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Abstract: This paper establishes an economic theory of information value and volume
that differs from Shannon’s mathematical theory of communication (Shannon, 1948). The
economics of information should be recognized as an important frontier field of
economics to explore the 4th industrial revolution including Internet of the things (IoT)
and artificial intelligence (AI). However, we need to construct an fundamental way to
analyse information flow and stock. Because of this, the value of information goods as a
non-market or market good is measured as agents’ willingness to pay (WTP) for travel
and telecommunication from the overall viewpoint of transportation and
telecommunication economics. And we construct an economic model for analysing the
information flow between head and branch offices. This firms’ total profit is maximised
by optimally imputing the amount of time which employees devote to collecting and
processing internal and external information. Here, factors of production are internal and
external information flows and stock information. Finally we propose information input-
output table explaining inter-regional information flow of the sample economic model.
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1. Introduction

This paper constructs an economic theory of information value and volume that
considers information input—output structures between business regions from the overall
viewpoint of transportation and telecommunication economics. We examine an economic
model of head and branch offices to determine the amount of time allocated to processing
and communicating internal and external information depending on the value of
information and stock.

The economics of information should be recognized as an important frontier field of
economics. It is important for economists to explore information revolution including
Internet of the Things (IoT) and artificial intelligence (Al). The new economic theory of
information and these analytical frameworks is applied to our future advanced
information society. This study’s contributions are as follows. First, it proposes an
economic measure of the value of information that differs from Shannon’s mathematical
theory of communication (Shannon, 1948). Second, it defines the value of general
information—a non-market good—as agents’ willingness to pay (WTP) for travel and
telecommunication to acquire such information. Third, the firm’s desire to maximise
profits enables us to examine how time is allocated to meet the demand for internal and
external information. Fourth, it describes the production function as a function of
information communication and processing. Finally, after solving issues related to the
demand for information, an information input—output table can be obtained.

Sociologist Daniel Bell (1973) famously coined the term ‘post-industrial society’ and
emphasised the role of scientific and technical knowledge in information-based
economies. Machlup (1962) and Porat (1977), pioneers in economic information analysis,
classified information industries and other industries and studied how these industries
contribute to the gross domestic product (GDP) using input—output analysis. Other
research followed these pioneers, including OECD (1980), Jonscher (1983) and Ohira
and Hiromatsu (1990). Studies in economic geography since the 1960s have principally
examined firms in London (United Kingdom) and in Stockholm (Sweden) and discussed
various problems including traffic congestion, air pollution and housing. Economic
geographers have explored the role of information in urban economies. Wood (1969)
recognised the importance of information linkages between firms and commodity
linkages. Tornqvist (1970) empirically explained face-to-face and less direct forms of
communication between head and branch offices and between offices and production
facilities. Goddard (1973) measured information flow between firms in London’s central
business district (CBD) by dividing its centre into 500-metre grids. Pye (1977) studied
office location cost, including telecommunication and transportation costs. Takita and
Suda (1992) and Takita (1994, 1996) modelled information flows of face-to-face
communication and telecommunication. In 1993, the Clinton Administration presented
the Information Superhighway Project, and the Internet became acknowledged as a major
conduit of information worldwide. Mun (1993) presented an urban business office
location model that considered communication activities. Ota and Fujita (1993) and
Sasaki (1993) analysed the effects of information technology on urban spatial structure.
Takita (1997, 1999) proposed a new system for information flow analysis that integrates
transportation and telecommunication as a comprehensive approach to information flow.
Kobayashi and Fukuyama (1998) analysed human contacts in a knowledge society. Many



countries accelerated construction of an advanced information society. Overall,
information is currently recognised as a significant managerial resource alongside people,
goods and money. Myao and Ukhaneva (2017) extends the focus of traditional demand
studies to incorporate both mobile and VoIP calling. Pantea (2017) analyses that ICT is
displacing workers of seven European countries in the short run.

2. Definition and Production of Information

We define the volume and value of information as a function of the preferences of the
business agents who request the information. Shannon’s mathematical theory of
communication (Shannon, 1948) proposes information entropy as a measure of
uncertainty in a message. This paper posits a new concept of measuring information as a
way to evaluate an organisational communication network and an information economy.

