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Abstract; The Port District of Manila drafted a25-year development plan that will cover the
improvement of the South Harbor, the North Harbor and the Manila intemational Container
Terminal (MICT). The objectives of that master plan are urgent port extensions.for coping
with the growing cargo and passenger traffic. Numirous studiJs in ihe past recommended that
port development projects should be evaluated considering their trafhc impact considering
that the port's land operation is severely hampered by Metro Manila's traffrc congestion. Ii
this study, traffic impacts of the projected vehicles to be generated by the profosed port
expansion were analyzed using the TRAF-NETSIM simulation software. Since'these port
projects will generate mostly freight/cargo traffic, the focus of the this study will be on truck
traffic and will incorporate related issues like the effect ofthe proposed inirastructure along
truck routes and the utilization of railroad as an altemative to trucksln cargo distribution.
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I. INTRODUCTION

The Port of Manila is the center of the Philippine port system. It is composed of the South
Harbor, North Harbor and the Manila Internitional Container Terminal (MICT). The port
serves as the country's link to major cities of the world and the junction of domestic and
international trade. Its economic importance is reflected on employment generation, business
opportunities in shipping, cargo handling and other services relatedto the shipping industry.

Despite the planned transfer of intemational cargo to other areas, the planned expansions ofport facilities at the Port of Manila will always continue to serve'the needs of Manila
cornmerce and industry in the foreseeable future. Based on the Port of Manila 25-year port
Development Plan that was drafted in 1995, total sea-bome cargo for the port of Manila is
expected to grow at l}Yo per annum, so that in 2010 it is expectid to be four times the 1995
throughput. This projection by not be realistic today considering the slowdown due to the
Asian financial crisis. However, for planning purpor"s, the projJctions based on that study
were adopted.

There is a particular problem in the port strategy for the Port of Manila being the dominant
source of and market of port traffrc. Basically, lana transport to and from the port of Manila is
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undertaken by road transport. The port's land operaliory are severely hampered by Metro

Manila,s traffrc congertiorr. rne increasing demands for port services and the growing

"ot 
g"rtion require illprovements in the road system to 

-keep 
up wip the demands for

"m-Ji"."y. 
fhis particutar study aims to 

"ttest 
th" traffic impact of the proposed port

a"""i"pri*t through traffrc simulation. This will also discuss the applicability of the traffrc

ri,""l;il software-TRAF-NETSIM in evaluating the traffrc impact scenarios'

2. METHODOLOGY
Data Gathering

Survey of Traffic Signals; Traffrc Volume from TEC

Integration of Different Port Project Proposals

TriP Generation for Year 2015

Forecast Additional Trucks due to Port Development

Forecast Traffrc Volume for Year 2015 based on MMUTIS Study

-.tf-

Comparison of Results

Conclusions and Recommendations

Figure 2.1 Flow of StudY

Four cases will be simulated to represent the different scenarios prior and upon completion of

the said development ptG;. iase O depicts the present condition that is, present traffrc

volume on the existing ,oujr"uy facilities. Case I ripresents the scenario for the year 2015

assuming that the proposed port development grojects will-not materialize' The growth in port

traffic until the port reaches its saturatiln tevet is included in the assumption of Case l ' Case

2 will simulate the scenario for the year 2015 wherein forecasted traffic volume as per the

=.G

-.c-

Simulation of Case 0: Present Traffic Volume

Calibration of TRAF-NETSIM; Validation of Results

(Forecasted Traffrc volume by Year 2015 considering Maximum utilization of Existing

Port Facilities)

SimulateCase2:(NoAdditionatRoadlnfrastructure''Scenario
(Forecasted Traffic Volume by Year 2015 plus Additional Trucks due to Port

Development on Existing Road Network and Railway)

Simulate iase 3: Elfect of Proposed Elevated Expressway

(Forecasted Traffic Volume for the Year Z-015 ptus Additional Trucks.on Existing

Roaaway considering the Proposed ElevatedExpressways with 30/70, 40/60 and 50/50

split on iraffrc Vblume and the Proposed Expansion of R-I0)

Traffrc Impact Analysis Thru Simulation

Simulate Case 1; "No Port Development" Scenario

.-E-
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MMUTIS study plus the forecasted truck traffic to be generated by the port development will
be tested on the existing roadway facilities considering the effect of the railway. Since the
railway facilities are already in place, it is assumed to take an important part in the
distribution of the containerized traffic. The MMUTIS study proposed u iort *.rs
improvement plan consisting of the elevated expressways that-woula help decongest the
existing road network and the planned R-10 expansion to have a 50-m Row. case 3
considers the effect ofthese proposed infrastructures on the existing road network.

