Toll as a Second-Best Measure for Communication Externalities

Kayitha Ravinder 1 Tatsuhito Kono 2 and Mitsuharu Sato 3
1)
Scientist, Central Road research Institute, Mathura Road, New Delhi-110 020,India,  Tel:91-11-26312268, (email: krr_crri@yahoo.com )

(Formerly: PhD Student, Graduate School of Information Sciences, Tohoku University, Aoba 20, Sendai 980-8579, Japan, 

(email: ravinder@plan.civil.tohoku.ac.jp )
2) Associate Professor, Graduate School of Information Sciences, Tohoku University, Aoba 20, Sendai 980-8579, Japan, Tel:81 22 795 7499, Fax : 81 22 795 7500

(email: kono@plan.civil.tohoku.ac.jp)
3) Master student, Graduate School of Information Sciences, Tohoku University, Aoba 06, Sendai 980-8579, Japan, Tel:81 22 795 7499 ,Fax : 81 22 795 7500

(email:m-sato@plan.civil.tohoku.ac.jp)
Abstract

The externality that locating firms neglect the communication costs of the other firms is called “communication externality” in Fujita and Thisse (2002). The measures proposed by the past studies (Kanemoto (1990) and Fujita and Thisse (2002)) to mitigate communication externalities have inherent limitations to apply in real economy. The purpose of this study is to propose toll system as a second-best policy measure to cope with communication externalities assuming elastic communications of the firms. The results show that toll system is effective with low elastic trip demands and high transportation costs because the deadweight losses in trips and the spatial distribution of firms are low with them.
1.
Introduction

Firms in an urban area interact with other firms in that area. In particular, offices holding headquarters, service and planning functions communicate with other offices with face-to-face communications. Firms located in an urban area to save face-to-face communication costs even though they should pay high rents. 
When a firm locates in an urban area, it only considers its own communication cost ignoring the other firms’ communication cost. The location of the firm actually affects the communication costs of other firms with which it is interacting. Accordingly, the market-based location of firms does not lead to the socially efficient location pattern. The socially efficient location pattern is more concentrated than the market-based location pattern because it needs to consider the effects of location of a firm on the interacting costs of other firms. 
This externality that firms neglect the communication costs of the other firms is called “communication externality” in Fujita and Thisse (2002). The similar externalities have been studied by some other papers. Beckman (1976) shows by assuming that residents in-elastically communicate with all the urban residents in face-to-face in a closed city (i.e. the number of residents is fiexd); the population distribution is bell-shaped. Fujita and Thisse (2002, pp.179-181) use the same model to show that if the communication cost is doubled, the market-based location of the residents can lead to the socially optimal distribution. Kanemoto (1990) proposed the Pigouvian subsidy for communication externalities.

However, the Pigouvian subsidy by Kanemoto (1990) is very difficult to implement in real economy due to imperfect information on firms production functions. Doubling communication cost by Fujita and Thisse (2002, pp.179-181) is possible with late ETS system. However, the doubling rule is based on in-elastic communication assumption. In real world, the communications are elastic demands. Therefore, it is necessary to examine the measures to tackle the communication externalities with elastic demands. Under such elastic demand case, toll pricing is the second-best measure, whereas it is the first best measure in Fujita and Thisse (2002) with inelastic demand. 
The purpose of this paper is to propose second-best policies to cope with communication externalities assuming elastic communications of the firms. 
2. The Model Considering Communication Externalities
The present study focuses on face-to-face communications among the firms, with a view on proposing toll system as second-best measure for communications externalities. Further the proposed toll system is supposed to be imposed on business trips and not on commuters’ trips. For example, toll can be imposed within CBD area or within the business hours. 

