% 90% 241 55
do 51% 2% 13% 61% 63% 30% 180 9
d1o 60% 9% 47% 1% 41% 82% 29 147
di1 65% 80% 48% 60% 45% 20% 22 8
di3 24% 4% 29% 5% 70% 88% 283 449
d14 53% 33% 41% 39% 61% 56% 282 497
d1s 8% 9% 16% 19% 72% 74% 865 724
d16 22% 25% 4% 13% 83% 77% 248 266

In table 3 the performances of more or less
complicated (for the number of variable included in
the model) logistic window opening behaviour
models are represented. The best performing model
in terms both of accuracy and of prediction of
number of action on windows, was the model of
dwelling 16, characterized by a probability of
opening windows positive correlated with the CO,
concentration, solar radiation and Illumination level
depending on the time of the day and season, and by
a probability of closing windows positive correlated
with the solar hours during the day and negatively
correlated with the illumination level (see table 2 for
the variables in the models).

The simulations of the performance of this model for
each dwelling of the wvalidation dataset are

represented in figure 2 in terms of accuracy on the
prediction of opening action on windows.

As it resulted also in the table 5, the capacity of the
model to predict the number of action on windows
was good especially in the bedroom, even if in the
case of the test on dwelling 4 completely it was not
able to predict the action on window, and
overestimates the actions occurring.

The most accurate models on predicting both the
state of the window (open or closed) and the number
of actions on windows were characterized by a
positive correlation between the probability of
opening and CO, concentration and illumination
values (Group 2 and dwelling 16 models) and a
negative correlation with sun hours and illumination
level for closing windows.
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JLIXUH  &RPSDULVRQ EHIZHHQ SUHGLFIHG DQG REVHUYHG QXPEHU RI DFILRQV RQ ZLQGRZV IRU HDFK GZHWLQJ IHWIHG
ZUKIKHG  PRGHO

©,6&866,21

SUD0  HI DO GHVFULEHV ~ IIKUHH  GLITHUHQH
DWXPSILRQV IL[HG VFKHGXOHV IL[HG UXOHV EDVHG RQ
LQGRRU  DQGRU  RXIGRRU  FRQGLILRQV IL[HG
YHQILODILRQ LQILOWUDILRQ  UDWHV ~ WKDW  GHVLIQHUW  KDYH
PDGH LQ WKH SDW ZKHQ PRGHILQJ ZLQGRZ RSHQLQJ
EHKDYLRXU i LV FOHDU WKDW WKHVH VIUDIHJLHV Rl
PRGHOLQJ  RFFXSDQN  EHKDYLRXU ~ ZL00  OHDG R
GLITHUHQFHV LQ WKH VLPXODWHG LQGRRU HQYLURQPHQI DQG
LQ WKH VLPXODIHG HQHUJI\ FRQVXPSILRQ RI IKH EXLOGLQJ
$Q LPSHPHQIDILRQ RI VIRFKDVILF PRGHOIV SURSRVHG LQ
KLV SDSHU LQIR D VLPXODILRQ SURJIDP ZRX(G
VLIQLILFDQION LPSURYH WKH YDOLGLIN RI IKH VLPXODILRQ
UHVXOIV LQ WZR ZD\V DLW RI D00 LW ZRXIG HQDEOH
FRPSDUDELOLIN RI UHVXOIV IURP GLITHUHQW PRGHOV  VLQFH
#KH\ ZRX0G EH EDVHG RQ WKH VDPH EHKDYLRXU SDWiHUQV
6HFRQGON  EHFDXVH WKH EHKDYLRXU LQ WKH PRGH0 LV
EDVHG RQ UHDO EHKDYLRXU LW KDV D EHWHU FKDQFH RI
PLPLFNLQJ IIKH EHKDYLRXU Rl WKH RFFXSDQW LQ KH
EXL0GLQJ DQG WKXV SUHGLFILQJ WIKH LQGRRU HQYLURQPHQW
DQG HQHUJ\ FRQVXPSILRQ FRUUHFION\

