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ABSTRACT 15 

Sidewalks constitute the main guideway for the walking mode of transport and serve as a 16 

fundamental infrastructure for personal travel including commuting. This is because 17 

practically every motorized trip is preceded or concluded by nonmotorized travel. The 18 

assessment of sidewalk performance, in the sense of its suitability for walking, involves 19 

consideration of multiple aspects, whose precise treatment requires in turn the use of 20 

multicriteria methods to support decisions. This article proposes a multicriteria methodology 21 

for this purpose, thus setting the stage for subsequent agency decision regarding maintenance 22 

strategy development. The methodology is based on a set of infrastructure attributes, directly 23 

intervenable by these authorities, and uses the ELECTRE TRI method to assign sidewalks 24 

under study to performance classes. It is practical to use and can be applied to any city, at any 25 

scale. The approach is thoroughly discussed, and demonstrated for a case study comprising 26 

several sidewalks in the city of Coimbra, Portugal. The results indicate that a considerable 27 

fraction of these sidewalks is in mediocre condition, and the multicriteria classifying 28 

methodology readily suggested intervention strategies, effectively aiding to the decision 29 

making. 30 
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1. Introduction 35 

Walking is an active mode of transport used by everybody, everyday, for multiple purposes, 36 

including commuting, and as the basic connector mode between all other modes of transport. 37 

Sidewalk networks are fundamental urban transportation infrastructures because they provide 38 

the main guideway for this important transportation mode. 39 

Infrastructure systems are, in general, perceived as elements performing key societal and 40 

economic functions. They involve high costs, tight budgets, and decisions resulting in serious 41 

consequences (Mishalani & McCord 2006). Consistent with this realization, agencies strive 42 

to provide funds for transportation infrastructure maintenance, but such resources are 43 

insufficient, leading to the need for developing and deploying adequate methods to support 44 

an effective management of those infrastructures (Schofer et al. 2010). This requires in turn 45 

condition assessment, deterioration modeling, and maintenance decision-making, as 46 

recognized by (Mishalani & McCord 2008). Infrastructure condition assessments provide key 47 

information for decision makers to monitor their respective quality, which is essential for 48 

subsequent planning of maintenance actions. In what concerns e.g. roadway pavement and 49 

bridges, the literature is rich in condition assessment and management methods. However, as 50 

recognized by some authors (e.g. Gharaibeh & Lindholm 2014), such methods are missing 51 

for other road related resources such as roadside assets. Sidewalks, despite their omnipresent 52 

existence as a primary infrastructure, have not captured the attention of so many researchers, 53 

usually more concerned with infrastructures that, at least at first sight, may impose more 54 

intense danger for life and property of the respective (motorized) users. 55 

Further motivation to cover for the literature gap in sidewalk assessment tools is the 56 

increasing interest in active travel modes witnessed by the last decades, prompted by 57 

sustainability worries, traffic congestion and health issues (Woodcock et al. 2007). Indeed, in 58 

recent studies dedicated to the evaluation of the performance of European cities, the 59 

percentage of journeys to work not done by car is considered a quality of life indicator 60 

(Morais & Camanho 2011). The walking mode is an active travel mode that is favoured for 61 

small trips, of up to 1 km (Millward et al. 2013; Seneviratne 1985), a distance which is 62 
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expected to increase if proper infrastructural facilities are provided (Rahul & Verma 2014). It 63 

increases physical activity, is non-polluting and socially inclusive, and poses little danger to 64 

others. Because walking is also the most basic travel mode, it will always have a considerable 65 

share among all transport modes, for people of all ages and social status. It is therefore 66 

natural and desirable that municipal decision makers provide pedestrians with adequate 67 

infrastructures for exercising their choice for this mode, especially if they wish to foster that 68 

choice (Sayyadi & Awasthi 2013). 69 

There has also been a surge of interest lately in the concept of walkability, a concept whose 70 

definition in the literature is not precise, but which can be broadly described as the extent to 71 

which the built environment is walking-friendly (Abley 2005) or, more strictly, as “a ‘match’ 72 

between residents' desires and expectations for types of destinations, their willingness to walk 73 

a given distance and the quality of the required path” (Manaugh & El-Geneidy 2011). A lot 74 

of research has been done on how to define, assess, compare and improve a neighborhood's 75 

walkability indexes (Ewing & Handy 2009; Gallin 2001; Kelly et al. 2011; Moura et al. 2014; 76 

TRL 2003), including from a medical viewpoint (Cerin et al. 2006; Ewing et al. 2006; 77 

Saelens et al. 2003), or focusing on impaired people (Rodrigues et al. 2012). Indeed, 78 

walkable neighborhoods register a higher share of walking as transport mode, at least for 79 

non-work trips (Cervero & Radisch 1996), thus contributing to achieve the aforementioned 80 

environmental and health benefits (Frank et al. 2006). Walkability indicators often include 81 

sidewalk-related factors in their definition (see e.g. references above and (Park 2008) and 82 