2.1
Assumptions

The following assumptions are made in this study to simplify the problem:

1. The city has three zones: zone 1, zone c, zone 2. The centre zone of the city is zone c, which is surrounded by zone 1 and zone 2, as shown in Fig. 1. Zone 1 and zone 2 are assumed to be symmetric from geographical viewpoint.
2. Transportation cost for the face-to-face communications are required. Each firm will spend travel costs ‘e’ within the zone, ‘t’ between city centre and zone 1 (or zone 2), and ‘2t’ between zone 1 and zone 2 , as shown in Fig. 1. The transportation costs are paid in terms of firms’ product for simplicity (as in the iceberg cost assumption).
3. Economy has goods producers and developers. Every producer is able to migrate to other zone without any cost. 
4. Every firm will trade (interact) with all other firms. Every firm will use one unit of floor space.
5. Developer uses the entire land available for floor construction.
6. The city is basically open (i.e. the number of firms is variable with zero profit) because the city is open in the long run. However, the case of closed city (i.e. the number of firms is fixed with common positive profits) is also explored as the analysis needs, in particular to compare the results with the results of Fujita and Thisse (2002) (in which the number of residents is fixed). 
The model can accommodate any exogenous number of firms. Every firm will trade with each other firm elastically because the trip demand is elastic in nature unlike Fujita and Thisse (2002) in-elastic trip demand. 
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Figure 1. Three zones and travel costs
2.2 Goods producers’ behaviour
The product depends on face-to-face interactions among the firms. Though the assumptions and basic model structure is same as mentioned in Borukhov and Hochman (1977) and O’Hara (1977), and Fujita and Thisse (2002), in contrast to past studies, we introduced the trip elasticity - the trips are elastic in nature. The aggregate production functions in zone 1, zone c, and zone 2, denoted as 
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, can be written as eq (1.1~1.3), respectively. 
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where 
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: Input from zone ‘i’ to zone ‘j’ (i, j=1,c,2), and 
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: Fixed production of a firm independent of other firms’ production.

Eq (1.1) represents the production in zone ‘1’ by interacting firms within zone ‘1’, city centre and zone ‘2’ because production function consists of inputs from all zones firms. Further eq (1.2) is the production in city centre and eq (1.3) is the production in zone ‘2’ can be similarly explained. From the eq (1.1~1.3) the production function represents that the interactions among all the zone firms are elastic. Further if we observe the eq (1.1~1.3) the term ‘G’ represents fixed production of a firm independent of other firms’ production, this is necessary to define the elasticity of trips around zero product. 
The product is assumed as homogeneous (as assumed in Borukhov and Hochman (1977) and O’Hara (1977), and Fujita and Thisse (2002)). Though the products are normally different goods with different attributes in reality, if all the firms in the zones face a fixed price vector for their products, - the products of every firm can be measured in one homogeneous good. 

The model assumes that interactions between firms can occur only face-to-face and therefore requires travel by highly skilled people whose time is valuable (similar assumption made in (O’Hara 1977). Transportation cost for the face-to-face communications are required. Hence choosing the location, each firm will consider travel costs within the zone ‘e’, ‘t’ between city centre and zone ‘1’, zone ‘2’ and ‘2t’ between the zone ‘1’ and zone ‘2’ as shown in figure 1, the transportation costs are paid in terms of firms’ product for simplicity (as in the iceberg cost assumption). All the firms within the zone are identical. 

Transportation cost 
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 (i=1,c,2)for each firm at respective zones is given by eq (2.1) ~ (2.3). For firms in zone ‘1’, the total transportation cost is sum of transportation cost within the zone ‘1' , transportation cost from the city centre to zone ‘1’, transportation cost from zone ‘2’ to zone ‘1’. Transportation costs include the travel time costs and toll fee 
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 which is imposed between neighbouring zones.
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Similarly for the firms in city centre, and for the firms in zone 2, respectively,
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where 
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: Input from zone ‘i’ to zone ‘j’ (i, j=1,c,2) ;        
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: Toll fee.
Toll revenue is returned to all the firms equally. The term “
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” in eq (3) represents the per firm return of the toll revenue. The numerator is the total toll revenue from firms in zone ‘1’, city centre and zone ‘2’. Denominator represents the total number of firms.
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: Total toll revenue
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 : Toll revenue per firm in zone ‘1’, 
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 :  Toll revenue per firm in city centre
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 : Toll revenue per firm in zone ‘2’
The per firm profit is defined by  
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where 
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 : Floor rent at respective zones (i= 1,c,2)
The firms behaviour can be described by the maximisation of eq (4) subject to the production function eq (1.1)- (1.3), transportation cost function eq(2.1)~(2.3) and toll revenue per firm eq (3). Assuming each firm use one unit floor space (similar assumption made in O’Hara(1977) ,and Fujita and Thisse(2002)).
After maximizing the floor rent, the bid rents are 
At Zone  1 
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At City Centre  
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At Zone 2  
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where Fij(.): net product at zone i from inputs from zone j, which are explained in Appendix A. As a result of open city assumption, 
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 in eq(5.1)-(5.3). 
2.3
Developers behaviour 
Developers supply floor space in an area Āi is Fi, developers use the entire land available for the construction. The developers’ behaviour is formulated as, 
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   where  
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As a result of free entry of developers, 
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. Equation (6) can be written as 
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The offer floor rent 
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 is optimised s.t. the amount of floor supply 
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. First order condition of maximizing land rent w.r.t 
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Equation (1)-(8) complete the behaviours of the agents. The variables are summarized in Appendix B.

