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Summary. Hedonic of ® ce rent models are estimated using data for Atlanta that span the years

1990 ± 96. Controlling for typical building characteri stics and lease terms, we ® nd that variables

measuring locatio nal differences in wage rates, transport rates and proximity to concentrations

of support service s and of ® ce workers play an im portant role in explaining spatial variation in

of® ce rents. No evidence is found in support of the hypothesis that technologica l advances in

telecommunications have diminished the role played by face-to -face agglomeration economies

in determining the intra-metropolitan location of of® ce ® rms.

1. Introduction

Studies on the determinants of housing prices

and rents abound in the literature. In contrast,

little evidence exists on the determinants of

of ® ce rents. The studies that have been done

generally focus on the in¯ uence of building

characteristics, architectural design or leasing

provisions on rents, with little, if any, atten-

tion paid to locational factors. Among these

factors, there is considerable interest by both

scholars and practitioners in the roles that

transportation infrastructure, labour acces-

sibility and face-to-face agglomeration econ-

omies play in explaining the considerable

spatial variation in of ® ce rents that character-

ise urban areas.1

In recent years, this interest has been

heightened by the proposition that the rela-

tive importance of the factors that explain

locational rents has changed over time as the

result of advances in telecommunications

technologies. The consensus opinion appears

to be that faxes, e-mail, video conferencing

and the like have decreased the importance

of face-to-face contact, which has allowed

cost-minimising ® rms to take better advan-

tage of the potential wage savings that come

from more decentralised locations.

If the new technologies are good substi-

tutes for face-to-face contact, there is con-

cern that this will jeopardise the chief

remaining raison d’ eÃtre for the central city.

Hence, this issue has played a prominent role

in the recent debate over whether cities and

suburbs are independent or interdependent

with regard to their economic fortunes

(Ihlanfeldt, 1995) .

The purpose of this paper is to provide

evidence on the locational determinants of

of ® ce rents in the Atlanta region at different

points in time. In addition to the use of
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multi-period data, our study is unique in that

data from the 1990 Census Transportation

Planning Package and variables constructed

using a geographical information system

have been merged with our sample of of ® ce

buildings, allowing us to construct direct

measures of transport access (i.e. to rail and

freeway), proximity to the residential loca-

tions of of ® ce workers and convenience for

face-to-face interaction.

2. Literature Review

We were able to ® nd eight hedonic of ® ce

rent studies that provide evidence on location

as a determinant of of ® ce rent. However,

four of these studies (Glascock et al., 1990;

Mills, 1992a; McDonald, 1993; Wheaton and

Torto, 1994) include only a set of dummy

variables for sub-market location in the esti-

mated model. Hence, while they all docu-

ment that location matters to of ® ce rents,

they provide no evidence on the factors that

actually cause the observed variation among

places. Our review will focus on the remain-

ing four studies, which do include variables

that attempt to explain spatial variation in

of ® ce rents.

Clapp (1980) used a sample of 105 of ® ce

buildings located in Los Angeles to regress

the quoted annual rental rate per square foot

of of ® ce space on building characteristics

and three locational variables: distance to the

CBD, average commute time of the build-

ing’ s workers and square footage of of ® ce

space within a two-block radius. These vari-

ables are all statistically signi ® cant at con-

ventional levels with the expected signs. Beta

coef® cients indicate that the importance of

CBD distance is substantially greater than

the other two effects. Clapp took his results

as supportive of the ideas that of ® ce ® rms are

willing to pay a premium for access to face-

to-face contacts, especially those within the

CBD, and to the residences of employees.

The primary focus of Wheaton’ s (1984)

study was to determine whether inter-juris-

dictional differences in property taxes are

re¯ ected in of ® ce rents. Using Boston data,

he regressed rent per square foot on taxes,

building characteristics and the following lo-

cation variables: the number of transit lines

within a mile of the building, the number of

distinct highways leading in and out of the

town in which the building is located, the

percentage of households with a college edu-

cation living in the six closest towns encom-

passing or surrounding each of ® ce building,

and the ratio of the complex’ s square feet to

the building’ s square feet. His results indi-

cate that property tax differentials are not

borne by of ® ce tenants and that access to

workers (as measured by proximity to rail,

highways and college-educated people) is an

important determinant of of ® ce rents. Being

part of a larger complex of buildings also has

a positive effect on the building’ s rent.

Wheaton suggests that the latter effect may

be due to such complexes offering a greater

scale of space and better services. Although

not mentioned, the complex effect may also

be the results of access to face-to-face con-

tacts.

Cannaday and Kang (1984) estimated their

hedonic rent equation using 19 of ® ce build-

ings located in Champaign-Urbana, Illinois.

Their model included two locational factors:

air-line distance in miles between the of ® ce

building and the nearest shopping centre and

air-line distance in miles between the of ® ce

building and the quadrangle on the Univer-

sity of Illinois campus. Only the latter vari-

able, which the authors suggest de® nes the

focal point of the urban area, is found to have

a statistically signi ® cant effect on of ® ce

rents.

The most recent and most comprehensive

study of the locational determinants of of ® ce

rents is by Sivitanidou (1995) . By adopting

a general equilibrium modelling framework

allowing for interactions among the commer-

cial services, land and labour markets, Sivi-

tanidou demonstrates that, in the absence of

data on wages (or commuting costs), a com-

pletely speci® ed of ® ce rent equation must

contain three sets of variables: ® rm amenities

that induce productivity effects; utility-bear-

ing worker amenities; and zoning constraints

on commercial development. The latter two

sets of variables capture the omitted wage
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effects, since wages are hypothesised to be

lower where worker amenities are better and

where zoning is more restrictive. Zoning

affects wages because smaller commercial

centres enable workers to live closer to their

jobs. As a result, employers need not pay

as much of a compensating differential for

commuting costs.

Sivitanidou’ s empirical model is based on

data for 1462 of ® ce buildings located in

Greater Los Angeles. Firm amenity variables

included distance from downtown Los Ange-

les, the number of interstate freeways passing

through the commercial district containing

the building, and distance from the closest

major airport. The worker amenity variables

included the district’ s crime rate, distance of

the centroid of the district from the ocean,

retail employment per resident population

within the district, and educational expendi-

ture per student by school district. Zoning

constraints are represented by a set of proxies

for commercial zoning, density limits and

growth moratoria. All of the above variables

are found to be statistically signi ® cant at

conventional levels with the expected sign.

Our research is distinguished from the

above studies by the use of multi-period data

and more direct measures of access to face-

to-face contacts and the residential locations

of of ® ce workers. In the next section, the

theoretical model which underlies our esti-

mated equations is presented.

3. A Model of Of® ce Rents

Before presenting our model of of ® ce rents,

it is useful to review the standard theory of

of ® ce location (Heilbrun, 1987, p. 118). This

theory hypothesises that each of ® ce ® rm is

heavily dependent on daily face-to-face con-

tact between its own executives and their

counterparts in ® rms with which it deals.