(Clifton et al. 2007)), thus increasing the need to consider this infrastructure. 83 

The rising importance of the walking mode, a trend which is expected to continue, especially 84 

if its supporting infrastructure is improved (Buehler & Pucher 2012; Gase et al. 2015; Pucher 85 

& Buehler 2010), makes it a natural necessity to assess the condition of the pedestrian 86 

network infrastructure, of which sidewalks are perhaps the most important element. It is in 87 

this context of rising importance of walking and need for judicious budget spending that the 88 

present research is presented, as a tool to evaluate sidewalk performance, thus setting the 89 

stage for subsequent improvement actions, which usually take the guise of prioritization 90 

schemes. 91 
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The assessment of sidewalk performance is however a multidimensional task, as there are 92 

several technical aspects to be considered, as well as non-technical ones, all contributing to a 93 

smooth and pleasant walking experience. Multicriteria aspects are in fact common in relation 94 

to transportation engineering problems (Angulo et al. 2012; Bai et al. 2012; Current & Marsh 95 

1993; Current & Min 1986; Gosse et al. 2012; Lu & Tolliver 2013; Sadek et al. 1999) and 96 

built environment issues (Bana-e-Costa et al. 2008; Mulliner et al. 2013). Multicriteria 97 

sidewalk performance issues appear in some walkability and pedestrian level of service 98 

studies but they are approached in a very simple manner (Gallin 2001; TRL 2003), usually by 99 

merely summing up weighted scores on the various criteria, which may lead to mismatches in 100 

the decision due to the compensatory nature of such methods (i.e., a very bad performance in 101 

an attribute may be completely compensated by a very good one in another attribute). A more 102 

substantive treatment is that of Khisty (1994), but it does not focus exclusively on criteria 103 

that are easily intervenable by municipal authorities, nor does it use the multicriteria methods 104 

advocated herein. 105 

The methodology proposed in this article concentrates on engineering aspects of maintenance 106 

actions, and integrates various technical information and stakeholder preferences (Kabir et al. 107 

2014) in a non-compensatory manner. More specifically, the methodology evaluates sidewalk 108 

performance by classifying them into categories reflecting overall performance status using 109 

the ELECTRE TRI method (Mousseau et al. 2001; Yu 1992). This method was selected 110 

because it mimics aspects of human judgment, and has been used as an appropriate technique 111 

to assess the conservation status in other engineering problems (Natividade-Jesus et al. 2013). 112 

Furthermore its outcome is simple to interpret and to use when planning for maintenance 113 

actions. To the best of our knowledge, it is the first time that such methods are used for 114 

sidewalk performance assessment and management planning. 115 

The criteria scoring was developed with the chief concern that data collecting should be 116 

simple and straightforward, so as to allow for quick, large scale cadastral surveys, possibly 117 

even full city scale. This feature, coupled to output ease of interpretation, gives the 118 

methodology wide potential of use by municipal authorities. An automatic, large scale 119 

sidewalk fast survey methodology has been proposed by Frackelton et al. (2013), but this 120 
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methodology deals only with pavement issues. We stress that our aim is to evaluate sidewalk 121 

performance, not neighborhood walkability or pedestrian level of service, as defined by e.g., 122 

Tan et al. (2007), which are different concepts, encompassing things other than just sidewalk 123 

infrastructure-related attributes. 124 

This article is organized as follows. In section 2 the methodology is introduced, in the context 125 

of a case study of 23 sidewalks in the city of Coimbra, Portugal. It starts by the defining and 126 

motivating the criteria set, and proceeds applying ELECTRE TRI to field data and analysing 127 

the output. Section 3 summarizes and concludes. 128 

2. Methodology for assessing sidewalk performance 129 

The proposed methodology concerns the following problem:  130 

Given a number of sidewalks and respective scores in the criteria under scrutiny, assign each 131 

of them to the (previously defined) performance class that best represents its actual 132 

performance, e.g. ‘unsuitable’, ‘major repairs required’, ‘minor repairs required’, ‘suitable’. 133 

This configures, by definition, a multicriteria problem of the ‘sorting (or β) problematic’ type 134 

(Figueira et al. 2005). The outcome of this classification process can then be fed into 135 

statistical representations (frequency tables, histograms), to give municipal decision makers 136 

an overview of sidewalk condition, or into a Geographical Information System (GIS), for 137 

spatial visualization. The class assignment output type makes subsequent decision making 138 

straightforward, allowing the compatibility with economic aspects (e.g. budget constraints), 139 

safety requirements, etc. A typical decision would be e.g. ‘we shall improve sidewalks that 140 

are unsuitable or require major repairs’. Spatial output can also aid decision making: if e.g. 141 

most unsuitable sidewalks lie clustered on a particular location in the city, municipal 142 

authorities may decide to concentrate on that location first. 143 

2.1. The criteria set 144 

Since the proposed methodology aims at subsequent intervention works, the set of criteria to 145 

choose from focuses on those that can be intervened by municipal authorities. This leaves 146 

aside hard geographic characteristics, such as e.g. slope or road intersections, and socio-147 
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economic variables, such as adjacent land use, which may contribute for a more/less pleasant 148 

walk but are not affected by intervening on the sidewalk alone. 149 

The proposed criteria set is shown in table 1. Some criteria, too abstract to assess directly, are 150 

broken down to more tangible sub-criteria (Wang 2011). These are referred to as 151 