2.4
At Market Equilibrium

At equilibrium, equating offer floor rent from profit maximisation of developers from eq.(8) and bid floor rent from profit maximization of goods producers eq. (5.1-5.3). Assuming
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 to obtain explicit solutions, and  due to symmetry of zone ‘1’ and ‘2’, replacing n2 with n1 solving for number of firms at each zone ‘1’ and city centre in open city model can be written as: 
From the market equilibrium conditions where 
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. Bid rent at zone ‘1’ can be written as eq (9.1) for closed city model at surrounding zones. Bid rent as zone 2 is same as the bid rent at zone 1 because the two zones are symmetric.
Open city model at surrounding zones can be written as: 
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Similarly bid rent at city centre can be written as eq (2.15.4)
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2.5 Social Optimisation
In social optimum the firms will locate optimally considering the location effects on other firms interactions costs. This will result a higher firm density as compared to market-based firm density. The total social welfare function can be written as sum of the total profit of firms, total profit of developers and rent on resources as given in eq (6.1)

Social welfare 
[image: image46.wmf]fd

iii

i

WnR

pp

=++

ååå



[image: image47.wmf](1,,2)

ic

=

 
  
(10.1)
where
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Substituting (10.2)- (10.4) into eq. (10.1), social welfare function can be written as,




[image: image52.wmf]{

}

()

iiii

WXTuFF

b

=-+-

å

   
[image: image53.wmf](1,,2)

ic

=

          
  

 (11)

where 
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Equation (11) represents the total social welfare. Which is equal to the net output, implying gross output 
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 and also equal to the total land rent in urban spatial structure.
Optimizing the social welfare, FOC conditions w.r.t. n1 and nc. The firm density at zone ‘1’ and city centre is given as 
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2.6
Comparison of market-based firm density versus social optimum firm density 
By observing the above market-based solution with social optimum solution, the production in social optimum is equal to twice the market based solution. Indeed by considering location impacts on other firms interaction costs the productivity in social optimum is doubled as compared to market-based location. 

Further the above equations are plotted taking floor rent on vertical axis, firm density on horizontal axis separately for the firms in surrounding zones as well as at city centre for in closed city model and open city model. A typical graphical representation for the open city at surrounding zones is represented as shown in Figure 2. Taking eq (5.3) from market equilibrium and eq (7.1) social optimum.
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From Fig. 2 firm density in social optimum is greater than market-based firm density at city centre 
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 as well as at surrounding zones  
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. This suggests that from the social stand point, in market-based location pattern due to existence of communication externality among the firms in the market based pattern resulted in an insufficient concentration of firms at surrounding zones as well as city centre. This shows that, obviously in urban centres where firms are located from the individual point of view ignoring the location effects on other firms’ interaction costs; the firms are not densely packed. Hence it is necessary to study how to mitigate communication externalities in real economy. Further, using above model setting, toll system as second-best measure was investigated in the next section.

