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Abstract:
Today accessibility is considered, by planners and other technicians a key variable for metropolitan
and regional development and planning. The traditional compotation methods of accessibility
indicators do not take into account the entire space within the study area. Accessibility is seen as
continuous, and its value is assigned to the entire Romanian territory and not only to the network core.
The main goal of this study is to design a ArcGIS based IT model able to generate a cartographic and
statistical data framework, which can provide to the decision makers the adequate information needed
for a spatial analysis of the transportation infrastructure at national and regional levels. The study
methodology is based on generating a continuous cost surface model, in raster format, using all the
transportation nodes. The travel cost value assigned to each cell is the absolute time of traveling
towards the transportation nodes or towards specific linear network elements.
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Introduction:
There are numerous definitions and concepts of accessibility. In the literature,
accessibility is defined as “the potential for interaction opportunities” (Hansen, 1959). In this
general context “accessibility indicators describe the location of an area with respect to
opportunities, activities or assets existing in other areas and in the area itself, where ‘area’
may be a region, a city or a corridor” (Wegener et al., 2002). Accessibility indicators can
differ in complexity. The methods used to model accessibility have a long span in scientific
literature. The most frequently used indicators are the accessibility potential models (models
based on gravitational analogy), which have been widely used in urban and geographical
studies since the 1940s. The most well-known are those described by Stewart (1947), Harris,
(1954) Hansen (1959), Ingram (1971), Vickerman (1974), Linneker and Spence (1992), and
Smith and Gibb (1993).
In more general terms, accessibility is a combination of two functions, one representing the
activities or opportunities to be reached and the other one, the effort, time, distance or cost
needed to reach them:
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Ai is the accessibility of area i, Wj is the activity W to be reached in area j, and cij is the
generalized cost of reaching area j from area i. The functions g(Wj) and f(cij) are called
activity functions and impedance functions, respectively. They are associated multiplicatively,
i.e. each one is a weight for the other. Both are necessary elements of accessibility. Ai is the
total of the activities reachable at j weighted by the ease of getting from i to j (Wegener et al.,
2002).
Accessibility analysis is considered an appropriate way to assess interactions between
transportation and land use (Geurs and Van Wee, 2004, Bertolini et al., 2005; Silva and
Pinho, 2010). Good accessibility is seen by as a driver to economic growth and
competitiveness by providing access to markets and enhancing the attractiveness of cities as
focal business locations and tourism. In the context of spatial development, the quality of
transport infrastructure in terms of capacity, connectivity, travel speeds etc. determines the
quality of locations relative to other locations, i.e. the competitive advantage of locations
usually measured as accessibility (Hull et al., 2012). Accessibility is today recognized as an
important factor for the development of territories, regions and cities (Tache et al., 2016). In
the Final Report of ESPON Project “Update of selected potential accessibility indicators”,
accessibility was found as the main product of a transport system, considering the role of this
infrastructure to allow spatial interaction, namely the mobility of people and goods for social,
economic, cultural activities. Hansen (1959) showed a strong correlation between the
accessibility of an area within a city and its ability to attract urban development or investment.
This concept was extended by Lowry (1964) as a land-use transport model where the spatial
separation of (or the ease of travel between) population and employment is a key determinant
of land-use (Levinson, 1998). These models used measurements of time or distance in their
assessment of sustainability. The European debate on the role of transport infrastructure and
changes in accessibility on regional economic development is still going on. The conclusions
cast doubt on the ability of TENs to promote greater convergence in both accessibility and
