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\ ABSTRACT O U T R

: The study 1s an ana]y51s of est1mates of s1ng]e fam1Ty res1dence ffff":vnf?
TR property vaTues made by assessors, rea] estate agents, and the market 'ijéhf"'
i -?.

3 : PRSI

'T"?ﬁ\Of buyers and seT]ers The obJect1ve 1s aﬁbetter understand1ng of

'# }f under1y1ngfthe;ret1ca1 reTat1onsh1ps ffft;iet;f.;f TTTfT%‘?::,

, : MuTttpTe-regress1on techn1ques w1th muTt1pT1cat1Ve modeTs are

}3 xthf' app11ed to actuaT data for ]16 propert1es in Southwest Edmonton ITTHCT !_;Tff -
S hous1ng, netghbourhobd reaTtor, t1m1ng and f1nanc1ng vartabTes used to
ﬁufest1mate property vaTue are 1dent1f1ed from regress1on equat1ons. | .‘
,;-vartab]es wh1ch expTa1n the dﬁfference between the tota] assessment and |
7ilsa1e pr1ce and the d1fference between the real estate agent s Ttst o
?;pr1ce and the saTe pr1ce, are 1dent1f1ed The effect of each s1gn1f1cant
r'var1ab1e 1s quant1f1ed The 1n Tuence of bfeker seTect1on on saTe and o
;;i11st pr1ce 1s anaTyzed and dlSC ssed w1th compar1sons and references :

_;to s1m1Tar resu]ts 1n other 1nvest1gat1ons,rp;sf‘;.,,

The ana]ys1s shows that a number of var1ab1es not 1nc1uded 1n some

~._—/

’fmaJor prev1ous stud1es are 51gn1t1cant ‘These var1ables 1nclude 'traff1c"

e

corner Tot‘ 'trees' ‘ unde51rab1e prox1m1ty 5 park area ’ open roof-,

i}beam constructton 0 ,-and’ 'curb appea]':' It 1s found that Tand and

fbu11d1ng assessment can be used to prov1de a_reasongb]e est1mate of then_: o
%f»sale pr1ce prov1ded the month of saTe is 1nc1uded as a var1ab1e 1n thefffr e
lyregress1on equat1on., ATso there appears to be more random 1nf1uence R

on Tand assessment than 6n e1ther bu11d1ng or tota] assessment



As wel] as prov1d1ng stat1stsca] ev1dence for some we]T known

Sl ‘n |
"iug1ntu1t1ve be11efs and 1ess we]Lsunderstood ph!pomena 1n rea] estate a

| ract1ca1 framework 1s prov1ded as a bas1s for further work toward a

,better understand1ng of the factors affect1ng property va1ue. ;(:;rff

: 'partlcu]ar there appears to be s1gn1f1cant potent1a? for the use of

”?“;ffcertaln add1tﬂona1 a pr1or1 1and assessment var1ab1es, and the methods

'iﬁﬁdeta1]ed here, 1n the study of 1and assessment “%ny 1mprovement 1n the

’7;‘ﬁ1and assessment regress1on resu]ts 1s expected to resu]t 1n 1mproved _nf~”*

: ﬁf;sa1e and 11st pr1ce regress1on equat1ons as we]] An approach 1s

. ﬁii;suggested to quant1fy maJor 1nt ract1on effects, thereby more accurate]y

o determ1n1ng the coeff1c1ent for ach 1ndependent var1ab1e F1na11y,

;f;-p'there appears to be scope for the use of rtdge regress1on or ther

‘K7’v_ techn1ques in comb1nat1on w1th the methods emp]oyed%1n th1s paper ‘to 'nd":”"‘

-

";tcontrol mu1t1co]11near1ty

g
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o Cha_pter, I, INTI}ODUCTION
.

The purpose of th1s study is to prov1de a better understand1ng of-f
- .

'~;fv‘jthe under1y1ng theoret1ca1 re]at1onsh1ps wh1ch affect the est1mates of"’°

' Cf:s1ng1e fam11y property va]ues made by assessors rea] estate agents, and

4

;‘kethe market of buyers and sel]ers In part1cu1ar, property character1st1cs
: )

':f_fgthat appear to be used by assessors 1nfarr1v1ng at the land bu11d1ng
/

K 1psand tota] assessm nt*of s1ng]e famlly re51dences for pro e '4f'f‘”:o.;_;5;_

Bt :~;purposes are dete. 1ned v/'»'ff.*d.ﬁ”)‘ﬁ7:-?"""

An attempt 1s made to f1nd emp1r1ca] ev1dence that the requ1rements L
A e

"'jand gu1de11nes for determ1n1ng assessment in. the Assessment Manua]

4(1967) are be1ng fol]owed by assessors 1n Edmonton A]berta S1m11ar1y,‘ ;gg:

i:7'{iproperty character1st1cs wh1ch appear to be used by the reaT estate

| ‘f;ffagent (]1st1ng broker) for determ1n1ng the 115t pr1ce are 1nvest1gated

A]so of cons1derab1e 1nterest 15 the va]uat1on done by the market

f~?ffias 1nd1cated by property sa1e pr1cés ] The assessor‘s and 11st1ng

"11broker S property va]uat1ons are compared w1th the market s, va]uat1on

;»i';S1nce assessment shou]d be a port1on of market value ev1dence 1s

‘fffpresented on how we11 th1s port1on is ma1nta1ned S1m11ar]y, evidence \»*;'

,_of the d1fference 1n var1ab1e use. by brokers ane the market is presented S
For the 1nyest1gat1on ofWSssessment pract1ce three ma1n mu1t1pl1ca- }(1 B
/

'ft1ve regress1on equat1ons are eve]oped 2 F1rst a regress1on 1s done

/

| -f_dw1th tota] assessment as the dependent vartab]e to se]ect s1gn1f1cant b

; ?_drlndependent var1ab1es. Then a regress1on 15 done w1th sa]e pr1ce as’ the

Y,b?dependent var1ab1e to se]ect s1gn1f1cant 1ndependent var1ab1es F1na1]y;¢'g‘hf



g .

“,a regre551on 1s done w1th the rat1o of tota] assessment to saTe prTce as ;g;“7

'frj‘the dependent var1ab]e to compare the var1ab1e§ used by assessors and_

Ry the market to est1mate property vaIue

Three ma1n regress1on equat1ons, somJTar to thos\\used for [ o

thassessment anaTys1s, are deveToped to 1nvest1gate I1st1ng pract1ce

t

'gifTh1s t1me however the dependent var1abTes are 'T1st pr1ce , saTe

.vf pr1ce and rat1o of T1st pr1ce to sa]e pr1ce

The approach JUSt descr1bed 1s. adapted from that used by Berry and

'fBednarz (1975) to 1nvest1gate the effects of a proposed change in ‘the ihe

2"i‘assessment system 1n Ch1cago In th1s study, emphaS1s 1s pTaced on ;f}}f,,f*fkﬁ’

”7v[1nvestlgat10n of assessment procedures and the var1ab]es used rather

fffﬁthan on 1dent1f1cat1on of assessment 1nequ1t1es as 1n the Berry and

"waBednarz paper Thus assessment pract1ce 1s stud1ed to determ1ne areas

in wh1ch assessment compares w1th what woqu be: expected and where there;ffiitdf*

';faa 2 d1screpanc1es Llst1ng pract1ce 1s aIso 1nvest1gated‘Q§1ng the sameﬁ7;y:f**;

"‘methods, an.. area not touched 1n the Berry and Bednarz study Th1s
anaIys1s g1ves pract]cal 1ns1ght 1nto broker and market behav1our
In chapter II 1s a T1terature rev1ewjof reTevant past studtes

Fo]Tow1ng th1s 1s a descr1pt10n of Mu1t1p11cat1ve Mode]s (chapter III)

1/;:Data and Var1abTes (chapter IV) and MethodoTogy (chapter V) After¢

thdevelopment of the method the L1st Pr1ce and Assessment AnaTYSES are
’-°.presented (chapters VI and VII) Chapter VIII 1s the Summary and

< &

»g:;Conc1u$1°n5 The Append1x prov1des further deta1T on muIt1pT1cat1ve

.fifmodeTs w1th some- pract1ca1 exampTes of typ1caT caTcuTat1ons L

&



" -':‘.-""*Ché-p"ter_ 1oL I-TERA#UR'E;---R-Ev?IEw‘l

S1gn1f1cant resu]ts from 1mportant prev1ous work are taken as a - J-lf‘4a

- A;fﬁstartlng po1nt for the present study and areo 1n part a J“5t1f1cat’°"-“

. for the approach used For examp]e the 01dman and Aaron (1965) studyr?‘;;f_r

' '{dnthe o]dest art1c1e rev1ewed,t1]1ustrates the d1ff1cu]t1es 1n obta1n1ng ’ﬁﬁ:;;h

Lo

'i'_'_,.-_”'are used eyen w1th a ]arge samp'le In the present studv severa]

ET?ftfvar1ab1es are 1nc1uded to avo1d th1s shortcom1ng The Sm]th (197]) and

Janssen (1977) studles are examp]es of prev1ous work wh1ch used

? convent1oha1 11near regre5510n mode]s ang,the resu]ts wh1ch may be

expected w1th these mode]s Go]dberger (1968) Teekens 1972) and

2

Teekens and Koertz (1972) prov1de cons1derab]e theoret1ca1 background
o

on the mu1t1p11cat1ve mode] wh1ch 1s a non 11near regress1on mode]

These stud1es are 1nc1uded part]y for the background 1nformat1on they

. tv.good resuTts that can occur w1th any techn1que when too few var1ab]es '117;f$f

prov1de, and part1y to 11]ustrate the potent1a1 of mu1t1p11cat1ve mode]sjhi-?t‘

wh1ch to date have been Targely over]ooked 1n rea] estate even though o

the techn1ques have been w1de1y app11ed 1n econometr1c researoh

F1na11y, the paper by Berry and Bednarz (1975) wh1ch app]1es the

mu1t1p11cat1ve mode] to rea] estate, is rev1ewed 1n some deta1] _fhé'f.‘:"

Berry and Bednarz study 13 a natura]ﬁoutgrowth of the work that had beenf;;5

done prev1ous1y and 1]1ustrates the advantages of the technlques us1ng .

the mu1t1p11cat1ve mode] “in a pract1ca] appl1cat1on The present study _‘i

| uses the methods emp]oyed by Berry and Bednarz w1th some ref1nements

S EL .
q o
[P
S
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In add1t1on to the. summar1es, h1gh11ghts, and compar1sons from an
extens1ve 11teratdre reV1ew, there are footnotes in the text and a\
Cb1b]1ography 1nd1cat1ng other sources of re1evant 1nformat1on for the :

reader w1sh1ng to 1nvest1gate a part1cu1ar po1nt app]y the resu]ts, or

- do further research A]so resu1ts from two stud1es us1ng factor

i

‘;ana1ys1s, Janssen and Jobson (1978) and (1980), are d1scussed br1ef1y

in conJunctmn w1th the resu]ts from thé study ; . L o
g The 11terature review d1scusses the stud1es by Oldman and Aaron |
i1965) Sm1th (1971) Janssen (1977) Go%dberger (1968), Teekens-(1972),
.gTeekens and'Koertz-(]972) and ‘Berry- and. Bednarz (1975) in-that generai\"
3 chrono]og1ca] order to ref]ect theoret1ca1 deyeTopment 1n the SUbJECt
area of this study. o o - "f S “?

One obJect1ve of a rather early. assessment study by 01dman and

y Aaron (1965} was to ana]yze the deviation of property tax assessment 1n A

Boston from the 1ega11y estab11shed norm of un1form assessment re]at1ve
‘.:to market va]ue3 Another was to descr1be the var1at1on in assessment a.
w1th1n part1cu1ar group1ngs of propert1es To do th1s, O]dman and Aaron
tabu]ated assessment-—sa]e pr1ce ratwos by price range and 1ocat1ona_“
and a]so by price range and type (s1ng]e -family res1dence apartment

- _commercial property etc. ) for 13 769 propert1es )

' Through exam1nat1on of the standard dev1at1ons of assessment-—sa]e»
aj'pr1ce ratios, these authors found that s1ngle fam11y res1dences in
moderate pr1ce c]asses ($10,000 to $50 000§ were fa1r3y cons1stent1y

'assessed compared to other types of property, at th1rty four percent -

of market value. Possibly s1nce there were only a small number-of’



“transacttons (twentyesix) no trend An vacant 1and assessment re]at1ve
to pr1ce Was found Th1s resu]t 1nd1cates a poss1b1e tenéency towards
greater var1at1on in land assessment than bu11d1ng assessment

| L Through ana]ys1s of variance on the tabu]ated assessment-sa]e price
rat1os 01dman and Aaron ach1eved R2 vaJues no greater than 0 29, even
~ when 1nteract10n effects were 1nc]uded They conc]udedfthat these poor ‘?
'1t,resu1ts were. due 1n part to ”factors other than those cons1dered in th1s
'Tistudy that must a]so have 1nf1uenced the assessment sa]es ratlo“ and
dvthe poss1b111ty that ”property assessment and the barga1n1ng process
through wh1ch sa]e pr1ces are reached are rtfe w1th arb1trary or chance f
.e1ements" 4 o | - t ‘ 3 o :
."‘ No attempt was made 1n the O]dman and Aaron study to quant1fy the
‘d'sources of the var1at1on 1n assessment or sa]e pr1ce for comparab]e _

| .‘propert1es or to 1nvest1gate the 11st1ng and se111ng process for poss1b1e_d
random 1nf1uences S1nce ana]ys1s of var1ance was used on]y three |
‘var1ab1es could be cons1dered at one t1me Add]ttonal var1ab]es wh1ch
mlght have exp]a1ned more of the var1ance in the assessment-—sa]e prlce
rat1os cou]d not be cons1dered as was done in 1ater regre551on stud1es
The resu]tséare an 1nd1cat1on -0f -the ear]y d1ff1cu1t1es encountered in’
ana1y21ng rea] estate data u51ng only a few varlables even when the |

' samp]e 31ze was very 1arge } : |
| Smtth (1971) used a ]1near regress1on mode] for sale prtce to

: 1nvest1date ”worthwh11e cons1derat10ns of the use of. regress1on in the

'appra1sa1 process“ 5 As-an examp]e of the benef1ts of regress1on he

1 noted that it was’quite he]pfu] in 1nd1cat1ng wh1ch var1ab]es appeared




~
"to be(taken 1nto cons1derat1on by the market, Th1s var1ab1e se]ect1on :
approach is,’ of course Just1f1ed prov1ded on]y reasonab]e a pr1or1
"varwables are ava1Jab]e or there are not too many spurious corre]at1ons;
" between the dependent var1ab]e and unre]ated 1ndependent var1ab1es, or
'among the 1ndependent\<:r1ab1es themse]ves

Sm1th (1971) obta ed very 'good resu]ts in h1s regress1on for sa]e

' ffpriCe (§2;0.94 ﬁ250‘94) w1th a samp]e of 309 sa]es and e]even varlables;’
- These except1ona1 resu]ts w1th few var1ab]es suggest the. data were |
-isomewhat homogeneous and th1s was adm1tted by Sm1th ’ Sm1th (197])

concluded opt1m1st1ca11y that "o lt does appear that wel] spec1f1ed

}mu]t1p1e regression equat1ons can be extreme]y va]uab]e to the

_1appra1ser" 7o ', _ | | _ |

Janssen (1977) fo]]owed an’ approach 51m11ar to that of Sm1th and
used 11near regress1on mode]s to est1mate the sale pr1ce of s1ng]e '

' fam1]y res1dent1a1 propert1es He attempted to ]1m1t the amount of

'co1]1near1ty among the 1ndependent var1ab1es in order to have stab]e el

| r"and stat15t1ca]1y s1gn1f1cant coeff1c1ents.. H1s best equat1on w1th a]]ff"d

 ten var1ab1es S1gn1f1cant at the 5 percent ]eve] had- an R2 of 0. 73 S )
. (R O 71) : o B S g \fn"' . ’vj_ | ’
| As Sm1th (19?1) had 1nd1cated Janssen- found the regre551on

~.

~

"techn1que su1tab1e to 1dent1fy and 1so1ate the 1nf]uence of d1fferent

| property character1st1cs on sale pr1ce He also found that selection ('
of the 11st1ng broker had an influence on sa]e pr1ce and conc]uded that B ‘
regression ana]ys1s cou]d be used to gain further 1ns1ght into. “the |

se111ng process A



S
}

"'_Ih comparihg the Smith and Janssen studiés;,ft is nofféeab]e.that

| ~_ both déve]ﬁbéd‘equations{ih.Whi;h»no’mofelthan eleven Variables are
'v31ghificént. It is a]s&japﬁakent tht there can bé'idrgé“differences{\f}
in tﬁg'RZ-obtained, depénding oh'fhefhéﬁggenejty of phe,dafa ahd:the.

: variab]es-§e1ec?ed.~ This vafiatiohffndfqateslthat mbre ana1y$1s into} f

‘ .undér1yingApfocesses*ﬁ§y be'brofifabie."For thjs, aiternatjv§ ' ,‘ |
’;abpfoa¢hés'may be béhefftiaik :Theta]ferhatfve_dppfdach Se]ectédiin.thing

"jpdpér is to uSe.hﬁltipTicativé,modéis rdthef'thah711ﬁeér2mode1$, 'These} _ ?'

'V»'modelslhaVe>desirab1é ana]ytjca1 féatureS, bUt*hgve prév{ous]y:been

} aYoided»be;aQsé:theyiafélbiasédléstimators{szqldbéfgér (1968),’hoWever;. -

"studjed-thkéfaspéCt 6fjm01tip]i¢atiVe‘modelsaand ShGWéd5thht:‘iz,"l

- . For empirical implementation of the Cobb-Douglas
..functioni(a,multipTicative"model] it is customary
 to append a multiplicative lognormal disturbance and
fit a~]inear;regression;in;the;Togarithmic VariabIES;;u F o
When this. is done, attentjon Is shifted (apparently =~ = - =
~unwittingly) to the conditional median [of the
- _dependent variable] from conditional mean which is . .
- ordinarily the prime target -of study. " .The ustomary -
- procedure, however, may be modified to provide =~ =
~, . -minimum variance-unbiased estimation,gf.thé_
SRS .fconditiona1,median'or'condition:meanf ey

fGonbergér»gavéla'humékica]}examp1ejandfconc1uded;:

For a given feature of the conditional distri--
‘bution of the dependent variable in a Cobb-Douglas -~ -
.~ model, the minimum variance unbiased estimator may - -
not, in practice, differ detectably from the. somewhat
‘simpler alternative estimators considered in the .
- course of the analysis...It would appear desirable,
‘ .in,aay,caée; fdr~researchersvto report the value
~.of s© obtained when 1inear Togarithmic regressions . =
are run; 58 that readers may ‘adjust results if they = -
- so desire.? ' v - R SRR

- Goldberger's results indjcate that selection of a regression mddeT;V |

~ can be based dn5£heoretica] and aﬁETYtigé]_conSiderations, rather than



S \ : S ,
a concern about a sma]] anngnweotab]e b1as in the est1mator
- After the Goldberger study, cons1derab1e work on mu]t1p11cat1ve

‘mode]s remaxned undone As J Koerts stated 1n the foreward to Teekens

(1972)

'}\j*fi- ‘ Mu1t1p11cat1ve re]at1onsh1ps are often used to _
T ‘describe economic: relationships, This’ ‘means that- the
jmu]t1p11cat1ve model is an important tool in econometric
- research.. However despite jts- 1mportance in: .economics-
~ there is o systemat1c study availablé ‘about the
" ‘correct statistica] treatment of prob]ems ar1s1ng 1n o
' the mu]t1p11cat1ve mode] T e “,g_"

SN The reason for th1s unsat1sfactory state of
. raffairs may be. that this model can so easily be
L Zs.transformed into a linear model.. Th1s procedure, : -

7. however, has serious drawbacks and cannot be con?adered '
”::3_an appropr1ate way of dea]1ng w1th the prob]e S
"'fiThe drawback referred to by Koertz 1nc1ude , uncerta1nty as to whether
'lhthe transformed prob1em 1s 1dent1ca] to the or1g1na1 one the danger that
| "”assumpt1ons may no Ionger ho]d for the transformed prob]em, and L
t_d-_1ncons1stenc1es 1n the est1mate of the expectat1on of the dependent
'”,v'var1ab1e us1ng the a]ternat1ve mode]s These prob]ems are tackled by B
"f[fTeekens 1n ‘his study o | L

The Teekens and Koertz (1972) study 1s wrltten 1n the same ve1n as f

oli"the Teekens (1972) monograph It "setﬁ]out the 1mp11cat1ons of the 1og fvtfnt‘;i

”,'ftransformat1on on the stochast1c propert1es of the mode] ‘which are -
.postulated in the or1g1na1 mu1t1p]1cat1ve re]at10nsh1p“ ]] ‘3»;r'; |

Teekens (1972) and- Teekens and Koerts (1972) conta1n some‘of the
imost recent work on the theory of mu1t1p11cat1ve mode1s The 11teraturefy
1search done for th1s study, however revea]ed that cons1derab]e research -

| 1s st111 be1ng done on mu]t1p11cat1ve mode]s ]2 No app11ed stud1es were -




’ found however wh1ch compare mu1t1p11cat1ve and 11near mode]s 1n a
f:rout1ne way. It thus seems 11ke1y that methods to compare mu]t1p11cat1ve L

A and ]1near mode]s or se]ect wh1ch mode] is more appropr1ate cou]d be

_. deve]oped further 13

' of methods to 11m1t mu1t1co]11near1ty Use of methods such as r1dge

£,

: 4;.regress1on for examp]e are be1ng act1ve1y researched ]4
ST

Hav1ng g1ven some background on theoret1ca] work on mu1t1p]1cat1ve

:\.fff models, it 1s appropr1ate to rev1ew the actua] pract1ca1 app]]cat1on by

’f'f’Berry and Bednarz (1975) wh1ch was used as the po1nt of departure for

the present study
| P o : e , . B .
- Berry and Bednarz (1975) used mu1t1p11cat1ve regress1on mode]s to

