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Abstract

Business service sector has become a focal point of urban industrial agglomeration,
because now, it occupies largest proportion of urban jobs and it’s existence is critical for
additional industry locations of most other sectors. That sector includes knowledge-based
special service as law, tax, and other kinds of special consultancies, who does not use
much of space or heavy transportation, then it seems be benefited from ICT development
and be very much foot-loose. However, empirical studies on the location pattern of
business service sector up to now often relies on the historical regression on population
distributions or on the description of famous but not be proved as typical case; we cannot
get enough insights about how its location will be changed under the further ICT
development or other kind of Environmental changes from these empirical approach.
This paper focuses on the point that most business service is very labor intensive, but it
cannot autonomously decide the labor usage schedule independent from the uncertain
demands. In order to respond to the spatially dispersed stochastic demands, the business
service company must prepare several stocks of employments larger than the expected
average demands. Because larger stocks can more effectively covers the stock-out risk,
increasing return appears for stock location decision, that is suggested as the strong
agglomeration power for the business service sector.

This paper applies an optimal stock location model to analyze the employment allocation
pattern of a representative business service firm. It may consider the risk of delayed
response to the requests from the customers. The model can tell how the business
environment changes such as ICT developments and transportation service improvements
affect on the business service sector locations, based on case study in Japanese system of
cities.
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1.Introduction

Business service as a focal industry

In many developed countries in the world, growth of labor share of the tertiary industry
are observed, reflecting the trend of industriazation of service or soft works.
Corresponding to this industriazation trend, many firms have considering the
out-sourcing of the soft or service works, because out-sourcing is now rational strategy
because of the following two points: specialty and scale economy. The first point,
specialty means that the outsourced workers can be more concentrated on the specialized
work than in-house workers who must engage several types of the work in his/her career
in the firm. They can get deeper experience and more specialized knowledge than
in-house generalists. The second point, scale economy, comes out in the shorter time
range; the out-sourced workers can get more number of work from also the outside of the
firm. Development of ICT made it easy for firms and governmental agencies, to
exchange information or knowledge with the out-sourced workers, and resulted in the
remarkable development of information-related business service firms.

Business service industry is sometimes very labor intensive. A firm must prepare enough
number of specialists in order to provide a good quality service to the customers, but
such labor cannot be maintained in small city with scarce demand. Therefore, the size of
city seems an essential condition of location of the business service industry. Moreover,
large size city with larger number of business service firms can afford more suitable
service for customer firms, then gathers new locations. Positive feedback loop through
business service industry is there for the customer firm’s location, and then mutually
related firms are easy to be concentrated to small number of large cities. Recent empirical
studies concerning on the location decision of manufacturing firms show the importance
of business service industries near-by, then business service sector has become a focal
point of urban industrial agglomeration.

Comparing to the dense history of empirical works concerning on the business service
firms and other industries, theoretical considerations on location mechanism of the
business service industries are not enough, in order to prospect the future location of the
sector in the era of fast ICT developments.

Simultaneity of production and consumption is one of the most unique characteristics of
service industry. In machine repair business, for example, the repair service cannot be
prepared before the point of service order from the customer who meets the malfunction
or brake down of the machine. They cannot reserve the repair service as same as the
stock of manufactured products. It is also difficult to change the number of the repair
engineers adjusted to the changed number of orders. Alternately, they must prepare the
larger numbers of the engineers than the average demand.

The business service firm must locate their staff providing the service to respond to the
stochastic orders (demand) from the spatially dispersed customers. In order to suppress
the location and employment cost, the firm wants to reduce the number of workers, but
shortage of workforce results excessive hour works to execute the ordered works and
additional cost of operation.

We consider that the firm’s location problem is similar to the products stock location
problem of a merchandize firm. This paper applies an optimal stock location model to



analyze the employment allocation pattern of a representative business service firm. It
may consider the risk of delayed response to the requests from the customers. The model
can tell how the business environment changes such as ICT developments and
transportation service improvements affect on the business service sector locations, based
on case study in Japanese system of cities.

