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Today, the rise of high-tech in the U.S.A. can not only 
be observed in the 'traditional' regions such as Silicon 
Valley in California, the Research Triangle in North Caro- 
lina and Route 128 near Boston, Several areas in Illinois, 
New York State, New Jersey, New Hampshire, Maryland and Vir- 
ginia are featured by an increase in high-tech firms and 
high-tech jobs which is above average compared to the rest 
of the U.S. They are all commonly thougth of as young dyna- 
mic high-tech regions. 

The Baltimore-Washington Corridor is one of these high- 
tech regions showing the features described above. More and 
more it is looked upon as a functional spatial unit, This is 
suggested by its population density, its commuter streams 
and the linkages existing between different firms of its re- 
gion. These functional interrelations also become obvious in 
the field of high-tech: many firms shift their location to a 
different site within the region: also close relations bet- 
ween local universities, research institutions and high-tech 
firms can be observed. It is no surprise, however, that the 
Baltimore-Washington Corridor is regarded such an attractive 
high-tech location, for a high number of federal authorities 
and research institutions are concentrated in this area. The 
more easily accesible such services are the more attractive 
a region becomes for the rise of high-tech. 

This, in turn, is due to the fact that high-tech in the 
U,S. is mainly influenced by the Department of Defense. This 
is so since it provides most of the contracts and financial 
support for research, development and manufacturing, Thus it 
becomes both the most important sponsor and customer of high 
-tech firms. It is against this background that the Washing- 
ton area with its concentration of federal authorities, re- 
search institutions and a number of army and navy proving 
grounds can be said to provide important incites for the 
growth of high-tech. This can be proved by analysing how fi- 
nancial aid given by the government is presently allocated 
to different areas of the U.S. (see figure 1): 

in 1984 the Baltimore-Washington area received finan- 
cial aid worth over 900 billion Dollars and this makes it 
one of the most important high-tech regions along with New 
York State (1.200 billion Dollars), Washington State (1.5 
billion Dollars), Massachussetts (1,200 billion Dollars), 
Texas (600 billion Dollars) and California (5.470 billion 
Dollars). 
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Today, high-tech represents an important economic ele- 
ment of the Baltimore Washington Corridor. The circumstances 
that on the one hand most high-tech firms try to be as close 
as possible to the institutions mentioned above and on the 
other hand they choose representative locations in suburban 
science and business parks result in spatial clusters on a 
local level. Moreover, the corridor's peripheral counties 
which so far have not been influenced by the rise of high- 
tech may also profit from the regional location factors. 
They might attract those firms which try to find a new lo- 
cation within the area; this could also be achieved by 
making use of specific strategies which provide sufficient 
incite for new firms to settle in this area. All that is ne- 
cessary is to have detailed knowledge of what kind of loca- 
tions these firms are looking for and prefer. 

I n  1 9 8 4 ,  t h e  Bal t imore-Washington C o r r i d o r  was 
g i v e n  f i n a n c i a l  a i d  worth o v e r  900 b i l l i o n  $ 
which makes i t  rank among t h e  s i x  most impor tan t  
r e s e a r c h  a r e a s  i n  t h e  U.S. 

This essay aims at giving further insight into the 
development of high-tech in the Baltimore-Washington Cor- 
ridor. This is achieved by looking at the following aspects 

- high-tech structure and its spatial pattern; 
- tendencies of its development between 1975 and 1985; 
- regional and intraregional location factors. 

The analysis then functions as a starting point for 
further considerations, for in the last part of this paper 
future economic possibilities and strategies for this speci- 
fic region will be outlined. 

The results gained in this project and discussed in 
this essay are based on statistical data, field work and 
structured interviews with proprietors and managers of high- 
tech firms. Moreover, we could rely on important information 
given by many of the executive clarks of the various county 
and city administrations in the State of Maryland. We would 
like to thank all those who helped us for their kind coope- 
ration. 

Usually, high-tech is defined in terms of R&D-intensity 
within one economic branch, that is the proportion of R&D 
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personnel compared to the total number of employees and R&D 
expenses respectively. Occasionally, it is also the way 
products are manufactured (innovativity, degree of speciali- 
zation) that is taken into account when defining high-tech. 

Technology Assessment (OTA) in Washington D.C.. Taking the 
branch structure used in the Standard Industrial Classific- 
ation as its starting point this authority has worked out 
those branches which show R&D-employment figures and expen- 
ses that are above average compared to the rest of the U.S. 

This essay is based on the findings of the Office of 

22 b r a n c h e s  a r e  c l a s s i f i e d  a s  h i g h - t e c h  by t h e  
O f f i c e  o f  T e c h n o l o g y  Assessment due to t h e i r  h i g h  
degree  of R&D employees and e x p e n s e s .  

Table 1 shows those branches that are rated high-tech. 
As indicated the list includes both manufacturing and ser- 
vice branches such as communication services, software and 

351 
357 
361 
362 
363 
364 
365 
366 
367 
369 
372 
376 
381 
382 
383 
384 
385 
386 

489 
737 
7391 
892 

Production of 

Engines and Turbines 
Office and Computing Machines 
Electric Transmission Equipment 
Electrical Industrial Apparatus 
Household Appliances 
Electric Lighting 
Radio and Television Equipment 
Communication Equipment 
Electronic Components 
Miscellaneous Elec. Machinery 
Aircrafts and Parts 
Space Vehicles 
Engineering and Research Instruments 
Measuring Instruments 
Optical Instruments 
Medical Instruments 
Opthalmic Goods 
Photograpic Goods 

Communication Services 
Data Processing Services 
Research and Development Laboratories 
Noncommercial Research Organisations 

Tab. 1: Classification of high-tech branches 
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hardware dealers and retailers. High-tech oriented service 
branches are important elements of high-tech regions. There- 
fore, they will also be included in this analysis. It is the 
spatial and functional linkages between high-tech manufac- 
turing and high-tkch service enterprises that is of great 
interest. 

