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Abstract: The calculation of road traffic emissions tolzs been performed in Tunisia as part of the natiemission inventory and for air
pollution dispersion modeling purposes. The emissitave been estimated on the basis of a trafligrament model, including daily traffic
volumes and average speeds on the road networtharaigin/destination (O/D) values at the soumed sinks of traffic. The road network
studied includes virtually all the motorways andmmarral roads in Tunisia as well as the major arb@ads of Tunis and other main cities.
The traffic model simulation has been based orfitrabunts taken at a large number of road sectidie availability of such rich
experimental data is a guarantee for the accuréche traffic model simulation in order to assureherence among the different
measurements, to attribute values to links withteaffic counts, and to estimate the O/D matrix.(tkee boundary conditions capable to
extrapolate at best the measured traffic flows dkerentire network). An emission model, based @PERT methodology, has further
been used to estimate atmospheric emissions frora Jources” (the links corresponding to the maiads of the network) and “area
sources” (zones of aggregation of O/D nodes gitfregcontribution of diffuse traffic on the secondevads). Emissions from area sources,
have been estimated from the average trip lengtlienthe area and the extension of the secondad metwork. Since the COPERT
methodology includes fuel consumption factors, thedeling results have been compared to real déte.niethodology shows a good
correspondence with the national Tunisian stafistic fuel consumption declared for road trafficthwinodeling results only 14% higher
than the national fuel consumptions declared fer yhar 2006. The small differences could be expthihy the uncertainties in the
distribution of traffic densities and vehicle fleet well as on the hypothesis made on the vehjeeds.

Key words:Atmospheric pollutant emissions, road traffic, C@PEmMethodology, traffic modelling, origin/destimatimatrix

INTRODUCTION

National emission inventories are usually develoedugh a “top-down” approach, starting from aggted data like fuel
consumption or energy production and estimatingssimns by means of emission factors. This apprbashthe advantage
to start from consolidated data and the disadventagequire space and time disaggregation whergukie inventory to
feed atmospheric simulations. The alternative apghoto build an emission inventory is the “bottopi-umethod,
multiplying disaggregated “activities” (like traffiflows and speeds on different links of a roadwoek) with proper
emission factors (such as the emissions factorngby the EU COPERT methodology for on-road traffin)this second
case, as far as road traffic emissions are condetradfic flow data are available only a on lindtaumber of sections of the
road network and the remaining sections need tass@ned, preferably by using a traffic model. ficafnodels can in
principle treat all the links of a network, but fleming such a simulation on a national scale isfeasible; nevertheless, a
particular class of traffic models can overcomehscomplexity problems by estimating the number rifins/destinations
for trips between different zones, using traffitiots.

Among the various activities carried out to buildhaional emission inventory for Tunisia, traffiecsor emissions were
estimated by traffic assignment and emission modéianks to the capacity of the assignment modetdtimating the O/D
values, the contribution of emission from secondends was further estimated and aggregated ietosources.

THE TUNISIA CASE

Tunisia is the northernmost country on the Africamtinent, bordered by Algeria to the west and hibythe southeast. It is
the smallest of the nations situated along thesAtt@untain range. Around forty percent of the couist composed of the
Sahara desert, with much of the remainder congistirparticularly fertile soil and a 1300 km coawsdl

Tunisia ranks high among Arab and African natiomgéports released by The World Economic Forum; dtentry is
subdivided into 24 governorates and maintains 19%@82f roads, where the Al Tunis-Sfax, P1 Tunisyhiland P7 Tunis-
Algeria are major highways. The urban populatioA%60of total) is located mainly in Tunis and, secanilg, in Sfax,
L’Arianah, Ettadhamen, Sousse. The particular iooatsurrounded by the Mediterranean sea to ththreord east and by
the Sahara desert to the south, restricts roaficteafchange with the adjoining countries, so fhamisia can be regarded as
an almost closed traffic system.

