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Highlights: 

• Incorporating the pulling and bad weather effects is a new addition to our proposed model of 

alleviating traffic instability. 

• The pulling effect of the focal car relieves the restless follower by maintaining the gap. 

• The bad weather effect is related to the driver’s visibility while driving the vehicles. 

• Analytical analysis of linearity has been carried out to assess our model's validation. 

• The findings of the modified model are plausible and efficient in reducing traffic unrest. 

Abstract 

With advancements in science and technology, weather is not controlled by human mechanisms and disrupts 

various aspects of societal life. Especially in bad weather, traffic flow dynamics are severely affected. To address 

this issue, we develop a modified traffic model that mitigates traffic instability by building on the conventional 

full velocity difference (FVD) model and incorporating factors such as pulling effect and bad weather. These 

properties were previously absent in the FVD model, which exhibits internal traffic noise affecting the dynamics 

of traffic systems. To examine our proposed model, we conduct a linear stability analysis to capture the neutral 

stability conditions, dividing the area into three realms: stable, unstable, and metastable. Our findings 

demonstrate that the new model significantly outperforms the FVD model in eliminating traffic instability, offering 

a robust solution to maintaining stable traffic flow considering challenging weather. 

PACS numbers: Theory and modeling; computer simulation, 87.15. Aa; Dynamics evolution, 87.23kg 

Keywords: Pulling effect; Linearity; Bad weather effect; Microscopic model; Driver’s visibility. 

1. INTRODUCTION 

Transportation engineering is one of the most 

thought-provoking research fields for potential 

researchers, with traffic congestion being today's 

buzzword. With the advancement of civilization, 

sciences, and technology, transportation demand is 

rising every moment. To mitigate this demand, we 

must incorporate many factors, such as the number 

of vehicles, road space, drivers, urbanization, etc. In 

the meantime, some models have been put forward 

for traffic flow dynamics, and some approximate 

solutions have also been found to alleviate this 

hazard. The traffic specialists studied several types 

of traffic models and classified them into 

microscopic and macroscopic categories. 

Considering some phenomena, researchers 

innovated empirical microscopic models [1-5], 

macroscopic models [6-8], cellular models [9-12], 

gas kinetic models [13-15], and lattice 

hydrodynamic models [16-18]. We focused on the 

car-following models from these established 

models, which are easily grasped due to the 

analytical and numerical investigations and exhibit 

traffic congestion from a microscopic standpoint. 

The optimal velocity model (OVM) [19] is a well-

established model that has some inconsistencies, 

such as high acceleration and deceleration compared 

to field data, which is unacceptable. To overcome 

the OVM discrepancies, Helbing and Tilch [20] 

invented a traffic flow model named the generalized 

force model (GFM), which showed better agreement 

with empirical data and the number of parameters 

only two comparing the OVM. Subsequently, to 

release this intricacy, considering positive velocity 

differences, a more realistic and acceptable traffic 

model called the FVD model was derived by the 

eminent researchers Jiang et al. [21], which is the 
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most reliable and effective model in traffic flow 

dynamics till now. The FVD model addressed the 

mentioned inconsistencies in the OVM and GF 

models, uncovering a new research avenue for 

emerging researchers. The horn effect is 

accumulated by Tang et al. [22-23], with the OVM 

extending equilibrium velocity in the case of 

moderate density and the car-following situations. 

From a macroscopic viewpoint, Hossain et al. [24] 

investigated the horn effect and found positive 

outcomes. Md. Z. Hosen et al. [25] introduced a new 

feature combining pulling and pushing effects in the 

car-following and continuum models to address 

traffic instability. H. Tan et al. [26] put forward a 

lattice hydrodynamics model considering the bad 

weather effect on phase transitions.  

The manuscript is organized as follows: Section 

2 discusses well-established traffic flow models and 

our proposed model formulation. Section 3 explains 

linearity, which derives neutral stability conditions, 

while conclusions are drawn in Section 4.