A
Ch1cago s assessment method through reduced taxes and who wou1d pay;

more taxes The1r techn1que was-'f{];<
oo to deve]op a hedon1c pr1ce 1ndex for house va]ues, }f'd
. and then to- repeat the method: of. index construction -
- for Tand, 1mprovement and total propérty assessments
- and for the assessment - price ratio. This. procedure
o= .enables direct coépar1son of the factors" contr1but1ng
N to ‘the variance of prices with those related to
el - assessments, and from ‘this to note significant - N
- differences. that produce var1ance in the assessment~ e
'\'-}pr1ce ratio. : : L o

'\-‘i PR

. The under]y1ng rat1 na]e is that any commod1ty
(such as a. house) can b effectively disaggregated
into a bundle of separately measurable characteristics,

-~ of 'which the relative c’ntr1but1on of - each of ‘these
,to prlce can be determ1 ed _ v

; Slnce tax- assessm nts are: based upon character-~ A
istics of the improveménts: (housé) and value of the
~land, spatial variatiops in the assessment - price
- ratio,theh can be attributed to: (a) factors

'1nf1uenc1ng assessors! decisions that play no: ro1e ~
in. market pr1ce dete ination; (b) factors affecting =

! ~ -

There is a1so an apparent need for Tore def1n1t1on o

ass1st them 1n determ1n1ng who wou]d benef1t from a proposed change 1n ja},,ﬂji



- ‘market prices.that are not tonsidered by the ~~ .
";assessors, or (c) factors va]ued d1fferent1y by R
- assessors and the market....Chicago's proposed
‘change from trad1t1ona1 assessment pract1ce to.
Sl - .’a constant percentage of market values can'be .
.. .. -interpreted as a change in tax, burdens and benef1ts—-4_?
© 7 . those favored by the assessors but not by the - '
. market will -lose; those favored. by tge market
lfwbut not by the assessors w111 ga1n

The techn1que Berry and Bednarz developed was app11ed to 1ndependentj S o

7'fvar1ab1es d1v1ded 1nto s1x subsets hous1ng character1st1cs, hous1ng

}'*1mprovements, n819hbourhood character1st1cs, rac1a1 and ethn1c var1ab1es,-fppf‘

N

'u'ﬂ;env1ronmenta1 po]lut1on and access1b111ty Seventeen var1ab]es were R

'f]se]ected from a 1arger SEt\Of poss1b1e var1ab]es based on contr1but1on [f”"ﬁ'

16-

o exp]anat1on of the var1an§e Stepw1se entry of each of these SetS

7‘f5}of var1ab1es 1nto each of the mode]s for sa]e pr1ce ]and bu11d1ng and

The resu]ts of the regress1ons were much as expected In the fd}‘ N

’vc‘ffregress1on for sa]e prwce a]] the groups of var1ab1es were 51gn1f1cant

o uw1th the except1on of env1ronmenta1 po]]ut1on wh1ch was s1gn1f1cant

"f;gronly some of the t1me Sa]e pr1ce 1ncreased w1th both house and 1ot

h'7v251ze and decreased w1th age Hou51ng 1mprovements added to the sa]e e

"pr1ce House pr1ces were greater the h1gher the 1ncome 1eve1 of the
-ne1ghbourhood and the greater the port1on of apartments (poss1b1y -

ref]ect1ng compet1t1on for 1and) One unexpected coeff1c1ent was the

o pos1t1ve coeff1c1ent for d1stance from the Central Bus1ness D1str1ct

‘ptIt was suggested that the amenlty assoc1ated w1th the greater d1stance -o

%fitransportat1on cost

e from downtown Ch1cago outwe1ghed the d1samen1ty of the add1t1ona1 ___;fuT;h.:Z.vf



’.'fjt‘r;~ An approach s1m11ar to that JUSt descr1bed was also used to-
1nvest1gate the equat1ons for land bu11d1ng and total assessment

:ﬁ}Effort was devoted to exp1a1n1ng the s1gn of coeff1c1ents and assessment |
"1nequ1ty re]ated to rac1a1 effects Of most 1nterest were the d1fferences o

y}[l1n assessment and market va1ue found through exam1nat1on of the regre351on

g//f\s1ng the tota1 assessment sa]e pr1ce rat1o as the. dependent var1ab1e

/a o

1t perm1ts ana]ys1s of - d1fferences 1n assessors and the market s e

va]uat1on of var1ab1es affect1ng property va]ue In partlcular,_gipf?hfﬂ

pos1t1ve coeff1c1ent 1nd1cates a heav1er assessment w1th respect to that

%

ﬁactor than what the sa]e pr1ce wou]d 1nd1cate. A negatlve coeff1c1ent

Inspect]on of coeff1c1ents 1n the rat1o equat1on is useful because jfj"f;;;ff

1nd1cates the oppos1te A zero coeff1c1ent 1nd1cates no d1fference 1n _ofjfo“f

the assessors and market s valuat1on of a part1cu1ar factor.‘

Berry and Bednarz found that ‘ y;fl,fflf?vff{g5”’¢{_a'j:fj”

. assessments tend to-run ahead of market
pr1ces forf%arger units...the assessor deprec1ates o

*;ef}eg*,i]ff property more rapidly than does the market .. [and]
TR b]acks [ard assessed at” h1gher rates J-».
;' ,'

;”: Hence Berry and Bednarz were ab]e to conc]ude that the proposed change*1n

T Ch1cago S, assessment pract1ce to make assessment a percentage of market ;t'L»v;'

u‘”; va]ue wou]d benef1t certaln groups more than others For. example taxes <;h11~
pa1d by the owners of 1arger or newer houses would be proport1onate]y |
1ower than‘taxes pa1d by those 8@n1ng sma]]er or o]der houses fThéu,}ﬁt
former wou1d ga1n from the change and the 1atter wou]d 1ose f s”;:j”
R2 va]ues as h1gh as 0 79 were obta1ned 1n the regress1on equat1ons .fgfs
w1th a samp]e of 275 houses.r However some 1ns1gn1f1cant var1ab1es were o

- 1nc1uded Th1s happened because entry of the same var1ab1es was forced

B3 EREe




"1:baths and garage shou]d be 1ns1gn1f1cant in. the 1and assessment

¥:_1nto the eQUat1ons for sa]e Pr1ce 1and bu11d1n9 and tota] assessment . f:-,*l
A-;The same var1ab1es wou]d not normal]y be expected to affect both sa]e ‘tft'

'tlpr1ce ‘and 1and bu11d1ng and tota1 assessment For examp]e, number °f_f[-7 B

9

"31'~dequat10n Although th1s can be a prob]em w1th the method used by Berry~p3~'l*':

/

"’{anr Bednarz, 1t d1d not affect the1r maJor conclus1ons "‘i, /“5

S

An 1mportant contr1but1on of Berry\and Bednarz was te show that i*;g-f“

' j'f'l”,',mult1p11cat1ve mode]s can be app11ed to rea] estate quest1ons, and thatfvn”

""Ja!stat1st1ca11y s1gn1f1cant pract1ca1 and cred1b1e resu]ts can be obta1ned

'fa;:app]1cat1ons us1ng ]1near regress1on mode]s theoret1ca1 ana]ysls of
"haawnon 11near (mu1t1p11cat1ve) mode]s and flnally, an app11cat1on of the
. \;3:mu]t1p11cat1ve mode] by Berry and Bednarz In the next chapter the

S mu]t1p11cat1ve mode] 1s descr1bed 1n more deta11 3’1[~f.jfffa;ncﬁﬁnffﬁf-«’

In th1s chapter, se]ected art1c1es re]evant to the present study ?f ?laﬂJﬁ

fgihave been rev1ewed These stud1es 1nc1ude examp]es of past pract1ca1

\




&;f_ChQPterfLII: aMUEﬁIPLICATIVE MODELS

wr1tten 1n the form

o bo b
| 1,52
;5 Y bOX] x2

'bji.'ﬂ”. L A |
x1,{,;xk.e- (here. a mu1t1p11cat1ve error‘1s.~‘

- assumed) 3

j,Xf;;{-%hf.z.‘ k are the 1ndependent var1ab1es, X fO
o _b;;fj,;?iQZ | k are the coeff1c1ents b -
'fht_ or, tak1ng the natura] logar1thm of both s1des yle]ds

d

*f;wvfzf 1n Y"]nb +b lnX +b 1nX2 +b 1nX +b 1nXk+u |

% [ s 'k
To est1mate the exponents of the var1ab1es 1n the mu1t1p11cat1ve mode]

the logar1thm1c form of the var1ab1es are’ regressed us1ng standard 'fiff,g";rﬂef

computer programs Var1ab]es wh1ch may take the value of zero are

Mu1t1p11cat1ve mode]s are ‘that c1ass of equat1ons wh1ch may be :a» e

entered 1n the form 1n(X +1) 1n order to avo1d tak1ng the ]ogar1thm of

.‘1'. : . Q& R
S zero wh1ch 1s undef1ned S

The cond1t1ona1 expectat1on of the dependent var1ab1e Y 1s as: lin't‘U”;'f

N fo]]ows B R e
: o by by b by g,
o e I e A o L
E(Y/X) box] x2 "'X‘*f;'Xk,

. i R
where the r1ght hand 51de of the equat1on w1thout the term e /2 representsg{f;""

the cond1t1ona1 med1an 18 f}".h} 5,}ffiff3aizet;_jvtf‘”ff,e:ﬂ:»§'

”"f:d13a;1 -



Est1mates of funct1ons of the type be]ow can be read11y compared
. b" . S . .

- P;f bOX1
2 e

1 Ty o
cOX] X "xk;‘_:

Cand AL
H;juhéfei;'n |
| 'n'deand A are the dependent var1ables

_.a 1 2 x fo:‘l;f;fdigffff"' |

y'b and c are constants and
“~:jib and c 3 15- ] 2 k’are EXponents :;:C_ajp.";"‘ -

The re]at1ve 1nf]uence of the 1ndependent/har1ab1es on the dependent
' frvar1ab1e can be compared by f1rst deve]op1ng a ratlo equat1on as fo11ows

;%kf).;'“

c"’ o ’b b

A/P (c x X K (o1 0,1

k;-’: 0 1

_xf{j,f"f,,p"” | “AHL ‘ b ‘Co=b., ~cegb‘fAfﬁff7";aiﬁnf¢“*’“
-oor y?rip:fA/P (c /b ) ] ]X22’.2J -ka:okapvj-.Jf‘~“ v

Thus the coeff1c1ents of the 1ndependent var1ab1es 1n the equat1on

1f1for the rat1o A/P are the d1fferences between the values of the

‘,ecoeff1c1ents for the same var1ab1es 1n the equat1ons for A and P

Independent var1ab]es, '1, Wh1ch have the same 1nf1uence on A as P "Manngz“:

» . : b"*
will not appear 1n the rat1o equat1on s1nce*X i w111 equa] 1

‘*1Var1ab1es wh1ch have a- greater pos1t1ve 1nf1uence on A than P w11] appear
‘5i1n the rat1o equat1on w1th the coeff1c1ent c O that 1s A tends
; to “run ahead" of P as X 1ncreases A negat1ve coeff1c1ent 1n the rat1o

"equa1on 1nd1cates the oppos1te that 1s, P outpaces A as X 1ncreases




’:,‘A der1vat1on of th1s resu]t is g1ven 1n the Appendlx
“ Tak1ng the 1ogar1thm of both 51des of the rat1o equat1on
1pA-1nP (1nc0-1nb‘)+(c ,-b])1nX]-+( 2% bZ)TnXZQ
L ot (¢ 3 bk)lnxk

IZ'Thus the va1ues of the coeff1c1ents of the 1ndependent var1ab1es 1n the_,ﬁﬁf

“’;_regress1on for the log rat1o 1n(A/P) are the d1fferences between the

" T.‘va]ues of the exponents for the same var1ab1es 1n the equat1ons for A
. . L ',»\\‘( v . :

Lt

‘fvand P .
ol } , R e N , o .
The coeff1c1ents 1n the regress1on equat1on for the A/P rat1o may

”‘;}not be'- exactly as expected from the equat1ons for A and P; Th1s occurs;y~~3>*‘"'

5 “frbecause a var1ab1e s1gn1f1cant 1n the equat1ons for A or P or” both 1s

‘7ifnot necessar11y s1gn1f1cant 1n the rat1o equat1on Hence a regress1on5sﬁh7j*

L’”'tﬁ:w1th the A/P rat1o as the dependent var1ab1e 1s necessary 1n order tO

’ ﬁf'ﬁacompare the relat1ve 1nf1uence of the 1ndependent var1ab1es on A and P

-"thenerally ana]ogous to those for ]1near (add1t1ve) mode]s

“"1_,b) b are unknown parameters,'

E Mpﬂen_ o

There are a number of assumptlons for the use of mu1t1p11cat1ve ifﬁ'~"'t

:“7lhmode1s that shou]d be recognlzed These assumpt1ons, 11sted be]ow, areiffi o

) X are pos1t1ve nonstochast1c var1ab]es,

“¢): vthe expected va]ue of the random error term e 5 equa]s one, that 15, _.‘f e

E(eU) =,:' 3 g ._‘

7d)_ the random error terms are d1str1buted 1ndependent1y and 1dent1ca11y
: w1th bounded var1ance ' - AT o o _



O AF 0P = Tnb by Tng,

AR j':" v:;]f Z

iz

:=.;fi§br,:jn_atm0re genera] format

h e) the random error terms have a ]ognorma] probab111ty‘dens1ty funct1on e

,'Assumpt1ons d) and e) may be re]axed 1n some c1rcumstances 19 ‘

Dummy "varia‘b1es

"‘~“In mu1t1p11cat1ve mode]s, S o
+b21nX2+ +bk1nXk+1na Z o

10T

,ﬁ'where 7 is a dummy var1ab]e hav1ng the va]ue 0 or ] such that:‘eiV‘

R
o

fQ‘anPt

lnb -+b]1nX]-+b2]nX2-+ -+b ]nXk

1 nP‘_

]nb +b]1nX]+b21nX + +bk]n)‘(k‘+1na}

S *dthen the equ1va1ent mu]t1p11cat1ve mode] format 1s

b X] X2 Xk

it
©
1l

by by
'_bX]XZ X

bk.
o 1 2 k

0
——
L

1‘;e;hé;;i5?x51x 2;:; X keZ(lna)

R i L

i

L A number of dummy var1ab]es were used 1n the present study ; T;v5f‘v?T""

'*inInteract1on Effects

An 1nteract10n effect 1s a change in the dependent var1ab1e produced;;fiflf;

'?ﬂfj'by two var1ab1es Jo1nt1y wh1ch cannot be attr1buted to e1ther act1ng

.fn::fa]one It is a]so ca]]ed the synerg1st1c effect of two var1ab1es

':,ff“handled by creat1ng a new varwab1e For examp1e

fa,iy'act1ng together When us1ng a 11near mode1, 1nteract1on effects can be ?h:-f



>:'Let ,Y =’X]X2 B

e : a

4where Y 15 the 1nteract1on term and X],X are the 1nteract1ng var1ab1es

Inc]us1on of 1nteract1on terms in. 11near mode]s 1ncreases prob]ems ; i

. of mu]t1co]11near1ty due to the h1gh corre]at1on of the 1nteract1on }f[;fs¢v;7 o

""terms w1th the 1nteract1ng var1ab1es a1ready in the eQUatlon élnff f[':? B

.1"imu1t1p11cat1ve mode]s thls 1s not a. PrOb]em as the f011ow1ng proof

- o

Vﬁidemonstrates :
L c d
;Vhtfthe 1nteract1on term (X] 2)
- In 1ogar1thm1c form

]nP lnb -Vc1nx1-+d1nx ‘heln(X ) +bk1nXk

\

77‘e3where 1n(X]X2) 1s an 1nteract1on term, c d e are constants

The equlvalent mu]t1p11cat1ve mode1 format may be s1mp11f1ed as E
hfeh;follows , _"- : : i ' R A af .
SO »",‘;?' “c d -'4'):
TP ;_:=_ b x xz(x ) L

Pl - TENPE
1 L

by = e
b, b, b,

v};faff“”}fjf; 1) 2 f;.,s;.f-iff;3fi<7I_7ffﬂff7ilf*f~vf"
ffthen ﬂh“_aP bOX] X2 :’;fkacﬁffiff‘fﬁfi} ’“”""

: c,fTh1s last equat1on 1s no d1fferent 1n form from the mu}t1p11cat1ve mode]
:ffw1thout 1nteract1on effects Hence th1s pnoof shows that when us1ng
wjfthe mu]t1p11cat1ve mode] 1t 1s not necessary to compensate for 1nteract1eh

-“5]fby add1ng 1nteract1on terms as in a 11near mode] The mu1t1p11cat1ve f; i

Lo by L~”:vli_*.x?‘7 R T T
Let P = b X]XZ(X]X ) ka_be_a.mUltTpljcatiVeaque];fWithff:;g.t o

: c+e_d+e~.»;i?b-7ixsﬁfffl?*?j~5;fhﬂ7}affﬂi?e??gfﬂf;ﬁfff‘:'”"



.
<

"r émode] "automat1ca11y" adJusts foh 1nteract1on effects, an attract1ve :

i

feature of this approach. The resu]t 1s a potent1a1 gain 1n exp]anatory
;xaccuracy and pred1ct1ve power ~ Ihe term "comb1ned effect” may be used
in order to d1st1ngu1sh between the trad1t1ona1 definition of 1nteract1on
effects and 1nteract1on effects as used w1th the mu1t1p11cat1ve mode] U
e An example showfng how the comb1ned effect of two var1ab1es may be

‘égalculated is glven in the Appendix.

RN

If a term for a combined effect ( 1 2) is 1nc]uded in the multipli-

\

: !atlve mode], one of the or1g1na1 var1ab]es (X or Xzzgmay not be :
";1gn1f1cant For examp]e 1f-(X‘ )e 1s s1gn1f1cant X2 may be 1ns1gn1f1-
cant and not enter the regreSSIOn equat1on, that is d O._ Also since -’
’N”;ﬁb;'= c-+e the exponent of X], , s Tower than b] when the term (X]Xz)
»for combtned effects is 1nc1uded in. the equat1on | Th1s means that the
_ 'true! va1ues of the coeff1c1ents for the. var1ab1es are not known unt11
;the comb1ned effects have been accounted for, By ana]ogy, th1s 1s a1so‘1
true for Tinear mode]s (as is we]] known) In recogn1t1on of th1s, the:sh
conc1u51ons from the ana]ys1s are tempered with the cautwon that no |

separate terms for combined effects are 1nc1uded

Wltiplicative Models in Real Estate

Mu]t1p11cat1ve models have certa1n character1st1cs wh1ch make themei )
. appropr1ate for app]1cat1on in. real estate For exam 1e the exponentsb‘
of the var1ab1es derived - us1ng regress1on methods ar/yestwmates of the 3
_opr1ce e]ast1c1t1es 20 That is, percentage changes in the exp1a1ned
var1ab1e are related by a constant factor to pengﬂﬁtage changes in the

'_,/ . 4
independent var1ab1es : '

T

18



‘ Diminishing marg1na1\:eturns are accounted for d1rect]y and can be ,
\.calcu1ated Marginal ana1ys1 S thus fac111tated As an examp]e of
d1m1n1sh1ng marg1na1 returns a 1arger house would be expected to se]]
,for more than a smaller house ceter1s partbus, but the chazge in sa]e
‘pr1ce may be 1ess with each equal increase in floor area. This
decrea51ng pr1ce per square foot for a marg1na] 1ncrease in f]oor area
1s ‘known as a d1m1n1sh1ng marg1na1 return, - |
The comb1ned effect of factors is automat1ca11y accounted for

-ﬁs1nce all the var1ab]es are mu]t1p11ed together A The comb1ned effect

- of add1ng a garage and . 1ncreas1ng f]oor area; for ‘example, can be .
X -

o ca1cu1ated Add1t1ve mode]s, in contrast assume that the effect of

'v&each var1ab1e is. add1t1ve, 1ndependent of the effect of other var1ab1es‘
in: the equat1on The 11near (add1t1ve) mode] ‘must be adJusted us1ng
‘}1nteract1on terms to account for 1nterdependenc1es among the 1ndependent

.var1ab1es Th1s 1ncreases prob1ems w1th mu1t1c0111near1ty due to the
‘, vh1gh corre]at1on of the 1nteract10n terms w1th the 1nteract1ng var1ab1esf

" a]ready in the equat1on '

19



Chaptera(IV DATA AND VARIABLES

#

The data were based on a sample of 116 propert1es from\danssen
(1977) compr1s1ng all bunga]ows that . were MLS ]1sted and sold’ 1n 1974
‘1n three Southwest Edmonton ne1ghbourhoods 22 23. These MLS sa]es,
accord1ng to Janssen, represented approx1mate1y two~ th1rds of all sa]e;\‘

24

~in the areas studied The, MLS stat1st1cs gave part1cu1ars on a number

©ooof factors fog each property 1nc1ud1ng 11st pr1ce floor area, number |

' of rooms; age of house and f1rst mortgage rate A-sample 1]st1ngz1s'-

. .

shown in fig 1.

A tota] of th1rty e1ght var1ab1es were cons1dered 1n th]s study

B twenty-three from the Janssen study and f1fteen new varlab]es The -

Janssen variables’ and the f1fteen new var1ab1es are defined in Tab]es ]
and 2 respect1ve]y 25, 26 , |

| Supp]ement1ng the Janssen var1ab1es w1th f1fteen new ones Qave more
assurance that 1mportant factors had not been. exc]uded Thus there was " |
less chance of corre]ated var1ab1es act1ng as surrogates for m1ss1ng '
»‘var1ab1es Further, the- number of. var1ab1es that can be used for assessQ;”
»I’ment ana]ys1s was more than doub]ed from ten to twenty three permtttlng
f?better stat1st1ca] treatment of assessment methods

‘. - The f1fteen new: var1ab1es con51sted of nine- phys1ca1 var1ab]es
i_,three ne1ghbourhood var1ab1es, and land,- building and total asseSsment 277‘"
%_,A]] of the new phys1ca1 var1ab1es were obta1ned by exter1or 1nspect1on ofe_.