“constructed criteria” below (Keeney 2009) and were used in previous literature on 152 

infrastructure assessment for measuring of the achievement of an objective for which no 153 

natural attribute exists. 154 

 155 

(Insert Table 1 about here) 156 

 157 

The above criteria are, in one way or another, all related to factors identified in the literature 158 

as influencing walkability of neighborhoods or pedestrian routes (Gallin 2001; Kelly et al. 159 

2011; TRL 2003). 160 

Criteria that cannot be directly evaluated (and some components of constructed criteria) are 161 

assessed by visual inspection using a discrete five-values Likert scale, with start set at zero 162 

(not one) for all cases, to reflect zeroing of the quantity at hand. Visual inspection is common 163 

in engineering when measurements based on rigorous definitions is difficult, time consuming 164 

or outright impossible. For recent examples of visual inspection see e.g. (Dirksen et al. 2013) 165 

(sewer inspection), (Sadeghi & Askarinejad 2011) (railway tracks), and (Pellegrino et al. 166 

2011) (bridges). In the context of sidewalks, Likert scales have been used by e.g. Gallin 167 

(2001), Jaskiewicz (2000) and TRL (2003). For the present article, the approach of using 168 

visual inspection in tandem with Likert scales is justified because the proposed methodology 169 

aims at large scale surveys, so quick and easy collecting of individual data is required. Since 170 

field measurements are to be done by experts (engineers or seasoned technicians), the 171 

accuracy of these surveyors’ judgment should, for practical purposes, suffice. Simplicity does 172 

not necessarily mean less accuracy; in fact, recent research has shown that excessively 173 

detailed survey sheets for visual inspection may lead to less quality of the outcome (van der 174 

Steen et al. 2014). 175 
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Finally, the length of all sidewalks/segments also needs to be measured, as it is required to 176 

calculate some of the constructed criteria. It may be noted that for purposes of the analysis, 177 

each sidewalk section that was considered very heterogeneous was decomposed into multiple 178 

homogeneous segments. 179 

Details on the above sidewalk criteria are now given, together with some motivation and 180 

details on how to calculate them. 181 

1. Width 182 

This is a natural criterion to choose, as sidewalks need to be wide enough to accommodate 183 

pedestrians and, the wider they are, the less prone they are to congestion. Also, wide 184 

sidewalks make for a more pleasant walk, from an architectonical point of view. It is the 185 

service, or effective, width that is considered here, i.e. width useable by pedestrians on a 186 

straight line. Width taken e.g. by trees planted along a strip of the sidewalk is not to be 187 

accounted for. However, if the linear density of these trees is small enough, the full width can 188 

be taken into account. It is up to the surveyor to judge the situation.  189 

2. Pavement suitability 190 

Smooth pavement makes walking a pleasant experience, whereas bumpy surfaces can be 191 

cumbersome and hazardous to walk through. While some of the negative effect may be 192 

mitigated by footwear, sidewalks that perform well in this criterion should provide for a more 193 

pleasant and safe experience. Pavement should also provide an adequate amount of friction. 194 

Suitability is evaluated by the surveyor on a 0-4 Likert scale with: 0-unsuitable, 1-poor, 2-195 

reasonable, 3-good, 4-very good. 196 

3. Conservation status 197 

Bad conservation status leads to irregularities that in turn cause discomfort to pedestrians, 198 

may force them to change direction, and can, in extreme cases, lead to accidents. This 199 

criterion is evaluated in a 0-4 Likert scale by the surveyor as follows: 0-unsuitable, 1-poor, 2-200 

reasonable, 3-good, 4-very good. When evaluating this criterion, the surveyor should be on 201 

the lookout for phenomena such as uneven ground/stub toes (13+ mm tile vertical 202 

displacement (PBT 2013)); floor holes; pavement damage/cracks (crack: 13+ mm wide (PBT 203 
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2013)); tilts along the width direction; and root bumps. 204 

4. Accessibilities 205 

Sidewalks are accessed via curbs and crossings. Sidewalk curbs should not be too tall and 206 

access ramps are needed to cater for disabled people. Four components are considered here: 207 

(1) curb height/conservation; (2) crossing visibility (stoplights, vertical signs, visibility of 208 

pedestrians and zebras); (3) density of crossings; (4) density of access ramps. Curb condition 209 

and visibility are evaluated in a 0-4 scale (0-unsuitable, 1-poor, 2-reasonable, 3-good, 4-very 210 

good) whereas densities are evaluated comparing the quotient Q = nr. of crossings/sidewalk 211 

length (likewise for ramps) to the reference value of 1 crossing (ramp) per 100 m (Qref) 212 