3
Exploring the Toll System for Communication Externalities

Implementing the first best measures in real economy in the form of Pigouvian subsidy/tax is difficult and Fujita and Thisse (2002)’s doubling transportation cost is based on the in-elastic transportation demand. To cope with communication externality in real economy the other approach is in the form of second measures. Hence the present section is focused on exploring second-best measures in the form of transportation toll fee. Since communication externality, congestion charge and transportation toll fee are interrelated; transportation toll fee may be one of the promising sources to examine. 
3.1 Impact of transportation toll fee on social welfare
The total social welfare function can be written as sum of the total profit of firms, total profit of developers and rent on resources as given in eq (10.1). Rearranging the above equation the welfare effects of toll fee are expressed as
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From the above equation 
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 is the net production without taking the inputs form other firms is positive. Because firms will not accept the inputs from other firms if there is no production within zone. Further the nature welfare change on imposition of toll fee depends upon nature of 
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 .i.e change in firm concentration with w.r.t.toll fee. This is further studied as given below.

3.2 Impact of transportation toll fee on firms concentration
Using eq (9.1) and (9.2) market-based bid rent at surrounding zones, city centre, respectively can be written as  
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where
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Solving the above two equations for  
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, change in firms density with the imposition of toll fee.
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Substituting the above eq (9.1) and (9.2) in the eq (13), we will get the change in the firms densities at centre and surrounding areas and the welfare change with the imposition toll fee.
Proposition 1 (firms densities and the welfare with the imposition toll fee). The change in the firms densities at centre and surrounding areas and the welfare change with the imposition toll fee as in Table 2.

Table 2. Change in firms density and welfare with imposition of toll fee

	Transportation demand elasticity
	Additional 

Economic conditions
	Change in firms density with imposition of toll
	Welfare change
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From the above Table 2, there are three possible cases that exists and these are further discussed as given below: 

Case I: From Table 2, when price elasticity 
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, there is a decrease in firm concentration at city centre as well as at surrounding zones 
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.  Substituting these in the above equation (13) the social welfare will be decreasing. Hence imposition of toll fee will result in decrease in social welfare. The social welfare can be increased by giving subsides.

Case II: When price elasticity
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 respectively. The firm concentration is increasing with the imposition of toll fee. 
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.  Substituting these in the above equation (13) the social welfare will be increasing. Hence the imposition of toll fee will result in increase in social welfare. 

Case III. When price elasticity 
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 respectively. The firm concentration is decreasing with the imposition of toll fee. 
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.  Substituting these in the above equation (13) the social welfare will be decreasing. Hence imposition of toll fee will result in decrease in social welfare. The social welfare can be increased by giving subsidies.

Further depending upon the conditions of ‘E’ and ‘F’ substituting the changes of firms’ concentration in the welfare function eq (13), either increase or decrease of social welfare is possible accordingly. From the above results it is very important to note that any measures that mitigate in real economy should be based on elastic communications of firms. This also reflects the real situation in world. This is not considered in any past studies. Further if we observe the above analysis because of intractability of impacts of toll system using the generalized production function, we could not show the properties of the toll system as a second-best policy measure sufficiently. Further to show various options of toll system as a second-best measure and its implications, numerical simulations are developed and discussed in the next section.
4. Numerical simulation

Numerical simulations are developed using a specified production function 
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 function eq (10.2) is the sum of flexible and non flexible trips and transportation demand elasticity can be represented as eq (10.3) given below. 
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Where 
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: Fixed production within the zone; 
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For the numerical analysis any concave increasing production function is valid. The basic production function is same as Fujita and Ogawa (1982).  This production function had limited flexible transportation demand elasticity 
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. Introduced ‘γ’ to express the change in transportation demand elasticity and 
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 to express the in-elastic trips.  
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 is  an elasticity parameter reflects the change in elasticity with change in trips. Where γ=0, shows in-elastic transportation demand, only fixed trips 
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  are present. Other wise it reflects the change in elasticity with flexible transportation demand 
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. In reality for a firm, there are two kinds of transportation demand, which includes elastic trip demand 
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 as well as in-elastic trip demand 
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. This is represented in this framework by including the elastic and in-elastic trip behaviour of firms. In general as unit transportation cost increases the transportation demand will decrease which also reflects the existing situation in real economy. This is represented in the present model by taking flexible and non-flexible trips into account. 