2.1 Data Gathering for Simulation of Base Case

Data necessary for the simulation mn are topology and geometrics of each roadway
component (in the form of link node diagram), channelization of traffrc, traffic signal timing,
trafftc volumes, turning volumes, specification of transportation modes and-designate-d
vehicle routes.

2.1.1 Survey of TraIIic Signals and Roadway Geometrics

The study area for simulation (Figure 2.1) is bounded by R-r0, Tayuman st. (c-2), A. H.
Lacson St. (Gov. Forbes St.) and P. Burgos St. The study area consists of 73 signalized
intersection. Of the 73 intersections, 5 signals were out of order. Ten signal cycle tiines per
intersection were observed to check the stability of the count. The recorded cycle time of the
intersections varied from 80 seconds to 180 seconds. The allocated green time per phase for
left-tumers varied from l0 seconds to 80 seconds. Allocated green time for *uough traffic per
phase ranged from 35 seconds to I l0 seconds. The observed amber time is 3 seconds.

Figure 2.1 Study Area for Simulation
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2.1.2 Traffrc Volume Data

The traffic volume data was taken from the periodic taffrc survey gathered by the Traffic

Engineering center (TEC). The moming peak volume was used in the simulation.

2.1.3 Idcntification of Truck Routes

Metro Manila experiences traffic congestion on major routes throughout the day prompling

the imposition of th" truck ban scherie, which limits cargo movements within, to and from

Manila. Truck routes and other prohibitions of tmck movement have been in force in Metro

Manila since 1978. The designated truck routes to and from the Port defined by MMC

Ordinance No. 5, 5.1994 that6[6 not included in the tnrck ban scheme are used in this study'

2,2 Trip Generation for the Year 2015

One basic factor needed to evaluate site traffrc impacts is an estimate of the amount of traffic

generation associated with the developmqnt. For the year 2015, the-ln:rease of traffrc volume

In the study area is based on the factlrs generated by the MMUTIS Study. The estimate of
the amouni of freight traffrc to be genJrated by the port development was based on the

projected cargo to be handled by the port.

2.2.1 Factors Used in Forecasting Traffic Volume by Year 2015

There are three (3) major factors identified by the MMUTIS Study which will contribute to

the increase of traffrc load on the roads in the future:

a.) population growth
b.) relative increase of private mode

c.) increase in average trip length

Jane R. ROMERO and Ricardo C. SIGUA

1.58 times
1.35 times
1.40 times

MICT t26 440 3.50

Total 297 930 

- 
3'13

Source: MMUTIS

2.2.2 Forecasting of Additional Tructts to be generated by Port Development

The projected port cargoes based on the Port of Manila 25-Year Port development Plan were

converted to the number of trucks that will be used for its hauling and distribution to evaluate

ihe tratrc impact on the road network. The result of the O/D survey conducted by JICA in

1994 was aaoptea to locate the destination ofthe cargoes. An average truckload equal to l'75

TEU was used.

Table 2.1 shows the additional trucks to be generated by the proposed development projects'

Table 2.1 Forecasted Average Truck Tralfic (fruck/Hour)

North Harbor 88 145 l '65

Joumal of the Eastem Asia Society for Transportation Studies, Vol.4, No'3. october, 2001
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The present truck traffic generated by the port is expected to increase 3 times after the
complelion of the port development plan as shown in riarcz.z. Meto Manila will remain as
the major hinterland of the Port of Manita

Table 2,2 Distribution of Forecasted Truck Traflic

Destination Number of Trucks/llour

Northbound t45
Eastbound 440

Total 930

2.3 Assumption for Optimum Rail Operetions

Considering the same capacity for the northbound rail, 4l TEUs per trip (one-way), tabulated
in Table 2.3 are following assumptioni for the optimum operations of raii in haniiing freight
distribution to alleviate road traffrc.