(NZTA 2009). A score of Q/Qref is given if Q < Qref, and 1 otherwise. If a sidewalk has no 213 

crossings, scores of visibility and ramps are set to zero. Likewise, if the street is short and 214 

quiet enough to be classified as ‘not needing crossings’ (TECC 1998), a score of 1 is given to 215 

these components. Finally, because components (1) (2) are scored 0-4 and components (3) (4) 216 

scored 0-1, the former two should be normalized to 1 prior to doing the final weighted sum. 217 

The final accessibilities score is given by: 218 

 Access = ∑i WAi ni xi 219 

Where: 220 

 WAi = weight of accessibility component i (i = 1,...,4). 221 

 ni = normalization factor for component i (respectively 1/4, 1/4, 1, 1). 222 

 xi = score of accessibility component i. 223 

Surveyors should however be critical when assigning final accessibility scores, as situations 224 

may arise that call for specialized treatment. Indeed, if a sidewalk without crossings is just 225 

shy of, or barely over, 100 m, its score may oscillate between 0 and 1; a sharp score 226 

difference for a low de facto difference. In this case surveyors should exercise judgment to 227 

decide what would be the more appropriate score (e.g. by looking at the distance to the 228 

nearest crossing). The same applies to contiguous sidewalks/segments of less than 100 m: 229 

individually none would require a crossing, but seen as a chain, some crossings may be 230 
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necessary. Surveyors should be on the lookout for situations like the above and judge them 231 

appropriately. 232 

5. Safety from traffic 233 

Existence of separation between pedestrians and street traffic contributes to the sense of 234 

safety. Traffic flow also needs to be taken into account, as quiet/busy streets require 235 

less/more separation to give pedestrians the same sense of safety. Some of the factors 236 

contributing to this criterion have been identified in a previous work by e.g. Landis et al. 237 

(2001). Here a simpler approach is proposed, which requires collecting only buffer zone 238 

width and type, and traffic volume. The formula for safety score is: 239 

 Safety = 4 - (TVol - Buffer) ⨉ θ(TVol - Buffer) 240 

Where: 241 

 TVol = traffic volume, on a 0-4 scale. 242 

 Buffer = round[ln(1 + WBuff ⨉ (∑i fi xi))]. 243 

 θ(x) = unit step function; 1 if x ≥ 0, 0 if x < 0. 244 

 WBuff = width of buffer zone. 245 

 fi = multiplier factor for buffer type i. (i = 1,...,4) 246 

 xi = binary variable for existence of buffer type i in buffer zone (cumulative). 247 

The traffic volume is evaluated qualitatively by the surveyor as 0-none, 1-quiet, 2-normal, 3-248 

busy, 4-very busy. The score should reflect not only traffic volume but also vehicle type and 249 

speed. Buffer types considered are 1-bike/safety lanes, 2-trees, 3-parking pins, 4-parking 250 

lanes (more types can be considered if desired); its fi multipliers usually ranging from 0.5 to 251 

3, in the appropriate units. For instance for trees a value of 3 m-1 is suggested, as it leads to a 252 

Buffer outcome in line with the example of FDT (2009), p.64, where tree barriers have an 253 

1.5-fold impact on separation. 254 

Presence of the ln() function follows Landis et al. (2001), which found best field data fit for 255 

log-like regression on this criterion. Indeed, it seems logical that be first few meters away 256 

from traffic cause a higher impression of safety than the same meters added to a much wider 257 
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sidewalk. Multipliers fi for buffer zone type are also presented by Landis et al. (2001), 258 

reflecting the fact that some buffer zones (e.g., trees) provide a higher sense of safety than 259 

others. The round() function transforms Buffer values into integers falling into the 0-4 range. 260 

This is done to mirror the 0-4 Likert scale in which traffic is evaluated. If the decision maker 261 

opts for plugging into this slot more precise, quantitative field traffic volume measurements, 262 

then the round() function should be removed from Buffer, so as to have all real numbers on 263 

the subtraction TVol - Buffer. Consequently, TVol measurements should be rescaled into a 0-4 264 

continuous scale, to ensure comparability with Buffer. 265 

Because the model of Landis et al. (2001) requires collecting precise and extensive amounts 266 

of data, doing so on a large scale is difficult and very time consuming. This is why the simple 267 

model above is proposed instead, since it only requires data that is very easy and quick to 268 

collect, even on a large scale. Municipal authorities have in fact detected the same problem 269 

and devised ways to simplify Landis’ model (see e.g. FDT 2009). Consolidating several 270 

factors into one single ‘buffer separation function’ (as is done here) is recommended by that 271 

reference. The scheme proposed here is slightly more complex than that of the former 272 

reference because it tries to capture Landis’ logarithmic dependence on separation, but 273 

remains straightforward enough to still allow for quick, large-scale data collecting. 274 

