
ABSTRACT: In the previous Part of this study, an attempt to estimate the c.o.v. of the pedestrian density approaching a 
footbridge has been made.  
In analogy to wind engineering, where statistics on the incoming wind are complemented with the description of the flow 
around the obstacle to provide the aerodynamic forces on the structure, the obtained result is not conclusive. In pedestrian 
dynamics, the density along the footbridge cannot be confused with the incoming one if the pedestrian dynamics is affected by 
the walkway features (side barriers, walkway geometry, obstacles).  
On the other hand, differently from fluid dynamics, pedestrian motion is a multiscale phenomenon, which can be described both 
at the macroscopic scale (continuous medium) and at the microscopic scale (granular medium). The pedestrian density described 
in Part I can be ascribed to the former. Conversely, the uncertain location (in space and time) of each pedestrian at the entrance 
of the footbridge must be sampled and treated at the microscopic scale. Such uncertainty on positions further propagates span-
wise along the walkway, being transported by pedestrians themselves. Evidences of this are available in literature based either 
on in-situ observations or on lab experiments. 
In this part of the study,   the span-wise propagation of the uncertainty generated by the incoming pedestrian density is studied in 
the framework of the Monte Carlo method. In particular, a statistical analysis of repeated microscopic simulations of a first order 
crowd model accounting for body size is performed. Inlet conditions are prescribed on the basis of the statistics of the crowd 
density (described in part I), by assigning probability laws to the pedestrian chord-wise inlet positions and to the inter-arrival 
times.  
The final goal of the model is to estimate the propagation of the incoming variability along the footbridge. The application of the 
model to an ideal footbridge is provided. 
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1 INTRODUCTION 

In a companion paper [1], an attempt to estimate the 
statistics of the pedestrian density approaching a footbridge 
has been made. Having in mind a comprehensive 
quantification of the uncertainties affecting the footbridge 
pedestrian traffic, the obtained result is not conclusive. In fact, 
the pedestrian traffic incoming the footbridge cannot be 
confused with the one along it. Such demarcation is required 
because the latter is expected to be sensitive to two main 
features of the problem. 

The first one includes the parameters that define the 
walkway geometry (e.g. walkway width or longitudinal 
alignment, side barriers, obstacles along the walkway). 
Walkways departing from ideal ones (obstacle free, straight, 
with constant width) are expected to modify the pedestrian 
flow analogously to fluid dynamics phenomena. Some effects 
of the walking geometry on the pedestrian traffic along 
footbridges have been recently described in deterministic 
terms in [2] [3] [4] and in a probabilistic perspective in [14]. 

The second class of features affecting the pedestrian traffic 
along the footbridge refers to the inter-subject and intra-
subject variability of the pedestrians at inlet. In general, it is 
worth pointing out that the incoming variability effects 

• hold whichever is the walkway geometry; 

• lie at the pedestrian scale (microscopic) but can 
involve collective effects at the footbridge scale; 

• cannot be described, in a deterministic nor 
probabilistic sense, by macroscopic quantities such 
as the incoming global density described in the 
companion paper; 

• have genuinely stochastic origin. 
In particular, inter-subject variability includes, besides body 

features and walking parameters - already widely studied in 
literature - the uncertain chord-wise position and the arrival 
time (i.e. the relative distance of two sequential walkers) of 
each pedestrian at the entrance of the footbridge. The 
pioneering work of Matsumoto et al [6] suggests the arrival 
time follows the Poisson distribution and further in situ 
measurements [7][8] confirm this conjecture, while statistics 
about the chord-wise position are not available to the Authors’ 
knowledge. 

The uncertainty on the position in space and time at inlet 
further propagates along the walkway, being transported by 
the pedestrians themselves along unconstrained trajectories 
(differently from e.g. trolleybus on railways or cars in lanes). 
Some laboratory [8][9][10] or in-situ [10] observations of 
such phenomenon area available in literature, thanks to the 
recent advances in computer vision techniques applied to the 
analysis of pedestrian trajectories. Some of the trajectories 
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obtained by [9] and [11] in lab test and in-situ observation, 
respectively, are included in Figure 1 and briefly commented 
in the following to provide a phenomenological basis of the 
study. In the laboratory experimental setup [9], each 
pedestrian starts to walk from the inlet to the outlet of a 
corridor where she/he is instructed to turn back and then move 
again in the opposite direction. After about four trips, the 
pedestrian leaves from where she/he enters the corridor. 
Trajectories of a single pedestrian and the complete set of 
measurements are shown in Figure 1(a)-(b), respectively.  
Figure 1(c) shows some trajectories recorded in the central 
segment of an indoor U-shaped walkway at the TU/e campus 
during everyday traffic [11]. 