2. MODEL  

Considering the traffic flow complexity, some 

models have been developed by researchers to 

address this issue. Among the pioneers in this field, 

Bando et al. [19] proposed the optimal velocity 

model (OVM) to calibrate the car-following model 

for a single lane without overtaking. The governing 

equation is described as follows: 

( ) ( )( ) ( )n n nv t a V x t v t  =  −        (1) 

where ( )nx t is the headway distance between the 

focal and preceding cars, ( )V is the optimal 

velocity function depending on headway, a is the 

driver’s constant sensitivity; ( )n
v t is the velocity 

of the nth car at time t. Investigating this model, some 

inconsistencies have been found such as high 

acceleration and unrealistic deceleration, which are 

irrelevant to our real-life traffic flow dynamics. To 

address the deficiencies of the OVM, Helbing and 

Tilch [20] presented an improved generalized forced 

(GF) model, described below: 

( ) ( )( ) ( )

( ) ( )

n n n

n n

v t a V x t v t

v t H v

  =  − 

+  −
      (2) 

where ( ) 0,  0 and 1,  x 0H x x=   is the 

Heaviside function, ( ) ( ) ( )1n n nv t v t v t+ = − is 

the velocity difference between the focal and 

preceding cars λ represents the sensitivity different 

from a, and other symbols retain their previously 

defined meanings. The GF model did not exhibit 

good results compared with empirical traffic field 

data. In this continuation, Jiang et al. [21] introduced 

the Full Velocity Difference (FVD) model, which 

employs a positive velocity difference instead of a 

negative one. Their findings demonstrated highly 

efficient results, showing a strong correlation 

between their empirical and actual traffic flow data. 

The equation of motion of the FVD model is given 

by: 

( ) ( )( ) ( ) ( )n n n nv t a V x t v t v t  =  − +   (3)                   

where all symbols have the same meaning 

interpreted above and this model is widely 

recognized as a standard, well-acceptable, and 

realistic representation of the traffic flow dynamics. 

Considering the abovementioned 

discussion and based on the FVD model [21], we 

propose a modified traffic flow model governed by 

the equation: 

( ) ( )( ) ( )

( )( ) ( ) ( )1

[ . . 1

] . .

n F n

Fpull n n n

v t a p V x t p

V x t v t v t

 

 −

 =   + − 

 − + 
                 (4) 

where   is the bad weather effect related to driver’s 

visibility, p is the weighted parameter of the Optimal 

Velocity (OV) function 𝑉𝐹(∆𝑥𝑛(𝑡))  describing the 

forward-looking effect; (1-p) presents the backward-

looking effect termed the pulling effect of the focal 

car to the follower OV function 𝑉𝐹𝑝𝑢𝑙𝑙(∆𝑥𝑛−1(𝑡)); a 

indicates the driver’s sensitivity, and ℎ𝑐 is the safety 

distance. Here 𝑉𝐹(∆𝑥𝑛(𝑡))  signifies the forward 

effect depending on the headway distance ( 𝑥𝑛(𝑡)) 
between the focal and preceding vehicles. When the 

headway gap is larger between the focal and 

follower vehicles, that is, ∆𝑥𝑛−1(𝑡) > ℎ𝑐, the focal 

car decelerates its speed to reduce this gap and 

retains the standard headway distance to pull the 

follower. Consequently, the follower does not 

become aggressive or disappointed due to the large 

distance or suddenly not being inspired to accelerate 

at high speed, which may cause accidents. In this 

formulation, p>0.5 due to real perspective. The two 

types of OV functions can be defined in the 

following functions [19-25]: 

( )( ) ( )( )

( )

( ) / 2.[

]

F

F n max n c

c

V x t v tanh x t h

tanh h

 =  −

+
     (5) 

( )( ) ( )( )

( )

1 ( ) / 2.[

]

Fpull

Fpull n max n c

c

V x t v tanh x t h

tanh h

− = −  −

+

   (6) 

in our proposed model, the behavior exhibits 

unstable and constant on the other hand; ℎ𝑐 is the 

safety distance. Let 2F

maxv = and 1Fpull

maxv =  are the 

maximum speeds of the forward and pulling effects 

of the vehicles in the free flow state. The optimal 

velocity functions demonstrate the behavior 

depicted in the following graph. Fig. 1 illustrates the 

forward-looking effect with a red line and the 
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pulling effect with a green line, highlighting their 

comparative characteristics. Both lines start from 0 

when their headway distance is in initial. As the 

headway increases, the forward-looking rises, while 

the pulling effect falls. The maximum velocity for 

the forward is considered 2, and for the pulling, it is 

1, since the forward is typically greater than other 

effects in the real sense.  

