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ABSTRACT
The aim of this study is to propose an appraisal method which enables the assessment of the degree of social inequalities in the distribution of available opportunities and the associated impedance to utilize them due to LOS of public transportation. The scopes of research are: a)benefits and their extent from accessibility improvement; b)to investigate the most appropriate transport plan to minimize spatial inequalities. An accessibility index is suggested to be applied to the appraisal of public transport and land-use coordinated policy in the Belém Metropolitan Area, Brazil. The paper concludes with the findings that no investment in public transportation causes the general reduction in accessibility in study area. Additionally, it is found that the disadvantaged income groups are facing less accessible conditions in each scenario.
1
Introduction
Public transport system takes an important role in supporting residents’ daily life and urban development. Especially, many developing countries are aware of the need for promotion of better public transport as the alternative of the private car use due to the fact that road safety and environmental issues are getting troublesome. On the other hand, the development of the public transport may expand spatial and social inequalities as discretionary trip destination choice is constrained by socio-economic characteristics of individuals, land-use characteristics, transport mode, and travel attributes such as cost and time, etc. For the improvement of transport condition without producing disadvantaged residents, a measure to appraise transport policy focusing on accessibility distribution by spatial zone and income group is required. The objective of this study is to propose an appraisal method which enables the assessment of the degree of social inequalities in the distribution of available opportunities and the associated impedance to utilize them due to LOS of public transport. The main goal of this study is to assess the trends in accessibility distribution and the gains or losses that each social group may experience with the implementation of a Bus Rapid Transit policy in the Central Area of Belem Metropolitan Area, Brazil. The assessment using the proposed accessibility index consists of three main stages; a)measurement of accessibility at each census zone, b)estimation of how the accessibility distribution changes by census zone level examining the modeled alternative scenarios of transport policy implementation, c)measurement of the accessibility by income groups in the alternative scenarios.
This study is divided into five sections. Section 2 presents the review of accessibility concepts. Additionally, a description on types of spatial accessibility measures is remarked. Section 3 describes the methodology of accessibility appraisal and the development of the index proposed in this study. The data on land-use and transport utilized to carry out the modeling are also presented. The results of the case study are shown in section 4. A synopsis of the findings, the implications of current transport plan, and recommendations for future transport policy in the study area are discussed. Section 5 presents the conclusions and future research directions.

2 ACCESSIBILITY CONCEPT
2.1 REVIEW OF ACCESSIBILITY CONCEPTS
Accessibility is an abstract concept relevant to many fields such as urban planning, transport, geography, economics, and so on. It is an “explanatory factor” used to support formulation, or to increase understanding on the performance of policy instruments in these fields. It is usually measured quantitatively and is applied as a performance indicator of the links between opportunities and transport systems in transport/land-use planning.
Ingram (1971) says that the word “accessibility” means literally “capable of being reached, thus, implying a measure between two points”. Applying this general idea, it can be said that “accessibility” in transport system means the ability, or the degree of “easiness”, that an individual or entity of society faces to overcome specific travel impedance such as travel time, distance, and cost that result from geographical separation of opportunities to participate in some social activities, business, and public services.

The main objective of evaluating accessibility is to measure the potential of easiness in travel from a place to another to achieve travel purposes such as to work, to shop, to learn etc. It is directly related to travel distance from origins to destinations which affects the location of households, firms, public facilities and so on. Handy and Niemeier (1997) summarize that “the closer the opportunity, the more it contributes to accessibility, the larger the opportunity, the more it contributes to accessibility”. It is important to highlight that the definition of accessibility can be changeable in accordance with the problem to be handled. More information on its general issues can be found in Geurs and Wee (2004), Halden (2002), Handy & Niemeier (1996), Rietveld & Bruinsma (1998), Harris (2001), Makrí & Folkesson (1999) and Makrí (2001). Despite the fact that accessibility has disparate differences in its operational formulation and theoretical basis (see more on accessibility perspectives and components in Geurs & Wee, 2004, and Derek, 2000), its concept has played an important role in spatial analysis of the urban environment. The role includes to help understanding of the complex urban system of land value, household location choice, population density, land-use patterns, social exclusion, urban growth, and intensity of economic and social development. Therefore accessibility can show the potential of sustainability and a dimension of the quality of life.
2.2  CONVENTIONAL ACCESSIBILITY MEASURES
In general, accessibility can be formulated as:
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 is a function which expresses the spatial impedance (typically the distance, travel time or cost) from zone “i” to “j”. This notion of accessibility is represented in many approaches. The focus in this paper is how to apply the general concept of accessibility showed in equation (1) to an operational research problem. In the literature on spatial accessibility, also called place accessibility, the most cited approaches for spatial accessibility measures are: a)distance measures, b)cumulative opportunities measures, c)gravity based measures, and d)utility-based measures. The quantitative basis of accessibility is characterized by patterns in the activity system(also called land-use) and by the nature of the transport system. It provides an unique indicator that expresses the quality or level of the link between activity system and transport system.