 
Figure 1 - Walking trajectories of a single pedestrian (a) and 

complete set of the recoded trajectories (b) (after [1]).Walking 
trajectories in indoor U-shaped walkway at the TU/e campus 

(c) (after [11]). 

Even if accurate statistics on the trajectories are still not 
available in literature, some qualitative and comparative 
remarks can be drawn from the phenomenological 
observation: 

• both the effect of intra-subject variability (Figure 1 
a) and inter-subject variability (Figure 1b-c) can be 
easily recognized; 

• the inter-subject variability is much higher than the 
intra-subject one, as expected; 

• inter-subject variability looks higher in real world 
conditions (Figure 1c) than in laboratory tests 
(Figure 1b). Among the conjectured causes, the 
arrival time variability is suspected to affect the 
one of the trajectory distribution in space. 

The present study aims at complementing the companion 
one by the probabilistic evaluation of the pedestrian traffic 
along footbridges. Because of the state of the art critically 
discussed above, the study focuses on incoming pedestrian 
variability, and in particular on the inter-subject one of the 
chord-wise position and arrival time. On one hand, having in 
mind the pedestrian scale at which variability takes place, the 
pedestrian traffic along the footbridge is modelled by a 
genuine microscopic model. On the other hand, in order to 
meet practical needs of a final coarse-grained and 
probabilistic description of the crowd dynamics, the model 
results are subsequently processed by defining macroscopic 
quantities (e.g. density, flow) and their statistics in the 
framework of a Monte Carlo like method. In order to point out 

and isolate the effects of the incoming inter-subject 
variability, the adopted setup refers to an ideal walkway 
having no obstacles, straight alignment and constant width, 
while common walking features for every pedestrian are 
retained. 

2 PROBABILISTIC ANALYSIS FRAMEWORK 
In the first Part of this study, we pointed out the presence of 
an intrinsic uncertainty associated to the quantification of the 
global crowd density incoming a footbridge. Such uncertainty 
cumulates with others and is naturally propagated, i.e. 
advected and possibly modified, by the complex pedestrian 
motion. The aim of this section is to introduce in a general 
setting an analysis framework addressed to the probabilistic 
characterization of the crowd traffic along the footbridge face 
to inter-subject variability at inlet. 

The developed framework allows one to obtain the 
probabilistic/macroscopic description of crowd traffic on the 
basis of given macroscopic inflow data via a microscopic 
crowd model. Hence, the final probabilistic analysis is 
possible after two consecutive scale transitions (see Figure 1). 
Given macroscopic data about the incoming pedestrian traffic 
(e.g. the global density statistics provided in [1]), the Macro-
to-micro (M2m) transition allows to enrich them by including 
inter-subject variability at the proper pedestrian scale and to 
convert them into a microscopic form. Such form is suitable to 
be handled by the direct microscopic modeling and simulation 
of the pedestrian traffic: the microscopic model is the pivoting 
core of the approach, allowing one to handle and describe the 
propagation of uncertain condition form inlet along the span. 
The micro-to-Macro (m2M) transition is finally accomplished 
to obtain the desired macroscopic – probabilistic evaluation of 
the crowd dynamics. 

 
Figure 2 - Scheme of the multiscale probabilistic analysis 
framework  

Remarkably, the introduced framework somewhat reflects 
at the procedural level the intrinsic multiscalarity of the crowd 
system, in which collective macroscopic phenomena are 
generated by the individual (i.e. microscopic) motion of 
singles [20].  

The following two Sections detail the components of the 
framework introduced above: Section 3 is focused on the 
microscopic model, while Section 4 describes the scale 
transitions from the macroscopic viewpoint to the microscopic 
one and vice versa. 

[m] 
(c) 

[m
] 
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3 MICROSCOPIC MODEL OF THE PEDESTRIAN 
TRAFFIC 

The aim of this section is to introduce the mathematical 
model for pedestrian dynamics considered throughout the 
paper. The model is firstly deducted in a fully general fashion, 
agnostic of the specific crowd scenario or geometric setting; 
then, features needed to deal with specific scenarios 
considered in Section 5 are described.  