Baker (1965) and DeSerpa (1971) study the economic theory of time, and DeSerpa
(1973) examined the value of travel time. Many transportation researchers measure the
value of travel time in the contexts of business, sight-seeing, leisure and recreation (for
examples, Gonzaiez (1997) and Jara-Diaz (2007)). Generally, their studies employ
willingness to pay (WTP) to save travel time as their measure of the value of investment
in transportation. This study measures the value of information according to agents WTP
for travel and communication to obtain information. Though personal information is a
non-market good, it often has high value. We create an analytical method for constructing
economic models of information.

2.1 Volume of Information

Volume of information is defined as a function of face-to-face communication time
(F) and telecommunication time (T). For near future, the 4th and 5th information
revolutions including Internet of the Things (IoT) and artificial intelligence (Al) and
additional information technologies are related to information productivity of
telecommunication ar compared to that of physical communication or face-to-face
communication ap .

If = F(F,T) = ((arF)P+(arT)P)?. (1)

where ar and agp! denote the impact of face-to-face communication and
telecommunication on volume of information. From information function (1),
information volume is measured by face-to-face communication time (I = apF) when
telecommunication can be neglected (a;(t) = 0 for t = 0). Parameter p is the value of

'Parameter ar = ar(t) (0 < ar(t) < ap) gradually increases from ar =0 to ap =
arp . The value of aj(t) describes the degree of technological progress of
telecommunication at present time t. Parameter ar does not change over time.
However, Al chess players win real professional player.



the constant elasticity of substitution (CES). The elasticity of substitution [o = p% 1>

p # 0)] between face-to-face communication F (> 0) and telecommunication T (> 0) is
the factor ratio F/T corresponding to a 1% change in the marginal rate of substitution. We
assume that the function of information flow is homogeneous of degree one.

The CES function (1) of information flow includes three cases:

Leontief function: lim 17 = lim ((apF)P+(a;T)P)'/P = 7giTn[F/aF, T/ar].
p——00 p—o— :

Cobb-Douglas function: Lim = lirré((aFF)p+(aTT)p)1/p = FOrTOr,
p— p—

Linear function: lim = liml((apF)p+(aTT)p)1/p = apF + a;T.
p-- p--

2.2 Optimal Combination of Face-to-face and Telecommunication

In the cases of accessing an informational source via face-to-face and
telecommunication, we consider the minimisation of the total cost of both mediums.
min C,f = wpF + wrT (2)
st ((apF)P+((arTP)YP =1, 3)

where I/ denotes volume of information and wr and w; are the individual
generalised costs of face-to-face communication and telecommunication, respectively,
considering the financial costs of travel, telecommunication and time.
From Equations (2) and (3), the Lagrange function ¥ is expressed as
Minimise ¥ = wgF + wrT + A(IF — ((apF)P+((arT)P)V/P),
where A is a Lagrange multiplier.
First-order conditions for this total cost minimisation problem are as follows:

‘;—L;j =wp—1 (pappF”_1 (%) ((apF)p‘*‘((aTT)p)%_l) = 0. 4)
2 = wr=a(par? T (2) (kP +(@Ty ) =0 ()
% 1 — (@) +((@r TY)o = 0. ©

From a system of nonlinear simultaneous Equations (4)—(6), we obtain Equations (7) and

(8).

A= <F — = T — (7
apP FP=1((apF)P+((arT)P)P —  apP TP-1((apF)P+((arT)P)P =
1
I — ((agF)P+((arT)P)? = 0. (8)

2.3 Conditional Demand Functions of Face-to-face Communication and
Telecommunication

Solving (7) and (8), the conditional demand functions of face-to-face communication
and telecommunication are presented as



F(opam ) = 222 () 4 (2)°) 17 o)

F ar ar 1
T*(wp, wp; 1) = %((‘;’—:)a + (‘;’—:)a)_ °rr (10)

The ratio of telecommunication to face-to-face communication T*/F* changes

. . X T g-1 ar g
depending on the two ratios of cost and technological progress (w—) / (a—) .
F F

The Lagrange multiplier, or shadow price of information, is

Wr
Mwp, wr) = s L p—1
ar |2 (L) + (22)) Pan) @y

. 1 = () (@))”

—(p-1)/(p-D\P~?! 0\% (O
() (@) +(@)) 7
2.4 Value of Information

We define the value of general information, which is not distributed as a market good,
as agents’ WTP for accessing information face-to-face and via telecommunication. From
Equations (9) and (10), the value function of information is expressed as

