THE JOURNAL OF REAL ESTATE RESEARCH

Projecting Suburban Office Marie Howland*
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in Offices

Abstract. The boom-bust cycle of the 1980s highlights the need for independent, public
sector estimates of office space needs. Buildings that fail to yield full property tax
revenues, stand vacant and discourage development in the surrounding environment,
displace jobs without creating new ones, and merely succeed in luring tenants from older
buildings, have become commonplace in the real estate bust of the late 1980s and early
1990s.

The purpose of this paper is to estimate office space demand and show patterns of
office space usage in a suburban county. Specifically, we estimate the share of employees
in free-standing offices, by empirically observing the share of industry employment in
offices in 1986. We then assess the accuracy of our values and compare our results with
an alternative, occupational approach. The data is drawn from Prince George’s County,
Maryland, a suburban county of Washington, D.C.

To briefly summarize findings, our empirically based, industry-specific approach
indicates there is a changing and wide variation in the share of employment in free-
standing office buildings across the two-digit service industries. However, when data are
aggregated across all service industries, our results generate estimates of office employ-
ment comparable to the earlier occupational approach of Kimball and Bloomberg (1987).
Both approaches produce office space demand projections within 9% to 12% of actual
leased space.

Previous Research

Researchers have applied both econometric and judgmental methods to the task of
estimating office demand. Econometric methods predict changes in office space
demand as a time-series function of such variables as local employment growth,
vacancy rates, and rents (e.g., Rosen, 1984; Hekman, 1985; Wheaton, 1987; McClure,
1991). In contrast, judgmental office models estimate demand by first disaggregating
office occupancy by local industrial sectors at a fixed point in time and then projecting
industry growth (Alexander, 1979; Kelly, 1983; Kimball and Bloomberg, 1987). The
accuracy of judgmental models is highly dependent upon assumptions about office use
across industrial sectors.
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For example, Kelly (1983) projected demand for office space in New York City by
assuming that all of Manhattan’s white-collar workers locate in primary office
buildings. Kelly obtained data on the share of each industry’s employment in
white-collar jobs from New York State’s Occupational Employment Survey. Kimball
and Bloomberg (1987) estimated office demand by first predicting the share of
industry employment in white-collar Jobs, using national occupational data by major
industry sector. Drawing on the New York Regional Plan, Kimball and Bloomberg
(K&B) estimated one-third of all white-collar jobs are found outside free-standing
office buildings (Armstrong, 1972, p. 20), leaving 2.6% of agriculture, 18.8% of
mining, 14.6% of construction, 17% of manufacturing, 30.2% of transportation,
16.8% of wholesale and retail trade, 59% of finance, insurance and real estate
(FIRE), and 19% of all service workers based in office buildings.

These applications of judgmental models suffer from several shortcomings. First,
estimates of the share of each industry’s employees who are white-collar workers are
based on central city data in the Kelly model and national data in the K&B model,
and therefore may not be generalizable to the suburbs.

Second, the Kelly model assumes all white-collar workers are housed in primary
office buildings, an assumption that may be realistic for central cities, but not suburbs.
K&B draw their estimates of the share of white-collar workers in offices from the New
York metropolitan region in the early 1970s. While these estimates may hold for the
wider New York metropolitan area, they may not apply outside New York or they
may be outdated. Central city/suburban and cross-metropolitan differences in land
costs and zoning restrictions are just two factors that would result in regional
differences in the share of white-collar occupations situated in office buildings. Our
approach bypasses these shortcomings by directly estimating the share of industry
employees in free-standing office buildings.

Third, the K&B estimates are highly aggregated by industry and may lose their
accuracy when applied to small, less heterogeneous economies. The advantages of our
approach are its empirical base, its suburb-specific application, and its finer, two-digit
Standard Industrial Classification (SIC) code level. It further provides a validity check
for the widely used K&B estimates.

Context

We use Prince George’s County, Maryland as an archetype. Prince George’s
County surrounds the eastern boundary of Washington, D.C., and is suitable for
analysis because of its large area, 487 square miles; population, more than 730,000
residents; and employment, 250,000 jobs. Moreover, the county’s service economy is
highly diversified, with all but two, two-digit service industries represented.!