Table 2.3 Assumptions for Optimum Operations of Rail

train
Time, in seconds, to cross road intersections

Number of trips pgl hour

l5 meters

57 seconds
(approximately I minute)

2 tripVhour

2.4 Simulation Using TRAF-NETSIM

Simulation is advantageous in analyzing large networks wherein controlled experiments are
not practical. TRAF-NETSIM is a simulation model that allows the taffrc engineer to
evaluate complex strategies on a real-time basis for a given network. It models traffic
stochastically, using the Monte Carlo technique to represent different driver behaviors.
TRAF-NETSIM consists of an integrated set of simulation models, which in aggregate
represent the traffic environment. The choice of using TRAF-NETSIM in this stuJy ;as
mainly because it is the only simulation software available to the researcher thit has
capability for network simulation.

The TRAF-NETSIM model accurately replicates the flow of traffic through an intersection,
utt"_"ul network, or grid network. The simulation describes in detail the operationai
performance of vehicles traversing the network on a microscopic level. For exarnple, each
vehicle's Position, speed, and amount of time in the network ari kept in memory throughout
the run. This provides a trajectory for each vehicle throughout the simulation run.

2.4.1 Building of Simulation Network

The model network is composed of 79 internal nodes, 23 entry/exit nodes and 32 signalized
intersections. Although data for 68 traffrc signals are availablq only 32 signals were-used in
the simulation because minor signalized intersections within the study area that are not
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affected by truck traffic were no longer modeled' Initial attempt to model even the minor links

;r;;;;';t* rurg" foi tt r .oftt i" resulting to no graphics output. Inlinks wherein haffic

signal timing was not ur"a, tnt free flow speed was 
-rcduced 

accordingly to reflect the

stopping at intersections.

2.4.2 Calibrating TRAF-I\ETSIM

The following traffic parameters shown in Table 2.4, which reflecl the- local conditions' were

"aj*iJ 
a 

"ilib*t" 
tie model. The truck routes were modeled using the record types for bus

;;i;r. The initial buVtruck headway is 90 seconds or equivalent to.40 trucks per hour per

lane. The jeepney was treated as carpool vehicle in the simulation to distinguish it from cars'

Jane R. ROMERO and Ricardo G' SIGUA

Table 2.4 Tralfic Parameters

desired free flow sPeed

start-up acceleration rate

passenger c,ars

jeepneys (carPools)

trucks

'a.i."ii"ui". <z .M mlsl)

'rtorr rnoring 
"ehicles 

(i.33 m/s2)

l5 mptr/24 kph

5.5 mph/sec2
3.0 mph/secr

2.4.3 Checking of Stability of Simulation

After calibration, there is a need to check the stability of the simulation model' The

initialization process affects initial simulation cycles so $;bility of the simulation should be

validated. An initialization of I I minutes was necessary as "fill-up.time" prior to simulation'

The base data was simulated for 30 minutes. The flow rate of vehicles entering the network

was gtaphed relative to cycle time. of the 17 enlry nodes, 2 !{y nodgs-were presented here:

nodes 701 (R_10) ana zi+ Gat Ave.), From Figure 2.2 atd Figure 2.3, after l0 cycles, the

flow rates were alreadY stable.

' default valul for buses (0'9 m/s2)

ffiyNo&714fidee.)

30m

2000

10m I

FO(O

Figure 2.2 StabilitY Check at Node

714 (Taft Ave.)

2.0

?ltFPPPgNRR
qPb 

-'ffiL ,---l

Figure 2.3 StabilitY Check at Node
701 (R-lo)

ErryI.E7Ol(R1Qm15mo
E,miu)otr0

o
6

'-9IL
@cDNlfr@i-6lNNqp'e l=:Tl
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2.4.4 Validation of Results

To validate the results of the simulation, the actual flow rates through the links are compared
with the simulated flow rates. The longest path in the nerwork was selected foi ttre
comparison of flow rates. Referring to Figure 2.1, these are the streets fronting the North
Harbor and South Harbor, Bonifacio Drive and R-10, which are composea or tg tinks
(southbound and northbound).

Figure 2.4 shows the comparison between the actual and simulated traffic count along
Bonifacio Drive and R-10 (Northbound). Figure 2.5 shows the comparison between thi
actual and simulated traffrc count along Bonifacio Drive and R-10 (Southbound).