V' = wpeF* + 0rT* = vf (0p, 0r)IT + vl (0p, 0p)I = vf (0p, 0p)I. (11)
Unit values of face-to-face communication and telecommunication are defined as two

) iy f _ wp? ((wF\?
types of marginal willingness to pay (MWTP) for each: v (wp, wr) = — ((—) +

aF" ar
1 1
o\~ o o o\~
o))" f _ o1’ ((0r)7 | (@r)7) » -
(ar) ) and vy (wp, wr) = pwr ((ap) + (ar) ) . The unit value of
1
. . f _ wWFr g wT 9\ o . 5
information v; (wp, wr) = ((a—) + (a—) ) can be interpreted as agents’ MWTP for
F T

communicated information.

2.5Value Ratio of Face-to-face Communication and Telecommunication
to Information

The equation v,{f (wp, wr) + v{f (wp, wr) = v,f (wp, wr) is derived from Equation
(11). The value ratio of face-to-face communication and telecommunication to
information 7p(wp, w7r) and Tr(wg, W) is explained as

ag

vf(a) wT) (ﬂ) 1
Tr(wp, wr) =5 T = e = 7.
v (wpwr)  (LE) (9T 14(@1/2F
ar ar ar/ag
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Tr(wp, wr) =

3. Model

The economic model presented in Section 3 addresses the firm’s allocation of working
time to internal and external informational activities. A framework is proposed for
discussing the value and volume of information as a non-market good.

3.1 Assumptions
This section presents the behavioural assumptions governing this model.

(1) The enterprise has one head office and several branches. The head office is senior in
the hierarchy, and the branches are subordinate. All branches are equally efficient.

(2) The head office and some branch offices occupy two-dimensional space.

(3) Office activities comprise the routine processing of stock information and the internal
and external dissemination of information. These three informational activities
determine the volume of sales products.

(4) The head office and all branch offices produce the same product and sell it at the same
price.

(5) Internal informational transfers occur between the head and branch offices but not
between branches. Individual offices pay for travel, telecommunication and labour.
They consider labour cost when providing information to other offices.

(6) External communication by the head office includes high-level contracts with top
executives and other firms. External communication by branch offices includes
business contracts with regional firms or consumers. Individual branches bear the
costs of travel, telecommunication and labour.

(7) Information is collected face-to-face and via telecommunication.

(8) The enterprise maximises the total profits of its head office and branches.

3.2 Information Structure of A Single Head Office and Branch Offices

This section examines the two-tiered communication between a head office and branch
offices. Figure 1 illustrates the informational activities of both.

(1) Head Office

The head office collects internal information regarding sales, markets and
management from branch offices and external information about national projects and
sales from the central government and head offices of other enterprises. Head offices of
major Japanese enterprises are generally concentrated in the central Tokyo Metropolitan
Area, known as Marunouchi. Economies of urban agglomeration arise from face-to-face
communication in central business districts (CBDs). Advanced information



communication technology has multiplied the variety of information communicated
externally via the Internet. External communication includes business-to-business and
business-to-consumer formats. Information is communicated in two ways: face-to-face
and via telecommunication. Further, the head office performs routine tasks in each office
such as processing stock information for business planning and market analysis.
Computers and software aid in processing information and communicating internally and
externally via the Internet.

(2) Branch Office

Through face-to-face communication and via telecommunication, each branch office
collects internal information regarding previous products, market strategies and business
management from the head office and external information concerning public projects,
sales of rival companies, trade from other enterprises and local government. Processing
information for marketing strategies and business planning is a routine task for branch

Head office
sfs]]]

Region 0 (Central city)

ool

Region 2 (Local area)

» " Q ' Region 1 (Local area)

\
\
N
AT =" [ TP >
Meo
S~
\\A

— Internal information activities by head office
= = » External information activities by head office
— Internal information activities by branch office
----p External information activities by branch office

Metropolitan area

]
]
; Branch office 1

Branch office 2

Routine work including inter-meetings and information processing at
head office

Routine work including inter-meetings and information processing at
branch office

Q Business area Office space IQ' Computer ' Labor

Figure 1: Information Structure of Headquarters and Branch Offices between Regions

Note: Face-to-face communication and telecommunication are used in information activities



office employees. Branch office computers assist these routine information processing
operations by sending or receiving messages and files via E-mail. If consumers send
personal and contract information through the WWW site, business offices use computers
to confirm their orders. Thus, telecommunication partially substitutes for travel and face-
to-face communication.