:each property K The three new ne1ghbourhood var1ab1es ( traff1c" parkf o

area' and undes1rab1e prox1m1ty ) were obtalned by 1nspect1ng the

20
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ORI

TABLE ;o "
DEFINITION OF VARIABLES IN JANSSEN (1977) STUDY 5

' LNLP LNSP. . ..List Pr1ce and Sale Price, respect1ve]y

Phys1ca1 Features o : e R :
. LNSQF;;,t ..... .Floor area on ma1n f1oors, exc]ud1ng basement measured in
o square feet :
LNR, ‘LNBR..... .Rooms, bedrooms: number of rooms and bedrooms on main’ f]oors
LNB..... ... Baths: number of pieces on main f]oors (the standard four-
S " piece bath would thus be coded 4) _
LNX.o.ooo.. o sExtras: 0 1f -no basement development; 1 'if roughed-in

double plumbing or. similar start on deve]opment 2.if fire-.
‘place, basement room or basement bath 3 if two or more '
L © basement rooms, or f1rep1aces, etc.
LNA........ ...Age in years

~LNG...........Garage: ‘0 if none; 1 if swng]e 2 1f doub]e 3 if tr1p1e '
s LNC....;..,,,,Chattels number of chattels (stove refr1gerator freezer,
' - .. dishwasher, washer, dryer, drapes, garage opener; etc.)
,L.;...;..,.,..Lot 0 if standard; 1 if better (e g. crescent 1ocat1on,

.~ “larger or pie shaped) :
Ne1ghbourhood Characteristics . o
. AL;,.;.;..;;..Area Lendrum: 1- 1f Lendrum, 0. otherw1se

CADCLL L Area Duggan 1 1f Duggan 0 otherw1se
Rea]tor Effects . - : L
M R UsWsoenn, L and S** preced1ng the 1etters T1sted refer to- 11st1ng and*

selling. brokers, -respectively.  Listing brokers, LM, LR, LU
~oand LW Tisted 16 13,-13 and 12 properties. respect1ve1y, of
: ‘the ‘116 propert1es in the sample. The remaining houses ‘
. were listed by brokers who did- not list a sufficient number-
. of properties ‘to. permit separate ana1ys1s, they were: s1mp]y
“ lumped together as "others" : v :

Timing Effects s

’LNM{.:,;;,;.,.Month so1d 1 1f January, i ]2 1f December (year= 1974)
,LND??.;;,;;...Days number of days to- se]] S : SRR AN

VAL ".;..“Vacant 1 if vacant, 0 otherw1se _ g]ﬂ-
. F1nanc1ng Var1ab1es . A ~l ,-’,' BERT ST
RN LNFM LNSM Ex1st1ng f1rst and second mortgage respect1ve1y, 1n do11arvv,
N - “amount - : S
B LNFMR LNSMR .Percent rate of 1nterest on f1rst and second mortgage

s : . respectively -
. LNDP??;,;_ ..... Down payment actua] down payment of the sa]e

*'LN' in front of any var1ab1e means the 1og form of the var1ab1e is

be1ng used. - For example, LNSQF'-ln(SQF) -Only additive models were used;..
in the Janssen (1977) study and the log- form of variables was not- used.:
Hence LNSQF was used. in this study while SQF was used-in Janssen (]977)

k% Indfcates var1ab1es from Janssen (1977) not used in. th1s study v

-v}22 ff



TABLE2
DEFINITION OF VARIABLES ADDED IN THIS STUDY*

.;LNLAND...,...Land Assessment -
. LNBLDG....... Bu11d1n§ Assessment. : - :
LNTOT.;..,. ,Total A sessment (Land plus Bu1]d1ng Assessment)

Phys1ca1 Features

© TRE..........Mature trees: 1 if mature trees. (some at least seven feet
. tall); 0 otherwise ' . ,

: CO..;;.;..L.,Corner Tot:  1°if corner Jot; 0 otherw1se
CLAN..........Lane: 1.if lane or walkway by house;..0- otherw1se o
, _LNFDA;,.,.,..Front drive attached garage: 1 if one car front.drive

-attached garage; 2 1f two car front dr1ve attached garage,
. 0 .otherwise ‘ :
oSDesaL e, Side drive garage: 1 if s1de dr1ve garage (1 e. a separate
' . .garage behind the house access1b1e from the street in.front
of the house); .0 otherwise . ST

~CURG.........Curb appea], attractive appearance when v1ewed from the
- street in front of the house 1 1f "Curb Appea]", 0
L o otherwise U
~ BEAM.........Open roof- beam construct1on 1 1f open roof beam, 0}'
B Co otherw1se , : "
LNSID....,...Siding: 0 if no alum1num s1d1ng, cedar, br1ck or stone

veneer. ~ Only stucco or wood: 1 -if siding or veneer. on-the -
front half of the house; 2 if- alum1num siding, brick or -

L vstone yeneer,. or span1sh stucco all around the house S
‘ BAY.%; ........ Bay w1ndow 1 1f bay W1ndow 0 otherw1se R

_fiNe1ghbourhood Character1st1cs v

',*LNBAC...,....Undes1rab1e prox1m1ty 0. 1f no’ undes1rab1e area nearby, 1”
. if major road-with traff1c noise separated from back of:

.~ house Tot-only by open-space. - High density housing,-

. ~condominiums, rental housing, school or church d1rect1y
..o+ adjacent to the house; 2 if freeway behind house
~ LNTR.........Traffic on street in front of house: 0 if cul-de- sac or
IR - short'crescent; 1 if street with no cross’ streets 2 9f
~“longer street w1th cross. streets; 3 if major road or bus '

rh‘~1§”h,5h " route; 4 if four ]ane or ]arger through street connect1ng '
.o two areas’ L _
. ,iLNPAR.g;;,:,.Park area: . 0 if 1 no open space nearby, T 1f sma]] park

. pipe line easement or qu1et schoo] ground near house Z_jf L

';1-1arge park near house , : T
. *'LN' in front of any - var1ab1e means the ]og form of the var1ab1e s

fm_-%be1ng used - For examp]e, LNLAND 1n(LAND) , I

23



immediate‘neighbourhood of eachfproperty The Tand bu11d1ng and tota]
assessments were obta1ned from the. assessment records of the C1ty of
':Edmonton- | | | Iét ;} |
The. var1ab1e garage from Janssen (]977),AWas refined.with the
. add1t1on of two new var1ab1es 'front dr1ve attached garage and 'shde ;
1v:dr1ve wh1ch refers to those garages wh1ch are. access1b1e from the front
"but 1ocated beh1nd the house 29 | | [ |
'_ Locatton re]ated and f1nanc1ng var1ab1es 1ncorporated fromlthe
' :WJanssen study were area Lendrum § area Duggan A ‘1ot qua11ty -as we]l
. ﬁsas f1rst and second mortgage amounts and rates Locat1on re]ated |
':e;}var1ab1es added 1n th1s study 1nc1uded corner 1ot' f‘trees_, 'trafflc'
t: undes1rab1e prox1m1ty s park area B ']and assessment‘ and 'tota] "
i»assessment' 30 _i | _ | f}“ L
: A]] the var1ab1es 1n Tab]es ] and 2 are market var1ab]es whlch are | ﬁf

'”Edeflned as those wh1ch 1nf1uence sa]e prwce The market var1ab1es are

;';'Phy51ca1 features such as 'f]oor area and number of rooms ; nelghbour-"7h

| ”~ahood character1st1cs such as undes1rab1e prox1m1ty and trafflc'

’hi,;t1m1ng effects such as month of sa]e ,1'11st1ng and se111ng rea]tor

'""hfeffects 5 and f1nanc1ng

31 Market var1ab1es may be sub c]ass1f1ed as 'iff;'l

"5g_11st or- assessment var1ab1es or both

L1st var1ab1es are the subset of market var1ab1es wh1ch are known;p-::7

_;,at the time: that a house is 11sted for sa]e and useab]e by’ the ]1St]ngff -

‘i“':,jbroker for arr1v1ng at the 11st prwce that 1s, al] phys1ca1 features S

'ff;vfnelghbourhood character1st1cs, 1and bu11d1ng and tota] assessment and f_ff

| 'ftsome»realtor, timing and flnaﬂC1”9.VaFTab195f"L1St.Varlables are a]]

e L o . . ] —



' the var1ab1es in Tab]es 1 and 2 w1th the except1on of - se111ng broker
d (a rea]tor effect),}number of days to “sell (a t1m1ng effect) actua] :

.d down payment (a f1nanc1ng var1ab1e) and sa]e and 11st pr1ce. These )

"fvar1ab1es can only be known after a. house 1s so]d and hence are not list

'.var1ab1es

Assessment var1ab1es are the subset of market and 11st var1ab1es

”»wh1ch are used or ava11ab1e to be used by the assessor to arr1ve at

‘Tthe ]and and bu11d1ng assessment These var1ab1es 1nc1ude a11 phys1ca1

’ ffeatures, except chatte]s wh1ch are not assessed and ne1ghbourhood

"fbcharacter1st1cs as shown 1n Tables ] and 2 Not 1nc1uded are sa1e~and
“ﬂ11st prlce 1and bu11d1ng and tota] assessment a]] rea]tor t1m1ng
e v . _ :

'<f”and f1nanc1ng var1ab1es -”h'.‘fo fd/_'

In th1s study, sa]e pr1ce was used as. a market est1mate of property]jhﬂ

iva]ue However, sa]e pr1ce and market va]ue are not strwctly synonymous;sj;_~“

LfffThe market va]ue cannot be observed and may be def1ned as the ‘mean or iffh}sl”

sm8d1an Of the potent1a] sa]e pr1ce d1str1but1on.32,ﬂ'.7':h’ .

L1st prtce was taken as the broker s est1mate of the market va]ue

'7yof each house and was d1scussed as 1f 1t were set by the 11st1ng broker.eéi,»?J*

":th is. recogn1zed that the broker may be 1nf1uenced by h1s cltent when

| ii:‘[‘-‘v"settmg the 11st pr1ce but th1s shou]d not detract from the ana]ys1s

AESome strategy on the part of the 11st1ng broker in terms of a barga1n1ngu'gyyt°

'lyfa1lowance 1s 1nvo]ved 1n sett1ng a 11st pr1ce Th1s was not accountedjjf»'"”» -

i ffor in thls study A]so, the samp]e cons1sted on]y of propert1es so]d‘;;i‘if;:f

L jthrough MLS dur1ng the one year per1od of the study Hence on]y the

f115t pr1ces of these houses were ana]yzed



”-?'f7f5and for the market to arr1ve at a saTe pr1ce

;ﬁ_}the L1st Pr1ce AnaTys1s the equat1ons are -

VNJ'Tand bu1Td1ng and totaT assessment

‘ »‘c‘h‘apter v 'f_'METHODOLOGY

The approach in th1s paper 1s f1rst to determ1ne the var1abTes wh1ch o

_affect estlmates made by assessors, T1st1ng brokers and the market of

s1ng]e fam1Ty property va]ues . These est1mates are then compared he.ﬂ,'

/,study 1s dTVTdEd 1nto two parts, L1st Pr1ce Ana]ys1s and Assessment
'{ 'Ana]ys1s In the f1rst part LTSt Pr1ce AnaTys1s (chapter VI), T1st1ng
‘,brokers and the market s est1mates of the vaTue of factors wh1ch affect'
}:f‘property value,are determ1ned and compared In the second part Assess- .
: ment AnaTys1s (chapter VII), assessors and the market s est1mates of

: factors wh1ch affect property vaTue are determ1ned and compared

The bas1c techn1que 1s to deveTop muTt1pT1cat1ve modeTs for the :

i;dependent varlabTes and then compare them us1ng a rat10 equatlon For_f"-i

PRI

o ayL1st Pr1ce f(T1st var1abTes)

”75??;fSaTe Pr1ce f(T1st var1abTes) 5-1 ;

| *T_gL1st Pr1Ce/SaTe Pr1ce f(hst var1ab1e5) :

T'jtwhere the T1st var1abTes are as def]ned 1n Chapter III They are T1sted o
v:~qf1n th1s chapter 1n TabTe 3 OnTy T1st var1ab1es are 1ncTuded 1n the
| fd;%fL1st Pr1ce AnaTys1s s1nce these are the var1abTes wh1ch are avalTabTe at

' '7tfthe t1me of T1st1ng for the T1st1ng broker to arr1ve at the Tlst PTTC@

' One of the most 1mportant var1ab1es for expTa1n1ng the Sa1€ or 115t'}~HTr

f'price 1s fToor area wh1ch 1s h1gh1y correTated w1th the var1abTes for ,g]'3>

(‘ .



N TABLE 3
. PRELIMINARY CLASSIFICATION: oF VARIABLES

o L Variables from . . . 'List Variables . Assessment Yariables
Variable (Definitions are  Tables 1 and 2: - . <o For Land ~ For Building:

~given in Tables 1 and 2) * Form Used 1n Equat1ons . A$sessment ' Assessment

List Price: - - U LNLP

Sale Price = - . . - LNSP - T .
" Land Assessment RS . LNLAND* , - LNLAND*
Bu11d1ng Assessment . Lo v LNBLDG* :. . LNBLDG*

- Total, Assessment SR LNTOT* Sl SLNTOT*

SR e * Physical Features o oy e R
~;F100r’Area o : . LHsQF . - . LNSOF - o oo -+ :LNSQF -
. ‘Rooms o T LNR S LR e e o ~-LNR
Bedrooms . S UNBR Lo LNBR S LNBR
'TBathS D ST LNB. * LN IR . L
Extras . o o LNXCT O N R LNX
Age - S NA N s TN S LNA
. Garage’ Space s NG L T NG ' v -LNG
Chattels - LS Ne s e o : o
Lot Quality S T R LOER S S L
Trees = oo o CTRE* oo TRE*- . ~ ' TRE*
Corner Lot . U TR ol BT o LS TCO*
Lane" : ' GO UULANRT AN - LANY
Front -Drive Attached Garagev o LNFDA* .. . LNFDA*.: Co T ULNFDAX
“Side Drive. . - S SDR T SDE e T e
Curb- Appeal. : SUO L CURG* L T UUCURGY L CURGY
Open Roof Beam Construct1on,‘ < T BEAM® Y- BEAMw . o BEAM*
- Siding. o CUTANSTD®T 0 LNSIDE - LT U LNSTO*
C.BayWindow' o UBAYR L UBAYR S L BAY*
R - ' Ne1ghb0urhood Characteristics R o ‘
-Area Lendrum - 0 o AL T AL AL
“Area Duggan: . . » ‘ 1_.'_AD ' jft' . H' A AD
 Undesirable Proximity .~ LNBAC* : - LNBAC* - LNBAC*
Traffic L Cos o ULNTR® e T UNTR® S LNTRY
“Park Area T LNPARY Sl UULNRARY L LNPARY
. ’ I Rea]tor Effects’.-s' S e
List1ng,/5e111ng Broker 'M{:; S LMUTSMRR T WM e
~.Listing, Selling Broker 'R! .- - LR, SR¥*" R 1 N
- Listing,.Selling Broker "Y' 7" LU,ISUR* L LY
List1ng, Selling Broker"w”;’;,vf'_Lw SN** - 'a.';v»jLN
R T A 1ming Effects ST e T e
Month TR . s oM i e e T
LNdeant e e gy -ﬁv; ; "'3]VA e e T e

b rDays’to‘Se11" ST e }{'_[LND**

B R 'LF1nanc1ng Var1ab1es R
Fn‘st Mortgage 1 IR 8] : _ "LNFM CEL e e
‘Second Mortgage .: .t LNSM™ & z‘",:ff;LNSM T e
Arst.Mortgage: Rate ... R T LNFMR 20T e s LNFMR e T e s
*"Second: Mortgage Rate e T T NSMR T T e ENSMR
Down Payment AU T R _”’-LNDP B T S eI

B */Indicates additions to the variables used by Janssed (1977)
** Indicates variables from Janssen(]977)not used in th1s study
L Var1ab1es are def1ned in TabIes and 2 Lo
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R,

Q
In order to avo1d hav1ng maJor varlabIes in the equat1on/wh1ch are h1gth
correIated 'Iand assessment‘ "bu1Id1ng assessment' and ‘totaI assess-‘ ﬁ
\ .

ment' are not 1ncIudedgas factors in. the L1st Pr1ce AnaIys1s

The f1rst model, for I1st pr1ce perm1ts anaIys1s of how much ”

:f‘we1ght the broker puts on each factor affect1ng property vaIue _The

‘;Hsecond modeI for saIe pr1ce perm1ts anaIys1s of how much we1ght the :.ld

"*_market puts on each factor affect1ng property vaIue The th1rd modeI

AZfor the: I1st- saIe pr1ce rat1o permlts anaIys1s of d1fferences in. the _,f‘

o _brokers‘ and market's vaIuat1ons.'

For the Assessment AnaIys1s, the equat1ons are:

Land Assessment f(assessment var1ab]es

—~—~——

, d}'Bu1Id1n9 Assessment f(assessment var1abIes e

| SaIe Prlce f(assessment var1ab1es o

)

)
TotaI Assessment = f(assessment var1abIes)fe

)

)

TotaI Assessment/SaIe Prlce f(assessment var1abIes_f7 ‘.i,g_.

.;where the assessment varlables are as def1ned 1n Chapter III heff 5’7
B assessment var1abIes are cIass1f1ed as a pr10r1 Iand or bu1Id1ng assess- j_
,'_fiment var1abIes 1n Tab]e 3 OnIy assessment var1ab1es are 1nc1uded 1n |

AI:”'the assessment anaIys1s as onIy these are ava1IabIe to the assessor when *,[

.‘tcomput1ng the Iand and bu1Id1ng assessment or the1r sum the totaI

S assessment

The modeIs for Iand bu1Id1ng and totaI assessment perm1t anaIys1s

h~5a}3ﬁof how much we1ght the assessor puts on each factor affect1ng property

3;'vaIue

33 The modeI for saIe pr1ce perm1ts anaIysws of how much we19ht

’”‘Afvtfthe market puts on each factor affect1ng property yalue, us1ng only



e

1”'.,aSSessment varfables ‘The total assessment-—sa]e pryce rat1o model

. / '
_ perm1ts ana]ys1s of d1fferences 1n the assessors and market s va]uat1ons

Stepw1se regress1on w1th forward se]ect1on is used as the method of
o select1ng var1ab]es to der1ve the "best" regress1on equat1on Ident1ca1

;resu]ts are obta1ned us1ng stepW1se regress1on 34 0n1y those var1ab]es

;-'f wh1ch are s1gn1f1cant in exp1a1n1ng the dependent var1ab1e are. 1nc1uded

- the cr1ter1on of s1gn1f1cance be1ng an. F va]ue greater than or equa] to’

35

’13 O ~An F va]ue of 3 O for 1nc]us1on of var1ab1es 1s used as a matter

of- convent1on and convenlence S1gn1f1cance at the 5 percent 1eve1 is”

| ‘~equ1va1ent to. an F-va1ue of 3. 94 for a two ta11ed and 2 76 for a one-.

"ta11ed test u51ng T and 105 degrees of freedom The correspond1ng tab]e
,bva]ues at the ] percent leve] of s1gn1f1cance are 6 91 and 5. 60 -

"‘respect1ve1y. A one ta11ed test 1s used on]y when a coeff1c1ent 15,;;'.1,~

-

"ﬂ‘texpected to have a certa1n s1gn. In the absence of such an-a pr10r1'

T %the T perceh““l

'T,fvaiue for

:vhm(197S) deschbeé

vreason a two ta11ed test 15 used Most var1ab1es are s1gn1f1cant at

“'1nterested reader can ca]cu]ate the actua1 F—f{f

}coeff1c1ent by d1v1d1ng the coeff1c1ent by the,ﬁt

. A\ )
‘1;_coeff1c1ent s;

frror'and squar1ng the resu]t | |
The metho}& hys1s 1s S1m11ar to that used by Berry and Bednarz

the 11terature rev1ew (chapter II) but there are i' -

| {%tiLSOme bas]c diffefilices F1rst the var1ab]es used in the ]and and

"'fff;bu11d1ng assessny

"'tithe same var1ab%

't~equat10ns are not 1dent1ca1 Berry and Bednarz used

for both Th1s change 1n the method obv1ates the need\];f

‘"f}to 1nterpret a number of var1ab1es as surrogates It a1so perm1ts a more'ji

H‘f-;fdetaaled ana]ys1s of 1and and bu11d1ng assessment pract1ce by us1ng 1and 3g]~



| and bu11d1ng assessment var1ab1es respect1ve1y “Second, on]y s1gn1f1cant

i:var1ab1es are 1nc1uded in the equat1ons ~ Berry and Bednarz forced entry

| 'f,of sets of var1ab]es and thus 1nc1uded some 1ns1gn1f1cant ones Th1s

change in method makes it poss1b]e to draw stronger conc]us1ons about
stat1st1ca11y s1gn1f1cant var1ab1es. More Eheoreﬁ1ca1¢background on the“

'.method is g1ven in the Appendlx



C_hapt_er Vi _u”sr PRICE ANALYSIS -

The purpose of th1s chapter is to. study and compare in deta1] the
f:}effect of market factors on the 11st and sa]e pr1ce., F1rst an attempt .

