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1. Introduction

Over the last 15 years, the condominium apartmeetbs has been a growing component
of the Canadian residential property markefo accurately measure the economic
activity in this sector, Statistics Canada is depelg a New Condominium Apartment
Price Index (NCAPI) and a Resale Residential Ptgperice Index for condominium
apartments (rRPPI Condé)The use of the NCAPI and rRPPI Condo in statiktica
programs, for example as a deflator in various aamepts of Gross Domestic Product
and as an input into the Consumer Price Index,irequice indexes for the total (land
and structure components), as well as separate prilex series for land and structure.
Data on separate land and structure values argulifto come by resulting in a
knowledge gap in condominium apartment informattoat the NCAPI and rRPPI Condo
currently cannot fill.

In order to decompose a condominium apartment pnde into separate land and
structure components this paper looks to the Bugddodel developed by Diewert and
Shimizu (2017} This hedonic model suggests that the value ofr@@minium unit is a
result of the sum of the value of the land andcstme components. The structure
component can be viewed as the depreciated cdmtilwh the structure itseffThe land
component measures the impact that location arghbeurhood amenities, in addition to
land size, have on the total price of a condomingartment unit.

However, there are two key considerations that rbestaken when decomposing the
price of a condominium unit into separate land atrdcture components. The most
difficult consideration to model is how to allocamobmmunal land to a single
condominium unit. Secondly, condominium units sh@mmunal space with the rest of
the building. These communal building areas inclimgbies, hallways, party rooms,
gyms, pools, parking lots, etc. that though shaaeelpaid for by each unit and so need to
be incorporated into the Builder's Model.

The purpose of this study is to develop a methagolto create separate land and
structure price indexes that can be used in thaulzdion of the NCAPI and rRPPI condo.
In this study, we focus on the Ottawa high-risedmninium apartment market from

1996 to 2009. The paper is broken down in the Yahg manner: section 2 explains the
data used in this study; section 3 introduces thi&lBr's Model and how it must adapt to

2 For more details on the increase in condominiuartapent trends see Read-Hobman (20 fution

of housing in Canada, 1957 to 20XZanadian Megatrends. Statistics Canada, Catalogu#&1-630-X.

3 Based on the definition of National Household ®yreonducted by Statistics Canada, condominium
dwelling refers to a private residential complexaihich dwellings are owned individually while laadd
common elements are held in joint ownership withesd. See “Homeownership and Shelter Costs in
Canada” Catalogue, No. 99-014-X2011002 for moreitdetThis definition does not specify the type of
structure. When we define a condominium apartmenhis paper and in the context of the NCAPI,aed

not include single family homes or row houses treate condominium type ownership.

4 See Diewert and Shimizu (2017) for more detailshenbuilder’'s model for Tokyo Condominium Sales.

5 See Davis and Palumbo (2008) for more explanationsing construction costs as a proxy for the
structure component.




incorporate land and communal building space fordominium apartments; section 4
focuses on finding the main determinants of landgst section 5 introduces structural
variables to the Builder's Model; section 6 exptathe land, structure and total property
index series derived from our proposed hedonic e section 7 concludes.

2. Data

The source of data for this study is a combinatiba residential property price research
dataset, City of Ottawa building characteristickadset and some internet data sources.
This research dataset was developed for new aateresndominium apartment units for
55 quarters from Q1 1996 to Q3 200Migh rise condos, which are defined as those
condo buildings with five and more floors, are tbeus of this study. This threshold was
chosen because buildings with four or less floaes lauilt similarly to single family
houses, with higher wood content than high risédimgs that are built with more glass
and concrete materials. The dataset contains baracteristic variables such as number
of bedrooms, bathrooms, heating fuel, floor cowgrithe story the unit is on and unit
square footage; land characteristics such as twtadf the condominium building
described by the Forward Sortation Area (FSAnd size and excess land; and building
structure characteristics include building sizejldig height, unit height, and total
number of units in building.

Outlier detection was conducted for the variablei living area, selling price, bedroom,
bathrooms, and age due to misreporting and uniquis.uThe final dataset includes
observations with the following characteristics:

» Living area between 300 and 1500 square feet (sqft)

» Selling price between bottom 1percent and top bgrgrby year of
sale$

* 1to 4 bedrooms;

* 1to 3 bathrooms;

« Age <50 year$.

Descriptive statistics for sales price by year iglioed in table 1 and the main
characteristic variables that will be used in aualgsis are listed in table 2. It can be seen
that, even after outlier detection, there is gfittat variation in variables such as selling
prices, total residential building area and loesit the condo buildings.

5 December 2009 is not available and so Q4 estinamtesot included in this analysis.

7 A forward sortation area (FSA) is a geographict ingised on the first three characters in a Canadian
postal code.

8 These values for outlier detection were chosemtlmethe distribution of selling prices acrosyedirs

are positively skewed. See appendix 1 for theibigtion of sales prices for each year in this study

® The age restriction of 50 years was chosen bedauitdings older than this age will most likely av
gone through a major renovation. Since we use d&geeobuilding to estimate depreciation, including
buildings with major renovations would not provigecurate results.



Table 1: Descriptive Statistics for Selling Price by Year

Year | Frec Mear Std. Deviatiol | Maximurr | Minimum

1996 494 | 101773.68 43420.18 34000 360000

1997 596 | 100360.84 43400.65 25000 340000

1998 572 95803.35 40932.17 30250 315000

1999 700 | 102814.29 47908.76 34000 398500

2000 769 | 112323.47 54827.29 35000 575000

2001 772 134756.7 57469.86 46000 448000

2002 819 | 161641.79 70131.32 62500 635000

2003 693 | 179124.25 69486.69 79000 640000

2004 772 | 195157.98 73710.47 82000 620000

2005 800 | 202434.57 77577.76 91500 640000

2006 931 | 212382.13 91369.89 86000 770000

2007 1022 | 225194.84 98395.64 90000 725000

2008 857 | 246121.57 105935.62 95500 800000

2009 776 | 257344.11 104818.77 105000 850000
Table 2: Descriptive Satistics for Key Characteristic Variables

Frec Mear Std. Deviatiol | Maximurr | Minimum | Mode

Unit Living Area (sqft | 9977 667.1" 155.2¢ 1495.6¢ 300.0¢
Lot Size (sqft 9977 | 92373.©0 65176.8! 268021.1 | 2029.0(
Building Size (sqft 9977 | 222910.3 | 108449.6 614823.1 | 1502:
Age (years 997 20.67 8.9¢ 42 0 23
Height of Building 9971 16.3: 6.7% 32 5 12
(stories)
Story of Uni 9977 | 8.4¢ 5.87 28 1 3
Bedrooms (numbe 9971 1.92 0.51 4 1 2
Bathrooms (numbe 9971 1.52 0.51 3 1 2




3. The Builder's Model for Condominium Apartments

The Builder's Model is based on the expected cbsudding a property, either a single
family home or a condominium apartment unit. Thisdel suggests that the selling price
of a property that has a newly built structure tois driven by the cost of producing said
property® Thus the hedonic form of the Builder's Model ssathat property price is
equal to the quality adjusted cost of land per sgjf@ot (@;) times the square footage of
land (TL.,) plus the quality adjusted structure cost per sgif@ot (3,) times the square
footage of the structuresy,) for n=1,...N,, where N is the number of observations, for a
given time ¢).The Builder's Model can be approximated by thdofwing hedonic
regression model with an error tergy, ) that is assumed to be normally distributed with
a mean of zero and a constant variance:

(1) Pm:ﬁ"tTLm ‘I‘,GtSm ‘l‘Em, t:1,,55,n:1,Nt-

The above model applies to new properties. To pam@te depreciation that occurs in
older structures, which devalues the structuréénabsence of renovations, the Builder's
Model can use information on the age of the stmec{d,,) in order to estimate a net

geometric depreciation ratey,() as the structure ages one period with the folowi
formula:

