
This program partitions the lnternal Rate o{ Return and
the tquity lnvestment into their 7 components:
l. Return of original equity investment.
2. Growth of equity from dmortizdtion.
3. Crowth of equity from value appreciation.
4. Value of cash flows at 1st year level.
5. Crowth (decline) of cash flow stream.
6. Tax shelter of subiect's cash flow.
7. Tax shelter o[ external income.
For subject, the return is partitioned as follows:
Conrpo.rit tquity-t tquily-% IRR

of relurn to be applied to the components. (Perhaps you
feel we have now advanced from a backdoor approach
to a second-story window approach.) We may assign, as
shown here, most likely, high and low estimates of the
internal rate or, alternatively we may assign a standard
deviation to the return for each component.

A rough rule of thumb suggests 20 iterations per vari-
able. With 140 simulations, then, we oblain a distribu-
tion with a mean of 13.6 percent. The extreme range,
given the parameters assigned by the analyst, is from a
low of 1 2.6 percent to a high of '14.8 percent with a
standard deviation of 0.37 percent.

Exhibit 8-Slochastic Component Discountint-"As
Much As"
ln Exhibit 8 we see the output of an alternative approach
to applying Monte Carlo simulation to the selection of a
weighted partitioned rate of return.

ln this version, we assign probabilities for the possible
rates of relurn in the categories of l. .9, .5, .1, and 0. ln
other words, we say (Line 62050) it is absolutely certain
(probability 1.0) that, for Component l, Return of Origi-
nal Equity, we will accept a return as much as 14 per-
cent and price the component on that basis; we say
there is a 90 percent probability we will accept a 13
percent return and price the component accordingly,
and so on, until we say there is no likelihood (probability
0.0) we would accept '10 percent.

lf we feel more confident with this type of probability

EXH|E|T 7

Stochastic Component Discountin

The lmpact Of A Shopping Center On
Value Of Surrounding Properties

The

l. Return Orig eq
2. Eqty Brwth frm amon
l. Eq grwth (decl) frm appr
4. C5h tlw @ lsl yr lvl
5. Crwth (de(l) of csh flw
6. Tax shltr of sub csh flw
7. fax shltr ol other inc

t 86,450
$ 26,516
t r,008
t 18,584
i r 2,169
$ t0,951
$ 90,6.,1

o.3220
0.0988
0.0r r2
0.0692
0.0461
0.1t53
0.]]76

0.0t86
0.0r r9
0.oor l
0.008.)
0.0055
0.0118
0.0405

by Peter F. Colwell, Surinder S. Cuiral and Christopher Coley

ln the last two decades, a great deal of research has been
conducted on residential property values. Apart from the
physical characteristics ofproperty and the financial con-
ditions of the sale, location factors have been found to be
among the primary determinants of property values.re
These locational determinants include proximity to high-
ways, mass transit, parks, nuclear power plants and utility
lines. This study examines the influence of another loca-
tional factor, a neighborhood shopping center. on prop-
erty values in the surrounding area. Neighborhood shop-
ping centers are becoming increasingly popular through-
out the United States. The impact of these centers is not
only a malter of concern to the owners of residential
properties, but also to the real estate community, finan-
cial inslitutions and local public officials.

The emergence of the cenlers suggests developers find
them to be profitable. While the centers do offer many
conveniences, the neighborhood residents generally
have been opposed to such commercial activity, fearing a
loss in their property's value resulting from the dis-
amenities of noise, traffic and crime. The growing pop-
ularity of the centers seems to b€ at odds with the tradi-
tional posture of neighborhood residents. One of lhe
many possible explanations is that increases in the cost of
transportation and the value of leisure time may have
muted the opposition from local residents.

The establishment of lhese centers, however, does not
result only from the market {orces of supply and de-
mand. The land use in urban areas is governed by zon-
ing ordinances, and approval from the zoning boards is

i

Itr

$268,5t I 1.0000 0.t 200

The weights assiSned to the return components may be considered
either as the probabality of receiving each component of the return,
or as a ratrng of the component as to its atlraclion for the most
probable inveilor. Ratings are on a scale oi 0 to I -

The final wei8hted IRR rs a n5k adlustei internal rate of return.
% of IRR/ Weithted

CornporErt tquily weitht IRR

l. Relurn oriB eq
2. tqty Srwth from amon
L tq Srwrh (decl) irm appddep
4. Csh flw @ lst yr lvl
5. Crwth (deci) of csh llw
6. Tax shltr of sub csh flw
7. Tax shltr ol olher inc

0.t220
0.0988
0.01 t 2

0.0692
0.046t
0.1r5l
0l]76

0000
u)00
0000
uloo
rx)oo
0000
ul00

l
l
l
l
l
l
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o.or86
0.01l9
0.001l
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0.0138
0.0fi)0 u
o 0795
0.t8ll Assit,led IRR for Cornpomnt

Most
% of lRnYEqty tilely Hith low

Rrsk'adlusled IRR

program. Suppose the investor w.rnts to know what in-
vestment is iuslified if he entirely eliminates one of the
relurn components from consideralion. Let's assume he
can meet the down p.ryment but would €xpect the in-
vestment to supply virtually his only income, and tax
shelter of other in( ome is simply of no v.rlue to him.