Related studies

In many developed countries, out-sourcing in manufacturing sector became popular in
late 1980’s (Coffey and Bailly 1992) and business service industry began to gather
attentions of the student of regional economics. Saxenian (1994) proved the importance
of business service supporting firms for the location of computer manufacturers and
electronic communication devices, based on the questionnaire surveys to the firms in the
Silicon Valley or the Route 128 area around Boston. The effect of business service
existence on the successive location of other sectors was statistically proved, and
therefore, business service industry became the focal point of urban industrial
agglomeration. Esparza and Kramence (1996) conducted a survey to the business service
firms around Chicago and proved that the amount of works exponentially decreases
along the increase of distance from the customer firms. Both O’hUallacain and Reid
(1991), and Bennett and Graham (1998) statistically proved that the location of business
service industry is strongly affected by city population size, due to the strong effects of
accessibility to the customer firms.

Comparing to the macro-scopic empirical analyses like above, micro-scope researches
focusing on individual business service firm are not many up to now. Phillips et al.(1998)
analyzed the optimal size of a firm and number of customers, considering that works of
the firm are stochastically ordered by the customer firms, but they excluded spatial
dimension from the considerations.

As logistical applications of Operations Research theory, several number of studies are
there investigating the distribution center locations (Hansen et al. 1987, Daskin1995).
Japanese distribution systems were also studies by Kawabata (1995), Ishiguro et
al.(1998), and so on, but most of them exclude the decision of stock size from
considerations. Nozick and Turnquist (1998) connected the optimal stock size decision
(as Phillips et al. 1998) with the standard fixed-cost un-capacitated facility location
model (Erlenkotter 1978). Following to Masters (1993) and Diks et al.(1996), Nozick
and Turnquist (2001) modeled the multi-strata distribution system where each stratum
have stocks. The present authors improved the model of Nozick and Turnquist (2001) by
introducing the spatially different location cost, and applied it to Japanese distribution
center locations (Okumura and Tsukai 2003). That model showed the coexistence of the
distribution centers without safety stocks covering expensive large cities having dense
demand and the centers with safety stocks at less expensive cities; such coexistence were
not observed by the former model (Tsukai and Okumura 2001).

2. Model formulation

Assumptions

We consider a representative firm in business service industry, where simultaneity of
demand and supply, or production and consumption are required. Hereto after, we
explain the assumptions of the model using the case of typical industry of this category:
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Figure 1 Two echelon structure of a representative firm

machine repair service.

(1) This firm provides repair service to the all customers spatially distributed over the
country as figure 1..

(2) This firm is composed by two strata; one headquarter office, and N branch offices.
All geographical areas in the country (i=1,---,1) is divided into N market areas,
corresponding the locations of the branch offices.

(3) Once a customer make an order of machine repair service in each market area, the
respective branch office dispatches one engineer to the customer place for a given
days. The orders occurs randomly and independently. Any repair works at one market
area can be exclusively executed by the engineers employed at the respective branch
office.

(4) The firm dispatch the headquarter staff to each branch office for the purpose of
internal education, training and so on. Number of such trips is relative to the number
of engineers employed at each branch office.

(5) Location and cost of headquarter office is exogenously given. We consider the given
setup cost for one branch office irrespective for the location, and spatially different
employment cost at branch office relative to the numbers of engineers.

In reality, orders from the customers near the headquarter office are sometimes covered
directly by the headquarter workers, violating the assumption (3). In this model, such
customer section in the headquarter office is considered as a branch office whose location
IS happen to be same as the headquarter, and satisfies the assumption.

