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Abgracl The objective. of this stu$r. w-as -to evaluate the -performance of macroscopictraffic flow models with _the analyticar data and field d'ata. 
--iive 

candidat" ;;d;i;
were selected as follows; Lax Method Model,- llplln4 schemi tra"aa, Hirrfi' 't|;;i,
PaPggeor8iou! Model, and Cell-Transmission Model. In the *"tii."l i.rt it"r*i", ir,,ltraflic condition was assumed that could cause the uuitJing-ani dissipation or o,i.r..and each model was compared with analytical solutions *a" *r. n".iri."i-..rrltr]----'
An.analytical -test indicaied that both iimple continuum -a tiigt ora.i 

"oniinru,models are able to reproduce queue buildin! and dissipatingrL.triio, i, u;;;;;;il"yar: A field test has shown that Upwind, (ell rransniissioi, *a nup"g.orgi;,-;il;
similar performances. Considering tlie simplicity in modet formulutio'r, "-0" nrrn"ri.a
computation-, we recommend Uprtnd scheme oi CeU Transmisiion model ur .*aiaut.
model for further development bf simulation model for ttuiUu i*ti.syruy in G;i. ---
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1. INTRODUCTION

l.l Background and Objectives

In rebruary- 1999, a major.Urban Freeway circulating the downtown of Seoul, the
qapita_l of Korea, was opined to the public. totat .onri-.ilon-.ort for the 4i.1km;the Naebu freewav was over one'biliion us $. I;;;i;;-i;-;;;g. tum. no*-*Jmake better use o?theNaebu frieway-a-zo-milion US, prrrrS-pro.iect is going to befinished by,thg end of 2001. The Naiuu prMS ;t;i".;;fi;i;ei's"re.ul infrastructure
*b-y.*eqs_: -Rlys(Ralp . y:,.lng^. System), r'MSiir"ia;,ir--*-il*ug.."nt System),TMS(Traffic Informatiori System), -zta'image'detectdrs, 

3g--"ror.a .l..uii t"t"iir-ilnJ,and 65 variable massage signs ai the,.maJ_gi sysrem etei"ents. rtr" .pu.ing ;iffi;;i;;stations on the systems aveiages roughly 500., *a ccrv 
", -u.rr'u, ,fi"-;puri. 

--*'

A major problem with the N*br. expressway operations and traffic managementpractice is to assess the efrectiveness 9i "ri*g.r'-or*"improvements beforeimplementation. This Drocess includes comparing u-r-t".iuiir.- g"o*6trl" ."riig*"ti"rr,determining the adeqriacy of traffic .*u[".r't. schemej- ;;;;;i"g rhe impacts ofcontrol srrategies, studying the formation *'a aiirip;iir;--;i.i"r!-.sio"n ; th;'fr.;;;"y
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and its ramps.. elc. Simulation methods have long been. recognized as the most

po*.iirf tooi io. such analysis. It was concluded that development-_of a macroscopic

ir..""y simulation model, irvtrictt can describe Korga1 freeway traffic situations, was

;;;r;,1. Ai u nrrt step in develo-ping a simulation. program, an evaluation of
.rraia"t; traffic flou' models *as performed. Although. it is n-e_cessary.lo investigate

i[.;;ifi. simulation models, which are able to describe traffrc conditions and to

;il;;--i, 
-ac.ordance 

with the. op_erator's. intention, for estimating. the operation

""rioil*.. of UTMS, however, in korea, there is a lack of comparative research of
ihese models r.r'ith field data.

The objective of this study is to evaluate.the performance of macroscopic taffic flow

models-uith the analytical data and field data.

This paper is organized as follows: After reviewing.. the general concept of . 
the

.rriiri"il traffic how- *oa.t, detailed review of candidate models are followed in

a;;ii;; j. Section 3 p;;;"d comparison of candidate models to analytical results

,rirg 
'i 

yp",f*ti.ut ,lutu.'i.ction 4 pierentr. a field data test using actual freeway data

;L-r"L"j'from Califcrnia. Section'5 concludes the paper with some remarks about

candidate traffic flow models'

2. REVIEW OF TRAFFIC FLOW MODELS

2.1 Macroscopic Continuum Traffic Flow Models

Existinc continuux macroscopic traffic flow models fall into two general categories:

;i--;ffir1. conrinuurn, and 
'(b) high order continuum. The models tn the trrst

:;1.";;iJt'"t;;;td;ilpli;ti.'il thaithev do not include space explicitlv nor do thev

;;i;';p";ri;ility 
-i"6 

;;;";t. High'order models, on the .other hand, arg in
prir"ipi."'il"r.' i."fitti.- ^ 

-ttrey 
includE the effects of inertia and acceleration of the

traffic mass.