AP]';_
(2) P,, = a;TLey, + B8 1 —6;)  Si+ e, t=1,...55 n=1,.N,

In trying to estimate equation 2, multicollinearibetween the land and structure
variables warrants the use of a construction ca#x to proxy for the change in cost of
building the structuré! Multicollinearity occurs when two or more indepentivariables
are correlated with each other. This can causenasts to be unstable and difficult to
interpret with potentially incorrect signs or mamguiies!? In this study of condominium
apartments, the price per square foot from the 200del of the Apartment Building
Construction Price Index (ABCPI) is used to prolkg tost of building a condominium
unit.'®> The use of this variable is based on the assumgtiat the movement of
condominium apartment building costs approximat®seéh for non-condominium
apartment buildings. This notion is based on theugds that increasingly, apartment
buildings are being constructed with similar fireshas condos. This price per square foot
is then indexed using the ABCPI to get an estimatest per square foot of structure
space £s,) for each quarter from Q1 1996 to Q3 2009. Thalteg hedonic model is:

(3) Py, = @,TLyy + BPS; (1 —8,) ™Sy + £y t=1,....55: n=1,..N,

1°For more details on the Builder's Model applicatitm single family homes, see the Handbook on
Residential Property Price Indexes (2013).

1 The Handbook on Residential Property Price Indé2843) expands on the multicollinearity problem
found in the Builder's Model; see also Diewert,Higan and Hendricks (2015).

2 For more details on the issues that arise withioallinearity in hedonic models, see Greene (2003)

13 Thus our model will achieve consistency with CaaadSystem of Macroeconomic Accounts estimates
for the value of new construction.



To apply the Builder's Model to condominium aparteaunits, we need to make
additional considerations that would not be foundthe Model for say single family
homes. The main considerations are how to addressadles of communal land and
structure space on the selling price of a condamimapartment unit.

3.1 Allocating the Unit's Land Share: Method 1

In our dataset, the variable for unit area is usedstimate the structure component for
the unit only. However, land size is given for thieole building and not the single unit.
Therefore, land size must be allocated appropyiatel a single condo unit. The
preliminary assumption is that each unit in theldog equally enjoys the whole land
area, therefore the land should be divided equmilgll units in the buildingi{v,,,):'*

4 L, = (%) TLe: t=1,..55n=1,N..

In section 4, alternative land imputation methodsiavestigated.

3.2 Allocating the Unit's Share of Communal Space

A condominium unit shares communal space with atinés in its building. This space
and the amenities in it are accounted for, in fart,the selling price of the unit.
However, when it comes to estimating these spactwiBuilder's Model, the floor
space of the condominium unit only covers privatiyned space.

Explicit values of communal space are difficultdbtain and are often not reported in
databases such as listing services, land regigiriggoperty assessment. Therefore we
need to estimate the proportion of the buildingceptnat is communal by other means.
Consultations were conducted with the constructiodustry and an estimate for
communal space was calculated using the apartmgiting specifications from the
2004 model used in the ABCPI. From these two sauiitevas determined that about 20-
30 percent of the building space is allocated tomoinal areas. We tested the sensitivity
of this assumption and find that there was vemelitifference in the estimates of the
Builder's Model using 20, 25 or 30 percent valuesdommunal spaé¢é Therefore, the
hedonic models and results that follow will useestimate for communal space of 25
percent of the total building area.

The floor area of the unit represents privately edvrstructure space. To capture all
structural space allocated to a condominium umtluding communal space, the
privately owned space in our model must be blownbypa factor that represents
communal space. Since we are using the estimatg5opercent of the building as
communal space, 75 percent of the building is peiwpace and so can be estimated by

This notion of equally shared land is presenteBigwert and Shimizu (2017).
15 Condo fees also contribute to paying for and nadiimg these amenities.
16 See appendix 2 for the results of using 20, 253fnhdercent communal space on model 22.



the unit floor space. To include that extra 25 petmf communal space in our model,
structural space is estimated by (1/0SZp)pr (1.33F4,.

The amenities contained in this 25 percent commsjpate can differ between buildings
and could be a factor affecting the price of a @ynihium unit. Tests were conducted to
determine the impact that indoor and outdoor parkfitness facility, party room and
indoor pool had on the price of a condominium umltese communal amenities were
shown to have a marginal impact on the model aratesmot including in this study.

3.3 A Preliminary Builder's Model

Including depreciation rate, land imputation andtqeer square foot of structural space
enhances the Builder's Model to better represeatféatures found in condominium
apartment units. In order to get initial land vakstimates, which will be discussed in
section 4, the depreciation rate is set to 2 peércEmis is the estimate used by the
Canadian System of Macroeconomic Accounts and ptodty analysis at Statistics
Canada for all residential housing depreciatioega® herefore, we update model (2) to
include the unit’s share of land(, defined by (4)), the communal space blow-up factor
(1.33), the price per square foot of structuraloflcspace ¢s.) and the annual
depreciation rate (0.02):

(5) P,, = @;Ley, + (1.33)BPS,(1— 0.02) “S,, + &, t =1,...,55; n =1,..,

The R value for this model is 0.6751, which indicatesréhis room for improvement in
the model. However, there are more concerning tesifl this model. Mos#,values,
which are the estimates for average price of lagrdspuare foot, are negative. Negative
prices cannot exist in this context. Also, tiecoefficient estimate is 5.03. Thg

coefficient now represents a general quality adjest to the structure area. Our
assumption is that the model can account for al@bguality adjustment to the structure
implying thatg should be closer to a value of 1. Thus the veryelastimate foi3 has

led to a, estimates which are too small to be credible

4. The Determinants of Condominium Land Prices

To improve the results of the model defined by (%@, are going to assunfe= 1 and

focus on finding the main determinants of land gsicTo do this, we set imputed land
value to be the dependant variable of our hedomideh We derive an estimate for land
value (V,,) by subtracting our imputed structure val@() from the total property

selling price £,,,):

(6) LVm:Pm_SVm, t:].,,55,n:1,1'vt

7 A small impact is defined as improving the Log dlikood value by a small amount relative to the
increase in the number of parameters.
18 For details on the results of model 5 see appehdix



Our imputed structure value is approximated by:
(7) SV, = (1.33) PS5, (1 — 0.02)4n5S,,; t=1,...,55; n=1,.N;.

The above estimates for land value will now be uagdhe dependent variable in the
models that are estimated in this section. Thelin@senodel we will use to begin our
analysis is that land value can be modeled by tiee @f land per square foot)

multiplied by land equally distributed per unit.):
(8) LVm = ﬂfth + Erns t= 1,,55, n= 1,..Mt.

This model gives us a starting point to assesstpact of additional land characteristics
on the goodness of fit of the proposed model. & &a R square value 60.6891 and a
log likelihood value (LL) 0f~127456. Given the nonlinear nature of this and sgient
models, goodness of fit will be determined by tbenbined improvement in the LL and
the R-square values.

4.1 Introducing Postal Code Dummy Variables

The results of model (8) clearly suggest that timexeds to be an improvement in how we
model land prices. The price of any property isvilgampacted by location. To capture
this relationship we use Forward Sortation Area ohynvariables FSA.,;) in our

hedonic model. The Forward Sortation Area is ideaiby the first three digits of the
Canadian postal code. These 22 dummy variablededireed as:

(9) FSA4,; = 1 if observation n in period t is in Forward $didn Area i;
= 0 otherwise.