In the following formulation, j=1,---,N denotes one branch office and responsive
market area. The demand rate of the branch, described as the average number of orders

A is given by the summation of the zonal demand rate 4;, weighted with the share

variable 'Y;;

Ay = Z:zlYij’li (1)
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Figure 2 Timing of the work under stochastic orders

Responding to the assumption (3), all orders at each market area must be resolved. This
condition is formulated with the following restriction.

N .
LYy =1 Vi ()

Stochastic demand and a back-order

If all orders were happen deterministically, allocation of the exact number of engineers
same as the average number of orders in each branch office would become the optimal
solution, minimizing the employment cost. However, we must consider the stochastic
happenings of orders, as noted in assumption (3), where, there are concentrated orders in
short time range and those orders exceed the capacity of the average number engineers.
Because the employment of workers are not flexible, the firm must hire the larger
number of engineers in the stochastic case than that in the deterministic case.

As shown in figure 2, one order requires a work of given day of one engineer. Each
engineer cannot respond to the orders more than two. The required work days is
described by . Within the duration of x, if orders arrives more than the number of

the engineers of the branch s, the branch cannot dispatch an engineers to the order. We

call this situation as back-order. In case of back-order, the firm promises to finish the
latest order in the given duration u after the timing of the order, although no engineer
can begin the work. In order to finish the work in time, extended hour work is required
and resulted in additional payment for it. In other words, a back-order gives additional
cost «, which is called as penalty cost, hereafter.

The probability of back-order happening is calculated as the probability that no less than

s; orders are additionally arrived at the branch j, during the duration . According

to the independent random arrival of orders in assumption (3), the numbers of arrived
order within a given time follows a stationary Poisson distribution. The back-ordering

probability r;(s;)can be written as equation (3).
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When the market area becomes large, average travel time from the branch office to the
customer becomes longer, they cannot begin the following work also during the round

trip time t;. Then in our model, we use the occupied duration 4/ instead of the fixed
duration g inequation (3).

My =ptt (4)
where, t;is the average round trip time within the market area as follows.

il—lYiJ'tij
t; =2 ()
'y
i=1 1

If the number of engineers s; is smaller than the required work force for the average
orders A;u;, the back order is easily accumulated and bankruptcy occurs with large
probability. No bankruptcy condition is given as following.

s, >Au Y (6)

Employment decision sub-problem

We consider a problem to decide the number of engineers in each branch office, after the
locations of branch offices and respective market areas were given. The expected penalty
of back-orders is given as the multiplication of the penalty cost «, average demand rate
A, and back-order probability r;(s;), which is a decreasing function of the number of

engineers there, s;.

On the other hand, both employment cost and floor space cost are expected to be an
increasing function of the employment. For the simplicity, we formulate them as a linear

function using unit salary h;and unit floor rent p;. As a result, we can formalize the
cost minimization problem as equation (7), with the constraint of inequality (6).

. N N
min, Cs :ozzj_:lAjrj (sj)+ZJ_:l(hj +p;)s; (7
This objective function seems smooth for s;, we can expect to get an unique solution.

Branch office location sub-problem

Next, we consider the problem to find the inexpensive location of branch office and
respective market area division. Total cost is composed by the three parts; location cost,
branch office engineers trip cost, and headquarter staff’s trip cost. The first location cost
C, is summation of fixed set-up cost f and employment and floor cost relative to the

branch office size, as follows.

C,=f+(h; +p))s; (8)
Secondly, we estimate the travel cost of the branch office engineers to the customer place



C,, based on that estimated number of trips between branch office j and customer area
i in unit duration, say one day becomes 4,Y; . We multiply it with d;, the unit travel
cost of one round trip between i and j.

ij?

C, = Zil:lz'j\lzlﬂ'iYijdij C)
Thirdly, we consider the cost of trips between the headquarter and each branch office as
assumed by the assumption (4). Normalized frequency of head-branch trips per one
branch office worker is given as a constant /and a 0-1 dummy variable indicates the
existence of branch office at location j is given as X, the headquarter-branch trip

cost is given as equation (10).