 
According to the considered mathematical model, the 

dynamics of pedestrians is treated from a microscopic 
perspective in a two dimensional setting. Specifically, the 
crowd is considered as a collectivity of active particles which 
act, namely move, to satisfy personal desires and needs – e.g., 
the necessity to reach a given target location [11]. Moreover, 
during the walking process, such active particles interact one 
another and with the environment.  

The mathematical structure of the microscopic model 
considered follows the general modeling framework 
introduced in [20] and [24] and further developed for 
elongated geometries in [14]. According to this framework, 
given N individuals whose positions are defined by the vectors 

),(,),,(),,( 222111 NNN yxzyxzyxz === … , the velocity of the 
j-th individual is defined by  

 ),,...,,;()( 21 Njsjd
j

j zzzzvzv
dt
dz

v +==  (1) 

where, respectively, dv , the desired velocity, represents the 
velocity that single persons would keep in absence of others  
(i.e., it is a fixed background velocity field) and sv , the social 
velocity, accounts for the interaction that the individual has 
with the surrounding collectivity (for further details on the 
concepts of desired and social velocity see, e.g., [13]). 

 
In order to give a specific form to the considered terms, we 

split them in simpler, additive, contributions. Specifically, we 
write the desired velocity as a sum  
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w
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where f
dv is an expression of the free desired velocity (i.e., in 

absence of geometrical constraints), and w
dv  adds suitable 

impermeability constraints to boundaries, walls and obstacles. 
We chose to model impermeability constraints via a repulsive 
perturbation of the desired velocity around obstacles. In 
particular, we set 
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where the sum is carried over every wall w. Respectively, wd
is the distance between the considered pedestrian and w, 0

wd is 

the interaction range of the wall and 0d is the scale size of the 

human body (see also Figure 1). 

 
Figure 3 - Normal component of the desired velocity in the 
proximity of the boundaries. Scale distances (a). Magnitude of 
w
dv (x-axis) as function of the distance from the wall (on y 

axis) (b). 

In Section 5, pedestrian crossing scenarios happening in 
straight and elongated walkways are considered (see also 
Figure 1); in that contest, we choose the following expression 
for the free velocity 

 ).0,1(m
f
d vv =  (4) 

being mv  is the maximum allowable walking velocity.  
 

The social velocity term sv , on the other hand, provides a 
model for the fact that in normal crowding conditions (i.e. 
when no-panic occurs), individuals - while reaching their 
targets - interact with peers that are sufficiently close to avoid 
them.  Interactions are usually repulsive-like, limited in range 
to the so called sensory region and anisotropic [15].  

Actual body shapes of the interacting pedestrians must also 
be respected; in fact, considering shapeless (e.g. point-wise) 
pedestrians could lead to unphysically large occupancies or 
densities.  

 
Figure 4 - Scale sizes of sensory region. 

In agreement with the framework [20], we hypothesize 
linearly additive pairwise interactions between individuals, i.e. 
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following [16], we express the pairwise interaction between 
individual j and individual q by the function  
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where  
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 (see Figure 1, and Table 1 for numerical values of 
parameters). 

 
Figure 5 - Level sets of intensity of pairwise interaction of 

pedestrian in position )0,0(=z normalized to mv . 

As previously required, according to Equation [6], the 
anisotropic interaction is repulsive and decreasing. Moreover, 
the interaction is largest in a central region having the 
characteristic size of the human body ( 0d ). This construction 
is aimed at keeping into account, although in a soft-core 
fashion [25], the scale of the human body and the naturally 
limited possibility of body-on-body superposition.   

 Furthermore, the interaction region has global characteristic 
size fd δ+0 , which ensures the expected boundedness of the 
interaction. It is worth pointing out that the parameters 
introduced are not fixed once and for all, rather they depend 
on anthropologic and ethnical aspects such as average body 
size and average allowed courtesy distance.  

Finally, the free parameter γ  which determines the rate at 
which the interaction decays, allows one to model different 
kinds of traffic (see also [19]). 

In Table 1, the choice of parameters for the microscopic 
model used in Section 5 is reported. 

Table 1. Values of parameters used throughout the simulation 

Parameter Value Parameter Value 
mv  1.34m/s 0

wd 	 0.5m 

fδ  6m α  10 sm /1 β+  
γ  

fδ0175.0  β  .1 

0d  0.18m   
 

It is worth pointing out that the considered velocity is 
continuous (in mathematical sense) with respect to pedestrian 
positions; this ensures well-posedness of the associated initial 
value problem. Moreover, in order to integrate reliably the 
equations of motion and thus being consistent with the 
complex interaction dynamic chosen, multistep Adams-
Bashforth-Moulton implicit predictor-corrector scheme has 
been used. 