B 3000
I
: 2000
A! 1000s€0

NETSIm v! Phytlql Countr: Thru Tnmc
{Noihbouod}

1234567
Llntt

Figure 2.4 Comparison Between
Simulated and Actual Traffic Count along
Bonifacio Drive and R-10 (Northbound)

NEf$f vr Phpbd Cour6: Ihru Tntnc
(Southboundl

3456
Lhtt

Figure 2.5 Comparison Between
Simulated and Actual Traffic Count along
Bonifacio Drive and R-l0 (Southbound)

89I

The actual values were graphed relative to the simulated values to check the relationship
between the actual and simulated values as shown in Figures 4.4a and 4.4b. The resulting Rf
for the northbound section is R2 = 0.8175 and R2 = O9i$ for the southbound section. These
indicate strong relationship betrveen the actual and simulated values.

3. TRAFFIC IMPACT ANALYSIS USING SIMTJLATION

3.1 Scenarios for Traffic Simulation

Four cases representing different scenarios will be evaluated through traffic simulation.
Summarized in Table 3.1 are the assumptions for each case.

Table 3.1 Scenarios for Traffrc Simulation

TRAFFIC VOLUTffi PORTACCES
ROAD RAILWAY

1998 2OI5 PORT NETWORK
CASE O

CASE I
CASE 2
CASE 3

- with proposed improvements

Joumal of the Eastem Asia Society for Transportation Studies. Vol.4, No.3, October, 2001
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3.2 Simulation of Base Case (Case 0)

Simulation of Base Case (Case 0) is the simulation of the present traffic situation at the study

area. Figure 3.2a shows the simulated present average speed along the Study Area' The

averageietwork speed is 15.84 kph. The simulation captures the actual trend of the average

,p""iin the study area. The reiulting average speed already denotes a congested traffic

situation. As it is, the road network is inadequate in handling the present traffic volume. On

the other hand, the proposed port development is also inevitable, as it is needed to cope up

with the growing port iraffic. It is for this reason that the forecasted scenarios are necessary

for evaluation to assess their traffic impact.

Jane R. ROMERO and Ricardo C. SICUA

Fig. 3.2a CASE 0 Average Speed (kph) Fig.3.2b CASE 0 DelaY (sec/veh)

Fig. 3.3a CASE I Average Speed (kph) Fig.3.3b CASE I Delay (sec/veh)

Joumal of the Eastern Asia Society for Transportation studies, vol.4, No.3. October, 2001

Fig. 3.3a CASE I Average Speed (kph)

Figure 3.2b shows the simulated delay, in seconds per vehicle, along the Study Area' The

f{ef-NpfSIM output is on per link basis wherein phase failures instead of cycle failures at

intersections are calculated.

3.3 Simulation of CASE 1: " No Port Development Until2015"

Figure 3.3a shows the simulated average speed considering this scenario' The average

n&ork speed for CASE lis 10.52 kph. Figure 3.3b shows the simulated delay for CASE l.

ra bh- rh6
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The average speed of 10.52 kph has a corresponding move/total ratio equal to 0.32. This
means that move time is 32% of the total tavel time and delay time (queuing time and
tJoqpjng time) comprises 68% of the total travel time. This scenario is aeinitetyivorse than
CASE 0, specifically 34 % slower than the present average speed. additional road
infrastucture projects and/or optimized rail operations should be considered to mitigate the
traffic congestion manifested by the results ofthe simulation of this scenario.

3.4 Simulation of GASE 2z nDo Nothing scenario, - Forecasted rraffic volume
(2015) Plus Forecasted Trucks Considering No Additional Road Infrastructure

The average network speed considering the "do nothing" scenario is 10.96 kph as shown in
Figure 3.4a and Figure 3.4b shows the simulated delay.

Fig.3.4a CASE 2 Average Speed (kph) Fig.3.4b CASE 2 Delay (sec/veh)

CASE I assumed no port development projects, no improvement in road network and no
$owth in rail operations while CASE 2 considered no improvement in road network but with
port development and optimized rail operations. The resulting average speed considering the
scenario of CASE 2 is 10.96 kph, which is slightly an improvement (+4Yo) compared to the
results of CASE l. This indicates that the additional tnrck traffic to be generated by the
proposed port development projects can be handled by the assumed optimum rail operations.
Promoting the utilization of rail in freight handling and distribution should be encouraged.