An industry’s share of employment in office space is influenced by economic
structure, land values, zoning and height restrictions, and infrastructure investments,
such as fixed rail transit, freeways and beltways. Economies that include a complex
constellation of business and financial services are more likely to attract headquarters,
which are more likely than branches to locate in office space. Prince George’s County
has a well-developed service sector, with 81% of this county’s employment in
services,”? including wholesaling and retailing. Land values in Prince George’s County
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are high relative to the nation and low relative to the rest of the metropolitan area.
In 1990, the average lease rates were $16.53 per square foot, compared to $20.63 in
Montgomery County and $30.31 for the District of Columbia. High land costs
encourage office development.

Although Prince George’s land values are below those of neighboring suburban
Montgomery County, more stringent planning restrictions and a shortage of develop-
able sites in neighboring Montgomery County pushed both employment and office
growth to Prince George’s County during the 1980s. Finally, office density in Prince
George’s County has been further encouraged by the existence of a beltway and five
Metro stations, which increase accessibility to downtown and the rest of metropolitan
Washington.

Methodology

We estimate the percent of industry employment located in offices by matching a
database of establishments with an office space database and determining the share of
industry employment located in offices. The establishment data is extracted from the
United States Establishment and Enterprise Microdata (USEEM) file, obtained from
the Small Business Administration.> This database includes nearly 100% of Prince
George’s County establishments and employment in SIC codes 40 through 89 for the
years 1980 and 1986.* The number of employees at that location and the exact street
address are reported for each record.

The source of the office space inventory is the Survey of Office Space in Prince
George’s County (1990) collected by the Prince George’s County Department of
Economic Development. This inventory includes all 1986 and 1989 free-standing total,
leased, and vacant office space in buildings larger than 10,000 square feet. These office
buildings include mixed uses, such as retail and flex/tech space. Buildings that have the
potential to be 100% office are included in the flex/tech office building category. By
relating these two databases by common address field, we identified those businesses
and the number of employees located within office buildings.

Prior to merging the two data sets, efforts were undertaken to correct and
standardize addresses. The TIGER (Topologically Integrated Geographic Encoding
and Referencing) file served as the common base for address formatting. The TIGER
file is a computer-based map that locates street addresses and other geographical
attributes in space, in this case for Prince George’s County. In separate runs,
establishments from the USEEM file and office buildings were first mapped onto the
TIGER file. Examples of the results are shown below. We used Arc/INFO, a
geographic information system (GIS) software package to match addresses and
produce final maps. During the initial matches, errors in the address fields of the
establishment file, office space database, and the TIGER file surfaced. The process by
which we related the data sets using the GIS is charted here.

Recognizing the importance of increasing our percentage of address matches to
provide reliable estimates, we added missing street names and address ranges to the
TIGER file in and around the Capital Beltway, a prime area for office location. In
addition, we reviewed rejected addresses in both the office space and establishment
databases, corrected problems with format and spelling in all office building addresses
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Exhibit 1
Office Bulldings Establishment
Address Address
TIGER—» Rejects TIGER—» Rejects
Address Address
Matches ! Matches
Businesses in

Office Buildings

and in reoccurring establishment and TIGER data sets, and ran the address match
again. These efforts yielded a 77% match rate between businesses and TIGER and a
100% match rate between office buildings and TIGER.5 The subsequent establish-
ment/office space merge yielded a 12% match, a percentage consistent with the notion
that a majority of establishments do not operate out of large office buildings. Exhibit
2 shows the location of offices buildings across the county, and Exhibit 3 demon-
strates the location of finance, insurance and real estate establishments. Establish-
ments in all industries are not shown because the exhibit becomes congested and
unreadable at this scale.

The rejects from the establishment/TIGER match may either result from faulty
establishment addresses or defective, out-of-date, or missing TIGER addresses.
Predictable biases occur in the final estimates of the share of employment in office
space.

The correct values for the share of industry employment in offices [a] range from:

a;= [(Oi/xi+yi)] (H
to

a;=[[(o/y) * (x)]+ o)I/(x; +y), ()

where

o=number of employees in offices,

y=total county employees in matched set,

x=total county employees in reject set,
subscript /= industry.
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Equation (1) measures the lower bound estimates, which assumes that all rejects of
the establishment/TIGER match are due to faulty TIGER addresses and outside of
offices. Since all TIGER addressees under office buildings have been corrected, we
should have captured all county establishments located in office buildings in the event
the address errors lie with the TIGER file.

Equation (2) measures the upper bound values and is based on the assumption that
all rejects are due to defective establishment addresses, and that the reject set has the
same share of employment in offices as the matched set.