'.1s made to 1dent1fy factors wh1ch appear to be used by brokers to arr1ve

at the ]15t P”1ce fo” a property, and factors wh1ch appear to be used by‘jfuf

:the market 1n arr1v1ng at the sa]e pr1ce Th1s 1s done by runn1ng
7-regress1ons w1th al] 11st var1ab]es us1ng f1rst '11st pr%ce and then

sa]e pr1ce as the dependent var1ab1e Then an attempt 1s made to f;t -

‘:1dent1fy the factors whlch appear to be eva]uated d1fferent1y by brokersf -:

-and the market Thls' S done by runnlng a regress1on w1th a]] 11st

",; fvar1ab1es us1ng the 11st p' ce-—sa]e pr1ce rat1o .as the’dependent

:evar1ab1e o | | |
For ease of compar1son ‘the 11st pr1ce, sa]e pr]ce and rat1o ;1 t
17qequat1ons are presented together in: Tab]es fa and 4b “The resu]ts arei

':"as fo]]ows < r;i,7‘*1;"- ‘.g,'_ . r o HE 2 rf':fpffﬁh
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tist Price with List VartabTes‘ o e : - Kl
| Twe]ve var1ab1es were found s1gn1f1cant in the equat10n for list
pr1ce "floor area’ month' extras 'curd’ appea]' garage )
..'secondcmOrtgage', 'Tjsting broker R' "trees' “first mortgage , '”h
| ‘undesirable prox1m1ty » 'Tisting broker W', and "' bedrooms' R suggest1ng
'that these variables are be1ng used by ]1st1ng brokers in arr1v1ng at
~the 11st price. R2 was 0. 82 (—2 0. 80), and the equat1on as a whole
was s1gn1f1cant beyond the one percent level, 3§
The entry of‘the variables 'f]oor~area' 'month" ‘extras', 'curb

appeal’, 'garage’, 'broker R', 'first. mortgage , and broker W could be
- expected due to the1r corre]at1on of %9, ]5‘ or higher w1th ]1st price.

| (Corre]at1on coeff1c1ents are given in Tab]e 5) Th1s 1eaves on]y four

R var1ab1es in the equat1on wh1ch have a lower correlat1on w1th 11st pr1ce'

- (! second mortgage 'trees . undes1rab1e prox1m1ty and bedrooms )
The var1ab]es ‘corner lot', (w1th a negat1ve coeff1c1ent) “front
3dr1ve attached'garage'5 '1ot qua11ty N and ‘area Duggan a]] entered the_‘f
-Vg:equat1on in the order ]1sted us1ng the m1n1mum standard error cr1ter1on
h Hence these factors tended to have some. effect on 11st pr1ce at a 1ower
s1gn1f1cance 1eve] | ' | |
L1st pr1ce tended to 1ncrease w1th "floor area_, month' eXtras’;
- ‘curb appea]' garage space ,"11st1ng broker R', and- trees L]St
“pr1ce tended to decrease WTth secohd mortgage 'f1rst mortgagé'
o undes1rab1e prox1m1ty , '11st1n§ broker W' and 'bedrooms | These_:
'relat1onsh1ps are much as would be expected Des1rab1ejfeaturesitendhf.

. to increase the list price. .Unde51rab1e'features tend to Tower it. The

33
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: h1gh 51gn1f1cance of the var1ab1e month"suggests a gradua] pr1ce

A 1ncrease dur1ng the year -The negat1ve coeff1c1ent of the var1ab]e

1 "

'first mortgage' is somewhat pu221ing A poss1b1e exp1anat1on is that

'first mortgage is a surrogate for 'f1rst mortgage rate , exp]a1n&ng

- ) the negat1ve coeff1c1ent as a high- mortgage rate on an ex1st1ng

umortgage genera]]y makes a property 1ess attract1ve f1nanc1a]1y The"t

same ho]ds for second mortgage The negat1ve coeff1c1ent of the
lvar1ab]e 'bedrooms is as expected  For houses w1th comparab]e floor’
'areas more bedrooms genera]]y mean sma]]er room s1zes wh1ch 11st1ng
' brokers tend to v1ew negat1ve1y 37 - |
A- Broker effects were qu1te s1gn1f1cant Contro]11ng for other
"var1ab1es in the equat1on,"broker R tended ‘to 11st at Six percent

above the average 11st pr1ce for all’ brokers wh11e broker W tended to

‘ 111st at more than four percent be]ow the average For example on'a -

1property 11sted at $49, 924 the average in the samp]e the 11st pr1ce‘

could d1ffer by as much as $5 021 dependlng on the 11st1ng broker :

e

. se]ected

Var1ab1es not in. the equat1on were. area Duggan‘- 'area Lendrum ,

S1de dr1ve s 'front dr1ve attached garage ) park"“ 51d1ng s lbay -.'

-,'v;w1ndow ,5'1ane_, corner ]ot' . rooms 5 age A 'lot qua11ty ,"baths ,

chatte]s ,t'traff1c ’ open roof beam construct1on ,“'11st1ng brokers

‘.M'and U" vacant', and f1rst and second mortgage rates suggest1ng

‘:;f:’that these var1ab1es are not be1ng used by 11st1ng brokers for arr1v1ng

- at the 11st pr1ce or. poss1b1y that they are corre]ated w1th other- 'drh"

: 't varlab]es a]ready 1n the equat1on
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The var1ab1e age wou]d be expected to be an 1mportant var1ab]e ‘{’
.-1n exp1a1n1ng 11st prfce but its corre]at1on with.list pr1ce is on]y
0.06.- 'Age’. has very h1gh corre]at1ons w1th 'f]oor area' ( 0 433) and
'trees (O 311) both of wh1ch are 1n the equat1on Th1s suggests that
f]oor area and trees a]ready account for most of the var1ance exp1a1ned
by age 1n the sample since older houses tend to be sma]ﬂer and o1der -
}‘houses a]so tend to be 1ocated in areas w1th more mature trees
| Some of the other exc]uded var1ab1es m1ght have been expected to
f_enter the equat1on espec1a]]y 1f they have high corre]at1ons (greater
.fthan Ito. 15'» w1th 11st pr1ce Tab]e 6 shows var1ab1es which have |
'correlat1on coeff1c1ents greater than I*O O9l w1th 11st prlce and wh1ch
'd1d not appear in the equat1on along w1th the1r corre]at1ons w1th |
‘ se]ected varlables The to]erance ]eve] of each of these var1ab1es is-
v‘also 1nc1uded The var1ab]es for the f1rst and second mortgage rate o
"t"d1d not appear in the equat1on due tothe h1gh corre1at1on w1th the other

two f1nanc1a1 var1ab1es wh1ch were a]ready in the equat1on The

";rema1n1ng var1ab1es wh1ch d1d not appear 1n the equatlon were a]so

g 111' Hence the var1a51es wh1ch entered the equat1on were much-as”

""expected a pr10r1 from exam1nat1on of corre]at1on coeff;caents and a

3 f genera]]y h1gh1y corre]ated w1th 1ndependent var1ab]es already 1n the
,equat1on wh1ch acted as surrogates ‘ | ‘ e
In some cases, ( s1de dr1ve o park‘ ']ane' ' chatte]s " and

o vacant ) the corrE1at1on w1th the dependent var1ab]e, '115t pr1ce B was///
: /47

'~’poster1or1 from exam1nat1on of to]erances It cann///be c1a1med

"however that the coeff1c1ents represented n]y the effect of the

,/f
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TABLE: 6

_‘« SOME LIST VARIABLES NOT IN.THE EQUATION FOR LIST PRICE:
L ; MAJOR 'CORRELATIONS AND TOLERANCES : )
- (Only 11st variables not in the equation with a correlation coeff1c1ent"

' ) of;greater than 1£0.09 | w1th LNLP are shown) ' | :

- Correlated
.7 . Variable - . L
. Correldtion Already in - Correlation . - -
Variable - Coefficient .  Equatjon . with LNLP - Tolerance*

T Tam T T T T
A T e S0 007

365 . NsQF o . -
233 WM 0.212 ©0.697
241 L CRG AR .

4300 LNSF .
200 CURE 0.257  0.767
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AE:A*The to]erance of an . 1ndependent var1ab1e be1ng con31dered for 1nc1u51on_E7fﬁf,a3S[

~1n_the regression equat1on is the portion of ‘the variance of that -
- - variable not. explained by the 1ndependent var1ab]es a]ready in the
v'_regre551on equat1on ‘ S PR o



icorrespond1ng var1ab]es due to the presence of mu1t1c0111near1ty Nor;‘
“can it be sa1d W1th certa1nty that d var1ab]e did not enter the equat1on :
to. compensate for over or under representat1on of another var1ab1e or |
's;'var1ab1es w1th wh1ch 1t 1is corre]ated It is be11eved though that :
- the coeff1c1ents represented predom1nant1y the effect of the aSSOC1ated |

: varlable

sa'lé‘Pﬁ'ce with”List-VariaMes S R

E]even var1ab]es were found s1gn1f1cant in the equat1on for sa1e‘
epr1ce namely: ‘f]oor area , month'ﬁ garage N 'broker R‘ second

'_mortgage rate ‘ 'f1rst mortgage s curb appea]' 'trees , 'broker W"h
corner 1ot' and bedrooms Y suggest1ng that these varlables are be1ng

4;"used by the market 1n arr1v1ng at the sa]e pr1ce R2 was. O 79 (ﬁ2 0 77)

rf;_;and the equat1on as a who]e was S1gn1f1cant beyond the one percent

{:1eve1 8

The entry of the var1ab]es ‘f1oor area ;- month"' garage "'broker AN

- ?1,7
B rp

'f1rst mortgage ,r curb appea]' and broker W' cou]d be expected due /

jgfhto the1r corre]at1on of |+O 15| or h1gher w1th sale pr1ce : (Corre]at1on _175

J'-Zcoeff1c1ents~are g1ven in Tab]e 5) Th1s ]eaves on]y fOUV var1ab1es in.

dfthe equat1on wh1ch have a lower corre]at1on w1th sa1e pr1ce ( second

. 1m:fmortgage rate . 'trees . corner 1ot' nd bedrooms ) :f"fcff

The var1ab]es undes1rab1e prox1m1ty ) 'trafftc s (negat1ve

"f{jcoeff1c1ents) extras y area Duggan chatte]s (negat1ve coeff1c1ent)

L front dr1ve attached garage ,'>second mortgage ” 'broker U' (negat1ve

dd;fcoeff1c1ent), and '1ane a]] entered the equat1on 1n the order 11sted

’ .[,.;us1ng the m1n1mum standard error cr1ter1on ' Hence these factors tended

R



i

_to have some effect on sa]e pr1ce at a 10wer s1gn1f1cance 1eve1
" The s1gns of the coeff1c1ents were a]] as expected and the
_ magn1tudes were a]] p]aus1b1e in re]at1on to constructuon cost and f‘
'other re]evant 1nformat1on | | { |
| The regress1on resu]ts 1nd1cated that sa]e&pr1ce tended to 1ncrease
W1th f]oor area . month’ garage space '11st1ng broker R' curb

: appea]', and trees . As examp]es, the regress1on equat1on 1nd1cated

e sa]e pr1ce 1ncrease of 15% between January and June and one and two

“j, ,garages y1e1ded 1ncreases of 2. 5 and 4 percent 1n sa1e pr1ce, respect1ve1y

oa property than a f1rst bay, other th1ngs equa]

'*f:‘broker w' These re]at1onsh1ps are much as wou]d be expected

‘ _Thus a. second bay tended to add marg1na]1y 1ess to- the va]ue of a
a 39 .

Factors wh1ch had a negat1ve 1mpact on sale pr1ce were second

- mortgage rate ’:'f‘rSt mortgage , ’bedrooms , “'corner 1ot', and '11st1ng'o’h -

37

“,-Des1rab1e features tend to 1ncrease the sa]e pr1ce Undes1rab1e o

fgafeatures tend to ]ower 1t Aga1n as in the 11st pr1ce equat1on, 1t is s

c be11eved that flrst mortgage 1s a surrogate for 'f1rst mortgage rate B g.f..

‘7*ﬂ;feexp1a1n1n9 the negatﬁve coeff1c1ent ,e}?.vvff ng{;fb;ff1°;f?

The order of entry of var1ab1es 1nto the sa]e pr1ce equat1on changedi?,‘ffg |

[

| “Thdo;from the order of entry in the 11st p:1ce equat10n Wh1]e 'f]oor area’

""7“:fgand month' rema1ned the two most 1mportant var1ab1es, garage became v

vh-vimore 1mportant than extras and '11st1ng broker R became more

?Htfiilmportant than curb apPea1'1‘* e

Contro]11ng for other var1ab1es 1n the equat1on propert1es 11sted

>‘ﬁ;7by"broker R' tended to sel] seven percent above the average sa]e pr1ce



‘for comparab]e houses wh11e those 11sted by broker W tended to sell
a]most s1x percent 1ower than average For examp]e on a property sold
: for $47 441 the;average in the samp]e the sa1e pr1ce could vary as

40, Th1s 1mp11es

',much as $6 ]67 depend1ng on the 11st1ng broker se]ected
that the cho1ce of 11st1ng broker 1s 1mportant w1th respect to the pr1ce
_rea11zed for a property In the prev1ous sect1on it was. found that
Vbrokers R and w a]so tended to ]1st h1gher and 1ower than average, _“
frespect1ve1y Hence houses that were 11sted h1gher by broker R |
ctgenerally sold h1gher and houses that were ]1sted 1ower by broker w
avfgenera11y so]d for 1ess than other comparab]e houses 4];b' -1“ﬁ -

A]] the poss1b1e reasons for the d1fferences among brokers were not

B contro]]ed “For- examp]e no test was done to see 1f propert1es 11sted e

- by broker R were d1fferent 1n some way A paper by Janssen and JObSO” o

}ﬁh-;fh1gher pr1ces

;(1978) us1ng factor ana]ys1s on the same. data w1th the or1g1na1 var1ab1es
w f1n Tab]e 1 found that one of the reasons for the stronger performance on
uﬁthe part of broker R was a tendancy to 11st 1arger houses at relat1ve1y

42 They a]so found that broker R was ab]e to rea11ze

- ~rh1gher sa]e pr1ces for the propert1es they 11sted Janssen and Jobson

Fpispeculated on' two other exp1anat1ons for the success of broker R ifﬁrst

- tbroker R handled a number of execut1ve transfers and so]d many Of;lts

Sk jyfown ]1st1ngs These buyers may be 1ess know]edgeab]e about 1oca]

'Tbﬂcond1t1ons and 1ess sens1t1ve to pr1ce Second broker R a]so had access

i

:"fto secondary f1nanc1ng at spec1a1 rates Secondary f1nanc1ng 1s often “f"l k' L

\t

'?rfneeded tb br1dge the gap between the sa]e pr1ce and the down payment p]usfffﬂayxﬁff'

‘3';ff:the ex1st1ng f1rst mortgage It 1s we]] known that the ava11ab1]1ty of



&
'»secondany f1nanc1ng 1s an 1mportant factor in mak1ng a sa]e and spec1a]
7,rates cou]d prov1de a s1gn1f1cant 1nducement |

) Varwab]es not in the equat1on were. area Duggan area Lendrum

' 51de dr1ve -'front dr1ve attached garage unde51rab1e prox1m1ty PR

Vpark'- 51d1ng ; 'bay W1ndow s1de lane 5 rooms age ']ot qua11ty, |

o extras > ‘baths , chatte]s ;. traff1c open roof beam construct1on
""brokers M and U' vacant' f1rst mortgage rate and 'second mortgage' 3
' Some of the exc]uded var1ab]es m1ght have been expected to enter

the equat1on espec1a11y 1f they had h1gh corre]at1ons (greater than

B gifI*O 15]) with. sale pr1ce An examp]e is. 'front dr1ve attached garage' ;”-.‘- o

. f‘wh1ch has a corre]at1on w1th sa]e pr1ce of O 228 However, 1t 1s

hl 'tcorrelated w1th 'f]oor area (O 365) and garage (O 160) Thus 'front

":_dr1ve attached garage is an 1mportant var1ab]e as is recogn1zed by

'»pbrokers as we]] as the market but 1ts h]gh corre]at1on w1th var1ab]es
"mfalready in’ the equat1on @;events 1t from enter1ng ' ‘: |
'” Tab]e 7. shows var1ab1es whwch have corre]at1on coeff1c1ents of _
:[ a'greater than l O 09| w1th sa]e prlce and whlch d1d not appear 1n the |

’iequat1on a]ong w1th the1r corre]at1ons w1th se]ected var]ab]es }The

.ﬁulitolerance leve] of each of these var1ab1es 1s also 1nc]uded The T

':’ﬂvar1ab1es wh1ch d1d not appear 1n the equat1on are general]y h1gh1y

'l_: corre]ated w1th one or more 1ndependent var1ab]es a]ready 1n the equat1on if*" :

A__":ﬂ,In some cases ( area Duggan 3 s1de drwe undes1rab1e prox1m1ty

park' g s1de 1ane"' chatte]s "broker M": vacant ), the corre]at1on

"-~'1:w1th the dependent var1ab]e sa]eggr1ce was ]ow Hence the var1ab1es

)

5,1wh1ch entered the equat1on are much as expected a pr1or1 from exam1nat1on

:d;of corre]at1on coeff1c1ents and a poster1or1 from exam1nat1on ofto]erances a’“; o



Cooms

TABLE 7

SOME LIST VARIABLES NOT IN THE EQUATION FOR SALE PRICE
' “MAJOR CORRELATIONS AND TOLERANCES
(Only 11st var1ab1es not in the equation with a correlation coeff1c1ent
of great:,wthan lfO 091 with LNSP are shown)

. RREOE T RVariable SRR B
o rrelad peady.in.  Correlation =~ . - =
‘,Variab}o - C fficid f}uation 0 With LNSP - Tolerance*

0105 . 0735

0.228 L. 0.730

o 0.265 - .0.781 o

'LNSQF i "_0‘;‘]097 | ",:.. 09]6 . Q

0.23 0.583

-0.0923 - 0571
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098 fgaLNSMR-nf.:“:77>¥0J137ﬁ*;;9io;.JLQ§8705fQ{?Effvwﬁ'w“'

ﬁ“*See footnote on Tab]e 6



,"Ratiotof List PriCe‘to Sale PriCe‘with'List‘Variables

The regress1on of '11st pr1ce and- sa]e pr1ce w1th 11st var1ab1esi

/

'was done as a pre]ude to the regress1on of the 11st pr1ce-—sa1e pr1ce

f'rat1o w1th 11st1ng var1ab1es If listing brokers and the market value

f

\ \ i

. a property in the same way then the 11st pr1ce and sa]e pr1ce equat1ons TR
'shou1d be s1m11ar The same factors shou]d thus 1nf1uence both the
-'numerator and denom1nator of the 11st pr1ce sale pr1ce rat1o equat1on
- and’ have 51m11ar coeff1c1ents The coeff1c1ents for each factor 1n the ;d
.:numerator and denom1nator wou]d then nuTl1fy each other Varwab]es w1tht”
’ s1gn1f1cant coeff1c1ents 1n the ratlo equat1on therefore exp]aln i |

'd1fferences becween 11st pr1ce, and sa]e prlce re]at1onsh1ps

- Many of the s1gn1f1cant bar1ab]es 1n the Tist and sa]e pr1ce R

',:equat1ons d1d not appear in the rat1o equat1on The var1abTes wh1ch
‘~;entered the rat1o equat1on were curb appea]‘ extras ; 'traff1c ,,"

‘ZA} chattels ; and month' sUggest1ng that these var1ab1es exp1a1n the
\‘d1ff%?ence between the broker s va]uat1on (11st pr1ce) and the market'

"5va1uat1on (sale pr1ce) 11 the var1ab1es had pos1t1ve coeff1c1ents.;_ .fT“;

2.

"&]f«R =0, 20 (R 0 16) was 1ower than R2 for both the 11st and sa]e pr1ce

Ta percent 1eve1

'feQUat1ons, but the eqUatlon as a: who]e was 51gn1f1cant beyond the one v:a,.lfh

43 See Tab]e 4a E'a'i-df _f o ﬁ;‘{\;'*

kY

‘\\.-.