The sum of flexible traffic and non-flexible traffic is represented as 
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, the elasticity is defined as ratio of rate of change of 
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  as given as 
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From the above, when 
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 numerator will become zero, represents zero elasticity implies in-elastic transportation demand.
4.1
Important properties of toll regarding welfare achievement
The social welfare achieved by second-best measure is the sum of total Dead Weight Loss (DWL) of the following. 

· Generation of dead weight loss (DWL) in the transportation market due to imposition of toll fee.

· DWL due to spatial distribution of firms are two kinds.

· DWL due to change in spatial distribution of firms from centre to surrounding zones (Due to existence of communication externality among the firms in the market) (SDF).

· DWL due to change in total number of firms over the entire setup because of spatial distribution due to addition of firms in open city. (because of existence of communication externality) (TFN).


The above impacts may vary in magnitude depending upon the policy implementation. Further these are studied by changing the transportation demand elasticity, because any such policy measure depends upon the change in transportation demand elasticity.  Based on these properties the implications of second-best measures in closed city as well as in open city are discussed further.
4.2 Transportation toll fee as a Second-best policy:
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As discussed in the previous section, assuming the discrete space model, where there are three zones exists one city centre and two surrounding zones. Further the numerical simulation results are as discussed below for unit transportation cost 
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Figure 3 shows the toll fee rate on Y-axis and transportation demand elasticity on X-axis. The toll fee rate is a imposed transportation cost (Pτ ) divided by unit transportation cost  (τo). The Y-axis zero represents the imposed toll fee is zero, the value ‘1’ represents the imposed toll fee is equal to double the unit transportation cost. The X-axis zero represents the in-elastic transportation demand and further the increase in elasticity is represented by increase in value of X-axis. The effects of toll fee are analysed corresponding to a given elasticity for toll fee level 
[image: image130.wmf]0

2

t

=

 and
[image: image131.wmf]0

3

t

=

 . At each point on these curves represents at a given elasticity the corresponding toll fee level.
Figure 4 shows the welfare achievement level to a given transportation demand elasticity. The Y-axis represents the ratio of second-best welfare level minus market-based welfare level to first best welfare level minus market-based welfare level and the X-axis represents the given transportation demand elasticity. Y-axis zero represents the welfare level in the market-based location pattern, this is taken as datum to compare the welfare achievement change in the second-best policy measure on imposition of toll fee. The Y-axis ‘1’ represents the first best welfare level; the values between 0 and 1 on Y-axis represent the change in welfare levels in the second best on imposition of toll fee. In second-best policy measure imposing the toll fee has changed the welfare level. At each point on these curves represents at a given elasticity the change in welfare level in second-best policy measure. 

Figs. 3 and 4 shows the following properties.
Main Properties of toll imposition

(1) As the elasticity increases toll fee rate is decreasing in
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, increasing in 
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. (see Fig. 3)

(2) At lower elasticity, DWL is lower (i.e., higher Welfare) whereas at higher elasticity, DWL is  higher (i.e., lower Welfare). (see Fig.4)
(3) First Best welfare can not be achieved even at zero elasticity in open model (see Fig. 4)
These main properties are for open city model because the current model is open. But, Fujita and Thisse (2002) is closed city. So, to compare the results with that of Fujita and Thisse (2002), the current paper simulates the closed city model in Appendix B.

It is to be noticed that referring the section 4.1, there are three DWLs generated on imposition of toll fee such as DWL due to imposition of toll fee in transportation market, DWL due to change in spatial distribution of firms (SDF) and DWL due to change in total firm number (TFN). Figure 4 represents aggregate DWL due to the three effects. 
Figure 5 and 6 shows the SDF city centre to surrounding zones corresponding to a given transportation demand elasticity for toll fee level 
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 respectively. The Y-axis represents SDF and X-axis represents the given transportation demand elasticity for toll fee levels 
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 respectively. The SDF for market-based location pattern, change in SDF in second-best policy measure on imposition of toll fee and the SDF in first best at a given elasticity are represented as shown in figure 5 and 6 for toll level 
[image: image138.wmf]0