By assigninB this component a weight of zero, we find
that he would have to price the property on the basis of
an l8 percent afterlax return. The net ef{ect in this spe-
cific case, of course, would be to remove him from se-
rious competition to purchase this building since this
would be unacceptable to the seller. A point is illumin-
ated however: the various return components do place
properties into entirely different markets for different in-
vestors, and although the property is marketable, the
investor we have described has no business buying this
particular property. A crude overall rale or an un-
partitioned IRR would nol tell us this.

Exhibit 7-Slcchastic Component Discounting

Exhibil 7 shows a (ombination for parlitioning the return
with a stochastic selection of the weighted internal rate

Componenl

l. Return oriS eq 0.1220
2. Eq 8rth amon 0.0988
l. tq frm apfrdep 0.01 l2
4. Csh flw lsr yr 0.0692
5. CrMh cah flw 0.0461
6. Tx shltr sub 0.1 I5l
7. Tx shhr olh 0.1176
Monle Carlo simulation, I40 iterations

SAMPL€ MIAN = 11.5871
sTD DtVtATtON = .3661 54
sMAt-ttsl vAtu€ = 12.5535
IARCIST VALUT = r4.8471

Frequency Distribution
f.om To Freq,

o 2.7 241A O

2.72418 5.44816 0
5.44836 8.17254 0
8.17254 10.8967 0
10.4967 I t.6209 79
11.6209 t6.3451 6l
16.345t t9.0691 0
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21.79)4 24.5176 0
24,5176 27.2414 O
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a necess.lry prerequisite for the ( onstruclion and olrra-
tion of :hopping centers in residential neightxrrh<xds.
Although tht, wi<lespread growth of lhese centers would
lend to suggest.r more [.rvorable disposition on the Dart
of zoning authorilies, zoning regulations hislorically
have been.rinr('d.rl preserving and l)rontoting nrore
honrogenous l.rnd uses in order to stabilize lh(' m.lrket
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values of properties. These regulations restrict commer-
cial and industrial land uses within residential neighbor-
hoods on the ground that the disamenities generated by
commerce and industry supposedly decrease lhe value
of residential properlies.

The effects of zoning and externalities on land prices have
been examined empirically in a number of important
studies. Most of these studies do not provide supporl for
zoning regulations. Reuter'sr I findings reinforce Crecine,
Davis and Jackson's" earlier results for Pittsburgh lhat
lhere are no systematic adverse ef{ects on lhe value of
single family homes in the neighborhood of nonresiden-
tial land uses. Maser, Riker and Rosett,rltusing a rather
large sample of Monroe County, .rlso conclude that zon-
in8 does not produce syslematic effects on property val-
ues. Crether and Mieszkowski's study, which considers
physical aspects of zoning in New Haven, again finds
"nonresidential land use per se has no systematic effect
on housing values".rt'r' r{ The .rbsence of measurable
externalilies may be explained by clientele effects that
those who care leasl about the externality will live clos-
est. Alternatively, the design of the studies wh ich finds no
externality effecls may be faulty.

We are inclined to believe in the Blssibility raised by
Crether and Mieszkowski that "land use exlernalities may
be very lor:alized so that lhey are next door
phenomena".r r' I' i ln otherwords, the proximity e'ffect is
not likely lo extend very far in space. Furthermore, the
effects of proximity to a specific land use may vary across
locations. Proximity to churches, schools or shopping
centers may have different effects in different parts of a
metropolitan area or even in different parts of a large
municipality. Cenerally, the studies which have found no
externalities have either used aggregate data (e.g., census
tract JveraSes) and missed the proximity effecls, or used
microdalr (i.e., individual property data) but extended
the study.tcross large regions lhereby encountering the
nonstationarity of the rel.:rtionships across space.

There is some support in the literature for the notion that
proximity matters. Colwell and Foleyro have found an
effect for proximity to electric transmission lines. Kain
and QuigleytT have shown that proximity effects can
have a negative impact on apartment rents and on the
value of single-family homes. Tideman's analysis of zon-
ing hearings in Chicago2a offers indirect support to the
propxrsition that the effects of externalities are localized.
He shows that indifference on the part of property owners
to zoning hearings increases as proximity decreases lo the
property. This suggests that property owners beyond
some critical distance do not regard the presence of dis-
amenily as having any negative eflect on the value of their
property. To measure the amenity or disamenity effects of
zoninB, therefore, it would be necessary that the local-
ized effect be lxrunded by some critical distance so as not
to tre swanrped by other major determinants of residential
property values.

Tht'question is whether neighborhrrc<l shopping ( cnters
inrrease, rlecrca:t, or bclth incrr,.rse .rnrl de( re.rse lhe
value of l)ro\im.lle residenti.tl l)rol)erty. This paper

analyzes the impact of a small neightrorhood shopping
center in Urbana, lllinois on lhe value of surrounding
prop€rties. A hedonic regression model is developed to
explain the variations in property values before and after
the announcement of the proposed shopping center. Six
functional forms (linear, semilog, exponential, log linear,
inverse and inverse-inverse) ofthe model are considered.
The best model is selected using functional form analysis.
Finally, the implications of the model are explored.

The Neighborhood Shopging Center
The neighborhood shopping center, the subject of this
study, is typical of lhe many small neighborhood shop-
ping centers throughout the country. This newly con-
structed center, opened for businbss in 1982, is called
SouthBate; it is located at 2110 Philo Road, Urbana,
lllinois. The center has a lot area of 252,000 square fe€t
and consists of five small retail stores and one in-
dependent grocery store. On its west, Southgate borders a
fully developed section of Urbana, the Ennis Ridge
Subdivision.