N
Cy=0), dips;X; (10
Now, we can formulate an incapacitated facility location problem having the constraint of
the consistency, that is, when share Y; >0, branch office must be surely located at city

J, described as X ; =1. That condition can be alternately described with the constraints
in the following formula (11).

N N I N
miny o Co=Ci+Cyo+Cy =23 {f +(h +p)sIX; + 3D AdyYy +03 digs; X,
' i e = (11)

subject to - X, e{0} Wi, > 'Y, =1 Vj, 0<Y, <X, Vij

Under the given number of engineers of branch office, this problem become an mixed
integer linear programming problem concerning X,Y; . Its solution is easily obtained

by the algorithm of Erlenkotter (1978).

Linkage between the two sub-problems
These two sub-problems are complementary each other; in the employment decision
problem, share of the branches Y; and related demand rate A; through equation (1)

are given from the solution of the second sub-problem. On the other hand, the latter

facility location sub-problem needs the size of employment s; at each branch office,

given as a solution of the first sub-problem. Iterative calculation of the two sub-problems
with communicating the common variables shown as figure 3 gives totally cost
minimizing solution. When we solve the facility location problem as formula (11), we
must set the expected employment size of branch offices, where no branch office was
located in the previous iteration. In that case, we give the same size as the actually
allocated branch office, which have positive value of share for the customers in the
respective zone.

Application to other type of business service industry

We have been explained the model based on the case of machine repair industry, where
the service work begins with traveling to the customer place and execute repairing work
there, followed by the returning trip. Total occupied time ) is the summation of actual

repair work and the average time for round trip travel, as equation (4).
If total occupied time is similarly given, we do not mind the timing of the trips. For
example, in many research or consultancy works, the service worker first meet with a
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Figure 3 Iterative calculation process of the model

L

client, understand the client’s need, and basic information. They usually execute research
work at their own office, not at the client’s place. After completing the research work and
making the reporting documentations, they travel again to the client and make the final
presentation, there. As a result, total occupied time for one work includes actual research
time and time for the two round trips. In that case, we consider t; and d; as the time

and cost for two round trips and apply the same model.

3. Application to Japanese business service industry

Setting of a representative firm and parameters
We consider a representative firm having demand of service for 1,000 engineers during
the duration g, from all over the country of Japan. If these orders would arrive

deterministic timing, this firm had required as many as 1,000 engineers in total,
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Figure 4 Demand rate in 194 zones during the time length

neglecting the travel time. Occurrence of demand (order) from each zone is relative to
general size of economic activities, which is described by the total number of
employment for all industries in each of 194 zones in year of 2004, as shown as figure 4.
Location of the headquarter office is fixed at downtown Tokyo (Tokyo 23 Wards area) .
The unit frequency of the trips between the headquarter and branch offices, normalized
by the number of branch office engineers is set as ¢ =0.01, which means that one round
trip of headquarter worker is required for maintaining work of 100 business days by one
branch engineer. are set by unit frequency. The back-order penalty is set as 60,000yen
in the model.

Each branch office worker use 15.2m? of floor space, irrespective to the geographical
locations. Land rent is set by the empirical land-rent data at the city, which has largest
amount of employments within each zone, as shown in figure 5. With contrast to land
rent, we neglect the spatial difference of worker’s wage rates, and set the value as
4,578,000 yen/year, irrespective to location. Inter-zonal transportation cost was given
from the comparison of generalized cost including time of the railway shortest time route
and that of the rail-air shortest time route. Time value of one hour is considered as 3,000
yen.