3.3 Information as Factors of Production

From the information structure of head and branch offices between regions (Figure 1),
information matrices indicate stock information processing inside offices and internal and
external information flow between head and branch offices. In this model, information is
a valuable factor of production, albeit a non-market good.

(1) Internal information
(a) Information stock

1510 0
- _: — _5 ________
Internal information stock matrix s = 0 | l 0| within the head office and
|
|
|
010 13

J branch offices express how routine tasks for accessing stock information ( |js) include

information processing and inter-meetings at the head or branch offices in region j.
(b) Information flow

Internal information is disseminated to head office O ( Ilfo,--‘, I Jfo) from branches in
regions J (1,---,J ) via face-to-face communication ( F,---,F;,) and telecommunication
(Ty> - T;o)- Another internal information is disseminated to branch office j ( Iofl,- XN IOf 3)
from face-to-face communication at the head office in region 0 (F,,---,F,;) and via

telecommunication (T;;,--, Ty, ).
The internal information flow matrix between the head office and J branch offices

|
O o Iy
. i 10 o 0| , .
i ) is decided by face-to-face communication and
.
IJfo: 0 - 0
| |
O iR o R O i Tu o T
Fo i1 O 0 To1 0 0
telecommunication F, ., =| " i andT, .., =| i ,
| |
| |
Fiol O 0 T, 1 0 0

Here, Ii];. = If(Fij, T;;) is satisfied.

(2) External information



External information ( | jfj) is disseminated from market area j via face-to-face

communication ( F; ) and telecommunication (Tj).

lo 10 = 0
| f
The external information flow matrix | S | Ly 0 from the head
010 1))
office 0 and branch offices 1 to J is calculated by face-to-face communication
|
Emi 0 0 I@-sz__:;__g_
o0 TE T o 0T 0
Fe o = 0 1R O 1 and telecommunication Tgyy =| . i !
xternal | .
L . o
|
010 F, 010 Ty

Here, Il.];. = I/ (F;;, T;;) is satisfied.

3.4 Profit maximisation

This enterprise comprises one head office and multiple branches. They process stock
information and access internal and external information to produce goods and services.
Information is an important factor of production related to labour; other factors, such as
capital, remain fixed in the short run. This economic model is based on the expression of
informational volume and value in Section 2. The value of each piece of information
depends on economic agents’ MWTP to access and process it. Various types of

information, (IS,I(’:O, Ilfo, ---,Ij’;, ---,I]’; and I]-S,IJ/;-,I(];]-), are non-market goods and
important factors of production.

Total profit () of the head office and J branch offices is maximised in an open
economy wherein labourers can move between regions. And the firm can input or process
optimal internal and external information. Here it considers the value and volume of
information as a non-market good. 7; denotes the profit of head office j = 0 or branch

office j =1,-,].

f . f f f f i f
ST s
I3.Ig0: 110, 'Ijo’ 7 jo’ ]’Ijj’loj

]
1 =10 (I8, 130, Lo, Ty -+ 1) + Z m (15, 10,15). A
j=1

(1) Profit of Head Office
Here, stock information available from head office 0 (I§) exists at head office 0.

Internal information is sent to head office 0 (Ij];) from branches j = 1,.,j,...J. External

information received by head office 0 (I({O) flows from the head offices of other firms
in region 0.

J ]
_ f 4f f f ff o f o f
o = PQO(Ig'Ioo' 110""'11'0""'1]0) —v5l5 — | Vigoloo + Z Crjo Ly | = Z €oj 1oj.
Jj=1 j=1



(12)
Sales products of head office 0 [QO(IS,I({O,IIO,--- A ---,I]];)] depend on

) jO)
informational activities at head office ([, I({O, Ilfo, e I]{), S | ]’;). P denotes the sales price
of market goods.
J
Yoj
Qo oy, o 1) = AP0ty | J(4)™ (13)
j=1

to = Po+ Yoo+ XYe; <1 and p; = B; —y;; —yo; <1 are satisfied.

(2) Profit of Branch Offices
Stock information available from branch office j (Ijs) exists at branch office j =

1,.,J,...J]. Branch office j obtains internal information (I({j) from the head office in

region 0. Branch office j collects external information (I ]f]) from other firms and
customers inregion j =1,.,j,...J.