However, the resulting average speed is still way below the present average speed, I 5.84 kph..
This means that improvement in road network should be taken into consideration to alleviate
traffic congestion.

3.5 Simulation of CASE 3: Forecasted TraIIic Volume (2015) Plus Forecasted Trucks
Considering the Proposed Elevated Erpressway and Expansion of R-10

TJre average network speed is 13.28 kph as shown in Figure 3.5a. This improves the average
speed of the "do nothing" case by almost 21Yo. However, this is 16%o lowir than the present
average speed. Figure 3.5b shows the simulated delay.
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Fig.3.5a CASE 3 Average Speed (kph) Fig.3.5b CASE 3 DelaY (sec/veh)

Table 3.2 Results of Simulation (Network)

The results of cASE 3 improved in comparison to the results of the GASES I and 2' Some of

tt 
" 

o*ug" speeds utong tii" tirt , *" 
"u"n 

better than the average network speed,-l3'28 kph"

Ho*"n"itfr"re values io lo*., than the present average speed. Improvement of other links

and opening ofaccess points should be considered to s€rve as altemate routes.

3.6 Comparison of Results and Analysis of Simulation

Tabte 3.2 shows the results of the simulation ponsidering the four cases' The res\tting

average speed of C"r" O, iS.g4 kph, alrea{f denotes a congested scenario' This can be

validated by the move/total ratio wireiein otly +SX of the total travel time are the vehicles

moving.

Ratio
Move/Total (veh-min)

0. I

Average

CASE 1

CASE 2
CASE 3

0.32
0.32
0.38

2065.10
2135.98
1574.92

3059.15
3143.74
2540.31

10.52
10.96
13.28

The ..no port development" scenario of GASE I yielded an argrage speed equal to 10'52 kph'

or a34Yoreduction (5.32 kph) on the present average speed. The scenario. ofCASE 2 wherein

the effect ofadditional truck traffic to be generatea bV ttre proposed portdevelopment projects

are considered as well as the effect of in optimized raii service yielded an average speed

"q,ato10.g6kph.ComparingthistothgresultofCASEl,thereisaSlightimprovement(4%) inthe average ,p""i. fnir denotes that the optimind rail service is needed to facilitate

the hauling and distribution of the additional cargo traffic to be generated by the proposed

;;" ;r"d". rn" "n""i 
or o" p,oposed elevaled expresswaygg l-10 road expansion

considered in CASE 3 yielded an average speed of 13.48 kph' This improves the average

,p""a 
"iCeSE 

2 by Ziit". io*"u"r, 
"rJn 

with the proposed additional road.infrastructures

;t;pii*i*d rail service, the simulaied speed for the year 2015 is still lower than the present

Joumal of the Eastem Asia Society for Transportation Studies, Vol.4, No.3, october,200l



2t7
Assessment of Ttaffic Impact of Port Development Projects (The Case of Port of Manila)

average speed by 16%. TSM and TDM measurcs are necessary to help improve the average
network speed.

To validate the network results and to check the effect ofthe different scenarios along major
streets, significant simulation outputs were tabulated on per sheet per direction basis.

Table 3.3a Bonifacio Drive (Southbound)

r1^^^ Vehicle Vehicle Delay Total Travel Time {veragecase Mi[; i;ipr rimi Time tri"i*t-i.rj ?ffii
t 496.14 1388 3210.06 sr94.63 224.6
2 794.47 2239 4137.72 7315.58 196.0
3 800.24 ' 2239 3777.91 6978.88 187.0

9.12
10.40
I 1.04

Table 3.3b Bonifacio Drive (Northbound)

^^^^ vehicle vehicle Delay Total Travel Time A-verage
case Mil".- 

'iip' Timi rime t'iJ*r':t'rpl tffii
I 559.50 1542 2490.44 4728.43 184.0
2 556.96 l54l 2366.t9 4594.02
3 561.13 1536 3455.53 3455.53

178.9
135.0

1 1.36
I 1.68
15.52

Table 3.3c R-10 (Southbound)

t1^^^ Vehicle Vehicle Delay Total Travel Time Average
case M1[;- irip, rimi rime (;;il;jb ffii
I 593.42 1370 4601.72 6975.38 305.5
2 553.55 1330 5659.78 787398 35s.2
3 1482.22 3431 2852.21 8781.08 153.6