Since the t-rrst papers by Ligtthill and- Whitham(I955) and Richards(1956).and $e
i;;;ir;tl;"- oi rigr, ".0i. 

,,|a.tr by Payne(1971), a 
'number of macroscopic tra{Ic

?i"ir-*ra.fr nut.i..n-d.r.fop"a. Th" mictot.opiC c^ontinuum.models describe traffic

;;;;rl.:;;;tr,'l'i ti*r'*a ;d; via macro_scopi6. traffrc variables.,The.v ar9 all based

on a few basic rnacroscopic 
'variables: the flow q(x.t), the density k(x.0 and the mean

t)ou' speed u(r,t).

The first basic equation is inherent in the definitions of flow, density, and speed:

q=ku (l)

where, q = q(x,O = traffic volume (veh/|r) at location x and time t'
[ = [i*.ti = a.niity (veh/km/lane) at location x and t' and

u = ui^,t) = rpu".'mian speed (km/h) at location x and t'

A seconci relationship, the conservation equation, has the following general term:

iL - jq e(x,t) Q)il 0x 5\/!'

rvhere g(x.l) is a traffic generation rate

The two fundam'ental equations (1) and (2) must be incorporated in all macroscopic

continuum nlodels.
The continuum models are then further separated into the simple continuum models

and rhe high order';";t1n;; models. A simple. continuum- model uses a third

r.iii"".frip"'":r-t,i.'t.r ,.tui.r.''U"i*".n tfr. mean speed and the traffic density under
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equilibrium condition:

u(x,t) = u"(k(x,t)) (3)

where u" is an equilibrium speed

A high order conlinuum model requirea an additional momentum equation. They tried
to .describe^ explicitly, transitory states,-_-uling q relaxation process expressing the
tendency.-of_naf-frc to tend to an equilibrium. For example, equations (t), (Zi tfl
along. with the following momentum equation constitute Payne's high order'6ontiriuriri
model:

# *,* : f [,"rr.l -,- f jf]
with v and anticipation coeffrcient and T a reaction time.

(4)

2.2 Candidate Test Models

It is known'that the simple continuum-.model is easier to implement than high order
continuum models, because of its simplicity in formulation and numerical com-putation.
However,..the simpl^g continuum model has been criticized as not faithfully.d6scribing
non-equilibrium traffic dynamics because it does not consider acceleration and inertii
9ff9ct-s. High grder models, on the other hand, are in principle, rnore realistic as they
include the effects of inertia and acceleration of the triffic'mass. High order modeli,
however, still suffer from conceptual inadquacies and numerical comiutation demands
are greater than those of simple continuum models.

Both simple continuum and high order continuum models have been improved by
many researchers, To develop !9ew!y simulation programs efficiently, the siiength anf
the weakness of candidate 1raffic flow models itrouta be evaluat6d. After lfierature
review, 

. 
the 

. following five candidate models are chosen; three simple continuum
models based, and two high order models based:

a) Lax method model
b) Upwind scheme model
c) Cell-Transmission model (1993, 1995)
d) Hilliges' model (1995)
e) Papageorgious's model (1989)

Clearly, a numerical methodology is needed for numerical implementation of the five
candidate models. Most well known numerical methods af,plied, to solve simple
continuum q9d9ls, are- lal method applied to KRoNoS, upwind scheme, Goduno-Js
m9th9d applied^ to Cell-Transmission 

- 
model. The followilng present a numerical

solution of the five candidate models:

a) Lax method model

k(x,t+/t) : Itr<*+l,tlFk(x-l,tl - #tq(x+l,t)- q(x-l,t)l (5)

b) Upwind scheme model

k(x,t+/t) : k(x,t)+ ffto<*-l.t)- q(x,t)J

q(x,t) : a.q(x,t)+ (l-a) .q(x+l,t)

where, , : {l

(6)

if shockwave speed w(x,t) > 0
if shockwave speed w(x,t) ( 0
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c) Cell-Transmission Model

k(x,t+/t) : k(x,t)+ f;tr<*-l,t)- q(x,t)l Q)