— foqf fif o I flir
my = PQ;(I7.1/,10,) = v I = (vl1f + el 15 = e 1 (14)
The sales product of branch office j [Qj(If,Ij];.,I(Z ] depends on informational activities
(I]-S,Ij];.,lgj) at branch office j=1,.j..].
ffy— 1fNvii (1 \Po
Q;UF, I, 1k ) = UDPIA )i (1g,) . (15)

Kj = B —vjj — Yoj <1 are satisfied.

The value of information depends on economic agents’ MWTP to access and process
the information as discussed in Section 2. First, labour cost j =1,.,J,...] vjs to the head

office or branch office covers inter-meeting and information processing. Second,
individual offices consider only the general cost of external communication, including
travel, telecommunication and labour. They do not usually pay labour costs of other firms

and customers. The value of external information to the head and any branch office (v, ]fj)
is measured as their MWTP to collect it from other firms and customers in region { =
0,.,i,...J. The value of internal information to the head and any branch ofﬁce(v,{j) is

their MWTP to access and process it from office j to office i.
The firm’s total value of internal information disseminated from head or branch office

j to branch or head office i (v,{}li]}) can be measured by the informational costs of
office j—the initiator of the request for information (c,lfj Iifj)—and office i as its

supplier (c,if].lll.fj).2 In the case of internal information disseminated between the head

2 The value that the initiator places on information flow from region 1to region jis expressed
as a function of face-to-face communication (F; j) and telecommunication (T j) and as a

function of the following integrated information (T; j).

10



and branch offices, the initiator of the information request pays for travel,

telecommunication and labour. The supplier of the information pays only labour costs.
J i . . ..

c,{j + c,{]. = v,{]. is satisfied for (i,) =

(0,1),.,(0,), ... (0,Dor(1,0),.,(,0,), ...(J, 0).
3.5 First-order conditions

Total profit m of this enterprise is maximised. From Equations (11)—(15), first-order
conditions are shown as follows:
1) Head office

or _0m _ p9% _ s _
s "o~ Pag V=0 (16)
d d d
e 1} (17)
aIOO aIOO a100
omr _ dmy , Omj < 9Qo f°> )il 9Qq f . ,
—=—+—F=|\P—F—¢;, |—¢Ccy =P——F—v;;, =0 for j=1,.,j,...].
f f f f I 0 f 1 yr )y
o1, I, oIy, oL, Jo J a1y, Jo
(18)
2) Branch office
o _ aTL'j _ 6Q] . s _
ors a3 ar vry =9 - (19)
o omn;j 0Q; f
ap o = P TV 0 0
ji ji ji
o omj  0mg < 0Q; fi> fo 2Q; f , ,
—=—+—F= |P—F—c¢,.|—¢h,. =P—F—v,,.=0 for j=1,.,j,...],
oy, a1l a1, a1y, 0j 0j a1}, 0j
21)
AN S | E L | - -_ ;
where Crio T Crip = Vijg and Croj T Croj = Vig; are satisfied for j =1,.,j,...J.

Substituting production functions (13) and (15) into equations (16)—(21), we derive
1) Head office

_ Yoj
BoP(U§)Po(1)oo T, (1) = vi§ = 0. (22)
_ Yoj
YooPUSPo(I3e) 0 TV, (1) = vl =o. (23)
Y10 Yjo—1 YJo i .
VioP U5 (1o)7oo (15) ™ -+ ()™ = (1) " = wify = 0 for j=1,.,j, ).
(24)

2) Branch office

Vij = a)Fl.].Fi]- + wTijTij = (wéij + wiFl.j) Fij + (w%ij + wiTij) T;;
= (wf,'ijFl-j + w%ijTi ) + (a)fgijFi]- + wiTijTi )
= (v 1 + w1, o 1) + (0hyoh 1) + by tf)
= (w;ijv;ij + w%ijv;ij) I+ (a)}gijv;ij + a)"TUv’;U) =l et

i
Y
= Vil

11



BiP UYL )Yii (1] )Yoi = vi5 = 0 for j=1,.,,..]. (25)
. L Yoj . .

v PADPIA Y (1) = v = 0 for j=1,.,j,..). (26)
) g Yoj—1 . .

Yo, PUDPIALY(I5)™ =l =0 for j=1,.,j,..], (27)

3.6 Demand function of business information

Solving equations (22)—(27), we determine the demand functions of business
information flows and stocks.

