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Abstract— This paper examined the effect of rainfall on traffic stream behaviour during peak and non-peak periods on a basic 
highway section.  Data on this section which is located on the J5 was collected for four months during which 99 rainfall events 
occurred.  The traffic consisted of 75.80% cars, 10.23% motorcycles, 3.51% trucks and 10.46% of other vehicles. Traffic was 
observed for both rain and no-rain conditions and the data was analysed to see the effect of the rain. The results showed decreases in 
the speed as the rain intensity increased. Similarly, the traffic flow rates decreased as the rain intensity increased.  This trend was 
observed for both peak and non-peak periods and for both directions. It is concluded that the effect of rain during peak period could 
have more serious consequences on the traffic flow than during non-peak periods because of the higher flow rates and the constrained 
nature of the flow.  Consequently, capacity degradations up to 30% during peak periods would require resources to be employed to 
manage the traffic.      
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I. INTRODUCTION 

The macroscopic traffic flow parameters of speed, volume 
and density are continually being employed in the qualitative 
and quantitative assessment of Freeways and Urban road 
networks. These parameters are now regularly monitored on 
freeway systems where loop detectors have been installed 
with a view to ensuring the sustainability and efficiency of 
traffic flows.  The increasing urbanisation, vehicle 
population growth and congestions within the urban 
conurbations, in addition to limited urban space to add more 
lanes to existing infrastructure have made technical 
improvement in traffic management more attractive. Traffic 
demand from the various urban land uses eventually 
converge on the major arterial highways and freeways.  
During certain times of the day, the demand reaches its 
maximum value and traffic flow instabilities develop.  At 
certain points on the network, the demand overwhelms the 
traffic carrying ability of the road. The unfolding scenario at 
these locations includes queue build up, excessive travel 
times over short distances, fuel consumption and economic 
loss. These conditions are also common at bottleneck 

locations such as on-off ramps, intersections, points of 
geometric lane changes etc.  

 It is known that rainfall exacerbates these conditions, 
inducing speed drops and causing further flow contractions, 
thus making mobility, and comfort of motorists difficult and 
safety, a major concern. Alhassan and Ben-Edigbe [1,2] , 
Aggarwal et al.,[3] and Billot et al. [4] among others have 
indicated that traffic flow parameters are degraded by 
rainfall. Earlier evidence about the effect of rainfall on 
traffic flow parameters have been given by Tanner [5] who 
observed reduction in traffic volume between two weeks in 
August of 1949 and 1950 and compared the weekend flows 
between these periods. There were 1.3% and 3.1% 
differences between the weekday and weekend traffic flows. 
Other studies [6-9], have similarly pointed to various 
contractions of flow during rainfall including reductions in 
speed and increases in small headways.  

The problems of highway capacity reductions as a result 
of rainfall have been reported also by [10] who found traffic 
demand reductions by 2.9% during weekdays and by 7.9% 
on Saturday and 5.2% on Sunday.  Chung et al. [11] have 
reported capacity reduction in light rain to be 4.7% and 14% 
in heavy rain while Alhassan and Ben-Edigbe [12, 13] have 

49



con
inte
furt
The
be m
in a
   T
buil
flow
incl
how
pea
qua
evo
wea

T
on 
hou
pea
with
org
II 
con

 
Joh
this
exc
fou
inst
pas
stat
use
abs
rain
traf
hea
whi
sep
obs
for 
whi
8am
peri
mot
rem
view
effe
faci
amb
obs
Thu

T
rain
peri
Pon
stre

nfirmed reduc
ensity variabi
ther give the s
ese are require
made on these
adverse weath

This presuppos
ld-up and oth
ws in normal 
lement weath
w rainfall com
ak period flo
antitative indic
olving strategi
ather. 
This paper is a
traffic flows

urs. The majo
ak hours and 
h traffic in n
anised as foll
and the res

nclusions are t

A two-way s
hor Bahru Stat
s study. A bas
cellent pavem
ur months.  A
talled which 
sed by the o
tion provided 
d to correlate 
tract the relev

nfall and traf
ffic as light r
avy rain condi
ich coincided 
arated and a

served during 
the Skudai-Po
ile the peak p

m. A total of 1
iod of whic
torcycles. Th

maining vehic
w of the uni
ect was filter
ility has a p
bient tempera
servation site 
us only the eff