These face-to-face meetings are assumed to

occur exclusively within the CBD. Hence, a

location closer to the CBD centre reduces the

travel cost associated with maintaining con-

tact with other ® rms. Of® ce ® rms, therefore,

are willing to pay a higher rent per unit of

¯ oor space closer to the CBD centre. To the

extent that advances in telecommunications

technology reduce the need for face-to-face

meetings, the willingness of ® rms to pay a

premium to be closer to the CBD centre will

decline, causing the of ® ce rent gradient to be

less steeply sloped.

Our model drops the assumption that face-

to-face meetings occur exclusively within the

CBD. The basic assumption underlying the

model is that of ® ce ® rms search the metro-

politan area for the location that maximises

pro® t, given the locations of all other activi-

ties and households. Location affects pro ® ts

because input prices are assumed to vary

spatially.

All of ® ce ® rms are assumed to be the

same and have the following production

function:

Q 5 f (OS, K , N , MS, MC), (1)

where, Q 5 output of of ® ce services;

OS 5 of ® ce space;2 K 5 services of deprecia-

ble capital assets (for example, of ® ce equip-

ment and furniture); N 5 labour input

measured in ef® ciency units; MS 5 face-to-

face meetings with suppliers; and MC 5 face-

to-face meetings with customers.

Clapp (1980) was the ® rst to include face-

to-face meetings as a necessary input in the

production of of ® ce services. He assumed

that these meetings would occur in both the

CBD and a suburban of ® ce node. As noted

above, our model places no restrictions on

where these meetings can occur within the

urban area.

The justi ® cation for including face-to-face

meetings with suppliers as an input is that

of ® ce ® rms generally rely heavily on outside

suppliers for support services (such as, con-

sulting advice, accounting and bookkeeping

needs and legal services), and these services

typically must be tailored to meet the diverse

needs of each individual client. Face-to-face

interaction is assumed to facilitate customisa-

tion. Similarly, since many of ® ce services

are unique to individual buyers, face-to-face

meetings with customers may be required

throughout the production process to obtain

pertinent information that only the customer

can provide.
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The labour input which enters the pro-

duction function of of ® ce ® rms is measured

in ef® ciency units. The number of ef® ciency

units per worker is assumed to increase as

the distance between the of ® ce ® rm and the

locations of of ® ce workers employed by

other ® rms decreases, i.e.

N 5 a(xÅ )L, (2)

where, L is the number of man-hours; (xÅ ) is

average distance to other ® rms’ workers; and

a is the ef® ciency parameter.

This formulation of the labour input is

designed to capture the exchange of ideas,

augmentation of human capital, knowledge

spillovers and diffusion of technology that

come from face-to-face interactions, both

formal and informal (i.e. chance encounters),

among workers from different ® rms. The

idea that physical proximity affects labour

productivity was ® rst emphasised by Jacobs

(1969) and has recently resurfaced in the

`new regional economics’ literature (Glaeser,

1994) . Empirical support for this hypothesis

is provided by Ciccone and Hall (1996) .3

Given equation (1), the cost and pro ® t

functions for of ® ce services can be expressed

as:

C 5 sOS 1 c(1 1 g/r)K 1 eN

1 tuMS 1 tvMC; (3)

p 5 PQ 2 C; (4)

where, s, c, and P are the prices of of ® ce

space, capital services and of ® ce services

respectively; g 5 property tax rate;

r 5 discount rate that converts capital ser-

vices into a capital stock; e 5 cost per

ef® ciency unit of labour; t 5 rate for trans-

porting employees to external meetings;

u 5 distance between the of® ce location and

suppliers of support services; and

v 5 distance between the of ® ce location and

customers.

Given spatial variation in input prices and

demand, the maximisation of pro ® t with re-

spect to of ® ce space, labour, capital services

and face-to-face meetings yields demand

equations for each of these inputs . The de-

mand function for of ® ce space at location i

can be expressed as:

OS i 5 f (si, gi, w i, ti, u i, vi, xi, R i) (5)

where, R i represents expected revenue; w i is

the wage rate; and the other variables are as

previously de® ned.

Assuming constant returns to scale and a

perfectly competitive market for of ® ce ser-

vices, the inversion of equation (5) yields the

equilibrium bid-rent function:

si 5 f (g i, w i, ti, u i, vi, xi) (6)

An inverse relationship is expected to exist

between si and each of its hypothesised deter-

minants.

4. Empirical Methodology

Our data came from Jamison Research, Inc.,

the major ® rm in Atlanta that tracks the

of ® ce market. Quoted annual rental rates per

square foot of of ® ce space for a sample of

buildings located in the Atlanta region were

provided for three periods: the fourth quarter

of 1990, the third quarter of 1994 and the

® rst quarter of 1996.4 The sample of build-

ings for each year ranges from 658 to 907.

The pooled sample represents an unbalanced

panel, since most, but not all, of the same

buildings appear in all three quarterly sam-

ples. The data provide a complete physical

description of each building and its address.

A geographical information system (ARC-

INFO) was used to assign each building to a

census tract and the traf® c analysis zone.

This system was also employed to compute

the linear distances between each building

and the nearest MARTA train station, the

nearest freeway interchange and Five Points.

Five Points is an intersection in downtown

Atlanta that represents the centre of the cen-

tral business district.

The determinants of of ® ce rents are inves-

tigated by regressing the quoted annual rate

per square foot of of ® ce space in an indivi-

dual building on sets of explanatory variables

that describe the location, typical leasing pro-

visions and physical characteristics of the

building.
5

Our theoretical model suggests
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that property tax rates, wage rates and physi-

cal accessibility to suppliers, customers and

other of ® ce workers should enter the empiri-

cal model as locational determinants. The

choice of which building characteristics to

include is based on the ® ndings of previous

studies. Each explanatory variable is de-

scribed below. Table 1 lists our data sources

and provides a de ® nition of each independent

variable. Mean and standard deviation for all

variables are reported in the Appendix.

Property tax rates. Within the study area

there are 79 local government jurisdictions

(69 municipalities and 10 counties serving

unincorporated areas). TAXRATE was con-

structed by assigning a property tax rate to

each building in accordance with its location

within a jurisdiction. The property tax in

Atlanta is levied on land and improvements,

and on depreciable capital assets. Nominal

tax rates vary across jurisdictions but the

same rate is applied to the value of all tax-

able property within each jurisdiction. In this

study, only nominal property tax rate infor-

mation was available for all jurisdictions.

However, Georgia law mandates that taxable

property be assessed at 40 per cent of market

value throughout the state. Once a year, the

state conducts an assessment ratio study of

each local jurisdiction to assure compliance

with the law. Hence, nominal tax rates and

effective tax rates should be closely aligned.