The true number is most likely between the two possibilities, however, the share of
rejects due to defects in the TIGER versus the establishment file is unknown. The final
office space projections in the text use equation (1), the lower bound estimates of the
share of employees in offices. The results from equation (2), the upper bound
estimates are presented in Appendix 1. Both the upper and lower bound estimates are
compared in Exhibit 4. For most industries the lower and upper bound values differ
only slightly, with the upper bound values generating larger estimates of overall office
demand by about 4%.

Exhibit 5 compares lower bound estimates for both 1980 and 1986. Although the
1980 figures are not used to project office space, we analyze these data and draw on
the results to explore and test for reliability of the 1986 figures.

Ten of the thirty-eight SIC codes had an absolute 1986-1980 difference greater than
10% (Exhibit 5). Of these, four SIC categories including 45, 48, 62, and 63, suffered
from a small establishment base in 1980, and therefore unavailable, unstable, or
unreliable 1980 estimates. The other large changes can be explained by the dynamics
of the economy and heterogeneity within two-digit SIC categories. Between 1980 and
1990, Prince George’s County grew by 9.7%, nearly 60,000 people (U.S. Census,
1991). This population growth resulted in structural changes in a number of
industries. Within transportation services (SIC 47), most growth occurred in (SIC 472)
“passenger travel arrangements” or travel agents. The number of travel agents
increased by 25% between 1980 and 1986, and it is reasonable to believe these new
establishments located in office buildings.

Although the number of county banking employees (SIC 60) declined slightly
between 1980 and 1986, the number of banking establishments grew from 88 to 140.
The small size of these establishments (91% have less than nineteen employees), and
their dispersal throughout the county, suggest the growth is attributable to new
branch banks located in residential commercial centers. Thus, the share of banking
employment in office space declined.

SIC 79, amusement and recreation services, also appears to have dramatically
increased its share of employment in office space. A finer disaggregation of this
industry shows particularly large employment increases in membership sports and
recreation clubs. Since a high proportion of health clubs locate in free-standing office
buildings, the 1980 to 1986 increase in the share of total employment in offices is
plausible. While for most industries there is stability in the proportion of office
workers over time, these 1980 to 1986 discrepancies highlight some of the costs of
inadequate industrial detail.

As one might expect, the transportation, wholesale, retail and services sectors of the
economy are generally low in their percentages of office-based employees. The greatest
proportion of office-based employment is found in the finance, insurance and real
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Exhibit 2
Office Buildings, Prince George’s County, Maryland, 1986

£
|

10123
.

scale in miles

A Office buildings: Total Office Buildings=380; triangles with numbers refer to a cluster of office
building addresses.

Source: UMCP Urban Studies and Planning Department
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Exhibit 3
Location of Finance, Insurance and Real Estate Establishments,
Prince George’'s County, Maryland
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scale in miles

A 1980 business location
¥ 1986 business location

Source: UMCP Urban Studies and Planning Department
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Exhibit 4
Share of Employees Located in Office Buildings, Lower and
Upper Bound Estimates

SIC Lower Upper
Industry Name code bound bound
TCU, Local Passenger Rail 4 6.1 6.3
TCU, Trucking Warehousing 42 9 1.9
TCU, Water Transportation 44 .0 .0
TCU, Transportation by Air 45 19.6 60.6
TCU, Transportation Services 47 63.3 65.3
TCU, Communication 48 521 59.8
TCU, Electric, Gas, Sanitary 49 .0 .0
Wholesale Trade, Durable Goods 50 10.7 14.6
Wholesale Trade, Nondurable Goods 51 6.4 7.7
Retail Trade, Bldg. Materials 52 25 3.2
Retail Trade, General Merchandise 53 53 85
Retail Trade, Food Stores 54 A A
Retail Trade, Auto Dealers/Serv. Stations 55 2 2
Retail Trade, Apparel Accessories 56 2.0 26
Retail Trade, Furniture, Furnishings 57 1.3 1.6
Retail Trade, Eating, Drinking 58 2.6 3.6
Retail Trade, Miscellaneous 59 24 3.0
F.I.R.E., Banking 60 23.0 29.8
F.I.R.E., Credit Agencies 61 54.6 65.3
F.I.R.E., Security, Commodity 62 14.7 237
F.I.LR.E., Insurance Carriers 63 80.3 834
F.I.LR.E., Insurance Agents, Brokers 64 36.8 421
F.I.R.E., Real Estate* 65/66 27.0 321
F.L.LR.E., Holding, Other Investments 67 314 45.7
Services, Hotels, Other Lodgings 70 13.6 184
Services, Personal 72 4.7 5.6
Services, Business 73 371 52.6
Services, Auto Repair, Garage 75 3 4
Services, Miscellaneous Repair 76 17.9 208
Services, Motion Pictures 78 4.7 6.0
Services, Amusement, Recreation 79 27.4 427
Services, Health 80 7.6 8.1
Services, Legal 81 379 48.0
Services, Educational 82 7 8
Services, Social 83 20.7 248
Services, Museums, Gardens 84 .0 .0
Services, Membership Organizations 86 321 40.2
Services, Miscellaneous 89 30.8 341

*SICs codes 65 and 66 were combined because of the small number of establishments in
SIC 66—Combined Real Estate and Insurance establishments.