The speed cha
n and no-rai
iods are prese
ntian direction
eam can be as

ctions in cap
ility. Alhassa
state of the tr
ed for decisio
e facilities as 

her. 
ses that, the 

her undesirable
weather cond

her. It will se
mbines with th
ows to furth
ces of traffic f
ies towards tra

an empirical s
s particularly 
or task is to 
non-peak ho

normal weath
lows: The dat
sults are pre
then stated in 

II. D

single carriag
te of Malaysia
sic section of 

ment condition
An automatic 

recorded deta
observation po

5minute rain
the rainfall tim

vant data subs
ffic data were
rain condition
ition.  Furthe
with peak an

analysed. In 
the four mon
ontian directio
eriod in the P
1,316,834 veh
h 75.80% w

he truck com
les in the tra

ique nature o
red out of th
posted speed 
ature, wind 
were conside
fect of rainfall

III. RE

aracteristics o
in conditions
ented in table 
n, the qualitat
sessed throug

pacity with in
an and Ben-
raffic under ra
on support on 

well as mana

problem of c
e consequenc
ditions could 
eem reasonab
he instabilitie
her degrade 
flow. This wil
affic managem

study into the 
during peak 
compare traf

ours during ra
her. The rest 
ta collection f
esented in s
section IV  

DATA 

eway facility 
a was identifi

f J5 that was w
n was used to
traffic counte
ailed vehicle 
oint and a ne
nfall resolutio
mes with the t
sets for analy
e used to fur
n, medium ra
rmore, these 

nd non-peak pe
all 99 rainf

nth period and
on was from 5

Pontian-Skuda
hicles were ob
were cars an

mposition was
affic stream w

of motorcycle
he traffic data

limit of 60
speeds and 

ered safe for v
l was observed

SULTS 

of the traffic s
s during pea

I and table II
tive performa

gh table I.  At 

ncreasing rain
Edigbe [12, 
ainfall conditi
improvement

agement of tra

congestion, qu
es of peak pe
be aggravate

ble to investi
s associated w

qualitative 
ll assist greatl
ment in inclem

effects of rain
periods or r

ffic states du
ainfall as wel

of the pape
follows in sec
section III. 

called the J5
ied as suitable
well marked w
o collect data
er (MC5600) 

information 
earby rain ga

on data. This 
traffic data an
sis.  The coup
rther classify 
ain condition 
traffic condit
eriods were ag
fall events w

d the peak per
5-6pm and 6-7
i direction wa
served during

nd 10.23% w
s 3.51% and 
were 10.46%

behaviour, t
a.  The high

0km/hr. Also 
humidity at 

vehicle operat
d.  

stream under b
ak and non-p
I.   In the Sku
ance of the tra
peak period th

nfall 
13] 

ions.  
ts to 
affic 

ueue 
eriod 
ed in 
igate 
with 
and 

ly in 
ment 

nfall 
rush 

uring 
ll as 
er is 
ction 
The 

5 in 
e for 
with 

a for 
was 
that 

auge 
was 

nd to 
pled 

the 
and 

tions 
gain 
were 
riods 
7pm, 
as 7-
g the 
were 

the 
%. In 

their 
hway 

the 
the 

tion. 

both 
peak 
udai-
affic 
here 

is 
con
thre
red
rain
tren
min
2.8
pea
rain
flow
pop
Thi
ove

P

T
in t
was
ligh
How
per
dec
med
non
dec
and
spe
hea
con
driv
dro

A
Per
non
spe
of 

progressive 
ndition to the
ee rain condit

ductions in spe
n states of li
nd is the sam
nimum and m
1%, 2.28% an

ak periods bet
n states of lig
w during pea
pulation travel
is is an ind
ertaking oppor