6. Lightning 275 

This criterion becomes critical for pedestrians at night time. Nearly all urban sidewalks are 276 

lit, but insufficiently lit strips cause a sense of insecurity. Pedestrians may refrain from 277 

walking the street in those cases. Lightning is evaluated in a 0-4 scale with: 0-unsuitable, 1-278 

poor, 2-reasonable, 3-good, 4-very good. 279 

7. Obstacle density 280 

Sidewalks become unpleasant if cluttered with (vertical) obstacles such as outdoor 281 

advertising, incorrectly positioned waste/recycle bins and urban furniture, water outlets, trees, 282 

protruding parked vehicles, etc. This criterion is scored 0-4 as follows: 0-none, 1-low, 2-283 

tolerable, 3-considerable, 4-cumbersome walk. 284 

8. Walking environment 285 
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This refers to the level to which a sidewalk is endowed with useful urban furniture, such as 286 

rubbish bins and rest places, and vegetation that can provide a soothing atmosphere and/or 287 

shade. It does not refer to the architectonical and social aspects of the surroundings, as 288 

intervening at the sidewalk level does not change these. The score is obtained similarly to 289 

accessibilities, with vegetation expressed in a 0-4 scale, and bin/rest place densities defined 290 

relative to a reference value, which can be e.g. the best score in the dataset. Thus Q = nr. of 291 

bins/sidewalk length (likewise for rest places) and score equal to Q/Qbest. (Normalization of 292 

scales necessary.) 293 

 WalkEnv = ∑i WEi ni xi 294 

Where: 295 

 WEi = weight of walking environment component i. 296 

 ni = normalization factor for component i. (1/4 for vegetation, 1 for rest place/bins) 297 

 xi = score of component i. (1 for best performing sidewalk) 298 

9. Pedestrian density 299 

This is defined as the HCM level of service (Board, 2000). The A-F ratings shown in section 300 

9 of the checklist for assessment of sidewalk performance (see below) are transformed into a 301 

0-5 benefit scale, where A = 5. While not directly intervenable, it can be changed via 302 

sidewalk width. It is important to consider it because a sidewalk may be wide, but not wide 303 

enough to accommodate for large pedestrian peak flows, in which case it will be 304 

underperforming (Polus et al. 1983). The HCM level of service definition is precise but rather 305 

difficult to measure accurately. Hence, its evaluation is done qualitatively by the surveying 306 

expert, based on the HCM text description of service levels. While not completely accurate, it 307 

should not be too far off more precise, but time-consuming, measurements. 308 

In the case study a checklist was used to register field data. The checklist form is shown in 309 

the supplementary material. 310 

2.2. Classifying sidewalk performance - ELECTRE TRI 311 

The ELECTRE TRI multicriteria method is a widely used classifying method that mimics 312 
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characteristics of human judgment. It was conceived to place actions, objects or items into 313 

sorted predefined classes (C1, C2,…Ck), considering multiple criteria, with each class 314 

delimited by a lower and an upper profile (Figueira et al. 2005). ELECTRE family methods 315 

have been used in several other ranking and classification problems related to engineering 316 

and building performance (see e.g. Kabir et al. 2014; Natividade-Jesus et al. 2013; Rogers & 317 

Bruen 2000; Rogers et al. 2013 and references therein). Conceptual and technical details on 318 

the ELECTRE methods are presented in Roy (1991). 319 

The main features of ELECTRE TRI, which are relevant in the context of our study, can be 320 

enumerated as follows: 321 

• Under ELECTRE TRI, results are expressed as “assign” or “not assign” a sidewalk to a 322 

performance class. In defining the limits of these classes, the user can select either real 323 

sidewalks as reference or, as was done in the case study (see below), define hypothetical 324 

sidewalks with adequate values for the criteria. Real sidewalks are then assigned to one of 325 

those classes. 326 

• Its intrinsic non-compensatory nature, that is, a very low performance on a given evaluation 327 

aspect (criterion) cannot be compensated by good scores on other criteria. This overcomes 328 

the inconveniences of the weighted sums frequently used to obtain final scores in decision 329 

problems. 330 

• It accommodates in a natural way the imprecision and uncertainty inherent to human 331 

decision processes by using indifference, preference and veto thresholds. The introduction 332 

of these thresholds provides a technically sound way to deal with the uncertainties 333 

stemming from different sources, not just regarding preferences, but also lack of data 334 

precision. 335 

• ELECTRE TRI classifies the selected alternatives according to the type of assignment, 336 

pessimistic or optimistic, depending the degree of exigency of the decision maker 337 