It is quite obvious that certain aspects of the above 
classification have to be criticised, e.g. the fact that it 
is too holistic and that it includes arbitrary quantitative 
values. Nevertheless, in the context of this paper it is a 
device that proved to be helpful during our research work. 
Above all, it may be applied to evaluate statistical materi- 
al and, thus, it contributes to drawing empirical conclu- 
sions on different spatial levels. Interviews held in the 
course of our reserach work suggest that 20% of those firms 
included in the list do not count themselves as high-tech 
companies. However, as they at least show some linkages to 
the high-tech sector, they were justifiedly included in our 
research work. 

3 .  The Baltimore-Washington Corridor ........................................................... 

Today's high-tech structure in the Baltimore-Washing- 
Corridor can be chartacterized as follows: 

for the past decade growth of high-tech branches has 
been significantly higher in this region compared to 
the rest of the USA; 
High-tech in this region is more important than in many 
other areas of the US: 
high-tech is concentrated in a few branches: 
high-tech oriented service branches are of great impor- 
tance for this region: 
there is a strong spatial concentration with some areas 
showing signs of 'high-tech overspill'; 
high-tech firms are extraordinarily mobile: their spa- 
tial mobility however is restricted to a more local 
level : 
there is a relatively high amount of bigger-sized high- 
tech firms; nevertheless an increase in medium and 
small high-tech firms can also be observed: 
also a high percentage of software and computing firms, 
biotech companies as well as industries manufacturing 
hardware used for communication services and defense 
have settled in this region. 

These results are underlined by the following figures: 

in 1985, the percentage of high-tech firms in the 
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higher than the U.S. average. Also the number of high-tech 
employees in this area can be considered above average: the 
corridor's 6.9% may be compared to the 6.0% representing the 
U.S. average. The number of firms and employees in this 
sector has been increasing since 1975 .  Then, only 1.2% of 
all firms and 5.0% of all employees were part of the high- 
tech sector. Table 2 shows how this situation has changed in 
the different counties and cities, the Baltimore-Washington 
Corridor and nationwide between 1 9 7 5  and 1985.  

County/ 
City 

HT-Employees. HT-Employees % HT-Employees ServiceE 
total of total Empl. total % of all HT 

1975  1985  1975  1985  1985  1985  

Alexandria 
Anne Arundal 
Ar 1 ing ton 
Baltimore City 
Baltimore 
Fairfax City 
Fairf ax 
Falls Church 
Frederick 
Harf ord 
Howard 
Loudoun 
Montgomery 
Prince Georges 
Prince William 

913 
8860 
2389 
5 9 0 1  
8 9 9 1  

1273 
452 
925 

2738 
1 7 5  

6614 
2896 
4179 

- 

- 

1930  
1 4 2 5 1  

5483 
6168 

20124 
6 9 1  

33278 
510 

1446 
60 

5132 
1 1 5 1  

29589 
13076 

869 

2.7 
1 5 . 1  

4.6 
1.9 
4.8 

12.2 
7.4 
5 . 1  

11.2 
2.5 

10.0 
2.2 

20 .6  

3.8 1 5 8 0  
14 .2  913 

6.8 5308 
1 .8  2888 
7.9 2306 
3.4 8 3 1  

1 4 . 1  26316 
6.6 510 
5.2 350 
0.2 60 
8.3 1 4 8 1  
6 . 1  5 1  

10 .4  19643 
6.2 10122  
3.2 1 1 9  

81.9 
6 .4  

96.8 
46.8 
11 .5  
93.3 
80.4 

1 0 0  . 0 
19.5 

100.0 
28.9 

4.4 
66.4 
77 .4  
13.7 

Baltimore- 
Washington 
Corridor 6.9 82053 56.8 

Nation I3344847 4682483 5.5 6.0 789719 16 .9  

Tab. 2: High-tech employees 1975  to 1985 

The development of high-tech can be described as fol- 
lows : 

- the number of high-tech employees in the corridor has 
doubled within this period now amounting to 144 ,278  
employees: 

- as early as 1975  a strong spatial concentration in the 
high-tech oriented counties of Anne Arundel (8860  high- 
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tech employees) , Baltimore City (8991 high-tech employ- 
ees), Montgomery County (6614 high-tech employees), and 
Prince William County (4179 high-tech employees) could 
be observed: 

- figures for 1975 show that between 10% and 20% of the 
total number of employees were high-tech personnel in 
these counties; 

- except for Prince William all the other counties have 
been featured by a steady increase in high-tech employ- 
ees since 1985; 

called high-tech oriented counties. Figures for 1985 
however show that it has the highest proportion of high- 
tech employees of all counties. 

- In the core counties between 8% and 14.2% of all employ- 
ees were high-tech workers. 

- until 1985 Fairfax County did not belong to the so- 

Since 1975 the Baltimore-Washington Corridor has develo- 
ped to become a dynamic high-tech region: in 1985, 1.8% and 
6.9% of all employees could be found in the high-tech sector. 

A high proportion of high-tech jobs in the Baltimore- 
Washington area are service-oriented; this is a l s o  reflected 
by the fact that over 56% or some 82,000 of the total number 
of employees are white-collar workers. 

Table 2 shows the proportion of employees in the high- 
tech-services for the different counties in the region, the 
entire Corridor and the US in the year 1985. Comparing the 
figures for Baltimore-Washington and the US it can be in- 
ferred that the percentage of high-tech jobs in the service 
industries is much higher on a local level than it is nation- 
wide. On a national level only one fifth of the total number 
of white-collar workers are employed in high-tech firms. In 
some of the counties and cities investigated in this study, 
the percentage of high-tech oriented jobs is very high: in 
the cities of Arlington, Fairfax, Falls Church City and 
Washington D.C. as well as in Harford County over 90% of the 
total number of jobs available is provided by the high-tech 
service sector. However, it has to be conceded that the 
corresponding absolute figures for Fairfax City, Falls 
Church, and Harford are low. The high-tech counties of Fair- 
fax County, Montgomery County and Prince Georges County seem 
to have specialized in high-tech service. 