4 MULTISCALE ASPECTS 
In this section the two scale transitions introduced in Section 2 
are detailed. Respectively, micro-to-macro transition is 
detailed in Section 4.1, while transition macro-to-micro is 
detailed in Section 4.2. 

4.1 From macroscopic incoming density to microscopic 
inflow conditions 

The common notions of pedestrian inflow or pedestrian 
density at domain boundaries [18] genuinely own to the 
macroscopic scale; as such, they cannot be directly imposed to 
microscopic systems. Microscopic systems, in fact, require 
finer-grain time and space information specified on a 
pedestrian basis which must be a realization of the original 
macroscopic data. 

Finer microscopic information realizing the macroscopic 
notion of inflow can be obtained by characterizing 
probabilistically the pedestrian arrival process. Specifically, 
given a macroscopic pedestrian inflow per unit length q (or an 
inlet density 0ρ ), and supposing the arrival process through an 
inlet chord (of size B) to be Poisson, we have that  

 ,1
>Δ<

≈
t

qB  (7) 

where the variable 

 )(λlExponentiat ∝Δ  (8) 

represents the inter-arrival time between two consecutively 
entering pedestrians, i.e. 

 .)( 1−= qBλ  (9) 

Equation 8 defines probabilistically an entrance schedule for 
the considered pedestrians; hence, time-like information has 
been matched through the scales.  
    Probabilistic enrichment of the chord-wise entering site can 
be introduced by defining a probability law for the positions 
along the chord. For the sake of simplicity, in the following, a 
chord-wise homogeneous entrance behavior is adopted. 
Specifically, let 0y  be the chord-wise entrance position, we 
assume that 

 ).2/,2/(0 BBUniformy −∝  (10) 

In case an inlet crowd density 0ρ  is given instead of the 
influx qB, a suitable fundamental diagram can be used to 
convert the density information into the correspondent flux. 

4.2 From microscopic results to macroscopic – 
probabilistic evaluation of the crowd dynamics 

Once the entrance process has been specified, the model in 
Equation (1) can be used to simulate the considered crowd 
event. The data generated by the simulation can be used to 
represent a useful base to proceed toward the macroscopic and 
probabilistic characterization. 
In particular, given a partition of the domain in Q regions

Qq CCCC ....,,....,, 21 , and given a regular time sampling 

....,....,, 21 sttt with step ,tΔ we consider the random variables 
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which quantify the local crowd density in region q at time s. 
Generally speaking, other kinematic variables s

qφ can be 
considered, e.g., net pedestrian fluxes (i.e., 
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average velocities, loads and so on.  

In order to obtain empiric estimates of the laws of the 
variables s

qφ , extensive microscopic crowd simulation in a 
Monte Carlo-like setting is needed. The obtained collection of 
empiric laws indexed by both region (q) and time (s) gives 
thus a probabilistic picture of the crowd event along the 
footbridge. 
 
In Section 5, we consider stationary crowd crossing events, 
i.e. we expect the behavior of pedestrians (once a possible 
transient regime is exhausted) to be independent on time. In 
this setting, we can introduce the new variables '

qφ obtained 

from s
qφ via a summation (marginalization) over time:  

 ( ) ( )∑= s
s
qq obob φφ PrPr '  (12) 

Hence, according to this framework, the variable '
qρ

quantifies probabilistically the density in region q, 
independently on the specific instant of time. 

Once the laws of the variables '
qφ are obtained via 

simulation, they can be approached in a more practical way by 
using their synthetic statistics. In particular, the following 
region-wise statistics are considered as metrics of the 
crowding status: means >=< ')( qqm φφ , standard deviations 

)()( '
qq stdstd φφ = , coefficients of variation 

)(
)(

)cov()(cov '

φ

φ
φφ

q

q
qq m

std
==  and region-wise 95th percentiles 

'
95qφ . Respectively, aside from the mean behavior expressed 

by the first term, the second and the third term are used as 
index of uncertainty dispersion (respectively absolute and 
relative to the mean), while the fourth one is used as indicator 
of extreme cases. 

