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Abstract. Air pollution in general, espccially air pollution from road traffic in particular in 
Hochiminh City (HCMC) are at the alarming. Using models to simulate air quality is needed to ■ 
managc and predict the air pollution levels. Research results have prepared emission inventory of 
air pollutants from road traffic, industry and domestic sources in HCMC. Besides, TAPOM and 
FVM models vvere uscd to simulatc ihe meteorological conditions and air quality in HCMC.
Emission inventory results from road traffic show that emission from motorcycles account for a 
signiiìcant amount o f total load o f pollutant emissions from thai source. Simulation results o f air 
quality give better results when using emission inventory with traffic emission íactors were 
cstimatcd in HCMC.
In addition, some scenarios to reducc pollution levels in general, especially air pollution ííom road 
traffic in particular show that, if  rcduce 50% number o f motorcycles (private transportation) and 
incrcase 10 times numbcr o f bus (public transportation), air quality will more improve and can 
rcducc trafíìc jam.
Keywords: Road ưaíĩic, emission invcntory, models, scenarios.

1. In tro d u e tio n

A ir quality  m odel is an im portant tool to 
m anage air pollu tion  in  urban areas. W e can use 
m odcls to prcd ic t im pacts in the process o f  
urbanization, such as  developm ent o f  traffic 
netw ork, the location o r cxpansion  o f  
rcsidcntial and  industrial a r e a s , ...

In our country in general and H C M C  in 
particular, the studies aim to  sim ulate air quality 
was initially im plem ented and achicvcd som e 
initial rcsults. Typically thcre w erc scveral

research prcỹects a t all levels and m aster thesis. 
H owever, onc m ajor lim itation in almost studies 
o f  data  on the em ission  íactors (EF) o f  air 
pollutants from  road  traffic  w as used from 
neighbour countrics. In addition, due to traffic is 
one o f  the m ain soưrce o f  a ir pollution gcnerated 
in H C M C  so  the sim ulation  results o f  air quality 
in that studies had m ore  o r less lim ited accuracy. 
T hereíore, in th is study, the  authors used results 
o f  the study estim ated  air pollutants EF in real 
conditions o f  transporlation  activities in HCMC, 
so the sim ulation resu lts o f  a ir quality will get 
m ore precision.
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2. E m ission in v e n to ry  fo r  a i r  p o llu tan ts

2 .1. Emission inventory daía

The general m ethodology for preparation o f  
the cm ission inventory  includes thrce main 
steps, identiíy  thc sources, sources 
classification and calculation o f  em issions. A 
temporal resolution o f  lh  is uscd, and 
calculations are donc for given w orking day 
Jan. 19, 2006. A s for the spatial resolution, the 
EI is calculated insidc grid used for m odeling 
35km by 35km  vvith 1 km  square cells. 
Em ission calculations are individually donc by 
sourccs and had valuc changes according to the 
each cells.

Three main sources are considered for the 
emission calculations include: road traíTic, 
industry and dom estic activitíes. Emission

Tablel. Road traffic emission

estimations are done for paramctcrs o f  air 
pollutants N O x, c o ,  VOCs and S 0 2. In particular, 
the emissions from road traffic activities using 
tvvo kind EFs data, EFs from China (used before) 
and EFs determ incd in IICM C.

2.2. M ethodology and  input data

a. R o a d  tra ffìc  source

Traffic em issions are calculatcd using three 
main groups o f  acliv ity  data: the georefercnced 
S tre e t netw ork , the fleet com position, and 
tem poral and  spatial variations o f  circulation o f 
this fleet. T he  cm issions are com putcd hour per 
hour, using hourly cm ission coefficicnts in day. 
In this study, we use EFs o f  a ir pollutants vvas 
devcloped in real conditions in H C M C  by 
authors (H o  M .D ., 2008) [1,2].

factors in Hochiminh City

No. Pollutants MC (g/km.veh.) LDVs (g/km.veh.) HDVs (g/km..vch.)
InHCMC Chi n a ( ) In HCMC C hinaf * InHCMC Chí na

1 NOx 0.05 ± 0.02 0.23 1.9 ±0.9 3.3 19.7 ±5.2 6.1
2 VOCs 2.34 ± 1.17 11.8 15.02 ±7.36 0.5 89.92 ±33.01 6.69
3 CO 21.85 ±8.67 17 34.8 ± 15.5 16.1 11.1 ±5.3 14.96