PEAK AND NON-P
AND NO RAIN

The Pontian-S
table II also ex
s decrease in 
ht rain condit
wever, no hea

riod of 5.00p
crease in spee
dium) and the
n-peak period
creased by 5.7
d 12.33% for
eed during non
adways betwe
ntrary, in pea
vers’ manoeuv

ops results. 
Additional q
rcentile speed 
n-peak periods
eeds during th

60km/hr. an

reduction in
e heavy rain 
tions there w
eed between t
ght, medium 
me for the m
maximum spe
nd 6.28% spe
tween the no
ht, medium an

ak period, the
lled at speeds

dication of v
rtunities in bo

TA
PEAK PERIOD SPE

N CONDITIONS IN 

Skudai directio
xhibited a sim
speed between
tion as well a
avy rain event
pm-7.00pm i
ed between t
e no-rain state
d, the reduc
75% for light
r heavy rain. 
n-peak periods
een vehicles 
ak period hea
vrability decre

qualitative pe
profile of the

s.  In the Pont
e peak hour w

nd these dec

n mean spee
condition. T

were 2.05%, 3
the no-rain st

m and heavy r
median speed
eeds.  In con
eed reduction
o-rain conditio
and heavy.  In
e 85% and 9
s below the po
vehicle cluste
oth weather co

ABLE I 
EED CHARACTERI

THE SKUDAI-PON

on speed char
milar trend.  A
n the no-rain 
as the medium
t was recorde
in this direc
the two rain 
e are 2.72% an
ction in spe
t rain, 6.42% 

The higher 
s may be due 
during this 

adways are m
eases, hence n

erformance i
e traffic stream
tian direction,

were all below
creased as th

ed from no-
Thus between 
3.12% and 6.9
tate and the t
respectively. 

d as well as 
ntrast, there w
s during the n
ons and the t
n all condition
5% of the dr
osted speed li
ering or lack
onditions. 

STICS FOR BOTH 

NTIAN DIRECTION

racteristics sh
At peak flow t

condition and
m rain condit
d during the p
tion.  Thus 
states (light 

nd 6.77%. For
ed progressi
for medium 
decreases in 
to available l
period.  On 

much smaller 
no dramatic sp

indicator is 
m during peak
, the 85 percen

w the posted sp
he rain inten

-rain 
the 

94% 
three 
The 
the 

were 
non-
three 
ns of 
river 
imit. 
k of 

RAIN 

N. 

 

hown 
there 
d the 
tion. 
peak 

the 
and 

r the 
vely 
rain 
the 

arge 
the 
and 

peed 

the 
k and 
ntile 
peed 
nsity 

50



incr
belo
rain
pos
A s
both
con
inte
dram
How
redu
con
spe
cou
regi
 

P

 
T

com
peri
mad
spe
The
com
the 
may
stat

 

 

reased. Intere
ow the posted
n and the lig
sted limit at bo
similar trend 
h peak and n

nstrained and 
ensity. At non
matic because
wever, the c
uce the spee

nditions of flo
ed limit and b

uld operate w
imes covered 

PEAK AND NON-P
AND NO-RAIN

The quantitativ
mputing the flo
iods and for 
de possible b
ed-density an
e speed-dens
mbined with th

flow-density 
y be. The sp
ted in equation

estingly, the 9
d speed limit. 
ght rain cond
oth the 85% a
was observed

non-peak flow
deteriorates 

n-peak period
e of the widel
onstriction o
d to below t

ow, the free fl
barring any p
without probl
in this study. 