(Mousseau et al. 2001). 338 

Given these characteristics, ELECTRE TRI seems to be particularly adequate for the study of 339 

the sidewalk performance. Also, because the output of ELECTRE TRI is clear to interpret, it 340 
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is possible to devise maintenance strategies directly from it. As mentioned in the beginning of 341 

this section, usually (but not necessarily) these decisions take the form of intervening on the 342 

sidewalks in worst condition and, budget constraints allowing it, intervening in the next-to-343 

worst sidewalks, and so forth. The case study below exemplifies some of the decision-making 344 

possibilities permitted by the proposed approach. 345 

2.3. Case study 346 

A total of 23 sidewalks in the city of Coimbra, Portugal, were selected from a varied range of 347 

locations for a case study. Data was collected in the field, except for sidewalk length, which 348 

was derived on desktop, from Google Earth GIS tools. Two experts carried out the survey 349 

independently, and final criteria scores were averaged out when a consensus was not reached. 350 

Having two surveyors on the field is a procedure recommended by (TRL 2003). 351 

Constructed criteria weights chosen were WAi = 0.25 ∀i; WEi = (0.4, 0.3, 0.3), and other 352 

parameters were f1 = 0.5 (void space/bike lane); f2 = 3 (trees); f3 = f4 = 1.5 (park pins, park 353 

lane) and Qbest was taken as reference for bin and rest place density.  The data yielded the 354 

performance matrix shown in table 2. 355 

 356 

(Insert Table 2 about here) 357 

 358 

Prior to running ELECTRE TRI, reference alternatives (sidewalks) corresponding to lower 359 

and upper profiles of each predefined class must be defined, as well as other parameters such 360 

as indifference, preference and veto thresholds, and criteria weights. For the case study three 361 

reference sidewalks (A1, A2, A3) were defined (this leads to four classes) with criterion 362 

values (Figure 1) 363 

 A1 = (1.2,   1,   1,   0.3,   1,   1,   3,   0.3,   1) 364 

 A2 = (1.5,   2,   2,   0.5,   2,   2,   2,   0.5,   2) 365 

 A3 = (2.0,   3,   3,   0.7,   3,   3,   1,   0.7,   4) 366 

Real sidewalks are to be compared against these reference sidewalks, sorted from worst to 367 

best profiles as A1, A2, A3, leading to the delimitation of a corresponding sorted set of four 368 
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classes, as represented graphically in Figure 1. Width references were set according to the 369 

guidelines of the Portuguese Decree-Law 163/2006 (INCM 2006), which defines 1,5 m as 370 

‘acceptable’ and 2,0 m as ‘desirable’ sidewalk widths, and 1,2 m as ‘desirable’ for narrower 371 

streets where it is impossible to achieve 1,5 m widths. Reference values for other criteria 372 

were defined so as to have better resolution in the central zone, which is where criteria values 373 

most often sit in practice. 374 

 375 

(Insert Figure 1 about here) 376 

 377 

For the purpose of our case study two sets of criterion weights, obtained by expert agreement, 378 

were adopted, the first focusing on ease and comfort of walking (W1), the second on 379 

pedestrian safety (W2): 380 

 W1 =    (2.5,  15,  40,  2.5,  5,  5,  10,  10,  10)% 381 

 W2 =   (5,  5,  10,  2.5,  50,  10,  10,  2.5,  5)% 382 

Finally, indifference, preference and veto thresholds, standard parameters required by 383 

ELECTRE TRI (see e.g. Mousseau et al. 2001) were set to 384 

 Indifference =  (0.2,  0.1,  0.2,  0.1,  0.1,  0.1,  0.1,  0.1,  1.1) 385 

 Preference =  (0.5,  0.5,  0.4,  0.3,  0.5,  0.5,  0.5,  0.3,  1.5) 386 

 Veto =  (1.5,  1.5,  0.5,  0.5,  0.9,  1.1,  1.1,  0.5,  2.5) 387 

The thresholds for Likert scale criteria were chosen to be consistent with the scale itself, in 388 

the sense that one cannot distinguish criteria within the same level, can objectively 389 

distinguish between two adjacent levels (hence, prefer one to the other), and put a veto on 390 

levels that are two or more away. For pedestrian density, which has a 6-level scale, 391 

indifference between adjacent levels was considered, with preference and veto starting from 392 

two and three levels away, respectively. A stricter veto threshold was put for the conservation 393 

status and safety from traffic, as these are the more critical performance attributes. 394 

The results with pessimistic assignment are, for both sets of weights, depicted in Figure 2. 395 

 396 
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(Insert Figure 2 about here) 397 