Wage rates. Labour costs comprise the

largest single component of operating costs

for of ® ce ® rms (Hamer, 1974) . Conse-

quently, intra-metropolitan variation in wage

rates should be a signi ® cant determinant of

of ® ce rents. While information on wage rates

by location was not available, both theory

and existing empirical evidence indicate that

within metro areas wage rates are directly

related to workers’ commuting costs (Zax,

1991; Ihlanfeldt, 1992) and inversely related

to utility-enhancing attributes of the work

location (Rees and Schultz, 1970) .

To estimate the commuting costs of

workers employed within a particular of ® ce

building, the proximity of sites within the

building’ s tract to the residential locations of

of ® ce workers was measured using a gravity

variable:

PROCOM i 5 PRESi /d
2
i 1 O PRESj /d

2
ij

where, PRESi 5 number of workers em-

ployed in executive, and professional spe-

cialty occupations living in tracts i, j;

d ij 5 linear distance between the centres of

tracts i, j; and d i 5 average distance between

centre of tract i and all points in tract i.

A separate gravity variable (CLERCOM) is

used to measure the building’ s proximity to

clerical workers.
6

Four variables are included to measure

attributes of the work location that enter

worker’ s utility functions (and therefore af-

fect the wages that ® rms must pay): whether

the building is near a shopping mall

(MALL); the concentration of blue-collar

workers employed in the tract (BLUE); the

percentage of the tract’ s populat ion that is

black (PCTBLACK); and the median house-

hold income of the tract (TRACTINC).

MALL is a measure of the availability of

shopping amenities to the building’ s work-

ers. BLUE is included because industr ial

areas are expected to provide less-desirable

work environments due to pollution, noise

and negative sight externalities. Boehm and

Ihlanfeldt (1991) have shown that PCT-

BLACK and TRACTINC are correlated with

perceptions of neighbourhood quality and

therefore may capture other dimensions of

the neighbourhood environment (for exam-

ple, perceived personal security) not re¯ ected

by the other variables.

Distances to suppliers, customers and other

of® ce workers. Our theoretical model sug-

gests that the of ® ce building’ s distances to

suppliers of support services, customers of

of ® ce services and the of ® ce workers of

other ® rms should affect the rent that of ® ce

space users are willing to pay, because

shorter distances enable face-to-face ex-

changes to occur at lower cost, holding trans-

port rates constant. We could not separately

measure each of these distances; and even if
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this was possible, these distances would

probably be too collinear to separate out

their individual effects. However, in general,

all of these distances are expected to be

highly correlated with the concentration of

of ® ce workers within the tract. Separate

variables are included measuring the concen-

tration of executive, managerial and pro-

fessional jobs (PRO) and clerical jobs

(CLER) in the tract. To measure separately

proximity to of ® ce support services, we also

included the concentration of employment in

of ® ce service industr ies within the tract

(SERVICE).

In addition to the concentration of of ® ce

employment in the tract, the industr ial diver-

sity of the ® rms located in the tract may

in¯ uence labour productivity . One view,

which Glaeser et al. (1992) attribute to the

Marshall ± Arrow ± Romer externality, sug-

gests that knowledge spillovers among

nearby ® rms are facilitated if these ® rms are

members of the same or related industry.

Another view is embodied in Jacob’ s (1969)

theory of urban growth. She emphasises that

greater variety of industr ies within a geo-

graphical area promotes knowledge external-

ities, innovative activity and creativity. As a

measure of industr ial diversity, we employed

an index based on the Her® ndahl±Hirschman

concentration index (HHIND). The percent-

age of employment within a census tract of

each of 18 industr ies was squared and

summed to arrive at the index.

Transport rates. In addition to distances,

transport rates affect the cost of conducting

face-to-face meetings. To measure differ-

ences across locations in transport rates, two

variables are used: MARTAQTR is a dummy

variable indicating whether the of ® ce build-

ing is within one quarter of a mile of a

MARTA train station and HWY1MI is a

dummy variable indicating whether the

building is within a mile of a highway inter-

change.7

A number of the explanatory variables

described above measure concentration

within the census tract. Concentration is a

relative concept that can be measured using

alternative benchmarks. For example, the

concentration of professional and managerial

employment in the tract can be measured

either as the propor tion of total tract employ-

ment represented by these workers or as the

propor tion of total regional employment in

these occupations falling within the tract.

We argue that the measures of manufacturing

concentration and service concentration

should be relative to the base of employment

within the census tract, while professional

and clerical concentrations should be relative

to the employment within the entire region.

The manufacturing variable (BLUE) repre-

sents a disamenity of the census tract. If

manufacturing is a large portion of the em-

ployment within the tract, the tract is an

undesirable of ® ce location, even if the manu-

facturing employment is small relative to the

region. Similarly, regardless of how much of

the region’ s employment is located within

the tract, if the tract’ s industry mix favours

® rms in of ® ce-serving industr ies, the location

should be desirable to of ® ce ® rms. PRO and

CLER, on the other hand, attempt to capture

the building’ s physical proximity to the work

locations of other of ® ce workers. These vari-

ables, therefore, should be measured relative

to regional totals. However, while we believe

these arguments are reasonable, we do not

® nd them compelling. Therefore, each of the

tract concentration measures (BLUE, SER-

VICE, PRO, CLER) was alternatively con-

structed using total tract employment and

total regional employment (appropriately

de® ned) as the benchmark.

Since the data span a six-year time-

interval, an effort was made to update 1990

variable values for 1994 and 1996. Since

millage rates were available for each year,

TAXRATE is the nominal tax rate of the

jurisdiction that contained the building in the

year that asking rent was observed. BLUE,

SERVICE, CLER, PRO, CLERCOM and

PROCOM were updated using the annual

census tract population and employment (by

one-digit industry) estimates of the Atlanta

Regional Commission
8
. Variables that could

not be updated include TRACTINC, PCT-

BLACK and HHIND.
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Building characteristics and lease provi-

sions. An extensive set of building character-

istics was available. Our chosen variables

(see Table 1) represent a composite of those

included in previously estimated hedonic

of ® ce rent models. Leasing provisions in-

clude whether the offered lease is net (NET),

whether the lease contains a stop clause

(EXPSTOP) and whether there is an escala-

tion factor in asking rent (ESCAL).
9

5. Results

Three sets of regression models were esti-

mated:

(1) simple rental gradient models that in-

cluded building characteristics, leasing

provisions and distance to the centre of

the CBD as explanatory variables but

none of the other locational variables;

(2) fully speci® ed models including the

entire set of locational variables that

restricted the estimated location coef® -

cients to be the same over time; and

(3) fully speci® ed models that allowed the

estimated coef® cients on selected loca-

tion variables to vary over time.