TA
PEAK PERIOD SPE

N CONDITIONS IN 

ve assessment
ows and dens
the condition
by obtaining 
nd flow–dens
ity relationsh
he fundament
or speed-flow

peed-density a
ns 1 and 2. 

fq 

fq k

95 percentile 
In the non-pe

ditions have s
and the 95% p
d for the Sku

ws. Thus traffi
further with 

s the effect o
ly available v
f flow due t
the posted sp
flow speed is 
physical incide
lems in all 

ABLE II 
EED CHARACTERI

THE PONTIAN-SK

t of the facilit
ities during p

ns of rain and
the model e

sity fundamen
hip first deri
tal equation o
w model equa
and speed-flo

f

j

k
k


  

2f

j

k k
k


  

speeds were 
eak flows, the
speeds above 
percentile spe
udai direction
ic at peak flow

increase in 
f rainfall is m

vehicle headw
to rain does 
peed limit. In
above the po

ences, the fac
rainfall inten

STICS FOR BOTH R
KUDAI DIRECTION

ty can be mad
eak and non-p

d no rain. Thi
equations for 
ntal relationsh
ived by [14
f traffic to ob
ations as the c
w models are

also 
e no-

the 
eeds.  
n for 
w is 
rain 

more 
ways. 

not 
n all 
osted 
cility 
nsity 

RAIN 

N. 

 

de by 
peak 
is is 

the 
hips. 
] is 

btain 
case 
e as 

(1) 

(2) 

The
den

T
rain
sho
com
thre
dire
ana

Fig 
Con
Rain
Hea
the r

ese equations
nsity models to
The empirical
n intensity co
own in fig 1 t
mparison betw
ee rain states.
ection having
alysed separate

1: Flow-Densi
nditions during P
n and Light Rain
avy Rain. For cla
rain condition is i

s are used in
o obtain the tr
l models for 
onditions for 
o 4. Each figu

ween the no-ra
 Because the 
g the predo
ely for each d

ty Empirical M
eak Periods in t

n; (b) No-Rain an
arity, the dry con
in red. 

n conjunction
raffic states on
the no-rain c
light, medium

gure has three 
ain condition

e peak period 
ominant flow
direction. 

Models between 
the Skudai-Ponti
nd Medium Rain
ndition model is 

n with the fl
n the facility.  
condition and
m and heavy
plots depictin

s and each of
changes with

w, the data 

No-Rain and 
an Direction. (a)

n and (c) No-Rain
in black colour w

flow-
 

d the 
y are 
ng a 
f the 
h the 

was 

 
Rain 

) No-
n and 
while 

51



Fig 
Con
Rain
Heav
the r

 
T

con
plot
the 
flow
for 
inte
dro
23.3
20.0
crit
the 
ligh
was
dire
whi
eve
long
this

2: Flow-Densit
nditions during P
n and Light Rain
vy Rain. For cla
rain condition is i

The empirical
ntraction in ad
ts.  The summ
model equati

ws and table 
the section 

ensity increas
pped by 9.44
34% between
09% between
tical speeds ar
Skudai direct

ht rain and 34
s observed in
ection carries 
ile the Skuda

ening peak. M
ger period tha
s direction has

ty Empirical M
Peak Periods in t
n; (b) No-Rain an
arity, the dry con
in red. 

l evidence for
dverse weather
mary of the tr
ions are show
4 for non-pea
in both dire

es. In the Po
% between no

n no-rain and 
n no-rain and
re at about hal
tion, the capa

4.82% for med
n this directio

the higher fl
ai direction ca

Moreover, the e
an the mornin
s a higher capa

Models between 
the Pontian-Skud
nd Medium Rain 
ndition model is 

r the existenc
r is clearly dis
raffic flow sta
wn in tables 3
ak period flow
ections decre
ontian directio
o-rain and lig
medium rain

d heavy rain 
lf of the poste

acity reduction
dium rain. No
on for this stu
lows during t
arries the hig
evening peak 
ng peak and it
acity loss. 