,Q KLV ZRUN RQI\ UKH PRGHV GHYHIRSHG E\ IKH
DXIKRUV ZDV IHVIHG DQG YDOLGDIHG EXW IXUIKHU UHVHDUFK
VKRX0G GHHSHQ DOVR RIKHU ZLQGRZ RSHQLQJ EHKDYLRXU
PRGHV DIUHDG\ H[LVILQJ LQ OLHUDIXUH 7KLV LV DQ
LPSRUDQI LWXH IR EH IDFHG R HQUXUH IKH
JHQHUDOLTDILRQ R1 WKH UHVXOIV EX WHVILQJ IKH DELOUN R1 D
PRGH) IR EH LQGHSHQGHQI 1URP IKH FRQIH ZKHUH Li LV
EXWI LH FOLPDILF FRQGLILRQV  FXOIXUDO KDELIV
EXLOGLQJ FRQVIUXFILRQ  $Q LPSRUIDQN DVSHFI IR EH
IDFHG LV GLVFUHSDQF\ DERXI IKH DFIXD0 DQG VLPX(DIHG
LQGRRU FOLPDIH FRQGUILRQV ZKHQ KD IKH PRGH)
GRHVQIH SUHGLFIl IKH ZLQGRZ RSHQLQJ IKDI KDSSHQV LQ
WKH PHDVXUHG GDIDVHI 7KLV LV HVSHFLDOO\ IUXH IRU KH
LQGRRU IHPSHUDIXUH YDOXHV KD FRX0G GURS GRZQ
ZKHQ IKH ZLQGRZ LV RSHQ LQ IKH ILUVIi GDIDVHI EXIl QR
LQ KH YDOLGDILRQ GDIDVHI

,PSDFIl RI XQNQRZQ RFFXSDQF\ SDIIHUQV

7KH RFFXSDQF\ RI IIKH GZHOLQJV ZDV GHIHUPLQHG
XVLQJ WKH PRQUIRUIHG &2 FRQFHQIUDILRQ 7KLV PHIKRG
ZDV EHIlIHU YKDQ QRW IDNLQJ KH RFFXSDQF\ LQIR DFFRXQIl
EX# PD\ KDYH OHDG WR XQFHUIDLQILHV VLQFH VKRUI
FKDQJHV LQ WKH RFFXSDQF\ PD\ KDYH SDWHG
XQQRILFHG 7KLV FRX0G (HDG WR D ORZHU DFFXUDF\ RQ
SUHGLFILRQ IKHQ DVSHFIHG

$SSILFDELILIN Rl WIRFKDVIILF EHKDYLRXUDO PRGHV

BLQFH IIKH YDOLGDILRQ LV SHUIRUPHG RQ iZR VHSDUDIH
GDIDVHI FRPLQJ 1URP GLIIHUHQI GZHXLQIV DQG XVHUV
IiKH DWXPSILRQ RI LQGHSHQGHQF\ RI REVHUYDILRQ 1URP
WKH KDELIV R1 LQKDELIDQIV RI IKH LQGLYLGXD0 GZHILQJ LV
D SDUILFXODU LPSRUIDQI IRSLF ORGHILQJ IKH ZLQGRZ
RSHQLQJ EHKDYLRXU KLV IRSLF ZDV IDFHG E\ UHPRYLQJ
IURP IKH PRGHOV D00 IKH YDULDEOHV GHSHQGLQJ IURP IKH
LQGLYLGXDD GZHNLQJ KDYLQJ DQ LQIOXHQFH RQ RSHQLQJ
DQG FIRVLQJ WKH ZLQGRZV /RRNLQJ DIl IKH YDOLGDILRQ
UHVXOIV IKH TXDOUN R1 KH EXLOI HQYLURQPHQI DQG RIKHU
IDFIRW  SVNFKRORJLFDO ~ VRFLD0  FRQIH[IXDO  RU
ELRORJLFDO IKDI DUH QRI UIDNHQ LQIR DFFRXQN LQ WKH
PHDVXUHPHQI FDPSDLJQ FRX0G KDYH D GHIHUPLQDQI
LQIOXHQFH  RQ  RFFXSDQIfV  EHKDYLRXU VR IKDI
DSSURDSULDIH PRGHV QHHG IR FRQVLGHU IKH PRV
LPSRUIDQN R1 IKHVH 1DFIRU

&21&/86,21

ORGHOV IRU WKH SUHGLFILRQ RI RFFXSDQIV] LQIHUDFILRQV
ZUK ZLQGRZV LQ UHVLGHQILDO HQYLURQPHQ! FDOLEUDIHG
IRU D VSHFLILF GDIDVHI' ZHUH YDOLGDIHG H[WHUQDW\ RQ D
VHFRQG GLVILQFILYH GDWDVHI 7KH PHIKRG XVHG ZDV
FRQGXFIHG IRV VHYHUDO PRGHILQJ DSSURDFKHV RI
YDU\LQJ FRPSOH[LUIN ZLIK UHVSHFI IR WKH QXPEHU RI
YDULDEOHV LQFOXGHG LQ IKH PRGHIV