economic development (Vickerman et al., 1999). Also, a new spatial discourse of economic
competitiveness is emerging at the expense of social and environmental interests (Richardson,
2000). Numerous accessibility studies analyze the impact of the construction of new transport
routes on territorial cohesion. Thus, an important topic studied by the specialists is the relation
between the construction of highways and the investments made in the respective areas
(Lineker and Spence, 1996, Gutierez and Gomez, 1999, Stepniak et al., 2013) or the
assessment of the impacts of high-speed rail (HSR) projects on territorial cohesion (Ortega et
al., 2012). Cohesion impacts are assessed at different direct planning levels: regional, corridor
and national levels. Another studied topic related to territorial cohesion is analyzes the effect
of accessibility to jobs and houses, by balancing accessibility, the suburbanization of jobs
maintains stability in commuting durations despite rising congestion, increasing trip lengths,
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and increased work and non-work trip making (Levinson, 1998). In general, assessment of
accessibility indicators is done with I.T. and especially with the help of Geographic
Information Systems. A desktop GIS applications has been developed which can
automatically generate isochrones for travel by public transport (O'Sullivan et al., 2000) or
various GIS applications that calculate travel costs at regional and national level both on
transport routes and on the entire surface studied.
Problematic:
The travel cost model has a great importance in different methods of computing the
accessibility. Geographic Information Systems (GIS) are used as a scientific and
methodological tool to measure accessibility, monitor production indicators, identify spatial
inequalities, and ultimately provide solutions to support territorial planning. The GIS
modeling tools facilitate parameterization and preparation of these scenarios and enable
immediate visual exploration and interpretation of results.
The main goal of this study is to design a ArcGIS based IT model able to generate a
cartographic and statistical data framework, which can provide to the decision makers the
adequate information needed for a spatial analysis of the transportation infrastructure at
national and regional levels. At the level of Romania, a comprehensive study on accessibility
assessment is important for two significant reasons: the first reason is the total lack of such an
instrument, and the second reason is the importance of such an instrument in developing an
integrated transport and Territorial planning.
Data and methods:
The study methodology is based on generating a continuous cost surface model, in
raster format, using all the transportation nodes. The methodology for evaluating the
accessibility consists of three stops: (1) updating the spatial database of the national territory,
(2) cost surface modeling, and (3) evaluating different types of accessibility.
Updating the spatial database of the national territory requires the following layers:
- The road network (line vector) with the following speed limits:
• Highways — 130 Km/h
• International — 110Km/h
• National — 90Km/h
• County — 70 Km/h
• Communal — 50 Km/h
- The national rail network (line vector) and railway stations (point vector);
- Relief (slope)
• 0-5 % — 1
• 5,1-10 % — 1.2
• > 10% — 1.5
- Ports (point vector);
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- Airports (point vector);
- Ferry crossing = 10 Km/h;
- Digital Terrain Model (using globally-available synthetic aperture radar-based SRTM4
DEM);
- Administrative boundaries (level NUTS 1,2,3,5 – polygon vector);
- Hydrographic Network – lakes (polygon vector) and river network (line vector) classified
based on Strahler's Order:
• 1 — 70 Km/h
• 2 — 60Km/h
• 3 — 50Km/h
• 4 — 30 Km/h
• 5 — 20 Km/h
• 6 — 10 Km/h
- Land cover according CORINE 12 (raster format) and classification on 6 categories of
displacement speeds
• Urban and built-up area (class 1) — speed: 5
• Low dense vegetation (class 2) — speed: 5
• Fairly dense vegetation (class 3) — speed: 4
• Dense vegetation (class 4) — speed: 3
• Land without vegetation (class 5) — speed: 6
• Sand (class 6) — speed: 3
Physical barriers and other information regarding the speed of travel have been considered to
create a Cost Surface Modeling as close to reality as possible. According to Bolog and
Karnyanszky (2008), the following physical factors were considered: type of road and its
features (width, viability), linearity (sinuosity) and declivity of roads, number of settlements
on the road, their length, and the volume of traffic.