No-Rain and 
dai Direction. (a)

and (c) No-Rain
in black colour w

ce of traffic f
scernible from
ates derived f
3 for peak pe
ws.  The capa
ases as the 
on, the capac
ght rain condit
n condition , 

condition.  
ed speed limit
ns are 35.90%
 heavy rain ev
udy. The Pon
the morning p
gher flows in 
is spanned ov
t is not clear w

 
Rain 

) No-
n and 
while 

flow 
m the 
from 
eriod 
acity 
rain 

cities 
tion, 
and 
The 

t.  In 
% for 

vent 
ntian 
peak 

n the 
ver a 
why 

Fig 
Con
No-R
and 
whil

T
pro
incr
cap
and
oth
con
hea
amo
dire
dire
the 
veh
can
per

3: Flow-Densi
nditions during N
Rain and Light R
Heavy Rain. Fo

le the rain conditi

The capacity 
ogressive decr
reased.  The 

pacity for ligh
d 51.34% for 
her hand, has
ndition, 21.94
avy rain cond
ount of traffi
ection has a
ection. Compa

non-peak va
hicles headwa
n undergo lar
riod. 

ty Empirical M
Non-Peak Periods
Rain; (b) No-Rai
or clarity, the dry
ion is in red. 

losses during
rease of capa
Pontian direc

ht rain, 41.25
heavy rain.  

s 4.23% cap
% in medium
dition.   Bot
ic during non
a higher cap
ared to the pe

alues are high
ys available i
ger contractio

Models between 
s in the Skudai-P
in and Medium R
ry condition mod

g the non-peak
acity as the 
ction has 26.9
5% reduction 
 The Skudai 

pacity reducti
m rain conditio
th directions 
n-peak period
pacity drop t
eak period cap
her due proba
in the traffic 
on of the flo

No-Rain and 
Pontian Direction
Rain and (c) No-
del is in black c

k periods sho
rainfall inten

91% reductio
for medium 
direction, on

ion in light 
on and 41.47%

carry equiva
ds but the Sk
that the Pon
pacity reducti

ably to the hig
stream and he

ow than the p

 
Rain 

n. (a) 
-Rain 

colour 

ow a 
nsity 
n in 
rain 

n the 
rain 

% in 
alent 

kudai 
ntian 
ions, 
gher 
ence 
peak 

52



Fig 
Con
No-R
and 
whil

 
 
 
 
 
 

4: Flow-Densit
nditions during N
Rain and Light R
Heavy Rain. Fo

le the rain conditi

TRAFFIC S

ty Empirical M
Non-Peak Periods
Rain; (b) No-Rai
or clarity, the dry
ion is in red. 

TA
TATES FOR PEAK

Models between 
s in the Pontian-
in and Medium R
y condition mod

ABLE III 
K PERIODS IN BOT

No-Rain and 
-Skudai Direction
Rain and (c) No-
del is in black co

H DIRECTIONS. 

Rain 
n. (a) 
-Rain 
olour 

 

non
red
traf
cau
amo

per
per
gap
hig
red

resu
pea
flow
lead
Dri
uns

wou

The
Irri

 
[1]

[2]

[3]

[4]

[5]

[6]

TRAFFIC STA

The impact o
n-peak period
ductions and f
ffic flows und
use undesirab
ong others. Th
Rainfall affec

riods. The red
riods than dur
ps in the traffi
hly constrain

duce the speed
Flow rates a

ult in capaci
ak periods wo
ws than durin
d to queue bu
iver apprehen
safe driving be
Capacity red
uld require re

e authors wish
gation of Mal

Alhassan, H.M
Traffic Flow 
Transportation
2010b: p. 117-
Alhassan, H.M
by Rainfall. 
Science,Engin
Equatorial Ban
Aggarwal, M.
Impact on Ur
85th Annual 
Transportation
Washington, D
Billot, R., et
Empirical Stu
lake side Conf
Tanner, J.C., E
107. 
Changnon, S
Transportation

TA
ATES FOR NON-PE

IV. CONC

of rainfall on
s have been e
flow contract
der adverse w
le effects su
he conclusion
cts traffic duri
ductions in s
ring peak flow
ic stream. Dur
ed and the e
. 

are also affect
ty reductions
ould have a 

ng non-peak p
uild up, slow m
nsion in these
ehaviour. 
ductions up t
sources to be 

ACKNOWL

h to thank the
laysia (JPS) fo

REFER

M. and J. Ben-Edi
Parameters. P

n Research Forum
-126. 