Source: United States Establishment and Enterprise Microdata file, 1986, and the Prince George's
County, Department of Economic Development, 1990
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estate activities. Yet our estimates for most activities are lower than those of other
researchers (Kelly, 1983; Kimball and Bloomberg, 1987). The dispersal of some of
these sectors, such as SIC 60, banking, and SIC 62, security brokers, suggests that
casual empiricism underestimates the share of finance-related employment in suburbs
that is in small mixed-use commercial centers and home based.

Projecting Office Demand

The percentages of office-based employees were then used to project net new office
space demand between 1986 and 1989. We assumed the 1980 to 1986 employment
growth rate prevailed between 1986 and 1989, and 347 square feet per office-based
employee (Gruen and Gruen, 1986). The 347 square feet per office-based employee
was used to capture gross space per employee including, lobby, stairwells, elevator
space, etc., which is included in the office survey. Smaller estimates of space per
employee could be used without changing the methodology adopted here.

In retrospect, a continuation of the 1980-86 growth rate was optimistic. However,
standing in 1986, this was a reasonable assumption. In other words, if in 1986, we had
to predict 1989 office space demand, what would have been our best estimate?

The source for the 1980 and 1986 employment data is the Census Bureau’s County
Business Patterns.” Although services industries, SICs through 89, are the major users
of office space, agriculture, mining, manufacturing, and government are also relevant
sources of office demand. In the Washington, D.C. metropolitan region, the federal
government is a particularly important office space user. To deal with these additional
sources of demand, we (1) adopted the K&B estimates of the share of office-based
employment in agriculture, mining and manufacturing, and (2) obtained the actual
federal government office space consumption for Prince George’s from the U.S.
Government Services Administration.

The projection results are reported in Exhibit 6, where our estimates are compared
with those that would be obtained with K&B’s estimates of office space use per
industry. Exhibit 7 compares the final projections of our upper and lower bound and
K&B’s estimates along with actual leased county office space in 1989. Our upper
bound estimates are the most accurate, but both the upper and lower bound estimates
and the K&B estimates of office use per industry provide relatively similar results.

The largest error in projecting actual office demand arises from the unforeseen
slowdown in county employment growth. Assuming a continuation of the 1980 to
1986 growth rate throughout the 1986 to 1989 period substantially overestimates
1986 to 1989 employment growth. (Compare projected net employment change in
Appendix 1 with actual net change in Appendix 2.) Using actual 1989 employment,
both our estimates and those of K&B underestimate office demand by 17% to 19%
(see Exhibit 8).

The gap between projected demand and actual leased space may be explained, in
part, by the difference between leased and occupied space. The Prince George’s
County office space survey measured total space, leased plus vacant space. Using
employment to estimate demand represents occupied space only. Space may be leased
before the building is available for occupancy. Or an establishment may temporarily
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Exhibit 7
Comparison of Office Demand Estimates, Upper and Lower Bound
Estimates and Comparison with Kimball and Bloomberg Methodology

Lower Upper Kimball
bound bound Bloomberg
1986 demand for office space,
sq. ft. (supply—vacancy)® 12,069,818 12,069,818 12,069,818
Projected increase in private office
demand 1986 to 1989, sq. ft.” 2,636,389 3,258,021 3,007,473
Federal Gov't demand 1989,
sq. ft.° 1,230,859 1,230,859 1,230,859
Total projected demand 1989,
sq. ft. 15,937,066 16,558,698 16,308,150
Actual 1989 demand sq. ft.
(supply—va;;ancy)° 18,144,833 18,144,833 18,144,833
Absolute error (2,207,767) (1,666,135} (1.836,683)
Percentage error® 12 9 10

Sources: “actual demand 1986 is total leased space (total space—vacant space); Prince George's County Economic
Development Corporation (1990)

®estimates from Table 2 and Appendix 2

‘Federal Government demand: U.S. Government Service Administration, Suburban Maryland Real Estate Division,
April 1992