DESCRIPTION OF THE TRAFFIC MODEL
The traffic simulation was performed by means ofagsignment model (CarUSO) based on one of the naggorithms
(Willumsen'’s) able to estimate the O/D matrix ahd traffic flows on a transport network.

The Willumsen’s model is a method to estimate the @atrix from traffic flows in a non congested wetk. It is based on
the entropy principle and it postulates that, amalhdghe O/D matrixes satisfying the counts officaflows (or minimizing
the errors, if no solution exists), the best solutinaximizes the path entropy, where the entropglsulated as the product
of the O/D matrix elements containing the numbdrgravels between each pair of zones. A completerigtion of the
model can be found in: Willumsen L.G. (1978) anah\Zawylen H.J., Willumsen L.G. (1980).

Description of the Tunisia road network

A transport network is composed by links (the rgadedes (crossroads) and O/D zones (traffic seistes). The network
selected for the simulation was a subset of thastfamroad system provided in GIS format. The odfile had a very high
degree of detail and was composed of more than@4dtads (shown in light grey in figure 3). Accorglito a hierarchical

Session 3 — Use of modelling in support of EU air quality directives 417



HARMO13 - 1-4 June 2010, Paris, France - 13th Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes

classification, a subset of 3314 streets was salefr the CarUSO simulation (black polylines igufie 3); among the
criteria applied for the selection were: high hiehgy level and availability of traffic measurements

The “network connection” is mandatory (any cougi@ades must have at least one connection pattWyaderry lines were
added to connect the islands (Jorf — Ajim and Sfe&idi Youssef lines) to the mainland. However, thé&ulated traffic
flows on these links were found to be quite lowd avhen estimating the emissions, they were cut fitoentraffic network
and treated differently elsewhere in the inventory.

Measurement availability

The availability of traffic measurements was veighh(48% of the selected links); they are the restiextended campaigns,
led over the country in a few years. The colleatiedla (daily averages) was quite inhomogeneousnie &ind needed
harmonization. This is one of the reasons why #idranodel was applied despite the high availapilaf traffic
measurements. The traffic model further allowediving:

1. the assignment of traffic flows on the remainiimggs (around 50% of total model road network)eThodel simulation
uses an objective algorithm (instead of merely gisinbitrary assumptions), including iterative céd¢ions in order to
minimize the errors on traffic flow;

2. an O/D matrix estimation needed to calculathigéef emissions on the secondary traffic network.

Speed function

The average speed on each link was estimated Img asifunction of vehicle speed related to link sation (figure 1).
According to this function, the speed does not gkeasignificantly for F/C ratios lower than 50%, thiemapidly drops to
25% of the free flow speed at F=C to thereafterekese slowly (congestion regime).

vivO

FiC
Figure 1. Speed function — v/vO : real versus ftee-speed ratio; F/C : traffic flow versus roaabacity.

Table 1 shows free flow speeds and capacities addptthis study according to road hierarchy; sinoecalculated traffic
flow was found to be higher than 50% of road cayathe speeds were all estimated to be closectdrée flow values.

Table 1. Free flow speeds and capacities accotdingpd hierarchy for the Tunisia CarUSO simulation

Road hierarchy level Free flow speed (km/h)Capdgeih/d

1 110 144000

2 90 115200

3 70 48000

4 50 38400

5 30 28800
Ferry Jorf— Ajim® 1 500
Ferry Sfax— Sidi Yousséf) 15 15000

Note: (£) — The speeds are estimated from the feawel time and distance
and the capacities are based on the maximum nushivehicles per ferry and
the number of ferry trips per day

Origin/Destination zones

A number of nodes have been defined as O/D zoressaurces and sinks of traffic inside the netwdmkprinciple, the
selection of these zones should be done accorditigetreal situation (correspondence with big sty modal interchange
points, parking lots, ...) but the attachment poiitshese real zones to the virtual network (theaed links used in the
simulation) is often uncertain, not obvious or atije. Moreover, all the terminal nodes shouldieated as O/D zones and
some zones are further added or (slightly) movethénprocess of model configuration and optimizatidevertheless, if
used after aggregation inside consistent areas,v@liles have proven to give a picture of diffusdfic on the secondary
network realistic enough for the sake of emissialeudation (Caloriet al, 2009).