7KH PRGHIV KDl PRV DFFXUDIHO\ SUHGLFIHG  WKH VIiDIH
RI WKH ZLQGRZ RSHQ RU FORVHG DQG IIKH QXPEHU RI
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DFILRQV RQ ZLQGRZV ZHUH FKDUDFIHULJHG EX D SRVLILYH
FRUHODILRQ EHIZHHQ WKH SUREDELOUN\ RI RSHQLQJ DQG
&2 FRQFHQIUDILRQ DQG LIXPLQDILRQ YDOXHV *URXS
DQG GZHNLQJ  PRGHV DQG D QHIDILYH FRUJHIDILRQ
ZUIK VXQ KRXW DQG LOXPLQDILRQ OHYHO IRU FORVLQJ
Z1QGRZV

SOKRXJIK UKLV SDSHU GHVFULEHV DQ DQDONVLV RI IIKH
SUHGLFILYH DFFXUDF\ RI PRGHN RI  RFFXSDQIV
LQIHUDFILRQV ZLIK ZLQGRZV LQ UHVLGHQILD) FRQIHY
WKHUH UHPDLQV ORI RI DVSHFIV IR EH GHHSHQHG DQG
LQYHVILIDIHG ~ ZUIK  IXUKHU ZRIN $ PRWH
FRPSUHKHQULYH VIXG\ RQ UHIDILRQUKLS ZLIK LQGLYLGXDO
YDUDECHV ~ SVAFKROIRJLFDO DQG  ELRIRJLFD0  DQG
RFFXSDQIV] DFILYLILHV DQG RFFXSDQF\ LQIHIUDIHG ZLIK
0RQJIHU HQYLURQPHQIDO PHDVXUHPHQIV ZRX0G LPSURYH
IKH YDOLGUI\ R1 WKH UHVXOIV  $GGLILRQDO LQIRUPDILRQ RQ
EXWGLQJ HQYHIRSH DQG XVDJH RI RIKHU VAVIHP H J
UDGLDIRW ~ ZRX0G EH KHISIXO RQ EXWGLQJ IKH
EHKDYLRXUDO PRGHOV

$&.12:-/(*0(17

7KH UHVHDUFK DFILYLIN SUHVHQIHG LQ WIKH SDSHU KDV EHHQ
GHYHIRSHG ZLIKLQ WKH ,QGRRU (QYLUIRQPHQI DQG
(QHUI\ ODQDIHPHQI ,((O &RPSHIHQFH &HQIHY
IRXQGHG E\ 7HIHFRP ,IDILD

5QGA&6

$QGHWHQ 5 )IDEL O 7RIXP - &RWJQDIL 6 3
20HVHQ % = = LQGRZ RSHQLQJ EHKDYLRXU PRGHXHG
IURP PHDVXUHPHQIV LQ =DOQLVK GZHXLQIV VXEPLIIHG
IR 9%XL0GLQJ DQG (QYLURQPHQI

SQGHWVHQ 5 O 7RIXP - $QGHWHQ - -  20HVHQ
% = GXUYH\ RI RFFXSDQI EHKDYLRXU DQG FRQIURO RI
LQGRRU HQYLURQPHQI LQ ™ DQLVK GZHILQIV (QHUI\ DQG
%XLOGLQIV

$QGHWHQ 59 20HVHQ %= 7RIIXP - ORGHILQJ
ZIQGRZ RSHQLQJ EHKDYLRXU LQ =DQLVK GZHNLQIV
3URFHHGLQIV Rl ,QGRRU LU KH UK
,QIHUQDILRQD) &RQIHUHQFH RQ LQGRRU DLU TXDIUA DQG
FILPDIH $XVILQ 7H[DV

YDEL O $QGHWVHQ 59 &RUJQDIL 63 20HVHQ % =
32FFXSDQIV] ZLQGRZ RSHQLQJ EHKDYLRXU S5 OLIHUDIXUH
UHYLHZ RI IDFIRW LQIOXHQFLQJ RFFXSDQH EHKDYLRXU DQG
PRGHI~  %XL0GLQJ DQG  (QYLURQPHQI SS
"2, LQIRUPDILRQ