The activity system can be expressed as magnitude or quality of opportunities that are described as jobs, stores, health facilities, playgrounds, and public services (post office, community centers, recreational facilities, etc.) that are located in different regions of the city and that generate needs for travel. Distance measures use the distance between a location and every other location as the value of the accessibility. Cumulative opportunities measures consider the attractiveness of a trip in their formulation. A summation of these attractions or opportunities within a specified travel time or distance provides the accessibility value of cumulative opportunities measures. Gravity based measures derive from the denominator of the gravity model for trip distribution (Makri et al., 1999). They are “obtained by weighting opportunities in an area with a measure indicating their attraction and discounting them by an impedance measure” (Makri, 2001). Impedance measure is expressed as travel time, distance, or cost. Utility-based measures are based on random utility theory, and consist of the denominator of the Multinomial Logit Model (MNL). According to Bath et al. (2001), utility-based measures are “based on an individual’s perceived utility for different travel choices”. Rietveld and Bruinsma (1998) describe the utility theory as alternative operationalizations of accessibility “by using a utility function as starting point”.

2.3  SPATIAL EQUITY AND ACCESSIBILITY
In countries facing with the discrepant income distribution, the achievement of equity should be the main objective when public policy is designed. However, it is a difficult task because a wide theoretical discussion and a multidisciplinary approach are needed. The aim of this part is to define equity in a spatial analysis context. The general idea of equity is that all population should be equally treated wherever they live in relation to the public service supply. In this way spatial equity is theoretically an extension of social equity (Tsou et al., 2005). Social equity is referred by Lima (2000) as being the “justice or fairness in the distribution of benefits such as income and wealth and consequently of opportunities to recipients”. Talen and Anselin (1996, p. 597) describes the importance of the use of the notion of accessibility on empirical research which focuses on equity.
When considering location, equity is defined as; “terms of equal choice sets with a geographical formulation, or “a primary concept in the distribution of benefits from urbanization”. The urban planning based on the spatial equity analysis approach has a merit in associating the geographical location of social group with its socio-economic characteristics. The assessment of public policy from this aspect is distinguishing because the analysis can focus on decreasing inequalities between social groups. This kind of policy formulation can take advantage of the concept of accessibility. The authors state that accessibility index is “a tool which can be used to discover whether or not equity has been achieved”. In this study, spatial equity is an outcome of the distribution of the benefits generated by the available public transport option and its respective level of service in each residential zone. The outcome of this spatial equity analysis is intended to support policy formulation to satisfy the needs of each social group and minimize the disadvantaged population.
3.  DEVELOPMENT OF AN ACCESSIBILITY INDEX
3.1 STUDY AREA
In this research the accessibility distribution is measured for trips to non-work opportunities undertaken by public transport mode in the Central Area of Belem Metropolitan Area, Brazil. It is intended to handle changes in the improvement of LOS(level of service) in the public transport system which will supposedly receive investments by 2007 and 2012 regarding to the BRT(Bus Rapid Transit) policy suggested in the PDTU 2001 Transport Plan(Update of Master Plan for Urban Transport in the Metropolitan Area of Belem) and EVPDTU Study(Feasibility Study on the Improvement of Transport System in the Metropolitan Area of Belem). Accessibility index is a suitable indicator to support policy formulation which aims to guarantee spatial equity and improvement of the quality of life of residents.
The Belem Central Area (BMA) is situated in Belem city - the capital of Para State, at the delta of the Amazon River. Approximately, the total population of Para State is 6.2 million, almost 4% of the total national population. Pará is covered by the Amazon Rainforest. The natural resources shape the regional economy which is mainly based in the timber industry and the mining sector with the extraction of iron, bauxite, manganese, and gold, among other natural resources. Also it has large rivers such as Amazon River that enables shipping to be the main method of transportation for inner regional locations. In the Central Area of BMA (CAB), the Central Business District (CBD) of Belem City, the Federal University of the Para State (UFPA), public offices of state and local governments, schools, private colleges, hospitals and many other important public facilities are located. Also transport facilities, such as the interurban bus station and the main port of the lower Amazon River are located in the
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Figure 1 Location of study area
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	Figure 2  Location map of the Central Area of BMA, Brazil
	Figure 3  Detail from the  Central Area of the BMA