Fig. 1: The forward and pull optimal velocity 

functions representation for headway-velocity. 

3. LINEARITY ANALYSIS 

 

Linear stability analysis is a powerful tool in 

mathematics and transportation system engineering. 

It is used to examine the stability of traffic flow 

patterns. Here, we use this to investigate the stability 

of uniform flow of the car-following model which is 

interpreted in equations (4), (5), and (6). The steady-

state flow can be described as vehicle movement 

with fixed headway b with forward, bad weather, 

and pull effects. Hence, for uniform flow, the steady 

state solution is given:  

( ) ( )

( ) ( )

0 [ . . .

1 . )]   and      /

n F

Fpull

x t bn pV b

p V b t b L N

 = + +

− =
              (7) 

where L denotes the length of the road assuming 

cyclic boundary conditions and the total number of 

cars is N. Let us consider the perturbed solution

( )ny t , indicating a small breach from the steady-

state solution ( )0

nx t : ( ) ( ) ( )0

n n nx t x t y t= +   

and ( ) ( ) ( )0

n n ny t x t x t= −                               

(8) 

From (10/8) we have,
0( ) ( ) ( )n n ny t x t x t= − ,

( ) ( )n ny t x t=  

1( ) y ( ) ( )n n ny t t y t+ = −                                   (9) 

In that case, ( )nv t  can be written as： 

( )

( ) ( )

0( ) ( ) ( ) . .

. 1 . ( )

n n n F

Fpull n

v t x t y t pV b

p V b y t





= + =

+ − +
                  (10) 

( )nx t  can be written as:

1( ) ( ) ( ) ( )n n n nx t x t x t b y t+ = − = +      (11) 

( )nv t  can be written as:

( )1( ) ( ) ( )n n n nv t v t v t y t+ = − =   

and 
1 1( ) ( ) ( ) ( )n n n nv t v t y t y t+ +− = −                         (12) 

Considering 

( ) ( ) ( )0 ( ) . . . 1 .n F Fpullx t pV b p V b = + −    (13)  

From (1), We have                   

( ) ( ) ( ) ( ) ( )

( ) ( ) ( )1

[ . . . 1 .

] . .

n F n Fpull

n n n

y t a pV b y t p V b

y t y t y t

 

 −

  =  + −

  − + 

   (14) 

Where, 

( ) ( ) ( ) ( )

1

1 ( )

1 1 ( )

, ( ) ( ) / ,

( ) ( ) /

n

n

n n n F F n n x t b

Fpull Fpull n n x t b

y t y t y t t V b dV x d x

V b dV x d x
−

+  =

− −  =

 = − =  

 =  

 

Suppose,
( )( ) ikn zt

ny t e +=  
( )( ) ikn zt

ny t ze + =

2 ( )( ) ikn zt

ny t z e + =                                        (15)    

( )
1( ) y ( ) ( ) ( 1)

ikn zt ik

n n ny t t y t e e
+

+ = − = −        (16) 

( )
1( ) y ( ) ( ) ( 1)

ikn zt ik

n n ny t t y t ze e
+

+ = − = − , 

and 1( ) .ikn zt ik

ny t e e+ −

− =        (17) 

Substituting (8) to (17) into (14), we then obtain 

( ) ( ) ( )

( ) ( )

( ) ( )

22

2 2

1 2

22

1 2

[ . . ( / 2) . 1 .