o(x,t; : minI S(k(x,t)), R(k(x+l,t))]

d) Hilliges' Model

k(x,t+/t) : u(x,O+ft[k(x-l,t)'u(x,t)-k(x,t)' u(x+l,t)] (8)

u(x,t*/t) : u(x,t)+ ftu.{tt*,t))-u(x,t)l
+ fi,tG,t)[u(x-l,t) - u(x+ 1,t)]

where, r=reactiontime
ue = an equilibrium sPeed

e) Papageorgiou Model

u(x,t*./t) : u(x,t)+ f tu"tr.t*,t))- u(x,t)l
, ltE+ ff u(x,t)[u(x-l,t) -u(x,t)]

- vlt I k(x+l.t) -k({.t)lrAx I k(x,t) +-K]

- lt d'u(x.t)'r(x,t)
r/x, Ik(x,t)+Il]

where, r=reactiontime
ue : an equilibrium sPeed

f = convecfion term
y = an anticiPation coeffrcient
8 = an additibnal term to influence the rate of change 0ol0t (0{ I <l)
, = a constant parameter to limit in case of very low density values.(vehlkm)
r = (x,t) = injection rate at the point x

3. TEST RESIJLTS USING ITYPOTIIETICAL DATA

3.1 Test Scenerio

On the Naebu expressway, the recurring congestion has happened at specific sites, it
.rkes " Iong qu6ue in i-short time. Then,lt is important to tryck- the queue from
tt i Uottt.n."[. before we tested the candidate models using real data it was first
desired to see if the candidate models could produce reasonable behavior at

bottlenecks. The test scenario is as follows: first, hypothetical freeway geometry and

demand pattem is given. Using the analyic-al method, calculation of queue length.is
pe.for-"a. Finally,-we compie the m6dels resuls with the analytical ones. The
'"r,"tyti.a solutioni'can be very instructive in that they offer a better understanding of
the inner workings of traffrc.

Fisure I shows the hypothetical 13 km long freeway section. Here the number of
i^i.r 

-lt 
t.au.ed from itite" to two from the D km mark, to the end. The capacity of

each lane is set to carry 2,000 vehicles per hour. A l20-minute simulation started

;th t demand of 3,000 ,"iii"ler per hour (vph) and then increased- _to 5,000 vph,

*ili"f, .i""ids the capacity of the iwo-lane seciior- by approximately 25 percent. The

demand of next 20 'minutes is 4.000 vph, which equivalents the capacity of the

Journal of the'Eastem Asia Society for Transportation Studies, Vol.4' No.2. October, 2001
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bottleneck section, and then is decreased to 3,000 vph during the last 40 minutes.

(B) Demand and Capacity
Flow

(veh/h)

6,OOO

5,0O0

4,000

3,000

30 60 80 tzO Time(min)

Figurel. Geometric and Demand Pattern

Equation 8 shows Bell-type speed-densiry relationship (Drake et al., 1965) which was
used in this simulation.

r/K\'
u: u1€xp 't*'/ (8)

3.2 Analytical Results

Here, we expect that the queue- of traffic builds from 30 minutes, and stays uniform
during next 20 minutes, and reduces after that. Figure 2 stro*r u'tlm;-rpd di&;;
representing __dynamic change of queue sizes *li.h are calculatid 5t ;lyi;i
procedures.. Here, congestion starts in front of the bottleneck (point e) arid il,g; i"
upstream direction, and finally dissipates.

Figure 2. conceptual Diagram Representdtion Dynamic change of eueue Sizes
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Table I summarizes some statistics for shock wave speed as well as queue sizes from
analytical results. We basically used Bell-shaped speed-density relationships,'except the
Cell Transmission model which incorporates Triangular-shape.

Table L Summary of Analytical Results

3.3 Test Results

Testing of the models was done first by running th9 flve models .for hypothetical
situati6ns. Figures 3.a-3.e show three dimensional densrty tajectories from all 5

models. As iiiustrated in the Figures, most models provide a reasonable description of
queue build up and dissipation behavior in that: congestion.starts.above the bottleneck
and -oves in the upstre-am direction, while the density within the bottleneck section
remains around the critical density.

(A) Lax Model (B) Upwind Model

$
(D) Hiliqes Modet

a.

(E) Papageorqio.u Model

Figure 3. Three Dimensional Density Trajectories from 5 Models.