Central Area. The Central Area of BMA area is 37.1 km2 and the most of it is residential area. The Central Area is characterized by a linear urban development through the watershed to which the main public transport corridors are located. Beside these corridors, low income settlements are situated at low topographic regions and poorly urbanized zones. In the low-lying areas, living conditions are inferior compared with the highland. In recent years large investments such as channel, drinkable water network supply, and sewer system have been applied to improve sanitary condition in geographically disadvantaged regions.
Until 2002 there were a total of 165 conventional bus lines and 29 bus companies in the BMA. Yet, the number of bus lines that runs exclusively within the Central Area dropped to 25 and the number of bus operating companies to 11. The bus service in the CAB shows a predominance of “loop” lines connecting the neighborhoods to the CBD. This characteristic causes an intense overlapping of bus lines in the main corridors, for instance about 42% of the BMA bus lines use the Avenida A. Barroso. It is explained by the fact that there is excessive number of bus lines from the BMA that uses the main corridor. In function of research objective, this study will work with only 25 bus lines that operate exclusively within the CAB. The trip characteristic is found in the data collected in the PT survey from the PDTU2001 Transport Plan. Concerning the modal trip share, the “bus” mode corresponds to 44.2% (combined “bus” and “minibus” modes) of all trips, and an expressive participation of “walk”, 37.5%. Shopping trips are mainly undertaken by “walk” and “bus” modes, 50.5% and 36.7% respectively.

3.2 LAND USE AND TRANSPORT DATABASE
In this study, data from the Central Area of BMA are used for empirical examination of the accessibility by public transport (bus mode) for shopping opportunities. Socio-economic data and bus line network are related to the years 2000 and 2002, respectively. The spatial scale to map the accessibility distribution in the Central Area is based on census tract which applies the smallest geographic division used by Brazilian National Institute of Statistics to carry out the national census. Each urban census tract has 300 households units in average. In order to appropriately correlate data in different levels of aggregation between census tract and TAZ, authors tried to locate the census zones within each TAZ respective limit. But in few cases census zones are located in two different TAZs. In these cases, the location of census tract’s centroid defines the belonging TAZ. There are 594 census zones(CZ) in the study area. In relation to the land-use data, shopping opportunities are found in the built up area of commerce and service activities. The source data was aggregated by block at first. Later it is aggregated in each CZ using GIS software, and TAZ scale when it is necessary for estimation of the transport parameters. 
3.3 UTILITY-BASED ACCESSIBILITY MEASURE

In order to evaluate accessibility as a performance indicator of the transport and land-use coordinated system, there is a need for its modeling. In practice there are a number of possible accessibility measures that can be chosen in transport planning. The selection of the accessibility measure and its explanatory variables should be consistent with the purpose of the analysis. In this research the specific objective is to measure a utility-based accessibility distribution and alternative policy scenarios of the public transportation. The accessibility is deeply related to the utility of individuals in getting various opportunities considering the travel cost and time. In addition, according to the data from trip purpose analysis, the purpose for work occupies 15.6%. On the other hand, “shopping”, “personal matter”, “leisure”, and “health” represent 14.7%. Consequently the attraction factor is defined as shopping floor area which represents the available opportunities of diversified commerce and service that affect individuals’ utility level and satisfaction. In order to find out the most appropriate utility-based measure, two mathematical forms of accessibility indices are suggested. These are derived from the denominator of MNL destination choice model which is based on the random utility theory. As this study focuses on the utility of individuals by travel, it is decided to use a MNL model based on the literature review in section 2. To be exact, the expected maximum utility is the logarithm of the 
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 Model 2: 
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Where:
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: accessibility of census zone “i”, 
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: total opportunities at the destination “j” (trip attraction, in this case shopping floor area), 
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: transport impedance or generalized cost(travel time between census zone of origin “i” and destination “j”), 
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: parameter for attraction factor, 
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: transport impedance parameter of the transport mode and to trip purpose.
4  APPRAISAL OF ACCESSIBILITY IN FUTURE SCENARIOS
4.1  MODEL ESTIMATION
In calculating spatial accessibility, there is a need to estimate the parameters related to the attraction factors 
[image: image15.wmf]a