Note: MC (Motorcycle); LDVs (Light duty vehiclcs); HDVs (Heavy duty vehicles).
n : EFs from China (DOSTH, 2001 )[3].

b. Ịndustry source

Up to now , H C M C  has threc exporl 
P ro c e s s in g  z o n e s  a n d  12 in d u s t r ia l  a r e a s  w i th  a 

total area o f  2 ,354 ha. At present, H CM C has 
about 1,000 plants, factories and m ore than 
33,000 sm all-scale production íacilities 
handicraíts. In H C M C , the em ission calculation 
o f  air pollution load based on the em ission 
factors and the production process o f  industries 
that can bc applied:

Gin =  I  K in. Njn (g/year) (1)

W hich, Gin is em ission o f  pollutant i for 
sector n (g/year); Km is cm ission íactors o f 
pollutant 1 for sector n (g/tons o f  ravv matcrials 
or products); Njn is am ount m aterial or fucl o f  
íactory j for secto r n (tons/year).

c. D om estic  source
Em ission inventory from hum an activities 

p lay  an im portant rolc in m odeling a ir quality. 
Som e m ain  activities generate pollu tants such 
as bum ing  fuel (DO, FO , LPG, coal, etc), 
building hom es, offices (paint and other organic 
so lv en ts ,...)

2.3. Emission inventory resuỉts

Table 2 is the cm ission inventory results 
from sources in IỈCM C, w hich in road traffic 
source w ere d ividcd to tvvo colum ns, EI-1 is 
used em ission factors in H C M C  and EI-2 is 
uscđ em ission factors from  China. R esults o f  
cm ission invcntory  shovv that, w hen w e  used 
EFs from H C M C , cm ission load o f  N O x and 
V O C s are  low er (89,2%  and 43,5% , 
respcctively) but em ission load o f  c o  is higher 
(factor 1.32) value w hen using EFs from China.
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Table 2. Total emission o f  aư  pollutants by sources in HCMC
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No. Pollutants Road traíĩic (tons/year) Industry (tons/year)'2’ Domestic (tons/year)'31
EI-1 EI-2

1 NO, 30.161 33.822 41.310 3.878
2 CO 2.903.064 2.197.008 38.400 358.950
3 VOCs 405.062 931.188 30.900 44.213
4 s o 2 6.422 80.370 7.110

Sources: (I)EMISENS; (2'3>INTEX-B (Zhang Q. và nnk, 2009) [4].

2.4. Evaỉuaíion o f  the EIs over a  specific case 
study in HCMC

In ordcr to  assess thc tw o results o f  the EIs, 
an a ir quality model (A Q M ) at mesoscalc is 
applicd for two days Jan. 19&20, 2006. The goal 
is to com pare thc concentrations o f  c o ,  N O x, 
V OCs and Ozone generatcd by A QM  for both 
EIs (EI-1 and EI-2) w ith m easurem ent values.

a. M odeỉ description
T he m odels TA PO M  (Transporl and Air 

Pollution M odcl, M artini A. ct al., 2002 & 
2003) (5,6] and  FVM  (Pinite V olum e M odcl, 
C lapp icr A . et al., 1998) [7] developcd at 
LPA S-EPFL, are  uscd for this study. Thcy arc 
thrce dim cnsional Eulerian m odels using terrain 
follow ing grid and  íìnite volum e discretization. 
T he transport and photochem istry model 
TA PO M  includes the RACM  lum ped spccies 
m cchanism  chem ical so lver for gaseous phase 
(S tockw ell ct al., 1997) [8]. M eteorological 
input data for TA PO M  is obtains from thc 
m odel FVM , w hose borders can be forccd using

w ind and tcm perature íìelds from  large scale 
modcl rcsults. FVM includes an urban 
turbulcnce m odel w hich  speciíica lly  simulates 
the cffccts o f  urban areas on the m eteorology 
[9-14].