By adding the Forward Sortation Area dummy variglttemodel (8) we can account for
how the land prices change based on location:

(10) LV = @ (X722, 6, FSApn;) Lin + s t=1,..55 n=1..N,

where the land size by unii,(,) is defined as in equation (4). The B5parameters and
22 6; parameters cannot all be identified. Thereforenaenalizea,= 1. Witha,= 1, the
value of all othery, estimate represent the percentage change in lalé due to the
change in time from period 1 to peritdrhis is the definition of a price index and so we
can use the parameter estimates of land pricesedeour land price index. The R-square
for this model is 0.0957 and the LL+424339, which is a large 3117 improvement from
model (8), validating our assumption that locati@s a significant impact on the land
prices in Ottawa.

4.2 Alternative Land Value Imputation Methods



Prior models assumed that land was equally diggtto each condominium apartment
unit. However, land could also be allocated torglsi unit proportionally to the size of
the unit or a combination of equal and proporticalkdcation.

Land can be allocated to a single unit proportilyrial its size compared to the rest of the
building. Like in the case of condo fees, wheraéarunits pay higher fees and thus
contribute more to funding communal spaces, théclag this assumption is that the
larger units should have a larger share of the.|Bnoportional land sizeL(,) is defined
as:

(A1) Len = (F22) TLn; t=1,..55n=1,.4.
Replacing the.,,, variable in equations (10) to the proportionaldamriable defined in
(11), our model becomes:

(12) LV, = a,( fjlﬂiFSAmi)(%)TLm + & t=1,...55n=1,.V,.

However, the R-square and LL values from this mod€l.0938 and-125288
respectively, are worse than those of model (10).

Given that model (12) provides worse results thadeh (10) we need to find a different
method to determine the land share of a single Anitalternative method is to distribute
the total land among the units in the building byesghted average of the equal and the
proportional allocation:

(13)Len — o (T"’j;;) +(1 —p)[Flm) | TLen; t=1,..55n=1,N.

Thep coefficient is estimated in model (14) below:

. Stn 1 .
(14)LVin = @(Z2, 6,FSAen) [p (72) + (1 = )5 | Thn + 2
t=1,...,55¢h,...,N;.

The estimate of is 0.2525 (t stat = 12.10), therefore placing ghbr weight towards

equally distributing the land to a single unit. §hinakes sense given the poor
performance of proportionally distributing land 12 as was found in model (12).

The R-square of model (14) is 0.1021 and the L£1i24304, which is an improvement
of 984 on model (12) and an improvement of 35 omeh@10). Therefore, subsequent
models of land value and total property price widle this weighted land imputation
method.

4.3 Introducing the Height of the Unit as an Explaatory Variable
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Our expectation is that a unit on a higher flodt héve a better view than those on lower
floors. The view can be thought as the verticalafision of land. Therefore, the floor the
unit is on, or the height of the unif,), impacts the price of land. The variakig, is
added to model (14) as a continuous variable becauspresented the response of the
unit's price to a change in height of the unit irmare parsimonious way than using
height dummy variables. Thus we a@dd+ v(H,,, — 1)) to model (14) and obtain (15):

(15)LVin = @e(EE21 8iFS A, )1~y (Hen — D) o (722 ) + (1 = )G | Thn

Feen; t=1,...55 n=1,.N.

Even thouglH,,, is a continuous variable, we still normalize thpact that the height of
the unit has over the lowest floor observed in daita, in this case the first story. The
predicted value of land price will not be affectegdthose observations corresponding to
a unit sold on the first floor. For any unit onladr above the first floor, the land price
will increase byy for each story. Our estimate f@r is 0.041494 (t stat = 29.51).
Therefore the predicted land price of a condominiumit will increase by 4.15 percent
for every story above the first floor. The R-squafehis model is 0.1901 and the LL is
-123789, an increase of 515 over model (14).

4.4 Introducing the Number of Units in the Buildingas an Explanatory Variable

In order to build a condominium apartment buildlagd needs to be zoned for the type
and size of building. A building with more units Ilwcost more in zoning fees and
builders will pass these extra costs on to conssiniar test the extent to which an extra
unit impacts the sale price of a condominium unmé,introduce the total number of units
(TU,,) into model (15) in a similar fashion to the heighthe unit {,,,) as a continuous
variable. Again we normalized the impact that amaewnit will have above the minimum
number of units found in a building in our datasetthis case, that minimum number of
units is 9. We update model (15) wigll + w(TU., — 9)), Wherew represents the
percentage change in land value due to an incidam®e unit in the total number of units
found in a building. If the building has 9 unitsiinland value will be unaffected.

Our new hedonic model is as follows:

(16)LVy = (X722, 6,FSAm )1 +y(Hpy — 1) (1 + w(TUp, — 9))
[p(st“) L )Ty 1 ey t=1,..55n=1,. N

TS¢n TUn

The R-square value of model (16) is 0.2935 and_thes -123108, which is an increase
of 681 over model (15). The resulting estimate #nis 0.008927 (t stat = 34.67)

indicating that one extra unit in the building witicrease the value of land for a single
condominium unit by 0.9 percent.

4.5 Introducing the Height of the Building as an Eplanatory Variable
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Certain neighbourhoods are zoned for tall buildinggch as downtown areas. These
buildings are generally more expensive, but to vexéent is that because these buildings
are tall or because they are in downtown? In m@b@) we accounted for location, so
now we want to determine the impact building helggd on land values. To measure this
effect, we introduce four height of building dumwariables to model (16) based on the
quartiles of total building heightT{,,) found in our dataset. Group 1 is defined as
containing observations folTH,, < 11 stories; group 2 contains observations where
11< TH,, <15; group 3 contains observations where=1BH,, <22 and group 4
contains observations wheT¢i,,, =22. The quartile groupings were chosen to ensure
that there were enough observations for all dumanyables. The total building height
dummy variable is defined as:

(17)TH,,; =1 if observation n in period t is in total buidi height group j;
= 0 otherwise.

It is important to note that the height of the dunb does not change over time. Since our
observations are observed for a given timee include the time subscript in our variable
definition. The hedonic model including total heiglummy variables is as follows:

(18)LVyy, = a¢(E22, 6,FSAn )1 + ¥ (Hep — 1))(1 + @ (TUp, — 9)) (5.1 9, THyn, )
[ (722) + A =) | TLen + 0 t=1,..55 n=1,.J.

The four total building height parametei)( the 22 Forward Sortation Area dummy
parametersd;) and the 55 land price parameters in model (18haabe all identified,
therefore we apply the following normalizationstbase parameters:

The R-square value for model (18) is 0.3608 and_thés —122608, an increase of 500
over the LL of model (16). The estimated total Bimy height parameters increase as the
building height increases, suggesting that evewatmg for location, building height
increases land pricé8.

4.6 Introducing Excess Land as an Explanatory Varible

The excess land surrounding a condominium buildbag incorporate many land
characteristics that we cannot account for givendasa. Excess land is measured as the
total land size minus the building footprint (totalilding area divided by number of
floors in the building). If a building has a largenount of excess land it could mean this
excess property contains amenities such as outolaxing, outdoor pools, parks and
pathways. We have few of such characteristic viegaim our dataset and so excess land
can account for some of these extra land featWs create four excess land dummy

19 See Table 2.
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variables [L:, ) based on the quartiles of excess land size faudr data: group 1 is
made up of observations whefe,,, < 22254 square feet; group 2 contains observations
where 22254« El,, < 76424 square feet; group 3 contains observationravhe
76424< EL,, <124269 and group 4 contains observations wigdre >=124269. The

quartile ranges were chosen to ensure that there emough observations for each
grouping of excess land. The excess land dummylbigs are created as follows:

(20)EL¢y 1 = 1 if observation n in period t is in excess lgndup m;
= 0 otherwise;

In addition to the normalizations imposed for mo(le8), we set, = 1. We then add
theseEL,, ,, dummy variables to model (18) to get the followmgdel:
(1) LVy, = a¢ (322, 6;FSA )1 + ¥ (Hen — D)(1 + 0(TUp, — 9)) (5., 9, THen ;)
Stn
fm10mELenn) [P (7)) + (L= ) () | TLin + &t
t=1,...,55;n=1,.N;

wherea,=1; 9, = 1;and g, = 1.