and the travel impedance 
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. Data on bus travel came from the PT survey of the PDTU 2001 Transport Plan which was aggregated by TAZ. The shopping build up area was aggregated in the same spatial scale as well. The travel time applied was the bus user’s reported travel time to carry out shopping trips. Table 1 shows the estimated parameters and a summary statistics of the two MNL models. Based on the results displayed in Table 1, the parameters from Model 1 are chosen for case study, due to the fact that they show the higher t-value and 
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 value (the goodness of fit measure calculated from log likelihood values)  compared with Model 2.
Table 1 Maximum Likelihood Estimation’s result for MNL choice model (in relation to the explanatory variables stated in the accessibility Model 1 and Model 2)
	
	ACCESSBILITY MEASURE FORM

	
	MODEL 1:
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	MODEL 2:
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	1. Explanatory Variable 
	Shopping Floor Area (m2)
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	2. Parameter Estimates
	0.5879E-05(()
	-0.07(()
	2.24(()
	-0.06(()

	3. S-Error
	0.257E-06
	0.136E-01
	0.113E+00
	0.135E-01

	4. t-statistic
	22.86
	-5.12
	19.85
	-4.48


Summary Statistics:

- Number of observations = 247;

- Total number TAZ = 23.

	- MODEL 1:
· LL(0) = -774.467
· LL(C) = - 435.738
· LL(B*) = - 491.500
· 
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 = 0.365
	- MODEL 2:
· LL(0) = -774.467
· LL(C) =  -435.738
· LL(B*) = - 503.722
· 
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4.2 CASE STUDY-SPATIAL EQUITY ANALYSIS
The spatial equity analysis is based on 6 scenarios defined to grasp the effects of the implementation of the PDTU 2001 Transport Plan relating to a BRT system in two main public transport corridors. The accessibility distribution is analyzed to a set of 594 census tracts. For the estimation of the travel time among the all possible destination (CZ), this study applies minimum path search among all potential destinations. The travel time is calculated between CZ’s OD pair using the bus network and the bus operating speed. The principles of scenario framework are found in the EVPDTU Study, which is the feasibility study of the policies recommended by the PDTU 2001 Transport Plan. In the EVPDTU Study, the years to implement transport projects are set in 2007 for corridor1 and 2012 for corridor 2. This paper
Table 2 Summary of the six policy scenarios
	ACC. MODEL CODE
	SCENARIO
	YEAR
	DESCRIPTION

	CASE1
	“base-year"
	2002
	Present situation in 2002 – “base year”

	CASE2
	"without"
	2007
	Modeled situation in 2007 "without" trunk bus system along Avenida A. Barroso(Corridor 1)

	CASE3
	"without"
	2012
	Modeled situation in 2012 "without" trunk bus system along Avenida P. A. Cabral/ Avenida Sen. Lemos/ Av. Avenida Independencia(Corridor 2)

	CASE4
	"with"
	2007
	Modeled situation in 2007 "with" trunk bus system along Avenida A. Barroso(Corridor 1)

	CASE5
	"with"
	2012
	Modeled situation in 2012 "with" trunk bus system along Avenida P. A. Cabral/ Avenida Sen. Lemos/ Av. Avenida Independencia(Corridor 2)

	CASE6
	"with all"
	2012
	Modeled situation in 2012 "with" two trunk bus system - Avenida A. Barroso and Avenida P. A. Cabral/Avenida Sen. Lemos/Avenida Independencia(Corridors 1 and 2)


analyzes the accessibility in the study area at these two reference years. Table 2 shows a summary of the policy scenarios.
The accessibility of each CZ in the study area was measured based on the model 1. In order to facilitate the examination of the six scenarios, this research proposes an accessibility distribution legend with 5 levels: A, B, C, D, and E, where “highest” accessible zones are located in A level, and “lowest” accessible zones in E level. The remaining B, C and D are intermediate levels. Table 3 shows the total number of census zones by level of accessibility in each scenario. Zhang et al. (1999) points out that using GIS is a useful tool to visualize the result of analysis and supports the efficient discussion. In this paper the results of accessibility distribution are shown in Figure 4 to identify the advantaged/disadvantaged zones.