The appearance of extras 1h the equat1on makes sense aszf.’Vﬁv]-.r .

e ;“appeared 1n the 11st pr1ce equat1on, but not 1n the sa]e pr1ce equat1on.;5'i;;y,;g'

| *t[tTh//QPPearance of - curb appeal' and month' 1n the rat1o equat1on even"'

“ff~fithat these were va]ued d1fferent1y by ]1st1ng brokers and the market ig&fj;}djfdfr

'”t‘f_though they appear 1n both the 11st and sa]e pr1ce equatlons 1mp11ed



.'deveTopment 1s onTy su1ted to the taste of the present owner.v Chattels

: :;>ff(1977) of no pr1ce effect

ani‘“’certatnTy be v1ewed negat1ve1y by both reaT estate agents and the market -__}:ffft‘
}La,i}TThe pOSTtTVe s1gn 1nd1cated that ]1st1ng brokers.tended to v1%g the SR
“'fii'negat1ve effect of traff1c as be1ng Tess s1gn1ficant than the market
' fi;;tPerhaps for the 11st1ng broker, the negat1ve aspects are offset by the
.lef_pfact that more traff1c means greater exposure for the 'For Sale s1gn ﬁaf

"”“Z,and potent1a11y more prospect1ve buyers f}lfff,at7"ei1Qf?*”i{j”ffﬂt,f“_TTTQT tfnef

The appearance of traff1c and 'chatte]s' in the rat1o equat1on even’.

though they appeared 1n ne1ther the T1st nor sa]e pr1ce equat1ons, ' |

1mp11ed that they were not factors in the T1st or saTe pr1ce modeTs; buts

'became 1mportant in exp1a1n1ng the d1fference betwéen T1st -and sale pr1ce
The pos1t1ve coeff1c1ent for curb appeaT' 1nd1cated that 11st1ng

: brokers tended to overest1mate ‘the- effect of th1s factor re]at1ve to :

: the market when sett1ng the T1st pr1ce e

The pos1t1ve coeff1c1ent of B
month' 1nd1cated that T1st1ng brokers ant1c1pated a greater upward o
'”‘:trend in pr1ces than was- supported by actuaT market price exper1ence f »

| S1m1TarTy, T1st1ng brokers tended to vaTue extras and chatte]s ”
even though these 1tems tend to have no effect .on the saTe pr1ce These s
'“fresults ver1fy the v1ew 1n the rea] estate 1ndustry that a f1n1shed

':basement does. not 1n genera] 1ncrease the saTe pFTCE often because the jﬁ{::'th

RN :

';_are not genera]]y be11eved to br1ng the1r worth 1f so]d w1th the house

v ’-szhls Tatter resu]t agrees w1th the resuTt prev1ousTy obta1ned by Janssen f e

.,s”

The coeff1c1ent of’ traff1c deserves comment Th1s factor wou]d

‘4’,;.""-»»-.~

-
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Variables not 1n "the equat1on were 'f]oor area' , rooms , 'bedrooms’, »
'baths', 'age', 'garage', 'lot', 'trees', . corner Tot', 'side lane',,
o ~ 'front drive‘attached;garage', 'gide drivet,i'open roof beam conStructionh
'siding', 'bay window', 'area Lendrum', 'area Ddggan'; dondeétrabte
proximjtyﬁ, 1park',"]ist1ng_brokers M,lR, U and’W'; 'vacant', 'first |
~~"and second mortgage’, Fipst andésecond mortgage rates'. This implies

that these factors tend . to be va]ued equa]1y by both 11st1ng brokers -and

Vthe market or. that they are un1mportant 1n exp]a1n1ng the d1fference

©
1

: between 1ist and sa]e pr1ce

v g - These resu]ts were not unexpected in 11ght of preV1ous resu]ts
""Many of the var1ab1es which did not appear “in the ratio equat1on had

| very 51m11ar coeff1c1ents 1n both the 1ist and sale pr1ce equat1ons

‘S1nce the coeff1c1ent for a var1ab1e in the rat1o equat1on 1s,approx1-

. mate]y equa] to the d1fference in the coeff1c1ents in. the 11st and sa]e.
price equat1ons such var1ab1es wou]d be expected to have a coeff1c1ent

. not s1gn1f1cant]y d1fferent from zero in the rat1o equat1on Var1ab1es |
in th1s category were: 'f]oor area', 'garage', 'broker-R' 'trees'ﬁ
'first mortgage' ,'broker W'; and"bedrooms' Other variables were
not s1gn1f1cant in e1ther the 11st or sale pr1ce equations and hence

oo

would not be expected to appear in the ratlo equat1on Var1ab]es in

this’ category were "'rooms’, 'baths ‘age', 'lot qua11ty y s1de lane';
'front drive. attached garage', 'side dr1ve R open roof beam construct1on | o
L1

s1d1ng , 'bay w1ndow s area Lendrum', 'area Duggan', "park', 'brokers

M and U' vacant:, and 'first mortgage rate'.
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Qhapter VII ‘ASSESSMENT’ANALXSIS

vi‘ The purpose of this chapter is to study and compare the effect of
market tactors'on assessed values and sa]e‘price First, an attempt is
made to 1dent1fy factors wirich appear to be used by assessors to arrive
| at the land, bu11d1ng and tota] assessment for a property Th1s is done
by running req5ess1ons with a]] assessment var1ab1es using '1and
assessment', 'building assessment' and 'total assessment’ 1n turn as the
tndependent variab]e Then an attempt is made to 1dent1fy var1ab1es wh1ch
| could be used by assessors to arr1ve at an est1mate of market value
ThTS is done by runn1ng a regress1on with a]] assessment var1ab1es us1ng

'sale prjce' as the dependent var1ab1e.

"Oncerthe assesSment.and sa]e‘price‘eouations arepdeveloped, an
attempt is made to identify which assessment variables are valued
sd1fferent1y by assessors and the market. This is done-by running a
»regress1on w1th all assessment var1ab1es us1ng the tota] assessment - sale ¢ .
pr1ce rat1o as the dependent varjable. ,' |

- Assessors are supposed to determ1ne assessment on land and buildings
1("1mprovements") such‘that it 1s a percentage of the market va]ue in a
.g1ven previous year. The province of A]berta has such requ1rements for ’“
‘assessment of both land and buildings. For Tand assessment, accirdlng |
to A]berta Regu]atlon 353/73 (1973) the requ1rement is as follows:

The fair actua] va]ue of land...in urban |
_mun1c1pa11t1es .assessed pursuant to the 1967

Provincial’ Assessment Manual shall be 65% of its : .
45.
market va]ue in the year of general reassessment

»,‘\



"The fair actua] value of land" isvintErpreted here as, “land
assessment" "Market value" may be 1nterpreted as "the mean sa]e pr1ce
_fdr actual sa]es of comparab]e propert1es w1thout bu11d1ngs" The 1ast

"year of genera] reassessment" for assess1ng 1and prior.to this study
was 1970 - The exact date in 1970 -on which the 1and assessment 1s based -

is not def1ned in the Mun1c$pa1\1a§at1on\Act or 1ts regu]atjons; :For‘:, :
the.purpose of this study it is assumed that land assessment is based on ' -
the market value of the land on‘January'1st 1970. lDurtng periods of
»s1gn1f1cantk1nf1at1on, the market va1ue would not rematn constant during
the year and 1t is then necessary to be more specific regard1ng the date
to which the market value refers. | |

The assessor s job of assess1ng 1and at a percentage of market va]ue,
s d1ff1cu1t,_s1nce the market value is not known, but can on]y beij
est1mated Th1s also makes it d1ff1cu1t to compare two. s1m11ar propert1es -

" to. ensure that they are "equ1tab1y assessed"‘ Detalls of the dtfferent
s methods used by assessors for est1mat1ng market va]ue are not given here,
Instead, an attempt 15 made to 1dent1fy factors affectwng f1rst1y land-
va]ue and secondly bu11d1ng va]ue that cou]d be used 1n regress1on mode]s
for. 1and and bu11d1ng assessment It must. be recognnzed that if certa1n ' &

Q

‘market var1ab1es are not used the resu1t1ng market value est]mates w111
be more uncertaln than 1f they were 1nc1uded % | |
Bu11d1ng assessment accord1ng to A]berta Regu]at1on 250/73 (1973)
Vand‘the Assessment Manua] (]967) is as foT]ows ’ .
“The percentage rates applicable to the fa1r actua]

value of improvements which are located in a- mun1c1pa11ty
where 1mprovements are va]ued pursuant to the prov1s1ons

48



of the 1967 Prov1nc1a1 Assessment Manua1 First Ed1t1on,
shall be...45% of the £91r value of all 1mprovements

v
that are assessab]e :

The Assessment Manuh] 1967 F1rst Ed1t1on adopts
1963 ‘normal-cost in the C1ty of Edmonton and surrounding
area as a benchmark....The resulting assessment," if
properly determined, W1]1 ‘then relate uniformly to )
- market value in terms of the Tocation and base year for :
- which the Assessment Manua] 1s determined.

The "fair actua] value of improvements" and “falr value of all
1mprovements that are assessab]e" may be 1nterpreted as the mean sa]e
pr1ce for actua] sa]es of comparab]e propert1es exc]us1ve of the cost of
the land The “base year“ for purposes: of assess1ng bu11d1ngs prior to
th1s study was 1963, The _exact date 1n 1963 on wh1ch bu1]d1ng assess—- N
ment is based 1s not def1ned in the Mun1c1pa1 Taxat1on Act or 1ts
regu]attons For the purpose of this study it is assumed that bu11d1ng

assessment is based on rep]acement cost of the bu1]d1ng(s) on January

' "1st 1963. The tota] of the rep]acement costs for a house based on the L

Assessment Manua] is assumed in the def1n1t1on to be a rea11st1c est1mate’
of the market value in 1963 A
House assessment is based both on the regu]at1ons estab11shed in .

the A]berta Gazette and on the Assessment Manua1 (]967) » Not,a]1.the”

' 1nformat1on in the Assessment Manua] is gazetted Some ]sdinciudedlto’
-ass1st assessors and is. not ob]1gatory | | y : |
The assessed va]ue of a. property is determ1ned by f1rst est1mat1ng
the market va]ue of the 1and as though vacant Land va]ue 1s est1mated
through a market survey by comparing s1te sales and- offers to purchase

: 65% of the est1mated 1and value 1n 1970 is added to 45% of the cost of

49 .



w1th respect to bu1]d1ng assessment but on]y~w1th respect to. 1and

v

construct1ng a new house on the land, based on rep]acement costs 1n 1963,
less accrued deprec1at1on Bu1]d1ng rep]acement costs are determ1ned
by us1ng data in the Assessment Manua] (1967) Deprec1at1on based on

phys1ca1 deter1orat1on and funct1ona1 obso]escence 1s as def1ned in the‘

‘Assessment Manual. Th1s is known as the cost approach to est1mat1ng
,house market va]ue An "Examp]e Improvement (House) Assessment“_from '

the Assessment Manua] is shown in F1g 2.

Thus, 1n the assessment procedure there is no market compar1son o

assessment The bu11d1ng assessment 1s based ent1re1y on cbnstruct1on

. costs and accrued deprec1at1on It must be recogn1zed that bu11d1ng

o market va]ue may we]] d1ffer from rep]acement costs For 1nstance, if

demand for houses is h1gh re1at1ve to supply, market values may be -
h1gher than costs S1m11ar]y, 1f demand is ]ow re]at]ve to supp]y

market values may be ]ower than bu1]d1ng rep]acement costs Such sw1ngs

" in demand and supp]y are a norma] occurrence in the market for houses

1963 construct1on c%sts presumes that pr1ce 1ncreases have been equ1va- lffi;‘;

1ent for all cost components. .

Furthermore d1sproport1onate changes 1n construction costs may

,occur over t1me s/)that for 1nstance, p]umb1ng features exper1ence

”re]at1ve1y greater cost 1ncreases Then even 1f the bu11d1ng market
lva]ue Jn 1974 was 1dent1ca1 to construct1on costs in 1974 these wou]d
not be a constant factor t1mes 1963 construct1on costs, but wou]d d1ffer“:'”;

- by’ the above average 1ncrease 1n p]umb1ng costs Hence re11ance on‘

g
3
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FIG. 2:
" EXAMPLE IMPROVENENT (HOUSE) ASSESSMENT*
An example impfovemeht ussc‘ssmc_ntv would have a clags 5-D (1%2 Storey
Dwelling with full basentent) assessed as follows: '

- © BASIC COST |
Area 1,000 square fect @ a Basic Rate of 312.65 per square -

foot equals a Cost of N T - 312,656.00 0 B
“Should this residence have a 300 square foot one storey addition.. v, o

of the same type of construction and also with-a full basement the: - -

class 3-D “Ex_tcmion Rat’e?’_y’vould be utilized to add this portione.g.
Area 300 square fé&t at an Extension rate of $6.19 per square - L

. foot.equals a Cost of _'_-______"____'__-__-__-__-___ _______ .- §$ 1,857.00.

PO

S b'Basic Cost $14,507.00°
_ SHAPE |

- Assuming our total property has a perimeter of 154’ then rio
- addition may be made for Shape.- At 1,300 square feet the perimeter

of subject property must be at least 155 before a percentage adjust-

‘ment may be made for roof framing and number of corners. "

i T  VARIATIONS
*1f subject improvément has: SRR x L S
(@) 16" of kitchen cabinets, minus for 3" @ 29.80equals _._._ §  89.00.

- Subject property. has a finished area of [,900.sq. ft. and will there- .~ .~ .

fore contain 19’ of kitchen cabinets, - ¢ ' : o B

L

B

-~ (b) 400 square feet of F quality up-finish — deduct $1,915 — Lo
8718 e‘q'uals‘,___j_'.,____‘.._;'_.*_v_'____,;___-_'_;.'___.‘.f._._;‘,___;_”_-_-_ §1,200.00 1
- (See Scction 12, Page 2). If up windows are more or less than 6% of T
ground” floor area a further adjustment must be made; heat cost -
- should also. be considered.” =~ . - .. R

' ~.(¢) Modern gravity warm alr, deduct . _ -v.....'..‘_.._v__-;. L S 11 0.00 R
-~ deduct 880 for ‘12 storey “portion ‘and $120° — 90 = 3830 for. .

1 storey portion. This adjustment assumes that no previous variation . -

was necessary for heat. = . T e C

.~ (d) Checkrail windows, deduct - . _ S oo $ - -250',0_0_

~ . deduct — for 1¥4 storey portion $210 ana for 1 -st(;rue‘yi-bortio:;
o S170 = $130 = s40, 0 T T T T Poron

© Variation  $1,64900

* From: Assessment Manual (1967:Sec 1, p.22) = . A

: : LN .
Notes This assessment example is for a.1% storey house. - Unfortunatgly,
'>there'1s‘no'assessmeht'examp]e‘for;a‘bunga]ow\in the Assessment Manua]
- S0 this one was used instead, As the example may be somewhat difficult
‘to follow; the interested reader is referred to the Assessment Manual \
- for more detailed information, =~ - - - . RN
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There are d1ff1cu1t1es aTso in the assessment of Tand part1cu]ar1y _

fljhvthe lack of comparable sa]es of Tand w1thout bu11d1ngs Once a house

has been erected it is not reaTTy poss1b1e to d1saggregate the market
l

vaTue 1nto a Tand and bu11d1ng component Nor is it poss1bTe to break

\ down the market vaTue est1mate that is, the sale pr1ce 1n th1s way

Hence even 1f assessors were do1ng an absolute]y superb JOb of

'~assess1ng Tand and bu11d1ngs 1t wou]d not. bé expected that tota] assess—{’u_'

“”iment should equa] a constant proport1on of the saTe pr1ce It 1s
; p0551b1e ’none the- Tess to 1dent1fy the factors thCh contr1bute to the o
var1at1on observed “ o “ |

The re]at1onsh1ps f1rst1y between Tand assessment and second]y
o between bu11d1ng assessment and the assessment var1ab1es are stud]ed :

"‘:;before anaTyz1ng tota] assessment and saTe pr1ce

A

' _Land Assessment W1th Assessment Var1ab1es

: Land assessment 1s bas1ca1]y the assessor s est1mate of ]and market‘*~~ 2

c'Value 1n a g1ven prev1ous year (Land agsessment shoqu be 65 percent of:'h-

viTand market vaTue) It 1s thus expected that the foTTow1ng are poss1b1e"fp:cf

| T”fvar1ab1es wh1ch may be s1gn1f1cant in expTa1n1ng Tand assessment

- ;'traff1c area Duggan ‘Tot qua11ty , corner Tot' "trees"i park' S

. area Lendrum N undes1rab1e prox1m1ty and 'Tane ' These var1ab1es are

= ~Phy51ca1 features and ne1ghbourhood character1st1cs known at the t1me oft[}[v

asses sment

These a pr1or1 Tand assessment var1abTes are tabuTated in TabTe 3

fto perm1t compar1son w1th var1ab1es wh1ch woqu not be cons1dered by



fthe land assessor e1ther because they are not known at the t1me of -
}s,assessment or are not used for assessment purposes | ai |
'Land assessment' was regressed aga1nst a]] a pr1or1 assessment
7var1ab1es ]1sted in Tab]e 3. The regre551on procedure was thus used as .
v'a ]and assessment var1ab1e se]ect1on method R :
' S1x var1ab]es were: found s1gn1f1cant 1n the equat1on for 1and

‘assessment ' 'traffﬂc' -'f1oor area area Duggan 5 '1ot qua]1ty

corner lot' and trees suggest1ng that these var1ab1es are be1ng us d

' 'by the assessor to arr1ve at land assessment R was 0, 37 (R O 3 )

: and the equat1on as a who]e was s1gn1f1cant beyond the one percent

'.1eve1 50 - See Tab]es 8a and 8b

Land assessment tended to 1ncrease 1th ﬁdoor area *'lot qua]1ty,)'

'*f.v"and for a corner 1ot' It tended to decrease w1th traf ;, area fj”

'fDuggan and treesa

B Trafflc the f1rst var1ab1e wh1ch entered the equat1on as expected L

'77a°gfrom 1ts h1gh negat1ve corre]ataon coeff1C1ent of 0 424 w1th ']and

jgiassessment'; tended to have a- s1gn1f1cant negat1ve 1mpact on the assessedff's

a fva]ue of res1dent1a1 1and In contrast to this, traff1c has a negat1ve :;"J

"7';7corre1at1on of only -O 134 w1th bu11d1ng assessment'*' The Assessme”t tjfefdfl

;"Manual (1967) ]1sts "character of street traff1c"'as an 1mportant factor;;p375

i 1"the process of est1mat1ng va]ues by compar1son for (1and) assessment \

'h'fhprFPOSES o1 Further,v"Res1dent1a1 propert1es (here read bu11d1ngs) may 17;?:;

'ffasuffer if 1ocated on truck routes ma1n arter1a1 roads eteh, 52 Thér .

TH'Assessment Manual cons1ders traff1c as a factor wh1ch a]so resu]ts 1n if»;‘?

Vo



TABLE 38 o o St

SALE PRICE AND ASSESSMENT

“SUMMARY- OF REGRESSION RESULTS WITH ASS:SSHENT YARS ABLES
: Slgn1f1cance Criterion: F23

" Dependent ; S oy mn T R .
Variable LSO | LR LNBR

,..
-
‘=
@
>
o

Cowmor 1 a1 s

L R NS SR
- LN( a0 NS NS s

Legend:

. NS = Not Significant-

1 = variable s im the equatign with a dosftive coefficient. - W
S . v : A
<1 a Vapigb]g is-in the.equation with a neqative coefficient,

TABLE B '

. SALE PRICE AND ASSESSMENT ‘
Rhcnessxon RESULTS WITH ASSESSMENT VARrABL;s «
Sigmfu:ance Crite’rion -F ’3 0 ..

:.Variablevc‘Constant : LﬂTR nsg »'.fg,* g8 TRE _ e R

LoLanp

Lror

- LNSP.

LNSP

Clwon)

L~<Igl>

S

13

44

--o oso '
~(e.01)

9. 150

2_0 041

(0.082) "

0.082
:(0.010)

©0.047

g
0,095
(0:014)

o)

0.057 -
{(0:015)

LN

- 0.106
“(ea017)

0,038

f_(OQ-fHZ)
- LIBR

20,468

(0.017).

LA

0.053 .

-0.276

(0.013)
LYA . LNSQF

0,478
) (i)

{0.014)

NSO -

10.529°
(0.133)

LNBR

(0.150)

-0.032
(0 0]5)

L._

0.042.

(0:011}
0,046

(0.018) {
LNBR

50.446
(0.135).

' LNBAC

.0.085
(0 023)

© 20072

0.039
(0.022)..

T

(0.919). (

-0.033
*(0-009)"

" CURG.

0.067
(0. 0.)0)

10.045 -
{0.024)

- 0024 -

AL

-0 048
0 022)

L

(0 013) ¢
BEAM :

LNPAR
T o210
(0 120)

0,048 . 0.078
{0.017) (0 029)
,jgﬁg'- cunc

0L039
{0.018)

0.0 00027
(0.009) (0.0%5)

0.047 -3.03
-(0%02¢) (0.018) . -

CueAC o

RN T
(0.022) & o

-0.244"1
(0.122)

. LAPAR

L0580

' .0.37

CULNBR
'*-q.afz=

LNR g

-O.I?Jv

079

(0.062) -

0.602

0.205

0

o

.072:

.083

L0854,

.085 .

.082 o

0,7

57.9

BT TR

2.3



~what it caTTs "econom1c obsoTescence” of res1dent1aT houses 53 ‘The o
| ManuaT thus states that traff1c is a factor wh1ch affects both land and ,;&ﬁl
"bu11d1ng assessment The resu]ts of the regress1on ana]ys1s agree w1th
E }th1s in that traff1c TS f1rst1y a- factor affecttng Tand assessment and
" its 1mpact on bu11d1ng assessment 1s much more minor, ‘as. w1TT be shown
Tater S | | | '

The presence of fToor area in the equat1on w1th a pos1t1ve

‘coeff1c1ent is be11eved due to its’ correTat1on with Tot STZE Larger y

s houses tend to be on Targer Tots Hence 'fToor area' is 1nterpreted as.

a surrogate for "Tot area" 1n the equat1on for land assessment

B The presence of area Duggan 1n the equat1on w1th a negat1ve
"coeff1c1ent refTects the 1nfTuence of Tocat10n on. Tand assessment Th1s:
T'."conc1us1on is. based on the assumpf\pn that other assessment var1abTes

"such as Tot area, 10t quaT1ty and trafflc have s1m1Tar d1str1but10ns 1n

"f]; each of the three areas stud1ed Lower assessed vaTues in Duggan may be'_~”f

”vf‘-ffhence more - heav11y assessed

"“{fexp1a1ned by the fact that 1n 1974 thTS subd1v151on was JUSt 1n the f
}1zglprocess of deveTopment | ,. R R
| As expected Tot quaT1ty tended to 1nCrease the Tand assessment
"VA Targer weTT Tocated or p1e shaped Tot 15 usuaTTy more des1rab1e and
Corner Tots (pos1t1ve coeff1c1ent) tended to be assessed more

:heav11y because of a hlgher proport1on of Tot frontage The Assessment 1:'

“*fff; ManuaT (1957) states

ij appTlcabTe at aTT max1mum res1dent1aT coﬁner .
. influence. is:10% of - the value ‘the lot would: normaTTy
~have if 1t was-afi inside Tot and is" restricted to- the e
- first 50 feet of the corner lot.. Corner influence S L
~ 'should not be applied to lots bordering on main arter-‘~f R
»,j_1aT roads ‘truck routes dead end streets, etc.