The R-square value of model (21) is 0.6244 andLihés —119956, which is a 2652
improvement over the LL of model (18). Even thougttess land has a significant
impact, the results are not what we originally etpd. Due to the amenities and
potential view that more excess land could offeoadominium unit, we would assume
that more excess land would increase the pricaraf.|However, as one can see in Table
2, the estimatedy,, decreases as the excess land gets bigger, which litle

counterintuitive to our assumptions. This is thesaesult found in Diewert and Shimizu
(2017). The significant increase in LL with thelugion of excess land signifies that the
presence of extra land is an important factor itemheining the sales price of a
condominium apartment. However, the decrease ieslimateds,, suggests there might

be decreasing returns to scale for excess land.

4.7 Estimates for the Determinants of Land Value

Table 2 displays the estimated coefficients andafissics for model (21), whet are
the parameter estimates for the Forward Sortatioea Adummy variables:, are the
parameter estimates for land value for a condominimit in period ty is the estimate
for change in land value of a unit due to an inseea the floor that unit is o is the
estimate for the change in land value for a uné thuan extra unit in the buildinﬁj‘ is
the parameter estimate for the total building hedshmmy variablesg,, is the parameter
estimate for the excess land dummy variables astty/ @ is the land imputation weight
estimate.
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Table 3: Estimated Coefficientsfor Model (21).

Coefficient | Estimate| T Staf Coefficieft Estimate Sfat Coefficient| Estimatge T Sta
A, 82.577 6.60 | &, 0.9787 | 7.14 &y, 2.3345 9.20
, 100.13 9.18 | @y, 0.8401 | 8.99 [ 2.3806 9.25
0, 105.53 9.01 | @y, 0.9262 | 7.08 g 2.346 9.19
0, 64.885 8.79 | @, 1.0039 | 5.69 a0 2.4029 9.08
65 90.337 9.18 | dyq 1.0390 | 7.48 gy 2.5236 9.22
8, 106.44 9.15 | @4 0.9371 | 9.04 Gyo 2.5298 9.25
8, 126.13 9.13 | @y: 1.0564 | 8.02 Aan 2.5063 9.24
By 187.18 9.26 | @, 1.0927 | 7.13 gy 2.4544 9.19
By 159.79 9.23 | &, 1.1296 | 7.89 By 2.6228 9.25
b1 214.59 9.14 | &g 1.1815 | 8.56 g 2.6739 9.26
8, 81.964 8.79 | @ 1.2383 | 7.84 &yr 2.7100 9.25
65 100.28 9.15 | @,, 1.2014 | 9.08 fyg 2.7479 9.23
813 143.35 9.22 &21 1.4036 9.13 &49 2.8755 9.25
014 252.58 9.16 | @, 1.5865 | 8.94 asg 2.9970 9.28
615 151.36 9.11 | d,q 1.5818 | 8.78 fsq 2.8974 9.26
tie 92.482 9.19 | @, 1.5576 | 8.97 dsy 3.0339 9.25
6, 90.672 9.05 | @, 1.8164 | 9.09 Asg 2.8931 9.26
B0 106.18 9.19 | @ 2.0317 | 9.08 =, 3.0543 9.28
819 140.15 9.12 &27 1.9698 9.05 &55 3.0327 9.28
Bzu 121.55 8.12 &29 2.0104 8.96 ¥ 0.0075 12.68
6,5, 198.69 9.26 | @yq 2.1058 | 9.06 & 0.0114 | 40.94
8,5, 138.82 7.66 | dag 1.9988 | 9.24 9, 1.1266 | 109.75
&, 1.0684 751 | @ay 2.2484 | 9.16 1y 1.3746 79.60
[ 1.1455 7.50 (7 2.1976 9.04 13'4 1.5901 72.79
&, 0.9073 579 | @i, 23165 | 9.18 a5 0.5568 130.21
&5 0.8874 8.49 &34 2.3362 9.22 33 0.3081 83.64
g 1.061 7.65 | das 22695 | 9.17 Gy 0.1959 | 63.86
& 0.9965 7.42 | &g 2.3274 | 9.14 Fi 0.5064 61.99
&y 0.9713 6.73

With the final determinants of land all includednmodel (21), our parameters previously
estimated have changed. The parameter change eismthte land imputation weighsX
has grown from 0.2525 in model (14) to 0.50644t st61.99) in model (21). This means
that the proportional to size land imputation meitinas a little over equal share of the
imputed land value at 50.64 percent. We also saehiight of the unitj) has a lesser
impact on land value at 0.75 percent per additidloalr. On the other hand, one extra
unit in the building has a larger impact on lantuea than originally found in model (16)
at 1.14 percent.

Certain trends continue in model (21). The paramestimates for building heightf
increase as the height increases. We also stilerebsthat excess land coefficient
estimates £,) decrease with the size of excess land. Thoughuhiiable significantly
improves our model, as depicted by the 2652 ineréad_L with the inclusion of this
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variable, the resulting estimates suggest thatexia land is not a priority for consumers
looking to purchase condominium apartment units.

5. Quality Adjustment Variables for the Structure Component of Condo Value

Now that we have determined the main charactesiskiat contribute to land prices, we
can use these variables in a Builders Model tmafudes both land and structure
components, a net geometric depreciation réjddr the entire 55 quarters of our data
and where condominium unit property price is ongairathe dependent variable of our
model:

(22) Py = (T2, 6,FSA ) (1 +y(Hp — 1)) (1 + 0(TU, — 9))[ 11U THyy )

Xmr OmELerm) [p (72) + (1= p) (75=) | TLant (133)PS.(1 = 8) "Sp + €1
t=1,55m=1,.N,

The R-square value of model (22) is 0.7006 andlanfl-119934. The estimate for the
depreciation rated) is 0.011911 (t stat = 11.20), which is much lowan expected.
Therefore we need to consider structural qualifjystchent factors, such as the number
of bedrooms and number of bathrooms, in our Bugdgiodel.

5.1 Introducing the Number of Bedrooms as an Explaatory Variable

Even after accounting for unit size, the numbebedfrooms in a condominium unit can
impact its selling price. The condominium units ridun our data have between 1 to 4
bedrooms. We group our observations based the nuoflidrooms found in the unit:
group 1 contains observations with one bedroomym@ observations have 2 bedrooms
and group 3 observations have 3 or 4 bedrooms.eTdmmd four bedrooms were grouped
together due to the small sample size of units atlr bedrooms. We introduce a
bedroom dummy variabléBQ,,, ;) into model (22) based on the following definition

(23)BDyy, 5 = 1 if observation n in period t is in bedroom godqg
= 0 otherwise.

The hedonic model accounting for the impact of bedrs on selling price is as follows:
(24) Py, = (X2, 0,FSAL (1 +y(Hy — 1))(1 + 0(TU, — 9))
Stn 1
(Z4o1 0 THen ) Clams omELen) [P (72) + (1 = P | TLen

+(1.33)PS5: (1 —5) * : 1 TkBDii) Stn + £
t=1,...,55; n=1,. N

We apply the following normalization parametersrtodel (24):

(25)“1: 1,191 = 1, 0—1 = 1, T] = 1.
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The R-square value for model (24) is 0.7799 andLUthaes —-118398, which is a 1536
increase in the LL from model (22). This huge ias® in LL indicates that the number
of bedrooms significantly impacts the selling prioé a condominium unit. The
coefficient estimates are increasing with the nundiebedrooms in the unit signifying
that more bedrooms will increase the sale price& @dndominium apartment unit.