b. Comparison o f  sim ulated and observed 
concentrations

A íìrst com parison w ith  prim ary pollutants 
is conducts ([(C|£i-Cob.)/Cob.]%). Sim ulation 
results by EI-1 have value is closeer to the 
m casurem ents, espccially  for c o ,  prcsenting an 
avcragc pcrccntage difference o f  20% , whcreas 
for thc sim ulation results by EI-2, the 
percentagc dilTerence prcsents 35% . For N O x, 
thc pcrccntagc difference w ith  respect to 
obscrvations are sm aller for EI-1, although not 
so different from  EI-2 results. This indicates a 
clear underestim ation o f  c o  em issions in EI-2, 
w hereas for N O x both  EI-1 and  EI-2 generate 
sim ilar results.
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Fig. 1. Comparison c o  conc. at IIB slarion (Iefi) and NOx conc. at BC slation (right) on Jan. 19&20, 2006.
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Since there is no m easuring V O C s data, so 
w e use com parison O zone concentration as a 
w ay  to  assess the indirect to im pact o f  the 
change o f  V O C s em ission input data. The 
average concentration o f  O zone in the 
sim ulation episode and the m easurem ent values

at HB station show  that for EI-1, the percentage 
difference is about 10%, vvhereas for EI-2, the 
percentage difference is about 30%. Therefore, 
\ve can conclude that the sim ulation for EI-1 
vvill get reasonablc levels o f  O zone

5-1 B-2
A O b s e rv e d

9  13  17  21 25  2 9  3 3  3 7  41 
H o u r (h)

4 5

Fig. 2. Comparison 0 3 conc. at HB station on January 19&20, 2006.

2.5. Discussion and implicatioỉis o f  E I  results

a. D istribution o f  em issions by source and  
regioìi

Em ission inventory and distribution o f  air 
pollutants em ission from pollution sources in 
H CM C for spatial and tem poral by using GIS 
m ethod. D om ain w ith  dim ension o f  each cell 
Ikm 2 and have 35 cell for X and y direction is 
used in  this study. D istribution the em ission for 
tem poral estim ated as equation:

Eh =  Ea * fa * fw * fd /8760 (2)

Which, Eh, Ea are em ission load per hour and 
year, respectively; fa, fw, fd are coefficient o f 
emission distribution for each month, hour in day, 
respcctively; and 8760 is total hours o f  a year.

The em ission load in each cell is 
gam /km 2.h. W hich, the coefficient o f  em ission 
distribution for each m onth, vveek, and hour 
w as estim ated for each difference pollution 
sources.

The m ost im portant contribution o f  c o ,  VOCs 
and N O x in H C M C  is attributed from road 

traffic. A  sim ilar relative source strength is 
found for other developing countries, especially 

for CO , V OCs and NO*.

For S 0 2, N O x> CO and V O Cs, the 63, 30, 
94 and 69 % , o f  the total road traffic em ission, 
respectively, correspond to m otorcycles. This 
result is  entirely  reasonable that 95%  o f  thc 
total volum e o f  m otor vehicles in H C M C  is 
m otorcycles. T he most im portant contribution 
o f  CO , V O C s and NOx in H C M C  is attributed 
from road  traffic. A  sim ilar relative source 
strength is found for other developing countries, 
especially  for c o ,  V O C s and N O x.

For S 0 2, N O x, CO  and V O C s, the 63, 30, 
94 and 69 % , o f  the total road traffic em ission, 
respectively, correspond to  m otorcycles. This 
result is  entirely  reasonable that 95%  o f  the 
total volum e o f  m otor vehicles in H C M C  is 
m otorcycles.
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Fig. 3. Distribution o f the on-road vehicle emissions in HCMC by typc o f vehicle and by pollutant.

b. L im itations o f  the  m etììod  a n d  discussion  

W e can State th a t  u n c c r ta in t ie s  in  o u r  EI 
com c from three m ain sources: First, the quality 
o f  th e  input d a ta  vve h ave  co llcc tcd . Second, the 
extrapolation based on thc cxisting infom iation 
to  fill in thc rcm aining data  gaps. Third, som e 
aspccts o f  the m ethođology itse lf EM ISENS 
procedure, as it has been developed and initially 
applied  in South A m erican countries and South 
V ietnam  so it has som e rcstrictions to im prove. 
D cspite o f  lim itations, all rcsults above allovvs 
to conclude that EI w ith  EF from H C M C  have 
m ore reasonable sim ulation values than EI w ith 
EF from China.