. . o \ \

8

" Land assessment is thus based on\a 'do]]ars -per- front -foot' approach.

e ;Corner re51dent1a1 1ots may be assessed an extra amount up to ten percent s

L sca]e“

‘ for the f1rst f1fty feet from the corner, Corner 1nf1uence however, is
not norma]]y app11ed to 1ots borderTng on arter1a1 roads because of the .
_ assumed reductlon 1n value due to traff1c no1se Dead end streets a]so

somet1mes resu]t in reduced access so that no prem1um for corner

71nf1uence is added The Assessment Manua1 (1967) does not g1ye spec1f1c a

rules for ca]cu]at1ng the. va]ue of a res1dent1a1 corner 1ot but does

;;rg1ve tab]es and a samp]e ca]cu]at1on show1ng how to ca]cu]ate the va]ue _
of a commerc1a] or 1ndustr1a1 corner lot | . v;

} ’: The Assessment Manua] (1967) po1nts out that “Corner 1nf1uence 1s

‘»a subJect wh1ch commands a conS1derab1e amount of d1spute among experts

Ajon urban 1and appra1sa]s"‘and "s1nce the factors determ1n1ng the degree

'v'of corner 1nf]uence are Iocal in effect and or1g1n no. spec1f1c tab]e |

".of corner 1nf]uence factors 1s recommended for use on a Prov1nc1a1

55 A |

'Trees has a negat1ve coeff1c1ent and appears to have entered the

fequat1on 1n order to compensate for over 1nc1us1on of the var1ab1e area‘f

o

"“Duggan ; That 1s, there 15 mu1t1c0111near1ty among the var1ab1es 1n the;«31f'

: j;equat1on Th1s be11ef is. conf1rmed by o
| }' 'Trees h1gh negat1ve corre]at1on W1th area DUQQan (-0 37) and ‘5f
ti‘i the large negat1ve change 1n the coeff1c1ent for area Duggan :
“ when 'trees 1s added to the equat1on, | "pg ‘i | » -
‘;:i- the 1ow corre]at1on of trees w1th '1and assessment ( 0 024)

'}S5ifhsr such that trees wou]d not be expected to enter the equat1on,rp“"

L o



Q} h._' .‘_ R i -
; the Tow toTerance value of 'trees' re]atlve to other var1ab1es B
wh1ch 1mp11es high correTat1on w1th one or more other var1ab]es
h? in the equat1on 56 | | | |
' "Trees h1gh p051t1ve corre]atlon w1th ‘age' (0. 31) wh1ch is not in
f) VJthe equat1on suggests that trees. may be a surrogate for oner ne1gh—
| bourhoods and that land assessment shou]d perhaps 1nc1ude a factor for o
o the age of a ne1ghbourhood | \ | | ' |
L ;, ‘The correTat1on of the a pr1or1 assessment var1ab1es 'undes1rab]e
‘;'érox?mtty ' ‘Tane', and park' w1th Tand assessment 1s Tow. The absence :
'1‘of these var1ab]es from the equat1on suggests that they are not 1mportant'
:'.T1n Tand assessment The Assessment Manua] (1967) vague]y refers to these‘

‘ne1ghbourhood factors as'"character of surround1ng 1mprovements" and

rec%eat1ona1 fac111t1es" but does not say how they are to be 1ncorpor— S

B 'mated 57 'Area Lendrum a]so has a Tow correTat1on w1th Tand assessment,
} so that}1t is not surpr1s1ng that th1s a pr1or1 Tand assessment var1ab1e
fd1d “hot enter the regress1on | The re]at1ve1y 10w R (0 37) suggests

: that there are Targe random 1nf1uences on. Tand assessment or that somehl

'*Tand assessment varlables are m1ss1ng Known m1ss1ng Tand assessment

”lvar1ab1es are 'Tot area s for wh1ch f]oor area wh1ch aPPeaTEd in the

fiTand regress1on acts as a surrogate, or 'Tot frontage and 'Tot depth'i‘:"

‘ot shape 1f "p1e shaped" 4faverage 1ncome TeveT of nelghbourhood‘

B A?drnsouth s1des of the street and ne1ghbourhood vacancy rate"58_

Varhab]es for 1nd1v1dua1 assessors coqu be 1nc]uded to determ1ne 1f

g7

. ;ge of nelghbourhood',’a dummy var1ab1e for houses 10cated on the westT:Tf;}[

thds}factor has a s1gn1f1cant effect on the assessment, s1m11ar to thats;_ o



of the Tisttng broker on'TtSt price' These var1abTes were not 1nc1uded
:'as the data was based on MLS stat1st1cs and externaT 1nspect1on of the E

- house and surround1ng ne1ghbourhood

‘Building Assessment With Assessment Variables

B

ﬁIf’budeing;assessment is based On{repTacement}cost figures and the
procedure;inithe Assessment ManuaTj(1967),.it;is'ekbetted that the :
:foTToming-uariabTeS'may be-stgnjftcantﬂjn expTaining.buTTding assess-
~_ment: 'floor areaf; 'age‘, ‘ertras',.‘garage‘; ‘open roof beam
B 'construct1on ) 'front dr1ve attached garage siding',.'side'drive”,‘ -

;'bay w1ndow , 'baths y rooms > ‘bedrooms and curb appeaT' and to

fi somé?éxtent area Duggan and area Lendrum These a pr1or1 bu1Td1ng '

assessment var1abTes are tabuTated in TabTe 3 S0 ‘as to perm1t compar1son .
w1th var1ab1es wh1ch woqu not be cons1dered by the bu1Td1ng assessor. |
"Bu11d1ng Assessment' was regressed aga1nst aTT phys1ca1 features
tvand ne1ghbourhood character1st1cs as. T1sted in Table 3 The regress1on
’_procedure was thus used as a bu1Td1ng assessment var1ab1e seTectlon
. ":method ‘ | S

The resuTts were TargeTy as expected E1ght vartables were found

" Tj'¢s1gn1f1cant 1n the equat1on for bu1Td1ng assessment 'fToor-area‘ L'age;;‘f |

extras e garage 3 area Lendrum ,_ open roof beam construct1on

i park‘ and bedrooms suggest1ng that these var1ab1es are be1ng used by
Fva

'”f.dithe assessor to arr1ve at bu1Td1ng assessment R was. O 81 (R -0 80)

EQ_:and the equat1on as a whoTe was s1gn1f1cant beyond the one percent

31“TeveT 59

RS =T RO



Bu11d1ng assessment tended to 1ncrease w1th fToor area' extras -
garage R open roof beam construct1on and park' These var1ab]es ;
' have pos1t1ve coeff1c1ents and pos1t1ve correTat1ons w1th 'bu1}d7ng“ -
: 14 {

,assessment' as. shown in TabTe 5 except park' wh1ch has a sma]T -

negat1ve corre]at1on ( 0.025). A
Bu1Td1ng assessment tended to decrease w1th age s area Lendrum

"_and 'bedrooms The negat1ve coeff1c1ent of age 1s as expected'51nce :;-f

- iassessors ]ncTude a factor for deprec1at1on reTated to. the age of the

_house The negatlve coeff1C1ent of bedrooms m1ght aTso be expected t o

~ from. the resuTts of the T1st price analys1s 37 “The Assessment ManuaT
| (1967) however does not say that the assessor shoqu deduct for sma]T
":;room s1zes 50 that th1s resuTt is somewhat surpr1s1ng It suggests that
L:smaTT bedroom sizes were taken into account by assessors .
| There 1s no ev1dence that the assessor ass1gns a h1gher vaTue to
| an attached garage than a separate garage as 'front dr1ve attached

fgarage d1d not appear 1n the equat1on The Assessment Manua] (T967),‘-VV377-

'”1'ffhowever, 1nd1cates that attached garages shoqu be assessed at a hlgher

'7'rate than detached garages .60

e

gielof front dr1ve attached garage of O 275 w1th 'fToor area whwch 1s 1n

‘the regr6551°" equat1on and PFEVENtTHQ 'front dr1ve attached garage"?v

’ r"jfrom enter1ng Further work 1s requ1red to 1soTate the effects of

”":“Tw_fgarage type Th1s coqu poss1b1y be ach1eved through a rev1sed def1n1t1on7j;f

'-'fifof front dr1ve attached garage' garage , and s1de dr1vef;ior the |

a0

T'fgi.v1nc1us1on of a term for the comb1ned effect of fToor area and garage, _granV’

This resuTt may be due to the correTat1on ﬂl“*



or possibly the use of factor analysis to reduce co]]inearity“among the

var1ab1es in the equation. |
'Baths' did not appear in the equat1on even though baths are

generally cons1dered by the assessor. - This is 11ke1y'due to the high
" .

) corre]at1ons w1th f]oor area and bedrooms which were both in the

equation. act1ng as. surrogates or proxy variables. 61 The a priori

Q

- bu11d1ng assessment variables 'rooms', 'siding" and 'curb appeal' also

s

~did not appear in the equation most 11ke1y because of their.high

correlations with 'floor area'. 'Side drive' and 'bay window' have low

porrelations with bui]ding~a$sessment' Hence it is not surpr1s1ng that

o

'these a prioeri bu1]d1ng assessment variables d1d not enterrthe regress1on.

It was expected that aSSessors wou]d 1nc1ude park' in the 1and "
O

valuations. Resu]ts 1nd1cate, however, that nearby park area’ tends to
1nf]uence the building asseSSed value and not the-land assessment as

this var1ab1e entered the bu1]d1ng, but not the land assessment equation,

a

-The location var1ab1e area Lendrum' was expected to affect. pr1mar11y

the 1and—assessment, eyen_though the Assessment Manua] (1967), states

o] ok

" that "building assessment.. wi]] re]ate un1form1y to market value in

62

terms of location...". This is a s1gn1f1cant «difference from the

situation faced by Berry and'Bednarz in Chicago where:

.identical physical properties [improvements] in -
51gn1f1cant1y different neighbourhoods should still
‘have identical [building} assessments...If the
assessor's method. is carried.out correct]y, neigh-

-“bourhood characteristics, ratial or ethnjc varijables,
and environmental externalitijes should have no

§£>



3

effect on the assessment figures for improvements. ..
land is supposed to be assessed on the basis of

- market value, and it is land ‘that expresses the
benefits and disbengfits of environment and location
to urban property.® ’

- Although the R2 for theAequation for building assessment was quite.
h%gh'(O.S]),xthere may sti]j be significant variables which could be
included in any\further work, fof exémp]e 'house tyhe', baéed onithé

| Assessment Manual (1967) classifications, 'Window area', 'heating cost!
and, 'insulation R-value'. D

| | | ;)

Total AssLssment With Assessment Variables

Nine variables were found significant usirg total assessment as the

dependent variable in a regression with the assessment variables., They

&

-were 'floor area‘, "traffic’, 'éreaxLendrum', 'extra§', 'age‘, "gi’age',
.'Curb appeal', 'park'. and 'rooms' suggesting thg#}%hese vartables are'
beiné used by the'asseésor for arrfving'at the‘fbtai assessment.

The appearance bf most.of the variab1es in fhe total assessment
éQuation could be predictéd baﬁednon théir significance in tﬁe land and

2 72

building assesSment‘eqﬁﬁtions. R® was 0.78 (R =0.76) and the equation

. __.-as a whole was significant beyond the one percent level,%?
TR . : AR
Total assessment tended to increase with 'floor area', ‘'extras',,

'garage', 'curb appeal', and-;park'.' It tended to decrease with 'traffic',
.'area'Lgndrum', ‘age', and 'number ofrooms'. The signs of the
~coefficients were as expected from the land and building assessment
_equations with ‘the negative coefficient for 'rooms' being analogous to
the'negativé coefficient for 'bedrooms'.>3’ Since 'floor area', a major

building assessment variable, also-acts as a surrogate for lot area, an

(SN
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, \ ’
important land assessment variabley it is not possible to comment on the

relative significance of lot ~and floor area in the total assessment

;,equation.

Sale Price Estimates Using Land, Building and Total Assessment

Suppose that the assessment procedure was accurate ekbugh to achieve
a-land assessment for each property exactly equal to 65 percent.of the
market value for land in 1970, and a building assessment of exact]y 45
percent of the market value for the bui]ding'in 1963. Suppose.further
that the‘1andkya1ue increased from 1970 to'1974,by a factor B, and the
building -value similarly increased from 1963;to 1974 by a factor B,

Then the market va]ue in 1974 “denoted by MV74 should be g1ven by the
fo1low1ng relationship: ' . :

MV B (LAND/0.65) +'B, (BLDG/0.45)

74

wh1ch under th&\assumpt1ons made should ho]d exact]y
Us1ng sale price as:a proxy for market. va]ue, it shou]d be p0551b1e :

'to approx1mate the above re]at1onsh1p with the fol]ow1ng add1t1ve .

multiple 11near_regress1on model: |

o SPEyy +‘b] (LAND/O 65) b2 (BLDG/0.45) 7

where b] and- b2 should approx1mate B] and BZ’ respectively. The ‘

1ntercept, a], is 1nc]uded to perm1t the f]tted regress1on equat1on not

‘to‘go through the origin. | | ‘ |
If'sa1e price is aagood proxy for market vaiae‘and assessofs dd a ,

good job of assessing land and building at their respeCtive proportians

we would expect a] o be close to zero and b]’and b, to be good

approximations of B} and Bz,respectfvely.
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It is recogntzed'that there may be errors of‘measurement in land
and bu1Td1ng assessment that 1s, a v1oTat1on of one of the fundamenta]
assumptions underTy1ng the Ord1nary Least Squares mode] 65 This would
be expected to lead to some downward bias in the slope coeff1c1ent
estimates and as well. to a larger 1ntercept term.

The resuTts in Table 9 show that a] was not zero, but was not
part1cu1ar1y Targe e1ther The land coeff1c1ent was 2.33 wh1ch corresponds
to an average annual compound rate of growth of r= (2. 33) -1= 23 6 |
percent The bu11d1ng coeff1c1ent was T 68 correSpond1ng to an average
annual compound rate of growth of rp= (1. 68) - 1=4,83 percent. 4The
coefficients as well as the equat1on as a whoTe were s1gn1f1cant beyond
the one. percent Tevel. o

The estimate of 82 is perhaps be]1evab1e but the est1mate of B]
is certainly exaggerated This coqu be due to one factor not yet
f accounted-for If real estate vaTues 1ncrease graduaTTy dur1ng the
year, it 1s not suff1c1ent to refer to the market vaTue in 1974 A time U
within the year needs to be spec1f1ed as weTT -An- assumpt1on is made =
~that assessed vaTues reTate to the market‘vaTue as of January f1rst
Then month' is added as an 1ndependent variable in the equat1on 66 :'

'The mode] f1tted then becomes:

;o SPEaptb (LAND/0.65) + b2 (BLDG/0.45) + bM

The resuTt 1is g1ven in TabTe 9\. The coeff1c1ents as well as the
'equatlon as a whole were s1gn1f1cant beyond the one percent TeveT
_31 was not equaT to zero, but on the other hand it was not Targe

' b] being. T 7 1mp11es an average annuaT compound growth rate in the
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. market/vaTUe of Tand‘since 1970 of r =(T-7T)%-T=14 4 perCent bé being
1. 82 s1m1TarTy 1mp11es an average annual compound growth rate since 1963
ofry, (T 82) -1 5.6 percent. | ‘ I |
| The fact that month' was s1gn1f1cant indicates that '25Sessors are
not adJust1ng the1r assessments to January first. If house pr1ces:are g'"
going up by over $800 per month as the coeff1c1ent of month‘ 1nd1cates,
IR 1mportant that assessments be based on a part1cu1ar date during |
"the year | , | k
If other var1ab]es are fouﬁd s1gn1f1cant 1n an equat1on for saTe
price in which the market value of Tand and bu1Td1ngs, as determined by
. vthe assessor, is accounted for, th1s wou]d 1nd1cate that these var1ab1es
~are 1nsuff1c1ent]y accounted for in totaT assessment One woqu expect
‘part1cu1ar1y that 1mportant market var1ab1es thCh are not assessment
’:,ivar1ab1es would be s1gn1f1cant The th1rd equat1on 1n Tab1e<§ conf1rms =
‘.these expectat1ons Ten other var1abTes were found 51gn1f1cant at the

"5 percent TeveT and the‘equat1on as a whoTe was s1gn1f1cant beyond the

- one percent ]eveT F1ve of these are market var1abTes not con51dered by

B :rate and ‘broker w )

‘b}vthe aSSESSOP (! month "f1rst mortgage'” 'broker R' second mortgage o
67 The fact that f1ve market var1ab1es not
'consldered by the assessor entered the equatwon accentuates the f,f;
f-vdlfferences 1n the market's and assessor S vaTuat1ons The rema1n1ng
-Tf1ve var1ab1es ( area‘Lendrum' undes1rab]e prox1m1ty " 'f]oor area s a-:
‘,garage , ‘and trees ) perhaps tend to be evaTuated d1fferentTy by ;}gf'f‘
assessors and the market It may be concTuded that assessors are ustng

t these var1ab1es 1ncorrect1y in thetr est1mates of market vaTue 68
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Sale PriceIWﬁthAAssessment Variables and‘Total Assessment »

Sale Price Was»regreSSed against'total assessment and the assesS- '

R ment variables to determine how we11 these var1ab1es refTect the market

-~ value of a property Six var1ab1es were found s1gan1cant 1n thws ;

.equat1on for sa]e pr1ce name]y,“tota] assessment' age , 'f1oor area s
number of bedrooms ,» 'lot qua11ty , and 'undes1rab1e prox1m1ty Sa]e -

price thus tended to 1ncrease w1th tota1 assessment' | age' 'f]oor
area' and '1ot qua]1ty R and decrease w1th number of bedrooms and

| undes1rab1e prox1m1ty | | | _‘

| The re]at1ve1y 1ow R ( 0 60 --0 58) 1in c0mparison to'the.prerious

- sale pr1ce equat1on w1th market variables (R O 79, §2=d 77)’1s7due\to“

”pthe exc]us1on of market re]ated factors such as month of sa]e 1Tst1ng

broker, and f1nanc1a1 var1ab1es (See Tab]es 8a and 8b) The equat1on as

_ a who]e was, - none the 1ess, ngnlflcant beyOnd the: one percent 1eve1

"n ‘Total Assessment' Was the f1rst var1ab1e to enter the equat1on, |

’sf1nd1cat1ng that 1t 1s the best s1ng1e explanatory factor for the sa]e -

;prlce of a house better even than f]oor area. Th1s 1s an 1nd1cat10n

| }that assessors are reasonab]y effect1ve 1n determ1n1ng market va]ue..”.ff_ K

ff_Prev1ous resu]ts 1nd1cate that th1s is due ma1n1y to success 1n

"~est1mat1ng bu1]d1ng market va]ue The fact tnat other assessment

f’.factors appear in the equat1on 1nd1cates some we&kness 1n the assessment i

procedure b 'h:' \ »“vfh-- 5 ‘t'ffz' N ) |
'Age' had a pos1t1ve coeff1c1ent and aPPeé;s to have entered the
: equat1on in order to compensate for under1nc1us1on of the varlable

',‘ 'tota] assessment"‘ Th1s be11ef is conflrmed by

4
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A
= the h1gh negat1ve correlation of 'age w1th total assessment
(- 0 456), and the ]arge 1ncrease in the coeff1c1ent for
'total assessmentl when’ age enters the equat1on, '
‘ -.the fact that ' age does not enter the equat1on when 'tota]
’::assessment' 1s exc]uded from the regress1on | |
- the 1ow corre]at1on of ! age w1th sale pr1ce (-0.092), and
fe_the low to]erance va]ue of 'age re]at1ve to other var1ab1es
‘Wdth th1s ev1dence it cannot be conc]uded that older houses (and ]ots)
'tend to have h1gher sa]e pr1ces These resu]ts‘suggest that the- assess-?‘ |
_ment method does not adequate]y account for the deprec1at1on (or |
' apprec1atlon) of houses . “ | A | | ‘dh T
The coeff1c1ents for undes1rab1e prox1m1ty ,; number of bedrooms ,
, gand '1ot qua11ty ‘were' ‘as expected from the prev1ous ana]ys1s 37 |
- "Month of sa]e ', was . not perm1tted 1n th1s regress1on as. 1t 1s not -

d,an assessment var1ab1e Th1s var1ab1e exp]a1ned over 15 percent of the

"J(var1ance 1n sa]e pr1ce 1n the prev1ous regress1on for sa]e pr1ce 1n the o

7»fhfL1st Pr1ce Ana]ys1s (Chapter VI) us1ng market var1ab]es known at the o o

B fg_tlme of 11st1ng, One solut1on wou]d be to make an adJustment for date

- ?lof sa]e Th1s apProach was aPParently not used by assessment off1c1als. 5,st*

*?'Assessment 1s not ca]cu1ated to ref1ect pr1ces at a certaln date dur1ng _L
the year S1m11ar]y, ex1st1ng f1nanc1ng 1s not cons1dered by assessors

,.even though found to be s1gn1f1cant in Tab]e 4b and genera]ly bﬁhf'

7;to s1gn1f1cant]y affect property va]ue 1n the real estate 1ndustry,

part1cu]ar1y in per1ods when mortgage rates are h]gh These resu]ts

,1nd1cate that the assessor s est1mate of the sa]e pr1ce cou]d be - 1mproved_.' o

h»1f these market var1ab1es were cons1dered



','SaTe Price With Assessment VariabTeS'

When. 'tota] assessment"Was echuded from the regress1on, sale
ipr1ce was found to 1ncrease w1th f]oor area garage B extras >
' curb appea]' and ‘ot quaT1ty . and to decrease w1th number of
bedrooms ' and traff1c These - resuTts were con31stent with those ?
“ _d1scussed prevwousTy and w1th what woqu be expected (RZ—O 55) The. |
equation as a whoTe was s1gn1f1cant beyond the one percent TeveT 70

In the prev1ous sect1on, 'total assessment' was the f1rst var1ab1e

“to enter the sale pr1ce equat1on g1v1ng an R2 change of O 43 In th1s B

- sect1on w1th totaT assessment' exc]uded v'fToor area was the f1rst

"Tjd1fference 1n the R

»var1ab1e to enter the sale: pr1ce equat1on g1v1ng an R2 change of O 39
,‘These resu]ts conf1rm that tota] assessment is. the best s1ngTe expTan-
' atory factor for sa]e pr1ce better even than f]oor area The small
2 ]

‘f.1s based heavi]y on fToor area (and aTso on Tot area s1nce floor and o

]ot area are usuaTTy h1gh1y corre]ated) The resuTts are another

vaTues, however, 15 an 1nd1cat1on that assessment J '51f'