( / 2) (ik) z (ik) ]

. (ik) (ik) .( / 2) 

F

Fpull

z a pV b ik ik p

V b ik ik z

z z ik ik

 

  

= + + −

 − − −

+ + +

   (18) 

Suppose
21 ( ) / 2ike ik ik= + + , and 

( ) ( )
2

1 2z z .....ik z ik= + +       (19) 

Substituting this value into (18) and comparing the 

coefficients of ( )ik  and 
2( )ik : 

( ) ( ) ( )1 . . . 1 .F pullz pV b p V b  = + −      (20) 

( ) ( )

( )

2

1

2 1

. . . / 2 . . 1 .

/ 2 .

F

Fpull

z a pV b a p

V b az z

 

 

= + −

 − +
 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

2

2 1/ a .[ [ . . . 1 . ]

. .[ . . . 1 . ]]

. . / 2 . 1 . / 2

F Fpull

F Fpull

F Fpull

z pV b p V b

pV b p V b

pV b p V b

 

   

 

  = − + −

 + + − +

 − −

 (21) 

Letting 2 0z = , we have the neutral stability 

conditions: 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

2(2. .[ . 1 . ] 2. .

[ . 1 . ])

/( . 1 . )

F Fpull

F Fpull

F Fpull

a pV b p V b

pV b p V b

pV b p V b

 



 = + − −

 + −

 − −

 (22) 
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If 1p = = in (22) termed as the conventional 

FVD model [21]. 
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Fig.2: Neutral stability of headway-sensitivity 

profiles for different parameter values of p and   

with 0.1,0.3. =  

A comparative analysis of our proposed traffic 

model for parameter values p and    are analyzed 

from a headway versus sensitivity perspective based 

on neutral stability conditions. The neutral stability 

curves divide into three realms: stable, unstable, and 

metastable, which are shown in four panels such as 

(a-1) to (a-3) and (b-1) to (b-3) for λ=0.1; (c-1) to (c-

3) and (d-1) to (d-3) for λ=0.3. From the first panel 

(a-1) to (a-3), the forward-looking effect is kept 

fixed, while the bad weather effect =0.90, 0.70, 

0.50, 0.30 decreases, indicating improved visibility 

effect and increased traffic stability. Consequently, 

decreasing the forward-looking effect p=0.90, 0.70, 

0.60, indicating the pulling effect increases. In the 

second panel (b-1) to (b-3), the weighted parameters 

p=0.90, 0.80, 0.70, 0.60 decreases, the pulling effect 

increases simultaneously. The bad weather effect 

=0.90, 0.70, 0.30 remains fixed, enhancing traffic 

flow due to the increased pulling effect. The 

decreasing bad weather effect demonstrates that 

driver visibility increases. The remaining panels (c-

1) to (c-3) and (d-1) to (d-3) for =0.3 illustrate 

similar behaviors to the first two panels. From the 

four panels' discussion, decreasing the pulling and 

bad weather effects demonstrate overall the 

metastable 

region and stability increase. So, our proposed 

model enhances traffic flow stability by 

incorporating bad weather and pulling effects, 

demonstrating significant improvements compared 

to the conventional FVD model.  

 

4. CONCLUSIONS 

 

In this study, we investigate a modified traffic flow 

model incorporating bad weather and pulling 

effects, expanding upon the conventional FVD 

model to address traffic instability from a 

microscopic perspective. To illustrate our model, we 

define a bad weather effect and introduce two 

optimal velocity functions that capture their real-

world behaviors. The pulling demonstrates the 

cooperation of the focal vehicle with its followers. 

At the same time, the bad weather effect accounts 

for reduced the driver’s visibility, indicating a 

positive impact on traffic flow dynamics. We 

examine our proposed model validation utilizing the 

linear stability property from both mathematical and 

graphical points of view, deriving the neutral 

stability curves that distinguish stable, unstable, and 

metastable regions. The findings of our work are 

plausible, captivating, and efficient in mitigating the 

instability of traffic flow dynamics. 

Our next plan is to extend this model to a 

macroscopic scale in future studies through 

nonlinear analysis and numerical simulations in 

(d-2) 

(d-3) 

(d-1) 

(c-3) 

1295



 

 
 

detailed explanations. Despite some limitations in 

this modified model related to parameters that will 

be explored thoroughly in the next plan, the findings 

of our proposed model are both captivating and 

realistic. 
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