The h i g h - t e c h  service sec tor  i s  e x t r a o r d i n a r i l y  
s t r o n g  i n  t h e  Bal t imore-Washington a r e a :  more 
than 56% of a l l  h i g h - t e c h  employees a r e  working 
i n  these b r a n c h e s .  

The development of high-tech in this region is concentrated 
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Fig. 2: Proportion of employees in high-tech branches 1985 
in the Baltimore-Washington Corridor 

in only a few branches, In figure 2 the proportion of employ- 
ees in the different high-tech branches in the Baltimore- 
Washington corridor is shown. The circle represents the total 
number of high-tech employees in 1985 (144278 high-tech em- 
ployees). 

Within the extraordinarily strong service sector (com- 
prising computer services, communication services, R&D-labo- 
ratories and noncommercial reserach), computer services play 
an important role in the Baltimore Washington Corridor. In 
1985, almost 35% of all high-tech workers were employed in 
this branch followed by the sector of research organisations 
comprising noncommercial research (7.3% of all high-tech 
employees) and R&D-laboratories (6.2% of the high-tech em- 
ployees) as well as the communication services (8.6% of the 
total number of high-tech workers). The branch of computer 
services may be divided up into different sub-sectors: 

- firms developing and offering databases; 
- firms developing and testing simulation programs for 

- firms transfering information; 
military science: 
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- firms developing and installing software systems; 
- firms developing military parts with the help of soft 

- firms providing in-service as to the use of software 
ware systems: 

and communichtion programs. 

The section of communication services is overlapped by 
computer services. It includes 

- the development and installation of information net- 

- the development of communication systems. 
works : 

As figure 2 shows in the manufacturing sector those 
firms producing communication equipment constitute the most 
important branch (25.8% of alle high-tech employees). These 
technologies develop equipment and networks for the transmis- 
sion of data. Less important in the Baltimore-Washington 
corridor are the production of aircrafts, electronic com- 
ponents an office machines. In these branches between 2.6% 
and 3.3% of all high-tech workers were employed in 1985. 
Other high-tech production branches such as the production of 
measuring instruments or of engineering and research instru- 
ments altogether employ 6.8% of workers. 

In the long run, biotechnology has to be looked upon as 
a promising branch which already has several research, deve- 
lopment as well as manufacturing plants in the region. 

The size structure of high-tech firms in the region is 
featured by a relatively high number of middle-sized and big- 
sized companies. In 15% of all firms over 20 workers are 
employed. Nationwide figures amount to only 13%. 

The computer and communication services  branches 
a s  well a s  the production of communication equip- 
ment and biotech f i r m s  are important economic 
growth sectors i n  the B a l  timore-Washington 
corridor. 

Indeed, this region is the location of many big-sized 
high-tech firms that settled in the forties and fifties 
already (Arinc. Inc. (812 employees) , Fairchild Communic- 
ations & Electronics Co. (600 employees), Computer Science 
Corp. (1,600 employees)O, Link Simulation Systems (2,100 
employees), Vitro Corp. (4,000 employees), Airpax Corp. 
(2,100 employees), Bendix Field Engineering Corp. (1,000 
employees)) . 
small firms can be found in Baltimore City where a staff of 

It seems to be surprising that the lowest proportion of 
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over 20 employees is employed by at least 19% of all high- 
tech firms. The same applies to Washington D.C. whose per- 
centage of 84.7 still is below the average rate that can be 
found in the corridor. It is the more peripheral counties of 
Washington and Hapford that the highest proportions of small 
high-tech firms can be found (94.5 per cent and 90.4 per cent 
respectively) . 

Which location factors can be seen to have been the main 
forces behind the development of hightech in this region? 

Undoubtedly, the general conditions such as the road 
network, vicinity to universities and the availability of 
sufficient space have contributed to the rise of the cor- 
ridor's high-tech. Very often, the two international airports 
Dulles and Baltimore Washington International Airport as well 
as several small national airports are also mentioned as 
positive influences on the development of high-tech. Well- 
known universities such as the private-owned Johns Hopkins 
University, the state-governed University of Maryland and 
the Washington universities provide an added bonus which is 
especially important for the personnel employed in the re- 
search oriented high-tech firms. 

However, such conditions can als be found in other 
regions of the U.S.A. The most decisive advantage found in 
the Baltimore Washington region is the fact that newly deve- 
loping high-tech firms can settle in a region where many 
federal authorities can be found: the Department of Defense, 
the Department of Energy, Department of the Environment, 
National Bureau of Standards, the National Institute of 
Health, The National Library of Medicine, National Cancer 
Institute, National Center of Agricultural Research, the 
Goddard Space Center and the innumerous Army and Navy Proving 
Grounds such as Fort G. Meade in Anne Arundel County and 
Aberdeen Proving Ground in Harford County. The regional 
pattern of R+D-institutions is shown in figure 3 .  

The growth  of high-tech i n  the Baltimore-Wa- 
shington Corridor was  mainly furthered by 
federal authorit ies and research i n s t i t u t i o n s .  

As early as in the thirties and again during the fifties 
and sixties the concentration of these institutions in this 
region was the main motive for arms producing companies to 
settle in this area. It was during this period that Martin 
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Marietta Aircraft Manufacturing, Arinc, Westinghouse and 
Bendix started their local enterprises. Along with the impul- 
ses provided by the federal authorities these big firms can 
be seen to be the main forces behind the dynamic development 
in the Baltimore-Washington region during the last fifteen 
years . 
for the region for they can function as customers, sponsors, 
sources of information and cause many other small firms to 
settle nearby. 