Figure 3 shows the position of the selected O/Degpfor the whole network as well as for the narihgart of the country
(city of Tunis); finally a number of 289 O/D zonwsre selected for the entire road network.

Setup and results of the traffic simulation

The CarUSO simulation was performed starting fromrietwork described above. It is the result ofatige refinements,
from a “zero” simulation, made on the local scaléniprove the model performance at the traffic dmgnsections.

The two most important traffic link attributes, érédlow speed and road capacity, were chosen acupridi the street
hierarchy (see table 1). To better account forasitms of congestion, a relative high maximum num(¢ of alternative
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paths were allowed between 2 different O/D zonem &ich contexts vehicles normally tend to chaitigerary to avoic

queues.

The resultof the simulation in terms of traffic and O/D floave shown in figures 3. The model confirms thathfghesi
volumes can be found in the northern (Tunis, BanXabeul, Hammamet) and nc-eastern (Sousse, Monastir, Mokni
Sfax) parts of the networlsouth of Zarzis, which is the entry point to jerba island, the estimated traffic flows are m
lower. As for the western part of the state, sooreentration of traffic is estimated around Le Eefl Gafs:

Table 2 presents a summary of the nucal simulation. The total length of the simulatedwork is about 15000 km (1/:
of the length of the original road network); mohan 24 * 1€ kilometres are run by vehicles in a day (1629 ves/the
average throughput); the model estimates that rthan 1.6 * 16 vehicles daily either enters to or exits from thaim

network.

As for the uncertainties of the simulation, evadabat the traffic counting sections and comparetl thie mean traffic flw,
the root mean square error (RMSE) obtained v9% and the mean module of relative errors (MMRE) 44%e error
might seem high, but considering the fact thatntioelel is not deterministic and doesn’t include harbaehaviour, the resis
are quite reasonable. The stage of preprocessidgharmonizaon of the traffic counting input data which was te
inhomogeneousas well as the selections made of road links ttu@e in the simulation, further explains part of thrror.
However, figure 2 shows that the relative errotsi@ty are quite low athe links with high traffic flow

Table2. Numerical overview of the Tunisia CarUSO simuati

Description Total Network average
Length 15085 km
Traffic flows 24569247 veh*km/d 1629 veh/d
O/D flows 1654972 veh/d 5727 veh/d
Errors RSME: 58.8% MMRE: 43.8%
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Figure 2 Diagram of modules of relative errors (Y) vsatele flows (X). Relative flows are expressed wigBpect to the netwoiaverage
value; the black line shows the linear fitting.
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Figure 3. Trafficsimulation results at national scale (left) ang sitale (Tunis, right

FROM O/D ZONES TO AREA SOURCES
Once the traffic model simulation was completee, diifficulty remained how to use the model outpoid links and O/L
flows) as “activities” to b crossed with “emission factors” (EF) to finallgtain “emissions”. As the set of EF used in
modeling are based on the official ELBPERT methodology and are given in grams per kilerm@er vehicle, the numb
of kilometers travelled inside the n¢ork had to be estimated. Since the traffic flowstba main network is directl
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associated to linear sources the total numberlofrigters driven can be calculated by simply summipghe product of
traffic flow and road length on each road segméhe resulting O/D matrix can however not be usedaaily for estimating
the emissions from traffic on the secondary roads iicluded in the CarUSO network).

Thus, the set of O/D zones was divided into 35ttetal areas and the total O/D flows per area w@gregated; thereafter
each area was given an internal average trip leagthfor each area the driven kilometers were tatled as a product of
O/D flows per average trip.

Each area was identified according to:

« the number of estimated O/D flows: the major valuese treated separately (or in smaller aggregs}jathe minor
values were further aggregated;

» the accessibility to and from the O/D zones;

« the homogeneity of the secondary network textucedensity.