Table 3 Total number of census zones by level of accessibility in each scenario
[image: image30.emf]total % total % total % total % total % total %

E 27 4.5 42 7.1 33 5.6 137 23.1 23 3.9 21 3.5

D 98 16.5 280 47.1 223 37.5 407 68.5 263 44.3 264 44.4

C 204 34.3 203 34.2 200 33.7 50 8.4 212 35.7 213 35.9

B 189 31.8 66 11.1 119 20.0 0 0.0 90 15.2 90 15.2

A 76 12.8 3 0.5 19 3.2 0 0.0 6 1.0 6 1.0

"base-year"

CASE1

2007

CASE2 CASE4

"without" "with" (A. BARROSO) "with all" "without" "with" (A. CABRAL)

2012

CASE6 CASE5 CASE3

ACC. LEVEL

2002


4.3  DISCUSSION ON THE ESTIMATED ACCESSIBILITY DISTRIBUTION

In this part, the findings of the estimated accessibility(ACC) are discussed in three points of view. They are a)the spatial pattern of ACC distribution among CZs, where the main objective is to quantify the variations of the total number of CZ by level of accessibility, b)the total number of household by income group and ACC level, and c)the average ACC index by income group where the main objective is to identify the social groups that loss/gain from transport investment. In this analysis, the locations of activity systems and households are fixed in 2007 and 2012. Table 3 shows that nearly 65% of the CZs display a level of accessibility B and C, 31.8% and 34.3% respectively in CASE 1. About 20% are in zones with level between D and E. The best level of accessibility A is only in 12.8% of the CZs. It can be said that great part of the CZs show a medium level of accessibility at present. 
[image: image31.emf]
Figure 4   Estimated accessibility distribution for each scenario

As shown in Figure 4, the zones with level A are almost exclusively located in the inner Central Area and along the inbound and outbound corridors of public transport. The CZs along these corridors show mainly an A accessibility level. On these streets, 32% of the bus lines run from the Central Area that usually head to the Federal University(UFPA) which is located in the periphery. In addition, it is very clear that “lowest” accessible CZs, with E level are located mainly beside the Guajará Bay and along the heavy traffic corridor 1(upper one). This corridor is characterized by low income settlements and poor urbanized areas. Also, it is important to note that this corridor is used mainly by lorry that head to the port in the outskirt of the CBD. Consequently it is thought that the congestion of traffic by lorry may reduce the accessibility of areas along corridor 1. The CASE 2 shows a clear tendency of a decreasing accessibility in 2007 (a general decrease of the level A and a visible increase in the level D. In CASE 3, the level with great share is D with 68.5%, followed by E(23.1%). These results mean that without any transport investment the general conditions of accessibility will decrease, even along the main corridors. The trend mapped here is that due to the fact that transport investments are not expected in these scenarios, the LOS of the public transport will dramatically decrease. The pattern observed in both scenarios is directly resulting from the decreased bus operating speed. In 2002 the conventional bus speed was 20 km/h, in 2007 14 km/h, and in the year of 2012, it is expected to be only 9 km/h. These declines of bus operating speeds are mainly caused by the increase of traffic congestion. In this situation, bus priority lane or signal control is needed. Otherwise, the low LOS doesn’t attract people to use public transport. The CASE 4 “with” corridor 1 and CASE 6 “with all” can be compared with the CASE 1 “base-year”, CASE 2 “without”, and CASE 3 “without”. When comparing the CASE 4 and 6 with CASE 1 the conclusion that can be made is that even with trunk bus system implemented in corridors 1 and 2 the main trend is a considerable decrease of accessibility throughout the Central Area in both future scenarios. We can conclude from the previous observation that both trunk bus corridors are very important for the region, but the specific decrease in LOS in the future scenarios do not allow a recovery of the general condition of accessibility in 2002. When comparing CASE 4 with CASE 2 and CASE 6 with CASE 3 the increase of CZs in higher levels is evident. Yet, none future scenarios “with” and “with all” transport investments obtain similar condition of accessibility distribution observed in CASE 1. One of the reasons for this is that the investment plan is excessively concentrated in the two main corridors. Then, accessibility decreases in some areas. Improvement of the other roads and disperse the bus lines according to the population density might be necessary to avoid the decrease in operation speed and increase LOS. Better scenarios for bay area are CASE 4 and CASE 6. Such regions were facing E level in CASE 1. When comparing the CASE 6 and CASE 3, it is evident from Figure 4 that the former is a much more favorable scenario. The level B and C enhances substantially, and level D presented a sharp decline.
In this study, the accessibility distribution in the context of spatial equity concerned with income level in relation to ACC levels and the average ACC index is examined. Assuming that in the two “without” transport investment scenarios the trend seems an undesirable ACC distribution, mainly due to the deficient LOS of public transport. From the “with” situations, at least an enhancement of the general traffic and level of congestion in the study area and an improvement of the accessibility of metropolitan suburban inhabitants are expected. Although it can not be ensured that such investments will result in an automatic upgrade of quality of accessibility for great part of the local population of the CAB. In order to make the analysis operational, the data on income groups are aggregated at same spatial scale (census zone) as accessibility indices. Only economically active households in an essential condition to make a shopping trip decision are selected. Table 4 to Table 9 show the results of average ACC index by income group for each case. In these tables, number of households by income group whose accessibility level is m is counted by the following equation: 
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: number of households belong to income group k whose accessibility level is m,
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: 1 if accessibility level of zone i is classified as m, 0: otherwise.
In the CASE 1 the income group with “highest” accessibility (level A) is >10MS (the “highest” income group) with 116.2 accessibility index. In the worst scenarios CASE 2 and CASE 3, the high income group is displaying the “highest” average accessibility, which is 95.7 and 77.0, respectively. In both CASE 2 and CASE 3 the greater population income group share is placed at D accessibility level, 46.9% and 67.9%, respectively, and none group is found in A and B accessibility levels in CASE 3. In the future scenarios the “highest” average accessibility index belongs to >10MS group. The average accessibility indices are: CASE 4 = 103.4, CASE5= 100.2, and CASE 6 = 100.3. Having “with” transport investment in the study area, the general positive effect will be that the total households in D accessibility level are smaller than in the case “without”. But greater part of the households still placed at D level, 35% in CASE 4 and 41.7% in CASE 6.
Table 4 average accessibility by income group for CASE 1 – “base-year”, 2002
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(31.2- 60.4) (60.4-88.7