The technically and scientifically trained personnel of 
these enterprises may take advantage of the knowledge gained 
from working for them and might found so-called spin-off 
firms. These small enterprises might seize upon market niches 
or they might function as supplier firms for their former 
employers or they might even become competitors on the market 
offering highly innovative products and services. 

Simultanously many big firms continue to put emphasis on 
research and development thus being as innovative as the 
smaller firms. Often they are even more flexible than them, 
Especially in the field of basic research bigger firms are 
very efficient while smaller industries are more dependent on 
the market and technological changes. 

These big and medium-sized firms are of great importance 

R e s e a r c h - o r i e n t e d  b i g  f i r m s  t h a t  have  been  i n  
t h i s  r e g i o n  f o r  a l o n g  t i m e  can a l s o  be c o n s i -  
d e r e d  growth poles f o r  h i g h - t e c h .  

Along with these location factors the various activities 
of the well-known local universities are of great importance 
for the economic development of the region. 
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son, Timonium, Cockeysville, and Hunt Valley) and in Anne 
Arundel. 

is the result of three factors working together in these 
areas : 

The fact that high-tech often chooses suburban locations 

R 

- suburban areas have easy access to highways and air- 
ports: 

- most of the owners of high-tech firms live in suburban 
areas which also provide sufficient and attractive 
housing for the middle-class workers mainly employed in 
high-tech: 

- suburban areas also supply enough land and buildings in 
science, business or office parks which also offer 
services such as restaurants, travel agencies and 
sports facilities. 

It is also important that high-tech firms choose a loca- 
tion within a distance of thirty to fifty miles from the fe- 
deral authorities and research institutions. Therefore the 
counties surrounding Washington D . C .  prove to be extraor- 
dinarily attractive locations for high-tech firms. High-tech 
in Montgomery County, for example, takes advantage of the 
near-by Bethesda National Institute of Health complex and the 
National Bureau of Standards. This explains the concentration 
of high-tech firms in the counties of Montgomery, Fairfax and 
Prince Georges (see figure 4 ) .  

For instance the NIH-complex is a federal institution 
with an annually budget of 6 billion Dollar and 1400 employ- 
ees in 40 different buildings including the most famous li- 
brary of medicine. Most of the research is done extramural by 
NIH grants and awards. 20,000 of the 22,000 bidding small and 
large companies are getting money for financing research in 
the field of biotech. 

Within the suburban area in most cases a location is 
preferred which gives high-tech firms a good chance to have 
to easily reach the services provided in the capital. Ob- 
viously, these face-to-face contacts are vital for high-tech 
firms. This explains the high-tech clusters along the Wa- 
shington Beltway and the Interstate I 270. For many firms 
easy access to international airports is the decisive force 
behind their choosing a site near Dulles International Air- 
port. 

H i g h - t e c h  i s  c o n c e n t r a t e d  i n  suburban c o u n t i e s  
c lose  t o  f e d e r a l  a u t h o r i t i e s  w h i l e  t h e  h i g h -  
tech s t r u c t u r e  i n  more remote c o u n t i e s  i s  below 
a v e r a g e .  

Baltimore and its suburban surroundings such as Bal- 
timore County and Anne Arundel represent a kind a secondary 
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growth pole for high-tech. Again it is the influence of the 
interstate network and the near-by Baltimore-Washington 
International Airport that account for the high tech con- 
centrations in these suburban regions. 

e 

Figure 5 shows the spatial distribution of high-tech on 
a county and city level on the basis of the number of high- 
tech employees per 1000 residents for the year of 1985. 

can be observed within the region. High-tech oriented service 
industries are concentrated in the suburban areas of main 
city Washington and to a lesser extent in the city itself. 
Also bio-tech firms can be found in Montgomery County. This 
is due to the fact that the National Institue of Health and 
the National Library of Medicine are near-by. The Baltimore 
region is less high-tech oriented than Washington D.C.; high- 
tech manufacturing is emphasized in this area. High-tech can 
mainly be found in Anne Arundel and Baltimore County while 
main city Baltimore provides fewer high-tech jobs. 

is the great number of Baltimore based research institutions. 
Companies specializing in medical research and applied en- 
gineering add up to the firms in the sector of aircraft 
manufacturing which can be found in the surrounding areas. 
The fact that high-tech firms in this part of the corridor 
set great store on manufacturing can be inferred from looking 
at the traditional range of branches. It is dominated by 
small suppliers linked to the big firms, the arms producing 
industry and the military proving grounds in Anne Arundel 
County, Baltimore County and Harford County. 

A s  we have already mentioned specific branch clusters 

The main incite for high-tech to settle in this region 

High-tech firms found in peripheral areas mainly fulfil 
administrative functions. Marriott, a nation-wide hotel 
chain, might serve as a good example. It has established its 
administrative headquarters for the entire U.S. in this 
region which provides low rental rates and prices for real 
estate as well as a sufficient supply of labor force from 
the rural hinterland. 

The insights gained so far can be used to give a spatial 
typification of high-tech in the Baltimore-Washington Cor- 
ridor. This was carried out on a county and city level. The 
main criteria used were the number of high-tech employees 
compared to the total number of employees and the fact whe- 
ther a county's high-tech industry can be allocated in the 
service or manufacturing sector. The two cities must be 
considered special cases as they have economic structures 
different from the countjes. 

The following structure types can be singled out in Bal- 
timore-Washington Corridor: 

- counties showing high-tech concentration with firms 

- counties showing high-tech concentration with firms 
being service-oriented: 
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being manufacture-oriented: 

high-tech firms; 

oriented high-tech firms; 

- main cities with a high proportion of service-oriented 

- main cities with a high proportion of manufacture- 

- counties showing no high-tech concentration. 