The extensions of the defined areas varied from®18839 kriiand the O/D flows from 1750 to 148686 veh/d.

As observed in previous projects, for example idiriagrad (Caloriet al, 2009) and in Doha, a good “conventional”
estimation of the average internal trip length iso¥ithe circumference of a circle having the sameaa(CCSA).
Nevertheless, this estimation doesn’t accountHerrbad density inside the area, a property whieBymably influences the
average trip inside. In order to include the roaddity on the secondary road network in the estimaif the average trip
length for the traffic area sources prepared fer Tanisia inventory, a linear function of the squamot of total length of
secondary roads inside the area was derived (equh)i

Lt =195 * (lsp*® (6]
where: Lgris the total length of secondary roads insideQHe area and Lis the average internal trip length.
As a matter of fact, Figure 4 shows the linear @ation between ¥4 of CCSA andsf)"® thus, in formula (1) & includes
both extension and road density aspects.
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Figure 4. O/D areas. Linear regression model ob1@CSA (Y) vs square root of total lengths ofaatary roads inside (X).

About 2/3 of the areas showed total distance dessiower than 15000 veh*km/iéd; seven between 15000 and 65000
veh*km/knf/d (Sousse, Tunis-Beb El Falla, Rades, Manubah, Narttis, Soukra-Carthage, Gammarth, (areas are named
according to main town or district)); five highdran 65000 veh*km/kAfd (Tunis-Marine, Tunis-Cité el Kadra, Tunis-
Airport, Zahra-Keredine, Marsa-Sidi Bou Said).

The total number of kilometres run by vehicles bea secondary network according to the O/D matris feaind to be 4.7
times higher than those observed on the main nktwor

TRAFFIC EMISSIONS CALCULATION

Total distances travelled, on the main and secgndaad networks, were subsequently used to cakudaissions,
according to EU-official COPERT methodology. The COPERdthodology is part of the EMEP/CORINAIR Emission
Inventory Guidebook, being fully consistent wittetRoad Transport chapter of the Guidebook (EMEP/CORRA007).
COPERT is also a software program aiming at the tatlon of air pollutant emissions from road trangd&@katzoflias D.
et al, 2007). As atmospheric dispersion modelling n¢eds fed with emission data highly disaggregatetinie and space,
a software tool, TREFIC, has been developed integrdtie COPERT methodology. TREFIC can directly tretd dlam a
traffic model and expand the COPERT program functites to satisfy dispersion modelling requestsr{iiaA. and Radice
P., 2004). As the present study was led duringaasttion period between the old COPERT 3 and the GOKRERT 4
versions of the methodology, COPERT 3 was usedaftjsoximation was acceptable as the target yedhéonational fleet
was 2006 and COPERT 3 covers all the emission stasdafated to this year (up to the EURO 4 vehicléssion
standards). A comparison between the two methodesdag presented below.

COPERT estimates emissions of all major air pollstg@O, NOx, VOC, PM, NH3, SO2, heavy metals) produbgd
different vehicle categories (passenger cars, liyhy vehicles, heavy duty vehicles, mopeds andorogtles) as well as
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greenhouse gas emissions (CO2, N20, CH4) and fusuiagtion. The methodology also provides specidtom™MO/NO2,
elemental carbon and organic matter of PM and netirame VOCs, including PAHs and POPs. Emissionmattd are
distinguished in three sources: Emissions produkeahg thermally stabilized engine operation (hotigsions), emissions
occurring during engine start from ambient temper{cold-start and warming-up effects) and NMVOdssions due to
fuel evaporation. Non-exhaust PM emissions frore gind break wear are also included. The total émnissare calculated
as a product of activity data provided by the @set speed-dependent emission factors calculatéuebsoftware.

In addition to the COPERT methodology, the TREFIC paogincludes optional PM emission factors developgdhe
IIASA institute in the framework of the developmeuit the GAINS model (IIASA, 2010). TREFIC further Indes a
simplified congestion treatment, it generates toisaggregated emissions and the program yieldsubatpmpatible with
main GIS software

Fleet Distribution
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Figure 5. Tunisia 2006 vehicle fleet distributicer gmission standards (left), categories (centrd)fael (right).