"1nd1cat1on that assessors overaTT are do1ng a reasonab]e JOb 1n assess1ng'”

' '{’fproperty va]ue ’-"ff;ftfbﬁ'*letb:;,ft " }‘;5:".:~?V-f ffl;:-*ff ~f_#

"'i”bnRat1o of TotaT Assessment to Sa]e Pr1ce w1th Assessment VarlabTes i

The regress1on of saTe pr1ce and tota] assessment w1th assessment

‘_}.ffvarlables was done as a pre]ude to the regress1on of the tota]

' viassessment sa]e Pr1ce rat1o w1th the assessment varlables. 4If°hf

-1fassessment vaTuat1on kept pace w1th market pr1ce movements one wou]d

'expect roughTy 51m11ar stat1st1ca1 reTat1onsh1ps 1n the mode]s that were

’formu]ated to exp]aln var1at1ons in sa]e pr1ce and 1n totaT assessment SR

T -
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"ef'singie-fam11y hOmes Hence one wou]d expect the 1ndependent ,

fvar1ab]es to have very 11tt]e explanatory power in the mode] of the

" assessment-sa]e pr1ce rat1o “that is, ‘the same factors, if used in the

,same way by assessors and the market wou]d 1nf1uence both the numerator
_and denom1nator and tend to cance] - The same 1og1c requires that

".,var1ab]es wh1ch do appear in e1ther the total assessment or sale pr1ce

f. equat1on but not both shou]d tend to appear in the ratio equat1on

The resu]ts conf1rmed these expectat1ons Many var1ab1es

) s1gn1f1cant in the tota] assessment and sale price equat1ons d1d not

v appear 1n the rat1o equat1on and many variables s1gn1f1cant vin e1ther

’-,the tota] assessment or sa]e prwce equat1on but not both- d1d appear in

"the rat1o equat1on R? equa]led O 30 (R =0.26) for the rat1o equat1on

h2

'm.wh1ch was 1ower than R for both the sale pr1ce and tota] assessment'”‘

J equat1ons The equat1on as a whole was, however, s1gn1f1cant beyond
_ithe one. percent 1eve] 71 ' | | >'? |

The var1ab1es wh1ch entered the rat1o equat1on were - age , 'f]oor

‘"*‘area . 'bedrooms ,} unde51rab1e prox1m1ty B area Lendrum and ' roons'

o :;-' suggest1ng that these var1ab]es exp]a1n the d1fference between the

‘,5fassessors va]uat1on (tota] assessment) and the market s valuat1on (sa1e l'til

:‘ffpr1ce) On]y"bedrooms and unde51rab1e prox1m1ty had pos1t1ve

| "7fQ@oeff1c1ents

Var1ab1es not in- the rat1o equat1on were area Duggan‘ j s1de dr1ve ,;'sz

7'front dr1ve attached garage" curb appeal' 'trees' park" 's1d1ng o S

| B 'bay w1ndow , ‘1ane R ,corner 1ot" garage 3 '1ot qua11ty = 'extras"'; -

'fu.'baths ;_'trafflc and 'open roof beam construC‘ﬂOn | Th1s 1mp11es that
'et::M'.j'}Qgéeltf-f ‘.



these factors ‘were e1ther vaTued equaTTy by both the assessor and the
market or that they were un1mportant
From 1nspect1on of Table 8a the appearance of ’bedrooms in the

equat1on makes sense as 1t appeared 1n the sale price equat1on but not

~

: in the ‘total assessment equat1on The appearance of 'age" rooms and

‘area Lendrum makes sense because they appeared in the: totaT assessment ’

| equat1on but not in the sa]e pr1ce equat1on The appearance of

undes1rab]e prox1m1ty' in the rat1o equat1on even though 1t appeared
Lln ne1ther the sale pr1ce nor assessment equat1ons, 1mp11es that 1t is
hnot a. major factor in the saTe pr1ce or assessment modeTs but it does o
tbecome 1mportant in expTa1n1ng the d1fference between the saTe pr1ce

and the total assessed vaTue L

The appearance of fToor area in the ratﬁo equation even'though L

"1t appeared 1n both the totaT assessment and sale pr1ce equat1ons 1mp11es =

-that fToor area is. vaTued d1fferent1y by assessors and the market

It is somewhat surpr1s1ng that rooms entered the rat1o equat1on ’

' wh1ch aTready 1nc1uded fToor area and 'bedrooms' as 'rooms' 1s h1gh1y

correTated w1th both these var1ab1es. 'Rooms and 'bedrooms d1d not o

3 enter the 'totaT assessment' or saTe pr1ce equat1ons together. 'Rooms’=

35_fls aTso the Teast s1gn1f1cant var1ab1e 1n the rat1o equat1on S1nce

i'f”i.:th1s var1abTe 1s not ent1re1y c]ear

| rooms and bedrooms may represent the same effect, 1nterpretat10n of e
1 o
37 s e L

'3ﬂd1nd1cates that assessors tended to’ underest1mate the vaTue of house s1ze fr}fiﬁ

44 72

s and Tocat1on 1n Lendrum reTatlve to the market Assessors aTso

. ,pu;.70?2
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tended to deprec1ate a house more rap1d1y than the market as age has

Ca negat1ve coeff1c1ent Th1s is 11ke1y'due to assessors deprec1at1ng
~ houses at a t1me when house values were r1s1ng This appreciation‘in'

'house values was 1nd1cated by the pos1t1ve coeff1c1ent for month' i

the sale: prlce equat1on in the List Pr1ce Analys1s (Chapter VI)

¢Expressed d1fferent1y, Targer “or o]der houses or those ‘Tocated 1n

Lendrum tended to be- underassessed re]atlve to the target percentage of

market va]ue Converse]y, propert1es w1th more bedrooms or adJacent to

“hlgh dens1ty hous1ng, condom1n1ums, renta] housing, freeways, schools
or churches appeared overassessed re]atTve to their market va]ue as

h"1nd1cated by the positive coeff1c1ents for 'bedrooms‘ and 'undes1rab1e

prox1m1ty' 37 g

o
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-»Chapter VIII ,SUMMARYYAND CONCLUSIONS

In this study, mu1t1p1e regress1on techn1ques w1th mu1t1p]1cat1ve
y mode]s and market var1ab1es were used to ana]yze est1mates of s1ng1e
’fam11y res1dence property values made by adsefsors;'rea1‘estate agents -
and the’ market,- Certa1n,pr0pert1es_of mu1t1p11catiye“mode]s faciittated'
the‘ana]ysis- | L | | R - B
The techn1ques were 51m11ar to those emp]oyed by - Berry and Bednarz
‘f-(]975) in a rea1 estate app11cat1on w1th the mod1f1cat1on that on]y
- significant var1ab1es were 1nc]uded 1n any equat1on that is, entry of
: yvar1ab1es was not forced Th1s made 1t poss1b1e to 1nterpret the irva-
;coeff1c1ents of a]l var1ab]es. Further on]y 1and assessment var1ab1es
fwere used to ana]yze 1and assessment bu11d1ng assessment var1ab1es
' *hfwere used to study bu11d1ng assessment- et cetera, ,obv1at1ng,the'needv

~

ﬁto 1nterpret a number of var1ab1es as surrogates. Theimethod was aTso

' 1‘app11ed to 11st prlce ana]ys1s, someth1ng not done by Berry and'Bednarz

.

The data was from Janssen (1977) w1th the add1t10n of severa] new r°7"7

. var1ab]es A number of these new var1ab1es were found s1gn1f1cant

5l 'trafflc' ‘ corner lot' 'trees , 'unde51rab1e prox1m1ty > park~area',”

i

M'°'fn open roof beam construct1on and 'curb appeal‘ These var1ab1es were.

~.5,V not 1nc1uded ina number of the prev1ous stud1es rev1ewed

L

It was found that a number of var1ab1es tended to be va]ued h1gher

»~

,.by llst1ng brokers than the market, 1nc1ud1ng the appearance of the IRt

rr“(%

!e”:ifhouse & CUrb appeal'); extras such as. a developed basement or f1rep]acerifjf :




”fifr';some weakness 1n the assessment procedure Further the R

upward trend 1n pr1ces A11 other items:tended,tO'be valued equally by
brokers and the market | ‘

- The 1mportance of select1ng the r1ght 11st1ng broker to get the

“ghere Broker R tended to 11st at s1x percent above the average 11st

'1; pr1ce for comparab]e propert1es wh11e broker w tended to Tist at more

by broker R genera]]y so]d seven percent h1gher and houses that were

1tsted ]ower by. broker W genera]]y so]d a]most s1x percent ]ower than

Y

-
P~

'Tcomparable houses S i, . S R "'; oL ;ggsi

R
‘,'*’:.‘
e

Compared to sa]e pr1ces, 1arger or o]der propert1es or those

,/*«\

| 'max1mum sa]e price for a property, found by Janssen (1977), was conf1rmed ;j"

»_than four percent lower than average Houses that were Twsted hlgher .'_._}

1ocated in Lendrum tended to'be underassessed Converse]y, propert1es S

14

‘lw1th more bedrooms or those adJacent to hlgh density houswng, condom1n-*,
‘,fiums rental hous1ng, freeways, schoo]s or. chuﬁthes appeared overassessed
2 trelat1ve to the1r market va]ue e {~j f.be;ffiu7f

Tota] assessment was found to be the best s1ng]e exp]anatory factor Iy

¢

%h

- an 1nd1cat1on that assessors are reasonab]y effect1ve 1n determ1n1ng

wmarket va]ue The fact that other assessment vartgples entered the 1;7”“"

e wa

‘ "fff;for the sa]e pr1ce of a property, better even than f1oor area : Th1s was}yf(gj

ﬁjequat1on for sale Pr1c2,along w1th tota] assessment however, 1nd1cated }t’ﬂ;i
for the sa]e*%iffi
"jaiy:pr1ce equat1on us1ng assessment var1ab1es was 1ow compared to the R fortij;;s
: ha?fthe sale prlce eQuat1on us1ng add1t10na1 market related factors such as’ i:t:hh

'*3;?'11st1ng broker and f1nanc1ng var1ab1es,3 Hence the assessor s est1matefﬁf?.”

77,'of sa]e pr1ce tended to be more uncerta1n than 1f these market var1ab1es %ffff



L

had been'inc]uded ‘None- the- 1ess, it'was found that Jand and building
assessment can be used to prov1de a reasonab]e est1mate of the sale. )
'pr1ce, provided the month of sa]e is included as a variable in the ,
regress1on equat1on o ; V_ | o
Cons1derab1e random 1nf1uence was found on land assessment compared
to bu1]d1ng assessment The errors in est1mat1ng bu1]d1ng'and tota]
assessment. tended to be 1ower wh1ch 1mp11ed that errors 1n 1and and
building assessment tended to be compensat1ng when added to arrive at
the total assessment The success 1n est1mat1ng total assessment thus
lappeared to be due ma1n1y to obta1n\ng reasonab]e accuracy in est1mat1ng
1 bu11d1ng assessment These results indicate that inclusion of more 1and T
.assessment yar1ab1es, such as 'lot frontage', 'lot depth' average ’
- income 1eve1 of ne1ghbourhood' 'age of neighbourhood', ne1ohb9urhood
vacancy rates',.a dummy var1ab1e-for.properties'1ocated on the west or

-~

. south sides of the street and ‘dummy_variables for individual assessor,\"
ef;ects may be re]at1ve1y 1mportant 1n any further assessment ana]ys1s.
If the 1nc1us1on of these variables resu]ts in a better land assessment

‘vequat1on, 1mprovement in the 11st and- sale prtce equations should also "

: be poss1b1e s1nce assessment’ varlables are cons1dered to be a subset of

list var1ab1es — | | |
| A def1n1t1on for the combined- effect of. var1ab1es in mu1t1p11cat1ve
.mode1s was proposed wh1ch makes 1t possible- to quant1fy major 1nteract1on
»effects, thereby more accurate]y determ1n1ng var1ab1e coeffitients, Use

. of, technlques based on this def1n1tion w1th mu1t1p11cat1ve models may

a1so fac111tate prediction-of maJor 1nteract1on effects in 11near mode]s

-

[:1‘
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There appeeﬁs to be scope for the use of ridge regression or other
techniques such as backward e]imination regkession, or regressjon using
all bossib]e subsets of‘variabJes; to contro].mu]tieollinearity and
obtain more sfgnificent results. Results in th1s study had to be,
qualified because of co]]1near1ty among major var1ab1es

Based on the 1mproved understand1ng of rea] estate processes
obtained in this study it is believed that mu]t1p1e regression with-
mu]t1p11cat1ve mode1s has the potential. to . become a practical tool for

-~ widespread use in rea] estate. As computer costs cont1nue to drop, the
‘use of such mode]s in real estate applications should become increasingly

attractive.
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FOOTNOTES
The_Appraisal Terminology and Handbook (1962).defines sale

price, market value and the difference between them as follows:

SALE PRICE - The price paid for a property; the
amount of money that must be .given or which may be
obtained at the market in exchange under the
immediate .conditions existing at a certain date.
The price paid. for a property regardless of
pressures, motives, or intelligence. To be
distinguished from market value.
MARKET VALUE
1. As defined by the courts, the. h1ghest price
-estimate in terms of money which a property
~will.bring if exposed for sale in the open
market allowing a reasonable time to find a
purchaser who-buys with knowledge of all the
uses to which it is adapted and for which it
is capable of being used. .
2. Frequently, it is referred to as the price at
which a willing seller would sell and willing ~
- buyer would buy, neither be1ng under abnormal .
pressure. '
3.. It is the price expectab]e if a reasonab]e time _
is allowed to find a purchaser and if both se]]&r
and prOSpect1ve buyer are fully informed.

The essential difference between sale price and
market value, as above defined, 1ies in the premises
of intelligence, knowledge, and willingness, all of
which are contemplated' in market value but not in
[sale price]. Stated differently, at any g1ven‘moment‘
of time market value connotes what a property is .
actually worth and [sale price] what it may be sold for,

Invth1s,study, sale pr1ce is defined as the price for which the
T property sold. Market valie is,régérded as the mean (or median) of the

potent1al sa]e pr1ce distribution.
.2

A
_For more information on mu1t1var1ate regression, see Draper and

Smith (1967), Johnston (1972), and Goldfeld and Quandt (1972).
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3 The Department of Municipal Affairs of the Government of

- Ontario has also conducted a number of assessment studies in recent

See, for example, the Ontario Report on Taxation (1967).

Vs

See Go]dberger (1968 464) for a transformation and discussion

years.
% Oldman and. Aaron (1965:47)
° smith (1971:277) |
© smith (1971:281).
7 Smith (1971:284)
8.
of . theory
Go]dberger (}968'472)
10 Y'Teekens‘(1972 Foreword)
n Teekens and Koertz (1972 793)
12

conta1n many references to the work of other authors

13

2

- See, for examp]e Goldfeld and Quandt (1972) and*(1976) which

Tr1pp1 (1974) compares the RS of mu]t1p11cat1ve and additive

-models w1th ]1m1ted success and w1thout d1scuss1on of some of the

under1y1ng theoret1ca1 d1ff1cu1t1es in compar1sons of th1s type

14 -

each coeff1c1ent and for each samp]e size, that 1s, for all 78 compar1- :

sons".

Church111 (1975 686) us1ng actual property data found that

_ r1dge estxmates were c]oser to the true va]ues, on the average for .

See also Sm1th (1976) which descr1bes some present 11m1tat1ons

with the method.

16

area',

1mproved att1c s

1.

o
Berry and Bednarz (]975'23)

The market var1ab1es used by Berry and Bednarz were 'f]oor

age of dwelling’, ot area',

'improved basement',

77

‘air cond1t1on1ng »

“'number of baths',

garag_e ’

'median famﬁ]y‘

e«



| v 0 e SRR
‘income', 'multiple family dwe]]ings‘, 'migration‘ 'Y Blacks "% Cubans/"
~ Mexicans' % Ir1sh' . 'Sulphur D1ox1de , part1cu1ates ) and ‘D1stance

to Centra] Bu51ness D1str1ct" ' ‘ 1 -;;“;y
17

- 18

Berry and Bednarz (]975’38)

. feooo
\['

See Go]dfe]d and Quandt (1972) for a deta11ed d1scuss1on

-]9' From Teekens (]972}22 and Append1x A) See also Goldfeld and

© Quandt (1972).

. 29 The price'e1asticity,-E,'is defined as:
" s ST . |
///, | = (dP/P)/(dX /%) A TR AR
o By O by T
B ~ where P = b X] X2 ‘X]ret.xk SaA B
therefore = - o L T
o bib, bl bk by bp By B
s (boX] x2 -b; x P dX /b, x X% ,.xii.,.xk:)ﬂhxi/xi)t;
CEb s PR

Hence the elasticity with respect to X, ‘is the exponent of X;» that'is
bi.. .
2]

| - See Interact1on Effects 1n Chapter IIT for a der1vat1on of
s ‘th1s resu]t - S ‘ |
o2 MLS is a serv1ce whereby a number of realty firms co- operate o
in the sa]e of a property A member f1rm may sel] 11sted propert1es and
Nist propertles to be: so]d by others ~The data were taken from the '
month]y MLS Sa]es Summar1es pub11shed by the Edmonton Rea] Estate Board
. 23 The three ne1ghbourhoods were Petro]1a/Roya1 Garden Duggan
| '%nd MaImo/Lendrum Bungalows are one- storey s1g$]e famﬂy dwengs |
w1th basements (in the present case) About seventy percent of the . i

houses in the areas stud1ed are bunga]ows _ n‘ b -":I

.



24 - Janssén (1977:66)
25 The mortgage variables refer to existing financing which may

change‘upon transfer of the property.

R ?6 ~ Regressions show the'der‘ived}VaY";ia.b]eS used_by'dan§$en? | 5
CF=RME M, “-; o B 5§
CFR'= (FMR(FM) + SMR(SM))/F, PRt SR
and A = SQF(A) ;;h'f :“{‘ ‘~_ ,_f‘”‘»ff"»'”f;"

R do not 1mprove the regress1on resu]ts as they: d1d in h1s study Th1s is e
‘most 11ke1y the result of h1gher corre]at1on of the der1ved var1ab1es
“w1th ‘the new var1ab]es f} | “ | ’ ‘
"‘\ 27" Some of the new var1ab1es may. have changed s1nce the or1g1na].fli}’

,Janssen (1977) study was done For examp]e, 1f there are large trees ,'f

: ‘on the property 1n 1978, 1t was assumed that they were there at the

~ interior var1ab1es. B

-sftlme the or1g1na] data were co]]ected 1n 1974 q’Ehmﬂar]y, 1f a house
ﬂ has a bay w1ndow, 1t was assumed that 1t was not added recent]y Hence
the p0551b111ty of errors from changes in the data is recogn1zed but 1sbuf”

_consxdered sma]l , - e
: 28 As the hones 1n the samp]e had been so]d before th1s study

'*was started, it was 1mpract1ca1 to 1nspect them 1ns1de in order to add

a -;-.'(' '

29 Certa1n var1ables used in. th1s study were not eas11y coded

: .These 1nc]ude curb appea], s1d1ng and undes1rab]e prox1m1ty. ; |
Class1f1cat1on of houses based‘on curb appea] shou]d be. poss1b1e

- ‘The subaect1ye nature of th1s var1ab1e, however may Teaye room for 1 ‘hbk
d1sagreement on the cod1ng for a partwcular property The cod1ng wh1ch :‘ | tﬁa -

iamong a few a]ternat1ve poss1b111t1es gave the hlghest R2 va]ue 1n

Al

B Xa



s1mp1e linear regress1ons w1th sa]e pr1ce was se]ected The coding
presented in Tab]e 2 reflects the best var1ab1e cTass1f1cat1on found for ‘-'
curb appeaT | |

S1m11ar 1ssues arose in cod1ng the var1ab1es s1d1ng and undes1rab1e _

prox1m1ty g were reso]ved 1n the same way. Regress1ons ‘With saTe pr1ce

at the market cons1ders aTum1num 51d1ng super1or to stucco

©* . O Wooe? Houses wh1ch had s1d1ng on han or- the - entire front waTT of

‘"‘-;1' ;geograph1c d1saggregat10n

the house were grouped together : The cod1ng for s1d1ng and undes1rab]e :
prox1m1ty 1n TabTe 2 was selected as, the best based on regress1on resuTts
| | Use of the Tocat1ona1 dummy var1ab1es (area Duggan and . area
‘.'hLendrum) 1s 1n keep1ng w1th the recommendat1on of Straszhe1m (1974)

"3] The average se111ng per1od 1s 34 days w1th a standard e
| "ﬁ dev1at1on of 20 days Hence the month of sale tends to foTTow that of
"a£§1st1ng by one month and 1s used as a surrogate ﬁor month of 11st1ng o
} ; o See Ratc11ff (]965) for a more deta1led def1n1t1on,and Co]we]
‘ (]979) for a number of stat1st1ca11y or1ented def1n1t1ons of market ’_
‘va1ue The mean med1an or mode of a potent1a1 sale pr1ce d1str1but1on
jlmay be- used as CoTweT 1nd1cates | As shown in. Go]dberger (1968) |
ftransformat1on from the med1an to the mean s p0551b1e when us1ng
.,mu1t1p11cat1ve modeTs for a g1ven set of cond1t10ns |
; ;3f The ana]ys1s Was performed us1ng the SPSS computer programs
© See e et af aws). Lo
| ‘Durb1n-watson tests found'nO'autoeorrelatiqn_inithe'errorlﬁ

'tmms,’



B

f35,- As there are twere var1ab1es or less in each regress1on a

reduct1on 1n the number of var1ab1es was: not cons1dered 1mportant “Some
assessment systems (such as 1n Ca]1forn1a) have 1nc1uded over one hundred-

| var1ab1es many of them 1ns1gn1f1cant See Ratc11ff (1968,79) for

“r. -
_* : . k>..