Figure 6 illustrates the actual spatial distribution of 
these structure across the corridor, The Baltimore-Washington 
region can be characterized by a two-fold spatial structure. 
The branch structure differs from east to west and high-tech 
density decreases from the core cities outwards. The western 
part of the region is where most high-tech oriented services 
are concentrated (Fairfax County, Montgomery County, Prince 
Georges County). It is supplemented by Washington D.C. as 
another location of high-tech services. High-tech in the 
eastern part of the corridor is manufacture oriented (Bal- 
timore County, Anne Arundel, Howard County). Baltimore City 
is part of this eastern manufacture oriented area. 
The more peripheral a county is the less high-tech concen- 
trated it is. The most peripheral of them therefore are fea- 
tured by a very low number of high-tech firms and employees. 
They can be considered non-high tech counties. In the long 
run, however, such non-high-tech counties as Prince William, 
Loudoun, Frederick, Carroll, and Harford might profit from 
the spatial mobility of high-tech firms and the over-spill 
that can be considered in suburban counties. 

The same phenomenon that could be observed for the 
peripheral counties is also true for the main cities of 
Baltimore and Washington D.C.: compared to the suburban 
regions they have relatively few high-tech firms. 

Considering the many advantages that Baltimore City can 
offer high-tech should actually play a more active role in 
the economic life of the city than it does at present. 

In interviews with management people of high tech com- 
panies there were pointed out the following location factors: 

- Montgomery County (Rockville, Gaithersburg): 

results of interviews with biotech-, telecommunication, 
data processing and service companies and with firms of 
precision instruments: 

A lot of small companies with about 20 employees empha- 
size the advantages of NIH as an information center 
as well as an institution for recruiting highly-spe- 
cialized manpower. 
Several companies were founded by former employees of 
the National Cancer Institute or other federal insti- 
tutions. 
The small firms often have about 30% highly qualified 
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employees, 30% technicians and about 30% administra- 
tive personnel, Very successful operating companies 
have no problems in getting the necessary workforce - 
sometimes managers mentioned problems in getting 
middle and lower-qualified people. 
Most companies are engaged in research and develop- 
ment: other firms are primarily active in the service 
sector: data processing, organizing good connections 
to the federal institutions. 
The location in the area of federal institutions is 
important for getting grants, awards and contracts, 
but also for getting special permissions, e.g. from 
the Food and Drug Administration. 
It seems that the production sector is moving along 
I270 in the direction of Frederick, but several firms 
emphasize good connections to companies in the produc- 
tion field - they want to have the possibility of face- 
to-face contacts within a distance of about 30 - 50 mi- 
les. Successful operating companies with annually 
growth rates have changed the location of their firm 
several times - rent prices, the image of special busi-- 
ness parks and the infrastructure such as services, ho- 
tels as well as the size of the space are criteria for 
choosing a new location. Generally speaking, there is a 
clear trend in concentrating high-priced research, de- 
velopment and service activities whereas production is 
pushed into the periphery. Growth is taking place not 
only in the biotech, but also in telecommunications, 
precision instruments and in the broad sector of the 
services, The dynamic is enforced also by companies 
without success; several companies could be seen living 
only by federal grants - a successful concept in the 
laboratory scale could not be transferred into the 
commercial scale. So the company had to be closed. 

- Anne Arundel County: 

A few small and large telecommunications and aerospace 
companies could interviewed. 
For most of the companies the main customers are the 
federal institutions. But these companies have a very 
complected sub-contracting network, In the surrounding 
of 30 to 50 miles there is a complete system of various 
subcontractors important because of the necessity of 
face-to-face contacts. A lot of blue-prints are not 
perfect for loo%, there are still some open questions 
which have to be solved by the sub-contracting company. 
And in realizing this gap there are necessary a lot of 
contacts between the two companies. 
Small companies seldom have intensive linkages to uni- 
versities, these firms are doing their development 
inhouse - but they use the universities and colleges for 
recruiting their high-qualified workforce. On the other 
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side, nearly all of the big companies have several and 
differentiated contacts to universities. 
Small companies are looking for their workforce in the 
region; sometimes they are engaging well-known employees 
of customers"al1 over the U.S. The large companies are 
looking for their top personnel nationwide and on the 
international market. Often, the small companies are in 
hard competition with large companies for getting speci- 
alists. One manager mentioned "We must hire better 
people for lesser money than the large companies". 
The transportation network of the suburbs with good 
access to interstate-highways and to the airport is 
important as well as the differentiated housing market. 

- Baltimore County: 

There could be interviewed managers of aerospace and 
communication systems enterprises, of precision instru- 
ment firms as well as of software and simulation pro- 
gramming companies with a number of employees between 20 
and 3000. 
A few of the small companies were spin-offs. Because of 
the highly-specialized products of a great number of 
high-tech firms in Baltimore County the customers are 
located all over the U.S.A. especially along the East 
Coast (Pennsylvania, New Jersey and New England) r the 
Chicago area, Denver and California as well as Florida. 
Several companies have no connections to foreign coun- 
tries; some of them were highly interested in getting 
such contacts. 
A differentiated network of small companies at the "low 
end of high-tech" is an important infrastructure for 
subcontracting firms inside the county and the region. 
A lot of firms have 60% of their contracts with federal 
institutes especially in the military field. 
The high-tech parks are concentrated along the inter- 
state - highways; the rent prices are different, between 
6 and 20$ per square feet. 
Firms with an important production sector point out the 
necessity of public transportation because they need the 
cheaper labor force from the inner city areas. 