)

(88.7-106.9) (106.9-128.9) (128.9-163.3)

3,286         10,618        23,780           14,457             2,684               54,825     

2.4% 7.9% 17.7% 10.8% 2.0% 40.9%

1,786         5,839                     12,277  10,110             2,935               32,947     

1.3% 4.4% 9.2% 7.5% 2.2% 24.6%

854            3,357          5,885             7,704                4,066               21,866     

0.6% 2.5% 4.4% 5.7% 3.0% 16.3%

560            2,613          3,875             9,887                7,594               24,529     

0.4% 1.9% 2.9% 7.4% 5.7% 18.3%

6,486         22,427        45,817           42,158             17,279             134,167  

4.8% 16.7% 34.1% 31.4% 12.9% 100.0%

TOTAL

INCOME 

GROUP

TOTAL

ACCESSIBILITY RANGE

< 2MS

2 - 5MS

5 - 10MS

> 10MS

AVRG. ACC. BY 

INCOME GROUP

97.6

98.7

106.3

116.2


MS: Minimum Salary

Table 5 average accessibility by income group for CASE 2 – “without”, 2007
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(31.2- 60.4) (60.4-88.7

)

(88.7-106.9) (106.9-128.9) (128.9-163.3)

4,454         31,617       16,360       2,332             62               54,825      

3.3% 23.6% 12.2% 1.7% 0.0% 40.9%

2,784         16,658       10,914       2,479             112             32,947      

2.1% 12.4% 8.1% 1.8% 0.1% 24.6%

1,627         8,458         8,175         3,394             212             21,866      

1.2% 6.3% 6.1% 2.5% 0.2% 16.3%

1,077         6,147         10,707       6,158             440             24,529      

0.8% 4.6% 8.0% 4.6% 0.3% 18.3%

9,942         62,880       46,156       14,363           826             134,167    

7.4% 46.9% 34.4% 10.7% 0.6% 100.0%

INCOME 

GROUP

ACCESSIBILITY RANGE

TOTAL

TOTAL

< 2MS 81.7

AVRG. ACC. BY 

INCOME GROUP

2 - 5MS 84.1

5 - 10MS 89.0

> 10MS 95.7


MS: Minimum Salary

Table 6 Average accessibility by income group for CASE 3 – “without”, 2012
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(31.2- 60.4) (60.4-88.7