5.2 Introducing the Number of Bathrooms as an Explaatory Variable

Bathrooms are key features in any residential ptgpand condominium apartments
units are no exception. To test the exact impeat athrooms have on the selling price
of condominium units, we introduce number of batimmodummy variables as structure
quality adjustment variables. The condominium ufotsnd in our data have between 1
and 3 bathrooms. We group our observations basedutmber of bathrooms found in the
condominium unit: group 1 observations have onbrbam; group 2 observations have 2
bathrooms and group 3 observations have 3 bathrod@sntroduce a bathroom dummy
variable BTy, ) into model (24) based on the following definition

(26)BT,, . = 1if observation n in period tis in bathroom gpcc;
= 0 otherwise.

The hedonic model including bathrooms is as foltows

(27) ey = ae(X2, 6,FSApy ) (1 + y(Hy — D) (1 + @ (TUp, — 9))

(Z41 8 THen ) s omELenm) [0 (322) + (1 = 0) ) | TLim

+(1.33)PS.(1 — &) e 221 TeBDen i) (X3, @ BTine) Sen + &tm;
t=1,...,55;n=1,N,,

As in previous models, we need to apply normalratparameters to model (27),
because all parameters cannot be identified. Thaalzation conditions are:

(28)6!1:1,1?1 = 1, g = 1, T, = 1, @ = 1

Model (27) has an R-square value of 0.7871 and afL.-t118232, which is an increase
in LL of 166 from model (25). The positive and ieasing values cf, and g, at

2.07544 (t-stat = 73.18) and 2.251693 (t-stat BZPrespectivelysuggest that the more
bathrooms found in a condominium unit, the higherill sell for.

5.3 Additional Structure Characteristics as Explanaory Variables

Other structural characteristic variables wereegestith model (27) such as hardwood
floors in the unit, natural gas in the unit, numloérappliances in the unit, on-suite
bathrooms, dens, balconies, whether or not thewasta new build and condo fees. Only
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balconies and the presence of natural gas in thesignificantly improved the modé?.
Both of these variables are grouped into two catego group 1 are for those
observations that have the structural charactestd group 2 are those observations that
do not have the structural characteristic in goesfio include balconies and natural gas
into our Builder's Model we introduce a balcong(, ) and a natural gasNG;y ;)

dummy variables to model (27) defined as:

(29)BC., , = L if observation n in period t is in group y;
= 0 otherwise.
(B30) NGy, > = 1 if observation n in period t is in group z;
= 0 otherwise.

Both variables were added individually and combit@aenodel (27). Adding balconies
only to model (27) resulted in an R-square valu®.@®91 and a LI=117944, which is
an improvement of 288 over the LL of model (27).dikay natural gas to model (27)
resulted in an R-square value of 0.7978 and a LE1df7976, an improvement of 256.
Since both structural characteristics individualtyproved the model, we introduced
balcony and natural gas dummy variables to modgl42 shown in model (31):

(31) P, = (X%, 0,FSAL )1 +y(Hy — 1))(1 + 0(TU, — 9))

(Z41 9 THiny) S OmELinn) [P (722) + (1 = p) (5) | TLen+ 33)PS,

Agn
(1-4) ‘ @%=1TkBDrn,k)@g=1 @BTinc) (Ei:l ﬁyBCm,y) (E§=mzNGm,z) Stn T &m
t=1,...,55; n=1,N,

As in previous models, every parameter cannot betified, so we apply the following
normalization restrictions to model (31):

B2)a=1,9, =1L, 0y=1,1=1, ¢, =Lm; =1;n, =1;

Model (31) has an R-square value of 0.8066 and all7753, which is an improvement
in LL over model (27) by 479. The coefficient estims for the balcony and natural gas
dummy variables are 1.246339 (t-stat = 135.41) dm2P537 (t-stat = 130.76),
respectively. These values are consistent withesypectations. Balconies can increase
the price of a condominium unit because it provideditional living space as well as an
ideal “observation post” for enjoying the view. Ehermore, natural gas is considered to
be an important and preferred means of heating hkam®ttawa and so would logically
increase the price of a condominium unit.

Table 3 lists the estimated coefficients for mo@dl). The coefficient estimates that we
have added from table 2 include the estimate foigaemetric depreciation raté)( the

20 Significantly improve the model in this case reféo improving the model by at least 100 LL points.
Though this is not a critical value when conductand.og Likelihood test, this threshold was chosen
because adding more variables to our hedonic maali model made it more difficult for the model to
converge. Therefore, the threshold of 100 was ehtisbalance convergence with variable choice.
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estimates for the bedroom dummy variablég)( bathroom dummy variablesg(),
balcony dummy variablez() and the natural gas dummy variaksig.(

Table 4: Estimated Coefficients for Model 31

Coefficient | Estimate T Stat Coefficient Estimatg Sfht Coefficient| Estimate T Stat
a9 16.258 5.28 &,, 0.86955 4.36 d,, 3.58645 6.49
a, 33.765 6.41 @, 0.93726 4.05 d,, 3.62191 6.49
d, 35.351 6.28 @4 0.97869 4.93 d,, 3.45678 6.46
8, 19.918 6.26) @, 0.92696 6.10 d,s 3.76463 6.49
§5 30.792 6.39 fty5 1.09312 5.4Q 3.84937 6.50
ﬁg 42.539 6.42 &, 1.11226 4.90 é&,, 3.89612 6.49
é} 49.403 6.42 @, 1.21807 5.89 &, 3.99630 6.48
[ 70.314 6.45 &, 1.27303 6.08 d,q 4.10612 6.49
g 62.074 6.45| &g 1.42360 5.63 az, 4,27321 6.50
§m 72.632 6.41] &,y 1.41738 6.33 dsy 4.22797 6.49
§11 25.173 6.21 &,y 1.86172 6.39 &s5 4.32355 6.49
044 33.736 6.36 . 2.07061 6.22 dsq 4,22331 6.50
;I 55.922 6.44 @, 2.10633 6.24 ds, 4.44432 6.50
B4 86.726 6.37| @y 2.09352 6.27 dsg 4.57094 6.50
§15 53.838 6.40 @5 2.45374 6.42 ¥ 0.00955 14.01
éflb 32.867 6.41] &5 2.84905 6.41 @ 0.01372 37.76
éfl.,, 31.739 6.34] .- 2.84515 6.41 «ﬁz 1.086788 95.27
519 39.399 6.41 #,, 2.83455 6.31 1§3 1.363746 73.61
B4q 48.077 6.37| &g 3.02023 6.40 4, 1.491565 65.15
(I 39.617 6.06| f#qp 3.00737 6.48 &, 0.575134| 121.74
521 76.387 6.46| @4y 3.32204 6.45 &, 0.339337 72.51
{322 47.586 6.19 A, 3.29699 6.41 &, 0.216779 58.5(
i, 0.9742 4.74 fgq 3.46498 6.47 fi 0.099938 6.01(
[ 1.0028 4.95 s, 3.45011 6.49 § 0.024139 46.2(
iy 0.75397 3.78 &5 3.30218 6.49 1, 1.572196 79.74
s 0.84490 5.13 & 3.38356 6.44 i, 1.552917 55.74
&y 0.97242 5.07 &y 3.39190 6.48 ¢, 1.360253 91.1(
& 0.90406 5.14 #44 3.50522 6.49 §4 1.507086 30.9¢
&g 0.88059 4.55 ., 3.37858 6.47 1.246309 135.41
g 0.87329 475 iy, 3.45818 6.42 ﬁz 1.225306 130.74
g 0.86223 6.12 @44 3.72105 6.48

From model (31) we also get an estimate for thegaemetric depreciation ratd)(for

the entire Q1 1996 to Q3 2009 period. In model (B&)value of is 0.024139 (t stat =
46.10). This depreciation rate estimate of 2.4 grés slightly higher than the estimate
used by Statistics Canada’s Canadian System ofddaonomic Accounts for deflating
residential construction activity and for condugtproductivity analysis.
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However, it should be kept in mind that our estedageometric depreciation rate of 2.4
percent per year may be subject to some downwasdfor two reasons:

» Capital expenditures on maintaining and renovatheg structure are not taken
into account in our model so that we are estimaéinget of capital expenditures
depreciation rate rather than a gross depreciadite3*

» Our model does not take into account the prematansolition of condominium
buildings; i.e., we only observe sales of survivstguctures. This could be a
source of bias?