3. S im u la tio n  o f  m ctco ro logy  a n d  a ir  q u a lity

3.1. Select simulation episode

Episode selcctcd for sim ulation based on 
several criteria:

In the dry season (January to A pril) bccause 
during that tim e cloudy sky, appropriate for 
FV M  model;

C oncentration o f  prim ary a ir pollu tants are 
high and stable in the m onitoring stations;

O zone concentration is h igh in the 
m onitoring stations and often excccd standards 
(180  ppb);

Based on thc critcria above, the period 
chosen ío r sim ulation is Jan. 19 & 20, 2006.

3.2. Settings in the model

T o sim ulate a ir quality in mesoscale 
requires precision and resolution o f 
m cteorological input data. To get the 
requircm cnts, FVM  m odel is run by using one 
w ay nesting m ethod w ith  5 domains. 
D im cnsion and resolution o f  dom ains are 
selected to  sim ulate m eteorology conditions in 
the study area as follows:

-  D o m a in l (D l) : D im ension o f  dom ain  2 0  X 

2 0  c e l l s ,  s p a t i a l  r e s o l u t i o n  1 5 0 k m  X 1 5 0 k m .  

This dom ain covers an  area o ĩS o u th eas t Asia 
and a parl o f  South C hina Sca;

- D om ain 2 (D 2): D im ension o f  dom ain 20 
X 2 0  c e l l s ,  s p a t i a l  r e s o l u l i o n  7 5 k m  X 7 5 k m .  T h i s  
dom ain covers an arca o f  South o f  Vietnam, 
C am bodia, T hailand and a part o f  the South 
China Sea;

- D om ain 3 (D 3): D im ension o f  dom ain 33 
X 3 3  c e l l s ,  s p a t i a l  r c s o l u t i o n  1 6 k m  X 1 6 k m . T h i s  

dom ain covcrs an  arca o f  the Southern 
provinces and parts o f  Central Southern 
provinces and  South C hina Sca;

- D om ain 4 (D 4): D im ension o f  dom ain 35 
X 3 5  c e l l s ,  s p a t i a l  r e s o l u t i o n  7 k m  X 7 k m .  T h i s  
dom ain covcrs an arca o f  South W estem  
provinces and  H CM C.
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- Domain 5 (0 5 ) :  D im ension o f  dom ain 38 
X 3 8  c e l l s ,  spatial r e s o l u t i o n  l k m  X l k m .

3.3. Bounclary a n d  in itia l conditions

This sim ulation uscs 6-hourly  data from the 
N CEP/NCAR (2006) rcanalysis dataset for its 
initial and boundary conditions. Data have 2.5 X  

2.5 degree global rcsolution w ith  17 p r c s s u r e  

levels at times 0Z , 6Z , 12Z and 18Z.

3.4. Topography a n d  ỉ  a n d  use data

Input data for FVM  m ođel also includes 
topography, land use, characteristics o f  the soil, 
roughness, hum idity  and thcrm al. All databases 
is took from U SGS vvith lkm  resolution.

4. R csulỉs an d  d iscussion

4.1. M eíeoroỉogical simuỉations

a. Boundary a n d  in iíia l conditions  

The model is first applied to  a 3.000km X  

3.000km grid, aim ing to  generate adequate

Central o f  t h i s  doinain  coiiìcidcs vvitlì the center 
o f  H CM C.

boundary and initial conditions for our mesocale 
domain. A very sim ilar behavior o f  the vvind 
pattcrns bctvveen the two days o f  the episodc in 
sim ulated by the  motlcl (in range N E to SE 
dircction). From 5h to  12h, the m ainly vvind 
dircction often betw een SE and N E directions, 
sim ilar behavior o f  the sea vvind. From 12h to 
14h, as influenced by sea-continenlal vvind so the 
m ainly vvind direction is SE.

b. M esoscale sim ulaíiotĩ 

D istribution o f  land use in urban areas in 
m eteorological m odel is quite com plex because 
th ey  nced  m any  in ío rm a lio n  su ch  as  density  and 
heigh t bu ild ing , a re a  o f  trccs and m any o thcrs 
inform ation. H o\vevcr, their classification more 
detailcd vvill get the  sim ulation results closer 
the m casurem ents. Becausc the resolution o f 
sm all dom ain is  lkm  x lk m  to  simulate 
m ctcorological in m esoscale so they necd somc 
corrcctions for su rface  data. D atabases for the