)

(88.7-106.9) (106.9-128.9) (128.9-163.3)

15,109       37,806       1,910         -                  -              54,825      

11.3% 28.2% 1.4% 0% 0% 40.9%

8,574         22,394       1,979         -                  -              32,947      

6.4% 16.7% 1.5% 0% 0% 24.6%

4,814         14,384       2,668         -                  -              21,866      

3.6% 10.7% 2.0% 0% 0% 16.3%

3,401         16,464       4,664         -                  -              24,529      

2.5% 12.3% 3.5% 0% 0% 18.3%

31,898       91,048       11,221       -                  -              134,167    

23.8% 67.9% 8.4% 0.0% 0.0% 100.0%

INCOME 

GROUP

ACCESSIBILITY RANGE

69.1

AVRG. ACC. BY 

INCOME GROUP

2 - 5MS 70.3

5 - 10MS 72.9

> 10MS 77.0

TOTAL

TOTAL

< 2MS


MS: Minimum Salary
Table 7 Average accessibility by income group for CASE 4 – in 2007 “with” BRT in corridor 1
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(31.2- 60.4) (60.4-88.7

)

(88.7-106.9) (106.9-128.9) (128.9-163.3)

3,833                  25,851             18,045           6,761             335              54,825      

2.9% 19.3% 13.4% 5.0% 0.2% 40.9%

2,245                  13,256             11,134           5,756             556              32,947      

1.7% 9.9% 8.3% 4.3% 0.4% 24.6%

1,215                  6,738               7,117             5,771             1,025           21,866      

0.9% 5.0% 5.3% 4.3% 0.8% 16.3%

740                      4,628               8,051             8,799             2,311           24,529      

0.6% 3.4% 6.0% 6.6% 1.7% 18.3%

8,033                  50,473             44,347           27,087          4,227           134,167    

6.0% 37.6% 33.1% 20.2% 3.2% 100.0%

INCOME 

GROUP

ACCESSIBILITY RANGE

TOTAL

< 2MS

AVRG. ACC. BY 

INCOME GROUP

2 - 5MS

5 - 10MS

> 10MS

TOTAL

87.2

90.0

95.8

103.4


MS: Minimum Salary

Table 8 Average accessibility by income group for CASE 5– in 2012 
“with” BRT in corridor 2
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(31.2- 60.4) (60.4-88.7

)

(88.7-106.9) (106.9-128.9)(128.9-163.3)

2473 23143 25153 3911 145 54,825      

1.8% 17.2% 18.7% 2.9% 0.1% 40.9%

1,550         11,894       15,461       3,823          219             32,947      

1.2% 8.9% 11.5% 2.8% 0.2% 24.6%

897             5,966         10,000       4,628          375             21,866      

0.7% 4.4% 7.5% 3.4% 0.3% 16.3%

536             3,955         11,144       8,084          810             24,529      

0.4% 2.9% 8.3% 6.0% 0.6% 18.3%

5,456         44,958       61,758       20,446       1,549         134,167    

4.1% 33.5% 46.0% 15.2% 1.2% 100.0%

100.2

TOTAL

TOTAL

< 2MS

INCOME 

GROUP

ACCESSIBILITY RANGE

AVRG. ACC. BY 

INCOME GROUP

85.4

2 - 5MS 87.9

5 - 10MS 93.2

> 10MS


MS: Minimum Salary

Table 9 Average accessibility by income group for CASE 6-in 2012 
“with all” BRT in corridors 1 and 2
[image: image37.emf]E D C B A

(31.2- 60.4) (60.4-88.7

)

(88.7-106.9)(106.9-128.9)(128.9-163.3)