We employed generalised least-squares esti-

mation to ef® ciently estimate models using

the imbalanced panel of buildings.10 The

variance of the residual was allowed to vary

over each of the three years, as were the

three combinations of co-variances between

years. Both linear and log-linear models were

estimated. Because results were highly simi-

lar between the two functional forms, only

the coef® cients obtained from the linear

models are reported below.
11

Simple Models

As noted above, the standard theory of of ® ce

location hypothesises a negatively sloped

gradient between of ® ce rent per square foot

of ¯ oor space and distance from the CBD

centre. The implication can also be drawn

that this gradient has ¯ attened over time in

response to technological changes that have

reduced the necessity for face-to-face meet-

ings and transport costs. Previously esti-

mated hedonic of ® ce rent models have

consistently found support for the ® rst hy-

pothesis (Clapp, 1980; Hough and Kratz,

1983; Sivitanidou, 1995) , but absence of data

has precluded an investigation of whether

of ® ce rent gradients have ¯ attened over time.

Table 2 reports the results obtained from

estimating of ® ce rent gradients for the At-

lanta region using `simple’ models (i.e. mod-

els including distance to the CBD centre but

none of the other locational variables). Con-

sider ® rst column A, which reports the re-

sults obtained from regressing asking rent

per square foot of of ® ce space on building

characteristics, lease provisions and distance

to the CBD centre. With few exceptions, the

estimated coef® cients on the building charac-

teristics have the correct sign and are statisti-

cally signi ® cant. Rents are higher for

buildings with greater total square footage,

more ¯ oors, higher average square feet per

¯ oor, a greater multi-tenant loss factor, a

parking deck, a conference room and a health

club. Newer buildings and those designated

as Class A of ® ce space also command higher

rents. Only COMPLEX behaves contrary to

expectations. Space in buildings that are part

of a complex rents for less, which is opposite

to the ® ndings of Wheaton (1984) . The esti-

mated coef® cients on the variables specify-

ing leasing provisions (NET, EXPSTOP and

ESCAL) are all highly signi ® cant with the

anticipated signs.

The large t-statistic for the estimated

coef® cient on DIST5PTS indicates that an

of ® ce rent gradient exists within the region,

but its slope is positive not negative as pre-

dicted by the standard theory of of ® ce loca-

tion. However, the gradient is quite ¯ at. Rent

per square foot of of ® ce space rises by only

3.5 cents with each additional mile from the

CBD centre.

Column B presents the results from esti-

mating a model that allows the rent gradient

to differ between the north and south sides of

the region. These two areas are markedly

different. In comparison to the south side, the

north side of the city and the northern sub-

urbs are much more af¯ uent and contain far
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fewer black residents (Hartshorn and Ihlan-

feldt, 1993) . Moreover, employment sub-

urbanisation has been strongly biased in

favour of the northside. The share of the

region’ s jobs located in the northern suburbs

grew from 40 per cent in 1980 to 52 per cent

in 1990. The southern suburb’ s share of the

region’ s jobs declined over the decade from

20 to 19 per cent. This disparate growth

suggests that the of ® ce rental gradient may

vary with direction from the CBD centre.

The estimated coef® cient on SDIST is nega-

tive and statistically signi ® cant (at the 5 per

cent level by a one-tailed-test), while the

coef® cient on NDIST is positive and highly

signi ® cant. The difference in the gradients is

statistically signi ® cant at the 1 per cent level.

Once again, the size of the coef® cients indi-

cates that both of these gradients are very

¯ at.

Columns C and D allow the slopes of

rental gradients to differ across the three

time-periods included in our data. The single

gradient results (column C) reveal that there

was no gradient in 1990 and an increasingly

positive gradient from then on. The north±

south gradient results (column D) show that

the northside gradient was positive at all

three points in time and became steeper over

the six-year period. Intertemporal differences

are all signi ® cant at the 5 per cent level. The

southside gradient, on the other hand, was

negative throughout the period, but became

¯ atter over time. The 1990 gradient is statis-

tically different from the 1994 and 1996

gradients, but the latter two gradients are not

statistically different from one another. The

magnitudes of the changes in the northside

and southside gradients are non-trivial. The

gradient going north increased from 1.1 cents

per mile in 1990 to 9.2 cents per mile in

1996. The south gradient changed from

2 7.8 cents per mile in 1990 to 2 0.7 cents

per mile in 1996.

The dramatic changes that have occurred

in Atlanta’ s of ® ce rent gradients over the

relatively short span of time represented by

our data indicate that there have been strong

locational shifts in the demand for of ® ce

space within the region. Of® ce space demand

within the CBD and the rest of the central

city has declined relative to the demand

within the inner suburbs. These results are

consistent with the notion that advances in

telecommunications have reduced the of ® ce

® rm’ s dependance on access to face-to-face

meetings within the CBD. There are, how-

ever, other factors that may account for the

observed changes in Atlanta’ s of ® ce rent gra-

dients. Many of these factors are included in

our fully speci® ed models, to which we now

turn.

Full Model

Results obtained from estimating models

which include the full set of locational vari-

ables are reported in Table 3.
12

The three

columns of this table differ in the bench-

marks used to construct the census tract con-

centration measures. Column A measures

blue-collar (BLUE1) and support services

(SERVICE1) concentration relative to total

tract employment, while the concentration of

of ® ce workers in the tract (CLER2, PRO2) is

measured relative to total regional employ-

ment. In addition to being our preferred

speci® cation for the reasons outlined in sec-

tion 4, using a combination of benchmarks

has the advantage of reducing some of the

collinearity among our census tract variables.

In column B, concentration is measured for

all four variables relative to regional totals

(BLUE2, SERVICE2, CLER2, PRO2), while

in column C the benchmark is the tract total

(BLUE1, SERVICE1, CLER1, PRO1).

In addition to the estimated GLS

coef® cients and their standard errors, the beta

coef® cient is reported for each explanatory

variable. The beta coef® cients measure the

change in of ® ce rent in standard deviation

units for a unit change in the explanatory

variable in standard deviation units. As such,

they facilitate comparisons in the relative

effects of our independent variables, which

are measured in widely different units.

Consider ® rst the results in column A. We

expected that adding the full set of locational

variables to the estimated hedonic equation
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Table 3. Full model results (standard errors in parentheses, with beta coef ® cients beneath )

Variable Model A Model B Model C

CONSTANT 5.99238 5** 6.79374 6** 5.45441 2**
(0.784291) (0.785335) (0.82736 5)
0.00000 0 0.00000 0 0.00000 0

TOTSQFT 0.00000 3** 0.00000 3** 0.00000 2**
(0.000001) (0.000001) (0.00000 1)
0.10097 2 0.10577 0 0.07682 7

FLOORS 0.06388 1** 0.05889 3** 0.08120 0**
(0.019214) (0.019210) (0.01879 4)
0.10895 7 0.10044 9 0.13849 7

FLRSQFT 0.00001 4** 0.00001 5** 0.00001 3**
(0.000005) (0.000005) (0.00000 5)
0.04171 1 0.04447 9 0.04029 8

FLRMIS 2 0.44580 3 2 0.41782 0 2 0.40566 5
(0.277325) (0.276503) (0.27722 2)