'deta11$
o136

\ .
) -

F-39 3 for the equat1on compared to a. tab]e va1ue at the one
_ L

percent Ieve] of 2 38 for 12 and 103 degrees of freedom
';37 o

'*j'bedrooms and rooms' 1s negat1ve when contro]l1ng for"$100r area
o For houses w1th comparable f]oor areas more bedrooms or more rooms means i

'r,smaIIer room s1zes wh1ch 11st1ng brokers (and the market) tend to v1ew o
: »

:ﬁfnegat1ve]y
’ 38

;

CF= 36 3 for the equat1on compared to a tab]e value at the one

;. ,percent Ieve] of 2 44 for II and 104 degrees of freedom
SRS 39

R Samp]e ca]cu]atlons are g1ven 1n the Append1x
._.v40v

S1m11ar d1fferences between brokers had been found prev1ous1y
v.;;fus1ng factor ana]ys1s.- See Janssen and Jobson (1978) (1980) ,
i 41 The fact that the var1ab1e for broker R 15 s1gn1f1cant 1s |
-_ev1dence that the cho1ce of 11st1ng broker can 1ncrease the saIe pr1ce
,of a: property by. a percentage amount and not Just by a f1xed amount as ;"

]

- *found w1th Janssen (1977) s add1t1ve mode]

’f°43‘

Janssen and Jobson (1978 15 16)
- : F 5. 6 for the equat1on compared to a tab]e yalue at the one
percent Ievel of 3. 20 for 5 and- 110 degrees of freedom |

44 See the d1scuss1on 1n Chapter III and Interpretat10n of‘the

ngns of Coeff1c1ents 1n Rat1o Equat1ons 1n the Append1x for a proof

e". o



5 Alberta Regulation 353/73 (1973:982).
6% Further ana]ys1s cou]d be done- by 1nc]ud1ng a]] 11st var1ab1es
in the sale pr1ce ana]ys1s Th]S wou]d 1nd1cate d1fferences 1n the - .

- jmarket s and?assessors property va]uat1ons This was not attempted

A A]berta Regu]atlon 250/73 (1973 787- 788)
’ =48 Assessment Manua] (1967'Sec 1 p.4).
d49» Regress1on var1ab]e se]ect1on however could not cope w1th '

spur1ous correlat1ons w1th the dependent var1ab]e Therefore the

3 blvar1ab1es chatte]s and 'bay w1ndow wh1ch appeared 1n pre11m1nary

+

A']and assessment' regress1ons and cou]d not be ]og1ca]1y exp1a1ned were d~!'

4‘jidfexc1uded from the f1na1 regress1on

5501- F= 10 7 for the equat1on compared to a t§b]e va]ue at the one d_d””

:epipercent 1eve1 of 2. 99 for 6 and ]09 degrees of freedom | | SJT-‘-*f"°

s‘h-flslthhAssessment Manua] (1967 Sec 1 pf24);tf/ 3
‘f ”521',Assessment Manua] (]967 Sec 1 p.SZ){”f'f | ’;
e 53['*Assessment Manual (1967 Sec.1, p.51). |

"Th1s conc]us1on is re1nforced Q%;the bu11d1ng assessment
t

' ‘regress1on whlch fo]]ows Traff1c is . no s1gn1f1cant varlable in. the

- 'bu11d1ng assessment' equat1on | 1ﬁ71§;.*;[“ J:
| '»ssldaAssessment Manua] (1967 Sec 1 P. 32) g

'2§$.v5ee To]erance 1n the Append1x for a def1n1t1on

szos‘Assessment Manua] (1967 Sec 1 p 24)

- 58 a”'Average 1ncome 1eve] of ne1ghbourhood' 1s recommended as a

var1abﬂe because 1t 1nf1uences 1and va]ue accord1ng to the Assessment 1uﬂ,

LA

Manua] (1967) and a s1m11ar var1ab1e med1an fam11y 1ncome was

s1gn1f1cant 1n the Berry and Bednarz (1975) study of assessment pract1ce :

. Lo
v




g
75

o

in Chicago' 'Ne1ghbourhood vacancy rate' is recommended as a variable

wh1ch woqu ref]ect market demand for property in the ne1ghbourhood

re]at1ve to other ne1ghbourhoods and is 51m1lar to the variable | |
popuTat1on growth or decT1ne spggested by the Assessmenthanua],.
(1967Sec1 p24) _“ |
59 F 57 9 for the equat1on compared to-a table vaTue at the one
percent Teve] of 2. 69 for 8 and 107 degrees of freedom |
601_ Assessment Manua] (1967 Sec. 4 p. 48) ol |
TAZG] The Assessment Manua] (1967 Sec 1 P, 8) 1nd1cates 'baths may
be cons1dered a‘"trended cost"' that 1s, the1r vaTue 1s corre]ated w1th B
fToor area The correTat1on of baths w1th fToor area' (0.59) conj1rns»
th1s fg“j;a,ys{ff~:ﬁ*;; I--;-jf,aaff ! : : J R
Assessment Manua] (1967 Sec ] p 4) | o
| Berry and- Bednarz (1975 25 26) 'fp_ir;;'fii‘;fiv | }Lif!*f7
"°-,64 F—4T 5 for the equat1on compared to a tab]e vaTue at the one.‘-”f

percent Teve] of 2 60 for 9 and 106 degrees of freedOm

Sy R*_j65 For a d1scuss1on of the errors of measurement prob]em see j_}-]ﬂf"‘
o Johnston (1972 281 291) ff}fs;;;f;“iﬂ;“;-:%”.e;y ,?v;‘yaAQAi{a}e:itsi;i,..
| An aTternat1ve woqu have been to deflate saTe pr1ces €§ a

L

month]y 1ncrease found from a: 51mp1e 11near regress1on of saTe pr1ce f‘”

: w1th month' . The approach se]ected however, was cons1dered more d1rect

67

Very s1m11ar resu]ts were obta;nedgyswh@aLANDT and BLDGT

1nstead of TOTT and are not report%@gher" | |
1‘f§§t The poss1b111ty ex1sts that there has been‘a sh1ft 1n the ft,

market s valuat1on of these var1ab1es




»F'.:1nc1uded in. the ana]y51s

69 n F 27. 5 for the equat1on compared to a tab]e value at the one.

. percent 1eve] of 2 99 for 6 and 109 degrees of freedom

-70 F= 21 3 for the equat1on compared to a table value at the one e :

o percent leve] of 2 82 for 7 and. 108 degrees of freedom
71

F 7 6 for the equat1on compared to a tab]e va1ue at the one
;fpercent ]eve] of 2 99 for 6 and ]09 degrees of freedom |
7z Interpretat1on of th1s resu]t is c]ouded however as. 'f]oor

?;.area poss1b]y a1so acts as a surrogate for 1ot area wh1ch was not d |

o >\
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o Hedon1c Pr1ce Funct1ons '?,:‘[v'fliﬁiix* \(ffrfa"'

r“\ g

ffffa,:' - The modet//used 1n th1s study may be recogn1zed by the economrst as .

:betng ofathe same form as- the Cobb Doug]as type or-the grav1tat1ona1
'\Ttrade f]ow equat1ons~ These equattons are nﬂ.k1p11cat1ve mode]s
Zdeveloped us1ng regress1on methods Just1ficat1on for us1ng th1s type ;
v;\d;::‘}of mode] in the app]1cat1on 1n th1s paper can be partly Based on the
- hedon1c pr1ce method or character1st1cs of goods appr ch to consumer

ftheory ThlS approach assumes that a good can be d1saggre§a\ed 1nto a

bund]e of separately 1dent1f1ab1e features whose‘contr1butlon to. the : ;\\f ;pi"f

‘}value of the good caq be measured That 1s each ‘'good is va1ued for 1ts L U

. \ .
""ut1}1ty wh1ch is derlved from the ut111ty of each of its character1st1cs.

.‘Hedon1c pr1ces are the 1/p}7/1t pr1ces for each character1st1csfﬁ attr1- A
';bute or qua11ty of an- econom1c good"wh1ch a: consumer may buy
| Sat1sfact1on of wants 1s accomp11shed as members of househo]ds search
| for and purchase comb1nat1ons ‘of market commod1t1es y1e1d1ng the m1x of '»
"-des1red charactertstics wh1ch g1ve.the h1ghest ut111ty Constra1nts ‘.”
| ,‘such as that of a budget or;the ava11ab111ty of the goods des1red may be
| ~.assumed | | a J ' ' " L | )
t'vjﬂ_‘fv It can be shown that a hedon1c pr1ce funct1on or 1ndex can bek,““i
’*f( . :related to supp1y and demand funct1ons g1ven certa1n assumpt1ons onvthe :.
‘_1behav1our of producers consumers and the market. Hedontc price ‘.4 “
?funct1ons are thus regre551on equat1ons of the genera1 c]ass
’ N . e

SP = SP (X], k’ e)

‘, where SP is the sa1e pr1ce i




I b0 then.auupyax = ab, Xy 1l

‘3c¥3 1nd1cates that the rat1o of A to P 1ncreases as- the var1ab1e X ;. 71:

«

X > 1'*-1 2 k are the character1st1cs

e 1s a randOm error term

L

e i SRR 5 SR R SR

\In th1s study, pr1ces gr assessments wh1ch are re]ated to pr1ce)
o are used as the dependent var1ab1es 1n the regress1ons ' The 1ndependent :w,trlfyté
var1ab1es are property character1st1cs 1nc1ud1ng phys1ca] features such |

(as floor area number of rooms extras and ‘age; nelghbourhood chara—

'rf cter1st1cs such as area of the c1ty, street ﬂraff1c and nearby park 'cre\77'=

_‘,f'area rea]tor effects t1m1ng effects and f1nanc1ng
. : ' e ,
’ﬂt‘Interpretat1on of the S1gns of Coeff1c1ents in Rat1o Equat1ons

G1ven a rat1o equat1on of the form . . ‘ . E
A/P ax] X % X 1 . kk u . » ‘ ’ ‘ Q . ., "_. 5 : ) ‘
. Where X >0. 1 = -I 2 k :.: L 3 o -0 4. .nv
»Rand'e 1s the error term '-,Y'flf{‘v '-bl;,y"en e ;_'lf':'f s
Taking the part1al der1vat1ves w1th respect to X ;T -
o : '. ) .\. .ﬁ - . « -1.>*“ B , .
‘ Where = 1 2 k 3#1 B f'j : p /1

If b = 0 then Q(A/P)AQX =0 and the slope of the regre551on equat1on

o }
with respect to X 1s zero ’

3Tk
ﬂiand the slope 1s pos1t1ve 1f a 1s pos1t1ve ' o
L bs: by . lb 11
1f b < o then 9(A/P)/8X = (ab xJJ xk )/xi.

!and the s]ope 1s negat1ve if a is pbs1t1ve

A pos1t1ve s1gn of~a coeff1c1ent b s 1n the A P rat1o equat1on -




B jX. 1ncreases and a zero coeff1c1ent 1nd1
w ‘effect A poswt1ve coeff1c1ent for cur,

7”?';1‘T1st pr1ce- sa]e pr1ce rat1o equatuon wou]d 1nd1cate that 11st1ng

:5'”;on sa]e pr1ce can be ca]culated

. fsa]e pr1ce 1s $c Thus when a house 15 on a corner ]ot the sa]e pr1ce '

:'1a'1s reduced by approx1mate1y 5% The same approach may be used for other

. 1ncreases ln other words A tends to "run ahead" of P as X 1ncreases PR
AN L ¢ . o . . .
,‘1A negat1ve coeff1c1ent 1nd1cates the oppos1te that 1s, P outpaces A as

"’té hat the var1ab1e has no ;.;;»5

1 .

'PPeal', for examp]e, 1n the

N p;brokers tend to overest1mate the effect of curb appea]', re]at1ve to 'gljf

”‘.the marEet r”ft'~:ff[ygfﬂff“

‘hf“ aEffect of {nd1v1dua1 Varlgpl__pwi, | S o
e The follOW1ng 1s an examp1e show1ng h0w the effect of a var1ab1e.’h'

Let SP -4c( 0. 080) be the est1mated re]at1onsh1p where ¢ repreSents -
theveffect of other var1ab1es he]d constant‘and M s the month Hence ;  fVAi--‘; g
the 1ncrease in sa]e pr1ce from January (month 1) to June (month 6) &

. (6O .08 10 08) O 15 ¢ or 15 percent For the average ($47 441)

f-propertsa this 1mphes and mcrease in sa]e price of §7, 300\ e

“The fo]]ow1ng is an examp]e sh0w1ng how the effect of a dummy };';ivi?::_f;:x;ié

’.1:nvar1ab1e on sa]e pr1ce can be ca]cu]ated B :‘_ | l'_ P o

| Let SP (G 948C0) be the est1mated re]at1onsh1p where c represents

V}fthe effect of other var1ab1es he]d constant and CO is. a dummy varlable

*,_3tfor corner lot' | When CO 1 the sa]e pr1ce 1s $ 948c When CO 0 the *f“_

3,

C

'fdummy var1ab]es such as curb appea]'{' Jde lane.,”and:!]1st1ng‘broker5."




, -ij“For a T 000 sq ft.
- For a 1,000 sq.. ft.

. For'a 1,500 sq. ft.
- ijorfa;T,SOOwsq.;ft,_

lf:;cOmb1ned Effect of Var1abTes R', .”“_3L 2 ‘:T"iff .f‘ﬁfl

‘73:; var1abTes can be caTcuTated 1f spec1aT terms for 1nteract1on effects are

o iT”not 1ncTuded 1n the equat1on

ff’of each var1abTe i. e (SQFO 5196 G+T)0 03642) where SP = c(SQFO_§196)‘
‘f(G+T)O 03642 1s the est1mated reTat1onsh1p, ,répresent.ﬂf;e'effect of

;[;bays in the garage¢yf_ifff~‘-f

‘ "Adding'a garage'to a T 000 sq ft house 1ncreases saTe pr1ce 3

‘Add1ng a garage toal, 500 5q:. 7t house 1ncreases H:j;fal_ﬂ'y'

| a1s greater than the sum of the 1ndﬁv1dua1 effects ($9 4Tc)

'°T.,fmthe same. garage to a smaTT house ($0 92C)

| *f‘”‘The comb1ned effect of trees

The foTTow1ng 1s an example show1ng how ‘the comb1ned effect of two

Th€ comb1ned effect of fToor area and

« .

4"'fgarage space can be measured by muTt1pTy1ng the magn1tudes of the effect

':fother var1ab]es he]d constant SQF 1s fToor area and G 1s the number of .

_house and no garage, saTe pr1ce equaTs 36 ZTc

“house and a one ‘car-garage, sale price equaTs 37 T3c
“house and no garage, sale pr1ce equaTs 44.70c. .
house and a one car garage saTe pr1ce equaTs 45 84c

- - v, . + - . . e R o
e - . . . . . Lo ! . - - J‘" S OO Doa A
. N . . T . R RE . Cale T
I . L A . . - PR ) . e B
. R . ) : o Y P S ) T N
N AR o o . - . P A “ . o
T . e B ' N N T - o v e . B .

LM Sl o D s o howse nereses s price 092
’_7Increas1ng fToor area from 1, 000 to T 500 sq ft 1ncreases i 7~T1'g\'”;,gffln -
“sale. pr1ce (44 70 5 36 21) s L o= . 8.49¢ -

"._ TotaT ?»79441c{:ff3,~*;‘ e

| 'c’Increas1ng fToor area from. 1, 000 to T 500 sq CftLc Lo UL B
‘ - 9.63¢ -

Rl

and add1ng a garage 1ncreases saTe prlce (45 84 - 36 21) |

o

saTe pr1ce (45 84 - 44 70)c

The comb1ned effect of add1ng a garage and 1ncreas1ng fToor area ($9.63c)::,v*'

Add1ng a L]‘

“'igarage to a Targe house 1ncreases saTe pr1ce moré ($T T4c) than add1ng

These results 1nd1cate that

' ;*',a garage has a greater effect on the saTe prtce the Targer the house, ,.fng:-"“’

ceter1s par1bus

. The comb1ned effeﬁk of dummy var1abTes 1s aTso easy to caTcuTate

and broker R' can be measured by




f-ftgmu1t1p1y1ng the magn1tudes of the effects of each var1ab1e, 1 e tiiiiffgff}&“ffh 1{;
",,"",((‘ 057TRE)(1 054L )- 1)100 n A where P s el 057TRE)(1 054LR) e

“.gctheaest1mated re]at1onsh1p, c represents the effect of other vd”1ab1es, T

ﬂf

5hehd constant and the dummy var1ab]es for 'trees' (TRE) and 'broker R'~a;:'

;th1m1n1sh1ng Marg1na] Returns and Marg1na1 Analys1s

”'E’fThe mu1t1p11cat1ve mode] 1s appropr1ate where percentage changes
1n5the exp1a1ned var1ab]e age re]ated to percentage changes 1n the } AR
';h; 1ndependent var1ahies by a constant factOr For examp1e a house w1th ‘e:ﬁff{?jii?
'smore f]oor area W111 norma]]y seTi for more;than a house w1th 1ess f]oor i
‘ ;;ahea a11 other th1ngs be1ng equal However the 1ncrease in sale‘pr§ce

7!13 ]esssw1th each equa] 1ncrease 1n f1oor area as 111ustrated be1ow

'fQ?l whprp RP the sa]e nr1ce 1n do]]ars

SQF the floor areass.sgs;};gj;ff"
‘ | _'” ( a]] other factors din, the equat1on he]d constant
ifFor a: 1 000 sh ft house th1s express1on equa]s $36 21c. o f.*‘n
‘For a 1,250 sq. ft. house. this expression eguals: $44,66¢c

. For a-1,500"sq. ft. house this expression equals $44.70c ':'- 1':*
~1?For al, 562 5 sq ft house th1s express1on equa]s $45 66c




v xtSa]e , o - . S Lo
§1ce : F]oor Area Y % Increase & 3 Increase ?:_,,,. e e

S f:{percentage changes 1n area by a constant factor:~

’~',‘ffireturns Be]ow 1s an examp]e,

g

Square Feet) “in Floor Area 1n Sale” Pr1ce
: T . s '-_“ '«)‘f“‘ *

= 25% ;:-»

R D sy
45.66c 1562 5 H‘;;,,‘,Hf;;

| - > :_V Tr | 12 3% (!40 55 36 2]) (?00))

’-740.66c :- 1250. 0 ::> 8.22¢

R 0. 66c
- b ‘ - ‘\ ’;ti T

f;Hence, 1n th1§ equat1on, percentage changes 1n sa]e pr1ce are re]ated to f“7

S1m11ar1y, equal abso]ute 1ncreases 1n f]oor area resu]t 1n pro-‘~-‘ﬁ“

: :ff{f gress1ve1y smaller 1ncreases 1n sa]e pr1ce due to d1m1nwsh1ng marg1na1

\

zft1on

RS

o g-‘5j53a1e ]»‘;‘*””':'-"‘ . Increase e :’ff'f e aﬁ*(ffw;fe;1?7l»”' o
”_;»i;*i'Pr1ce . “Floor Area - . in Floor Area’ © % Increase’ 3t.;%f" |
s i_quare Feet) (_guare Feet) o 1ni$a1e;PPiC9 '

s 2¢ 10000 N -*sw o | 0
L 5 'i*.f:§>”j"‘ e 12 3% ( ho 66 gs 21)c(100))

n ‘40 66¢. s ~1zso'~ﬁﬂ- SNt 6.21c |
ke w0 m o mdesibom,
~“44 70c 1500,,»,is="-‘*f e AO-e0c

Lett1ng e = 1000 (c can be determ1ned from bhe regress1on equat1on) ;'f,f';' L

‘ t"afor the der1vat1ve of sa]e pr1ce w1th tespgg% tO f]oor area

";qf(asp 519 5 SQF

‘»:f1ncreas1ng house size: from 1d00 to 1250 square feet 1ncreases the sa]e e
.:),pn¥ee at the rate of (59_g§_§§_§l)]000 = $17 80 per square foot tfe f};fV o
",,:S1m11ar1y, 1ncreas1ng house 51ze from 1250 to 1500 square feet 1ncreases'i“hf‘-

: ‘hthe sa]e pr1ce at the rate of $16 20 per square foot ";,;f‘*ueiqu <7ﬁlf,;f'rf

More accurate resu]ts can be obta1ned by 501V1ng the equat1on

'. n N

4804

QSQF) : hese resu]ts can a]so be ver1f1ed by

fg.plott1ng a curve of sa1e pr1ce versus f]oo, area assum1ng any arb1trary

. ;: d‘ L.

12 3% (l45 65 20 66 (100)):vi X

e
o

Y

751ng f1gures frpm the prev1ous 111ustra-25;1':fff;"

ﬁ w o




va]ue for c-as shown in. f1g 3 Note that any exponent greater than zero L

A

* and 1ess than one 1mp11es d1m1n1sh1ng marglnal returns .fjf./z

13,‘T01erance S 3vf 5 if*t-

The tdé%?ance of an 1ndependent var1ab1e be1ng conST”ered for
\t-z\ S s . .

:‘1nc1us1on 1n the regress1on equat1on 1s the port1on of he var1ance of ‘

5\ :

"ff:that var1ab1e not'exp1a1ned by the 1ndependent varia‘:es a]reagy in the

.;’h regress1on equat1on Tolerance has a range of 0

o 1nd1cates that the var1ab1e 1s a 11near comb1n
"f{;var1ab1es a]ready in the equatﬂon A to]er 'ce of 1 1nd1cates that the
| ‘1var1ab1e 1s uncorre]ated with the 1ndepe_dent var1ab1es a]ready 1n the* it7tf;
'”!-equat1on An 1ntermed1ate tolerance‘:fso 8 1nd1cates that 80 percent N
,:5 of the varwance of the var1ab1e 1s_unexp1a1ned by the ‘"depe”de"t :;;-

S var1ab1es a]ready in: the equat1_n

¢

A RS

?o;T, A tolerance of o?gf{f

“_1on of the 1ndependent kfj"'
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F1g 3 IHustratwn of D1m1n1sh1ng Margma] Returns
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