Fig. 1. Schematics of computing the sinuosity index for each road.
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Transforming the sinuosity index into and impedance coefficient proved to be a difficult task,
as the distribution of sinuosity index does not follow is not linear. The sinuosity index for
each road was computed automatically using ARCGIS 10.4, based on the schematics in Fig.
1.
The relationship between the sinuosity index of the road section and the real speed are
displayed in Table 1 (Bulai et al., 2011).
Sinuosity Speed of travel (% of normal speed)
< 1,02
100
1,02 – 1,1
95
1,1 – 1,4
85
1,4 – 1,7
75
1,7 - 2
70
2-3
60
> 3,0
45
Table 1. Relationship between the sinuosity index of the road section and the real speed (Bulai et al.,
2011).

A continuous cost-surface model is created in a raster format using all layers that cause
movement, such as the road network, the rail network, the network of settlements and the type
of land cover according to CORINE 2012, taking into account the physical barriers too. The
result is represented by a raster map of Romania, in which each value of a component cell
represents the total number of seconds required to move from a specified point (or points) of
departure to a given cell. Raster images are resolution-dependent, that is, the more raster the
pixels have, the better the raster quality. In this case, the derived raster has the same resolution
(cell size) with the raster used for the digital elevation model.
This task is accomplished by using ESRI’s Model Builder and a customized Python tool. In
this step, it is necessary to create two different cost surfaces, one with the whole road and
railroad network, and another without the transport network. This is done because while it is
easy to quit a road at any point, in a road or railway network this can be done only at specific
points.
In order to evaluate the accessibility, it is necessary to set an origin and apply a cost-distance
function using the specific cost surface. For instance, results can be obtained by quantifying
the amount of territory within given travel time buffers from the main city. This idea allows
for finding out if there is a strong territorial connectivity between the main city and its
hinterland. High values indicate equity, because population is close to its major center.
Results and discussions:
In order to compute the accessibility to major transport ways and to the county
residences, two sets of data were combined, i.e. the raster file cost-surface model with each
vector dataset represented by roads, railway stations, ports, airports and network of
settlements.
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Isochrones were colored according to the time intervals considered. In the case of the road
network, isochrones were derived for the following the ranges: 0-30 minutes, 31-60 minutes
and 61-90 minutes.
The results were compared with the accessibility studies conducted at the level of the
development regions in Romania and with numerous research studies carried out over time
that focused on access to the main transport routes.
The accessibility to national roads in Romania (Fig. 2) is relatively good in the western part of
the country and on the trans-European transport corridor - TEN T 9.

Fig.2. Accessibility of the national roads.

Low accessibility areas on national roads are found in the area of the Carpathian Mountains
and the Danube Delta. Territorial accessibility to existing railway stations on the territory of
Romania (Fig. 3) has the same characteristics as territorial accessibility to the national roads:
good accessibility in the western part of the country and on the trans-European transport
corridor - TEN T 9 and low accessibility in the area of the Carpathian Mountains and the
Danube Delta.
The distribution of accessibility to the county capitals and Bucharest (Fig. 4) shows that, even
though accessibility has grown around the big cities in Romania, this growth is not
polycentric, but rather an increase due to the Economic development corridors made by the
investments implemented over time.
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Fig. 3. Accessibility to railway stations.

Fig.4. Accessibility to the county capitals and Bucharest.

The accessibility of cities with population more than 20,000 (Fig. 5) identifies the access of
the population to the urban environment and the large accessibility deficiencies existing in the
extended areas on the territory of Romania.
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Fig.5. Accessibility of cities with population more than 20,000.

The accessibility to functional airports (Fig. 6) is good in the West of the country; the results
suggest the need to build new airports, especially in the center of the country (Brasov), in the
South-East (Braila-Galati) and in the Southwest of the country.

Fig.6. Accessibility to functional airports in Romania.
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The accessibility to the Danube ports (Fig. 7) is good for the large ports, where large amounts
of goods are handled, and relatively good for medium and low-capacity ports due to the very
low freight traffic on the European transport corridor VII - Danube.

Fig.7. Accessibility to the main commercial ports in Romania.

The advantages of the methodology developed in the study include:
• The results of evaluation allow for tracking the evolution of spatial accessibility indicators
specific to the field of spatial planning in time and space. The main accessibility indicators
are access times from any point of the territory studied to the national road network
(national roads, motorways, European roads), to the railway network (railway stations), to
the network of localities (municipalities and cities).
• The GIS methods and tools used in the study can be easily customized and enhanced,
changing the parameters according to particular needs of analyses or spatial policy aims.
Hence, multiple alternative scenarios regarding the spatial planning can be examined and
compared.
• A rapid assessment tool allows for the inclusion of transport analysis in multi-sectoral
analyses of urban sustainability studies, so that the opportunity of investing in transport
infrastructure can be assessed alongside other investments, in order to build a balanced
portfolio of options which can assist the development of sustainable urban areas (Walsh et
al., 2011; Dawson et al., 2011).
Conclusion:
The accessibility study requires a huge amount of data and mathematical calculations.
In the first place, the cartographic support on the digital map of Romania must be very
precise. The data on road viability status and traffic data should be as recent as possible. The
digital terrain model must be accurate for a correct slope assessment.
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Also, computer support for calculating road sinuosity and for proper assessment of land cover
travel should be as fast as possible for a proper accessibility assessment.
The geographic challenges (rurality, dispersed population) faced by a number of areas of
Romania can be managed through integrated territorial strategies, and accessibility is the most
important variable that can be considered in the early stages of planning.
Rapid analyses of accessibility patterns help exploring a wide range of possible transport
options in order to balance factors such as maintaining accessibility to employment, ensuring
connectivity of residential areas, but also wider sustainability goals such as reduction in longdistance commuting, promoting low-carbon transport, and reducing travel emissions.
The goal of this study was to crate a GIS-based IT model, useful for detailed studies or as a
decision tool. In this regard, additional national databases on the viability of the county and
communal roads are needed in addition to accounting for other physical barriers that can
impede the movement.
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