I EXLOGHQY

>+DIGL ) SRELQVRQ = 2Q UKH EHKDYLRXU DQG
DGDSIDILRQ RI  RIILFH RFFXSDQIV  %XLOGLQJ  DQG
(QYLURQPHQI

+DIGL ) SREIQVRQ ™ ,QIHUDFILRQV ZUK ZLQGRZ
RSHQLQIV E\ RIILFH RFFXSDQIV  %XL0GLQJ  DQG
(QYLURQPHQI

+HUNHO 6 - QDSS 8 3IDIIHURIN - 7RZDUGV D PRGHO RI
XVHU EHKDYLRXU UHJDUGLQJ IKH PDQXD0 FRQIR0 RI
ZIQGRZV 1Q RILFH EXWGLQIV  %XWGLQJ  DQG
(QYLURQPHQI +

1LFRO - )  &KDUDFIHULJLQJ RFFXSDQI EHKDYLRU LQ
EXLOGLQJV IRZDUGV D VIRFKDVILE PRGH0 RI RFFXSDQI
XVH RI ZLQGRZV OLJKIV EOLQGV KHDIHW DQG IDQV
3URFHHGLQIV RI WKH UK ,QIHUQDILRQDILRQDO ,%36%
&RQIHIHQFH  5IR LQIHUQDILRQDY ~ %XL0GLQJ
3HUIRUPDQFH 6LPXIDILRQ $WRFLDILRQ

1LFR0-) +XPSKUH\V O $ 6IRFKDVILF $SSURDFK IR
7KHUPDO &RPIRUI 2FFXSDQI %HKDYLRU DQG  (QHUI\
8WH 1Q  %XWGLQIV  $6+5%(  7UDQVDFILRQV

5UD0 +% 7XRK\ 3 +XPSKIH\V O$ 1LFR) -)
6DPXH) $ &IDUNH - 8VLQJ UHVXOW IURP ILHIG VXUYH\V
IR SUHGLFI IKH HIIHFI RI RSHQ ZLQGRZV RQ IKHUPD
FRPIRUI DQG HQHUJ\ XVH LQ EXLOGLQIV (QHUIN DQG
%XLOGLQIV +

50 +% 7XRK\ 3 +XPSKUH\V O$ 1LFR0 -)
6DPXH0 $ 5DID ,$ &IDUNH - “HYHIRSPHQI RI
DGDSILYH DOJRULIKPY IRU IIKH RSHUDILRQ RI' ZLQGRZV
IDQV DQG GRRUV IR SUHGLFIl IKHUPDO FRPIRUI DQG HQHUJ\
XVH LQ 3DNLVIDQL EXLIGLQIV $6+5%( WDQVDFILRQV

SRHIHO $  7VDQIUDWRXOY $  “LHIULFK 8  %XVKLQJ
6 $ UHYLHZ RI RFFXSDQI FRQIRO RQ QDIXUDO
YHQUODILRQ ~ SHQHZDEOH DQG  GXVIDLQDEH  (QHUI\
SHYLHZV

O 6FKZHNHI O 6KXNX\D &RPSDUVRQ Rl
WKHRUHILFDO DQG VIDILVILFDO PRGHOV RI DLU FRQGLILRQLQJ
XQUI XVDJH EHKDYLRU LQ D UHVLGHQILDO VHIILQJ XQGHU
DSDQHVH ~ FOLPDILF  FRQGULRQV ~ %XLGLQJ  DQG
(QYLURQPHQI

O GFKZHINHU ) +DIGL O BKXNX\D ™ SRELQVRQ
OHULILFDILRQ RI VIRFKDVILF PRGHIV RI ZLQGRZ RSHQLQJ
EHKDYLRU IRU UHVLGHQILDO EXLOGLQIV  -RXUQDO Rl
%XL0GLQJ SHUIRUPDQFH 6LPXIDILRQ )LUMI SXEOLVKHG RQ
-XQH L)LV

<XQ *< G6IHHPHW . 7LPH GHSHQGHQI RFFXSDQI
EHKDYLRXU PRGHIV RI ZLQGRZ FRQIUR) LQ VXPPHU
%XL0GLQJ DQG (QYLURQPHQI +

<XQ *< 7XRK\ 3 6IHHPHW .  7KHUPDO
SHUIRUPDQFH R1 D QDIXUDOON YHQILODIHG EXLOGLQJ XVLQJ D
FRPELQHG DOJRULIKP  RI' SUREDELOLVILF  RFFXSDQW
EHKDYLRXU DQG GHIHUPLQLVILF KHDI DQG PDW EDODQFH
PRGHIV (QHUIN\ DQG %XLIGLQIV *
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