2 0.02219 0 2 0.02079 7 2 0.02019 2
MTLF 0.10217 1** 0.09935 8** 0.10635 4**

(0.011025) (0.011047) (0.01088 3)
0.15988 7 0.15548 4 0.16643 2

MTLFMIS 2.03235 0** 2.07626 0** 1.94431 2**
(0.494083) (0.490649) (0.49538 8)
0.04802 7 0.04906 5 0.04594 7

COMPLEX 2 0.87892 7** 2 0.81464 4** 2 0.84385 8**
(0.227007) (0.227147) (0.22655 0)

2 0.06254 8 2 0.05797 4 2 0.06005 3
PARK 2 0.00079 0 2 0.01545 7 2 0.02250 5

(0.153508) (0.153072) (0.15278 5)
2 0.00006 9 2 0.00134 1 2 0.00195 3

PARKDECK 0.84833 8** 0.91566 4** 0.88223 0**
(0.199856) (0.200141) (0.19885 9)
0.08187 5 0.08837 2 0.08514 6

AGE 2 0.02516 4** 2 0.02786 1** 2 0.02231 4**
(0.004947) (0.004933) (0.00483 2)

2 0.08880 0 2 0.09831 7 2 0.07874 3
AGEMIS 2 0.11994 2 2 0.12424 0 2 0.27735 9

(0.332187) (0.330431) (0.33207 7)

2 0.00423 4 2 0.00438 6 2 0.00979 1
CLASSA 3.24311 8** 3.19129 8** 3.16030 8**

(0.205876) (0.205890) (0.20500 4)
0.30868 8 0.30375 6 0.30080 6

NET 2 1.38864 5** 2 1.44410 6** 2 1.26845 1**
(0.188128) (0.187124) (0.18880 0)

2 0.16281 5 2 0.16931 8 2 0.14872 3
EXPSTOP 1.39705 2** 1.43091 5** 1.32916 8**

(0.197691) (0.196905) (0.19823 9)
0.16167 4 0.16559 3 0.15381 8

ESCAL 0.25203 2* 0.31899 2** 0.24654 3*
(0.137202) (0.136508) (0.13717 5)
(0.024663 0.03121 5 0.02412 6

BANK 2 0.10980 1 2 0.20266 6 0.01039 2
(0.222863) (0.223335) (0.22324 0)

2 0.00904 4 2 0.01669 3 0.00085 6
CONFER 0.17421 4 0.21012 3 0.16912 9

(0.169852) (0.169607) (0.17004 1)
0.01714 3 0.02067 7 0.01664 3
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Table 3. Continued .

Variable Model A Model B Model C

EAT 0.00988 6 2 0.02279 6 2 0.00826 7
(0.226753) (0.227210) (0.22639 6)
0.00077 0 2 0.00177 6 2 0.00064 4

CLUB 0.48690 8** 0.46872 4** 0.48105 3**
(0.218835) (0.218990) (0.21840 9)
0.04106 3 0.03952 9 0.04056 9

YR90 0.83554 3** 0.70857 2** 0.79224 3**
(0.105616) (0.101757) (0.10622 6)
0.08926 1 0.07569 7 0.08463 5

YR96 0.55803 8** 0.64316 3** 0.56713 2**
(0.097950) (0.095248) (0.09769 1)
0.06020 7 0.06939 1 0.06118 8

NDIST 0.12005 1** 0.11448 8** 0.11200 2**
(0.019442) (0.019483) (0.01919 7)
0.17436 3 0.16628 4 0.16267 3

SDIST 0.08087 4** 0.07276 0** 0.07071 8**
(0.022354) (0.022160) (0.02264 6)
0.07407 7 0.06664 5 0.06477 5

HWY1MI 0.33567 5** 0.28165 7* 0.33744 1**
(0.154843) (0.155536) (0.15304 9)
0.03729 3 0.03129 2 0.03748 9

MARTAQTR 2 0.95453 9** 2 0.98667 8** 2 0.80522 7**
(0.247891) (0.247745) (0.24294 7)

2 0.07108 1 2 0.07347 4 2 0.05996 2
TAXRATE 0.02250 1** 0.01622 7 0.02028 0*

(0.010934) (0.010957) (0.01077 0)
0.03830 0 0.02762 0 0.03451 9

TRACTINC 0.00001 9** 0.00002 0** 0.00000 8
(0.000005) (0.000005) (0.00000 5)
0.08134 6 0.08534 5 0.03145 7

PCTBLACK 0.15747 8 0.14654 2 2 0.06204 7
(0.428604) (0.424869) (0.42088 8)
0.00801 1 0.00745 4 2 0.00315 6

MALL 0.56478 3** 0.52594 4** 0.59184 6**
(0.185818) (0.186006) (0.18395 0)
0.04922 9 0.04584 4 0.05158 8

BLUE1 2 0.89693 1** Ð 2 0.75085 0*
(0.408016) (0.41304 6)

2 0.02636 9 2 0.02207 5
SERVICE1 3.68484 0** Ð 3.10102 0**

(0.608367) (0.61696 7)
0.08633 9 0.07265 9

BLUE2 Ð 2 38.3786 21** Ð
(12.476 057)
2 0.03925 0

SERVICE2 Ð 114.956621** Ð
(14.560 886)

0.33953 9
HHIND 4.04684 1** 5.60043 4** 4.32800 7**

(1.236873) (1.211736) (1.24343 8)
0.04438 5 0.06142 4 0.04746 9

CLRCOM 2 0.00023 7** 2 0.00024 9** 2 0.00030 7**
(0.000078) (0.000077) (0.00007 7)

2 0.12030 6 2 0.12644 4 2 0.15558 4
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Table 3. Continued .

Variable Model A Model B Model C

CLER2 2 93.2952 93** 2 140.618434** Ð
(0.000078) (39.450 34)

2 0.12030 6 2 0.36245 4
CLER1 Ð Ð 2.34265 1

(1.52075 8)
0.02468 7

PROCOM 0.00018 0** 0.00019 7** 0.00017 5**
(0.000034) (0.000034) (0.00003 4)
0.21900 3 0.23923 6 0.21311 2

PRO2 123.676 177** 62.6386 23* Ð
(37.892 229) (37.406 448)

0.32087 3 0.16251 3
PRO1 Ð Ð 3.87501 3**

(0.90380 1)
0.06850 6

TOTAL R
2

0.67516 3 0.67738 2 0.67461 2

** 5 signi ® cant at the 5 per cent level.
* 5 signi ® cant at the 10 per cent level.

would cause the estimated gradients to ¯ atten

substantially, if not completely disappear. In-

stead, both the northside and southside gradi-

ent become more steeply positively sloped.