6. The Resulting Price Indexes
6.1 Constructing Land, Structure and Total Condominum Sales Price Indexes

Now that we have estimates for land prices we cnthiem to construct land, structure
and total property price indexes. Sirgeestimates represent the percentage change in
land price due to the change in time from peridd fieriodt, we can uses these estimates
to create land price indexeH.{) as:

(33)ILt = g bt 1{:'0, t= 1,,55

The structure price index is the change in pricstaicture £s;). Since we indexed the

price per square foot of structure with the ABG&PYet an approximate value of structure
price for each period t, our structure price indeg.) is implicitly estimated by the
ABCPI based to Q1 1996=100:

(34) 1S, === >< 100 = ABCPI; t=1,...,55.

We start with calculating our total property prindex using a fixed base Laspeyres price
index formula because this is the formula that wél used in the NCAPI of Statistics
Canada. The weights we use are the value shatasdénd structures. First we calculate
the value of landify.,,) and structuress§;,,) fort =1,....55and n = 1,. N,:
(35) LVin = @ (2721 6:FSAen )1 + 7 (Hen — 1) (1 + uﬁ(wm -9))
5 n
(Zh1 8 THeny) St GnELinm) |6 (322) + (1 = D)5 | T

(36) SV = (133)PS, (1 — &) ™ (T2 2xBDens) (T3 @cBTonc) Sen.

T Uin

21 This is not a major problem since maintenanceairegnd renovation expenditures are a separateiistra
in the Canadian CPI and so these expendituresakea into account in the System of National Acceunt
It would probably be appropriate to capitalize samh¢hese expenditures and depreciate them separate
but this alternative treatment would not materiaffiect the accounts.

22 This problem can be addressed if information am d@lge of buildings when they are demolished is
available; see Diewert and Shimizu (2016) for tle¢adls on how to treat this problem. For commercial
structures in Tokyo, they found that this demotitidepreciation added an additional 2% per yeaheo t
estimated net depreciation rate that they obtairsény the builder's model.
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In order to get total land and structure valuesstaes in period t, we sum the predicted
values from (38) and (39) to get:

B7)LY, = Tt LV,,.; t=1,...,55.
(38)sV, =X SV, t=1,...,55.

We define the total property value of condominiuates for period ty,, as the sum of
the predicted valueblV; andSV;:

(39)Vt = LVt + SVt, t= 1,,55
The fixed base Laspeyres index formula for periodrt be written as follows:
_ LYY | e Ay, _
(40) I = 1L, (2) + 15,0 t=1,..55.

The land, structure and fixed base Laspeyres (al pooperty) price indexes for sales of
condominium units are illustrated in Figure 1.
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Figure 1. Land, Structure and Fixed Base Laspeyres Price | ndexes
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We can see that land prices have increased 4.87bftlveen Q1 1996 and Q3 2009.
From discussions with potential users of our lamdek including the Consumer Price
Index, the Canadian System of Macroeconomic Accoant other residential property
price indexes produced at Statistics Canada thasd rtesults are deemed to be
reasonable. This is the only condominium land piicgex of its kind in Canada,
therefore, we cannot compare our results to angrdéimd price index to legitimize these
results. However, other condominium price indexe®xist that model the total property
price of a unit. In section 6.3, we will comparer d@atal property price index to other
indexes that use different methods of calculattmut, using the same data as is used in
this section.

6.2 Land and Structure Value Shares and Alternativel otal Property Price Indexes

Before we go any further in comparing total propgtice indexes, we have to decide
which formula we will use to calculate our hedofiicamputed index. The fixed base

Laspeyres index shown in figure 1 is misleadingalose over the 1996 to 2009 period,
the land and structure value shares of condo s#lenge dramatically, as shown in
Figure 2:
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Figure2: Land and Structure Value Shares over Time
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We can see that at our base period, Q1 1996, thetwte component has a 65 percent
share of the total value. However, as of Q1 20@4d takes over the majority share. This
means that if we were to calculate a fixed basesébmaor a Fisher Index, the total

property price index will look quite different. kigg 3 illustrates the difference between
the fixed base Laspeyres, Paasche and Fisher mdsteulated from our land and

structure price and value estimates from model.(31)
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Figure 3: Fixed Base Laspeyres, Paasche and Fisher Total Property Price I ndexes
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Note that the fixed base Paasche and Fisher indegdsgher than the Laspeyres. This is
counter intuitive to most cases where we see tlasdP@ and Fisher indexes are lower
than the Laspeyres because of change in consumpétiarns and weighting due to

preferences towards cheaper goods. However, gjarti2001, the land value share is
dominant, meaning that the land value, which exdilmhuch more growth than the

structure value, gets a higher weight.

Due to this phenomenon in weighting patterns arndthiaspeyres, Paasche and Fisher
would display different results than their fixeduoterparts. Figure 4 illustrates the
differences between the chained and fixed basedyasp, Paasche and Fisher indexes.
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Figure 4: Chained versus Fixed Base Laspeyres, Paasche and Fisher Total Property
Price Indexes
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With weights in the chained Laspeyres being marely, they are more representative
for each comparison period, reflecting the changdble land share over time. Then, we
see, using the chained methodology, that the Laspegydex is higher than the Paasche,
which follows traditional index theory. Also, asepicted, the spread between the
Laspeyres and Paasche is dramatically reducedhvihidearly shown in Figure 4. Thus,
all the chained indexes more closely approximaté egher than the fixed base indexes.
However, we also need to point out, with some bearao the land prices, the chained
indexes could suffer a certain degree of chain.drif

6.3 Comparison with Other Total Property Indexes

As mentioned in section 6.1, we do not have angrotifficial land price indexes that can
be compared to our land price index. However, we campare our fixed base and
chained Fisher indexes from section 6.2 to totaberty indexes calculated by other
methods, such as the hedonic method and the staéitth method, using the same data.

First we will compare our Fisher indexes to thresldnic indexes calculated by the
following methods: the Pooled Time Dummy hedoni¢huod, the Rolling Window Time
Dummy hedonic method and the Hedonic Imputation@ggh?® Hedonic methods have

23For more details on hedonic methods to construittepindexes refer tddandbook on Residential
Property Prices Indices by de Haan and Diewert (2013), page 50-64.
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become a preferred method of constructing congfaality housing price indexes even
though the data requirements are extensive and effgensive to obtain.

The characteristics that we included in these hiedondels are the same as were used in
the Builder's Model (31). These characteristicdeatfboth quantitative and qualitative
housing features that determine condominium pri€égure 5 compares the different
condo price indexes for Ottawa using the threeratese hedonic regression methods.

Figure 5. Our Total Property Fisher Indexes versus Alternative Hedonic Regression
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The Pooled Time Dummy method runs a single regmassin both characteristics
variables and time dummy variables. It is very dani@ apply in practice. The price
index can be obtained directly from the estimategression equation. The dependant
variable is the logarithm of the unit’s sellingg®iand the overall price index is obtained
by taking the exponential of the time dummy coédfits.

A practical problem associated with the hedonicasgjon model is the reassessment of
the parameters with more recent data available. Rbing Window approach is a
simple solution to this problem. The Rolling Windd@ime Dummy methott is similar

to the Pooled Time Dummy method, with the diffeetitat the Rolling Window Method
runs a sequence of hedonic regressions for a fiedew length, such as a year. This

24 See page 94-95 on “Rolling window hedonic regassi in theHandbook on Residential Property
Prices Indices by Diewert (2013).
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length of the window is determined when the modeldg relatively robust estimates.
We applied Rolling Window procedure with a lengffbaquarters. The advantage of this
method over the Pooled Time Dummy method is thaRablling Window method allows
for gradual changes in consumer tastes or prefeseover time.