Empirical employment data

We use the Service Industry Census of Japanese Government in year of 2004, including
the number of employments of 10 industrial categories, such as media contents
production, advertisement, machine repair, medical service, academic service, waste
management, and so on, in each of 47 Prefectures. Combined it with another census data
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Figure 5 Floor rent for one branch office worker in 194 zones

of Industrial Firms and Settlements in year of 2004 with rough industrial categories but
by more detail spatial divisions, we estimated the number of branch office
employments of each of the ten service industries in 194 zones of Japan, excluding
remote island zones. Through a factor analysis, we can make an order of concentration
for those ten industries; media contents production service is the most remarkably
concentrated to less number of larger cities like Tokyo, and waste management service
distribute most evenly, while machine repair service is in between them. Black bars in
figure 6 through figure 8 show the distribution of observed branch office workers of
these typical three industries.

Reproduction of employment distribution by the model

Some of the parameters, actually, required time of one work after an order ., fixed
location cost for a branch office f , and travel frequency between the headquarter and a
branch office worker ¢ are carefully adjusted, so that the resulted employment pattern

reproduce the spatial distribution of branch employments, one of the upper three typical
industries.

Strongly concentrated location pattern of the media contents production service is well
reproduced as the hollow bars in figure 6, compared with the observed pattern as the
black bars, when we set x=0.5 f =100,000, ¢ =0.35. On the other hand, spatially
dispersed pattern of waste management service is reproduced when we set longer
duration of work: 2 =1.5, cheaper fixed location cost: f =2,000, and less frequent
interaction  between  headquarter and branch  offices: ¢=0.004 , as
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Figure 6 Reproduction of branch office employments of strongly concentrating industry
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Figure 8 Reproduction of branch office employments of moderately concentrating industry



shown by the hollow bars in figure 7. In that case, several zones around the metropolitan
core cities, such as Yokohama, Sagamihara, Toyota and Kobe and other large cities in
local area have remarkable employments. The model also reproduces the pattern of
medium concentration of machine repair service industry as shown in figure 8, when we
set the medium value of the parameters; x=1.0, f =400, ¢ =0.001.

As shown here, the proposed model can reproduce the overall distribution patterns of
different type of service industries by setting different set of parameter values.

4. Simulation to expect the changes in location

Simulation settings

Business service industry is facing the rapid change of business environment, related to
the rapid development of ICT technology. In this section, we set shifted values for a
parameter corresponding to the expected change due to ICT development.

Case 0 means the benchmark case correspond to the reproduction of the modestly
concentrated industry case shown in figure 8; 4 =1.0, f =400, ¢ =0.001 and unit floor

space per one employment is 15.2m>.

Case 1 simulate the situation when telecommunication substitutes business contacts
between customers and branch office engineers. That change is described in the model
through increase of the value of parameter u, because branch office workers can

continuously execute their job without be annoyed from the need of trips to the
customer’s place. Such situation will be happen especially for the information-based
consultancy business, rather than industry such as machine repair. Four different values
of parameter were set other than the benchmark case; two of them correspond to the
future situation (indexed by “FL” and “FH”), while other two are retrospective (indexed
by “OL” and “OH”). Actual values of each setting is shown in table 1.

Table 1 Parameter values for simulations

Old Old Future | Future
case0

Settings Changed Parameter High | Low Low | High

Case 1 (less need of

trips to customers) 'Working Duration p(days) 050 | 0.75 | 1.00 | 1.50 | 2.00

Case 2 (less need of{Head-Branch Trip Ratio 0

headguarter trips) (times/day/person) 0.020 | 0.015 | 0.010 {0.0075] 0.005

Case 3 (less floor need

by tele-working) Floor space per worker(m) 304 | 228 | 152 | 114 7.6

Second simulation consider the ICT substitution for trips between headquarter and
branch offices. We set two lower values of parameter ¢ in the future, while two larger
values in retrospective situations.  Actual settings are also shown in table 1.

Third situation affected by ICT is promotion of tele-working, described by the decrease




of floor space need in branch office. Settings are shown in table 1.

Output of the simulations

It is not effective for understanding the effects to show the geographical distribution in
each simulation. Rather, we show the number of located branch offices and total
employments in these offices in table 2, and the rank-size figures concerning on the
branch office employment size.