This suggests that there are locational vari-

ables that are correlated with distance from

the CBD centre that are missing from our

model. Judging from media accounts and the

concerns raised by public of ® cials and busi-

ness managers in hearing and other forums,

these variables may well be the personal

security perceptions of of ® ce workers and

their harassment by street people. In recent

years, both crime and panhandling have be-

come rampant within the City of Atlanta,

especially within the CBD.13

The variables we were able to include that

measure the attractiveness of the work loca-

tion all behave much as expected. TRACT-

INC, MALL and BLUE1 all have the right

signs and are highly signi ® cant. The effect of

PCTBLACK, however, is insigni ® cant.

In addition to the work milieu, the com-

mutes of of ® ce workers are expected to af-

fect the wages that of ® ce ® rms must pay

their workers. As expected, the estimated

coef® cient on PROCOM is positive and

highly signi ® cant and the beta coef® cients

indicate that PROCOM is one of the

strongest predictors of of ® ce rent. However,

the estimated coef® cient on CLERCOM is

negative and also highly signi ® cant. A poss-

ible explanation for the contrary results for

CLERCOM starts with the recognition that

professional and clerical labour generally re-

side in different neighbourhoods. This fact,

combined with the higher cost executives

and professionals place on their commuting

time, suggests that of ® ce ® rms may be at-

tracted to upper-income neighbourhoods and

away from neighbourhoods where clerical

workers reside in order to minimise total

labour costs. It is interesting to note that both

Ihlanfeldt and Raper (1990) and Long (1984)

found that new of® ce ® rms tend to locate

near the homes of professional workers and

away from neighbourhoods with high con-

centrations of clerical workers. There are

therefore precedents for our results.

Perhaps of greatest interest are the results

obtained with the variables that measure con-

venience for face-to-face meetings. Concen-

trations of professional workers (PRO2) and

workers employed in industr ies that provide

services (SERVICE1) to of ® ce ® rms have

strong positive effects on of ® ce rents. The

beta coef® cients indicate that these variables

are among the strongest predictors of of ® ce
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rents. In fact, PRO2 has the largest beta

coef® cient of all of the variables included in

the model, including the building characteris-

tics.
14

Higher concentrations of clerical

workers, on the other hand, are found to

reduce rents. A possible explanation for this

result is that while having more people in the

tract facilitates face-to-face meetings, it also

creates congestion. In the case of pro-

fessional workers, the ® rst effect is likely to

be dominant, while for clerical workers the

second effect may dominate.

Our measure of the industr ial diversity of

the tract (HHIND) has a positive and highly

signi ® cant effect on of ® ce rents. Since higher

values of HHIND are associated with less

diversity, the results suggest that of ® ce ® rms

prefer tracts with high levels of employment

in just a few industr ies. Such an environment

may be more conducive to knowledge

spillovers among ® rms as suggested by

Glaeser et al. (1992) . Alteratively, there may

simply be localisation economies that reduce

the costs of intermediate inputs that are

speci® c to the ® rms in particular or related

industr ies.

The ® nal location variables are those that

measure transport rates (HWY1MI, MAR-

TAQTR) and differences in the rate of prop-

erty taxation across buildings (TAXRATE).

Proximity to a highway interchange has a

positive effect on of ® ce rents, while being

within walking distance of a MARTA train

station reduces rents. Both effects are statisti-

cally signi ® cant at the 5 per cent level. The

failure of MARTA to increase rents is con-

sistent with the recent ® ndings of Bollinger

and Ihlanfeldt (forthcoming) and Kain

(1997) . Bollinger and Ihlanfeldt ® nd that

MARTA has had no discernible effect on

total employment or population in station

areas, while Kain has documented that

MARTA has had a negligible impact on

transit ridership.
15

The negative relationship

between MARTA proximity and of ® ce rents

may stem from the perception that station

areas are relatively unsafe (Morehouse Re-

search Institute, 1995) . Currently, the rail

system lies entirely within only 2 (Fulton and

Dekalb) of the 10 counties that constitute the

Atlanta region. The failure of other counties

to join MARTA (in particular, Cobb and

Gwinnett) is commonly attributed to the per-

ceived link between crime and rapid transit

(Poister, 1996) .

The estimated coef® cient on TAXRATE is

statistically signi ® cant with an unexpected

positive sign. Our theoretical model suggests

that where property tax rates are high, of ® ce

users would be willing to pay less rent,

because they must pay more tax on their

depreciable capital assets. However, inter-

jurisdictional tax differentials on structural

capital may positively affect of ® ce rents if

higher taxes are correlated with valued pub-

lic services or if of ® ce ® rms are less than

perfectly mobile16.

The results from the equations that exclu-

sively utilise either regional totals (column

B) or tract totals (column C) in the construc-

tion of the tract concentration variables are

qualitatively highly similar to those reported

in column A. The story we have told based

on column A would change very little if we

had focused instead on either column B or

column C. The results are therefore robust

with respect to alternative measurement of

the concentration variables.

Trends in Effects

To investigate whether certain effects have

changed over the six-year time-span covered

by our data, we allowed the estimated

coef® cients on SERVICE1, PRO2, PRO-

COM, NDIST and SDIST to vary over time

in our preferred model (Table 4). Our interest

in SERVICE and PRO stems from one of the

primary questions motivating our research;

namely, have advances in telecommunica-

tions weakened the importance of con-

venience for face-to-face meetings as a

determinant of of ® ce rents. Intertemporal

changes in the estimated effects of PRO-

COM are of interest, since the growth of

telecommuting may have lessened compen-

sations for commuting costs. The distance

gradients are allowed to vary to determine

whether the intertemporal shifts observed in
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Table 4. Full model with time effects