- Baltimore City 

Dominant are a l o t  of small and medium-sized companies 
at the "low end of high-tech". They are important as 
subcontractors for the well-known large and small high- 
tech companies. These Baltimore firms are using also the 
cheap labor force of the inner city areas. 
On the other hand there are a lot of software and data- 
base firms serving especially the local needs of com- 
panies. The software firms are emlpoying mainly higher 
qualified personnel - the firms had no problems in 
getting enough employees with these qualifications. 
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getting enough employees with these qualifications. 
A severe shortage of laborforce seems to exist in the 
middle-qualified level; it is difficult to train un- 
employed factory workers and steel workers into high- 
tech. 
These kind of companies are serving primarily the local 
and regional market more than the national and interna- 
tional one. 
On the other hand there is a small number of small and 
medium-sized firms in biotechnology and chemistry using 
the special offers of BEDCO (Baltimore Economic Develop- 
ment Corporation) in getting low-price office space and 
other opportunities; these companies are also using the 
human and physical infrastructure of the universities 
as well as the various cultural, recreational and busi- 
ness service institutions of the Baltimore downtown. If 
a company is going into the production field the amount 
of cheap laborforce, especially of 30-40 year old women, 
are an important advantage in the inner city area. This 
kind of companies are also using good connections to 
Washington D.C. and to the suburban high-tech cores 
along I270 with Rockville and Gaithersburg. Besides 
this several firms emphasize the good connections to 
the economic centers in New Jersey - New York - New 
England as well as to the southeast (N-Carolina, Flori- 
da) and to the Midwest with Chicago. 

v 

- Frederick 

Several companies are active in the field of production 
of electronic components and different parts for the 
aerospace industries. These companies moved their loca- 
tions along I270 from Rockville to Gaithersburg and 
finally to Frederick. Also a new kind of service com- 
panies using database and computing centers are growing 
at the periphery of the Washington D.C. metropolitan 
area. The advantages are good and cheaper labor force 
mainly from the Appalachian hinterland, the atmosphere 
of a "bedroom community" and the good connections to the 
Washington D.C. core. 

The development of high-tech in the Baltimore-Washington 
corridor can be divided up into three phases: 

- Phase 1 (up to 1965): it is characterized by the growth 
of individual technology-oriented firms primarily in 
the branches of high precision instruments, electrical 
engineering and aircraft manufacture. They were mainly 
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derick County. 

- Phase 2 (1965 to 1975): this period is featured by the 
rapid development of high-tech firms. This can be said 
of such branches as electronics/electrical engineering, 
bio-medicineeand software/dataprocessing. Firms founded 
in this period were concentrated in the suburbs of big 
cities, that is Montgomery County, Baltimore County and 
Anne Arundel County. 

- Phase 3 (1975 to 1985): the increase in high-tech typi- 
tal of phase 2 is continued between 1975 and 1985 accom- 
panied by a spatial expansion especially between 1979 
and 1984. This development is reinforced in the suburban 
areas . 
New tendencies of high-tech concentration can be ob- 
served for the main city of Baltimore on the one hand 
and Frederick County on the other hand. This last phase 
is also featured by measures taken by cities and coun- 
ties- to further the regional establishment of high-tech 
firms (BEDCO in Baltimore). 

New developments have to be seen in the context of spin- 
off and start-up companies. The interviews we conducted 
showed that firms were mainly founded by ex-specialists of 
research oriented medium-sized and big companies. Working for 
these companies they developed highly specialized technolo- 
gies for which they have spotted market niches. At the back- 
ground of the know-how thus gained they left their former 
employers and opend up a business of their own. This is how 
the so-called spin-off companies came into existence. Often 
they work together with their former employers but they can 
also compete with them on the market. In so-called start-up 
high-tech companies the situation is slightly different. They 
are founded by experienced businessmen who again recognized 
specific market niches. With the help of a technician they 
try to take advantage of them. Occasionally, scientists who 
used to work for universities or large research institutions 
may be the driving force behind the start-up company. They 
would then look for a finance expert as their partner. The 
establishment is decisively furthered if a specific region 
has already developed a certain high-tech development. 

The deve lopment  of h i g h l y - s p e c i a l i z e d  service and 
manufacture  p l a n t s  i n  t h e  h i g h - t e c h  s e c t o r  a s  w e l l  
a s  a h i g h  d e g r e e  o f  s p i n - o f f  f i r m s  a r e  i n d i c a t i v e  
o f  a d e v e l o p i n g  h i g h - t e c h  , r e g i o n .  

I 

As a result of this development different types of high- 
tech regions have come into existence. Montgomery County, 
Anne Arundel and Baltimore City represent three of these 
structure types. 
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tech regions have come into existence. Montgomery County, 
Anne Arundel and Baltimore City represent three of these 
structure types. 

Figure 7.1 illustrates how the first establishments of 
high-tech just before the end of World War I1 caused nearly 
10,000 jobs to come into existence in Montgomery County. Up 
to 1965 only a few more high-tech firms and, thus, high-tech 
jobs were being added in the sectors of spacecraft, high 
precision instruments, bio-medicine, electronic components 
and software. Since 1965 the number of firms and high-tech 
employees has continued to grow. Up to 1975 over 20000 high- 
tech jobs were created mainly by the foundation of plants 
specializing in electronic components and software. However, 
foundations could also be observed in all other branches. 
From 1975 onwards high-tech has rapidly developed. Software 
industries have become a growth branch with a total of 96 
new foundations. With the exception of firms specializing in 
high precision instruments all other branches have expanded 
in the period between 1970 and 1975. The fact that over 
30,000 high-tech workers are currently employed in Montgo- 
mery County makes this area one of the high-tech centers of 
the corridor. 