1) Demand for information within head office

a) Demand for stock information inside head office O is
Bo Yoo Yjo

1-u 1-pg
=S () ™ ) ()
Too o

‘U]o U[O
b) Demand for external information by head office 0 from business area j =
1,.,j,...] is

Yoo Yjo

Bo
f Yoo Bo\ ko [ Yoo \' ¥ Vio \ 0
Iy, = Pi-ro ( ) — .
00— ”’oo vIp (”’go> H ( ]0>
c¢) Demand for internal information by head office 0 from branch office j =

1,.,j,...] is

Vo Yjo

Bo
f V]O 11—, y, ﬁ] 1_H'j Yoo V]O 1=Ho
Ijy =P (U,s> v H ;
0 Igo VI

J0 jo

where py = Bo + Yoo + 2 Yo; < 1 is satisfied for branch office j =1,.,j,...J. v,f =
] jo
1
w w o
(( FJO) + (M) ) is calculated for the head or branch office j=0,.,j,...].
ar ar

External information from head office O is disseminated to business area j =1,.,j,..]

. . WFEy " WFyo\°
face-to-face and via telecommunication: Foo = 00’ ((—00) +
arge? ar
1 1

“)Too)a)_ i _ w17t ((“)Foo)(7 (wToo)J)_ i
(_ar IyoandTyy = are” \Uap + o 150

Internal information from head office 0 is disseminated to branch office j =1,.,J,...J
1

+ (waL;O)U)_ EI].]; and

. . . ijOU ! wF]O
face-to-face and via telecommunication, Fj, = (( )

g
aF]-o ar
g-1
(.L)Tjo ijo
TjO = ~
ar 0 ar

J

1
wT . - E
jo f
+( - ) ) 1.

2) Demand for information within a branch office

a) Demand for stock information within branch office j is

12



. Bj vjj Yoj
Bi iz (Bi\ T [ vii \' M [ voi \'TH . .
s _ FJl pi1—-u J ] JJ J —
J J Tjj Toj _ )
b) Demand for external information from branch office j by business area | is
Bi Yjj Yoj
2 (8 T (v (vor
f_ Yii piw; (Pi\ 4 [ Yii Yoj . -
1 =2p J(vs) ] ] for j=0,.,j,..J.
I I] vr . V1,
JJ 1] 0J

¢) Demand for external information from branch office by head office O is
Yii Yoj

1 Fi = =

fo_ o) iz (Bi\ v (i N [vaeg TR

. =—P 7%= - LA ,
0j 7 I 7 i
v I] vljj 1710].

0j

1
_ o A(2F\ 9T\ @ ,
where and p; = B; —vj; —vo; <1 and vy = (a_F) + (a_T) are satisfied.
Information is disseminated face-to-face and via telecommunication, Fj; =
1

1
N e N s A s M D N e A N
S ((Em) 4 (Zu 1 and Tj; =~ ((22) 4 (22 .
ar; arp ar JJ ar;; arp ar 7]

Information is disseminated face-to-face and via telecommunication, Fy; =
1 1

o-1 - = o-1 - =
WFyj @Wro\T | (PTo\T\ P f _ 9Ty, @\ | (“To\T\ P f

= + IO' and TOj = > + 10-.
apoj ar ar J aTOj ar ar J

3.7 Intra-regional Information Input—Output Table (Time-Based)

The aim of this section is to complete an intra-regional information input—output table
that displays the information flow to maximise the firm’s profit. This firm has a single
head office in the metropolitan area and branch offices in two market areas: the
metropolitan and another market area.

We observe the information flows between the single head office and selected branches.

All endogenous variables are expressed as categories of labour, such as stock information
processing and internal and external communication. The direction of each arrow in
Figure 1 signifies that head or branch officers contact other officers within the firm or
meet customers from the business area to communicate information, including sales
activities. And these are shown as variables inside the dark thickened frame of Table 1.