Variable name Coef® cient Standard error Beta coef ® cien t

CONSTANT 5.54705 6** 0.85327 8 Ð
TOTSQFT 0.00000 3** 0.00000 1 0.09567 1
FLOORS 0.06359 4** 0.01907 3 0.10846 8
FLRSQFT 0.00001 4** 0.00000 5 0.04292 8
FLRMIS 2 0.44583 9 0.27489 8 2 0.02219 2
MTLF 0.10186 7** 0.01097 3 0.15941
MTLFMIS 2.02703 8** 0.48893 9 0.04790 2
COMPLEX 2 0.84783 1** 0.22560 2 2 0.06033 5
PARK 2 0.00819 6 0.15211 6 2 0.00071 1
PARKDECK 0.86547 ** 0.19915 8 0.08352 8
AGE 2 0.02542 2** 0.00491 1 2 0.08971
AGEMIS 2 0.12247 2 0.32835 3 2 0.00432 3
CLASSA 3.24143 8** 0.20450 3 0.30852 8
NET 2 1.41288 ** 0.18653 4 2 0.16565 6
EXPSTOP 1.41944 1** 0.19592 1 0.16426 5
ESCAL 0.27257 5** 0.13605 8 0.02667 3
BANK 2 0.08098 1 0.22133 2 2 0.00667
CONFER 0.19820 8 0.16876 2 0.01950 5
EAT 0.01165 1 0.22512 5 0.00090 8
CLUB 0.48422 1** 0.21754 8 0.04083 6
YR90 2.05191 8** 0.66633 0.21920 6
YR96 1.33994 8** 0.59578 7 0.14456 8
NDIST90 0.05883 9** 0.02413 7 0.07693 3
NDIST94 0.15494 9** 0.02358 9 0.22963 6
NDIST96 0.12789 7** 0.02223 9 0.16779 8
SDIST90 0.01519 3 0.03429 1 0.00669 7
SDIST94 0.12906 5** 0.03107 6 0.08520 5
SDIST96 0.06440 6** 0.02891 7 0.03190 7
HWY1MI 0.23416 3 0.15467 2 0.02601 5
MARTAQTR 2 0.96445 7** 0.24642 6 2 0.07182
TAXRATE 0.01919 3* 0.01091 7 0.03266 8
TRACTINC 0.00002 1** 0.00000 5 0.08638 6
PCTBLACK 0.23968 0.42613 0.01219 2
MALL 0.55678 9** 0.18462 3 0.04853 2
BLUE1 2 1.44961 4** 0.42207 9 2 0.04261 8
SERVICE1±90 4.43334 9** 1.1286 0.10465 3
SERVICE1±94 1.25423 6 0.85765 7 0.03735
SERVICE1±96 3.81747 4** 0.71282 1 0.12082 5
HHIND 4.95955 ** 1.26858 1 0.05439 5
CLRCOM 2 0.00022 7** 0.00007 8 2 0.11523 5
CLER2 2 82.085236** 37.5012 34 2 0.21158
PROCOM90 0.00016 2** 0.00003 8 0.20633 7
PROCOM94 0.00021 8** 0.00003 6 0.31974 3
PROCOM96 0.00016 ** 0.00003 7 0.22354 4
PRO2±90 107.701 09** 37.9141 81 0.20278 6
PRO2±94 134.250 883** 38.2645 65 0.26023
PRO2±96 98.535** 38.2172 41 0.18850 9
R-squared 0.68

** 5 signi ® cant at the 5 per cent level.
* 5 signi ® cant at the 10 per cent level.
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the simple models also apply to the full

model.

Taking up the latter issue ® rst, both the

northside and the southside gradients became

more positively sloped between 1990 and

1994. These differences are signi ® cant at the

1 per cent level. Between 1994 and 1996,

both gradients ¯ attened somewhat, but

neither of these changes is statistically

signi ® cant. These results are therefore con-

sistent with those obtained from the simple

models and reinforce the conclusion that

some unobserved factor (or factors) has in-

creased the demand for of ® ce space in build-

ings farther out from the centre relative to

space located closer in.

The estimated coef® cient on SERVICE1

falls between 1990 and 1994, and then rises

between 1994 and 1996. The estimated

coef® cient on PRO2 rises between 1990 and

1994, and then comes back down between

1994 and 1996. While these patterns are

somewhat puzzling, the estimated coef® -

cients for 1990 and 1996 are similar in mag-

nitude for both variables and the differences

between these years do not come close to

being statistically signi ® cant. The evidence

therefore is not supportive of the idea that

telecommunications have diminished the role

played by convenience for face-to-face inter-

action in determining of ® ce rents.

Finally, the estimated coef® cients on

PROCOM are similar across years and have

not signi ® cantly differed between 1990 and

1996. There is, therefore, also no evidence

that telecommunications have diminished the

importance of commuting costs as a determi-

nant of of ® ce rents.
17

6. Conclusions

This study has provided considerable evi-

dence on the factors that in¯ uence spatial

variation in of ® ce rents. Controlling for typi-

cal building characteristics and lease terms,

we ® nd that variables measuring locational

differences in wage rates, transport rates and

proximity to concentrations of support ser-

vices and of ® ce workers all affect rents in a

reasonable fashion. These results provide

strong con® rmation of our theoretical model.

Of particular signi ® cance are the ® ndings

that relate to agglomeration economies. In

the case of of ® ce activities, face-to-face con-

tact between the ® rm’ s employees and its

customers, suppliers and the professional and

managerial employees of other of ® ces is

believed to be a fundamental element of

agglomeration economies, especially among

geographers and planners (Clapp, 1993) . Our

results provide the ® rst hard evidence that

convenience for face-to-face meetings is an

important determinant of of ® ce rent. In fact,

we ® nd that this factor is among the most

important predictors of locational differences

in of ® ce rent.

In recent years, rapid technological ad-

vances in telecommunications have caused

some scholars to argue that convenience for

face-to-face interaction is becoming less im-

portant to of ® ce activities (Pascal, 1987;

Webber, 1968) . Other scholars (Clapp, 1993;

Mills, 1992b ; Downs, 1994) have been criti-

cal of this argument and have made various

counter-arguments suggesting that faxes,

e-mail and even video-conferencing are poor

substitutes for the face-to-face transmission

of information. Both our cross-sectional and

intertemporal evidence provide no support

for the idea that telecommunications have

diminished the importance that of ® ce ® rms

place on face-to-face agglomeration econom-

ies. Of course, it may be the case that our

data cover too short a time-span or it may

simply be too early to capture the full impact

of changing technology. Nevertheless, the

years represented were a time when con-

siderable evolution occurred in of ® ce com-

munications.

Our results also have a bearing on the

debate over whether central cities and sub-

urbs are independent or inter-dependent with

regard to their economic fortunes (Ihlanfeldt,

1995) . As part of this debate, a number of

scholars have argued that central cities pay a

unique and important role in the regional

economy because face-to-face agglomeration

economies stimulate economic growth and

these economies are maximised within cen-



OFFICE RENTS IN THE ATLANTA REGION 1115

tral cities (Persky et al. 1991) . Our data

indicate that the mean values of PRO2 in

1990 were 0.041 , 0.010 and 0.009 for of ® ce

® rms located in the CBD, the rest of the

central city and the suburbs, respectively.

The values for 1996 show little change

(0.038 , 0.010 , 0.009) . The evidence, there-

fore, is consistent with the idea that agglom-

eration economies are maximised within the

CBD. However, we did not ® nd that of ® ce

rents were higher in the CBD in comparison

to the rest of the region. In fact, just the

opposite was found. In Atlanta, it appears to

be the case that the advantage the city has in

provid ing convenience for face-to-face ex-

change is more than offset by negative at-

tributes of the work locations that force

employers to pay higher wages. Unfortu-

nately, we were not able to document this

fully because the alleged disamenities (per-

ceptions of crime and harassment) are

dif ® cult to measure. Nevertheless, we are in

the process of gathering data that will allow

us to investigate the relationship between

crime rates and of ® ce rents in the next phase

of our research.

Notes

1. Wheaton and Torto (1994) estimated hedonic
of® ce rent equation s for 36 metropoli tan
areas. For San Francisc o they found a 38 per
cent range in rents across sub-market loca-
tions, after controll ing for buildin g type and
lease terms. Regardin g the results for the
other MSAs, they conclud ed that ª The loca-
tional variatio n is noticeab ly larger in Wash-
ington and in severa l other large, older
markets . In larger , but newer markets (such
as Denver and Houston) , the location al vari-
ation is less and tends to be around 25±30
per centº (Wheaton and Torto, 1994 , p. 130,
fn 1).