Another parameter of importance for the traffic ion calculation is the distribution of the cirttimg fleet into COPERT
vehicle categories. For the present work, statigtiovided by the ATTT (“Agence Technique des Tratg Terrestres”,
Tunisia) was used. The percentages of vehiclesletivinto different emission standards, vehicle grties and fuels are
given in figure 5.

RESULTS

Table 3 presents the emission and fuel consumpéisults. The contribution of emissions from arearses is about 2/3 of
the total emissions.

Thanks to the availability of national data on feehsumption for road traffic (1474 kteply) it isgsible to compare the
methodology results with observations. Even if toenparison is made only for this variable and amational aggregated
level, the results are quite satisfactorily. Theabrdifference could be explained by the uncertasmin the distribution of
traffic densities and vehicle fleet as well as lom iypothesis made on the vehicle speeds.

Table 3. Road traffic emissions and fuel consunmptiaiculated for Tunisia (kt/y or ktep/y)

Total Line sources Area sources
NOXx (ktly) 31 10 21
NMVOC (ktly) 7 2 5
PM10 (ktly) 2.3 0.7 15
PM2.5 (ktly) 1.9 0.6 1.3
CO (ktly) 56 21 35
Fuel consumption (ktep/y) 1559 510 1049

Comparison between COPERT 3 and 4 methodologies

As COPERT 4 methodology recently has been incorporanel tested with TREFIC, a comparison between thigsén
factors used in the study (COPERT 3) and its latdsaise (COPERT4) has been possible; the resulthawensn table 4.
All differences in the results obtained can be exmd by the modifications in the emission factbetween the two
methodologies. Fuel consumption in particular is/@wer than the national data; this is probablyen®alistic considering
that, for example, the calculation did not accdiontintra-zonal trips (trips starting and endingide the same zone) and,
Tunisia being surrounded by low population densdgions, the balance of fuel for inter-nationapdri(starting from or
ending outside the national borders) is probabbkitp@. Concerning the different pollutants, thergase of NQ emissions
on major roads (line sources) and the decreaseMY®C, dusts and CO emission in urban areas (arexesucan be
noticed.

Table 4. Road traffic emissions and fuel consunmptimiculated for Tunisia (COPERT 4)

Total diff. (C4-C3) Line sources Area sources
NOx (ktly) 37 (+19%) 17 20
NMVOC (ktly) 4 (-43%) 2 2
PM10 (kt/y) 1.6 (-30%) 0.7 0.9
PM2.5 (ktly) 1.3 (-32%) 0.6 0.7
CO (ktly) 47 (-16%) 22 25
Fuel consumption (ktoely) 1265 (-19%) 475 790

CONCLUSIONS
The Tunisia national emission inventory for roaafftc sector was fed via a bottom-up approach iivngj the results of a
traffic assignment model. This method has the adggnto estimate the emissions from the main raadne sources” and
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the secondary ones as “area sources”, using résggadhe links and the O/D zones of traffic flowkhanks to our previous
experiences we proposed a formula to estimate \theage trip length inside each O/D zone, needezhlitulate the total
kilometers driven inside each zone (the activitiadased for emissions estimation). Through thisisempirical formula,
information on road extension and density are amisd. The emissions were then calculated usingCB®ERT3
methodology. Results for fuel consumptions, whenpmamed against national statistics, proved thebiiiya of the method

in estimating energy consumption from road trafiith very good approximation. The switch to the moecent COPERT4
methodology showed differences that are negatweg( emission factors) for NMVOC, CO and dusts omaartpads and
positive for NG on major roads. Estimated fuel consumptions wanet than the ones estimated with COPERT3, which is
probably realistic as in principle our approachudtiaunderestimate the real national figure.

The presented methodology can be easily adapteth&és contexts, at national and local scales arld @iad networks of
different levels of detail.
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