2

t

=

and
[image: image139.wmf]0

3

t

=

. The corresponding levels of generation of DWL as a result of change in SDF in second-best policy measure on imposition of toll fee with reference to a given elasticity are represented in figure 4. Further the above implications are explained using the numerical simulations results in the subsequent paragraphs.
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Figure 7 and 8 show the TFN (total firm number) over the entire setup corresponding to a given transportation demand elasticity for toll fee level 
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 respectively. The Y-axis represents TFN and X-axis represents the given transportation demand elasticity for toll fee levels 
[image: image146.wmf]0

2

t

=

,
[image: image147.wmf]0

3

t

=

 respectively. The TFN for market-based location pattern, change in TFN in second-best policy measure on imposition of toll fee and the TFN in first best at a given elasticity are as shown in figure 7 and 8 for toll level 
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. The corresponding generation of DWL as a result of change in TFN in second-best policy measure on imposition of toll fee with reference to a given elasticity are represented in figure 4. The gap between the first best and second-best indicates the generation of DWL due to change in TFN. If the gap between the first best and second best curves lower, indicates lower DWL, if gap between the first-best and second-best is higher indicates the higher DWL correspondingly the welfare achievement is given in figure 8. Further we can also observe the agglomeration economies from these curves, as the market-based TFN is lower than first best TFN indicating communication externalities creates the agglomeration economies. Further the above implications are explained using the numerical simulations results in the subsequent paragraphs.

From Figs. 7 and 8, the TFN in market-based pattern are lesser than TFN in first best. At zero elasticity the total firm TFN in second best is near to the first best, as elasticity increasing the gap is increasing. Which indicates that as the elasticity increasing DWL are increasing. Further the increase in number of firms in second best compared to market-based number of firms resulted increase in output increased the welfare this indicated from figures 7 and 8 that the communication externalities create agglomeration economies.

Regarding the toll fee rate as we have discussed in the earlier para that, the toll fee rate curve may decrease with increase in elasticity or increase with increase elasticity this basically depends upon the two forces.

1. DWL generation due to toll fee in the transportation market

2. DWL generation due change in Spatial Distribution of Firms (SDF)

4.3.1 DWL generation due to toll fee in the transportation market

When we impose the toll fee as second-best measure there is a certain DWL generation. To generate that certain DWL at low elasticity high toll fee yields that certain DWL. Similarly for the same DWL at high elasticity, low toll fee yields for that certain DWL. Accordingly, at low elasticity high toll fee yields and at high elasticity high toll fee yields.

4.3.2 
DWL generation due to change in Spatial Distribution of Firms (SDF)


To have certain firms concentration in the second-best measure, At low elasticity the firms will not change the trips much can easily change the location with low toll fee, similarly at high elasticity where the firms having high elasticity can easily change the trips hence these firms cannot change the location easily. To change location of these firms high toll fee yields. Accordingly for the firms having low elasticity low toll fee yields to change the location, for the firms having high elasticity high toll fee yields to change the location.


From the above discussion in magnitude if the DWL due to toll fee in the transportation market is higher than the DWL due to SDF the toll fee rate curve is decreasing with increase in elasticity. If in magnitude the DWL due to toll fee in the transportation market is lower than DWL due to SDF, the toll fee rate curve is increasing with increasing elasticity.

It is evident from figure (3~8) the communication externalities creates agglomeration economies, at zero elasticity it is not possible to achieve the second-best welfare equal to first best welfare in this policy measure. Further depending up on DWL due to  SDF and DWL due to  toll fee in the transportation market, toll rate curve will change with reference to  elasticity. The toll fee as second-best policy measure is effective at lower transportation elasticity high toll fee. At a given elasticity the policy maker can impose the toll fee, targeting the change in SDF (spatial distribution of firms) and TFN (total firm number) with reference to the desirable welfare levels.
5.
Conclusions

The purpose of this paper is to propose the toll system as a second-best policy measure to cope with communication externalities in real economy assuming elastic communications of the firms. It is shown that due to existence of communication externalities the firm density in open city at city centre, surrounding zones and in closed city at city centre are lower in market-based pattern as compared to social optimum. Further it is shown that the communication externalities create agglomeration economies.

Impacts of toll fee as second-best policy measure are analysed in terms of change in social welfare and change in firms’ concentration, while exploring the toll system as a second-best policy measure. Accordingly the optimal toll system and welfare achievement levels depend on the transportation demand elasticity. 