“row 1+row 2+row 3

“actual demand 1989, is total leased space (total space—vacant space); Prince George's County Economic
Development Corporation (1990); Survey of Office Space in Prince George's County, Maryland (May)

row 5—row 4

row 6/row 5

Exhibit 8
Comparison of Office Demand Estimates, Upper and Lower Bound
Estimates and Comparison with Kimbell and Bloomberg using Actual
1989 Employment Change

Lower Upper Kimball
bound bound Bloomberg
Actual 1986 office demand,
sq. ft. (supply—vacancy)® 12,069,818 12,069,818 12,069,818
Projected increase in private office space
demand, 1986 to 1989, sq. ft. 1,388,195 1,748,200 1,680,348
Federal Gov't demand 1989,
sq. ft.° 1,230,859 1,230,859 1,230,859
Total 1989 projected demand,
sq. ft.* 14,688,872 15,048,877 14,881,025
Actual 1989 demand, sq. ft.
(supplv—vacancy); 18,144,833 18,144,833 18,144,833
Absolute error, sq. ft. (3,455,961) (3,095,956) (3,263,808)
Percentage error’ 19 17 18

Source: "actual demand 1986 is total leased space (total space—vacant space); Prince George’s County Economic
Development Corporation (1990);

®estimated from the method described in text, from Table 2 and Appendix 2

“Federal Government demand: U.S. Government Service Administration, Suburban Maryland Real Estate Division,
April 1992

‘row 1+row2+row 3

‘actual demand 1989 is total leased space (total space—vacant space); Prince George’s County Economic
Pevelopment Corporation (1990); Survey of Office Space in Prince George’'s County, Maryland (May)

row 5—row 4

‘row 6/row 5
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lease space in two buildings, because it is in the process of moving; may have leased
space but has not yet moved in; vacated space because it has gone out of business, or
leased space in good years but was unable to fill the space in the lean, late 1980s.

A second factor responsible for some small portion of the gap is county government
demand. County officials estimate the county leases only 250,000 to 300,000 square
feet of private office space, not enough to substantially reduce the error rate.?

Conclusion

By matching the county employees in establishments with an office space data set,
we were able to estimate the share of employees located in office buildings at the
two-digit level of industrial detail. At the two-digit level of industrial detail, our
results are vastly different from those of earlier studies. For example, the share of
some finance employees in offices is lower than expected and assumed by other studies
(Kelly, 1983; Kimball and Bloomberg, 1987). But surprisingly, when aggregated
across all two-digit industries both our method and that of Kimball and Bloomberg
(1987) yield similar office space demand projections.

The estimates presented here should enhance the accuracy of future office demand
projections. The availability of office-based employment shares at the two-digit level
will improve predictions for smaller, less diverse suburban economies or suburban
economies with an industry mix substantially different from that of Prince George’s
County, Maryland. Further research efforts should repeat this analysis for other
jurisdictions to determine the generalizability of our estimates and to begin to measure
the impact of industry structure, land values, planning decisions, and transportation
access upon the shares of employees in offices.

Notes

‘Estimates of the share of employees in free-standing offices were therefore possible for all
two-digit SIC code industries between 40 and 89, except SICs 43, postal services, and 46,
pipelines, except natural gas. Note: not every number between 40 and 89 has an accompanying
industrial category.
’Defined as SIC codes 40 through 89.
*These same data are also available annually and directly from Dun and Bradstreet. The Small
Business Administration made several adjustments to the original Dun and Bradstreet data,
most of which do not affect the analysis here. For a further discussion of the Small Business
Administration and University of Maryland adjustments to the Dun and Bradstreet data, please
contact the author.
‘Data on coverage of the USEEM data for Prince George’s County are available from the
authors on request.
*The potential for systematic errors by SIC code or zip codes was investigated by comparing the
percentage of matches across industry and location. The share of matches is relatively even
across industries and higher in the older, more developed regions of the county. These data are
available upon request.
¢ ¥ NG, *a*SF, 3)
where

subscript i=set of two-digit SIC-codes summed,
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NG =net employment growth at two-digit SIC-code,
a=percent of office-based employees,
SF=gross square feet of office space/number of employees.

"We could have used the United States Establishment and Enterprise Microdata file for these
values, but to facilitate applicability to other jurisdictions and provide consistency with the 1989
test for accuracy, we chose to use data from the County Business Patterns.

*Prince George’s County Government, Division of Real Estate—Acquisition, Marketing,
Appraisal, and Leasing.
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