 398 

The outcome is very similar for both sets of weights, with difference in only two sidewalks 399 

changing class (#19, #21). Further tests performed showed robustness of the results against 400 

large weights changes, which is in fact a plus-value, as high fluctuations require more 401 

consideration by the decision maker. 402 

2.4. Maintenance planning based on case study output 403 

The class-placement output shows that some sidewalks fall in the lowest performance class, 404 

and are thus in need of some sort of intervention. Closer inspection reveals that this is mainly 405 

due to low scores in the safety and conservation status attributes, which prevent progression 406 

to the next class. The simplest, first stage maintenance decision that can be drawn from this 407 

analysis is to deal straight away with the more urgent cases, providing for pavement repairs 408 

where necessary and creating a buffer zone good enough to have unsafe sidewalks progress at 409 

least one class up. A follow-up decision would be, in a second stage, to devise a mid-term 410 

plan for intervening sidewalks that fall into class 2. Naturally, if budget constraints allow it, 411 

doing these two stages at the same time (i.e. improving all sidewalks to class 3 or better) 412 

might produce some scale economy. It is up to the decision maker to check whether she/he 413 

can afford this. The proposed classifying methodology can be helpful for this as well, since it 414 

can be rerun with new criteria values, to check whether a particular intervention scheme is 415 

good enough for the desired class upgrades. 416 

As the case study shows, the methodology suggests, readily and naturally, clear and effective 417 

maintenance strategies to municipal authorities, which can provide equity for users while 418 

keeping within budget constraints. These can be further refined using the statistical and/or 419 

GIS representations, suggested in the beginning of section 2. Such strategies are harder to 420 

derive from other sidewalk and walkability assessment tools in the literature, since these 421 

usually aim instead at evaluating more abstract performance indicators, making it more 422 

difficult to ascertain the best course of action for the sidewalk component. The proposed 423 

methodology, which is more practical, has thus potential to be widely used by municipal 424 
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authorities to determine the most effective sidewalk maintenance actions. 425 

2.5. Summing up the procedure 426 

The proposed methodology can be summarized in the schematic representation of Figure 3. It 427 

should be noticed that one of the basic distinguishing features of multicriteria decision-428 

making is the iterative and interactive nature of the modeling procedure, where two phases 429 

alternate: computer calculation, and active dialogue involving the decision maker, who 430 

analyses and tests outputs in different setups. After a certain number of iterations, a final 431 

prescription is derived from the procedures (see e.g. Vanderpooten 1989). In this way, 432 

different preference parameters, such as weights and thresholds, may be tested in order to 433 

construct the final classification and proceed to the decision phase. 434 

(Insert Figure 3 about here) 435 

  436 

3. Conclusions 437 

In this article a methodology for assessment of sidewalk performance, based on multicriteria 438 

classifying methods, was presented. The methodology was designed to be widely applicable 439 

by municipal decision makers, regardless of city location and size, and aiming at facilitating 440 

subsequent agency decision regarding maintenance strategy development and deployment. 441 

Simplicity and ease of data collecting is another key feature of the present methodology, 442 

which ensures its wide applicability. The use of scientific multicriteria methods fills a void in 443 

the literature, which has so far approached the subject with simpler models. The previous 444 

approaches also often mix other walkability elements into the analysis, which are not directly 445 

or easily intervenable by municipal authorities, making it more difficult to judge the best 446 

course of action for sidewalk maintenance alone. Finally, the methodology’s output is simple 447 

and visually appealing, making it easy for the decision maker to have an overall view of the 448 

current sidewalks network status and evaluate opportunities for improvements. 449 

The proposed methodology is thus a widely applicable, turnkey solution for a practical urban 450 

engineering need. It is also simple to parameterize by surveyors and decision makers (e.g. the 451 

number of performance classes and sets of weights/thresholds suitable to the case at hand). It 452 
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has thus excellent potential for use by municipal authorities in determining the most effective 453 

maintenance actions to improve sidewalk infrastructures, given limited resources. 454 
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TABLE 1 

 

Criterion Description Type Scale Scale type 

1. Width Sidewalk average width Benefit metres continuous 

2. Pavement 
suitability 

Suitability of pavement type for 
walking 

Benefit 0-4 (unsuitable, poor, reasonable, 
good, very good) 

discrete 

3. Conservation 
status 

Floor damage, path irregularities Benefit 0-4 (unsuitable, poor, reasonable, 
good, very good) 

discrete 

4. Accessibilities Connectivity between sidewalk 
segments, sidewalk access 

Benefit 0-1 constructed criterion continuous 

5. Safety from 
traffic 

Separation between pedestrians 
and traffic 

Benefit 0-4 constructed criterion discrete 

6. Lightning Existence of good lightning 
conditions 

Benefit 0-4 (unsuitable, poor, reasonable, 
good, very good) 

discrete 

7. Obstacle 
density 

Presence of vertical obstacles 
throughout the sidewalk 

Cost 0-4 (none, low, tolerable, 
considerable, cumbersome walk) 

discrete 

8. Walking 
environment 

Conditions for a pleasant walk; 
vegetation, urban furniture 

Benefit 0-1 constructed criterion continuous 

9. Pedestrian 
density 

Density of people using the 
sidewalk at peak hour 

Benefit HCM level of service (A to F 
scale, transformed to 0-5) 