Form the results, when 
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 the second-best welfare is equal to the first best welfare when unit transportation cost is doubled. This is one of the implications analysed by Fujita and Thisse (2002). Further in addition to the above result we have shown that how the welfare and firm concentration will change with change in elasticity. When 
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, increase/decrease in social welfare is possible depending up on economic conditions with imposition of toll. Further if 
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there is a decrease in social welfare.
Therefore using a specified production function the various options of toll fee and its implications as a second-best measure are analysed. In closed city model where the firm number is fixed, the implications are studied in terms of first two properties. This policy is more effective in increasing the welfare and in changing SDF at low transportation demand elasticity. In open city model we discussed transportation toll fee as a second-best measure in terms of three properties as mentioned before. From the TFN it is evident that the communication externalities create the agglomeration economies. By imposing the toll fee firms concentration and TFN can be changed using this policy and welfare achievement is greater than market-based welfare. This policy is more effective in increasing the welfare and in changing SDF at low transportation demand elasticity. 
From the study results toll system is effective with low elastic trip demands, high transportation costs and distribution of toll revenue to firms. The efficiency of toll system depends on transportation demand elasticity, transportation cost and distribution of toll revenue. Furthermore the method of implementation depends on the policy maker, which way it is targeted, such as toll fee with revenue return to firms or only toll fee no revenue returns or toll fee and subsidy together as combined policy.
Appendix A: 
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Appendix B: Summary of model variables

The basic model variables are summarized below in table 1.

Table 1. Model variables.

	variables
	Zone ‘1’
	City Centre
	Zone ‘2’

	Area
	Ā1
	Āc
	Ā2

	No.of. firms   
	n1
	nc
	n2

	Input from other firms
	Sc1, S21,S11
	S1c, S2c,Scc
	S12,Sc2,S22

	Office rent 
	r1
	rc
	r2

	Land rent 
	R1
	Rc
	R2

	Profit
	π1
	πc
	π2

	Floor space 
	F1
	Fc
	F2

	Interaction among zones
	’t’between city centre and zone ‘1’ and 2t between zone ‘2’ and zone ‘1’
	 ‘e’  within city centre and ‘t’ between  zone ‘1’ and zone ‘2’ 
	‘t’ between city centre and zone ‘2’ and 2t between zone ‘1’ and zone ‘2’


Appendix C: Simulation of closed city case 
Corresponding to the open city model in the main body, Appendix B simulates a closed city model. The simulation results are shown as follows. Main properties are as follows.

Main properties  (closed case).

(1) As the elasticity increases toll fee rate is decreasing in
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, increasing in 
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. (see Fig. 9)

(2) At lower elasticity, DWL is lower (i.e., higher Welfare) whereas at higher elasticity, DWL is  higher (i.e., lower Welfare). (see Fig.10)
(3) First Best welfare can be achieved even at zero elasticity in closed model as Fujita and Thisse (2002). (see Fig. 10)
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Figure 2. Firm density at centre zone and surrounding zone 
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Figure 9. Change in toll fee rate to elasticity in closed city model: Toll fee as a second-best measure.








Figure 10. Effect of second-best measure to elasticity in closed city model on imposition of toll fee.





Figure 8. Effect of second-best policy measure to elasticity in open city model on imposition of toll fee.
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Figure 7. Change in toll fee rate to elasticity in open city model: Toll fee as a second-best measure.
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Figure 3. Change in toll fee rate to elasticity in open city model: Toll fee as a second-best measure.








Figure 4. Effect of second-best policy measure to elasticity in open city model on imposition of toll fee.


.





Figure 5. Change in firm concentration (SDF) centre to surrounding with elasticity in open city model on imposition of toll fee  (τ0=2).





Figure 6. Change in firm concentration (SDF) centre to surrounding with elasticity in open city model on imposition of toll fee  (τ0=3).
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Figure 7. Change in total number of firms to elasticity in open city model on imposition of toll fee (τ0=2).





Figure 8. Change in total number of firms to elasticity in open city model on imposition of toll fee  (τ0=3)..
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