In order to implement the Hedonic Imputation apphy@ a separate hedonic regression
is run using the data for each perf§din general, a set of fixed quantity of charactarss

of a standard or matched model are chosen to imgh#emissing prices using the
estimated coefficients from the hedonic regressrmuel. Based on which time period
the fixed characteristics belong to, the LaspeyPesische and Fisher imputation indexes
can be estimated. The chained Fisher index catdilay using the Hedonic Imputation
method(labeled Hedonic Imputation Fishds shown in Figure 5. Comparing with the
other two hedonic price indexes, we found thattlalee alternative hedonic indexes
generally approximate each other fairly closely.

From figure 5 we can see that the fixed base Fisitex, calculated from our non-linear
model (31) follows the same long term trend as Ro®led Time Dummy, Rolling
Window and Hedonic Imputation modelBne fixed base Fisher and the chained Fisher
indexes exhibit a 1.70 and 1.77 fold increase, aetpely, between Q1 1996 and Q3
2009. This is less than the total growth of thee¢halternative hedonic models.
However, all four indexes do have similar quarterlgvements with an average growth
rate of 2 percent over the 14 year period.

The concern with using linear regression modelsh sag the Pooled Time Dummy,
Rolling Window and Hedonic Imputation models isttkfzere can be multicollinearity
between the variables causing misleading coefficgstimates, which are then used to
calculate the indexes themselv&3herefore, we want to compare our Fisher Index to
three indexes using the following stratificationthwas: Mean Index and Median Index
stratified by postal code and weighted by the smlesach quarter and the Median Index
using stratification method proposed by Prasad Riuthards (20063} These methods
revolve around compiling a condominium price indesing the mean or median price of
each period. This methodology is simple and reguiitde information. However, this
type of index has many disadvantages, such asitotdully account for quality change

25 For more details on Characteristics prices metteder to Handbook on Residential Property Prices
Indices by de Haan and Diewert (2013) page 53-55.

26 See pages 62-64 in thiandbook on Residential Property Prices Indices by de Haan and Diewert

(2013).

27 Specifically, the fixed base Fisher index has 8%7ncrease, the chained Fisher index has a 177%
increase, the Pooled Time Dummy Index has a 18&1@%ease, the Rolling Window Index has a 199.5%
increase and the Hedonic Imputation Method hasta7#8 increase.

28 See Diewert and Shimizu (2017). Of particular @nds the sign of the coefficient on the age \@eia

in time dummy regression models that use the Itdgariof the selling price as the dependent varidble.
the sign of the age coefficient is positive instedichegative, then it is very likely that the ovénarice
index generated by exponentiating the time dumnniakibes will have a downward bias.

29 See Prasad and Richards (2006). They use eshentialo-layer stratification method. The first &y
stratification is based on a minor geographic grang the second layer is based on the long termagee
price level of dwellings in those small regions. \8lghtly change this method by grouping the small
regions based on the age of the condo units. Theétirey index series approximates the indexes geeer
by our hedonic modeling.
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and the compositional change of the housing stodk affect the price indexes.
Appropriate stratification can reduce bias causethls compositional change.

Location is one of the natural stratification vaies to use. We test the impact of using
different fineness of classification scheme, sushdastrict?® Ward and FSA, as the
stratification indicator. Since condominium unite aold more frequently in certain areas
and less frequently in the others, the alternaiaexes exhibit different price change
patterns in different locations, which indicateattkeeping the homogeneity of each cell
is very important for the accuracy of the indexwéwer, when the stratification scheme
is too fine, empty cells will occur for some pesodf the classification scheme is very
coarse, we cannot sufficiently control the homoggnef the cell. The stratified price
series reported in the paper use FSA as the gtagiiiin variable. Figure 6 illustrates the
comparison between our Fisher indexes and the Mebax (Mean_FSA), Median Index
(Med_FSA) and Median Index proposed by Prasad acltbRIs (Med(P&R)).

Figure6: Fisher Indexes versus Stratified | ndexes
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30 The district is the finest neighbourhood variaided in the data.
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The period to period movements vary between the iftdexes. However, the long term

trends are similar across all five indexes. It barseen that there are more fluctuations in
the Median index stratified by FSA, especially attee first quarter of 2006, than those

in the other four price series. This might be aultesf using the sales as weight to

aggregate index cross different FSA.

7. Conclusion

The most important conclusion from this study iatthve now have a method to create
land price indexes for condominium unif8. Condominium land and building
characteristics data are difficult to find in Caaahd attaining these data is a hurdle in
putting the Builder's Model into practice. If thequired information is obtained, we
could apply this method to fill the missing gapsthe production of Statistics Canada’s
New Condominium Apartment Price Index and futurgidential property price indexes.
Though we cannot fully determine the accuracy ofland index by comparing to other
sources, because no such sources exist, the simfdabetween the Fisher indexes
created from our Builder's Model and other hedoaid stratification methods, is
promising for our proposed method of index calcatat

Through our modeling, we narrowed down the sigaificdeterminants of land prices to
include location (determined by FSA), unit heightymber of units in the building,
building height and excess land. Our measuremenbaaition by using FSA dummy
variables is rather discrete. To improve our assess of location, including
neighbourhood characteristics, further researcldsé@ be conducted and more detailed
data need to be acquired.

We also identified structure quality adjustmentialies such as the number of bedrooms,
number of bathrooms, the presence of a balcony mamtiral gas heating in a
condominium unit that impact price. Many other ghtes, such as dens, hardwood floors,
condo fees and on-suite bathrooms were testedriBoillder's Model that appeared to
have little impact. Comparing with the variablesluded in the model of Diewert and
Shimizu (2017), we believe that the city charastes will also have impact on
determining the choice of variables added to th#dBus Model. For instance, due to the
long winters in Ottawa, the means of heating isnaportant feature for determining the
price of condominium units. All these findings cddde helpful for designing a survey to
effectively collect required information at a minim cost.

Lastly, we determined a net geometric depreciatide of 2.4 percent for the Q1 1996 to
Q3 2009 period. This value is slightly larger ththat currently used by the Canadian
System of National Accountd.This exercise highlights that not only can thel@ar's

31Although not shown in this paper, the unweighteddMe Index stratified by FSA is smoother than the
weighted one.

32 Moreover, our estimated structure price indexlwamarmonized with current structure price indekes
are used in the System of National Accounts.

33 However, as noted earlier, demolition depreciatismeglected in our model and so a geometric
depreciation rate of 2.4% should be regarded ewerlbound on the overall depreciation rate.
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Model provide a land price index for the NationatcAunts, but can also provide
additional beneficial statistics for other partsted System of National Accounts.