The center was initially proposed to the Urbana Planning
Commission on June 7, 1979. The local newspaper car-
ried a story the next day on the proposed shopping cen-
ter's construction. Although the commission approved
the center a short time later. construction did not begin
until 'l98l and the premises were not cleared for occu-
pancy until the beginning of Seplember, 1982. The date,
june 7, 1979, when the proiect was publicly announced,
is of special significance for the empirical analysis pre-
senled in this study.

The Dala

The data on the selling prices and characteristics of 43
singleJamily homes and condominiums sold from 1976
to 1982 in Ennis Ridge Subdivision, were gathered from
the Champaign County Multiple Listing Service.
Although the public records on measurements of lot area
or living space might be prefened over data supplied by
multiple listing services, the marginal differences are not
likely to have any discernible impact on this study's find-
ings. All of the 4.1 properties lie within three-quarters of a
mile from the Southgate shopping center. Distances from
the center of Southgate Io each property sold were re-
corded with the aid of plal maps. Summary statistics are in
Table 'l 

.

The Model Specifications
To analyze the impact oi a shopping center on neighbor-
ht.rod prr.rperty values, one might contpare prope'rty val
ues in two homogene<>us neighMrhoods, ont, with .r
neighborhorxl shopping t entcr and the other without. But
ideal situations are har<l to find and the two ncighlnr-
hoo<ls are bounrl lo be dissinrilar with re\pect to t)hysical
( har.rcleristi( s or sot io-r< onomi< condilions. This study
uses only th(, alleck,d nr:ighlxrrhootl, ltut rontrols for
proximity antl for before and after effccts.rs well .rs ron-
rt,nlirrntl hr.rlunir r,,nalrle.. ll lhc eller I ,)l l)ro\imrl) i\
rlif{ere nt lrforc.rnd ailer llre ,rnnounrem('nl llren we nl.ty
< onr lud<, th.rt property owners Jre jLritiiied in ol)por,ing
shopping cenlers lret.rust. o[ tlre ,rs:ot i.ttt'tl dis.rntcnities.

txhibit 4- Partitioning The Return-Assi8ning Rates

Now we parlition the return into its seven components:
(l) return of ori8inal equity investment; (2) growth of
equity from amortization; (3) growth of equily from
value appreciation; (.1) value of cash flows at first year
level; (5) growth or decline of cash flow stream; (6) tax
shelter of subject's cash flow; and (7) tax shelter of ex-
ternal income. With each component, we gingerly dif-
ferentiate between before-tax and afler-tax returns.

Now lhat we know the contribution of each of these
components to the relurn, we can assign separate appro-
priate discount rates to each component. For example,
we feel {or the clienl feels) that return of the original
equity is a pretty sure thinB, so we assign the base rate of
l2 percent b this component. ()n the other hand, tax
shelter of other income may appear not only more
chancy but not .ls importanl; we assign 16 percent to
this component of return. The result of this program is an
adjusted after{ax discount rate which combines.rnd
properly weights each of these seven separate discount
rates, giving a weighted IRR of 1 J.6 percent.

lI the ol]je( tive oi tlre v.l lu.rtion is to esl in],rte v,l lue to lhe
nr.rrkt,t in Beneral, we woulrl still h,rve lxrsitecl .r nrosl
prob.r/;ie llurt harcr, ancl it woulcl lrchoovt'us Io con:itler

EXHIBIT 4

This program partitions the lnternal Rate of Return and
the Equity lnvestment into their 7 componenls:
I. Return of original equity investment.
2. Crowlh of equity from anrortization.
l. Crowth ol equity from value .rpprer iation.
4. Value of cash flows at I st year level.
5. Growth (decline) of c.rsh flow stream.
6. Tax shelter of subject's cash flow.
7. Iar shelter o[ erternal income.
For subiect, the return is partitioned as follows:
Componenl tquity-t tquity-% IRR

how this nrosl probable purchaser would look.rt each of
these components o{ that value.

Exhibit 5 - Partitionin8-Assignins weiBhts

Tht, program gives lwo option5. The first, shown in
Exhibit 4, lets us.lssillr r.rtes lo each component. Tlrc
olher r4:tion, shown in Exhibil 5, lets us assi8n weights,
or prob.rbilities, to each component. We c.rn look.rt this
as lhe lrrrrltllrrlitv oI n'ccning lhr\ (()ml)(,nenl ur J\ .)

nreasure of its desir,lbility. ln this instance, we.rre s.ryinB
we are 100 percenl sure of receiving tlre cash flow ;rt its
firsl year ltvel-or thal il llr.rtk,rs 100 percent to us. C)n
tht, other hand, we assign only an tlO percent probability
to lhe (hance of re(eivinB return Bener.rted by growth of
the cash ilow or we can 5Jy we.rre weighting its v.rlue
.rt only 80 per( ent. I believe thinking o[ lhese as weights
ralher thnn prob.rbilitie5 m.ry be r more.rccurate
con(ept since this would obviate possible confusion in
r ort.,irk'ralrrrn rri tlte ot r asiun,tl n(.gJli\e ( r)mpon('nl).