 

5 APPLICATIONS AND RESULTS 
In this section, the framework introduced in Section 2 and 

developed in Sections 3 and 4 is applied to crowd crossing 
events happening in a simple elongated geometry. A simple 
geometry is chosen in order to isolate and evaluate 
contributions to the uncertainties genuinely due to the crowd 
traffic. In other words, we want to neglect any uncertainty 
coming from the interaction among pedestrians and the 
specific geometry of the walkable built environment 
(bottlenecks, corners, crossways, etc.).     

5.1 Application setup 
We call elongated those domains featuring a small aspect 

ratio B/L among the chord B and the span L (in the considered 
case L=200m and B=4m). These domains, for instance, 
provide geometrical models for slender walkways and 
pedestrian footbridges. In this geometric setting, simple 
stationary crossing events are considered, namely involving 
pedestrians entering from one side and leaving from the other 
side after a regular walk (i.e. no pauses or changes of ultimate 
direction are expected, see Figure 1). The instauration of a 
quasi-stationary crowd flow with a random component 
dependent on the arrival process is thus expected.  

In order to perform the analysis detailed in Section 4.2, we 
consider a regular span-wise partition of the domain in 40 
equal segments ( 3910 ....,,....,, CCCC q ) of length 5m. Several 
pedestrian inflows (qB = {.6, 1.2, 1.8, 2.4, 3.0, 3.6} ped/s) are 
considered; they are obtained by setting qB/1=λ in Equation 
8. 

 
Figure 6 - Considered rectangular domain and relative 
longitudinal subdivision in 40 segments having length 5m 

5.2 Result discussion 
To check convergence for the probabilistic crowd data 

considered, a specific study is carried out. In particular, given 
the partition of the domain in Figure 1, we consider the 
indicator smΔ which is the maximum - computed upon all the 
segments q - of the relative difference between average 
densities in two successive instants of time s. In formulas it 
reads  

 .
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Figure 7 - Maximum relative difference between average 
densities across time.  
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In the considered scenario, the threshold 310−<Δ sm has been 
targeted. In other words, the microscopic simulations are 
carried out for an interval of time long enough such that the 
relative variation on the crowd average density is smaller than 

310−  (see also Figure 1). 
Remarkably, with the model parameter listed in Table 1, the 

model predicts a crowd stationary behavior comparable with 
established literature data. In particular, if we consider the 
crowd flux, or average velocity, against the average density, a 
behavior close to the one described by the fundamental 
diagram introduced by Kladek ([23] and [19]) in leisure traffic 
regime is recovered (see Figure 1). It is worth noticing that the 
explored combination of fluxes and densities refer to the first 
part of the fundamental diagram, i.e. the considered densities 
are below the capacity threshold.  

 
Figure 8 - Comparison between model behavior (average and 

absolute dispersion) and Kladek fundamendal diagrams in 
terms of flux-density (a), velocity-density (b). 

When the macro to micro conversion described in Section 
4.1 is operated, an uncertainty is naturally introduced in the 
flow. Such uncertainty gets propagated by pedestrians to 
different extents depending on the influx. We choose to 
quantify the uncertainty propagation in terms of the region-
wise coefficient of variation of the crowd density. 
Specifically, we consider both the absolute coefficient of 
variation ( )(cov ρq ) and the one normalized to the inlet value 

( )(cov/)(cov 0 ρρq ). This is aimed at quantifying 
respectively the absolute uncertainty as well as the one 
genuinely due to the dynamics which follows the pedestrian 
entering act.  
In Figure 1, we report the probability laws of the variables '

zρ  
for the considered values of pedestrian inflow. The laws (on 
the y axis) are reported as iso-contour of the probability 
density functions depending on span-wise segments (x axis). 

 
As further clarified by synthetic statistics in Figure 1, the 

mean crowd densities )(ρqm  grow monotonically when the 
influx increases. On the other hand, the segment-wise 
standard deviation )(ρqstd , measuring the absolute dispersion 
of the density, remains approximately constant independently 
on the inflow. In Figure 9, 95th percentiles are considered as 
well; they are an indicator of extreme density cases.  
 

 
Figure 9 - Probability density function of crowd density 

along the facility span for the considered pedestrian influx 
values. 