Appendix 1: Distribution of Selling Price by Year

Figure 6: Distribution of Selling Price by Year
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Distribution of Selling Price 2002
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Appendix 2: Regression Results Using 20, 25 anB&@ent Communal Space in Model
21

20 percent 25 percent 30 percent

Coefficient | Estimate T Stat Estimate T Stat Estanat| T Stat

a4 77.07412 6.26 73.50851 6.19 69.04829 6.09
§Z 98.20924 8.85 94.45828 8.69 89.80616 8.49
53 103.0836 8.69 99.05371 8.54 94.05426 8.34
g, 61.10147 8.40 58.42531 8.26 55.07708 8.08
(8 87.52579 8.83 84.249611 8.67 80.15592 8.46
§5 102.8545 8.81 99.05646 8.65 94.31431 8.45
é} 122.7966 8.80 118.4352 8.64 112.977 8.44
O 184.8785 8.93 178.7447 8.77 171.0776 8.56
dq 155.3696 8.90 150.1102 8.74 143.5271 8.53
B0 211.152 8.82 203.939¢ 8.67 194.9302 8.46
:’5511 79.94882 8.45 76.4059 8.30 72.03454 8.11
éflz 97.01623 8.82 93.09898 8.66 88.23117 8.46
§1 2 140.264 8.89 135.30f 8.73 129.1208 852
(- 252.1636 8.86 244.1099 8.70 234.1084 8.49
Bi5 147.8385 8.78 142.7256 8.62 136.3242 8.42
(P 89.4212 8.84 86.11978 8.68 81.99747 8.48
Efl? 87.09476 8.70 83.5627bH 8.54 79.15541 8.34
519 103.5632 8.85 99.78203 8.69 95.05776 8.48
g 137.5682 8.80 132.1982 8.64 125.5373 8.44
(£ 118.4832 7.81 113.7754 7.69 107.9311 7.54
051 194.7305 8.93 188.39[7 8.17 180.4678 8.56
922 137.6732 7.41 132.4223 7.31 125.9174 7.19
i, 1.065444 7.31 1.067931 7.18 1.071301 7.00
[ 1.143044 7.23 1.145943 7.10 1.149812 6.93
i@y 0.894531 5.54 0.8925(1 5.43 0.889631 5.28
s 0.872999 8.14 0.87287_3 7.96 0.87261 7.73
i@, 1.049894 7.41 1.050804 7.26 1.051838 7.07
(i 0.985096 7.19 0.985214 7.04 0.985234 6.85
g 0.95465 6.47 0.954006 6.33 0.952963 6.14
g 0.963112 6.86 0.962102 6.72 0.960465 6.53
@y 0.824047 8.66 0.823077 8.49 0.821698 8.28
&, 0.90805 6.82 0.907224 6.67 0.905877 6.47
(7 0.985728 5.39 0.984782 5.29 0.983172 5.16
13 1.020579 7.22 1.021B8 7.7 1.021996 688
¥q4 0.922851 8.71 0.922828 8.%5 0.922681 8.34
15 1.036868 7.71 1.038665 7.%6 1.040821 7.36
&1 1.075153 6.84 1.0774B 6.712 1.080211 6.56
&7 1.109079 7.59 1.113172 7.45 1.118378 .27
&y 1.159496 8.25 1.16408 8.10 1.169769 791
F1q 1.21971 7.57 1.224501L 7.43 1.230564 7.24
&ag 1.182832 8.75 1.188383 8.59 1.195625 8.38
aq 1.390316 8.82 1.402766 8.66 1.419286 8.45
sy 1.569815 8.62 1.58534 8.46 1.605903 8.26




aq 1.565843 8.49 1.582226 8.34 1.604Q12 8.14
@y 1.539286 8.66 1.5562p 8.91 1.57867 8|31
s 1.804698 8.78 1.827929 8.63 1.858916 8.42
Fas 2.020579 8.77 2.050236 8.62 2.089827 8.41
sz 1.959679 8.74 1.987472 8.%9 2.02458 8.38
¥ag 1.998663 8.65 2.0272P 8.0 2.065568 8.30
fag 2.092148 8.75 2.123375 8.60 2.165029 8.40
fap 1.983764 8.92 2.012053 8.16 2.049851 8.55
iizq 2.237734 8.85 2.27336R2 8.69 2.32092 8.49
gz 2.189376 8.74 2.223296 8.58 2.268592 8.38
fFag 2.300089 8.88 2.336646 8.72 2.385441 §.51
Ty 2.321568 8.91 2.357688 8.15 2.405841 8.54
fas 2.254167 8.87 2.28764 8.11 2.332342 8.50
Fag 2.313877 8.83 2.349515 8.68 2.397Q071 8.47
fay 2.314535 8.89 2.34897)2 8.73 2.394764 8.52
2 2.364257 8.94 2.400369 8.78 2.448443 8.56
s 2.331004 8.88 2.366046 8.72 2.412674 §.51
&g 2.383165 8.77 2.418687 8.61 2.465921 8.41
iy 2.508799 8.91 2.548608 8.715 2.601572 8.54
¥ o 2.513203 8.94 2.551093 8.77 2.601479 8.56
g 2.489414 8.93 2.526938 8.77 2.576797 8.56
(i 2.438693 8.88 2.474691 8.72 2.522579 §.51
fyg 2.605416 8.94 2.644383 8.18 2.6962423 8.57
[P 2.663034 8.95 2.704324 8.79 2.759316 8.58
&gy 2.692665 8.94 2.734323 8.18 2.78997 8.57
fyn 2.733906 8.92 2.777648 8.76 2.835773 8.55
¥ aq 2.854764 8.94 2.900049 8.18 2.960477 8.57
s 2.973144 8.97 3.020779 8.80 3.084039 8.59
54 2.877313 8.95 2.922798 8.79 2.983205 8.57
ftzp 3.016531 8.94 3.064365 8.18 3.127968 8.57
ity 2.874706 8.95 2.919876 8.79 2.97988 8.58
gy 3.042579 8.97 3.093p 8.41 3.162245 8|59
&y 3.008988 8.97 3.060531 8.80 3.129103 8.59
¥ 0.007559 12.47 0.007688 12.60 0.007855 2.77
] 0.011819 40.05 0.011777 39.83 0.011728 39.52
9, 1.117577| 107.71 1.119818 107.p5 1.122513  106.60
Iy 1.358625 77.02 1.361803 76.74 1.36556 76.31
0, 1.563816 70.34 1.567106 70.04 1.570971 69.60
&y 0.548925| 124.6% 0.549594 124.p7 0.550823  123.68
&g 0.301485 80.40 0.302301 80.01 0.303245 79.44
Gy 0.191173 60.60 0.191356 60.27 0.1915%18 59.78
I3} 0.497849 56.23 0.490905 54.79 0.481651 52.90
i) 0.011739 10.37 0.011911 11.20 0.011988 12.23
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Appendix 3: Estimates of Model 5
Coefficient | Estimate| T Staf Coefficien Estimate Sfat Coefficient| Estimatg T Stal
i -71.4229| -11.35| @5, -34.5136| -11.96 &ay 8.75534 1.77
(7 -89.3717| -7.24 | &5, -46.462 -6.14 &, 13.0995 3.35
Xy -92.4528| -10.28| sy -39.2791 -3.87 &4y 18.3674 2.15
s -68.7838| -30.29| d;,4 -35.7203 274 &y 9.41633 -0.95
i@y -81.6472| -11.75| d,5 -19.126 -0.42) @, -4.69336 -1.90
i -93.23| -10.64| @, -2.46824 -0.7Y &4y -12.2459 1.65
g -87.3103| -9.85 | &35 -4.92412 -0.72 @45 9.09803 2.78
g -87.5362| -10.10| ;g -6.99357 1.1% &y, 12.5415 2.05
10 -64.9652| -9.85 | &,, 9.88506 2.07 &,; 9.05392 1.98
g -87.1204| -10.10| d5, 10.8764 245 @, 9.76554 4.07
17 -84.3259| -29.62| &3y 14.814 1.18 @y, 18.4424 4.88
fq3 -81.6556| -9.92 | d,, 9.48594 2.54 as, 18.4061 0.97
14 -65.9795| -8.04 | d3q 17.2357 3.21 &g 4.68462 3.08
[ -85.1412| -11.86| dy, 18.85 0.59| ds; 15.6219 5.24
215 -76.5875| -33.99| ;5 3.45966 1.50 @5, 24.1149 10.63
&7 -75.4383| -11.80| &, 9.87884 1.60 &5, 38.3061 8.94
fisg -72.3493| -8.79 | &, 10.8104 2.87 dss 36.9958| 331.67
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