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Road transportation, due to its high flexibility and the unique capability to provide 

door-to-door transportation, play a vital role in the sustainable development of 

societies. In the last decades, countries like Portugal, Spain, and Poland have made 

large investments in the transformation of their interurban roads networks. These 

investments were decided through trial-and-error approaches, using simulation 

models based on the classic (or four-step) transportation model [1]. Trial-and-error 

approaches do not allow full exploration of possible planning solutions. Developing 

countries, such as Brazil, India or China, will certainly need to invest in their 

networks in the future, in order to keep their high economic growth rates. These 

countries should plan their networks according to sustainable development principles. 

In this paper, we present a multi-objective approach to long-term interurban road 

network planning that could help road authorities in their strategic analysis of this 

planning problem.  

Over the last 30 years, significant research efforts have been devoted to 

optimization-based road network planning (or design) models. Most of these efforts 

were oriented toward two models: the discrete road network design (DRND) model, 

especially, the continuous road network design (CRND) model. The former focuses 

on the addition of new links to a road network, whereas the latter concentrates on the 

(continuous) expansion of capacity of existing links. For a relatively recent review of 

this literature see [2] and for an interesting early study of this kind of models with an 

application to a national road network see [3]. The objectives considered in these 



 

 

models vary widely. The most frequent are efficiency objectives, such as user cost 

minimization or user benefit maximization (as measured by the consumers’ surplus). 

Other important objectives that have been dealt with in previous studies include 

robustness [4] and equity [5]. A number of articles address multi-objective road 

network design models. The first one reported in the literature is due to Friesz and 

Harker [6]. More recently, Santos et al. [7] considered a robustness objective in 

addition to an efficiency objective (accessibility maximization), Feng and Wu [8] 

considered horizontal and vertical equity objectives, and Cantarella and Vitetta [9] 

considered environmental objectives (minimization of carbon monoxide emissions). 

Despite being appealing from a theoretical standpoint, the models referred to 

above apparently were never used in practice. The approach proposed aims to tackle 

some of the issues that make the current theoretical approaches not so applicable in 

practice. In particular, it is consistent with the planning framework of the Highway 

Capacity Manual (a manual widely used in practice in most countries in the world), 

where the concept of level of service is used to assess traffic flow conditions. Road 

segments are classified according to a hierarchy and, in the search of solutions, two 

types of action are considered: the construction of a new link of a given hierarchic 

level; and the upgrading of an existing link to a higher level. Demand is assumed to 

be elastic with respect to investment decisions. More than one objective is combined 

in the objective function - e.g., objectives of efficiency, equity, robustness, and 

energy consumption. In addition, accessibility to natural parks (or to other points of 

interest) and environmental constraints in protected areas, can also be considered.  

The main road network of the State of Paraná, Brazil, is used to show the 

applicability of the approach and to illustrate the differences between efficiency-

oriented solutions and more sustainable solutions, where equity, energy consumption 

objectives, accessibility to natural parks and environmental concerns are also taken 

into account. Preliminary results, only considering efficiency, equity and energy 

consumption objectives, show that the solutions can vary widely with the inclusion of 

sustainable objectives (Figure 1). More important, they show that reducing the 

efficiency of the network by just 0.4% can allow a reduction of energy consumption 



 

 

by 9.5%. This clearly indicates that the proposed approach can be a valuable tool for 

sustainable interurban sustainable planning. 

  

 
Figure 1 - (left) Solution for efficiency maximization; (right) Solution for efficiency 

maximization and energy consumption minimization 
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