3.8 OD Table for Business Trip

Table 2 summarises travel from point of origin to destination (OD) for head and branch
offices. We next clarify relations between information flows and business trips. We
assume the receiver of information visits its sender. Business trips are round trips, and
their origin—destination (OD) matrix can be expressed as follows:
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Table 1: Intra-Regional Information Input-Output Table (Time-Based Table)

Metropolitan area Local area
To Central city Suburb Total output
From Region 0 Region 1 Region 2 of information
Headquarters Branch office Branch office
Types of Information Internal External Internal External Internal External (Unit: hours)
— S I fopf
£| o | Headqu _F Is Fy Fr Is Fo,+Fg,
= 0 - - - 0
o] ¢ arters f f f f
s ] .t% T To1 Toz T01 + T02
S ) f 7
g & Other _F _ F 00 _ *) _ *) E)O
| [ T 1
& B F Fl s ol
= ranch 10 s o I3 10
o — I - I3 - 3 - ¥
S o g office | T T/, Tl
3| & 7 f
'(% ~ Other _F . %] _ K f1 _ % F fl
fi
e T T T
F EJ, E),
« Branch 20 o s s 20
= S office | T ) ) 3 B Iz B I f
‘_; S T30 T30
5D
E o Other _F . *1 _ *4 _ E 2/1:2 F2;2
fi
irms T T/, T,
Ig I7 I;
p | Touwl inputof Fio + Fly + Fyo Ry + By F + B,
g information
b foopf o mf foorf f oS
8 Tio + T30+ To Tor + Ty Toz + Ty
< . .
& C.omrnunlcatlon. FOJ; + E)fz F11; F2};
= time to give
2 . .
S | information to the ™ty 1f s s
é other office 02 02 10 20
a -
Travel time Flitio + Flytao + Fohtoo Flitor + Flitiy Flytos + Fta
M M M
Supply of labor time *5 Lo L® L,

Note: This input-output table does not consider:

*1

*2..
*3.

*4,
*,

suppliers’ procedures)

External information flows from visits to branch offices by the headquarters (e.g., headquarters visits to construction sites)
External information flows from visits to the headquarters by branch offices (e.g., branch office visits to the headquarters to observe

Internal information flows between branches (e.g., meetings of branch office heads convened by headquarters) This model includes such
exchanges as a flow between the headquarters and branches.

Information and business activities in business areas of other branches

There are no intra-firm allocations of labor in this open regional economy model.

18+ (B + B + Fo) + (T + Tho+Too) + (s + Fp) + (T, + 1) +

1+ (R + EL) + (T + 1) + B+ Tl +

I+ (R + L) + (T + TH) + By + Ty +

where ¢;; is round-trip travel time between regions i and j.

Fhtor + it

Flto; + Flytas

M

M <L

<L,
M 2

Flt1o + Efyts0 + Fltoo -

*

0
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Table 2: Travel OD Table

Headquarters Branch Office 1 Branch Office 2 Origin
(Region 0) (Region 1) (Region 2)
Headquarters 0 2k Ffy + By R + Eyy 2R} + B + Fjy + Ry + By
(Region 0) M M M M
Branch Office 1 Fl+Ef, 27}, 0 Fly + Fl, +2F,
(Region 1) M M M
f f f f f f
Branch Office 2 Ef +F), 0 2F;, B +Fy +25,
(Region 2) M M M
Destination 25 + Fiy + By + B + Fy By + Fiy + 2F) By + B + 25} 2(Fy +Fy + Ry + Fy + K)
M M M M

Note: M is average time of face-to-face communication per business trip.

Tripcan be written as

2F00 i FOI + FIO FOJ + FJO
M M M __.
FIO + Fll : 2F11 0
Trip = M i M ;
: |
|
Fyo + Fos i 0 ZF_JJ
M ! M

where M is the average time spent in face-to-face communication per trip.

4. Conclusion

This paper has proposed an economic theory of information value and volume using an
information input—output structure. It also examined an economic model of head and
branch offices to determine time imputed to communicate and process internal and

external information.

1) Our economic approach to measure the value of information differs from Shannon’s
mathematical theory of communication (Shannon, 1948).

2) The value of general information, a non-market good, is termed as willingness to pay

(WTP) for travel and telecommunication to acquire it from total viewpoints of
transport economics and telecommunication economics.

3) The behaviour of an enterprise with two levels of hierarchy—a head office and

multiple branch offices—has been modelled. The firm’s intent to maximise profits

enables us to handle time of information activities related to demand for internal and

external information.

4) The production function is described as a function of information communication and

processing.
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5) The relation between transportation and communication is demonstrated by the inter-
regional information input—output table for head and branch offices and the business
trip OD table for head and branch offices.
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