4,429        28,789      17,551       3,911         145            54,825    

3.3% 21.5% 13.1% 2.9% 0.1% 40.9%

2,668        14,761      11,476       3,823         219            32,947    

2.0% 11.0% 8.6% 2.8% 0.2% 24.6%

1,501        7,368        7,994         4,628         375            21,866    

1.1% 5.5% 6.0% 3.4% 0.3% 16.3%

976            5,046        9,613         8,084         810            24,529    

0.7% 3.8% 7.2% 6.0% 0.6% 18.3%

9,574        55,964      46,634       20,446       1,549        134,167  

7.1% 41.7% 34.8% 15.2% 1.2% 100.0%

AVRG. ACC. BY 

INCOME GROUP

2 - 5MS 88.0

5 - 10MS 93.3

> 10MS 100.3

TOTAL

< 2MS

TOTAL

85.4

INCOME 

GROUP

ACCESSIBILITY RANGE


MS: Minimum Salary

4.4  POLICY IMPLICATIONS AND RECOMMENDATIONS
The analysis of the six different scenarios in the study area helps to quantify the negative effects on accessibility in the “without” investment scenarios. These scenarios show that if there is no transport investment in short term, the accessibility to all income groups will be limited to lower level. This situation is caused directly by the poor LOS of the public transport system in the reference years 2007 and 2012. The main remarks that should be highlighted about the observed spatial pattern of accessibility distribution in all scenarios are described as follows:
a)The general trend in the study area is the reduction in levels of ACC for all CZ, including the CBD and inner region of the Central Area which is occupied by high income settlements.
b)Even with transport investment based on the BRT policy, the main tendency of the region is to experience a decrease in accessibility.
c)Among all modeled scenarios, the best results are found in the CASE 6(scenario in 2012 “with all” projects). It is expected because there will be two metropolitan structural trunk bus corridors in operation with 12 bus lines that head to the inner Central Area.
d)It is observed that areas along the main corridors has the A and B accessibility levels when any positive changing in public transport is made in all future scenarios.
e)It is suggested that beyond transport public investment in the structural corridors of the metropolitan region, it is also necessary to think more carefully about the transport projects that could lead to an increase of accessibility level to communities that are characterized by low income and subjected to poor urbanization and sanitary conditions. 

The importance of the BRT policy is confirmed in improving accessibility in the Central Area. The proposed trunk bus system in the cases 2007 “with” and 2012 “with all” shows a better scenario than their respective “without” cases. However, further transport studies should be undertaken to figure what public transport solutions to improve accessibility of zones with great number of low income households. Such households usually face D to E levels of accessibility. The recommendation is that the study area needs to reform its conventional bus system in a community-scale approach. Furthermore, bus lines should develop a role as social development engine in zones with low income communities. In addition, considering the fact that the “highest” income group has the “highest” accessibility and almost 50% of the population walk for shopping, only the LOS is not the only factor which affects the accessibility. The other impedance for the lower income group should be found. Although the model doesn’t include the travel cost in the defined impedance, it is most significant for people in lower income group. Furthermore, the land rent which has impact on location choice will be the factor related to accessibility. Even if the LOS is improved, public transport is not used if it’s not available for economical reasons. To increase the accessibility of the people in lower income group, a policy to provide public transport with affordable fare and condition should also be considered.

5  CONCLUSION
This study suggests an accessibility index which enables the assessment of the degree of social inequalities in the distribution of available opportunities and the associated impedance to utilize them due to LOS of public transportation system. Based on the review of conventional accessibility index, this paper applied the utility-based accessibility measure. After formulating and estimating 2 models derived from MNL model, the appropriate index was selected. In the case study, 6 future scenarios in the Belém Metropolitan Area, Brazil were examined to investigate which zones and income groups are affected by public transport investment. It was found that the Central Area of BMA has an inclination of decreasing accessibility over the years 2007 and 2012 with general reduction of LOS of the public transport system in all scenarios. The continued policy of no increment in public transport options in the study area will guide it to an unsustainable and undesirable transport condition in the year 2012. However, none scenarios can restore the accessibility displayed in the base year 2002. This means that beyond the BRT recommendation, there is a need for transport planning taking into account a reformulation of the actual conventional bus system. The present situation is the most favorable if compared with the others, but still shows great concerns in relation to the poor level of accessibility for low income and peripheral population. The adopted methodology for measuring average accessibility by income groups is effective for the analysis of spatial inequality in the study area. It is found that the disadvantaged income groups are clearly facing less accessible conditions to reach shopping opportunities, whilst high income groups present better level of accessibility in almost all scenarios. 

Furthermore, in relation to analysis technique, it is suggested that next works should improve the level of aggregation, not only spatially, but among all considered variables. In this study, only the transport variable; travel time is considered as a factor in determining changes in the future situations. Next researches should focus on more complex models that consider the evolution of land-use variable over time, taking into consideration the dynamic demographic change and location change of activity system due to the change in LOS of transport. In addition, land-use and transport fare can not be rejected as important factors analyzing accessibility distribution by increasing opportunities and high density mixed land-use. The next step of this study is to cope with these challenges toward the improvement of the accessibility index.
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