Exhibit 6- Partitioning-Eliminating A Component
Exhibit 6 shorvs .rnother funrtion of th(, p.lrtitioning

EXHIBIT 5

This program partitions the lnternal Rate of Return and
the Equity lnvestment into their 7 components:
l. Return of original equity investment.
2. Growth of equity from amortization.
L Crowth o[ equity from value apprec ialion.
4. Value of cash flows at lst year level.
5. Crowth (der line) o{ cash flow stream.
6. Tax shelter of subject's cash flow.
7. Tax shelter of external income.
For subject, the relurn is partitioned as follows:
Cornpooenl tquity-l Equity-% IRR

1. Relurn Orig eq
2. Eqty grwlh frm am(rrl
l. tq grwlh (decl) irm rppr
4. Csh Flw (ar l!r yr lvl
5. Crwrh (d{\ l) oi csh ilw
6. Tax thltr of sub csh flw
7. Tax shltr of other in(
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$ j,008
$ I8,584
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$ 90,61J
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0.01 l2
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t).0t I9
0.001 j
(J.008l
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0 0t il)
o.04{)5

$ 86,4t0
$ 26,s1{,
$ 1.008
$ r 8,584
$ r 2,t{,9
s ,95l
$ 90,6.r l
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0.0988
0.01 I2
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0.0461
{).1 | 5l
0.1t76

0.0186
0.01l9
0.mr l
0.0081
0.(n55
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0.0405

l. Relurn Orig eq
2. fqty grwth frm .rmorl
l. tq grwrh (d(rl) frm appr
4. Csh Flw @r lst yr lvl
5. CrMh (de(l) of c\h {lw
6. T.rx shltr of sub rsh flw
7. Tax shltr of other inr

t268,51t ] 0000 0.1200

The andividual IRR's.r\signrd to lhe (omF)nents reflect rdtes
adjuste(l upwnrd for ri\k.
The fin.rl weighttxl IRR is n risk-ldiusted inlern.ll rate oi return.

% of IRR/ Weighted
CoInpon€nt Equity lR* ltR

$268,51I 1.0000 0.I200

The weights assigned lo lhe rcturn components may be considered
either as lhe p()bability o[ re<eiving e;rch component of the return,
or as.i r.rling of the componenl as to ils atlraction for the mosl
probable invest(r. RdlinBs are on a s(ale of 0 to l.
The final weiJghted IRR i\ r risk'adiusl€d intern.rl rate of return.

% of lRRy WeiShted
Compon€nt Equit WeiSht lll
l. Relurn orig .'q O.t22O I.0OOO 0-0.i86
2- Eqly Brwth lrom rnrorl 0.0988 {J.9500 0.01 I l
.1. €q Brwrh (de( l) irm appr/dep 0.01 I 2 0.9OO0 0.0012
4. Csh ilw (a' trr yr lvl 0.0692 1.0(x)o 0.0081
5. Crwth lde(l) of csh flw 0.0461 0.8500 0.0047
6. Tax shltr oi sub <sh flw 0.1l51 0.9OO0 0.0125
7 Tax shltr of olher inc 0.1]76 0.7500 0 0.104

0.t069
r) I i{7

1 Relurn ori8 eq
2. tqty grwlh lrom amort
]. tq Brwlh (de.l) frm dppr/dep
4. (lsh Jlw (a, lsl yr lvl
5. (;rwth (de(l) ()f (sh flw
6. fax shltr ol sub csh ilw
7. Tax \hhr oi olhrr in(

r) 12 20
{).0988
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O.0(,92
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oII5l
0. ] t76

0 t 200
o.1250
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EXHIBIT 3

Montclair Road Office
TABI.T I

Summary Statistics for Data
INPUT OATA SUMMARY

MORTGACE INFORMATION FOR LOAN I
lnitial MortSaBe
Mortg,age lnterest Rate
MortSa8e Term
Mort8a8e Constant
Periodic Payment
Annual Payment

Total Depreciable Assets
Land
Total lnvestment
Total Debt
lnitial Equity

Ordinary lncome Tax Rate
Capital Gains Tax Rate
Safe Rate for Mod IRR
Reinvest Rale for Mod IRR
Minimum Reinv Amt for FMRR
Discount Rate for NPV

DEPRECIATION INFORMATION FOR ASSEI I
Amount Depreciable
Depreciable Life
Depreciation Method

Non-recurring lst Year Exp. 0
Commission Rate on Resale 6%
CroMh Rates (% Compounded Annually)

Propeny Value 1.84
Net Operatin8 lncome I

N.l
Oper.lint lnlertst kircipel

Yarr lrrorE trFlr Anfrtiratirn
'I 119,263 108,503 4,142
2 120,456 107,902 4,783
3 121,660 107,215 5,470
4 122,877 106,429 6,255
5 124,106 105,531 7,154
6 125,f47 104,503 8,182
7 126,600 tO3,327 9,358
8 127 ,A66 r 01,983 10,702
9 129,145 100,445 12,240

lo r 10,436 9a,6a7 13,998

Dcprcci-
.lirl Texeblc T.t S.Yinp

Year Expeose lmo.r* GPaym€nr)