2. Since the focus is on location al variatio n in
of® ce rents, of ® ce space is treated as an
undiffe rentiated input. In our empirical
model, of ® ce space is standard ised by in-
cluding an extensiv e set of buildin g charac-
teristic s among the independent variable s.

3. Ciccone and Hall (1996 ) use data on gross
state outpu t and ® nd that a doubling of em-
ployment density increase s averag e labou r
product ivity by around 6 per cent. Their

results suggest that more than half of the
varianc e of outpu t per worker across states
can be explained by differences in the den-
sity of economic activity .

4. The Atlanta Region includes the centra l city
and the countie s comprising the inner sub-
urbs of the Atlanta MSA. The region repre-
sents the planning area of the Atlanta
Regional Commission. The region accounted
for 83 per cent and 90 per cent of the MSA’ s
populati on and employment in 1990 , respect -
ively.

5. As Mills (1992a ) has noted , theoreti cally the
dependent variable in hedonic of® ce rent
equation s should be an estimate of the pre-
sent value of all of the payments under the
lease, rather than base rent. However , opera-
tionally he found that asking rents as the
dependent variable produce d similar and
equally plausibl e coef ® cients to use of the
presen t value of the lease as the dependent
variable .

6. These variable s give equa l weight to worker s
living a given distanc e away from tract
centres regardle ss of whether or not they
are located inside or outsid e the tract. The
distanc e exponen t (2) is based on the experi -
mentatio n with alternat ive exponen ts con-
ducted by Ihlanfeldt and Raper (1990) , who
used variable s analogous to PROCOM and
CLERCOM to explai n the location al choice s
of new of ® ce ® rms in Atlanta.

7. A quarter mile (2.5 blocks) is used as the
radius of the MARTA impact area because
this is commonly de® ned as a reasonab le
walking distanc e (Bernick and Carroll , 1991 ;
Cervero , 1994; Untermann, 1984) .

8. A complete descript ion of ARC’ s method-
ology can be found in any of their annual
employment and populati on reports (for
exam ple, Employment 1995 , Population
1995 , Atlanta Regiona l Commission ,
1996).

9. A net lease require s that the tenant pays
some costs that are paid by the landlord
under a gross lease, generall y real estate
taxes, insurance and operating costs. A stop
clause speci ® es the maximum amount of
costs the landlor d will pay.

10. The GLS estimates used the residual s from a
® rst-stag e regression to estimate the vari-
ance-co-variance matrix for observat ions in
time on each buildin g. There are potentia lly
six unique elements to this matrix if a build -
ing is observe d in all three time-period s: the
varianc e for each time-period (three unique
terms) and the co-variance between each
time-period . This allows for time-varying
heterosk edasticit y and time-varying autocor -
relatio n for each building .
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11. The signs and signi ® cance levels of the ex-
planatory variable s were almost identica l be-
tween the two function al forms as were their
explanat ory power.

12. Tests for spatia l autocor relatio n were per-
formed for these models. The Cliff±Ord test
was utilised (Cliff and Ord, 1981; Anselin ,
1980). The test statisti c is construc ted as an
asymptotic standar d normal deviate (Bur-
ridge, 1980; Cressie, 1993). All test statistic s
are below the usual 1.96 rejectio n value,
which suggest s that spatia l correlat ion has
not biased our estimated standar d errors .

13. In recogni tion of these problems, business
improvement district s have recently been es-
tablished within the city that are patrolle d
by `ambassador s’ who possess direct com-
municatio n with the police . In addition , anti-
begging and `urban- capping ’ ordinan ces
were recently approve d by the Atlanta City
Council.

14. It is possible that we have overestimated the
true effects of PRO2 and SERVICE1 on
of® ce rents. For example, a locational charac-
teristic may be missing from our estimated
equation s that of® ce users ® nd attractive,
which would both increase rent and cause
greater concentr ation of of® ce workers
within the tract. While this caveat deserves
mention, it is by no means clear what variable
we might have overloo ked that is positive ly
correlat ed with both rent and worker concen -
tration . We believe that the relativ e homo-
geneity of Atlanta ’ s landscape (for example,
no major rivers , lakes, mountains or parks
exist within the city) mitigates this concern .

15. Accordin g to Kain (1997) , transi t ridership,
as measured by linked trips, was only 2.5 per
cent highe r in 1993 in comparison to 1979 ,
the year before Atlanta initiated rail service .

16. Due to data limitations, measures of loca l
public services are excluded from our esti-
mated models. In Georgia , there is no state
of® ce that collect s data on municipa l expen-
ditures . While these data are availabl e from
the Census of Governments, this Census is
conduct ed only every ® ve years. Moreover ,
expendi tures per capita are generall y unre-
liable measure s of services directl y produced
and the latter may be unrelated to the outpu t
of primary interes t to the citizen- consumer
(Bradford et al., 1969).

17. We also estimated separate equation s by year
and equation s that permitted all of the vari-
ables other than the buildin g characte ristics
to have differen t effects by year . While the
reductions in sample size /degree s of freedom
cause fewer of our variable s to be statistica lly
signi ® cant, none of our conclusi ons is altered
by these results .
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Appendix

Table A1. Means and standard deviatio ns of variable s: pooled sample (N 5 2246)

Variable Sample mean Sample standar d deviation

RENT 14.050 4.260
TOTSQFT 108714.000 161229 .000
FLOORS 5.450 7.270
FLRSQFT 15806.000 12868.0 00
MTLF 7.270 6.670
COMPLEX 0.102 0.303
PARK 0.837 0.370
PARKDECK 0.215 0.411
AGE 19.140 15.030
CLASSA 0.207 0.406
NET 0.522 0.500
EXPSTOP 0.417 0.493
ESCAL 0.776 0.417
BANK 0.144 0.351
CONFER 0.228 0.419
EAT 0.126 0.332
CLUB 0.152 0.359
YR90 0.293 0.455
YR96 0.303 0.460
DIST5PTS 10.870 5.760
NDIST 9.841 6.189
SDIST 1.034 3.903
HWY1MI 0.661 0.473
MARTAQTR 0.114 0.317
TAXRATE 41.200 7.250
TRACTINC 40566.000 17823.0 00
PCTBLACK 0.179 0.217
MALL 0.165 0.371
BLUE1 0.104 0.125
BLUE2 0.004 0.004
SERVICE1 0.229 0.100
SERVICE2 0.012 0.013
CLER1 0.200 0.045
CLER2 0.011 0.011
PRO1 0.370 0.075
PRO2 0.011 0.011
HHIND 0.122 0.047
CLERCOM 4661.00 0 2162.00 0
PROCOM 10794.000 5185.00 0