discrete 
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TABLE 2 
 
 
Sidewalk 

# 
Width Pavement 

suitability 
Conservation 

status 
Accessibilities Safety 

from 
traffic 

Lightning Obstacle 
density 

Walking 
environment 

Pedestrian 
density 

1 1.9 1.5 3 0.813 1 1 3 1 4 
2 2 2 3.5 0.875 1 2 1 0 5 
3 1.8 2 3.5 0.188 1 2 1.5 0 5 
4 2.3 2 3.5 0.969 1 2 2 0.177 5 
5 3 3 3.5 0.859 0 2 2 0.128 2.5 
6 1 3 4 0.938 0 2.5 0.5 0.116 5 
7 1.5 3 4 0.746 1 2 1 0.491 5 
8 4.1 3 2.5 0.813 1 2 1 0.319 4.5 
9 2.5 3 4 0.471 3 2 1.5 0.116 5 

10 1.05 2.5 2.5 0.405 2 1.5 0 0 4 
11 2.5 3 3.5 0.625 3 2 1 0 4 
12 2.9 3 3.5 0.156 3 2 0 0 5 
13 4.2 2.5 1.5 0.125 3 1.5 0 0.324 5 
14 2.3 3 2 0.458 4 1 0 0.582 5 
15 2.1 3 3.5 0.656 4 2 1 0.4 5 
16 1 2.5 3 0.656 2.5 2 1.5 0.464 4.5 
17 3.2 1 0 0 3.5 2 0.5 0.374 5 
18 4.25 3 3 0.583 2.5 3 1 0.302 5 
19 1.9 3.5 3 0.688 0 1.5 0 0.350 4.5 
20 1.35 3 3 0.930 0.5 2 1.5 0.096 5 
21 4.5 3 2 0.489 3 1.5 1 0.212 5 
22 2.6 2 0.5 0.816 4 2 3.5 0.310 5 
23 2.3 3 2.5 0.844 3.5 1.5 2 0.3 5 
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FIGURES 

 

Fig. 1. Sidewalk classes delimited by reference profiles A1, A2, A3. 

 

Fig. 2. Results of sidewalk multicriteria classification by ELECTRE TRI. 

 

Fig. 3. Schematic representation of the procedure. 
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ISENG-1011 R2 – Editor & Reviewers’ comments and answers  
 

Answers to specific and detailed comments of each Reviewer 
COMMENTS    Editor ACTION 
The editor has requested that minor revisions be made based on the reviewers' evaluations (shown at the end of this email) and submitted for re-review by 12-06-
2016. This revision will only be seen again by the editor and will not undergo the entire review process. 

All requested reviewers' corrections were 
made (and are listed in the next Table – 
Reviewer #1)) 

 
Answers to specific and detailed comments of each Reviewer 
COMMENTS    Reviewer #1 ACTION 
A. TITLE 
The revised paper still does not reflect adequately the contents of the paper. The paper does not present a methodology for maintenance planning. So the title 
could be: "Sidewalk infrastructure assessment using a multicriteria methodology for purposes of maintenance planning." 

Done. 

TECHNICAL WRITING 
There are several sentences that need a rewrite. Several of these are missing a comma sign. Several sentences are missing "The" in front of the sentence. Other 
needs a rearrangement of the words and sentences. These are two numerous to write here, so I will provide just a few examples: 
1. "Sidewalks are the main support for the walking mode of transport and a fundamental piece of commuting, since practically every motorized trip begins or ends 
with nonmotorized travel." 
Could be: "Sidewalks constitute the main guideway for the walking mode of transport and serve as a fundamental infrastructure for personal travel including 
commuting. This is because practically every motorized trip is preceded or concluded by nonmotorized travel" 
The first paragraph of the Introduction should also be modified accordingly. 
2. "Assessment of sidewalk performance …"      Should be: "The assessment of sidewalk performance …" 
3. "Results indicate that a considerable …"       Could be: "The results indicate that a considerable …" 
4. This article proposes a multicriteria methodology for this purpose, with an aim at designing …" 
Could be: "This article proposes a multicriteria methodology for this purpose, thus setting the stage for subsequent agency decision regarding maintenance 
strategy development" 
5. "Aware of this, the American Recovery and Reinvestment Act of 2009 provided…." 
This could be rewritten as: "Consistent with this realization, agencies strive to provide…." 
6. "…leading to the need of developing …"        This could be rewritten as: "…leading to the need for developing …" 
7. "Note also that highly heterogeneous sidewalks should be divided into more homogeneous segments for analysis purposes." 
This could be written instead as: "It may be noted that for purposes of the analysis, each sidewalk section that was considered very heterogeneous was 
decomposed into multiple homogeneous segments." 
These are just examples. If the authors could obtain the services of a technical writer, this good paper could be enhanced further. 

All suggested corrections were done.  
The whole manuscript was overall double-
checked. 

 
 

Answers to specific and detailed comments of each Reviewer 
COMMENTS    Reviewer #2  
did not have any substantive comments  
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