I 50,1r r -t9,551 19,776
2 50,11 1 -37,75A 18,879
I 50,31 I -35,866 17,933
4 50,11 I -33,a64 16,932
5 50,11 I -31 ,716 15,868
6 50,1r I 29,467 14,734
7 50,311 27,03A 13,519
8 50,11 I -24,428 12,214
9 50,111 -21 ,611 10,806

l0 50,111 -18,562 9,241

Sellint Prke lro.lt te Adiusted
Year Aft6 Co.nmisn 8.lame T.x Sasis

'I I ,O2A,230 80r,415 1 ,O2l,790
2 1 .047.150 796,633 973.478
I 1,066,420 791,163 923.167
4 1,0A6,040 744,908 872,856
5 r,r 06,020 777,754 822,544
6 1,126,370 769,572 772,233
7 1.147.100 760,214 721,922
8 t,16B,210 749,512 671,6.1.1

9 r,l89,700 737,27) 621,300
l0 r,2r 1,590 723,274 570,989

CORRELATION COEFFICIENTS

x2 0.6718

xr 0.5045 0.5380

x. 0.0562 o.o742

xs - 0.1084 - 0.1041

x6 0.3132 o.2o47

Xz O.0o24 0.1035

xs 0.6252 0.7651

x,

Variable Mean Standard Devialion

s80s,600
13.5%

25 Years
13.9877%

9390.4
$r r 2,68s

t905,500
$168,500

$t,074,t00
t805,600
t268,500

$90s,600
l8 Years

StraiSht Line
Xr=

Xs=

Bathroom

Living Area

Fireplace

Lot Area

Month of Sale

(I _ AADUMXDIST)
(AADUMXDIST)

(AADUM)

2.08r 4

1884.5

o.697 67

9027 .7

5r.196
7.8895

16.942

o.74419

0.51616

510.9t
0.63006

3950.9

22.297

l4.l l8
1 t.617

0.43632

50%
20%
o%
0%

Bclort Tar
C.sh rbr

6,574
7.771
4,97 5

t0,r 92
11 ,421
12,662
I1,915
I5,18r
r 6,460
17,751

After T.r
C.sh fbw

26,354
26,650
26,909
27 ,.t 24
27 ,289
27 ,395
27,434
27 ,395
17 ,266
27 ,032

Str.itht
Line 8.sis
855,289
ao4,97 B
7 54,667
704,356
654,O44
603,713
553,422
503,1r l
452,800
402,4A9

lnt ROR
On lnir
Equity

4.O4v"
3.89%
7 .39"/"
9.14v"

10.17 v"
10.85 7.
't I .10%
11 .61v"
1 I .81%
12.O1v"

$0
0%,

and apply a Monte Carlo program to simulate 100
versions of the possible combinations of these factors.

We have estimated likely values for the four major
factors with estimates of the most likely value, the
highest and lowest value for each. To demonstrate the
straighdorward mechanics involved, I have reproduced
the p€rtinent lines in the program. ln Line l0 we enter
the mean and standard deviation for each of the four
variables. ln Line 50 we specify an 80o/o correlation
between Variable No. I (rent) and Variable No. l
(operating exp€nses). ln Lines 1600-1604 we slate a

funclion, which, after running '100 simulations with
random combinations of the stated px.rssible values, will
calculate the justified investmenl in the same manner as

the backdoor approach.

This {unction could have been stated more elegantly in
one line, but going through the intermediate steps. with
remarks inserted, leaves the process clear for later
reference. This technique results in an estimated justified
investment of $1 ,140,000.

Exhibit 3-Component Discounlin8-Preliminary Cash
Flow

Exhibit 3 is the preliminary step in applying component
discounting in the investment analysis of the property,
the separate capitalization for each of the seven com-
ponents of the income stream.

First we tentatively price the property usinS a safe, or
prime, or base or ideal (choose one of the above) after-
tax equity yield or lRR. ln this case, we select a discount
rate of 12 percenl, projectin8 a 20 percent total increase
in price over a t o-year projection period and net income
increase of one percent per year. This gives a pre-
liminary price indication of $1,074,000, with initial eq-
uity of $268,500.
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0
0
0
0
0
0
0
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After Tax
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225,924
2]5,781
)46,605
258,495
271 ,574
2A5.97 4
]01,850
319,375
)38,744
360,197

ln this resp€ct, external costs capitalized into value de-
creases for the most proximate properties, may outweigh
the benefits offered by the neighborhood shopping
centers.

The model for determining the relationship between
property va lue a nd the specific characteristics of the loca-
tion utilizes the following function:

Sp, = f(Xr,, X:,, .., Xn,)

where SP, is the selling price of the ith property and the X,s

are defined as follows:

X1, = the number of bathrooms in the ilh
property

X.?, = the living area (sq. ft.) of the ith property

Xr, = the number of fireplaces in the ith
property

X.r, = the lot area (sq. ft.) of the ith property

Xs, = the sale month of the ith property from 0
to 46

X1,, = distance of the ith property to Southgate
times (l Xn)

X7, : distance to Southgate times XB

X6; = after announcement dummy: O = before
and I : after

The first four variables relate to the characteristics of the
sampled prop€rties and the fifth variable provides a rec-
ord of the sale month in order to capture overall trends in
the selling prices. The last three variables are included in
the model to capture the effects on the property values in
the neighborhood following the announcement of the

shopping center. The first of these variables, Xo,, can be
viewed as a control in the sense that its coefficient will
measure the effect of proximity prior to the announce-
ment data.