Fig. 4. Domains for meteorological simulation.
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correction is took from  U SGS and land use in 
HCM C. Dom ain D5 is choscn for sim ulate 
m eteorological as m esoscale in cpisode o f 
study. M easurem ent data from T an Son Nhat 
(TSN ) station vvas uscd to com pare vvith the 
sim ulation values.

c. Com pare simulcttion resu lt a n d  observed

+ W ind direcíion a n d  m n d sp e e d :

Sim ulation results from FV M  shovv wind 
speed depend on the typc o f  suríace. On the sea, 
the vvind vector is stablc on direction and value, 
\vind spccd in lo\ver \vhcn com e to  the 
continent. W ind dircction and w ind speed in 
continent is change a lot and depend on the 
distribution o f  the suríace therm al. In urban 
area, vvind speed is low cr bu t not clear. 
C om pare w ith the m easurcm ents show  wind 
direction consistent relatively. Com parison 
betw cen thc sim ulation w ith m easurem ent

values in ep isodc study havc coưelation 
coeíĩic ien t R =0.68 and 0.81 for \vind direction 
and w ind specd, respcctively.

+ Tem peraỉure

Sim ulation rcsults show the effects o f  sea to 
th e  s u r í a c e  tem perature d is t r ib u t io n ,  Coastal 

areas have low  an avcrage tem perature and 
tem pcrature variations. W hcn going into the 
continent, tem perature variations and average 
tem perature tcnds to  increase. T he highest 
tem perature in  dom ain D5 appear in the center 
o f  H CM C, thc rcgion have trccs and \vater 
surface area is  low. T he m odel predicts well the 
time o f  the day w hcn tem perature start 
increasing due to the sunrise (around 6h -  7h), 
as vvell as thc tim c o f  thc m axim um  value 
(betw cen 12h -  13h). C om parision between 
sim ulation and  m easurem ent values in episode 
study have correlation coefficicnt R=0.92.
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Fig. 5. C om parison vvind speed and wind dừeclion betw een sim ulation and  obscrvcd on Jan. 19&20, 2006.

4.2. A ir  quality modeliỉìg

Em ission inventory is calcu lated  for 24 
hours in Jan. 19, 2006 w ith lh  tem poral 
r e s o lu t io n  a n d  l k m  X l k m  spatial rcsolution in 
dom ain 35km  X 35km . B oundary and initial 
conditions were preparcd w ith  the same 
databases. A  pre-run o f  one day vvith the same 
em issions and w ind ficlds is conducted for all 
the sim ulations, in o rder to provide more 
realistic initial conditions.

a. P rim ary a ir  pollu tants

The process o f  transportation and dispersion 
o f  prim ary pollu tan ts in the Central o f  HCM C 
through have change d ispersion  tow ard at times 
during the day  but thc trcnd is m oving tow ard 
the SE d irection  in gcnerally, thc  sam e w ith  the 
m ainly vvind d ircction  in episode o f  
m eteorological sim ulation. D cpcnd on tim es o f  
day, the distribu tion  o f  air pollutant
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concen trations is  d iffe ren ce , th e  p cak  is  in  the 

m om ing  (7 -9h) a n d  at n igh t (20 -2  lh ).

B oth  s im u la ted  and  m easured  
concen tra tions o f  c o  an d  N O x show  im portan t 
m om ing  pcak. T h is  p e a k  is re la ted  to  h igh  
em issions from  ro a d  traffìc  in  th e  m o m in g  rush  
hour and  lovv m ix in g  heigh t. T h e  in tensities  o f  

the peaks o f  b o th  c o  an d  N O x a re  good 
agreem cnt w ith  o b se rv a tio n s  a t a ir  quality

m o n ito rin g  s ta tio n  H B  and  D O . Im portant 

n ieh tly  p e a k s  o f  c o  an d  N O x (aro u n d  21h), 

ap p ear b o th  in  th e  s im u la tion  and 
m easu rem en ts . T h is  p eak  is a lso  re la ted  to the 

ro ad  traffíc  and it is som etim es overestim ated  

by  the m odel.