M. and J. Ben-Ed
Proceedings: Int

neering and In
ngi-Putrajaya, Ma
, T.H. Maze, and

rban Freeway Tr
Meeting of th

n Research Bo
D.C., 2006. 
t al., How Doe
dy on a French I
ference, Klagenfu
Effect of Weather

S.A., Effects of
n. . Climatic Chan

ABLE IV 
EAK PERIODS IN B

CLUSIONS 

n traffic flow 
examined in t
tions are com

weather condit
uch as delays
ns in this study
ring peak peri
speed are hig
ws because of
ring peak peri
effect of rain 

ted during ra
s. Capacity r
greater impa

periods.  Such
moving traffic
e situations co

to 30% duri
employed to a

LEDGMENT 

e Department
or supplying th

RENCES 

igbe, Effect of Ra
Proceedings, M
m and Conferenc

digbe, Highway C
ternational Conf
nformation Tech
alaysia): p. 231-2
d R. Souleyrette,

Traffic Operations
the Transportatio
oard of the N

es Rain Affect 
Interurban Morto
urt, Austria, 2008
r on traffic Flow. 

f Summer Prec
ange 1996. 32: p. 

BOTH DIRECTIONS

during peak 
this study.  Sp
mmon feature
tions.  These 
s and conges
y are: 
ods and non-p
gher in non-p
f widely avail
iods the flows

is to margin

ainfalls and co
reductions du
act on the tra
h reductions co
c and long del
ould also lea

ing peak per
assist drivers. 

t of Drainage 
he rainfall dat

ainfall on Micros
alaysian Univer
ce,Putrajaya,Mala

Capacity Loss Ind
ference on Adva
hnology, 2011(H
239. 
, The Weather an
s. Proceedings o
on Research B
National Acade

Traffic Indicat
orway. Proceedin
8. 

Nature, 1952. 42

cipitation on U
481-494. 

S 

 

and 
peed 
s of 
can 

stion 

peak 
peak 
lable 
s are 
nally 

ould 
uring 
affic 
ould 
lays. 
d to 

riods 
 

and 
ta. 

copic 
rsities 
aysia, 

duced 
anced 
Hotel 

nd Its 
of the 
Board. 

mies, 

tors?: 
ngs of 

290: p. 

Urban 

53



[7] Hogema, J.H., Effects of Rain on Daily Traffic Volume and on 
Driving Behavior. . TNO report TM-96-B019, TNO Human Factors 
Research Institute, Soesterberg, Te Netherlands., 1996  

[8] Smith, B.L., et al., An Investigation into the Impact of Rainfall on 
Freeway Traffic Flow. . In Proceedings of the 83rdannual meeting of 
the Transportation Research Board. CDROM. Transportation 
Research Board of the National Academies, Washington, D.C., 2004. 

[9] Codling, P.J., Weather and Road Accicdents.In: ed.Taylor J.A. 
Climatic Resources and economic activity. A symposium, 1974: p. 
205-222. 

[10] Chung, E., O. Ohtani, and M. Kuwahara, Effect of Rainfall on Travel 
Time and Travel Demand. . 5th ITS European Congress, Hannover, 
Germany., 2005a  

[11] Chung, E., et al., Does Weather Affect Highway Capacity. 2006. 
[12] Alhassan, H.M. and J. Ben-Edigbe, Effect of Rainfall Intensity 

Variability on Highway Capacity. European Journal of Scientific 
Research, 2011b. 49(1): p. 123-129. 

[13] Alhassan, H.M. and J. Ben-Edigbe, Highway Capacity Prediction in 
Adverse Weather. Journal of Applied Sciences, 2011c. 11(12): p. 
2193-2199. 

[14] Greenshields, B.D., A Study of Traffic Capacity. Highway Research 
Board Proceedings, 1935. 14: p. 448-477. 

 

54