Before running the reBressions, hypotheses were de-
veloped with regard to the signs of the explanatory var-
iables. The coefficients of variables X,, to Xor were
hypothesized to be positive meaning that an increase in
any one of these variables would tend to increase the
selling price of the ith property, other things being equal.
The coeffic ient of variable Xu;, the month of sa le of the ith
property, was also hypothesized to be positive. The be-
fore announcement distance variatrle Xr,;, on the other
hand, was hypothesized to be zero on the assumption
that distance from Southsate before the announcement
would not be expected to affect the property values. The
variable X7,, distance to SouthSate iI the sale was after the
announcement, was assumed lo have a positive coeffi
cient since properly values might be expected to increase
as distance from Southgate increased. That is, the shop-
ping center was expected to depress values of the nearesl
prop€rties relative to those at some distance. Finally, the
coefficient of xsi was hypothesized to be negative on the
assumption that diseconomies associated with the pres-
ence of a shopping center would cause an aLrsolule de-
cline in the values of the nedre5t properlies.

Functional Form Analysis

Six functional forms were tested. The results are summa-
rized in Table 2. The magnitude of the maximum log
likelihood is determined to be -428.661. This magni-
tude is not significantly less at 95 percent level of

20 REAL ESIATE I55UES, SPRINC/SUMMER I9B5 COLWELL, GUIRAL, COLEY: IMPACT OF A SHOPPINC CTNTER 37

- 0.8r 45

0.6816

0.Bl9'l
0.04t2

-0.8150
- 0.9532

- 0.ool6



TABLE 2

Regression Results

Model Number
Functional Form

1

[inear

.'

S€mi-to8
3

Exponential
4

toB tineal
5

lnvers€

Donald Valachia partitioned the internal rate of return
into three components: annual cash flows, tax shelter
and cash proceeds from the resale. Robert Zerbsts sepa-
rated the annual cash flow component into the begin-
ninB before-tax cash flow and growth (or decline) in the
cash flow. He then separated the cash proceeds of sale
into the recapture of the original equity investment, eq-
uity buildup through loan amortization and expected
appreciation in property value, alonB with the tax shelter
component, thus analyzing a total of six components.
Valachi meanwhile6 recognized the two sub-
components in tax shelter; cash flow shelter and tax loss
shelter.

Thus, at various points in the literature we have all of the
building blocks for our heptamerous approach to value,
and only need to combine and refine them a linle in
order to capitalize separately each of the seven income
components.

An Office Building Example

For a practical example, lefs step through a portion of
the valuation of a (real) small suburban office building.
ln this particular case, we have already arrived at a pre-
diction of most probable price using the quality point
rating method for the market comparison approach with
the value unit b€ing dollars/per quality poinvper square
foot. This approach has yielded an indication between
$819,000 and $l ,005,000, with most probable price of
$912,000. The use of regression analysis applied to the
point rating method gave a range of $823,500 to
$1,034,500 with prediction of most probable price at
$929,000. Approaching the problem with use of fuzzy
set theory, we obtained a prediction of probable price in
the range of $643,500 to $1,007,500, with most proba-
ble price of $825,000. (The ran8es reflect one standard
deviation.)

Since the mechanics of the marlet comparison section
of the appraisal are not within the scope of our inquiry,
let us pick up at the section in which we be8in testing
the indication of most probable price by analyzing the
income proiection for an indication of the justified in-
vestment value. The comments that follow will be keyed
to the exhibits.

Exhibit | 
-Graaskamp's 

Eackdoor Approach

ln Exhibit l, we begin testing the probable price predic-
tion with application of lim Craaskamp's backdoor
approach to iustified investmentT. This is a variant of the
income approach in that we establish the amount of
income available for debt service resulting in an es-
timated mortga8e amounti then we back into the
anrount of the equity giving an estimate of the justified
investment in the property at $1,083,0OO.

Exhibit 2- Revolving Backdoor Approach
Next we use a revolving backdoor giving it a hundred
spins. Refining our lesting procedure a little, we select
the four most crucial variables-potential Bross,
vacancy rate, operating expense and annual constant,

EXHIBIT 1

Backdoor Approach to Justified lnvestment

$207.800
16.624

$191,176

$r l,5ss
2,100
2,1 00

31,200
10,400

9,5 58
600

2,400 7 1 ,91 3 ll .46)

$r r9,261

NOI $l19,26111.20 (Debt Service CoveraSe Ratio) =
Available for debt service: $ 99,386
$99,3861.1 3987 7 (annual constant Co

13.5%-25 yrs) = Morlga8er $ 710,500
Plus Equity:
.25 (equity ratio) x $l 19,263 {NOl)/.08
(equity dividend) = Equity:

,ustified lnvestment:

EXHIBIT 2

Operating Statement-Monte Carlo Version

Component Most Likely High Low

Pol Cr Rent $lO $11 $9
Vacancy Rate -05 .10 .03
Operating Exp $3.45 $4.00 $3.00
Ann Constant .1398771 I49222'z .135340]

r 13.5%/25 yrs ' t4vot2oyrs t 't3./"/25 yrs
SAMPLE MEAN = 1 ,14O,A7O
STD DEVIATION = 48,986
SMALLEST VALUE = 1,0O6,720
LARCEST VALUE = 1,242,060

f requency Distribution
From To Freq Pct Cum. Pct

o 227,994 0 0 0
227,994 455,988 0 0 0
455,988681.982000
683,982 911 ,976 0 0 0
91 I ,976 1 ,139,970 52 52 52