The development of high-tech in Baltimore City is quite 
different (see figure 7.2). Historically, the development of 
technology-oriented firms dates back to the 19th century. 
From the very’beginning it was high precision instruments 
sector that played a very important part. Also, there were 
firms, in the biomedical sector and the production of elec- 
tronic components and spacecrafts. Up to 1965, however, only 
3,000 high-tech jobs were created in Baltimore. During the 
following decade another 1,500 high-tech jobs were made 
available. Software firms which were founded in Montgomery 
County as early as the fifties were now established for the 
first time. Baltimore City does not have any biomedical high- 
tech firms. The rapid development of high-tech typical of the 
eighties can only latently be observed in the city. This is 
reflected in the fact that only about 2,000 new high-tech 
jobs were created during this phase. 

Frederick County can be characterized by the typical 
features of a non-high-tech county (see figure 7.3). Indivi- 
dual high-tech firms were founded as early as the twenties 
and this trend was somehow continued up to 1965. Altogether 
they offer only 1,000 jobs in the high-precision and electro- 
nical engineering sectors. From 1965 to 1975 high-tech firms 
ceased to develop. More recent developments however show that 
high-tech is on the rise again for the total number of high- 
tech jobs now amounts to 1,300 with most of them being of- 
fered in the high precision instruments and electronical 
engineering sectors. Sinbe 1975 a few software firms have 
also been added to the branch structure. In spite of its 
being situated along the interstate 270 Frederick County has 
not been evaluated an attractive location for high-tech in- 
dustries yet. 
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7. Financial resources for the development of high-tech ............................................................ 

To establish a new enterprise it does not only take new 
ideas and technologies but a l s o  the ability to react to new 
trends on the market and the availability of financial sour- 
ces. To overcome the financial problem many firms rely on 
money obtainable from federal research programs, governmental 
grants and private venture capital. If private venture capi- 
tal is involved the firms have to face certain consequences. 
Many of the investors only give money under the condition of 
becoming members of the executive board and therefore it is 
important that high-tech firms are not too far away from 
potential venture capitalists. However, the number of venture 
capitalists is small compared to California and Massachus- 
sets. Therefore, for this region federal institutions are 
more important than private investors. Peferrably, governmen- 
tal grants are given to medium-sized and small industries; 
big enterprises are accused of not making efficient use of 
the money given to them. Many of the small and medium-sized 
suppliers have strong linkages with the big arms and space- 
craft manufacturing of the region. 

Hence, any changes occuring on the latter two also take 
effect on the former. As these changes take place quite 
frequently and spontaneously many firms have to cope with an 
element of insecurity involved by the dynamics of high-tech- 
nology. To some of them this situation is 'lethal'. 
Other ones have extremely short life-cycles because they 
largely depend on federal grants. In the end, many of these 
exist only for a short period of three to five years. Finan- 
cial experts estimate that between 50% and 60% of high-tech 
firms usually give up. Only 5% to 10% are very successful 
while the profit made by 30% to 35% by them is only modera- 
te . 

I I 
High-tech f i r m s  very o f t e n  depend on f e d e r a l  
grants running o n l y  f o r  a s h o r t  p e r i o d .  There- 
f o r e ,  t h e i r  l i f e - c y c l e s  a r e  o f t e n  very s h o r t .  

I I 

Apart from the federal institutions universities are an- 
other factor having a positive impact on high-tech. According 
to KALAS (1986) the universities are understood to bring 
about the same boom for high-tech as was achieved by the 
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land-grant-colleges in the field of agriculture during the 
19th century, However, in reality, the role played by them is 
somewhat different, Surprisingly enough, many small companies 
do not keep up regular connections with the universisities. 
This is so because" of the way research is done on campus. 
While applied research is typical of the business world, the 
universities work on a more general basis and the results 
thus gained are often too unspecific for high-tech firms. 
Instead, they prefer working together with individual high- 
quality researchers, ( A  similar situation can, by the way, be 
stated for the U,K. There, according to the Cambridge pheno- 
menon Study, only 20% of all high tech companies work toge- 
ther with the university on a regular basis,). 
If there are any contacts, it is mainly big firms that take 
advantage of the universities available in the Washington- 
Baltimore Corridor. Then, they either share joint-ventures, 
that is specific research projects like one carried out by 
the Johns Hopkins University, IBM, and Martin Marietta; 
- or they run joint research centers, such as the CNDE, the 
Centre for Nondestructrive Evaluation designed to carry out 
research in interdisciplinary methods and permanent process 
and quality control apparatus. This center is chiefly finan- 
ced by the Johns Hopkins University, the private firms con- 
nected with it are treated as 'members' having to pay cer- 
tain membership fees, They also help to recruit the finan- 
cial means to support research, 

are triggered off by the fact that those involved are situa- 
ted within short distance from each other. This sheds some 
light on the importance of universities for innovative pro- 
cesses. 

and different industrial branches have been intensified, This 
has been achieved in various ways, for example, 

Most of these linkages between industry and universities 

During the past years contacts between the universities 

- by nominating university administrators clerks as 

- setting up committees consisting of both university 

- founding independent associations which are in charge 

industry commissioners, 

staff and industrial managers, 

of so-called science parks, 

The aim associated with all these basic concepts is the 
reinforcement of the mutual exchange of information 
concerning the research under way. 

9. High-tech activities at university: incubator parks ............................................................ 

Following the example of the university of Maryland with 
a technology park at College Park near Washington the Johns 
Hopkins University is presently building its Bayview biotech 
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estate in East Baltimore. Responsibilities are divided up 
between the city government represented by BEDCO (Baltimore 
Economic Development Corporation) and the university, The 
city is responsible for providing real estate and construct- 
ing the road syst”em necessary to have access to the park, the 
university is in charge of erecting the laboratories. The 
park is run by DOME Corp,, an organisation founded for this 
purpose exclusively in 1984. 

also provides the equipment going with it and, if necessary, 
any personnel. Dome Corp, functions as a consulting company 
for marketing and financing matters. 

search and development in its innovative phase. Generally 
speaking, the aims associated with this concept can be seen 
in the attempts to 

Apart from the laboratories themselves the university 

It might also provide the seed-capital required for re- 

- minimize the gap between basic and applied research: 
- provide know-how in the fields of research, develop- 

- to provide further securities for private 
ment, marketing and financing: 

venture capitalists. 

