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• Level I studies: the attention is focused on the functioning of
the network in terms of pure connectivity – useful for disaster
management intervention

• Level II studies: add the consideration of the network
capacity to accommodate traffic flows

• Level III studies, that try to give a more realistic general
picture, by combining direct physical damage estimates with
various economic models.

After P.E. Pinto, 2011

The idea: to create a completely GIS integrated tool providing comparable outputs,
but allowing integration of specific own data and procedures from different fields, in
order to assess the vulnerability of a network.



The methodology proposed in this study integrates
vulnerability input data within a GIS software (in this case ESRI
ArcGIS), and adapt the cost‐distance method to obtain fictive
costs that translate into vulnerability states.

The cost‐distance method is specific for evaluating the
economic travel costs in a territory, showing how hard it is to
reach a point from an origin, by accumulating vulnerability
values along the way.

Numerous “What if?” scenarios are also random
generated by an automation model (Monte Carlo approach), in
order to test how “costs” increase in blockage situations.
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“The Cost functions are similar to Euclidean functions,
but instead of calculating the actual distance from one point to
another, the Cost functions determine the shortest weighted
distance (or accumulated travel cost) from each cell to the
nearest cell in the set of source cells.”

To calculate the cost to travel through each cell, the
following formula is used:

costpercell = cost assigned to the cell * the cell resolution
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From ArcGIS Help
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Adjacent node cost

Diagonal node cost

From ArcGIS Help



Transport network vulnerability assessment methodology, based on the cost-distance method and GIS integration

From ArcGIS Help



The general plan of the proposed methodology
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Answers to several important questions can be obtained:

• How efficient is the transport network distributed, as
support for prompt interventions in risk areas?
• What are the vulnerable areas (of the network) and what
impact can have the isolation of them?
• How well are the emergency intervention centers
distributed along the network? How long can it take to
intervene?
• What are the safest and reliable routes?
• What segments are vital for the access in some isolated
areas?
• How many people can be affected by the failure to provide
quick reaction measures?
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Case study – Vrancea County road network seismic vulnerability 
assessment

The localization of the Vrancea County and the earthquake epicenters
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Slumping and lateral spreading of
the road, in Balintesti, near the
Vrancea County, after the 1940
earthquake [Mandrescu 2008]
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Fans damaged by toe of
landslide, in Slon, Prahova
County, after the 1977
earthquake [Mandrescu 2008]



Important aspects relevant to the analysis of the Vrancea
county:

‐ population: 390.048 in 2011 (37.7% urban).
‐ the main city: Focsani, with a population of 100.007 people.
‐ the maximum height: 1785 m.
‐The major rivers generated severe flooding that affected many
villages and the transport infrastructure.
‐ Some bridges were newly constructed or consolidated after
the floods in 2005 and 2010, especially on Putna and Milcov.
‐ In the mountainous and hillside part of the county, villages are
connected by local roads, most of them very narrow and not
asphalted.
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Performing the Cost‐Distance Spatial Analysis

For the definition of the road network, a vectorial GIS
road database was created (with the aid of Google/Yahoo/Bing
Maps overlays ‐ thanks to the http://www.mgmaps.com
service).

Different types of roads were identified, and assigned
numbers from 1 to 4 (1 for the European Roads, 2 for National
Roads, 3 for County Roads and 4 for Local Roads).

4 locations of the emergency intervention teams were
defined.
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The impact of slope on the road must always be
considered. Based on the SRTM 3 Arc‐Seconds free GIS data
(http://srtm.csi.cgiar.org/), slope angle values were computed
for the Vrancea County, varying from 00 to 31,50. The highest
the angle, the more vulnerable is considered the road cell.
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Because road networks also depend on the adjacent land
cover they pass through, GIS data from the CORINE 2006 mission
(http://www.eea.europa.eu/data‐and‐maps/data/corine‐land‐
cover‐2006‐raster) was also used. In this data, major river bodies
are defined, so bridge locations can be identified; knowing the
characteristics of the area, these crossings can receive a certain
vulnerability value, multiplied with the value of intensity.

CORINE 2006 land cover classification Reclassification 
value

Continuous urban fabric 6

Discontinuous urban fabric, industrial or commercial units, 
construction sites, water bodies 4

Rocks, mineral extraction sites 3

Dump sites, beaches, dunes, sand, different types of forest 2
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Fig. 10 (left). Isoseismal map of the maximum credible Vrancea earthquake 
(Mw = 7.7) [Marmureanu 2011]
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Raster type Weight 
Overlay

Reclassification (after multiplication with 
MSK Intensity for the first two as follows: ×2 
for I=VII½, ×3 for I=VIII or VIII½ and ×4 for 

I=IX and more)

Road weight 20 % 1=1; 2=2; 3=4; 4=6

Land Cover 30 % 0=0; 4=2; 6=5; 8=7; 9=8; 12=10; 16=10

Slope 50 % 0=0; 2=1; 3=1; 4=2; 6=4; 8=6; 12=6; 16=8; 
18=8; 24=10; 30=10; 32=10

Weight Overlay percentages and values used for generating the basic cost raster

Transport network vulnerability assessment methodology, based on the cost-distance method and GIS integration



Transport network vulnerability assessment methodology, based on the cost-distance method and GIS integration



100 different scenarios were randomly computed, each one
showing a particular situation that might occur, with more or less
hot points determining road blocks.

Scheme of the model built in order to create random simulations, for the Cost‐Distance Method
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Another application for the methodology is the use of Cost Path Method.
In fig. 14 are presented the safest paths (computed automatically) from isolated
villages to the Emergency Intervention Centers. Some of them (the ones in the
south‐west part) are more than 50 km long, so a closer center must be established.
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• The answers obtained from the methodology try to clarify
how vulnerable is a certain type of network, in reaction to
natural disasters

• The easy integration within a GIS software like ArcGIS allows
it to be flexible and easily operable, providing also the means
for a further geographic analysis.

• Apparently, the chain of methods is simple, but the straight
forward approach allows for a quick understanding of the
methodology and various possibilities of adapting it to the
specific purpose and level of detail intended. From real time
network monitoring to planning purposes, the methodology
can assess the behavior of the network and its vulnerability.
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Conclusions



Transport network vulnerability assessment methodology, based on the cost-distance method and GIS integration

• The dependency for a start‐up complex GIS database is
reduced.

• Maps can be created very easily, giving that all the
output is in GIS format.

• The Cost‐Path Method can be applied in order to find the
best routes.
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Thank you for your attention!

Toma‐Danila Dragos
toma@infp.ro