1 ,139,970 1 ,367 ,960 48 48 I OO

1,367,960 1,595.960 0 0 rO0
1.595,960 r,823.950 0 0 loo
r,823,9502,05r,95000r00
2,051,950 2,279,940 0 0 IOO

l0 DATA I 0,.I1,.0 t ,.o1 17 ,3.46,.17 ,.1 39a7 7 ,.U)23
50 DATA I,3,.8
I 600 LETVI = 20780' Xll Xl-X(2)) - 20780' X(3): REM =

NOr
l60l LETV2 = Vl/1.2:REM = AVAIL FOR DEBT SERVICE
l602 LETVI = V2lX(4): REM = MTCE
r 603 LET V4 = V3 + (.25'Vr /.08): REM = IUST|FtED

INVESTMENT
l604lETY:V4

\r=0
trr=0trc=l

trr=0
trr=0 )\r=1

6
lnverse-
lnverse

Cross Potential Rental
20,780 sq. fi. @$ 10.00
Less Vacancy Allowance 8%

Effective Cross Rental

Less OperatinB Expenses:
R. t. Taxes (.65)
Insurance (.10)
Repairs & Maint. (.10)
Utilities (l .50)
CleaninS (.50)
Management (5%)
Carb, Pesl
Acctg. misc.

Net Operating lncome

x,=

x.=

Sathroom+

Iavin8 Area'

tireplace

lot Area'

Month ol sale'

t 1 ,798
t3.279t

5.lt 8r
0.25)

4,177
(1.656)

L9033
0.68s)

143.47
\1 .4444)

-321.61
1- | .0787)

489.91
(2. r 989)

- l t,8l2
t- t.o787t

r 5,194
(1.2978)

0.8450

- 442 .287

24,357
12.99721

4,785.1
(0.5458)

5274.1.
(2.0453)

1 .7 52A
(2.9r 3s)

6,150.8
(l.55]7)

246.71
o.7 434\

514.12
12.2252t

- I 1,621
( L0489)

19,579
(- 0..1r 22)

o.4299

- 444.24

o.16978
(4.19r l)
0.8347 x t 0-r

tl.7428)

0.03789
(1.i4271

0.3361 x l0 '
(5.7814)

0.00185
0.6502)

0.00625
{ - L86r 7)

0.004r I

.6405)

- 0.t 565
I 1.267s)

10.316
(78.417)

0.9055

- 432.859

o.37 364
{4.4)

0.12471
0.16r 2)

0.04697
(1.7435t

0.277 x 104
(4.418)

o.o7 427
11.7925t

0.005149
( |.5426)

0.00462
fl.9t38)

0.r5478
( 1.3168)

9.9491

04.485)

0.91

411 .649

- o.2776 x 1o t
( 4.0586)

-0.1458x 103
( r.803r )

-0.2559 x 10 6

( - 0.53697)

0.6016 x l0 '
( - 6.1465)

- O.2649 x 10 7

( r.4025)

0-1093 x l0 6

\1.9275t

-0.2491 x 10 /

to.5a797t

0.21754 x l0 r
fl.04t1)
0.281I x l0'
(12.628)

o.4976

- 440.936

0.1 t 98

ts.272s)

.32t5 x 10 ']
(1 .47 43)

-.4815 x 10"6
(- r.1560)

-.1994 x l0 s

I 4,t647)

.6885 x l0 6

( L1704)

.i 302 x l0 6

l2.9l5l )

- .4117 x 10/
( l.ll4l)
.2412 x lO r

d.6085)

.81l8 x '10 s

\3.7612)

.9408

- 429.2123

X6 = (I AADUMXDIST)

X? = {AADUM){DIST)

$ 372,5N
$r.083,000XA = AADUM

Constanl

Adiusted Rl

Lo8 tikelihood

t-ralios in parentheses

'variables subie(t to transformalion

confidence from thal of the inverse-inverse function, the
function with the highest log likelihood l-429.213).
Neither is the log likelihood of the log linear function
significantly different from the maximum log likelihood
at the 95 percenl level of confidence. From these two
functional forms, we selected the log linear model (Mod-
el 4) bec.ruse of the ease for interpreling the regression
coefficients. The log likelihoods of all other well-known
functional forms are significantly less than the max-
imum. A similar application of the test ior choosing the
model that best fits the data is explained more fully in
Brennan, Cannaday Jnd Colwell.-'

Regression Resuhs

The regression results confirm most of the hypotheses
developed above. The hypothesized signs of coefficients
for all variables in all models are consistent with the
regression results. The results for Model 4 suggest a fairly
strong relationship between the dependent and in-
dependent variables. The R' shows that 91 percent of the
variation in lhe dependenl variable is explained by the
regression.