Fieuei 4.a-4.e represent the density contour map of the 5 candidate models results,

"t|rrg 
*d qu.u. rir.t of analyticai results,_ which are indicated 9y tt " dotted line.

i[" " 
"o.puiiton 

of queue iizes generally indicated a- good 
-a-grge.ment 

between

.*aiautJ'models resulti and the anai-ytical r-esults, except the Lax Model.
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(C) Cell-Transmission Model

SDEI Queue

s"**t,.*l .*tr'";
(point A) I lpoint F)

Spr irl
orin
leng

N e kward

Triangular 5.4 kph 7.5 kph 3.1 km 44', 24" 123', 47',

Bell-shape 4.6 kph 5.9 kph 2.6 k{n 40' 15" ll9' 57"
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Figure 4. Density Contour Map from 5 Models

In order to evaluate the candidate models performance quantitatively, the following
error measurements are calculated.

percentage difference = (analysis - model)k(analysis)k

As indicated. bJ S. error measures for shock wave speed and queue size in Figures
5.a-5.d, upwind scheme and Cell Transmission provided- better results.
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Figure 5. Comparitves of Shock Wave Speed and eueue Size
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Next, the consistency analysis were performed using 4 scales:

excellenl: below 504,
good: 5-10%,
normal: l0-15%.
poor: above l5ol0.

Simple
contl

models

Observed density

#oirtctirdrrdl

Distrnce( km)

Figureg.TestSiteGeometricsandobservedDensityContours

In order to evaluate each candidate models performance. three.error measurements are

"ui.r-tut.a,'-Mean 
Sq"*. Lii"iiMSel, Mean Absolute Relative Error(MARE). and

Equlity Coefficient(EC).
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4. FIELD TEST

A 15.7 km section of the Nimitz Freeway was selected as the field.test site' The

section contains 16 ramps and consists oi 3 lanes. The density and volume data,

which were collected using aerial photography and detectors from 6:15 a.m. to 8:21

u.n1. in Nov. I 1967, wert availa6le. Flgure 9 shows the schemetic diagram of test

site geometrics and the observed density contours.

A

o
I
A

A

Table 2. Summary of Analytical Results

where, @(excellent), O(good), A(normal), fl(poor)

lVlodeli
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Table 3 shows the parameter values for mainline and ramp section to run simulation.

Table 3. Traffic Parameter Values in Sections

bottleneck

Table 4 represents error measurements
in this table, three models, Upwind,
similar performances.

and queue sizes from
Cell Transmission,

models. As indicated
Papageorgiou, show

the
and

observed value 6.1 km 06:50

06:40
simple

continuum
model

momentum
equation
model

Figures l0.a-10.e show the density contours for the test site from five candidates
model runs.

Figure 10. Density Contour Map from Five Cadidates Model Runs
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(A) Lil Mod.l

(B) Upwind Modcl

(C) CGILTrensmis.ion Mod.l

l1oiv spd I max. densiry
kxlh) i (veh,.krn)Sectinn

rpacti)- icritical cicnsit
hourllaneii (vetr/km)(i'el

basic 1,862 34.5 89 120

1.820 34.1 88 120

l,683 31.9 87 120

I.585 30.4 86 120

Modei MSE i I\TARE tic
I Queue
lnraxin:,rm lenqth gt'r:era!ion tinte

Lax . 0.464 1404.1 | 0.0 2.6 km

Upwind

Cell-T

Hilliges 0.377 1138.9 | 0.82 4.8 km 07:05

pap?-

seorgrou

Disratrce(km)
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5. CONCLUSION

The objective of this study was to evaluate the performance of macroscopic traffic
flow models, with the analytical data and held data. Five candidate models were
selected as follows; Lax Method Model, Upwind Scheme Model, Hilliges' Model,
Papageorgiou's Model, and Cell-Transmission Model.

An analytical test indicated that both simple continuum and high order continuum
models are able to reproduce queue building and dissipating behavior in a reasonable
way. Further, simple continuum models have shown faster convergence than high
order ones.

A field test has shown that Upwind, Cell Transmission, and Papageorgiou, show
similar performances. This suggests that the performance of the simple continuum
model, in spite of the simplicity of the equation, show better than the models using
momentum equation model.

Considering the simplicity in model formulation and numerical computation, we
recommend Upwind scheme or Cell Transmission models as candidates for further
development of simulation model for the Naebu expressway in Seoul.
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