Bearing in mind the first Part of this work, in which 
coefficients of variation for structural parameters have been 
estimated, several observations can be made. Coefficients of 
variations obtained range among 0.1 and 0.5: remarkably, 
these values are in the same range or even larger with respect 
to the coefficients of variation actually recognized in 
probabilistic force models (e.g. the ones related to structural 
damping, pedestrian body or walking parameters, see Part 1, 
Table 1). As a consequence, uncertainties originated by 
pedestrian kinematics are relevant from a design point of view 
and should be taken into account when pedestrian facilities are 
concerned.  

It is worth noticing that the coefficient of variation has a 
decreasing monotonic trend when the density increases (see 
Figure 1). This trend can be related to the specific choice of 
crowd model.  In fact, according to the modeled local pairwise 
interactions between individuals, pedestrians attempt to avoid 
one another; as a consequence, their positions give rise to 
organized collective patterns.  

When the macro to micro conversion described in Section 
4.1 is operated, an uncertainty is naturally introduced in the 
flow. Such uncertainty gets propagated by pedestrians to 
different extents depending on the influx. We choose to 
quantify the uncertainty propagation in terms of the region-
wise coefficient of variation of the crowd density. 
Specifically, we consider both the absolute coefficient of 
variation ( )(cov ρq ) and the one normalized to the inlet value 

( )(cov/)(cov 0 ρρq ). This is aimed at quantifying 

(a) (b) 
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respectively the absolute uncertainty as well as the one 
genuinely due to the dynamics which follows the pedestrian 
entering act.  
In Figure 1, we report the probability laws of the variables '

zρ  
for the considered values of pedestrian inflow. The laws (on 
the y axis) are reported as iso-contour of the probability 
density functions depending on span-wise segments (x axis). 

 
 

 
Figure 10 - Statistics of crowd density distribution along the 

facility span for the considered pedestrian influxes. 

As further clarified by synthetic statistics in Figure 1, the 
mean crowd densities )(ρqm  grow monotonically when the 
influx increases. On the other hand, the segment-wise 
standard deviation )(ρqstd , measuring the absolute dispersion 
of the density, remains approximately constant independently 
on the inflow. In Figure 9, 95th percentiles are considered as 
well; they are an indicator of extreme density cases.  

 

 
Figure 11 – Span-wise average coefficient of variation of 
crowd density: absolute and normalized to inlet value. Data 
has been fit with exponential functions. 

 
Figure 12 - Effects of the stochastic entering schedule on the 
emergence of position patterns - influx F=3.6ped/s. 
Disordered condition close to the inlet (5m<x<20m, t=100s) 
(a). Pattern at different times in 100m<x<115m - t=540s (b), 
t=740s (c), t=840s(d). 

It is worth to remark that the coefficients of variation 
obtained, already in range with the ones in probabilistic force 
models, have been evaluated by avoiding geometric effects 
and by using a model which tends to regularize pedestrian 
positions. As a consequence, the obtained values are expected 
to be lower bounds to actual values to be obtained e.g. 
experimentally. Indeed, every perturbation introduced in the 
flow by pedestrian (e.g. pedestrian stop walking or pedestrian 
walking in opposite direction) or by the walkway geometry 
(e.g. narrowing/widening of the walkway, obstacles along it) 
is conjectured to increase the uncertainty present in the flow 
and hence enlarge the coefficients of variation involved. 

6 CONCLUSION 
In this paper, the uncertain position of incoming 

pedestrians, further propagated along the span, has been 
studied via a probabilistic analysis framework. Such 
framework is grounded on Monte Carlo like microscopic 
pedestrian simulations whose outcomes are detailed in terms 
of local-in-space statistics of crowd observables (e.g., density, 
flux, velocity, etc.).  

The source of propagated uncertainty is inter-subject 
variability between individuals (for a comprehensive 
discussion on uncertainty referring to pedestrians incoming a 
facility, one can refer to the companion paper [1]). It is 
modeled by a stochastic inflow condition in terms of Poisson 
distributed arrival time and uniformly distributed chord wise 
position. 

Specifically, we chose to quantify and characterize 
uncertainty in terms of local-in-space coefficients of variation 
of the crowd density. Such coefficients of variation express 
the density dispersion with respect to its mean value in 
different regions of the domain.  

Even for regular crowd events in simple scenarios - where 
the geometry is not expected to play a role - significant values 
of c.o.v. in the range 0.1÷0.5 have been obtained. Hence, they 
are comparable with the coefficients of variation actually 
recognized in probabilistic force models in structural 
engineering. Such finding confirms the key role played by 
pedestrian traffic related uncertainties.  
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