The va lues of regression coefficients (except on X r, Xr,, X7,

& X8) represent partial elasticilies. Th.rt is, these coeffi
cients me.rsure a percent change in selling price for one
percent chanBe in each of lhe independent vari..rbles
when the influence of otht,r variables is held constant. A

percentage increase in variable X, (bathroom), for in,
stance, increases the selling price of the dwelling unit by
about four-tenths of one percent when the influence o{
other independenl variables is held constanl. The coeffi,
cient on lhe nronth of sale variable, X5, has a similar
interpretation. ll indicates property values appreciated at
an overall monthly rate of aboul one{enth of one percent
for every one percent increase in time measured in
months from 'l976lo 1982. The coefficienton X1, howev-
er, has a different interpretation. lt indicates that a fire-
place adds about 5 percent lexp .04697 = L048) to the
value of a residential property.

The interpretation of the coefficients on X,,, X7 and Xs is of
primary interest. The coefficient on X,,, the before an-
nouncement distance effect, shows a pxtssible small de-
crease in selling price as dislance (in feet) increases away
from Southgate (although this effect appears to be quite
sign ificanl in Model 6). While the variable X,, has a coeffi-
cient which is significantly negative at the 90% level of
confidence, the coefficient is not significantly dif{erent
from zero al the 90 percent level of confidence. ll may be
the SouthS.rte localion, or something near it, had some
amenily value prior to the announcement. Alternatively,
residents <ruld have h.rd different expectations for the
development o[ the South6ate site than lho:e realized.
However, it is rt asonable to assume there is n<l significant
distance effect prior to the Jnnouncement of the
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by Gene Dilmore

forthcoming shopping center as hypothesized. The vari-
able X7, the distance to South8ate after announcement,
however, proved to be a significant determinant of the
selling price. As exp€cted, the reBression coefficient re-
vealed that after the announcement property values in-
creased as distance from the site of impending construc-
tion increased. That is, the coefficient on X7 is significant-
ly positive at the 90 percent level of confidence.

The after announcement price effect, variable Xn, tends to
confirm the general apprehension on the part of residen-
tial property owners that the location of commercial
activity in the immediate neighborhood tends to adverse-
ly affect property values. The regression coefficient,
which is significantly negative at the 90 percent level of
confidence, indicates prop€rties located adjacent to the
center decreased in value after the announcement in
1979. The results from Model 4 are depicted in FiBUre l.

FICURT 1

PRICE
INDEX

proximate to the shoppinS center and prop€rties served
by the center, but removed from its neBative effects,
would seem to su8sest there may be an optimal spatial
frequency of these small shopping centers.
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residual rates from comparable sales, the elements were
too subjecl to arbitrary manipulation toward a pre-
conceived conclusion.

Built-up rates, with safe rales, plus rates for non-liquidity
and risk also led to a dead end since the safe rate
appeared to be the only component amenable to sepa-
rate measurement. and the components could not be
precisely extracted from the market.

The financial structure offered a more logical avenue to
breaking down the income stream. Thurton Ross took
the first step in this directionr by proposing a band of
investment method with the capitalization rate compris-
ing an interest rate times the mortSa8e component plus
an equity rate times the equity componenl.

Edwin Kazdin2 improved upon this concept by substitut-
ing the mortgaSe constant for the interest rate, thus
recognizing the finite life of the mort8a8e. L. W.
Ellwoodr added consideration of finite life for the equity
interest also by accounting for resale along with value
appreciation or decline-

Later, fllwood and others carried this analysis to the
point of after{ax equity yield. Further breakdowns of the
resultin8 afler-tax internal rate of return \.vere proposed.

looexp( -0.15478 + 0.00462 map daslance units)

100

I Ooexp( - 0.0O5149 map distance units)

75

50

25

l0 20 30 40
map distance units

The downward sloping curve in Figure I illustrates the
impact on selling price before announcement and the
upward sloping curve illustrates the impact after the an-
nouncement. The intersection of the two curves shows
that properties located beyond 15.53 map distance units,
or approximately 1,500 feet, from the shopping center
were valued more after the announcement than before.
The results depicted in Figure I illustratetheimpactofthe
announcemenl on the price-distance relationship in-
dicated by Model 4.

Conclusion
The announcement ofthe proposed shopping center had
both negative and positive effects on the value of residen-
tial properties. At distances closer than 1,500 feet, dis-
economies app€ar to dominate. Beyond 1,500 feet, eco-
nomies appear to dominate. The trade-off between values
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All right; that does it. I opened a real estate publication,
see, and there it was: one more final, ultimate, definitive
article on how to get the perfect cap rate. Since fighting
fire with fire is reportedly an efficacious response to this
sort of thing, I thought, why not avenge these algebraic
slings and arrows by inflicting on their authors my own
postultimate, metadefinite version of a cap rate? Perhaps
"A Final word on . . ."? No, the topic of the last "A Final
word on . . -" article in one of our journals has been
addressed to date by '149 articles, '14 books, 9 doctoral
dissertations, and one presidential prayer breakfast. "A
cap Rate to End All ..."1 No, a slight note of un-
characteristic chutzpah there. So, to cap it all, as it were,
let's talk about component capitalization.

Obligatory Aclnowledgemenl Of
Roots And Precedents S€ction

Analysts of real estate have always attempled to live up
to their name- breakers-down of things. The efforts to
break down an income stream beSan with breaking it
into two components: land and improvements, leading
to the building and land residual techniques. Some seg-
ments of the market actually did reason in this way; for
example, some fast food investors for a while bought on
the basis of l0 percent on land and 12 percent on im-
provements. Cenerally though, we had too many con-
ceptual reservations aboul this method, since it did not
reflect the market overall. Too, in extracting these