W ith  S 0 2 v a lue , th e  co m p ariso n  betvveen 
sim u la tion  and  m easu rem en t sh o w  the sam e 

pa ttem .
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Fig. 6 . C om parison c o  conc. at DO station (left) and S 0 2 conc. (right) at T N  station o n  Jan. 19& 20, 2006.

b. Secondary p o llu ta n t - Ozơĩie 

+  Spatial distributỉon

T he spatial d istribu tion  o f  O zone is 

gencra ted  d cp en d in g  on the p rim ary  po llu tan t 
(N O x & V O C s) co n cen tra tio n s  and  the 
m eteoro logical co n d itio n s . F o r th is  ep isode, 
po llu tan ts  are p u sh ed  b y  w ind  com ing  from  SE 
d irection, w hile  O zone  is b e in g  fo rm ed  w ith  
m axim um  v a lu es  at m idday . A fte r  m idday , 

w ind  direction m o v e  a little  to  E d irec tion . At

16h, th e  m ax im u m  O z o n e  va lues h ave  d ropped  
and  th e  p lu m e  m ove to  E -S E  d irec tio n . T he 
sim ulation  re su lts  shovv that, the p lum e  o f  air 
po llu tan ts  is  p u sh cđ  to  SE  d irec tio n  in  the 
m o m in g . W h en  th e  therm al vvind is  developed , 
po llu tan ts  are th en  tran sp o rted  eastvvards, 
Crossing ag a in  the C en tra l  p a rt o f  th e  c ity . T h is 
hap p en s at the sam e  tim e  o f  m ax im al so lar 

rad ia tio n s , th u s  im p o rtan t p eaks o f  O zo n e  are 

genera ted  in  tovvn.
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Fig. 7. M apofO zone concenlration (ppb) indomain D5 at lOh, 12h, 14h&16h on Jan. 19, 2006.

+ Com parison m th  m easurem ent values 

T he O zone m easurem cnts coư oborate  the 
prcscnce o f  the plum e ovcr the city , \vith high 
concentration in Jan . 19, 2006 a t DO & IIB 
stations (152.3 ^ig/rn3, 8 4 .8 fig /m \ respectivcly) 
and lovcr values in Jan. 20, 2006. This might 
im ply that the city p lum c rem ains m ainly in the 
city ccnter on 19 Jan. bu t is slightly  m oved 
to\vards SE  on 20 Jan.. T he sim ulation shovvs 
high O zone levels at thc sam e stations as the 
m easurcm ent values on 19 January, indicating a 
good reproduction o f  the  plum e position.

5. Scenarios to reduce air pollution levcls

5.1. Emission scenarìos

D ue to the road  traffic is play im portant 
sourcc role to  air po llu tion  in H C M C  in general, 
so the proposed scenarios to  reduce pollution 
levcls from this sourcc is necessary. Tw o types 
o f  transporlation m eans special interested is 
m otorcycle and bus. Scenarios to rcduce air 
pollution levels is bascd  on tw o m ạjor criteria:
(a) change the num ber o f  types o f  transportation 
and (b) change the type o f  fuel used.

J a n .  1 9 /2 0 0 6  1000L T , O z o n , p p b J a n .  1 9 /2 0 0 6  1200L T , O z o n . p p b

J a n .  1 9 /2 0 0 6  1600L T , O z o n , p p b
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H C M C  has 3.584 strects vvith total road 
length about 3 .670 km, the area o f  pavcm ent is 
36  m illion m 2, so  the ratio  o f  road area đensity 
and city  area on ly  about 1.8% (km /km 2), much 
l o w c r  th a n  th e  c o m m o n  S tandard  o f  d e v e lo p e d  

countries 10-20%.

A rea for a m otorcycle travel is 10 - 12m2, 
w hile  arca o f  a seat on the bus only  2rn arca o f  
road . W ith about 4  m illion m otorbikcs will 
account for approxim ately  40 m illion m 2 travel. 
But, H C M C  on ly  build a ncw  or adding about 
1 %  o f  road su ríace  every year.