8. l6
6.72
16.16

faUte i3d R-10 (Northbound)

Case
Vehicle Vehicle
Miles Trips

Average
I ravel I lme ^ a

SDCCd(sec/veh-tnp) (rpn)

Delay
Time

Total
Time

0

I

2

J

514.t7
453.50
477.09
704.58

t203
t062
tt25
1644

255.1
280.6
272.9
148.5

9.60
8.80
8.96
16.64

3058.70 5l1s.38
3t52.59 4966.60
3208.32 5l r6.68
1249.28 4067.62
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Table 3.3e P. Burgos (Westbound)

vehicle u.nffi rravel.rime. t#t"case Miles Trips Time Time (sec/veh-trip) 
i*onl

72.21 544 504.?l ?93.57 87.5 8.80

2 199.96 1680 1895.83 269s.67 96.3 7.20
79.0 9.60

I
2
3 75.80 577 456.76 759.95

Teble 3.3f P. Burgos @estbound)

vehicle Vehicle Delay Total Travel Time lverasecase r,atr,., irip, rimi ri; r'*i*r,-iipt ?ffii

I 157.12 l24l I l07.lo 1735.58 83.9 8'64

2 90.46 681 840.1I t20r97
3 117.78 878 778.68 1249.78

105.9
85.4

8.64
9.12

Teble 33g Espefte (Westbound)

Vehiclecase Miles
Delay
Time

177.0
160.6
159.9

I
2
J

Vehicle
Trips

Total
Time

7446.28
7546.00
7415.63

Travel Time
(sec/veh-trip)

verage
Speed

ll
7.84
8.64
8.74

608.64
674.83
682.14

2524
2819
2848

501 l.7l
4846.67
4707.08

Teble 3.3h Espaf,a @astbound)

Vehicle Vehicle Delay Total Travel.Time. 
ot'Sffi"

uase Miles Trips Timi Time (sec/veh-trip) 
iflpr,l

I 229.53 957 146.01 1064.13

2 l9t.o4 793 129.68 893.83

66.7 20.&

3 170.11 701 102.21 782.67
67.6
67.0

20.48
20.80

The results of the simulation are on per link basis so it cannot be directly compared t-o the

intersection analysis used in the Highway Capacity Manual (HCM). In addition, The Highway

Capacity uanuailHcu) signalizel intersection procedgre analyzes one intersection at a time.

ln TRAF-NETSIM, ttre inipact of one interseciioL if any, will carry to another, which is

critical in urban signalized areas. Parameters or factors affecting capacity and level of service

interacted to produce secondary effects.
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4. CONCLUSIONAI\TDRECOMMENDATIONS

Traffic simulation using TRAF-NETSIM can be used to assess and analyzr trafiic impact
scenarios as in the case of the proposed port development projects. The software could be
calibrated to adopt and reflect local settings.

The results of the simulation of CASE 0 confirm the traffrc congestion presently experienced
in the Study Area. The resulting average network speed, 15.g4 kph., *io corresponding
move/total ratio of 0.45 denotes that the present road network is inadequate to handle thi
present traffic volume. However, the proposed port development projects are also inevitable
to cope up with the growing freight and passenger traffrc and to bacompetitive to the ports of
the world.

The proposed port development projects must include in its implementation strategies on how
to facilitate and improve roadside traffrc. This is necessary foi efficient distributiln of cargo
to the port's hinterland. This study simulated 3 scenarios wherein the growth of the port L
well as some measures to alleviate road congestion were considered.

From the results of the simulations of CASE 0 and CASE l, the effect of the present rail
lPelatigns in handling containerized traffic has little impact in deconges(ing the road network.
I1-!ASE 2, the optimization of railway operations in freight aistribution can offset the
additional traffic forecast !y the proposed port development projects. The proposed road
network improvement like the elevated expressway and expansion of n-tO are also necessary
to cope up with the traffic forecast as tested in CASE 3. However, these are not sufficient t;
counterbalance the combined 

-traffic impact of the proposed port development projects and
growth of traffic volume based on the MMUTIS Study. 

-

The following countermeasures are recornmended for the improvement of traffic flow and
freight distribution.

l.
2.
3.

Utilizatibn ofrail in freight distribution and inland container depot
Improvement of road network
Recommendation for further studies on port related traffrc in relation to logistics flow
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