Well-known universities are an important factor influen- 
cing high-tech regions for they provide training courses and 
help to establish contacts among the scientific community. - 

10. Strategies for furthering the regional high-tech ............................................................ 

Generally speaking, high-tech plays an important part 
for the economy of the Baltimore-Washington corridor. This 
sector offers a wide range of jobs for all levels of quali- 
fications. The assumption that high-tech only opens up oppor- 
tunities for highly-specialized jobs as scientists, engineers 
and managers can not be hold. In both production and service- 
oriented high-tech firms jobs on a lower level have to be 
done, It is no surprise, therefore, that availability of 
blue-collar workers is an important location factor for a 
number of high-tech firms which have been interviewed. Thus, 
the high-tech sector might even help to solve the problems 
caused by job redundancies in the traditional industries - 
and this for both white and blue-collar workers, 

A problem of the Baltimore-Washington area, however, is 
the fact that different degrees of high-tech development can 
be observed between the different counties. Some overpopu- 
lated counties with a high rate of high-tech firms can be 
juxtaposed to so-called high-tech-loose counties. Main city 
Baltimore is another example of an area the high-tech rate of 
which is relatively low, What measures can be taken to im 
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prove the situation in this 'underdeveloped' counties? The 
high regional mobility typical of high-tech firms during the 
different phases of the production process might be consi- 
dered an excellent opportunity for those counties that have 
not been incubatea by high-tech so far. It might well be that 
the more peripheral counties as well as Baltimore City might 
profit from the general regional over-spill. 

The following aspects must be taken into considera- 
tion when trying to develop a region high-tech wise: 

- locations should be cheaper than those in the core 
counties: Baltimore City should also make serious 
attempts to offer cheap and attractive hogh tech loca 
tions . 

- Buildings and real estate must immediately be offered 
in the attractive suburban science and high-tech parks: 
in Baltimore City this hight-tech park to be developed 
should be as close as possible to the CBD. 
locations become even more attractive if big companies 
or research institutes are in close vicinity. 

their geographical site involves peripheral locations 
have to improve their road network: this also applies 
to Baltimore City. 

- when offering their locations on the market, peripheral 
locations should put emphasis on the fact that they are 
situated along high-tech corridors or main roads (Air 
port access roads, Washington-Baltimore highway). - 
due to the subjective evaluation of potential locations 
peripheral counties and Baltimore City must try to make 
themselves known as possible choices by large-scale 
marketing actions. 

the high-tech image of the corridor and the vicinity to 
the country's capital. 

- also the attractiveness of the region in general and 
the secondary effects involved by the present concen 
tration of hightech companies have to be stressed. 

- in order to compensate for the longer distances that 

- on a higher level the region as such should point out 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
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Fig. 1: Locations of contract awards for R+D by 2 
U.S.-Dept. of Defense 1984 

Fig. 2: Proportion of employees in high-tech bran- 8 
ches 1985 in the Baltimore-Washington 
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Fig. 3: R+D-Institutions in the Baltimore-Washing- 11 
ton Corridor 

Fig. 4: Locations and number of high-tech firms 13 
in the Baltimore-Washington Corridor 1987 

Fig. 5: Employees in high-tech branches as a pro- 16 
portion of 1000 inhabitants 1985 

Fig. 6: Spatial organisation of high-tech in the 18 
Baltimore-Washington Corridor 

Fig. 7.1: High-tech employees- and high-tech bran- 24 
ches in Montgomery County 1929 - 1985 

Fig. 7.2: High-tech employees and high-tech bran- 25 
ches in Baltimore City 1929 - 1985 

Fig. 7.3: High-tech employees and high-tech bran- 
ches in Frederick County 1929 - 1985 

Tab. 1: Classification of high-tech branches 

Tab. 2: High-tech employees 1975 to 1985 
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This essay discusses the development, spatial structure, and 
location factors of high technology in the Baltimore-Washing- 
ton corridor. Moreover, some strategies for furthering high- 
tech industries in the Baltimore-Washington area are out- 

I 

j 1 

i lined . k 
I 

For about ten years this region has shown a strong in- 
crease in high-tech jobs due to the influence of federal au- 
thorities and research institutes. Furthermore, a number of 
research-oriented big high-tech firms located in the area for 
a long time function as growth poles, as customers and bases 
for the foundation of young high-tech enterprises and so- 
called "spin-off" high-tech firms in the corridor. 
The great importance of high-tech oriented services is a 

specific element of the economic structure of this region. 
High-tech firms are mainly concentrated in Washington D.C. , 
in the suburban areas of the two core cities and along axial 
growth areas. Important high-tech locations are the Inter- 
state I 270 (Rockville-Gaithersburg-Frederick) , the new town 
of Columbia, and the northern suburbs of Baltimore city 
(Interstate I 8 3  Towson - Cockeysville - Hunt Valley). 
A striking regional variation of the high-tech branch 

structure can also be observed across the entire corridor. 
Washington D.C. and its suburban counties (e.g. Montgomery 
and Fairfax County) can be typified as an area of high-tech 
concentration with service-orientation while Baltimore City 
and its suburbs (Baltimore County and Anne Arundel) represent 
the type of a production-oriented high-tech area. 

In this region high-tech companies are extremely mobile and 
non-high-tech areas around Washington and Baltimore might 
take advantage of this luring away such firms to their in- 
dustrial estates. Baltimore City, too, could profit from the 
over-spill and the high-tech image of the corridor. 

Descriptors 

High-tech * Baltimore-Washington Corridor * location factor * 
* federal authorities * regional economic development. 