In addition , fuel consum ption indicator for a 
passenger is 0.015 liters/km  whcn using 
m otorcyclcs and  0.0044 liters/km  vvhcn using 
thc bus. T hus, w hen uscd as a m eans o f 
transport, m otorcycles have a fucl consum ption 
h igher than 3.4 tim es o f  the bus.

T here ío re , only  increase thc bus and reduce 
the m otorcycle  volum es can solve traffic 
congestion in the  status o f  the current tight line, 
savc fuel and reduce pollution.

a. C hange th e  num ber o f  vehicle types

Som c scenarios to reduce air pollution 
levels from  road  traffic w as proposed as 
follows:

- Scenario  1 (S cen l): reducc 50%  o f  
m otorcycle volum e travel throughout the city at 
the sam e tim e so  the load o f  pollu tants em ission 
from  m otorcycles will decrease 50% .

- Scenario  2 (Scen 2): reduce 50%  o f  the 
m otorcycle volum e, at that tim e to  fill the 
dcm and for travel Vĩ rest o f  the people to 
increase the volum e o f  bus 10 tim es o f  the 
current num ber. Besides, change small size 
buses (35-40  seats: B 35-B 40) for the types are 
com m only  used  (55-80 seats: B55-B80). The 
nevv size m cans in  accordancc vvith the existing 
road traffic in H C M C  w here the w hole city has 
only  14% o f  the road 12 m eters vvidth 
(convenicnt for the bus B55-B80), 51%  o f  the

road from 7-12m  w idth and 35%  o f  the road 
width less than 7m. In addition , efficiency 
buses m ust be from  80-100%  (currently 40- 
45%  for the large buses).

- Sccnario 3 (Scen 3): reduce 50%  o f  the 
m otorcycle volum e, a t that tim c to íìll thc 
dem and for travel Vi rest o f  the peoplc to 
increasc the volum e o f  bus 05 tim cs highcr than 
the currcnt num ber. E fficiency buses have at 
least 80%  (currently  40-45% ).

b. Chatìge the  type o f  fu e l

C hangc using clean fuel (LPG , CNG, ..) 
instcad o f  luel bcing  used is one o f  the solutions 
not only gct cconom ical beneíit but also 
contribute to rcduce a ir pollution from road 
traffic sourcc.

U sing C N G  (C om pressed N atural G as) 
costs o n ly  ab o u t 50 -60%  o f  th e  transport than  
gasolinc, oi!, but rcducing to 35%  o f  C*Hy, 60%  
CO and 10% N O x, ... em ittcd  into the 
environm cnt. W ith som e o ther bcneíits  such as 
anti-abrasion, increased  engine lifc, rcduccd 
m aintcnance costs.

Com parison w ith  gasoline, m otorcycle run 
on 40%  gas saving fuel costs and cnvironm cntal 
pollution levels reduced  over 70% .

5.2. Simuỉation results a irqua lity  in the scenarios

W ith 03 scenarios as  m entioned above show 
the em ission load calculated  is a different 
am ount o f  em ission load a t the  íìrst o f  study 
(base casc). D epending on the a ir  pollu tants and 
scenarios that cm issions o f  air pollutants are 
increase or dccrease.

a. C oncentrations o f  p r im ary  pollu tants

Sim ulation rcsu lts o f  air quality in 3 
sccnarios above m cntioncd w ith  prim ary 
pollutants concentrations com m cnts as follows:

- N O x concentration: In scenario  1, light 

dccrcase w ith the initial concentration (basc
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case). H owever, in sccnarios 2 and 3, 
concentrations o f  N O x ìncrcasc vvith thc base 
case value sim ulation (1.2 tim cs and 1.1 times 
higher for Sccn2 and Sccn3, respectively) 
bccause o f  NOx em issions load in scenarios 2& 
3 increase vvith thc value calculated em issions 
load initially.

- CO  conccntrations significantly rcduccd in
3 scenarios w ith  basc casc sim ulation value,

I l o u r  (h)

this com pletely rcasonable w hen the load 
em issions calculatcd  o f  c o  in the 3 scenarios 
are low cr (only  53-54% ) em issions load in the 
íìrst calculation.

- S 0 2 concentration from sim ulation results 
in 03 sccnarios arc light decrease vvith results 
sim ulation by thc initial load because S 0 2 
em issions load calculated  in 3 scenarios are 
reduccd by 69-74% .