Table 2 Number of located branch offices and total employments

. . Future | Future

Settings Old High| OId Low | case0 Low High
. 155 135 117 79 59
Case 1 (less need of trips to customers) 1734 1626 1544 1400 1318
106 108 117 119 119

2 (less n fh rter tri

Case 2 (less need of headquarter trips) 1535 1537 1544 1544 1544
95 104 117 118 118

Case 3 (less floor need by tele-working)

1494 1515 1544 1551 1556
Upper: number of branch offices
Lower: total number of employments in branches

Figure 9 shows the result of case 1 simulations, concerning on the less need of trips to the
customer place. Comparing to the previous situation, having milder slope of the rank-size
line, decrease the needs of trips to the customers makes the large cities larger and small
cities smaller. The number of branch offices decreases as strong as one third, parallel to
the decrease of total employments, as shown in table 2.  If we check the locations of
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Figure 9 Rank-size relationships of branch office employments in case 1



branch offices in the future, required size of each branch office becomes smaller owing to
the less safety margin workers over the average demand, then concentrated location in
large metropolitan areas becomes affordable. As a result, the larger city gathers more
employments and the small cities lost the branch offices.

Secondly, figure 10 shows the effect of decrease in headquarter-branch office trips. Both
Table 2 and figure 10 show that no remarkable changes will occur in branch office
locations, either in the size of employment.

1000 ‘
¢ Old High
v Old Low
A case0
> Future Low
< Future High
1001 -
10
1
1 10 100 1000

Rank

Figure 10 Rank-size relationships of branch office employments in case 2

Thirdly, the effect of tele-working through less need of floor space in branch office is
assessed through figure 12. Such decrease of unit floor space enables to locate branch
offices in center of metropolis with high floor rent, and cut the travel cost between
branch office and customers, highly concentrated in metropolis. That effect does not
give the possibility of large size branch office there; rather, it resulted in division of
metropolitan offices. As a result, both number of branch offices and total employments
will increase, as shown in table 2, but that effect would be not so strong as the effect from
telecommunication substitution of trips to customers shown as case 1.

From these results, we can say that in near futre of more convenient and inexpensive ICT
services, the number of branch office becomes more strongly concentrated into smaller
number of larger cities, comparing to the present situation.

5. Conclusion

This paper focuses on the point that most business service is very labor intensive, but it
cannot autonomously decide the labor usage schedule independent from the uncertain



demands. In order to respond to the spatially dispersed stochastic demands, the business
service company must prepare several stocks of employments larger than the expected
average demands. Because larger stocks can more effectively covers the stock-out risk,
increasing return appears for stock location decision, that is suggested as the strong
agglomeration power for the business service sector.

This paper applies an optimal stock location model to analyze the employment allocation
pattern of a representative business service firm. It may consider the risk of delayed
response to the requests from the customers as back-ordering. By using different set of
parameter values, the proposed model can reproduce several spatial location pattern of
different type of service sectors in Japan. The simulation analysis of this model in
Japanese system of cities, showed that the ICT developments in near future may result in
the stronger concentration of branch office locations as well as that of employments.

The proposed model is based on micro specific consideration on the representative firm,
but the applicability of the model was only proved through macro specific goodness of fit,
and not in micro basement. One required work in further study is gather individual
firm’s branch office locations and check the microscopic goodness of fit. The second
problem of this model is that only two strata structure of headquarter and branch offices
can be modeled. We do not want to build a multi-layer model, that cannot be analyzed
without Monte Carlo Simulations. Instead, we want to replace the customers and
headquarter office in this model by branch office workers and relating agents,
respectively, and the location of headquarter office(s) will be analyzed with the present
model. Lastly, more variety of simulation analyses should be done to capture the effect
of realistic transport development projects, such as new Shinkansen railway lines,
improvement of local airports, and so on.
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