1 5 9 13 17 21 25 29 33 37 41 45
H o u r  (h)

Fig. 8. Comparison c o  conc. at HB station (leít) and Ozone conc. at DO station on Jan. 19&20, 2006.

b. Concentration o f  secondary pollu tants  

Concentrations o f  secondary pollutant 
Ozone from 3 sccnarios sim ulation are lower 
w ith the sim ulation results o f  the first cm issions 
calculated. Com parison o f  Ozone 
concentrations sim ulatcd from 03 scenarios and 
base case sim ulation w cre im plcm ented at air 
quality m onitoring stations DO and HB.

5.3. Support m ethod

Besides on the proposc o f  sccnarios to 
reduce air pollution levels from  road traffic by 
changing the num ber and type o f  vehiclcs and 
fuel used, the support m ethod to rcduce air 
pollution from  road traffic should bc also o f  
interest:

- Propose to  do inspection and control 
em issions periodically  for othcr m cans o f

transporlation 1 tim cs per year. For 
m otorcycles, duc to  for thc high volum es so in 
initially can be required for category  o f  
m otorcycle w ith  capacity  cngine <  50 cm 3. 
These m otorcycles have high pollution 
em ission levcls w ill be required  to upgrade, 
m aintenance o r rcplacem ent o f  spare parts, the 
engine o r íorb idden travcl.

- Encourage, ex tensive propaganda and 
strongly in the pcoplc about the conscquences 
o f  the m otorcyclc cxplosion, the long-term  risk 
to  the developm cnt o f  the city and next living 
generations.

- Im plem ent solu tions "2 necds" that need a 
strong m cthod in  the gcneral planning, 
transportation p lanning and need  quick 
investm ent for transporl projects especially  
public transportation netvvork.
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- R estriction o f  cars travel in to  the Central 

city  during  the m om ing rush hours (7 -  9h) and 
even ing  (20 - 21h). T hese are tim es w ith high 
concentration  o f  air pollutants in sim ulation and 
m easurem cnt.

C onclusion

R esearch results obtained  in this study is to 
develop the em issions data o f  air pollutants 
from  m ajor o f  air pollution sources in HCMC, 
especial for transportation source. Besides, 
T A PO M  and FVM  m odels w ere used to 
sim ulate  the m eteorological conditions and air 
quality  in H CM C. E pisode w as chose íor 
sim ulation  on January 19&20 2006, in the đry 
season o f  year.

E m ission inventory o f  air pollu tants from 
road traffic show  that em ission load o f 
m otorcycles account for a significant am ount o f 
total em ission o f  that source. A ir quality 
sim ulation  get better results w hen using 
em ission inventory calculated  from the 
em ission  factors developed in H C M C  com pared 
w ith  case using the em ission íactors from 
China.

FV M  and TA PO M  m odels are chose to 
sim ulate m eteorology and a ir quality  in HCMC. 
T he  sim ulation episode for research results 
show  that, there  are no t so difference betvveen 
sim ulation  and m easurem ent values. Particular, 
at a ir quality  m onitoring station H B, c o  conc. 
is 5%  difference betw een sim ulation and 
m easurem ent. For others param eters N O x, S 0 2 
an d  O z o n e  co m p ariso n  resu lts  be tw een  
sim ulation and m easurem ent has sim ilar results.

B esides, based on the sim ulation results and 
current statue o f  a ir pollution in  H C M C  w ith air 
pollution from road traffic p lays an  im portant 
ro le in a ir pollution in  general, the authors 
p roposed  som e scenarios to reduce a ir pollution

levels in general and a ir pollu tion  from road 
traffic in particular. T he sim ulation results from 
scenarios shovv that, i f  reduce 50%  num bcr o f  
m otorcycles and increase 10 tim es num ber o f  
buses, concurrently , change all thc present 
buses (B 55-B 80) to small size buses (25-30 
seats), air quality  will be im prove and can be 
reduce tra ííìc  ja m  in rush hour.

All sim ulation results above can help us to 
understand about air pollution in H CM C in 
gcneral and air po llu tion  írom  road traffic in 
particular. Based on this study, vve can devclop 
research furlher about m eteorological 
conditions and a ir  quality  in  longer pcriod to 
get m ore precision results.
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